CAUSESOFTIME BUFFER IN CONSTRUCTION
PROJECT TASK DURATIONS

Marion M. Russell*, Greg Howell> Simon M. Hsiang®, and Min Liu*

ABSTRACT

Due to the inherent nature of the construction &g all construction projects have
some amount and type of uncertainty. Personnel hiedo with the project
compensate for the uncertainty by adding buffetss Tesearch is focused on “time
buffers” added to construction task durations. \Wén@& “time buffer” as time added
to task durations to compensate for uncertainty @notect against variation.
Although previous research acknowledges this aafdiif time buffer, the root causes
of buffer have not been thoroughly researched. fdsearch objectives include
determining which factors are the most prevalert s@vere causes of buffer and
determining opinion differences amongst variousigeo

A survey was developed and then completed by 186taaction personnel across
the United States. The top twelve most frequent sewetre causes of buffer in task
durations were identified. The factors were analyse how they are viewed
differently by foremen, superintendents, and piojeanagers; trade to trade; general
contractors to subcontractors; level of experieac®t companies regularly using the
Last Planner Systefrand those who do not.

The findings will help construction managers untierd what drives the need for
buffer in construction schedules and focus efforisstrategically addressing critical
areas of concern or uncertainty.
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INTRODUCTION

There exists a natural tendency in constructioradd buffer to tasks due to the
inherent uncertainty and resulting variability whiexists in construction. While
there are several types of buffers, the focus o thsearch is the study of time
buffers added to individual construction projecsktadurations by construction
personnel to compensate for uncertainty and abpotbntial variation. It seems
evident that buffers are used in construction thetunderlying causes of time buffers,
both the frequency and severity thereof, are uncleiihough we probably cannot
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eliminate all uncertainty and associated time bufiaderstanding and addressing the
root causes of time buffer will help us to allocdtevhere it is needed most and
consequently reduce project durations costs. Tlaee two primary objectives
discussed in this paper:

Objective 1 Determine which factors are the most prevaledt sgvere causes of
time buffer being included in construction taskations.

Objective 2: Determine the differences in opinion and perceptlzetween
different levels of management, different tradeffecent levels of experience, the
difference between general contractors and submttons, and the difference
between contractors using traditional managemeptoaghes and those using lean
construction techniques.

LITERATURE REVIEW

When addressing a topic such as buffer, there eatgmportance in first clearly
defining it. There are several definitions of bufiie construction literature as well as
several types of buffer. Hornby (1974) wrote thabuaffer is an apparatus for
lessening the effect of some impact. Horman andd$ef1998) defined buffer as an
allowance used to accommodate the impact of unésgeinfluences and other
difficulties encountered in a construction projeéives and Tommelein (2004)
define buffers concisely as resource cushions,meney, time, materials, space, etc.,
used to protect processes against variation amoumes starvation. According to
Ballard and Howell, buffers operate to provide ahian or shield against the
negative impact of disruptions and variability (Helvet al. 1993; Ballard and
Howell 1995). Ballard (2005) has called constructame type of production system,
albeit one of greater complexity and uncertaintyt tuses various types of buffer to
absorb variation that occurs due to uncertaintgoinstruction projects.

Construction literature focuses on four main typesuffer. Hopp and Spearman
(2008) list inventory, capacity, and time as thingmes of buffer. Ballard and Howell
(1995) introduced a fourth type of buffer callecarplbuffer. The focus of this
research is the “within activity” time buffer thistan amount of extra time added to
individual task durations to compensate for undetyeand protect against variation.

In addition to research group discussions, dimgatii from construction personnel,
and pilot study feedback, an extensive literatengew was conducted to develop a
baseline of factors that may cause time buffer éoadlded to task durations. The
literature review included factors considered ia flanning stage and those factors
which affect construction productivity. One aregiegved dealt with factors resulting
in the addition of cost contingency to a projeatidgpet. Cost contingency is defined as
an amount of money reserved to pay for unforesesigd or construction costs in
the project (Risner 2010). Smith and Bohn's (199®estigation of contract
contingency included factors such as scope charspesifications, design quality,
damaged or late materials, resource availability access, delays in addressing
problems, quality problems, poor productivity, wesat and construction methods.
Mak and Picken (2000) used risk analysis to deteensite conditions, access,
additional client requirements (scope changes),traon period, and project
coordination as contributing to uncertainty asseclawith a specific project.
Harbuck (2004) documented cost variation associtetbrs such as design errors
and changes, specification requirements, differsiig conditions, delays, scope
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changes, and permits. Guinhan and Arditi (2007¢digiroject complexity, inherent
uncertainty in the performance of the parties imedl design and scope changes,
permit issues, differing site conditions, schedatmstraints, and constructability
issues as examples of contingency driving fact@san and Au (2009) studied
factors relevant to our study of time buffer sushpaoject size, project complexity,
construction method, degree of difficulty, laboliability, labor availability, project
duration (contract period), and site constrainisn& (2010) discusses design errors
and omissions, scope changes, and unforeseercéiattitions as factors driving cost
contingency. Just as cost contingency considersirtfgacts of uncertainty and
potential variation related to these factors, ammtsion personnel may too consider
many of the same factors when determining timedvu@ add to their task durations.

Factors which affect construction productivity argially important in developing
a thorough list of factors for investigation. Thdras been a significant amount of
research done in reference to factors affectingtcoation productivity. Borcherding
and Gardner (1981) identified material and toolilabdity, rework, overcrowded
work areas, inspection delays, foreman incompetesresv interference and turnover,
and foreman changes as the top factors affectiodugtivity. Researchers in the
1990s identified scope, work content, work compiexidesign features,
specifications, rework, materials, tools, consinrcequipment, information, weather,
site congestion, crew size and skill, design aagyrdegree of repetition, working
conditions, and site access as factors affectiglymtivity (Thomas and Sakarcan
1994, Portas and AbouRizk 1997, Somnez and Rowl®$8). In the last decade,
research has found additional factors to includeedaling, manpower experience
and motivation, scope changes, lack of detailedchrpiey, inadequate supervision,
lack of information, lack of foreman planning andnumunication skills, poor
communication between foremen and project managengjineering drawing
management, lack of craft level technical trainimgpor quality of plans and
specifications, slow response to questions, ank tdcqualified labor (Rojas and
Aramvareekul 2003, Liberda et al. 2003, Dai et 2009, and Kimpland 2009).
Wambeke (2011) completed a thorough literature exgvbf productivity factors
including the factors previously mentioned to idigntl66 factors. He cross-
referenced and reduced those factors to 50 cadisesiation which were also used
to help develop a baseline of time buffer factars the survey in this research.
Current literature does not address the perceixeguéncy and severity of the root
causes for the addition of time buffer.

METHODOLOGY

A survey was developed to study which causes ofmainty or concerns about
potential for variation result in the most frequant severe addition of time buffer in
construction task durations. Through a combinatiénthe literature review and
research team discussions with construction praojemagers, superintendents, and
foremen, 47 individual factors related to time leuffin construction tasks were
identified and included in the survey. Emphasidetermining the final list of factors
was placed on selecting the most relevant factora & prospective view during the
planning or pre-task time frame. In other wordsjchtfactors construction personnel
are concerned about or perceive as potential faolems due to uncertainty as they
assign task durations. The seven categories thaddnproductivity established by

Production Planning and Control



Russell, Hsiang, Howell, and Liu

Koskela (2000) to include connected work, detadedstruction design, components
and materials, workers, equipment and tools, spawe,external conditions, along
with  Wambeke’'s (2011) added eighth category of man@ent-supervision-
information flow were used as a framework to sejgatiae 47 buffer factors. Based
on the nature of some of the identified buffer dast the researcher also felt it was
necessary to add one additional category: projegtacteristics. The nine categories
are listed and described below:

1) Project Characteristics: Pertains to concerns/taicgy about characteristics
specific to the project and one’s trade.

2) Prerequisite Work: Pertains to items that must mpleted before one can
start their task.

3) Detailed Design / Working Method: Pertains to caons&incertainty about
having an accurate and available design and abteasbrking method.

4) Labor Force: Pertains to concerns/uncertainty alawailability, reliability,
and capability of the labor force to complete thguired task.

5) Equipment and Tools: Pertains to concerns/unceytaibout the availability,
reliability, and capability of required equipmemidatools.

6) Material and Components: Pertains to concerns/taeiogy about receiving
the correct and necessary materials from the seppli

7) Work / Jobsite Conditions: Pertains to concernguainty about the physical
space available to perform one’s job.

8) Management/Supervision/Information Flow: Pertaimoncerns/uncertainty
about the management system regarding issues delateommunication,
trust, changes, and getting questions answered thlegrarise.

9) Weather: Pertains to concerns/uncertainty aboutliheate at the location of
the project and what weather conditions are prewale

The 47 potential reasons for adding buffer to aomsion task duration estimates
were assigned to the appropriate category abovele Tadisplays the entire list of
buffer factors and to which of the nine categoties/ belong.

A contractor general information survey and a toéfer survey were developed
to answer the research questions. The contractmrgkinformation survey collected
information such as the company type (subcontramtgeneral contractor), company
size, annual revenue, average project size, baakigmgnding work, and whether or
not they use the Last Planner Systerfihe time buffer survey collected responses
from construction personnel at three different levef management: project
managers, superintendents, and foremen. Partisipardre asked to provide
background information such as their trade, pasitemd experience. For each factor,
the respondent was asked how frequently the factimences their duration estimate
by circling one of the following seven frequencyspenses: never, rarely,
occasionally, sometimes, frequently, usually, awasls. Next for each factor, the
respondent was asked to consider a two week (1D alivity and estimate how
much time (days) they would include or allocatetfoe given factor in their duration
estimate to protect against the effects of una@staiThe respondents chose one of
the following seven severity responses: 0, 0.82,13, 5, or 7. The decision to use
seven choices for both frequency and severity wadento balance having too many
choices with still being able to capture just nedible differences.

Proceedings for the 20th Annual Conference of the International Group for Lean Construction



Causes of Time Buffers in Construction Project Task Durations

Table 1: Time Buffer Factors

1. Factors Related to Project Characteristics:

Contract delivery method

Contract period

Size of project

Complexity of the project (interdependency of activities)

Complexity of the task for your trade (degree of difficulty/inherent nature of your work)
Size of your company

2. Factors Related to Prerequisite Work:

Delays in obtaining permits for a specific part of task

Completion of prerequisite work (work before you is not done yet)
Rework being required due to quality of prerequisite work

Delays in inspections for previously completed work

3. Factors Related to Detailed Design / Working Method:

Design constructability

Quality of documents (Design errors/omissions, differing site conditions, & dsn issues requiring additional time or RFI)
Poor performance due to unfamiliarity with the scope of work

Strict specification requirements

Quality control requirements

Low degree of repetition in your tasks (inability to develop efficient system due to task constantly changing)

4. Factors Related to Labor Force:

Reliability of your labor force (concerns about absenteeism, people arriving late and/or leaving early)
Availability of your labor force (crew size limited or inadequate possibly due to other tasks/projects)
Inefficiencies in your crew due to lacking experience/skills

Concerns about being pushed into using more manpower and creating inefficiencies

Low morale or lack of motivation

Language barrier among workers/supervisors

5. Factors Related to Equipment and Tools:

Reliability of your trade’s equipment and/or tools (tendency to breakdown, old/worn out inventory)
Availability of your trade’s equipment and/or tools (inventory maintained by your company)
Capability (productivity) of your trade’s equipment and tools

Time required to repair equipment if breakdown occurs

Time required to replace equipment if breakdown occurs

6. Factors Related to Materials and Components:
Receiving incorrect quantity of materials

Receiving incorrect material type or damaged materials

Receiving materials for task later than expected/planned

7. Factors Related to Work / Jobsite Conditions:

Overcrowded or cluttered work area/jobsite congestion

Difficult access to work area

Method of material transfer required from receiving area to task location (i.e — crane, construction elevator, hand carry)
Distance of material transfer required from receiving area to task location (i.e — one story versus ten story project)

8. Factors Related to Management / Supervision / Information Flow:

Confidence in request for information (RFI) process

Liability pressure (liquidated damages, contractual deadlines, etc)

Preparing for duration negotiation (knowing management will request the task be done in shorter duration)

Positive company recognition

Trust in superintendent (based on their reputation, experience, knowledge, and/or experience you have had with them)
Trust in project manager (based on their reputation, experience, knowledge, and/or experience you have had with them)
Trust in owner (based on their reputation, experience, knowledge, and/or experience you have had with them)
Required coordination with other trades

Changes in scope of work (tendency of owner to make changes)

Communication between owner/engineer and project manager

Communication between project manager/superintendent and foreman

Communication between foreman and workers

9. Factors Related to Weather:
Climate — weather conditions such as temperature, rain, and wind associated with the location of the project

A pilot study was conducted with a construction pamy in Colorado as well as a
local construction company to help avoid potenpabblems associated with the
length, clarity of the questions, and the instautsi provided for completion of the
survey. A total of 175 different companies acrogsstates received the survey and

request for completion during the summer of 201he Tsurvey period ran
approximately 10 weeks from 1 August 2011 untildetober 2011.
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SURVEY RESPONSE

The final count of useable surveys was 180 sunfeym 36 different companies

including both general contractors and subcontract@eneral contractors made up
28% of the participating companies and subcontractbe other 72%. Project

managers accounted for 51% of the responses, atgradents completed 27% of the
surveys, and foremen the other 22%. The trades segrarated into four trade groups
for comparison. The utilities category includes thechanical, electrical, plumbing,

and fire protection trades and accounted for 44%hefresponses. The structural
category includes the steel, concrete, masonnyfjngqqoand earthwork trades and
accounted for 22% of the responses. The finishdat®s category includes

carpentry, drywall, ceiling, painting, and glaziagd accounted for 17% of the
responses. The last category was for the genematacxbors who are responsible for
multiple trades. This category accounted for tmeai@ing 17% of responses.

SURVEY ANALYSIS

The top twelve (i.e the top 25%) frequency factemsd severity factors are
summarized in Table 2. A few of the top rankeddextare consistent with previous
research. Lee et al. (2006) found that design ®r(quality of documents) and
changes (tendency of scope changes) are two ofnthm factors that cause
uncertainty in construction. Chan and Au (2009)niyroject complexity to be one
of the most important factors that contractors wwerswhen they are pricing time-
related contract risks. Through the results of secstudy, Wambeke (2011) found
material delivery (late materials) to be a sevenase of task variation. Additionally,
one factor just outside the top twelve at thirtebe, request for information process,
is consistent with Kimpland’s (2009) finding thaldw responses to questions” was
one of the top external factors that impacted pctdity and led to uncertainty. The
top three factors, project complexity, complexity wade task, and quality of
documents, are the same for both frequency andiggveut in a slightly different
order. The factors of required coordination withesttrades, contract period, material
transfer distance, material transfer method, antkvaoea access are highly ranked
frequency factors that do not show up in the toplte severity factors. Conversely,
the factors of strict specification requirementsialgy control requirements, low
degree of repetition, and late materials are higahked severity factor that are not
included in the top twelve frequency factors.

The survey results do not allow us to determingoeciic frequency or buffer
amount for each factor as participants were as&embmnsider the factors one by one
and independent of each other. Construction peedohikely consider multiple
factors at once when estimating task durations. él@w the survey responses do
allow for a comparison of the average frequency amdrage severity among
different groups. The first comparison made wasvbenh the different levels of
management — project managers, superintendent$peerden. A total of 17 factors
were required to capture the top twelve most fratjgauses and a total of 18 factors
were required to capture the top twelve most sewseses for each level of
management. The top twelve (~25%) were includetighlight the differences in
perception for causes outside of the top five. Tefive most frequent and the top
three most severe causes were nearly identicae dsiin occurring in a slightly
different order. Beyond those, there were someceable differences amongst the
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Table 2: Overall Top Twelve Most Frequent and Sev@auses of Time Buffer

FACTOR AVG FREQ| CATEGORY FACTOR AVG SEV] CATEGORY

Project Complexity 3.90 Project Characteristics Quality of Documents 2.14 |Detailed Design/Working Method
Complexity of Trade Task 3.79 Project Characteristics Z Project Complexity 1.93 |Project Characteristics
| complexity of Trade
Quality of Documents 3.54 Detailed Design/Working Method Taskp ity 1.91 |Project Characteristics
Size of Project 3.32 Project Characteristics | {Tendency of Scope 1.61 |Management/Supenision/Info Flow

Required Coordination w/

Other Trades {Weather/Climate 1.56 |Weather

3.23 Management/Supenision/Info Flow

esign Constructability 1.44 |Detailed Design/Working Method

Contract Period 3.11 Project Characteristics D

Design Constructability 3.01 Detailed Design/Working Method : Size of Project 1.41 |Project Characteristics

Tendency of Scope 2.93 \Work Area A 1.35  |Work/Jobsite Conditi

Changes . Management/Supenision/Info Flow : ork Area Access . orklJobsite Conditions

Material Transfer Distance 2.90 Work/Jobsite Conditions StrlctISpecmcatlon 1.34 |Detailed Design/Working Method
Requirements

Material Transfer Method 2.88 Work/Jobsite Conditions i Q”"""?‘/ Control 1.24  |Detailed Design/Working Method
Requirements

Work Area Access 2.84 Work/Jobsite Conditions Low Degree of Repitition 1.24  |Detailed Design/Working Method

Weather/Climate 2.84 |Weather :, Late Materials 1.24 |Materials and Components

levels of management. In regards to frequencypfiereranked required coordination
with other trades as'@most important; however, superintendents and groje
managers ranked this factof' 4nd &' respectively. This difference is possibly a
result of the foremen being more involved in thaserdination efforts than higher
management levels. Perhaps for a similar reasoneriaitransfer distance and
method were ranked higher by the foremen than supedents or project managers.
Another big difference between foremen and the msuofemdents and project
managers was in the factors of overcrowded jobsitd request for information
process. Foremen ranked thes& add 11" respectively while overcrowded jobsite
came in at 18 for superintendents and project managers and sédureinformation
process came in at 95for superintendents and ¥2for project managers. The
tendency of scope changes rank&darmong foremen and superintendents, but only
15" for project managers. Conversely, work area aceess more important to
project managers {8 than superintendents (12and foremen (19, perhaps due to
their responsibility for the entire constructioniesrather than smaller work areas.
Liability pressure was a much greater concern fqresintendents (fO and project
managers (19 than foremen (39.

The severity or magnitude of buffers due to unaetyarelated to scope changes
was the #1 most severe factor for foreman and héReor superintendents and's
for project managers. Also, required coordinatiathnwther trades was again a high
emphasis factor for foreman coming in 8t while superintendents ranked it™2dnd
project managers ranked it 50verall the results indicated a perception ofjéar
frequency and severity of uncertainty as you mawenf project manager to the
superintendent to the foreman. One area not higtddy by the top twelve most
frequent or severe causes is the much greater esmsphiat on materials, equipment,
and labor by the foremen than the superintendemnpsoject managers. For example,
foremen ranked the frequency of crew inefficienciedor reliability, and labor
availability 14", 15", and 17 respectively. Superintendents ranked those saree th
factors 329 31 and 2%, while project managers ranked theni" 380", and 2%
Here, those actually doing the work are most carexrabout the resources it will
take to complete the work.

The next four comparisons are summarized in theovihg discussions. As
discussed previously, the trades were organizedgriups of similar nature or scope.
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The expectation was for the utilities trades toehgweater frequency of concern for
the uncertainty caused by the 47 factors and gresgnitude of time buffer in their

task durations. Upon examining the survey resuyitrdide group, the utilities trades
were found to have the largest frequency and ggveri the time buffer factors. The

structural trade groups were second and the figigtaele third.

The researchers also hypothesized that the experilavel of the participants
may result in different perceptions. Specificatlye least experienced (grouped by 5
years or less) participants would be concerned tabmure of the factors more
frequently and buffer with greater magnitude. Tleast experienced group was
compared to a group of 5-25 years of experienceaagiup of greater than 25 years
of experience. The survey results found that thees not a large percentage
difference between the least experienced and thee rapperienced in regards to
frequency, but the least experienced group bufferiéd nearly 30% more magnitude
(severity) than the more experienced groups. Génevatractors as well as
subcontractors participated in the survey. The ss@gnd areas of responsibility are
different for these two entities in the completmfrconstruction projects. Overall, the
frequency for general contractors and subcontraaialy differed by about 8% with
the subcontractors buffering slightly more freqlyentThe general contractors
buffered more frequently for all project charadtgcs factors. This finding is
expected as the general contractors are respoifisittlee entire project scope and all
of the involved subcontractors. The subcontractmisthe other hand were more
frequently concerned about the materials, equipméattor, and work/jobsite
condition factors than the general contractors.c8atractors perceived the need to
buffer with 30% greater magnitude than the gensoatractors.

A goal of using the Last Planner System is to redwariation that occurs as a
result of uncertainty and unreliable planning. Rexdg the variation should also lead
to a reduced need for time buffer in constructiasktdurations. The survey results
showed that those using LPS on their constructiofepts had a lower frequency on
72% of the factors and a smaller amount of buffeB6% of the factors. This result
is interesting and merits further investigatioroirthe effects and benefits of using
LPS to achieve reliable planning and reduce b@#feounts in task duration estimates.

CONCLUSION

This research addressed two main objectives, aedrébults have led to further
questions for investigation. First, the overall topst frequent and severe causes of
time buffer were identified. The top twelve mogiduent causes of time buffer were:
project complexity, complexity of the trade taskiatity of documents, size of the
project, required coordination with other tradespntcact period, design
constructability, tendency of scope changes, natdransfer distance, material
transfer method, work area access, weather/clinigte. top twelve most severe
causes of time buffer were: quality of documentsjget complexity, complexity of
trade task, tendency of scope changes, weatheateljndesign constructability, size
of the project, work area access, strict speciboarequirements, quality control
requirements, low degree of repetition, and lateenels. Most of the top overall
factors are associated with such intangibles asrnmdtion and communication. In
fact only “late materials” is directly a resourgeaterials, equipment, labor) concern.
Galbraith (1977) and others have long pointed batrequirement for increased and
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improved information flow under conditions of uninty such as those in the
construction industry. Howell et al. (1993) notédttconstruction can be thought of
as a process of reducing the aforementioned umgrtahrough effectively
communicating and processing information and makilegisions. Based on the
survey results, there is a need for emphasis omowmpy this communication and
information flow in construction.

The second objective involved comparing the diffiess in opinion and
perception between different survey groups. Ovethié frequency and severity
increases as you move from project manager to upergtendent to the foremen.
Acknowledging and understanding this differenceparceptions is important for
construction managers as they plan and carry @it ginojects. The survey analysis
also highlighted larger frequency and severityioietbuffer perceived by trades with
more complex tasks and greater interdependency asichechanical, electrical, and
plumbing. Experience was also shown to impact hawhtime buffer is included in
construction task durations. Limited experienceégars or less) resulted in adding a
larger amount of time buffer. Due to the differemée scope and responsibilities,
general contractors and subcontractors were compgarexpose the differences in
their perceptions. A final comparison between catsion personnel who use lean
construction techniques such as the Last Plannstey (LPS®) and those using
traditional construction planning techniques waslena

Uncertainty inherent in construction results iniability in the work flow and
also a tendency to protect against such varialbijtyhe use of buffers. This research
studied one such buffer: time buffer in construttiask durations. Identifying these
root causes and their frequency and severity isrgrortant aspect for construction
managers in revealing potential problem areas @aeificiencies in their construction
processes.
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