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1. PURPOSE AND SCOPE 

1. This note is intended to:  

i. Provide guidance on the approach to be adopted to manage the risk of vibration 
impacts during the construction phase of typical ADB financed road rehabilitation 
projects or new road projects;1  

ii. Summarize internationally-accepted standards and practices on construction 
vibration management; 

iii. propose approaches/methodologies to assess construction vibration impacts at the 
project design stage; and  

iv. recommend typical mitigation measures that should be reflected in the EMP/SEMP 
and contractual documentation, and monitoring requirements during project 
implementation. 

 
2. This note focuses on the construction phases of road rehabilitation. Operational 

vibration from roads, including heavy trucks traveling on a smooth roadway, are 
rarely, if ever, the source of perceptible ground vibration (CalTrans, 2013); this 
element is therefore excluded from this note.2 . 

 

                                                           
1 Typical means here projects that do not involve blasting, which requires specific considerations and specifications. 
2 Other types of projects, especially railway or tracked tramways in urban areas may need to consider operational 

vibration impacts. 
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2. INTRODUCTION AND BACKGROUND 

3. Road rehabilitation projects will by their very nature, present potential conflicts 

between construction processes and people living or working near to the road and 

associated structures such as residential homes.  Over a period of years, roads may 

have induced secondary development, either retail or residential, resulting in ribbon 

development along the route alignment and often close to the road.   

4. Rehabilitation will frequently involve carriageway widening and/or major demolition, 

excavation and compaction works.  Not all road rehabilitation activities will result in 

significant levels of construction vibration, but some activities can result in extensive 

spread of ground vibration which in turn can affect people, structures and vibration 

sensitive equipment.  Key activities which are considered to give rise to a high risk of 

construction vibration affecting sensitive receptors include driving of piles; (often 

associated with bridge or embankment works), use of hydraulic breakers and 

compaction of sub base layers during the road construction.  For the latter, vibration is 

part of the normal process as vibratory rollers are utilized to give better compaction 

and ensure sub base layers have the required engineering integrity to support long 

term use of the carriageway without subsidence3. 

5. It is likely that on a typical road rehabilitation project,  adjacent structures and their 

occupants will be affected by construction vibration. The manner in which a particular 

building will respond dynamically to ground borne vibration depends on many factors, 

among which are (i) the distance from the source of the vibration, (ii) the nature of the 

soil in the vicinity, including that on which the building is founded, and (iii) the building 

structure i.e. type of foundation, its mass and the stiffness of its main structural 

elements. 

6. In line with ADB’s Environmental Safeguard procedures (SPS, 2009), when sensitive 

receptors are likely to be affected, potential impacts from construction vibration on 

humans, structures, and vibration sensitive equipment within those structures should 

be determined as part of the Impact Assessment process.  The following sections 

provide information on when and how to conduct assessments of impacts from 

construction vibration due to road rehabilitation projects 

                                                           
3 Whilst these are the three main activities to be considered, any significant excavations which take place close to 

properties should also be considered, especially where the ground is hard. 



Guidance Note - Management of Ground-borne Vibration During Construction of Road Schemes 
CWRD 

 

Page 5 of 28 

 

3. VIBRATION IMPACT ASSESSEMENT 

3.1 Determining the Need for Construction Vibration Assessment 

7. This section provides an overview of the process through which ADB aims to assess 

the potential vibration effects arising from road construction or rehabilitation (see also 

Figure 3.1). 

8. Road projects frequently have the first stage of assessment, IEE or EIA conducted at 

outline design stage, when the contractor may not have been appointed, and detailed 

construction processes and plant usage are unlikely to have been determined.  

However, at this point ADB must decide whether there may be potential vibration 

effects resulting from the construction of a scheme. Fortunately, this is a simple 

consideration of whether plant likely to be used will give rise to vibration, which in the 

case of a road scheme is generally “yes”, and whether there are vibration sensitive 

buildings within c. 150m of the scheme4.   

9. If vibration is considered to be a potential issue, ADB will then issue a Terms of 

Reference (ToR) to a vibration consultant, either directly or via the design consultant, 

requiring the completion of a vibration screening assessment (see Annex 1). This is a 

simplified vibration assessment which will identify whether or not construction activities 

are likely to give rise to significant vibration effects, and to indicate the approximate 

number of properties likely to be affected.  It will need to take into account factors 

including a general understanding of the location and type (structure and sensitivity to 

vibration) of buildings alongside the road scheme, their proximity to the road, an 

estimate of the local geological conditions, and a schedule of construction activities 

likely to be carried out. The CalTrans guidance manual [1] provides a suitable 

approach which could be used (though the selection of method is the responsibility of 

the consultant) and features of the method are discussed below in the next Section, 

with further detail provided in Annex 3. 

10. The outcome of the screening assessment will be reported back to ADB and if this 

indicates that significant vibration effects are unlikely then no further action is 

necessary at this stage, other than to include the outcome of the screening 

assessment in the IEE or EIA study. However, if the study indicates that there is a 

                                                           
4  If it can be confirmed that buildings do not contain vibration sensitive equipment, this distance may be reduced 

to c. 75m 
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risk of significant vibration effects arising then ADB will issue a further ToR (see 

Annex 2) requiring the design (or vibration) consultant to carry out a detailed 

vibration study. For projects which are conducting assessments and Land Acquisition 

and Resettlement Planning (LARP) at an early stage of the design process, it may be 

prudent, based on this study outcome, to set aside a contingency budget for the 

need for temporary or permanent resettlement due to vibration issues at properties. 

11. The detailed vibration study will require further input including geological survey results 

if available, and a schedule of building types (structure and usage) alongside the road, 

their locations and their condition.  It is likely that some of the information required will 

not be available e.g.  knowledge of specific plant type to be used, or detailed geological 

information, and in this case it will be necessary to specify in the EMP that further work 

will be required prior to construction in order to update the vibration assessment.  

12.  The findings of the vibration study may identify mitigation measures which place 

significant constraints on the manner in which a scheme can be constructed, for 

example introducing additional time and cost factors. Alternatively, where mitigation, 

for example of potential structural damage, is impracticable, there may be costs 

associated with temporary resettlement during construction. Either of these outcomes 

could make the scheme unviable or make other options e.g. alternative road 

alignments, appear more practicable.  This clearly demonstrates the importance of 

carrying out vibration assessments at an early stage of road projects before significant 

financial commitments have been made and/or before the bidding stage.    When 

considering the practicality of mitigation it may also be appropriate to consult with the 

Government.  The results of the vibration assessment will provide input to the EIA/IEE 

and used as the basis of the ADB Boards decision making.  

13. Assuming that approval is met, the bidding process completed, construction started, 

then during the initial stages of construction, the presence of plant on site should 

provide the opportunity to carry out on site vibration measurements at sample 

buildings to update/validate the results of the vibration study.



Guidance Note - Management of Ground-borne Vibration During Construction of Road Schemes 
CWRD 

 

Page 7 of 28 

 

Figure 3-1 - Overview of Inclusion of Construction Vibration Studies into IEE/EIA Process 
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3.2 Conducting Vibration Screening Assessments 

14. CalTrans [1] has established a desk-based approach to determining risk of vibration 

from road construction affecting nearby properties and people.  The method provides 

source vibration levels for typical construction plant and a relationship for ground 

attenuation of vibration for generic soil conditions, enabling the calculation of vibration   

in terms of peak particle velocity (PPV).    This is recommended to be used for the 

Vibration Screening Assessment and further details are presented in Annex 3. 

15. This approach enables levels of vibration to be determined at distances from the 

vibration source and hence, taking into account appropriate threshold levels of 

vibration for each type of receptor, the number of properties which will be exposed to 

vibration levels above that threshold can be estimated, based on standard construction 

methods. Where the screening indicates that large numbers of properties are at risk 

of vibration impact, the opportunity should be taken to change construction methods 

or equipment if possible in order to reduce levels of vibration at all or most properties 

to below the vibration threshold. If however the number is low, then the project may 

decide that a full vibration study is unnecessary.   

16. A key factor will be the vibration thresholds set for the project, and in particular the 

vibration threshold at which there will be risk of cosmetic building damage.  Annex 4 

sets out a summary of threshold levels taken from international standards and 

guidance. At project preparation stage, detailed information on the quality of properties 

within the route corridor may be unknown and therefore, a precautionary approach 

should be adopted.  It is recommended that the screening utilize a range of thresholds 

to provide information on worst and best-case situations.    If the project has already 

mapped properties it should be possible to determine the number of properties within 

the affected band for various thresholds, an example table for completion is shown as 

Table 3-1.   
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Table 3-1 - Example Table of Thresholds and Properties at Risk 
 

Threshold 

(mm/s) 

Distance 

(m) 

No of properties in 

risk area 

2 15.4 432 

3 11.5 321 

4 9.4 297 

5 8.0 251 

6 7.0 200 

7 6.3 179 

8 5.7 130 

9 5.2 89 

10 4.9 65 

11 4.5 27 

12 4.3 10 

 

17. As noted previously, an alternative way of looking at the outcomes of the screening 

assessment is to determine the likely constraints which will be imposed on the 

construction methods and/or type of equipment by maintaining a set threshold.  The 

higher the number of properties at risk, the more the project will be constrained from 

using normal construction processes.  Screening can therefore provide an estimate of 

High and Low constraints on construction processes.   
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3.3 Detailed Construction Vibration Study 

If the screening assessment has indicated that a detailed study of potential impacts of 

construction vibration is required, then the following procedures should be followed.   

Inventory of sensitive receptors.  

18. Building structures adjacent to the road should be inventoried to (i) qualitatively assess 

the overall type and condition of structures prevailing in the project area and (ii) 

determine distances from future road/embankment edge to existing building structures 

adjacent to the road. A survey of the area should also disclose sensitive 

receptors/locations with critical activities that might require close attention. For 

example, if a hospital where surgery is conducted or other facilities with equipment 

highly sensitive to vibration are nearby, coordination is necessary so that construction 

does not interfere with operations of those facilities. 

Modelling of Vibration 

19. Detailed modelling of the projects vibration impact shall be undertaken using 

internationally recognised approaches.  The Terms of Reference for Vibration Impact 

Assessment (detailed study) mentioned earlier (see Annex 2) should be used to 

contract a recognised specialist either directly or via the design consultant. 

20. The modelling shall be based on actual soil conditions determined from the projects 

geotechnical assessment, likely construction scenarios, the type of building structures 

present (in relation to building transfer functions), and accurate plotting of properties 

in relation to proposed work areas.  Ideally, actual measured values of construction 

plant vibration at project site locations would be used in the modelling, however for 

projects at the design stage this may be impracticable.  

21.  Alternative approaches to determine vibration propagation effects on site can be used 

where appropriate, including for example measurement of mobility transfer functions 

between the proposed work sites and the foundations of nearby buildings, including 

intermediate free-field locations.  These measurements, when supplemented with 

measurements of vibration and mobility transfer functions of operating plant of the type 

proposed to be used, offer a robust means of calculation levels of vibration at 

foundations of buildings alongside the scheme.  
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22.  A further approach would be to make use of best available data, either from other 

known local sources for similar soil profiles or utilising internationally recognised 

values of attenuation for similar soil profiles. When combined with building transfer 

functions and plant vibration data taken from the literature this also offers a robust 

means of calculation levels of vibration at buildings alongside the scheme.  

23.  For example, in the case of piling, the British Standard BS 5228 Pt 2 [2] includes a 

comprehensive database of vibration data for different piling methods and pile sizes in 

various soil types. Similarly, in in the case of vibratory rollers, a useful calculation 

method and database of vibration from differing plant sizes is set out in the TRL Study 

[3].   

24. Projects should also make provision for updating the vibration modelling following 

actual field measurements at selected locations which can be collected as part of the 

normal compliance monitoring approach. 

Setting vibration criteria 

25. A critical aspect of the full assessment will be determination of a suitable threshold 

values for the assessment.  The threshold is based on the sensitivity of the receptor 

to vibration and may apply to humans, structures or vibration sensitive equipment.  A 

project may use varying thresholds based on different type of structures, uses of 

building etc. 

26. Establishing suitable thresholds shall be part of the vibration specialist remit.  There 

are a number guidance notes relating to thresholds for humans and buildings and the 

specialist shall refer to these and justify the chosen threshold/s. 

27. Examples of suitable guidance on thresholds and vibration measurement are provided 

in the bibliography section of this note.  Where uncertainties exist about key 

parameters such as vibration sources, building quality and soil conditions, the project 

shall adopt a conservative approach to setting a vibration threshold. 
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3.4 Vibration Mitigation Measures 

Reduction of Vibration Propagation 

28. Having determined the risk of construction vibration impacts, the detailed study 

process shall identify feasible mitigation measures to reduce vibration impacts.  These 

shall be referred to in the mitigation measures included in the EIA/IEE and EMP. Some 

possible approaches to mitigating construction vibration impacts are provided in the 

following section. 

29. Such measures may include making use of alternative construction methods which 

produce lower levels of vibration, for example carrying out bored piling rather than 

impact piling, or using hydraulic cutters rather than hydraulic breakers, or use of 

smaller plant.  

30. In the case of vibratory rollers, which are a principal source of vibration, measures 

could include use of a low roller vibration setting, carrying out compaction without 

vibration, increasing the stiffness of the sub base using soil cementation techniques, 

decreasing the thickness of material layers below the maximum thickness 

permissible under the specification or where practicable building wave barriers in the 

form of a trench or ditch.  

31.  In the event that it is not possible to alter either construction methods or the type of 

equipment then it may be necessary to consider temporary/ permanent resettlement 

or  alternative route alignments.   
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Contractual Matters 

32. These mitigation measures should now be reflected/referenced in relevant sections of 

the works contract to ensure consistency and enforceability, i.e. employer’s special 

requirements, technical specifications, Bill of Quantities (BoQ), and Particular 

Conditions of Contract (PCC).  

33. Typical requirements for vibration management that could be included in the works 

contract are set out in Annex 5. Since it is impossible to foresee all variables that may 

be encountered on various project sites, specifications should be fine-tuned for each 

construction site (for instance when blasting is used). This overall approach is well 

illustrated in the recommendations of the US National Cooperative Highway Research 

Program, Transportation Research Board (Annex 6), which could be developed for a 

project in which construction vibration may be an issue. 

34. Construction Vibration Management Plan - The bidding documents may require 

that the Contractor submit to the Engineer for review and approval a written 

Construction Vibration Management Plan (CVMP) detailing the procedures for 

vibration monitoring and control. The CVMP plan may include the requirement for trial 

construction sections to determine the likely magnitude of vibrations at defined 

distances from a vibration source. These programs would be reviewed and approved 

by the Engineer to ensure compliance with contractual specifications, including the 

EMP. The cost of all works and activities necessary to comply with the CVMP are 

deemed to be included in the BoQ, which would enable bidders to cater for this in their 

bids. Once work in a particular section of the road has been scheduled, nearby 

residents and property owners should be notified about the specific times and dates 

that vibration generating activity will occur. Night work should be avoided as much as 

possible. 

35. Claims for construction damage. Before the commencement of the road 

construction works, the Employer will establish the Grievance Redress Committees 

(the GRCs) as set out in the EIA/ IEE/EMP and LARP. The GRCs will, amongst others, 

receive, process and determine complaints or claims asserted by the local property 

owners in relation to property damages that might have been caused by the 

Contractor’s construction activities. The Contractor is liable for all damages to physical 

properties arising out of its performance of the Contract as per FIDIC Conditions of 

Contract Sub-Clause 18.3 (MDB Harmonized Edition, June 2010), for which reason 
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the Contractor is required to provide insurance in accordance with the Conditions of 

Contract. 

36. Pre-construction surveys - The Contractor and the Engineer may carry out joint pre-

construction surveys of all buildings listed in the EIA/IEE and any other buildings along 

the road alignment that, in the opinion of the Engineer might be affected by vibration 

resulting from the Contractor’s construction operations. The surveys should be 

conducted in the presence of and with the permission of the property owners.  The 

survey reports should also be verified by the property owners. There are various 

methods that can be used to conduct preconstruction surveys, but all must meet the 

primary purpose of documenting the pre-construction condition of the structures, 

including all the defects and existing damage. It is also good practice to examine 

structures both near and far from the construction activity. If cracks or other defects 

are consistent throughout the area, they may be the result of thermal stresses or 

settlement. Cracks or defects that diminish with distance from the vibration source may 

be indicative of effects caused by the source.  A typical approach to condition surveys 

is provided in BS 7385 Pt 2 [5]. 

37. Secondary purposes of the pre-construction surveys include answering any questions 

the building owner may have regarding the project and looking for anything that might 

require correcting before construction starts. Most building owners do not have 

experience with construction vibration, and may have concerns about their own safety 

and the safety of their structures. Knowledgeable persons should attend to adequately 

answer questions. If the situation warrants, ad-hoc meetings should be held, and a 

presentation made that explains the reason for the project, that construction will be 

necessary, what the residents can expect to hear and feel from the construction, any 

specific warning signals that will be used, and the intent of the pre-construction 

surveys. 

3.5 Compliance Monitoring 

38. As part of the Project EMP/ SEMP, the contractor shall conduct compliance 

monitoring of vibration levels at structures alongside the scheme.  This information 

can be used to both protect structures, monitor the contractors construction practices 

and to verify the accuracy of the model.  Monitoring shall be conducted in line with 

international best practices and as recommended by the Vibration Specialist during 

the detailed vibration study.  This shall include measurement of vibration at the 
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actual structure and not just in the adjacent ground and will make use, where 

appropriate of  monitoring equipment incorporating gprs communications to alert 

contractors and the Employer should threshold damage limits be approached.   
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Annex 1: Terms of Reference:   Construction Vibration Screening  Assessment 
 

Terms of Reference 

International Consultant – Vibration Screening Assessment 

 

Introduction: 

Construction activities and use of heavy equipment during rehabilitation or construction of 

infrastructure, and in some cases during operation, such as roads and railways, pose a risk 

of vibration impacts on occupants of buildings, cosmetic and/or structural damage to the 

buildings themselves and potential interference with vibration sensitive equipment within 

those buildings.  

To address these issues, specialized support shall be provided for conducting a screening 

assessment to assist the project to establish whether vibration arising from construction of 

the scheme will give rise to significant vibration effects.  Project vibration limits will be based 

on acceptable international standards or guidance (e.g. BSI, Caltrans Guidance). 

Tasks and Scope of Work:  

The consultant will be required, as a minimum to: 

• For construction activities, conduct a vibration modelling study based making use of 

the screening methodology set out in the Caltrans Guidance, including construction 

equipment that is likely to cause significant levels of vibration. The study will make 

use, if possible of available vibration data for the equipment; and will take into 

account type of soil; distance to receptors and building type(s).  

• Where appropriate, vibration caused by construction activities such as piling and 

ground preparation, may be calculated using alternative methodologies (e.g. BS 

5228 Part 2, BS 6472, or any other acceptable methodology), which must be clearly 

referred to on the proposal to be submitted; 

•  set and agree with the project proponent, realistic vibration thresholds for the project 

based on the risk of structural damage, human response to vibration, and where 

necessary effects on vibration sensitive equipment, for construction and operation;  

• Identify numbers of properties at risk of structural/cosmetic damage based on 

location, predicted vibration levels at that location and the type of building 

 

Time required: 

The assignment will be completed within a period of 20 working days. 

Qualifications:   

Consultant shall be a qualified Environmental Engineering specialist (or equivalent) with at 

least 15 years’ experience in conducting vibration surveys and impact assessment related to 
construction and operational activities.  
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The successful candidate should have:  

An advanced degree in Environmental Studies, Science, or engineering (or relevant field) 

from an accredited educational institution; Proven practical experience in Vibration 

measurement, Modelling and application of results for Impact Assessment purposes.  

Demonstration of provision of practical mitigation measures for identified significant effects is 

required. Good knowledge of written and spoken English language and ability to write clear 

and concise technical reports is necessary. 

Budget: 

Remuneration, Per diem, Survey, Airfare (2RT), Miscellaneous travel. 

Data Requirements  

The consultant will be provided with the following data from project proponent: 

• Outline Geotechnical data; 

• Mapping of properties along route corridor; 

• Plan of work area and proposed construction methods for high vibration generating 

activities, e.g. vibration rolling, pile driving and blasting. 

The consultant shall advise within his proposal any other required data. 
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Annex 2: Terms of Reference:  Construction Detailed Vibration Study 
 

 

Terms of Reference 

International Consultant – Detailed Vibration Study 

 

Introduction: 

Construction activities and use of heavy equipment during rehabilitation or construction of 

infrastructure, and in some cases during operation, such as roads and railways, pose a risk 

of vibration impacts on occupants of buildings, cosmetic and/or structural damage to the 

buildings themselves and potential interference with vibration sensitive equipment within 

those buildings.  

To address these issues, specialized support shall be provided for conducting studies and 

surveys to assist the project to establish and then meet appropriate vibration standards.  

Project vibration limits will be based on acceptable international standards or guidance (e.g. 

BSI, Caltrans Guidance). Specialized studies shall also recommend and assess the cost of 

the best available mitigation measures needed to meet agreed project vibration limits and 

ensure impacts are avoided or minimized.  The objective will be to protect individuals from 

unacceptable levels of vibration and properties from structural damage, but allow a realistic 

construction program to proceed. 

Tasks and Scope of Work:  

The consultant will be required, as a minimum to: 

• For construction activities, conduct a vibration modelling study based on construction 

equipment that is likely to cause significant levels of vibration. The study will make 

use, if possible of available vibration data for the equipment; and will take into 

account type of soil; distance to receptors and building type(s). Where no plant 

vibration data is available it may be necessary to carry out additional monitoring or 

make use of alternative approaches; 

• Vibration caused by construction activities such as piling and ground preparation, will 

be calculated using acceptable methodologies (e.g. BS 5228 Part 2, BS 6472, or any 

other acceptable methodology), which must be clearly referred to on the proposal to 

be submitted; 

•  set and agree with the project proponent, realistic vibration thresholds for the project 

based on the risk of structural damage, human response to vibration, and where 

necessary effects on vibration sensitive equipment, for construction and operation;  

• Identify properties or groups of properties at risk of structural/cosmetic damage 

based on location, predicted vibration levels at that location and the Building 

Sensitivity Index;  
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• Provide mapping showing properties within each risk category i.e structural or 

cosmetic ;  

• Propose and model mitigation measures at locations where the impact assessment 

indicates risks of significant effects on occupants,  structures or vibration sensitive 

equipment, in order to reduce effects to an acceptable level; 

• Indicate, if resettlement is required ,the houses requiring demolition/ relocation; 

• Propose vibration monitoring locations at high risk areas, along with criteria for 

monitoring. 

 

Time required: 

The assignment will be completed within a period of 30 working days. 

Qualifications:   

Consultant shall be a qualified Environmental Engineering specialist (or equivalent) with at 

least 15 years’ experience in conducting vibration surveys and impact assessment related to 

construction and operational activities.  

The successful candidate should have:  

An advanced degree in Environmental Studies, Science, or engineering (or relevant field) 

from an accredited educational institution; Proven practical experience in Vibration 

measurement, Modelling and application of results for Impact Assessment purposes.  

Demonstration of provision of practical mitigation measures for identified significant effects is 

required. Good knowledge of written and spoken English language and ability to write clear 

and concise technical reports is necessary. 

Budget: 

Remuneration, Per diem, Survey or additional data acquisition, Airfare (2RT), Miscellaneous 

travel. 

Data Requirements  

The consultant will be provided with the following data from project proponent: 

• Geotechnical data; 

• Mapping of properties along route corridor; 

• Building Sensitivity Index (see below note); 

• Plan of work area and proposed construction methods for high vibration generating 

activities, e.g. vibration rolling, pile driving and blasting. 

The consultant shall advise within his proposal any other required data. 

Building Sensitivity Index 
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The consultant shall prepare a Building Sensitivity Index study for properties or groups of 

properties along the road alignment. 

Data to be collected for the Building Sensitivity Index study will include as a minimum: 

• Approximate age of property; 

• Likely conformity to modern building codes for seismic resilience; 

• State of repair (visual survey only); 

• Material of construction (walls and roof); 

• Form of construction; 

• History of seismic activity in location which may have affected properties since they 

were built; and 

• Any other relevant information. 

The information will be used to develop an index of sensitivity of properties or groups of 

properties based on a simple scoring system and professional judgement, which should be 

consulted on with ADB. 
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Annex 3: Simple method to predict construction vibration levels 
 

Table 1: Vibration Source Amplitudes for Selected Construction Equipment5 
 

Equipment Reference PPV at 25 feet (in/sec) 

Impact Pile driver  0.650 
Vibratory roller 0.210 
Large bulldozer 0.089 
Loaded trucks 0.076 
Jackhammer 0.035 
Small bulldozer 0.003 

Source: Federal Transit Administration 1995 (except Hanson 2001 for vibratory rollers) 

 
Table 2: Measured and Suggested “n” Values Based on Soil Class 

 
Soil 

Class 
Description of Soil Material Suggested 

Value of “n” 

I Weak or soft soils: loose soils, dry or partially saturated 
peat and muck, loose beach sand, and dune sand, 
recently plowed ground, soft spongy forest or jungle 
floor, organic soils, top soil. (shovel penetrates easily) 
 

1.4 

II Competent soils: most sands, sandy clays, silty clays, 
gravel, silts, weathered rock. (can dig with shovel) 
 

1.3 

III Hard soils: dense compacted sand, dry consolidated 
clay, consolidated glacial till, some exposed rock. 
(cannot dig with shovel, need pick to break up) 
 

1.1 

IV Hard, competent rock: bedrock, freshly exposed hard 
rock. (difficult to break with hammer) 

1.0 

Source: California Department of Transportation. 2013. Transportation and Construction 
Vibration. Guidance Manual. Sacramento. 

 
Using the source levels in Table 1 and suggested “n” values in Table 2, vibration from construction 
equipment can be estimated by using the following formulae6: 
 
Impact Pile Driver (Drop, Pneumatic, Diesel and Hydraulic Hammers) 
 
PPVImpact Pile Driver = PPVRef (25/D)n x (Eequip/ERef) 0.5 (in/sec)   (Eq. 1) 

 
Where: 
 
PPVRef = 0.65 in/sec for a reference pile driver at 25 feet (Table 1) 
D = distance from pile driver to the receiver in feet 
n = vibration attenuation rate through ground (Table 2) 
ERef = 36,000 feet-lbs (rated energy of reference pile driver) 
Eequip = rated energy of impact pile driver in feet-lbs 

                                                           
5 The vibration level quoted in this Table for vibratory roller may be for a small roller 
6 Source: California Department of Transportation. 2013. Transportation and Construction Vibration. Guidance Manual. 

Sacramento. 
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Vibratory roller, Bulldozer, Loaded Truck, and Jackhammer 
 
PPVEquipment = PPVRef (25/D)n (in/sec)   (Eq. 2) 
 
Where:  

PPVRef = reference PPV at 25 feet (Table 1) 
D = distance from equipment to the receiver in feet 
n = value related to the attenuation rate through ground (Table 2) 
 
 

Table 3: Vibration amplitude produced by typical vibratory rollers (mm/s) 
 
 
 

Distance from vibratory roller to the receiver 

Description of soil material 5m 8m 10m 15m 20m 

Weak or soft soils (Class I; n=1.4) 
 

9.6 5.0 3.6 2.1 1.4 

Competent soils (Class II; n=1.3) 
 

9.2 5.0 3.7 2.2 1.5 

Hard soils (Class III; n=1.1) 
 

8.5 5.1 4.0 2.5 1.8 

Hard, competent rock soils (Class IV; n = 1.0) 
 

8.1 5.1 4.1 2.7 2.0 

Source: Data derived from Table 1, Table 2, and Eq. 2 
“n” = vibration attenuation rate through ground (pseudo-attenuation coefficient that accounts for both geometric and 
material damping) 
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Annex 4: Summary of internationally-accepted permissible vibration limits 
 

 

Source: National Cooperative Highway Research Program. 2012. Current practices to address construction vibration 
and potential effects to historic buildings adjacent to transportation projects. 
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Annex 5: Typical contractual requirements for vibration management (to be reviewed for 
Project-specific) 
 

CONTRACTOR’S CONSTRUCTION VIBRATION MANAGEMENT OBLIGATIONS 
 
1. Purpose and Scope of Application 
 

The purpose of this Section is to protect the building structures located alongside the road 
from excess vibration during the construction of the Works, in accordance with the 
provisions of with ISO 4866:2010(E): Mechanical vibration and shock — Vibration of fixed 
structures — Guidelines for the measurement of vibrations and evaluation of their effects 
on structures 
  
However, compliance with this Section does not relieve the Contractor of full responsibility 
for damage caused by the Contractor’s construction activities.  
  
This Section applies to the construction activities carried out in the vicinity of all buildings 
listed in relevant Annex of the Initial Environmental Examination Report. It also applies to 
the operation of the Contractor’s construction equipment close to any other building not 
specifically listed in the IEE, which may be damaged by construction vibration generated 
during the execution of the project. 

 
The Contractor’s obligations under this Section are additional to the construction vibration 
management requirements set out in the Initial Environmental Examination (IEE) report 
and the Environmental Management Plan. 

 
2. Permissible Vibration Limit 

 
In this Section, the construction vibration levels are specified in terms of the peak particle 
velocity (ppv), in units of millimeters per second (mm/s). The ppv shall be quoted 
individually for one or more of the three orthogonal directions at a measurement point, 
designated as the ‘component ppv.’  
 
Considering the design, age and condition of the building structures adjoining the road, 
any component ppv of the vibration caused by the Contractor’s construction operations 
shall not exceed the peak particle velocity of 5 mm/s7, measured at the foundation or base 
of the building on the side facing the source of vibration. While conducting its construction 
operations in urban or rural settlements along the road, the Contractor must ensure that 
this limit is not exceeded for temporarily sustained vibration, nor for continuous vibration 
generated typically by compaction of embankments and pavements.   

 
3. Condition Surveys 

 
Not later than 28 days before the commencement of construction works, the Contractor 
and the Engineer will carry out joint condition surveys of all buildings listed in the IEE and 
any other buildings along the road alignment that, in the opinion of the Engineer might be 
affected by vibration resulting from the Contractor’s construction operations.  
 

                                                           
7 To be changed subject to results of vibration study 
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The surveys shall be conducted in the presence of and with the permission of the property 
owners.   

 
The findings of the building condition surveys shall be recorded in the reports that shall 
contain the following information, as a minimum: 

 
i. Building address and location; 
ii. A description of the building condition and any cosmetic and/or structural 

damage; 
iii. Sketches and photographs showing the location and extent of any 

damage; 
iv. High resolution video recordings of the surveyed buildings; 
v. Verification of the report by the building owner. 

 
4. Construction Vibration Management Plan 

 
Within 28 days of the Commencement Date, the Contractor shall submit to the Engineer 
for review and approval a written Construction Vibration Management Plan (CVMP) 
detailing the procedures for vibration monitoring and control. Such details shall include: 
 

i. Measurement locations and methods; 
ii. Method statements for works likely to induce vibrations, including programs of trial 

construction sections to determine the likely magnitude of vibrations at defined 
distances from the vibration source, in sufficient detail for the contractor to develop 
a final method for constructing the works without excessive vibration; 

iii. Description of the instrumentation and equipment to be used; 
iv. Copies of the instruction manuals and the laboratory calibration and test equipment 

certification; 
v. The resumes of the vibration monitoring technical support personnel, sufficient to 

define details of relevant experience; 
vi. Procedures for data collection and analysis; 
vii. Frequency of measurements; 
viii. Means and methods of providing warnings when the specified construction 

vibration limits are reached; 
ix. Action plans to be implemented in the event the specified construction vibration 

limits are reached. The generalized plans of action shall comprise the positive 
measures by the Contractor to control vibrations using alternative construction 
methods; 

  
The Contractor shall establish a vibration monitoring and control system in accordance 
with the CVMP approved by the Engineer, and measure vibrations resulting from its 
construction operations at predetermined points, in accordance with the CVMP.  
 
The Contractor shall monitor vibration during demolition, piling, compaction, and other 
significant vibration- producing construction activities as determined by the Engineer. This 
monitoring shall consist of a continuous recording of the maximum single-component peak 
particle velocities for one-minute intervals. During the monitoring, the Contractor shall 
document all events that are responsible for the measured vibration levels, and submit the 
documentation to the Engineer. 
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All vibration monitoring data shall be recorded contemporaneously and plotted 
continuously on a graph by the data acquisition equipment. Each graph shall show time- 
domain wave traces (particle velocity versus time) for each measurement location with the 
same vertical and horizontal axes scale. 
 

5. Claims for Construction Vibration Damages  
 

Before the commencement of the road construction works, the Employer will establish 
Grievance Redress Committees (the GRCs) composed of representatives of relevant 
government agencies The GRCs shall, amongst the other things, receive, process and 
determine complaints or claims asserted by the local property owners in relation to 
property damages that might have been caused by the Contractor’s construction activities. 
 

6. Alternative Construction Methods  
 

Where the results of the vibration monitoring show that the specified construction vibration 
limit is reached at a particular location, the Contractor shall suspend the construction 
activities that generate the excessive vibration at such location, notify the Engineer and 
with the approval of the Engineer take mitigative actions necessary to keep the 
construction vibration within the specified limit. 
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Annex 6: Sample flow chart for recommended approach for addressing construction 
vibration impacts on buildings 

 
 

 

Source: National Cooperative Highway Research Program. 2012. Current practices to address construction vibration 
and potential effects to historic buildings adjacent to transportation projects. 

 




