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Abstract

Popped £1972)analytical processf conjecture andefutationshighlight how a problem bgets a
solution that engenderew problers. Efforts, in theory and practicéo increase construction
productivity at thestrategidevel (project delivery systemmterral and external project plannindhe
logistic level (scheduling theories afehn construction theories aptactices) and thiacticallevel
(work task/timestudiesand value stream mappinigave failed to yield significant improvementBhis
paper sumnarizes and linkshe systemic nature of construction to the tloemnizationalevelsin a
historical perspective gf r o d u c s$trengthstaryd@veaknesses

Structuredliteraturereviewis usedo identify andanalyzepublished research regarding ctvastion
productivity at theabovementionedhree level{Motwani et al. 1995) Sketches of organization and

project models are created. These models are based on independent, dependent and interdependent
variables uncovered in the literature review. The models use organization and process description
language to feed a project siratibn that in turn will feed future metaproject MonteCarlo simulation
expected to generate massive quantity of data. The data will be tested internally and externally through
case studies and verified against actual projects, organization and pritgtiediories and the

experience of project personnel.

KEY WORDS: productivity, proje ct delivery systems, schedulingyork breakdown structures,
time-task studies strategic, logistic and tactical



Introduction

Karl Popper(1972)analytical procesesf conjectures and refutations serves as a framewaRalyze

how the perceived problem initiates a quest for tentative theories and error elimination as a way of
solving an identified problemHoweverthe result is a new version of the problem ouaimtended
problem.

This paper analyses state of the art initiatfeesignificant, reliable and permanent industry wide
increases in construction productivitynreliable productivity in construction msajorproblemcalling
for a solution The theores and technologies employexaddress this issue genenaésvproblems
prelude for futuresolutionsproblemscycles

Why is this relevant? All of our current problems at finding ways to increase construction productivity,
asit has happened in manufacturjmgve failed to achievineirintended targetd-erndndesolis

(2008) Therefore we need to keep finding solutions albeit those that do not create other problems.
Furthermore, ametimes we anticipate that the stat¢hefart solutioathatmay be able to change
drastically the current paradigm, Howard, et al. (300% aim of this paper

Methodology
The methodology is based thre following abbreviated eathod ofP o p p e r 6 s comectute and o f
refutations Fig. 1).
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Figurel . P Analptieat Rvogess of Conjectures and Refutations

Pi= Original Problem

TTi= Tentative Theory

EE1= Error Elimination » Si=  Solution

P2= Emerging Problem

This paper simplifies Popp@&miethod by combining tentative theory and error eliminagiod call
it solution, see Fig. 2.
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Figure 2. Modi fied Popperds Anal yi

The method of conjectures and refutations is\eehgateway into critiquing current theories by
challenging the finding of a solution that does
can paraphrase the following hypothegibproblems seek solutions that, howewgate new

problems

The problems and solutions are identifiedlected, studied and summaribgdusing astructured
literature review(SLR) methodology on published research on the topics. iSlaRsystematic
methodology to map, catalogue and rank existing and fauitidal literaturecentral to the research in a
rigorous and systematic mannArmitage and Allen (2008)



The SLR used a set of key words for each topic and five search engines. Theegmamdh set on the
topic wasnarrowed down by using a set obrics that required a minimum number of citations, be part
of theTexas A&M University Construction Scienceepartment set of 25 preferred journal publications
andthe selected journdlas an equally robust set of references.

Discussion

Thetopicis limited to vertical(building) construction, the area of expertise of the author. The aimn is
establish abuilding construction productivitiopic starting point, highlight the problems encountered
and solutions enacted that then created a new prolidrecaon up to the current condition. The topical
focus isconstructioreffortsfor increasing productivitgat the strategic, logistic and tacticatakeholder
organizationalevels Fernandesolis and Rybkowski (2015ee Fig. 3
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Figure 3. Typichcompany organization chart, the basic structure of a business unit

FernandeZolis (2008) and Fernand&blis and Rybkowski (2015) hagbownthat all building
construction stakeholders follow an organization template with the strategic, logistic and tactical levels
see Fig. 4and 5
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At thestrategic levela n o r g a missiog \isiormamdabjective setting leveise are going to
analyzethe advent of project delivery systemAt thelogistic leve| whereorganizatios generate
projectplanning we are going t@analyzethe evolution of scheduling theories dadnpractices
Ferndndefolis (2013) At thetactical level where an organizatioexecutes the plaalso known as
boots on the groungwe are going to review the advent and evolution of work task/time stédtasgu
and Tommelein (2002)

STRATEGIC

Strategicoriginis fromthee ar | y 19t h century: from French stra
stratUgos (see steidentfieatioa of Jongerm or overallaims ane isterests and
the means of achieving them

In construction, stratégplanning by the company leadershipwners, presidents, board of directors,
vice presidents, principaldy defined as an organization process of defining its direction and allocating
resources to pursue its stratedy.Constructionas in most othreorganizatios, strategic leadership
focusin establishinggrowing, promoting, and passhag (transmit, transfera company name, culture,
brand leadership development, ethiosission, vision and objectivesnong others

An organizatiorstrategic nmssion is to promote growth and plan for survival in adverse times and make
the organizational decisions such as hiring, firing and promotion of personnel. In general, this level
answers the questions of how we came into being, what is our mission iangdwisere are we going

and how are we going to get there and stay out of trouble (i.e. court). Strategic level addyg tedue
organi geaica. on o s

Once goals are set, the stratagission, vision and objectivesquires determining plan ofactions
and whatesourcesieed to benobilized Further plan detailhe cost and schedule within the overall
company direction Organizations need to know if they have achieved their goa@sgh measurable
means. In additiorthe organization musiapture lessons learngd avoid costly repetitiongnd
provide for a continuous improvement of the strategic plan.

Construction is based on a need, a promise to deliver (a project) in exchange of an agreed compensation
Thecontract provides for thaelivery of the solutiontothe wn e r 6 s reeggpropdirgemidand

the acceptance of the solution (project) and executing the compefsatidne early times, this was an
informal agreement sealed by a handshiakéand Kao 2009) The loop etween a customer and a

performer is typical of any transacti®such as between owner and designer, designer and engineer or
design consultangwner and GC, GC and eashb-contractoy and between each subcontractor and its
vendors, see Fi@.
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Figure6. Requesi promisel execute acceptance loop between customer and
performer.

Project delivery systems

Initial Problem P1): The informal agreement lestb misinterpretationgyraft, nepotism, etand
therefore(S1) amore formal contractual agreement that could be enforced in court became the norm. In
order to avoid the problems of graft, nepotism etc. the industry implemented a design, bid build process.

However, this create@P2) when the economy downturns fordaidders to undercut the numerous and
hungry competition in order to surviv&hey did thisby taking advantage of the legal provisions
created byhe Speariboctring Golden and Thomas (18857 his doctrindimplied warranty)
established a precedamderstoodhat the general contractor is not held responsible for the
consequences of defects in the plans and specifications prepared by the owner (or for the owner).

In short, an open invitation to submit change orders for any defect, error or aniisie plans. The

game evolved in a design adversarial attitude of getting the work at any cost and then finding defects,
errors and omissi@on the document&&O). Furthermore, E&Qet toretching up the cost through
change orderbrien (1998)see Fig.7



Figure7.Dri ve t o be a | ow bidderé what a gene
change orders.

The industry at large responded w2 by creating a plethora of project delivery systdBS)

Konchar and Sanvido (199B3ted compard and contrastethese PDS that aret based on lowest bid

but on value Some examples ar€onstruction Sealed Propo%&ISP) Design Build DB where the

builder and designer are under one contract and therefore theoretically eliminating the owner from the
loop of providing defect free construction documents), Construction Manager ORISRR) and

others.

However thecompensation package olhthese project delivgrsystemss typically based on a
percentage of the wokr General Condition Feélalpin (2010) Therefore the incentive to the designer
and even more to the builder is for the cost to escalate so their share also increasisnaithpdine

new manifestation of theolutions to thgroblem innate in the system all along, ca{P4), see Fig8.
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Figure8. Schematic history of project delivery system over economic cycles

The most advanced soluti¢8s) to the problenis the creation of what is labeled Integrated Project
Delivery (IPD). Kent and BeceriGerber (2010analyze IPOn which an owner contracts with the
designer, builder and major contractors, place the owner contingency on an escrowauaiogtite
contingencies and profits of all the named stakeholdd#?® challengsthe stakeholders to deliver the
project below cost and time. Any change orders come out of the escrgvactice, when this works
well and all stakeholders share the escrow at theepgage of their contributionThe ret effectis a
win-win for all with increased profit margins for the stakeholders.

At the strategic level, there is a considerable opportunity for exacting better performance in the form of
more predictable outcomes fiefency), higher stakeholder buy the projectjncentivizing teamwork
through higher profit margins, minimizing mediation, arbitration and litigation disputes and creating a
two prong focus: maximizing value for the owner and minimizing wasteful ppesesd practices.

The downsideaccording taMatthews and Howell (20058 that IPD(Pa) is not weltknown, has not

been extensively proveand has serious potential downside when the parties do nan billythe way.

Internd and external project planing

Most stakeholderplanning efforts and published research focaseproject planning. This @oject
planning is external to a stakeholder organizatiémproject is the objeadf organization efforts
Stakeholderpursue projectthatlines upwith their strategic vision, mission and objectives
Stakeholders are awanétheirscarce (limited) resources of capital and ta{boman resources,
personnel, staff, bench strengémd the projects they pursueor exampleproblem Py), internal
project planning at the strategic level must answer quesiicisas How many foremerrews dahe
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subcontractor has? How many are in current projects? When are the projects going to finish and the
crews become available? What is the quality and expeziof the crew talent? How many senior
project manager, project managers, junior project managers, project managers in training, senior
superintendents, superintendents A, superintendent B, superintendents in training, project engineers,
Schedulers, Eshators, field personnel? What projects enening upand the crewthatarealready
committed? Which owners are repeat owners and which are one time owners? What is the profit
margin on each ongoing and upcomprgject

Solution &): Strategic organization plans attempts to match the best crew experience with the
appropriate client that has the adequate profit margin and risk due to projedetymxample, owners

that have repeat business are typically treated different thanttiaddeave one and only one project.
Projects that have higher profit margins are likewise treated different when it comes to assigning limited
resources with different expertise.

Problem P2): Service companies have multiple projects at different s@aggsopefully an equal
number on the talo listi backlog Each project has its own issues at different level of criticafyy
projectof the service provider catau® the organization to react and move assets to respond to the
dynamics ofa projectin crisis If this happens witlh number oktakeholders of one project, even if at
different timesa project may experience chaotic floRroject risk of going into crisis by contagion is
higher in in small towns where most general contractors usathe set ocdubcontractord.ogistics is

the planning of a project that unfortunatabver takes into consideration what is happening to all other
projects of all stakeholde&s this is not in the contraeind therefore not controllable.

The internhcompany logistic planning of operations is information held confidemihht is
happening on an organization multiple projects is a closely guarded strategic asset and not transparent to
the outside of the organization.

Not all project managers hathe same experience, skillsets, lessons learned, background, just like no
superintendent, project manager, or foreman does. Not all clients are the alike. Some clients are repeat
business others are one time. Not all the projects are alike in tethesbfit margins agreed or the

risks or the type. Even projects of the same type by the same client present different site challenges.

Academia and research has not fully embraced or understood the following issues: How stakeholders
internally managthe match of scarce company personnel resources with pfoptiat happento
otherprojects in crisis? Doessub working on your project htee manpower and experience needed

to put out firegn other projects?or example a sub on another project that has nothing to do with yours
is in trouble affecting a subcontractor commitment to that project that however is also committed to your
project. Even more, the crew on the other project at risk is the same citend &laccome to your project

but is now delayed through no fault of your owhis type of event is the real cause that all our efforts

at managing time through schedule technologies and techniques have failed to produce substantial
efficiency and reliablemprovementsSLR provides no paper on this topic, therefore a fertile area of
research.See Fig. 9.
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LOGISTIC
The word logistics is derived fromthe Greeld j ect i ve | ogi sti ckos ,meani ng¢

Rutner and Langley (2000)n construction as in most organizations, logistic planning is required to
achieve the company strategnission, vision andbjectives. This plan encompasses labwteral,
information flow, risk, security, contracts and agreemantong many other items.

The personnel at the logistic level of each stakeholder organization includes planners, architects,
engineers, project managers, office personnel, human resources, accountants, estimators, schedulers, ar
IT personnel.

The role at the logistic level @kes to planning, organizing, documenting, creating, coordinating and
disseminating information to stakeholders and keeping financial records of all transactions. In general,
the logistic level of any organization is charged with carrying out the olgsativthe organization.

Logistics adds value through servidéamost exclusivelylone by changing, manipulating and
transmittinginformation). Information has value if it is correct, complete, timely and unambiguous,
Fernandefolis (2015).
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Planning theprojectexecution stds once an organizatiqArchitect or Engineer in design and General
Contractor in buildingylecides to pursue a project and secur@scontracthe promise to deliver.
Planning for the designerss creating the degn intent. Planningor the buildeyis adding logistics to
the design interfor its execution by the subcontractoRlan execution has to consider the owner
critical needs and compensate the logistics so that it can be implemented.

Texas A&M Universty in College Station, the demolition and building of Kyle StaditiAQ 2015/s
an extreme example of the implementation tradeofffook nine months and a total cost in place of
$450 MN which translatet® one million dollas of construction in placpercalendar day working 24/7
with a 20% contingency embedded in the cost as there was no time for change order papéneork
Field renovation came on time and with no change orders was accomplished by the terms of the
contract andhe extensiveuse of last planner systelechniquessee Fig10.

Figure 10. Kyle field renovation project 202015

Kyle Field critical schedule and the contract imposed extreme penalties for schedpkrfioomance

did not allow internal or external delays¢luding adverse weather, to interfere. All the stakeholders
involved considered Kyle Field their top priority project, trumping all others. Any issues that arouse in
the process which required shifting manpower, material, and labor affected other gqmggacts but

not vice versa. Kyle field is a unique and extreme case study in productivity (Just in Time delivery)
efficiency (very high PPChigh percentage of readily available contingency (with after the fact
accountability and transparencg)d @st controls Zero change ordexs
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The problem 1) with schedulelanning is that the variables and constraints that are taken into the
schedule never match the site condition once the project receives the notice to, ffeceettiesolis

(2008) Thefirst solution &) is to create a planning system that takes into consideration the buffers
necessary in order to account for the unknowhe solution came in the form of Critical Path Method
(CPM). CPMgeneratesR?) because critical path is dynamiand in constant flux due to externalities.

The buffers change according to the circumstagi€eszner 2013)To accommodate for all

eventualities the buffers had to be excessive. Today the owner carries a financial buffer in the form of
contingency. Tl GC carries a financial buffer as contingency and anath#oattime (Ibbs and Kwak

2000) Each subcontractecarryfinancial buffes and anotheas floattime. The same is for suppliers

and vendors. The waste in construction when compared to nounuig accounts for all these buffers

in cost and float time. Contingencies and float time are accumulated and embedded in the project by the
way the industry operates. The underlying cause is the unpredictable, unreliable planning that manifests
as thedifference betweethe planningexerciseandthe fieldreality. Can this paradigm change or is it
embedded in the systemic nature of the industry and thus innate, unchangeable?

Lean construction academicians studied lean manufacturing and came trangtérable theories,
techniques and methods to the practice. For exanopdeldress the waste in construction reliability,
Leanexpertsthen came up witBolution &) asthe Last Plann&System(LPS), Ballard (2000)

Space limitations prohib@nextensive elaboration dfean Construction theories suchldS. The

following is an LPS summarythe foremen and team leaders (those that have direct oversight with the
bootson the ground) gather and plan the work from the end to the beginning inctis#imgnd float

time. This major upfront effort should result in a boyn the project schedule as planned by those that
will actuate and execute the sched#ermoso and Moura (20Q9)

The problem remaing?) that although there are afas of subsintial improvementxf approximately

30% waste removaPorwal, et al. (20)0and Fernande3olis et al(2012) through reliable

performance through phasepull planning, look ahead, constraints removals, make work ready
planning, weekly work planningnd tracking through plan percent complete tracking, the achievements
are project by project as the systemic nature or industry paradigm has not changed.

Phase plan or pull planningrommelein (1998)s defined as a work plan using what in manufacturing

is called pull technique. Pull technigue requires a conversation between upstream and downstream
customers, the next trade that will follow the woske Figl1l.
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Figure 13. Pull Planning
Look aheadHamzeh et al. (2008 and 201i2)part of the LPS that focuses on making the work ready by
identifying and removing constraints, obstacles, impediments in advance of the work.oKlakdéad
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may be from six weeks out to one week out and in some cases the day before the work needs,to be done
see Fig. 12 and13.

A constraintFeng and Burns (1997 and 20@®anything that prevents an activity fratarting,

advancing or completing. Typically is something not foreseen in the phase or pull planning but
discovered through the process of look ahead, glee Fig14.

Figure 14. Weekly work plan

Tasks are
More Detailed
than Pull Plan

Each Teammate
Has a Line

Figure 15. Weekly work plan task per pull plan
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Make work readyBallard et al. R03)is then the process of removing constraints, impediments,
obstacles so that the task can be executed correctly, completely, timely and the information on how to do
it is unambiguously understood by those performing the work.

Weekly work plarBallard and Howell (1994) and Choo et al. 19995 commitment to act on the task
because there are no constraints and can be executed as planned. The weekly work plan also considers
what is understood as a correct, complete and timely task so that &fone a check can be made

that verifies its performance and captured in the Plan Percent Complete (PC) decGaekd et al.

(2010) see Figs.3and 5.
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Figure 16. Constraints, inspections and deliveries
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A PPCis a timeline measure of how well the plan is being performed by others. For example: A
check of the worklone againgthe weekly work plan is entered in the PPC. If the work is complete and
correct and timely it receives a 1 if not it receives &0Be number of tasks for the week becomes the
denominator and the sum of tasks that received a 1 becomes the numerator creating a fraction that can b
translated into a percentage and tracked over, see Fig. 1.
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Figure 17. Final project PPC by stakéder
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In spite ofall leanand other productivity and efficienayitiatives, the project reliability in the industry
remains lowWhy is that possibfe Because woris performedat the subcontractéevel who is
autonomous agents with two game posgjdrernandesoliset al. (2015)

The game is played to fulfill the strategic plagrow to survive (offensive) and survive to grow
(defensive).In good times, grow to survive: Swontractors and alsgeneralcontractorswhen

awarded more projects than it has crews topower for a jobthe unofficial practice is to scuttle crews
from projects to man new projects.

Companies, no matter what, do not sagrry butwe just got awarded five projects and havews for

three so please go to myribagent and collect on my performance b@nd bad times, survive to

grow: Subcontractors and general contractors let the middle managgmiezgping upper

management that is then tasked to do both jobs anddirEatdbootson the grounds the last to go in

real bad times. Upper/middle management now has to do more jobs than before and the net result is the
same as in good times, moving from one to the other as fast as possible to maximize manpower
productivity.

This type of action is not only at the subcontractor level but also upst@anstruction gaming is
directed by economic cycles. Therefore it is endemic in the indafsdflylevels. For example, gaming
happens aheowner,general contractdevel, designer, consultantgneers and any service provider,
subcontractor, supplier and vendiuring good times when there is more work than can be done, in
time, with scarce resources.

The systemic nature of the industRernandezolis (2008)espnds to the cycles of the general
economy with detrimental effect to reliable and consistent productiitgording toDubois and
Gadde (2002hloosely coupled system the main characteristic of construction

A loosely coupled system in construtj along with the strategic gaming mentioned, consgegnsia
predictable and reliabl@lanningefficiency. Loosely coupled system has been characterized by having
the following attributesnd examples in construction at the appropriate level

1 Enormous number of permutations and possible combinatioeshere is one owner bidarge
number of stakeholders. Some typical stakeholderglasggners, consultants, GC, subcontractors,
supplier and vendorsA different stakeholdanay be used on every projeG@yorgy and Fath
(2007) Stakeholders will use very large number of products and labor persocaiktdto execute
theproject see Fig. 8.
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Adapted from:
http://www.sciencedirect.com/science/article/pii/S03 78001810

Complex operationd.e. It is argued that building construction is complicated but not complex.
However research indicates that due to the above large number of permutations and possible
combinations, the lack of repeatability, thesite,open to the weather, varying team, &tave all
the ingredient®f a complex problepsee Fig. 2.

Figure 19. Graphic metaphor of order, complexityaos and disorder back to orde

Inefficient operationsl.e. this is apparent when studies and governmental reports compare service
industries such as manufacturing and construction. Construction is estimated to operate at an
average efficiency andfettivenesgprocess and producdte of 50% when manufacturing operates

at above 98%Fernandeolis et al. (2012)

Suboptimization l.e. the systemic nature of construction indicates that most projects are a
prototype, onef-akind, and therefore hatd capture and enforce lessons leariiaebry project,
by virtue of site, location and team compositwiil be different in many ways with different

challenges and variables. Optimization at the work make ready is somewhat posisiblever,

18
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makinga project optimization thetandardf performance for all future projedts a company
remains elusiveTo standardize optimization in the industry requires a paradigm shift, and the
transformation of an entire economic sector, a monumental challenge.

Some tightly coupled, others tiraensitive specialized activities with sequentiallgrdependent

activities l.e.General Contractor sefferforming work is an example of tightlgoupled time-

sensitive specialized activity that is followed with sequentially interdependent activities. A GC that
selfperforms site and foundation concrete work claims that it provides greater project schedule and
budget control at a time when getting the pcojoftthe-ground has major repercussions for the
remaining work in the projecsee Fig20.
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Figure 20. Graphic of planning through critical path method.
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1 Overlapping activitieslong lead time and slack built in adaptiveste changes and consequential
changessuch as fast tracking in Dest@uild projects incomparison with linear DesigBid-Build
projects, see Fig.12 l.e. typical projects have overlapping activities by the same or different
subcontractors that take place on the same or different areas of the project.

Long lead items are critical to a project. Vertical circulation (elevators), Mechanical systems, and
glazing are some of the long lead items identified in a project schedule and specifidaans.

timeis built into the schedul® account for ofsite changes and consequential changes

In the caseof long lead items and other imponderables that are unanticip@tetal path

scheduling methods and project budget controls from the owner, GCostractors, suppliers and
vendorshave these buffeiacluded in the planElazouni 200%nd Steyn 2001 Thesebuffers are

needed for the current systemic nature of the indsieyroelen et al. 2002nd ZikaViktorsson et
al. 2006).

However, as the industry becomes more automated, the buffersraimyencies will shrink as
production becomes more predictable and reliable. In other words, buffers and contingencies are a
form of waste that has to be carried in the project at the current state of the art production practices.

1 Generation of variatios l.e. a superintendent has total control and responsibility for everything that

D-B T D-B-B Comparison

Design-Build

raom ">

Design-Bid-Build

Figure 21 Graphic metaphor dbesign-Build (D-B) fast track, concurrent and Desigid-Build
(D-B-B) liner processes.

takes place on the site. A superintendent will attest that no two hours, days, weeks, months or
projects are the same. The number of variations that has to be deahliarlgbasis is the
dynamic of building constructionProjects only stabilizafter the Certificate of Occupan¢@.0.)
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is issued, the project is past the warranty period and operations and maintenance take over the
facility.

Selfdeterminationcoordination with different firms, each adding a measure of slaekA project

list of service providers is extensive. There is a hierarchy of risk, responsibility and authority
captured by a project organization chart. The complexity of the comnionieeeb is

exponentially increased with the addition of a stakehdBlewn and Eisenhardt 1997 he fact

that stakeholders enter and exit the project at an appointed time and the project lead shifts creates
another level oinformation transfer compdation. The most critical aspect is the stermination

of stakeholders. This topic is treated below as the stakeholder autonageots

Work is redone when nezonforming rather than product discarded as in manufacturirggin the

rush to get the project completedhticipated and unanticipated events exhthestime buffers,
quality suffers in the push to finish andn-conforming work generates a punch,|ste Fig. 2.
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14 FEB 97

PROJECT CLOSE-QUT MANUAL

Project Name & Contract No.
Project Close-Out Time-Line

Turner Construction Co. Date
Task ‘ Responsibility ‘ Construction Fo:sw- Caution!) Refererence
= o
. Cle|8 | |3 2| 2|28 |%s |-48
o £ = o=
2y |2 5|8|¢ cEl2| 2| 258|820
[ E w £ o g = £ £ £ |20 4= e =
a E £ 5 ] - w 1 3 5 |@ 2 Slg2e
s| 2| |3|Y|E€|8|e|o|c|scE|s Ego
[} o - 35 ) -] -] o = O
SlY| 8|2 |E|E|8|5|5|5|55¢°|8a4
0 Q i o~ w = 3 4]
Start-up |
1 |Obtain 3 no ben agreement from the subconiractor . .
2 |Inchude subcontractors’ close-out instructions in the buy-out L] L] . L] Secton 4
3 |Develop a bst of close-out submittals and review it with the architect and owner L] . Secton 4
4 [Have subcontractors identify close-out costs in their Schedule of Values . . Saction 4
3 |S&t-up a Project Close-Out Matrix L] L] Sections 4 and 3
i [Develop a master Project Close-Out Schedule . L]
Punch List
7 |COktain the subcontractor's Incomplete ltems List L] L] Secton 3
3 [Develop an above-ceiling Incomplete ltems List . L] Secton 3
% [Produce the master iIncomplete ltems List . L] Secton 3
10 [Obdain the punch list from the architect andfor owner L L Secton 3
11 |0 he Certficate of Substanta’ Completion from the architect . L Secton 3
12 |Comgplete the punch list work and get final acceptance of all work L * Section 3
Occupancy
13 |Develop a He safety check list L] L]
14 |Amrange for inspections by all governing entites . L] Secton 3
5§ in sign-offs for all applicabis tests . . Section 3
18 |Oibdain the Certficate of Oocupancy and transmit to the owner wia the Project Engineer L . L] Secton 3
Documentation
17 |Obiain the Oparations & Maintenance Manua's from the subconiraciors L * Sazction 4
18 [Perform all required cwner training . * Secton 3
19 |Obtain warrantes and guarantees from manufacturers, venders and subconiractors - L] Szction 4
20 |Didain atte stock and special tools from manufacturers, venders and subconiraciors L) . * Secton 3
21 |Check subconiractors’ progress in completing as-buis on 3 menthly basis - . Secton 4
22 |Submit final as-builts to the architect L] L] Secton 4
23 |Hold final general Job Minutes Meetng L] L] Secton 4
24 |Zend Subcontractor Close-Out Letters to all subconiractors L L Zazction 4
ATTACHMENT 2-1 Time_Line SECTION 2 - PROJECT CLOSE-QUT OVERVIEW

Figure 22 Punch list template

Most punch list have to do with commissioning of mechanical systems or finishes. However the list
encompasses all the work of a project that is found, upon inspection or performance, to be deficient or

defective.

In addition it is proven that the systemic naturéwfding construction is a complex system
Fernandez0lis(2013) Bertelsen (2005pdding the following elements:
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