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Introduction 

Major infrastructure project investments are primarily focused on mitigating financial risk in 

meeting long term performance criteria/ requirements of specific elements of work.  Long term 

performance of infrastructure facilities rely heavily on a very diligent and a pragmatic design by 

the geotechnical engineer who not only understands how to design the various elements meeting 

the prescribed criteria but also has  the experience to predict performance over the life of the 

contract so as to minimize long term maintenance costs. We have all heard various geo legends 

say “a successful practitioner is one who exercises good judgement in addition to having a sound 

understanding of fundamental behavior of soils in a given environment”. 

This presentation provides a very brief overview on understanding and evaluating geotechnical 

performance criteria/ requirements to develop global performance standards.  

Background 

New infrastructure to meet a growing demand or to reconstruct an aging infrastructure, all need 

financial resources to plan, design, construct, operate and maintain.  Agencies around the globe 

are all facing revenue challenges to not only build new and improved infrastructure but to 

maintain existing ones in good state of repair.  The challenge can be attributed to unwillingness 

by the relevant legislative body to raise taxes; escalation cost of money due to delayed 

procurement or execution; impact due to increased material or labor costs, etc.  Agencies are not 

only looking for creative ways to finance these projects but also to plan, design, construct, 

operate and maintain them.  

Typical process up until recently has been for the agency to plan, design, bid and construct the 

projects also known as design–bid-build (D-B-B) delivery method. In a D-B-B delivery scenario, 

the agency takes on the responsibility or risk of performance with only a limited (1 to 2 years to 

primarily cover latent defects) warranty for performance resting with the builder. Agencies are 

now looking for ways to bundle these projects to make them attractive to a private enterprise to 

do most of the planning including financing the project and hence the trend leading to plan, 

design, construct, operate and maintain also known as D-B-F-O-M.  Tagged as Public Private 

Partnerships (P3) these are driven by financial strategies that take into account the risks of 

meeting long term performance and hand back requirements specified by the procuring agency. 



 
 
 
 

Long term Operations and Maintenance (O & M ) costs are plugged into established financial 

models that provide lowest Net Present Values (NPV) that is used to select the most optimal 

(Best Value) offer to design, construct, operate and maintain infrastructure asset’s on behalf of 

the procuring agency.  Procurement agreements lay out the terms and conditions of performance 

in great detail along with financial disincentives if they are not met during the contract period. 

Hence anyone involved with this type of procurement will need to have a clear understanding of 

the performance criteria/ requirements for the various elements and be able to offer (Technical 

and Financial Proposal) to design, construct, operate and maintain in a very cost effective 

manner to be successful.   

P3 projects are typically designed and constructed using design- build (D-B) delivery followed 

by the extended operate and maintain (O & M) period.  Given that the private enterprise has the 

obligation to maintain and operate these facilities for extended periods of time ranging from 20 

to 99 years, the trend is to focus the contractual requirements on performance than on “means 

and methods” as has been done for a long time under the traditional D-B-B method of delivery.  

Hence there is a need to understand performance by all those involved with this type of project 

delivery to be able to not only develop “performance requirements”, but also understand how to 

deliver them.  The overall performance requirements in general are all greatly influenced by 

geotechnical performance and hence play a very critical role in the success of any major 

infrastructure project. 

Performance Requirements 

A clear understanding of the purpose and need for the infrastructure will enable in the 

development of the procurement documents that will articulate performance criteria/ 

requirements that are readily identified and easy to measure including a more realistic handback 

requirements.  Hence performance criteria/ requirement will need to be limited to only those 

elements that are easy to quantify.   

Typical Geotechnical performance criteria/ requirements for infrastructure project such as a 

highway will include those listed below in Table 1.  

Table 1.  Typical Geotechnical Performance Criteria/ Requirements for Transportation Projects 

Element Performance Criteria/ 
Requirements 

Remarks 

Embankments Wood chips/ shredded tires 
not permitted 

There may be other materials 
that may not be permitted 

Unreinforced Embankment Side slopes no steeper than 
1v:3h 

Reinforced slopes may 
include certain restrictions as 

well 



 
 
 
 

Element Performance Criteria/ 
Requirements 

Remarks 

Foundations Timber Piles/ Battered 
Drilled Shafts not permitted 

There may other 
requirements with reference 
to level & plumb, down drag 

loading etc. 
Settlement Total (Immediate & 

Consolidation) < 1 in. 
 

 Differential <1/2 in or 1/300  
Stability Static F.S. > 2.0  

 Seismic F.S. > 1.1  
Liquefaction/ Sinkholes etc. Serviceability w/ minimal 

retrofit 
Others such as frost, 

vibration, impact to adjacent 
structures etc. may be 

included 
Erosion Surface – Minimize   

 Sub surface – No Stability 
concerns 

 

 

Though these requirements can be spelled out based on our understanding of the functionality of 

the facility, there may be unique situations based on local conditions that dictate relaxing the 

requirements or prescribing “means and methods” to assure performance outcomes.  For 

example, settlement of a roadway embankment may be allowed to settle greater than one inch 

(2.5 cm) so long as the differential settlement at a structure does not exceed one half inch (1.25 

cm) or cause a sudden bump to the riding motorist at that particular interface. Hence there is a 

need to not only understand the requirement, but also their relevance and applicability as well. 

The size and complexity of these projects are beginning to attract professionals from around the 

world (no longer limited to local experts) who may or may not have the local experience or 

understanding of the issues. This poses additional challenge to being able to design to meet the 

performance requirement of the project under unique local conditions.  

Evaluation of Performance Requirements 

Evaluation of performance requirements have come in the form of experiences of the 

geotechnical professional.  Hence an experienced geotechnical professional was, is and will be 

critical to the success of a project. The field of geotechnical engineering has evolved over the 

years and the ability for acquiring data has been greatly enhanced with the advent of tools and 

technology.  Geo professionals today have access to a lot more information than some of the 

pioneers in the field. However, the risk of running into unforeseeable condition is still relevant 

and continues to pose challenges to the geotechnical engineer. Local knowledge and experience 



 
 
 
 

continues to play a key role in good engineering solutions.  Standard means of handling the 

various environmental and geotechnical conditions in a local area or a region or a country is still 

based on collective experience of the local professionals.   

Over the years geotechnical professionals with the support of construction industry have 

developed “means and methods” to meet the design intent including development of tests and 

test procedures to verify. The test results have in the past been an indirect means to assure a 

certain level of desired performance with the conservatism built in the design or the process 

being still an unknown. With the trend of moving away from prescribing “means and methods” 

to allow for innovation and to hold only to performance requirements, requires a paradigm shift.  

In addition to making the paradigm shift one also needs to ascertain true performance over the 

course of a project or a life time, only through careful planning, programming, instrumentation, 

data collection and analysis.  

Current state of practice relies heavily on individual’s expertise and experience. However if 

monitoring for performance becomes an integral part of every program specifically when 

millions of dollars are being invested, the knowledge will be very valuable in understanding true 

performance and developing global performance standards. Advancements in monitoring tools 

along with ability to monitor performance on a continuous basis over extended periods even in 

remote locations using wireless technology coupled with cloud storage capabilities have 

provided a platform for easy access by our professionals. This information if mined properly and 

analyze by experienced individuals will provide valuable information to those developing true 

performance standards.    

Developing Global Performance Standards 

Performance requirements are typically, facility and element specific but are not location or 

environment specific.  This could leave the professional including the geo professional, with a 

false sense of confidence in one’s ability to design elements of a facility to meet the criteria 

without the benefit of the understanding of performance under local conditions.  The private 

sector developer (Equity) and the builder take on the responsibility of meeting the performance 

criteria/ requirements which are spelled out in the Project Agreement (PA) and the Inter 

Agreement between the Equity, Builder and the Operator & Maintainer. The design professional 

including the geotechnical engineer needs to be aware of the various agreements and flow down 

conditions while collaborating to develop a cost effective the design.  

Risk mitigation for meeting the performance and hand back requirements at the end of the 

contract term may be agreed to collectively by the team.  This may include taking on some risk 

on the performance over O & M period with a prescribed certain number of maintenance 

intervention(s). But if the elements do not perform as anticipated, there will be an issue of who is 

liable for the fix or the additional maintenance. Another option to outlining performance when 



 
 
 
 

there is a major concern of an extreme event occurring in the region during the life of the facility 

and when there is no precedence for the agency; it may decide to spell out the requirement that 

may sound very prescriptive.  An example being when Karst material forms the foundation of the 

region (Figure 1) that is susceptible to development of sinkholes, the agency required the 

proposers to design for such an extreme event and show proof that they have done so. Typically 

if a sinkhole develops within roadway embankments it can be mitigated with minimal time to 

investigate and develop a mitigation plan that includes jet grouting. But if the sinkhole occurred 

under a newly constructed multi-level interchange with expensive bridge structures, the time to 

investigate if the bridge structures have survived the extreme event and will they be serviceable 

with minimal effort without endangering the travelling public is a major risk and responsibility 

could take months. As there was no precedence for outlining performance under these 

conditions, the agency decided to spell out the requirement as follows: 

 Design all new foundations for new bridges to withstand the Extreme Event II Load 

Combination Limit State as follows: 

• Pile Groups: Assume the ground surface on three sides of the footing cap is at 

proposed finished grade elevation and the ground surface under the footing 

cap and on one side of the footing cap is 20 feet below the proposed finished 

grade elevation (Figure 2).  For piers founded on more than one pile group, 

assume that 20 foot subsidence occurs along the same side of all footings 

 Non-redundant Drilled Shafts: Assume the ground surface on one side of the 

non-redundant drilled shaft foundation is at proposed finished grade elevation 

and the ground surface on the other side of the non-redundant drilled shaft 

foundation is 20 feet below the proposed finished grade elevation. 

 Pile/Shaft Bents: Assume the ground surface on one side of the pile/shaft bent 

is at proposed finished grade elevation and the ground surface on the other side 

of the pile/shaft bent is 20 feet below the proposed finished grade elevation.  

 Design all new foundations for widened bridges to withstand the Extreme Event 

II Load Combination Limit State with the ground surface on only one side of the 

foundation no shallower than the depth the current foundation withstands 

This being prescriptive, the agency takes on the risk for performance but with long term 

assessment, the agency hopes to develop global performance standard that will address the intent 

and outcome.   

Conclusion 



 
 
 
 

Can we develop true global performance requirements or standards? Yes, we can. But the key to 

successfully articulating the performance requirements and being able to deliver the performance 

are dependent on the ability of the individuals to understand behavior under a given set of 

conditions and predicting behavior overtime with relative confidence. However the ability to 

meet the global performance requirements will need to evaluated on a more regional or local 

basis as the practices vary from one location to another or from one region to another.  

 

 

Figure 1.  Location Map – Sinkhole Potential 

 



 
 
 
 

 

Figure 2.  Pile Loading due to Sinkhole Development 




