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Thank you for inviting me to speak.  I hope you find the following both entertaining and provocative, as I’m 
deliberately trying to generate controversy, in order to stimulate discussion and eventually spark action.   
 
This presentation focuses on the practical aspect of scheduling, which is too often overlooked in this 
technology-focused profession.  The presentation at the PMI College of Scheduling conference will be 
limited to items #1 through #16, due to the limited time available. 
 
 
1. Current Industry Scheduling Mal-Practice 
 
Current industry practice is poor and badly needs improvement.  This doesn’t apply to most of us here, 
but rather to the average practitioner as they don’t truly understand CPM concepts or the software being 
used. 
 
a. Industry survey 
Pinnell/Busch conducted in-depth surveys of contractors and owners in 2005 and 2006 to determine 
current industry practice, the effect of those practices, and Best Practices to avoid changes, delays and 
claims. 
 



 
 PMI College of Scheduling 2007 Annual Conference, Vancouver, BC, Canada – Who Owns The Float? – 18-Apr-07 

Page 2 

1. Project Delays S02 
We found that approximately 50% of all construction projects were delayed, with nearly 30% delayed 
more than a month, 8% delayed by 3 to 6 months and 3% delayed by more than 6 months – an 
unacceptable result. 
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Figure 1 (Slide 2) – Projects with Delays 
 
2. Cause of Delays S03 

Even general contractors admitted that poor scheduling caused 10% of delays (owners thought it was 
13%).  I believe it is closer to 20%, and that around 1/3rd of all delays could be avoided or mitigated 
with Best Practices.    
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Figure 2 (Slide 3) – Percent of Delays Caused by Poor Scheduling 
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3. Scheduling Practices S04 
We also found that general 
contractors were not requesting 
subcontractor input, not keeping 
the subcontractors informed, but 
were hiding the float and then 
accelerating the subcontractors 
when the delays became too 
obvious to conceal.  And, although 
most owners stated that their 
contractors were updating 
monthly, subcontractors reported 
that they did so less than half the 
time.  In addition, contractors are 
not normally submitting recovery 
schedules. 
 
 
 
 
 
 Figure 3 (Slide 4) – Quality of Scheduling Practices 
 

4. Quality of Schedule S05 
Owners and subcontractors reported that only 1/3rd of contractors were good schedulers, 1/3rd were 
fair, and 1/3rd were poor schedulers.  Yet, ¾ of all contractors were satisfied with their scheduling 
practices. 
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Figure 4 (Slide 5) – Perceived Quality of Contractors’ Scheduling Practices 
 
b. Impact of delays 
Our consulting practice reveals that delays are one of the leading causes of construction disputes and 
claims.  Owners are reluctant to pay for extended overhead or loss of efficiency from the impact of delays 
that push work into bad weather or for acceleration to recover lost time. 
 
c. Need for better understanding of the real problems 
Best scheduling practices and maintaining the schedule are essential to timely completion, productivity, 
contractor profitability, and project success.  Poor scheduling is one of the leading causes of project 
disasters, with subcontractors going broke and everyone losing money.  Unfortunately, as an industry, we 
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haven’t studied the cause of delay and how scheduling Best Practices can avoid or mitigate delays and 
loss of efficiency. 
 
One major cause of delay is not related to scheduling practices by designers and contractors, but to 
project owners’ failure to consider schedules when budgeting and planning their projects.  All too many 
owners fail to obtain a professional opinion as to the time required for scope definition, architectural 
programming of building space, land use activities, design, permits, construction, and commissioning.  
The result often is insufficient time for design and construction. 
 
 
2. Misused and Misunderstood Scheduling Specification Clauses and Practices 

 
There are as many different scheduling clauses as there are contracts, most of which are written by 
someone unfamiliar with critical path scheduling, and not enforced by others who don’t understand, don’t 
care or don’t know how to enforce them. 
 
1. Efforts by Professional and Trade Associations 

Three professional organizations are developing scheduling specifications and/or best practices.  The 
Project Management Institute (PMI) College of Scheduling is working on a Scheduling Excellence 
Initiative, which is described on their website: www.pmicos.org.  PMI is developing a new ANSI 
scheduling standard.  In addition, AACEI (Association for the Advancement of Cost Engineering) is 
preparing a forensic scheduling guideline, which should be released shortly. 
 
These efforts are commendable but unfortunately the result probably won’t be utilized by the majority 
of project designers, contractors, owner representatives, and construction managers – unless a major 
industry educational program is implemented. 

 
2. Pinnell/Busch’s Master Scheduling Specification S06 

We have developed our own master specification, which is available on our website without charge, 
at www.pinnellbusch.com\library.html.  It has a detailed commentary on the reason for and 
importance of each clause.  Our master specification also includes recommendations for ancillary 
clauses that affect scheduling – such as requiring a daily field report from the contractor and 
subcontractors and detailed Submittal logs and Request For Information (RFI) logs.  We have a few 
copies of the specification here at the conference. 
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Figure 5 (Slide 7) – Ownership of the Float 

3. Who Owns The Float?  Not Necessarily the Project. 
 
It isn’t the project, as most of us thought.  It really depends. S07 
 
The Contractor Determines the Float 
The contractor determines the float 
and can as readily hide it as display it 
for all to use.  In fact, most general 
contractors avoid telling their 
subcontractors how much float the 
activities have – for fear they’ll use it, 
to the detriment of subsequent 
subcontractors if a succeeding activity 
is delayed.  Many also fail to provide 
relationship data to the owner, for fear 
they’ll understand the schedule and 
question the logic, or dispute time 
extension requests. 
 
More significantly, a schedule is but a 
rough model of reality, with the true 
relationships between activities far 
more complex than can be shown on 
the network.  Furthermore, many items are generally not shown on the schedule: resource limits, the 
most efficient crew size, and a 
subcontractor’s other commitments 
that allow only a specific window for 
their work to be completed, etc.  In 
addition, the contractor is only ‘guesstimating’ the duration of an activity – without knowing the exact 
quantity of work, the crew composition and size performing the work, and the probable production rate.  
There are no guarantees that things won’t go awry.   
 
Float is a Critical Resource  
Float is a crucial resource, needed by the contractor’s superintendent and foreman for daily and hourly 
resource leveling and for accommodating the inevitable delays and changes encountered in the field.  A 
project with all critical and near-critical activities is not only inefficient, but also certain to be delayed. 
 
The owner also needs the float, although not to the same degree.  Engineering and architectural design is 
far from perfect – and getting worse all the time.  Better designs are achievable, however, as are more 
timely change orders. 
 
There is only one simple answer as to who owns the float:  “It Depends.”S08 

 
How Tight Should the Schedule Be? 
The contractor doesn’t own the float, but should have the first right to use it.  If contractors are afraid they 
may be delayed by the owner, they will tend to over-estimate non-critical activity durations so that each 
chain of activities in a network will have very little or no float.  This creates a problem in that the schedule 
is unreliable and cannot be trusted.  It is far better to have a relatively ‘tight’ schedule that is achievable 
than to have a schedule that is either too tight or too loose.  Some pressure to maintain the schedule 
results in greater efficiency and less cost – as I learned on my first job as a project engineer on the San 
Francisco BART project.  But some contingency is needed via: overtime, temporarily staffing up, 
weekend work, or by overlapping the next activity (with negative lag) in order to recover lost time. 
 
Construction is a ‘people business’ and you should create expectations that the schedule will be 
maintained, so that everyone relies on it and commits to maintaining their part of it.  A partnering attitude 
and teamwork is crucial for a successful schedule and on-time completion. 
 

Copyright  Pinnell/Busch, Inc., 2007     7

In most contracts, the first party to use it.

Float is valuable to the Contractor and should not be 
wasted.

Contractors try to protect their float (and in some cases, 
set up for a claim) by increasing the duration of non-
critical chains of activities.

Delays to activities not on the critical path can result in 
damages to subcontractors through demob/mob costs, 
extended overhead, impact, and inefficiency.

OWNERSHIP OF THE FLOAT

PMICOS Apr07



 
 PMI College of Scheduling 2007 Annual Conference, Vancouver, BC, Canada – Who Owns The Float? – 18-Apr-07 

Page 6 

Recommended Specification Clause to Encourage Contractors to Not Hide the Float 
The most important step to encouraging contractors to not hide the float is to create a ‘partnering’ 
relationship with trust and a mutual focus on a successful project.  The next step is for the owner to 
assure the contractor that if the owner does use the float that the contractor won’t get hit with liquidated 
damages for their subsequent delays.  Contractors will still face the risk of extended overhead and impact 
from a delay, but at least they won’t also have to pay the owner.  This is a step in the right direction, but 
not a final solution. 
 
The recommended language is: 
 
 1-08.3(13) Schedule Float Utilization S09 

Any float time of activities not on the critical path shall belong to the Project and may be used by the Contractor 
or the Owner to optimize its construction progress. 

 
1. Owner Use of Float Later Needed by Contractor 

If the Owner uses float which the Contractor later needs due to non-excusable Contractor delays that extend 
the project, liquidated damages will not be assessed against the Contractor for the days of float used by the 
Owner in the earlier period.  Liquidated damages may be assessed for any additional non-excusable 
Contractor delay, beyond those days that the Owner used.  

 
General contractors need to control the subcontractors’ use of float, generally requiring them to start and 
finish on their early start and early finish dates, so that succeeding subcontractors can rely on the date 
that their work is scheduled to start.  To help subcontractors to stay on schedule and to justify 
backcharges if delays occur, general contractors can require subcontractors that exceed their scheduled 
activity durations to share in any damages proportionally to their delay, if their chain of activities becomes 
critical and then delays the project. 
 
 
4. Why Don’t Contractors Hide the Float?  Their Schedule Won’t Be Valid and May Lead to Delay. 
 
If a contractor is concerned about the owner ‘stealing’ their float (or a subcontractor ‘wasting’ it) and 
forcing them to accelerate or pay liquidated damages if later activities take longer than planned, why don’t 
they just hide the float by increasing the duration of activities in non-critical chains of activities?   
 
Disadvantage to Contractor of Hiding Float S10 
The answer is that their schedule won’t be valid and will result in problems maintaining progress and 
avoiding delays.  One subcontractor will finish early due to the duration of his activity being exaggerated, 
and the following subcontractor won’t be ready.  That can weaken confidence in the schedule by 
subcontractors, and adversely affect progress.  On the other hand the first subcontractor may dawdle and 
use the float, and the second subcontractor may also.  Now, you have converted a chain of activities with 
lots of float that protects the project from unexpected delays, into a critical or near-critical path that could 
result in project delay if something goes wrong. 
 
In addition, hiding the float sets up an adversarial relationship with the owner, if the owner compares 
planned vs. actual durations and finds that the contractor has consistently exaggerated planned 
durations. 
 
If you do feel a need for hidden float to protect against unexpected delays, add the extra time to the last 
activity of each non-critical chain of activities, or to the project ‘close out activities” at the end of the 
project. 
 
Guidelines to Owners for Minimizing Hidden Float 
Project owners who are provided a schedule with an unreasonable number of concurrent critical and 
near-critical paths, should carefully examine activity durations of all suspiciously long activities.  If unable 
to resolve concerns, conditionally accept the schedule based on the actual activity durations being 
reasonably close to the planned. 
 
If an owner delay does occur and the contractor makes a time extension and delay overhead/impact 
claim, compare the duration of completed activities to planned and require the contractor to substantiate 
the duration of future activities.  If necessary, conditionally grant a time extension but withhold payment of 
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future extended overhead and impact costs until and unless the delay actually extends the project 
duration.  Then, carefully monitor progress and compare planned durations with actual. 
 
Recommended Scheduling Clause 

One clause that might help deal with excessive concurrent critical paths is as follows: 
 

3. Excessive Concurrent Critical Paths S11 

If greater than 10 percent of the project duration has more than two concurrent critical paths, the Owner may 
require detailed justification of the critical activity durations, and near-critical activities with less than 10 days float, 
during the time frame of those concurrent critical paths.  Failure to reasonably justify the durations will result in 
waiver of the Contractor’s right to extended overhead compensation for Owner delays to those multiple critical 
paths. 

 
 
5. How Much Information Can You Stuff Into the Activity Identifier/Number?  Too Much. 
 
All too often, contractors use the activity number/identifier as a complex, alphanumeric coding system to 
identify everything about the activity.  Activity IDs can be as long as 10 characters, which is cumbersome, 
time-consuming, and leads to errors. 
 
We strongly recommend that activity identifiers be limited to 6 digits at most with, incorporation of the CSI 
code into the number, and possibly using letter suffixes to identify added or extra work activities.  It is far 
more efficient to use the code fields and separate columns on the reports for other information such as 
the work area, type of work, or responsible subcontractor or general contractor crew. 
 
Activity numbers/identifiers should be consistent, to facilitate recognition of what an activity is, just by 
looking at the activity number/identifier.  The recommended guidelines for activity numbering are: 
 

1. Assign a unique identifier to each activity and don’t reuse it for a significantly different activity if 
you make a major revision.  A hierarchical structure is recommended, for example using the first 
two digits for the work area. 

2. Use iterative numbering so you will recognize repetitive activities throughout the network and 
from the activity numbers you can copy subnetworks, partially re-number for new work areas, and 
insert copied subnetworks for repetitive operations (e.g. multi-story buildings).  

3. Generally number in sequence (from left to right on the network) to aid in finding an activity on the 
network or report printout and to help avoid logic loops. 

4. If possible, leave some gaps in your numbering system so that new activities can be added with 
the same general numbering sequence. 

5. If making major changes for a schedule revision, keep a record of those changes, including 
deleted and added activities. 

 
Recommended Scheduling Clause 

We suggest the following practice for activity coding: 
 

3. Activity Coding S12 

Activity identifiers shall be designated by the Contractor for the Contractor’s convenience.  However, simple 
activity identifier codes are encouraged, with separate code fields used to identify the responsibility and work 
areas for each activity. 
 
Activities related to separate structures and features shall be separately identifiable by work area or the use of 
subnetworks or both.  When practical, activities for large work items shall be subdivided into multiple activities 
and identified by separate work areas. 
 
The responsible subcontractor or general contractor crew, owner representative, or other party shall be identified 
for each activity. 

 
Need for Consistency in Activity Numbering of Updates and Revisions S13 
When revising a schedule, it is important to keep the same or consistent activity identifiers so that the 
software can compare the new schedule with the original baseline schedule.  To ensure this we 
recommend the following contract language: 
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Schedule updates and revisions shall preserve the original activity numbering/identifiers and descriptions as 
closely as practical – in order to allow comparing the original baseline schedule activities with individual activities 
in the new, revised schedule.  Activity identifiers shall not be re-used for different activities, but the same activity 
identifiers shall be used for activities that have the same description and/or are essentially the same as in the 
previous schedule update.  When breaking an activity into two activities, the original activity identifier should 
normally be used for the first of the two new activities and the next sequential identifier should be used for the 
second new activity, if possible. 

 
 
6. How Necessary is Subcontractor Input?  Vital. 
 
It is extremely important that at least the key subcontractors agree to the schedule and are committed to 
meeting their assigned time frames.  This prevents the general contractor from presenting an unrealistic 
schedule, or one that forces the subcontractors into last minute acceleration – which often results in poor 
quality, cost overruns, and claims.  Preferably, all subcontractors should have been consulted and agree 
to the schedule.  On larger, risky or time-critical projects a written agreement may be required from the 
key subcontractors. 
 
Recommended Scheduling Clause 

A general statement requiring subcontractor input is normally sufficient, although compliance should be 
verified: 
 
 1-08.3(5) Baseline Schedule and Narrative Report S14 

Within thirty calendar days after the preconstruction conference and prior to the first progress payment, the 
Contractor shall complete and submit an expanded Preliminary Schedule . . ..  It shall have been reviewed and 
accepted by all subcontractors performing critical and near-critical activities and suppliers of critical, long-lead 
materials.  

 
 
7. Why Should Contractors Submit Narrative Reports?  To Help Owners Understand. 
 
Narrative reports provide a summary of the contractor’s strategy, the critical activities, the crews and 
equipment planned, and how the work will be accomplished – for the baseline schedule and for each 
update.  For updates, narrative reports identify the contractor’s and main subcontractors’ crews and their 
activities, and include a description of progress, activity changes, delays and the cause, and how the time 
will be recovered.   
 
Narrative reports provide a quick understanding for the owner and sometimes critical documentation of 
the reason for changes and delays.  They also help the contractor re-evaluate its procedures and 
progress and achieve better results.  The process of writing out a narrative is very helpful in better 
understanding what you’re doing. 
 
Recommended Scheduling Clause 

Our recommended clause for Narrative Reports is as follows: 
 
4. Narrative  Report  S15 

The Contractor shall provide a Narrative Report with the Preliminary and Baseline Schedule submittals that 
gives: an overview of planned progress, a description of anticipated problems and tentative solutions to the 
problems, and a description of the most important activities with an explanation of their relationship with 
other activities and the basis for determining their duration. 

 
Narrative Reports for Update and Recovery Schedules shall include: a description of actual progress during the 
period just completed, problems encountered and their resolution, delays, impacts, schedule revisions such as 
changes in network logic or activity durations, and changes in the critical path.  The report shall also include: a 
description of intermittent or reduced-effort work activities, changes in crews or network logic, work anticipated 
for the next period, and how the Contractor plans to recover any lost time.  It shall list any added or deleted 
activities and the reason for the addition or deletion from the schedule. 
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8. How Do Owners Ensure a Thorough Review of the Contractor’s Schedule?  By a Joint Review. 
 
Too often, the owner reviews the schedule submittal without fully understanding the contractor’s basic 
strategy, resources available, or network logic.  Consequently, the schedule is either accepted without a 
thorough review or it is returned with nitpicking comments for a ‘ping-pong’ match of repetitive submittals 
and rejections – until the project is largely done and everyone gives up on having a usable schedule. 
 
The Solution – A Joint Review S16 

The problem is a lack of communication; the solution is better communication.  In addition to requiring a 
preliminary schedule at the pre-construction conference, Owners should schedule a joint review with the 
contractor’s team and go through the proposed final/baseline schedule in detail.  They should ask 
questions about activity relationships, durations, crew size, etc. until satisfied with the response – and 
record the answers.  Then, when problems occur during construction, the owner can compare actual 
efforts with planned crews and procedures, and be in a better position to refute unwarranted claims. 
 
Recommended Scheduling Clause – Joint Review 

We recommend the following language for reviewing the contractor’s schedule: 
 

The schedule and narrative report shall be reviewed within 7 days of receipt by the Owner at a joint review 
session with the Contractor’s Project Manager, Superintendent, Scheduler, and key Subcontractors.    
 
At the joint review, the Contractor shall present an overview of the schedule strategy, a discussion of near-term 
and high-risk activities, an activity-by-activity review of critical and near-critical activities (less than 10 days total 
float), and a general discussion of the other activities.  The Contractor may be required to describe the 
approximate work quantities, general crew and equipment planned for each critical and near-critical activity, 
expected production rate (if known), duration, and relationship with preceding and succeeding activities.  The 
Contractor shall then answer questions by the Owner who will accept or reject the proposed schedule within 7 
days.  If returned for revision, the Contractor shall revise and resubmit the schedule within 7 days. 

 
Recommended Scheduling Clause – Electronic CopiesS17 

In addition to the hard copies provided, the contractor should provide an electronic copy of all schedule 
submittals.  This will allow independent tracking of the schedule, ‘what if’ analyses of the impact or 
possible change orders, verification of time extension requests, immediate access to the data for 
independent analysis of claims, etc. 
 
 1-08.3(2)  Scheduling – Hardware and Software 

The Contractor shall use the latest version of . . ..  In addition to the hardcopy diagrams and reports 
required in other parts of this section, the Contractor shall provide all project data and data updates 
on approved removable disk media. 

 
 
9. Should Owners Approve The Schedule, or Just Acknowledge It?  Either Accept or Reject. 
 
The owner’s level of involvement in the contractor’s schedule is a tricky question.  A reasonable 
complete, accurate, and timely schedule is absolutely vital to the owner’s interests and overall 
management of a construction project.  Yet, it is the contractor’s responsibility and right to plan, schedule, 
and prosecute the project as it sees fit – within limits. 
 
For example, the contractor should be not be allowed to use an unsafe method of construction that puts 
the workers at obvious risk of injury or death; the owner should stop the construction.  Nor should 
unacceptable methods be allowed to continue that would result in defective work.  And, a contractor 
should not be paid for work that isn’t performed.  On the other hand, the owner should not dictate to the 
contractor how they perform the work, or they will accept the responsibility for failure.   
 
There is a fine line between the owner exercising the legitimate right and obligation to require a 
satisfactory schedule and interfering with the contractor’s means and methods.  The first step in walking 
that line is to neither approve nor acknowledge the schedule, but to accept it if satisfactory.  Rejection is a 
more difficult choice.  If rejected, the strongest and safest approach to obtaining an acceptable schedule 
is to stop or limit progress payments. 
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If a contractor’s schedule is rejected and they are unable to get it accepted by the end of the month, they 
should update their rejected schedule and maintain it as accurately as possible – even if it has been 
rejected and the owner refuses to receive or review it.  Otherwise, there will be no record of what actually 
happened on the project.   
 
In some cases, when there is a dispute over delays and entitlement for a time extension, contractors may 
need to maintain two schedules if the owner refuses to accept the proposed schedule while requiring 
submission of a schedule that is acceptable to the owner as a condition of payment.   
 
Recommended Scheduling Clause 

We recommend the following language regarding acceptance or rejection of the schedule: 
 

. . . The schedule will be used by the Owner and the Engineer to evaluate progress and status at the various 
stages of the Project, to budget funds for progress payments, and to determine the impact of any changes to the 
contract. 

 
 1-08.3(3) Scheduling – Review and Acceptance S18 

Schedule submittals will be reviewed by the Owner and if unacceptable shall be rejected.  Such review and 
acceptance or rejection shall not constitute an approval, control, or direction over the Contractor's construction 
means, methods, or sequencing, or its ability to complete the Work in a timely manner.   The Contractor has full 
responsibility for the schedule; nevertheless the Owner has a legitimate interest in its being reasonably accurate, 
complete, and timely submitted and maintained. 
 
. . .  Progress payments shall be contingent upon a current accepted schedule. 

 
Risk of Unreasonable Rejection  
Withholding all progress payments due to lack of an accepted schedule may be warranted, but could be 
counterproductive – if it adversely affects the contractor’s ability to perform, if it is due to lack of 
scheduling skill by the contractor, or if it might be due to an honest difference of opinion between the 
contractor and schedule reviewer.  Refusing to allow construction to proceed due to lack of an acceptable 
schedule, would generally be a serious mistake.   
 
Too few owner representatives are skilled in critical path techniques; our 2005 industry survey reported 
that only 20% of owner representatives are reasonably well trained in critical path scheduling and 30% 
are not trained at all.  In addition, many owner representatives don’t understand construction means and 
methods therefore some exceed their authority in dictating elements of the contractor’s schedule, due to 
their lack of experience or reliance on faulty or misinterpreted scheduling specifications.  A case in point 
is the Corps of Engineers disallowance of negative float on finish-to-start relationships.   
 
 
10. Should Owners Reject an Early Completion Schedule?  It Depends.  
 
Owners have found that some contractors are submitting schedules with anticipated completion well 
before the contract-specified completion date.  This practice began when some contractors realized that 
they could save money, and be more competitive, by completing early and thereby reducing their general 
conditions costs.  For construction managers, and those building contractors who subcontract most of the 
work, this is the only cost they can control.  The result can be a boon for everyone, especially the owner 
who gets the project earlier and for less money.   
 
Over time, however, things have changed.  All too often, but not always, early completion schedules are a 
trap setting up the owner for a delay claim, or they are overly aggressive and result in disarray as the 
subcontractors struggle with impractical timelines and constant delays and rescheduling.  In addition, in 
some cases such as school construction, early completion may be undesirable. 
 
Some owners have restricted the contractor’s right to submit an early completion schedule, or otherwise 
discouraged them by clauses that reduce the contract time to the early completion schedule date with 
liquidated damages for exceeding that date.  We believe that in most cases, these clauses are counter-
productive and should not be used.  A far better solution is for the owner representative to have a higher 
level of scheduling skill and better procedures for reviewing the schedule and tracking progress.  
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Recommended Scheduling Clause 

We recommend the following clause to help cope with early completion schedules: 
 

2. Early Completion Schedule S19 

Early completion schedules (i.e. substantial completion before the contract-specified completion date) are 
subject to acceptance by the Owner. 
 
The Owner allocates its resources to a contract based on the total time allowed in the contract and may 
accept a progress schedule indicating an early physical completion date but cannot guarantee the Owner's 
resources will be available to meet the accelerated schedule.  No additional compensation will be allowed if 
the Contractor is not able to meet their accelerated schedule due to the unavailability of Owner's resources 
or for other reasons beyond the Owner's control. 
 
Contractors submitting an early completion schedule may be required to provide adequate documentation 
from their bid files showing that they bid the project to complete within the time proposed in their schedule 
submittal.  Acceptance of an early completion schedule by the City is also contingent upon the schedule 
complying with all portions of the specifications and the City being able to perform its activities within the 
time planned.  
 
If requested by the City, in order to justify an early completion schedule, the Contractor shall do one or more 
of the following at no additional cost and as directed by the Owner: (1) provide an analysis of the critical and 
near-critical activity relationships that demonstrates they are reasonable; (2) provide an analysis of the work 
quantities, crew and equipment planned, and productivity rates that demonstrates that the critical and near-
critical activity durations are reasonable; (3) provide written concurrence and commitment from the 
subcontractors that the durations of their activities are reasonable; and (4) resource load all critical and near-
critical activities, and all other activities using the same resources (specified labor trades), to demonstrate 
adequate labor is available and that trade stacking will not occur. 
 
If the project records indicate a pattern of actual critical path and near-critical activity durations being 
significantly longer than planned and/or the actual sequence of construction taking significantly longer, the 
acceptance of an early completion schedule may be rescinded and the Contractor required to resubmit a 
revised schedule for review and acceptance by the City.  The City retains the right to reject any further early 
completion schedules.  

 
 
11. What’s Wrong with Negative Lag?  Nothing. 
 
Some agencies (e.g. the U.S. Army Corps of Engineers) are forbidding contractors from using negative 
lags (where the successor activity partially overlaps its prior).  This is a misguided effort based on a 
misunderstanding of CPM concepts that wastes time and energy, while failing to improve the schedule or 
recognize reality. 
 
Mis-Informed Regulation Writers at the U.S. Army Corps of Engineers (USACE) S20 

The origin of the no negative lag rule appears to be USACE Regulation ER 1-1-11 dated 15Jun95.  
Section 6.f.(5) of Appendix A of the Regulation states: 
 

“The LAG DURATION field contains the number of days delay between the preceding and current 
activity.  [Usage note: Some systems allow negative values for the LAG DURATION.  Because these 
values are not supported by all other systems, it is recommended that values be restricted to zero 
and positive integers.]” 

 
This is about as stupid as a regulation can be.  Just because some software doesn’t support a vital 
feature in critical path scheduling methodology, the spec writer is preventing use of it on all projects.  
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Use Finish-To-Start Relationships with Negative Lag or Break the Prior into Two Activities S21  
Precedence scheduling freed 
schedulers from the i-j limit of finish-to-
start relationships, with negative lag 
being one of its most useful features.  
Determining when one activity is 
complete enough for the next activity 
to start is a judgment call, depending 
upon the nature of the different 
activities, the degree of interaction, 
and the space available for the 2nd 
crew to start work while the 1st crew is 
finishing (and both work efficiently).  It 
is often more efficient, and more 
reflective of reality, to schedule the 
succeeding activity to overlap the prior 
(with negative lag). 
 
You can either create a single prior 
activity with negative lag for the 
succeeding activity, or you can break 
the prior activity into two activities with a  Figure 6 (Slide 21) –Relationships with Lag 
finish-to-start relationship from the first  
prior activity to the succeeding activity and a finish-to-finish relationship from the second prior activity to 
the same succeeding activity.  One approach requires only 2/3rd of the number of activities, 2/3rd of the 
update effort, and is far easier. 
 
Start-to-Start with Positive Lag or Finish-to-Start with Negative Lag 
Technically, there is no difference between a start-to-start positive lag of 5 days on a 10 day activity and a 
finish-to-start negative lag of 5 days on that same activity.  If an activity overlap is tied to the beginning of 
the prior it should be a start-to-start relationship with positive lag.  If the activity overlap is related to the 
finish of the activity, it should be a finish-to-start relationship with negative lag.  Negative lags should 
never be used with start-to-start relationships. 
 
Out-Of-Sequence Progress 
Out of sequence progress is the condition where a successor activity begins before its finish-to-start prior 
completes. 
 
Out of sequence progress is quite common in practice, as contractors often realize mid-way through the 
activity that they don’t have to wait for the first activity to finish before the next activity can start.  Or, the 
prior activity work may be suspended or delayed, while the succeeding activity can begin.  Sometimes 
out-of-sequence progress creates no problems, at other times there may be inefficiencies. 
 
If out-of-sequence progress is a transient event that will disappear on the next update and if the 
relationship between the activities is not materially different from what was anticipated, there is no need 
to reschedule.  Otherwise, out-of-sequence progress should be re-scheduled, especially if a record is 
needed of the true conditions and events in order to prosecute or defend against a claim. 

 
Percent Complete Lag Option Needed  
One of the primary causes for out-of-sequence progress is a software limitation that only allows lag to be 
specified in working days.  When specifying a lag, schedulers assume a consistent rate of progress from 
beginning to end and specify the days of lag.  Unfortunately, the rate of progress often varies or is stalled, 
resulting in out-of-sequence progress. 
 
There is an easy solution – changing the software to also allow specifying lag as a percent complete, 
instead of just days.  There is a serious need for software enhancements to P3, Contractor, and SureTrak 
that would allow specifying lag as a percent complete, in lieu of days.  This would be fairly easy to do but 
is probably too practical to happen. 
 

Copyright  Pinnell/Busch, Inc., 2007     21
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12. What’s Wrong with Short-Interval Schedules?  They Can Mislead and Cause Delays. 
 
Short-interval schedules, also called look-ahead schedules, are commonly prepared by the project 
superintendent and cover the planned progress for the next two to four weeks.  They are normally 
presented to the subcontractors at a weekly meeting and form the basis for that week’s planning and 
progress at the field level.  They are an essential tool for daily and weekly project control, and should be a 
valuable record of what happened. 
 
Unfortunately, too many superintendents fail to tie their short interval schedules to the master schedule.  
As a result, the short interval may fail to follow the critical path and the project will fall behind schedule.  In 
addition, most superintendents fail to compare plan with actual, sometimes charting the short-interval 
schedule on a white board that gets erased each week, leaving no record to how well actual progress is 
following plan. 
 
Tie the Short-Interval Schedule to the Update Schedule and Compare Actual with Plan 
The solution is fairly easy.  First, require the superintendent to identify the master schedule activity of 
which a short-interval schedule task is a part.  This forces the superintendent to follow the master 
schedule, and makes it easy to document, or defend against a delay claim.  Second, show the previous 
week’s plan as a narrower bar below and alongside the current week’s plan.  Any schedule slippage will 
become obvious and corrective action becomes more likely. 
 
Recommended Scheduling Clause 

We recommend the following language for short-interval (look-ahead) schedules: 
 
 1-08.3(10) Short-Interval Schedule S22 

At each weekly progress meeting, the Contractor shall provide a detailed, three-week short-interval (look-ahead) 
schedule for use by the Contractor’s supervisors and subcontractors.  Copies shall be provided to the Owner. 
 
The short-interval schedule shall be a bar chart or in other format satisfactory to the Owner.  It shall be based 
upon the most current Update Schedule, although in significantly more detail, and shall indicate the planned 
progress for the next three weeks and the actual progress achieved the previous week, and shall show the 
planned progress from the previous short-interval schedule.  Each task on the short-interval schedule shall be 
referenced to an activity in the Update Schedule. 

 
 
13. Who Cares About Daily Reports?  You Should; They Can Help Defend Against Delay Claims 
 
The most detailed and most reliable record of what actually happened on a construction project is usually 
the superintendent’s daily reports.  They are the best record to substantiate a contractor’s claim or for an 
owner to defend against an unwarranted claim.  Contractor’s project managers should review them at 
least weekly, to identify developing or pending delays and other problems, so that prompt corrective 
action can be taken.  Owners should require that they be submitted, from both the general contractor and 
subcontractors, as a reasonably accurate record of what happened each day. 
 
Recommended Scheduling Clause 

We recommend that owners require the contractor to submit daily field reports, with a clause similar to 
the following: 
 
 1-06.7(4) Daily Field Reports S23 

The Contractor shall submit a daily field report by its onsite supervisor and by each subcontractor on the site, no 
later than the end of the following day.  The report shall include, but not be limited to: 

 
* Weather: rainfall, high and low temperatures during working day, wind or other environmental factor, and the 

impact of the weather. 
* List of the general contractor’s separate crews, the size of the crews, and activities performed.   
* List of subcontractors on the site, their crew size, activities performed and where 
* Total number of personnel working on site, where they are working, and what they’re doing 
* List of equipment on site and whether used, idle, on standby, or under repair. 
* Start and finish dates of network activities and milestones. 
* Production quantities, when practical 
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* Extra work being performed and the level of effort expended. 
* Delays, disruptions, and loss of efficiency with the reason and extent of inefficiency. 
* Meetings, conversations with owner, designer, or other party and summary of directions. 
* Accidents and unusual events.  
* Meetings  

 
 
14. How Can a Novice Track Schedule Progress?  With Bar Chart Comparison Reports. 
 
Schedule tracking can be difficult for anyone without expertise in critical path scheduling or unfamiliar with 
the type of construction being performed.  It is possible, however, to do a reasonably good job if: (1) the 
contractor is being cooperative, (2) you know how to ask good questions and apply basic logic, and (3) 
you follow some simple procedures. 
 
Require a Monthly Update with a Narrative ReportS24 

Contractors who fail to update their schedule monthly, and owners who fail to require it, are shirking their 
responsibilities.  Failure to submit a monthly update should be reason for withholding all, or a portion of, 
the monthly payment request. 
 
 1-08.3(6) Update Schedules and Narrative Reports  

The Contractor shall provide a monthly Update Schedule and Narrative Report to reflect the current status of the 
Project, as of each progress payment date. 
 
The Update Schedule shall show the status of all progressed activities with actual start and finish dates, 
completion percentages based on work-in-place, remaining durations.  It shall show pending activities including 
added activities, revised durations and network logic changes, and corrected logic for out-of-sequence progress.  

 
Require a Narrative Report 
Narrative Reports are an invaluable aid to the owner for understanding the project, and for contractors to 
communicate their plan and delays or other problems needing resolution. 
 

The Narrative Report shall describe progress and problems during the reporting period, anticipated problems for 
the next period with solutions, and changes to planned activities. 

 
Ask for Schedule Processing Reports Automatically Generated by the Software 
Primavera has a scheduling report that has useful information for reviewing the schedule, in addition to a 
routine called Claim Digger that analyzes the differences between two schedule updates.   
 

3. Scheduling Report If using Primavera, the Contractor shall provide the Primavera Scheduling Report which 
lists: (1) start-no-earlier-than and finish-no-later-than constraints that override the network logic, (2) open-
ended activities which have no successors, (3) out-of-sequence logic which results from successors 
beginning before the successor is finished, and (4) other statistics such as number of activities, number of 
critical activities, etc. 

 
Specify the Details of the Reports to Ensure Receiving All Needed Information 

The owner should have the contract authority to require any reasonable reports that the software can 
generate.  If the specifications don’t give that authority, the owner can issue a unilateral change order 
directing the contractor to generate the specific report required.  The cost won’t be over $50 as all the 
scheduler need do is to select a number of report options. 
 

4. Schedule Report Content and Format 
Each of the schedule reports shall be submitted as one reproducible and three copies.  Variations of the following 
reports shall be provided at no additional cost, if requested by the Owner.  
 

1. Tabular Reports  Up to four different printed reports shall be provided as a part of each Schedule 
Submittal.  The Owner will provide the specific report layouts and content at the preconstruction 
conference, or at a later date. 

 

Use a Checklist for When Reviewing Updates 
See the checklist in our Master Scheduling Specification on our website at www.pinnellbusch.com\library.html. 
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Specific Report Contents and Organization 
There are three basic reports needed for review: 
 

1. A tabular report sorted by activity identifier, in order to more easily find details of an activity 
referenced in another report.  Columns should be printed for: activity identifier, description, 
responsibility, work area, early start, late start, late start and finish if room, float, duration, 
remaining duration, percent complete, and the calendar if multiple calendars used. 

 
2. A tabular report with the priors and successors information, printed first by float and then early 

start, so that the schedule can be analyzed with the critical path and near-critical paths traced 
from beginning to end.  This must be supplemented with the Scheduling Report, which lists 
constraints that override the network logic.   

 
3. A bar chart report with the above listed columns, sorted first by float and then early start, and 

displaying activity bars for both the current update and the baseline.  This should also show the 
status line for the data date, controlling relationship lines between activities (showing all 
relationships is confusing), and the baseline schedule as a separate bar below the equivalent bar 
for the current update.  Float lines can be shown, and the silly little triangles at the beginning and 
end of P3 activity bars should be deleted as they clutter up the diagram and make it harder to 
read. 

 
 The bar chart is the most important report as the sort puts the critical activities at the top of the 

report, in the order that they are scheduled.  This enables you to easily trace the critical path, and 
multiple critical paths, from beginning to end, followed by near-critical paths.  Specifying a 
different color for critical activities helps them stand out.   

 
 The most important feature of this report is the comparison of the current update with the 

baseline (original) schedule.  All too often, the schedule slips from month to month, with the 
contractor ‘re-scheduling’ to recover the time but really only putting off the day of reckoning.  
Printing the baseline activities alongside the current update activities allows everyone to see 
where durations of completed activities are consistently longer than planned, while durations of 
pending activities have been shortened and logic links have been eliminated or loosened to allow 
activities to start earlier than previously planned.   

 
Recommended Scheduling Clause 

We recommend the following language for reports: 
 

“The Contractor shall provide the following tabular reports if using Primavera, or an equivalent report if using 
other software: 

1. The ‘Primavera Scheduling and Leveling Calculations – Scheduling Report’ with scheduling statistics, 
constraints, open ends, and out-of-sequence activities. 

2. A tabular report sorted by activity identifier, with data columns as requested.  
3. A tabular report grouped as requested, sorted by float and then early start, and with data columns as 

requested. 
4. A tabular ‘Schedule Report - Predecessor and Successor’ report sorted by float and then early start. 
5. A bar chart report grouped as requested, with data columns as requested, sorted first by float and then 

early start, with a comparison of as-planned to current, and printed on 11 inch x 17 inch paper. 
 

The bar chart for Update Schedules shall include activity bars and data columns for both the current update and 
the baseline schedule.” 

 
Electronic Copies 
In addition to the printed copies, owners should require electronic copies of all schedules – Preliminary, 
extended Preliminary, and every Update– even if they don’t have the scheduling software or ability and 
interest in running the software.  If claims are made later, it’s easier to have a claims consultant review 
the provided electronic copies instead of fighting with the contractor to get copies after the fact. 
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15. Who Pays to Reschedule for Changes?  The Owner Should. 
 
As substantiated by the survey summarized at the beginning of this paper, contractor scheduling 
practices are generally poor to mediocre.  This is largely due to their focus on minimizing jobsite 
overhead, a lack of expertise in critical path schedule and scheduling software, and a lack of appreciation 
for the benefits of a good schedule.  The result is an insufficient level of scheduling effort – even though it 
can save contractors far more than it costs. 
 
Owners should enforce all of their scheduling specifications (when applicable).  In addition, they should 
encourage contractors to put more effort into scheduling.  One way to do this is to pay for re-scheduling 
to accommodate compensable changes and for Time Impact Analyses when the Contractor is able to 
substantiate a time extension.   
 
Recommended Scheduling ClauseS25 

To encourage contractors to prepare accurate, detailed, and timely schedule revisions for owner 
changes, we suggest the following contract language: 
 

The cost of preparing the Preliminary, Baseline and Update schedules, along with normal revisions, is included in 
the Contractor’s original bid.  Major revisions to accommodate Owner changes or delays and reimbursable 
contract modifications are compensable – providing the Contractor makes a reasonable, timely effort to revise 
the schedule with a contemporaneous Time Impact Analysis.   Scheduling of otherwise compensable changes 
and Time Impact Analyses made more than 30 days after the extent of the delay was or should have been known 
are not compensable. 
 
Compensation for Additional Scheduling Analysis, If Required and Justified for Time Impact Analysis 
If necessary, the Contractor shall assign additional resources (either employees or consultants) to prepare timely 
Time Impact Analyses needed to substantiate time extension requests.  If a time extension is approved after 
such additional effort, the Contractor shall be reimbursed for such reasonable effort as part of the change order, 
separately from the specified markup for changes.  Such costs shall not exceed 5% of the approved cost of any 
change order associated with the time extension, shall be limited to the costs of schedule analysis, and not 
include any costs for substantiation of damages. 

 
16. Why Scheduling is an Art, Not a Science 
 
I suggest a change, or expansion, in the focus of the College of Scheduling. 
 
Critical Path Scheduling Is Not Rocket Science 
The mathematics of critical path scheduling is simple addition and subtraction, which isn’t a sufficient 
basis for a scientific discipline since the basic processing can be done by a patient 12 year old child.  The 
scheduling software may be (is) too complex and difficult to use, but that’s just a technical issue.  The 
concepts of activity relationships (finish-to-start, start-to-start, and finish-to-finish), positive and negative 
lag, start-no-earlier-than and finish-no-later-than, total float and free float, negative float, etc. are relatively 
easy to understand – if properly explained. 
 
The Art and Profession of Scheduling S26 
The difficult part of scheduling (the art) is:  
 

* Identifying all relevant activities with the proper level of detail and their relationships (network 
diagramming). 

* Estimating the activity durations (which depends on the quantity of work, production method, 
resources assigned, and production rate). 

* Adjusting the network to give the desired completion date, or to correct for a delay or change in 
sequence. 

 
The art requires both a broad general knowledge of construction and the ability to elicit reasonable 
answers from those individuals responsible for each of the activities, while getting their commitment to 
conform to the schedule. 
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Good schedulers develop a feel for the work and the validity of the answers they’re given.  Poor 
schedulers are no more than computer jockeys – necessary to aid those responsible for performing the 
work, but unable to create a good schedule themselves. 
 
We Need to Focus on the Basics and Teach the Industry 
There is too much emphasis on esoteric concepts and methodologies, and not enough on the basics.  
Unfortunately, the basics don’t sell seminars, get tenure for academics, nor allow the rest of us to 
command high salaries and consulting fees.  The witch doctor was usually the richest man in the village, 
after the chief (our boss or client) – but only because his ‘secrets’ and ability to do something that others 
didn’t understand.  I guess we’re in the same boat. 
 
I believe the profession should spend more effort on: (1) training the average practitioners, and (2) 
convincing contractors, subcontractors, and owners of the great value of better schedules.  The first is a 
service we owe the industry; the second is a way to make more money.  
 
A Two-Pronged Approach 
As a professional association we need to educate both the contractors and project owners.  If they 
understood scheduling, I believe they would give it a greater importance – and do a better job of 
scheduling. 
 
I doubt that we will ever convince most contractors that they will avoid delays if they have better 
schedules – they have too short of a memory, don’t believe it will happen to them, and are too focused on 
minimizing their jobsite overhead.  However, we can focus on the savings from better schedules – 
especially by reducing jobsite overhead by completing sooner (i.e. early completion schedules).  We can 
also develop ‘hard data’ on the savings from early completion, more efficient production for both the 
general contractor and subcontractors, and the ability to recover the cost of delays, impact, and 
inefficiency. 
 
Owners are far more influential to changing the industry than contractors.  Thirty years ago, it was the 
U.S. Army Corps of Engineers and a few other federal agencies that were the proponents of critical path 
scheduling – and forcing contractors to comply.  The federal specifications (with the exception of the ‘no 
negative lag’ clause) are generally excellent.  Unfortunately, most states and municipalities have very 
weak scheduling specifications – and even more fail to enforce them. 

 
I recommend that the College of Scheduling develop a public awareness program that increases 
understanding and awareness of the value of better scheduling on the public works agencies and 
professional societies – through the American Public Works Association (APWA), the American Society 
of Civil Engineers (ASCE), etc.  A similar but more limited effort can be addressed to the private sector: 
Building Owners and Managers Association (BOMA), manufacturing associations, etc. as changes in the 
public sector will eventually ‘leak’ over into the private sector. 
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SUPPLEMENTAL INFORMATION 
 
 
Due to limited time, the following items will not be presented at the conference, but are included in the 
paper. 
 
 
17. Why Isn’t More Better?  Too Many Activities Can Delay Progress and Always Cost More. 

 
Most owners and spec writers are worried that the contractor won’t provide enough detail in their 
schedule, which is often a problem.  Too much detail, however, can also cause problems, especially at 
the beginning of a project. 
 
Too Much, Too Early 
The contractor’s project team is extremely busy at the beginning of the project, and in many cases aren’t 
all assigned to the project until the notice to proceed.  Then, they don’t have time for a thorough analysis 
of the plans and specifications or preparation of a work plan.  And, they often won’t know how some 
details of the work will be accomplished until later.  In addition, many of the subcontractors may not yet 
be on board and ready to provide input.  Consequently, the initial schedule is often not complete and as 
numerous small errors.   
 
Allowing the contractor to submit a preliminary schedule at the preconstruction conference recognizes 
this problem, but even a month later, prior to the first progress payment, contractors often don’t know all 
of the details. 
 
Too Much Detail for Easy Control 
Too much detail not only takes more time to prepare, diverting the project team from controlling the on-
going work, but it also takes a lot more time to review, to update, and to change when the work is found 
to be slightly different than anticipated.  This distracts the project team from essential tracking and 
management responsibilities.   
 
Allow Expansion of the Schedule as Work Progresses  
It is better to require a preliminary schedule at the preconstruction conference, a baseline schedule 
approved by the first progress payment, and expansion of the schedule with more detail and correction of 
minor errors as the work progresses.  What starts as a 200-activity schedule, can then eventually expand 
400 activities or more. 
 
There are risks with this approach, as some contractors will provide insufficient detail at the beginning of 
a project to evaluate its suitability and not provide the needed detail later.  Others will attempt to ‘warp’ 
the schedule later to hide delays or lay a trap for owner delay.  The only solution is for the owner to have 
strong scheduling skills.   
 
Recommended Scheduling Clause 

The recommended specification clause for allowing expansion of a schedule during construction is as 
follows: 
 

The Contractor is encouraged to revise the schedule periodically as needed with added, deleted or modified 
activities that more accurately represent the Contractor’s plans and actual progress.  All such revisions are 
subject to approval of the Owner and shall not be used to hide delays or push problems into the future by 
unsupported reduction of planned durations of pending activity or by unjustified breaking of network logic 
relationships and constraints.  

 
 
18. Why Cost Load a Schedule?  It Helps Encourage On-Time Completion and Reduces Conflict. 
 
Cost loading a schedule requires allocating the lump sum contract price among the various schedule 
activities, so that the scheduling software can compute the monthly progress payment and percent 
complete.   
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Advantages 
Cost loading a schedule reduces paperwork and avoids conflict over progress payments – sometimes.  
Instead of preparing both a progress (CPM) schedule and a schedule of values for payment, the 
contractor prepares only one, and the owner need review only one.  Then, instead of reviewing both a 
progress schedule and a progress payment estimate each month, the owner need only review the 
schedule, which automatically generates the payment request. 
 
Cost loading a schedule focuses the contractor’s attention on staying on schedule – in order to get paid.  
It forces contractors to update every month (which some owners don’t otherwise enforce) and to 
complete ‘orphan activities’.  In addition, it enables generation of a cash flow curve comparing actual 
percent complete with planned, with a quickly reviewed visual image that clearly indicates whether 
progress is on track. 
 
Disadvantages 
Contractors have problems allocating their costs to activities, as it isn’t how they estimate and track costs.  
And it isn’t practical on unit price contracts.  In addition, contractors can still ‘front-end load’ the progress 
schedule in order to get early payment, which can be difficult for the owner to detect. 
 
Another problem with cost loaded schedules is when the owner holds back a small amount (1% or 2%) 
for work items that aren’t quite done, as that creates a lot of activities with out-of-sequence progress.  
 
Recommended Scheduling Clause 

If you want to cost load the schedule, the following language is recommended: 
 
15.   Cost Loading the Schedule 
 ‘The Expanded Preliminary Schedule shall be cost loaded with the total lump sum contract price allocated 

among the activities in proportion to the cost of completing those activities.  The allocation is subject to 
approval of the Owner, with the total cost for each subcontractor’s activities equal to the subcontractor’s 
subcontract price plus the general contractor’s markup on that subcontract. 

 
 Monthly progress payments shall be generated by the scheduling reports.  Failure to submit an acceptable 

Baseline Schedule or Update Schedule will be cause for withholding all or partial payment.’  
 
 
19. Why Resource Load the Schedule?  It’s a Lot of Work, But May Help Avoid Delays. 
 
Insufficient resources are frequently the reason for slower than anticipated progress.  Often, this results 
from the contractor failing to consider how big of a crew is needed for a particular task.  Sometimes, it is 
due to a shortage of qualified personnel, when construction markets are overheated or when working at a 
remote site.  At other times, it’s because the subcontractor can’t or won’t staff up since their regular 
trades people are all working and the productivity of additional workers is questionable or poor. 
 
Resource Loading 
Resource loading consists of estimating the crew size for each activity (e.g. 5 pipefitters, 2 drywall 
hangers, 3 scrapers, etc.), which can either be:  
 

1. A judgment call by the scheduler (most common), or 
2. Computed by: (1) dividing the labor cost of an estimate line item by the unit labor cost to convert 

to manhours, (2) allocating those manhours to the various activities based on the work quantities, 
(3) converting the manhours per activity to man-days by dividing by the hours of work per day, 
and (4) converting the man-days to crew size by dividing by the duration of the activity.     

 
The crew size is then input to the scheduling software, which computes resource histograms for each 
trade during each period (usually weekly). 
 
Some general contractors require key subcontractors to resource-load their activities and some owners 
are concerned enough about the availability of resources to require resource loading all activities.  Even if 
the owner doesn’t require resource loading, however, the owner’s schedule reviewers should ask the 
contractor the expected size of their crews on the critical path activities. 
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The major problem with resource loading, besides the effort involved, is that resources are seldom 
interchangeable. 
 
Resource Leveling 
Resource leveling is accomplished with a special routine of the scheduling software that is either a 
‘leveling’ effort to push the peak resource use into the valleys, or sets an absolute maximum to the use of 
any resource.  Leveling software can accelerate activities in periods of low use or stretch out other 
activities during peak use, to reduce the peaks and fill the valleys.  The result is imperfect, but works as a 
first order effort; the best resource leveling routine is a skilled superintendent. 
 
Advantages and Difficulties 
Resource loading and resource leveling can be a valuable tool for sophisticated contractors to help avoid 
delays, and is recommended for many larger, complex projects, especially for those activities using 
limited resources.  However, we don’t generally recommend that owners require the contractor to 
resource load the entire schedule, except in special circumstances.  It is difficult enough to get 
contractors to submit a reasonably detailed and accurate schedule.  Only the more sophisticated 
contractors on larger projects have the capability to resource level their projects.  On other projects, the 
project superintendent and foremen resource level their crews on a day-by-day basis in the field. 
 
Crew Chases 
Using crew chases (also called Trade Flow) that follow a specific crew or fleet of equipment through the 
network, and incorporates that as part of the network logic, is an alternative to resource leveling.  It 
ensures that a given crew or equipment is not scheduled for two activities at the same time and that there 
are no inefficient gaps in utilization.  Crew chases are far easier to use, often as effective as resource 
leveling, and should be used far more often.  The problem with crew chases is that crews seldom stay 
constant, as they split into multiple activities, and then partially re-merge on others.   
 
 
20. Why Worry about Submittals and Tracking RFIs?  They Can Delay The Project. 
 
Submittals and Requests For Information (RFIs) are generally not included in the scheduling 
specifications, but their effective use are essential for controlling progress and avoiding delays.  Many 
projects are delayed by late material delivery and many more are delayed by slow response to RFIs.  
 
Include Major, Long-Lead Procurement Activities 
Normally ‘major’ long-lead procurement activities that require special attention are identified separately on 
the schedule.  We recommend, however, that all ‘significant’ material procurement be tracked with a 
submittal and materials procurement log, with the scheduled delivery date referenced back to the early 
start of the activity for which it is required.  
 
Recommended Scheduling Clause for Submittals 

We recommend that a submittal schedule and log be referenced in the scheduling specification, as 
follows: 
 
 1-08.3(8) Scheduling – Required Information  

1. Included Activities 
Major long lead procurement materials shall be shown with separate activities for ‘Prepare Shop Drawings’, 
‘Review’, and ‘Fabricate And Deliver’ for each item. 
 

 1-08.3(9) Submittal Schedule and Submittal Log 

A preliminary Submittal Review Schedule shall be submitted at the preconstruction conference that lists 
anticipated dates of submittals for long lead and priority review items.  Prior to the first progress payment, it shall 
be revised with all significant material procurement items and with a record of actual submittal and review actions 
to date.  It shall be submitted and maintained throughout the duration of the project as the Submittal Log, which is 
described in Section 1-06.7 of these specifications.  It shall be coordinated with the progress schedule to the 
satisfaction of the Owner.   
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Recommended Scheduling Clause for Clarifications 

 
 1-04.3 Clarifications (RFIs) 

Requests For Information (RFIs) shall be used to clarify the intent of unclear, missing, or incorrect plans and 
specifications.  They may also used by the Contractor for substitutions or requests for guidance on correcting 
contractor errors.  They shall not be used for change proposals, other types of correspondence, or as a 
substitute for a careful reading of the contract documents. 
 
Prioritization and Categorization of RFIs 
Contractors shall use the form provided by the Owner, or their own form if approved by the Owner, to submit 
RFIs.  Each RFI shall be: (1) numbered sequentially, with letter suffixes for additional requests regarding the 
same issue, (2) identified by a brief, clearly written description, (3) referenced to the appropriate section of the 
plans and specifications, (4) dated when it was submitted to the Owner, (5) prioritized and marked with the date 
that a response is needed, and (6) categorized as to whether it has cost and/or time impact or no impact, and if 
for contractor convenience or to correct a contractor error. 

 
 
21. Why Should Owners Learn Scheduling if it’s the Contractors Responsibility?  Bad Question. 
 
Most Owners don’t understand scheduling concepts, know how to use scheduling software, or have a 
reasonable knowledge of construction means and methods – and they fail to retain a consultant that 
does.  Consequently, they are at the mercy of the contractor – the skill of the contractor’s scheduler, the 
contractor’s interest on providing a good schedule, their willingness to provide adequate information and 
to work together for a project that is successful for everyone, and their reluctance to claim for 
unwarranted time extensions or delay and impact costs. 
 
Project owners need to either hire a qualified consultant to review and track the contractor’s schedule, or 
they need to teach their personnel critical path scheduling methods and concepts, how to use scheduling 
software, and construction means and methods.  In addition, their owner representatives need to know 
how to ask the right question to confirm that the contractor has thought out the sequence of activities and 
their durations.   
 
 
22. Why Do Recovery Schedules Fail?  When They’re Used to Hide Delay. 
 
All too often a recovery schedule is simply the same schedule update that was delayed, with reduced 
duration of pending activities and removed or relaxed links between those activities.  It allows the 
contractor to show that they’re ‘on schedule’, but also puts off the day of reckoning – with a far worse 
result, as by the time the deceit is discovered, it is too late and a massive acceleration results with loss of 
efficiency, subcontractor bankruptcies, poor quality, and more delay. 
 
Recommended Scheduling Clause 

We recommend the following specification clause for recovery schedules. 
 
 1-08.3(7)  Recovery Schedule and Narrative Report 

If the project falls behind schedule more than 14 calendar days or 10% of the remaining duration, whichever is 
less, for non-excusable delays or when requested by the Owner, the Contractor shall prepare a Recovery 
Schedule and Narrative Report that demonstrates how the lost time will be recovered.  The Recovery Schedule is 
subject to review and acceptance by the Owner. 

 
Detailed requirements for a recovery schedule are generally not needed for a $5 to $10 million project.  
For larger projects, the specification could be as follows:  
 

If the project is falling behind schedule because of a consistent pattern of critical-path activities taking longer than 
planned, and when directed by the Owner, the Contractor shall re-schedule the project and commit additional 
resources to ensure against further delays. 
 
If directed by the Owner, the Recovery Schedule shall be resource loaded with crew sizes for each remaining 
critical and near-critical activity, and be supported by an analysis of work quantities, productivity rates, and 
durations for each of the critical and near-critical activities.  In addition, a resource forecast shall be prepared and 
compared to the available resources to ensure that adequate resources are available. 
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The Contractor shall not artificially improve expected progress by revising the schedule logic constraints or 
shortening further activity durations – unless an analysis can prove that such changes are reasonable.  The 
Contractor may improve expected progress by performing sequential work activities concurrently, if separate 
crews are available for each task or if additional resources can be provided. 

 
 
23. How Do You Justify a Time Extension Request?  A Contemporaneous Time Impact Analysis. 
 
All too often when the monthly schedule update shows a delay, the contractor fails to promptly justify the 
request and the issue isn’t resolved until much later, when it becomes a claim. 
 
It is essential that schedule delays be resolved contemporaneously. 

 
Recommended Scheduling Clause 

Our recommended specification clause regarding timeliness is as follows: 
 
 1-08.3(14)  Contemporaneous Time Impact Analyses 

Extensions of Contract Time may be granted only for excusable or compensable delays to activities that actually 
delay the project completion beyond the contract Substantial Completion date.   
 
Timeliness 
Requests for time extensions shall be submitted within 14 days after the extent of an excusable or compensable 
delay is, or should be, known. 
 
If the delay extends beyond one schedule update period, the Contractor shall submit interim contemporaneous 
time extension requests and Time Impact Analyses for each schedule update period.  Failure to submit a 
request, the Time Impact Analysis, narrative, or any requested supplemental information within the time specified 
shall be a waiver of the Contractor’s request for a time extension.   
 

See the Master Scheduling Specification for details of a Time Impact Analysis.   
 
 
24. What is i-j Scheduling?  An Obsolete Scheduling Method, Still Used by Some Instructors 
 
I-J scheduling became obsolete in 1957 when IBM and the H.B. Zachary company developed 
precedence scheduling.  The primary problem with i-j scheduling was that it was limited to finish-to-start 
relationships.  In addition i-j scheduling had two activity (node) numbers with the i-node at the beginning 
and the j-node at the end).  The computer determined the logic of the network based on any activity with 
the same i-node number as another activity’s j-node being a successor to that activity.   
 
Few, if any organizations have used i-j scheduling since the early 1990s and none, to my knowledge, 
since 2000.  Nevertheless a few vestiges of i-j scheduling still remain.  The worst case is those few 
instructors who still teach i-j scheduling.  However, many current scheduling specifications still refer to the 
old i-j method, such as the following, still prevalent information required on scheduling reports (which 
should simply specify ‘Alphanumeric activity identifier’): 
 

Event (node) number(s) for each activity’ 
 

Precedence scheduling, now used universally, assigns an activity number or alphanumeric identifier to 
each activity and references other activity numbers as priors or successors to indicate relationships. 
 
Arrow Diagrams 
Too many schedulers confuse the diagramming method with the computing method.  Either arrow 
diagrams (activity-on-arrow) or precedence (activity-on-node) diagrams can be used with precedence 
scheduling.  As demonstrated above, the use of arrows to represent activities (instead of using 
boxes/nodes) is a vastly superior method of illustrating activity relationships.  When drawing an arrow 
diagram, one need not include the little circles at the beginning and end of each activity (another vestige 
of i-j scheduling) – the end of the arrowhead defines the end of the prior activity and the beginning of the 
succeeding activity.  The circles are superfluous.  
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25. Pacing 
 
Pacing is when one party to a contract makes a reasoned decision to reduce their rate of work in order to 
match a second party’s delayed pace, when completion of the first party’s work is dependent on the other 
party’s work, and thus avoid running short of work – with attendant inefficiencies from underutilization, 
layoff and rehire of crews, start-and-start operation, etc.  Pacing is a defense against a the other party 
claiming concurrent to avoid damages, providing the first party gives notice of their pacing.  There may be 
additional costs from pacing, or the pacing may actually reduce costs, or it may merely avoid increased 
costs.  In any case, it is an attempt to mitigate damages caused by the other party. 
 
The other party’s work may be a direct predecessor of the pacing party’s work (i.e. it is a preceding link in 
a chain of activities), or it may be indirect but preventing overall completion of the pacing party’s work (i.e. 
it is on the critical path). 
 
The pacing party needs to be able to prove that they would have completed within the time originally 
scheduled absent the delay by the other party, that the other party’s delay prevented completion of their 
work, that they made a conscious decision to pace, and that they gave notice of their pacing and their 
intent to claim damages.  It also requires that there be a valid, reliable schedule that is being relied upon 
to plan and execute the work. 

 
Proposed Pacing Clause 

 
If the owner, or another party for whose actions the owner is responsible, causes a delay to the critical path and: 
(1) the contractor paces (i.e. slows down) their work to match that delay, in order to avoid a subsequent 
shutdown or slowdown of their work with attendant inefficiencies, (2) the contractor gives timely notice of pacing 
and the intent to claim damages, and (3) the contractor can prove that they would have finished on time absent 
the owner delay – there is not concurrent delay and the contractor is due both time and money for increased 
costs, less any savings  from the pacing. 
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