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Abstract: Office-related processes in the architecture, engineering, and construction (AEC) industry represent a parallel system that works
to support activities performed by those in the field, however, researchers often overlook its management. A method to collect and analyze
data about submittals was developed using a case study approach, and two cases are presented illustrating an overview of these processes and
the use of lean construction concepts to categorize activities and times associated with their different steps. One of the cases sheds light on the
reality of how submittals and requests for information (RFIs) are managed in construction projects and indicates that only about a fifth of the
submittals in a project are approved as submitted, whereas less than half of them need additional work to be finalized, and over a third need to
be revised entirely before they can be accepted and distributed. Opportunities for improvement abound in the management of construction
documents and they involve changes/more transparency in the processes used to manage the documents and the need to define indicators to

evaluate their performance. DOI: 10.1061/(ASCE)EL.1943-5541.0000285. © 2016 American Society of Civil Engineers.

Introduction

Office-related processes in the architecture, engineering, and con-
struction (AEC) industry represent a parallel system that works to
support activities performed by those in the field, however, re-
searchers often overlook its management. Processes carried out
by those in AEC offices are repetitive and common to all projects
performed by an organization and include, but are not limited to,
management of documents such as submittals and change orders,
procurement, payments, and the development of new businesses
and projects. The flow of information and documents processed
by offices critically supports the flow of on-site processes (Gann
and Salter 2000; Kemmer et al. 2009) and impacts indirect project
costs (Kim and Ballard 2002). Therefore, any improvement in
office-related processes is likely to impact the performance of the
entire company because essential parts of all projects (e.g., procure-
ment, payment, management of project documentation) flow
through offices in the AEC industry.

Previous studies have assessed the outcomes of office-related
processes such as the submittal and the change order processes,
and their impact on project performance (e.g., Terry 1996; Ibbs et al.
2007), without necessarily investigating how these processes are
carried out in practice from a production system standpoint and
how their management impacts the reliability of field processes.
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Submittals have been used by architects and designers as a
means to complete the remaining design during the construction
phase and to verify conformance to the design intent, and by gen-
eral contractors (GCs) as a means to address design specifications
while staying profitable and addressing the client’s requests
(Coleman 2004; Hallowell and Toole 2009; Pestana 2011). The
submittal process then assumes the center stage as it represents
the information flow that supports the verification of compliance
to the client’s requirements as stated in the project’s specifications.

One type of submittal is the request for information (RFI),
which was created as a communication tool in order to clarify
or resolve design issues (Claims Avoidance & Resolution Commit-
tee 2008). An RFI will usually be submitted by the GC and should
contain information such as references to drawing numbers or
specification paragraphs, identification of the information being re-
quested, and the impact that this RFI will have on the project sched-
ule. The response will be from the architect or the consultant that is
responsible for that part of the design (Chin 2010). An RFI could be
submitted for several different reasons such as unforeseen field
conditions or ambiguous information within the set of construction
plans. Due to the time-sensitive nature of the RFI, finding and solv-
ing any issues on a project early on can help shield workers from
uncertainties and prevent costly delays (Ballard and Howell 1998).

To a certain extent submittals and RFIs can be viewed as a result
of (1) legal aspects of project delivery methods, e.g., design-bid-
build; and (2) the fragmentation of specialties in the construction
industry. The former requires that a trail of information and
decision-making be reviewed and approved by responsible parties
in a project to protect the owner’s interests and assure conformance
to the original design intent, and to keep documents that can be
readily accessed to avoid claims (Sweet and Schneier 2009).
The latter is a result of an increase in complexity of product
and systems used in AEC projects, which makes it difficult for
a single organization to have in-house capability to address all com-
ponents of a design and requires that multiple parties interact to
deliver design documentation for a project. Additionally, fragmen-
tation also exists as professionals and organizations seek to limit
their liability by transferring the risk to the party most capable
of handling it in a project (Hallowell and Toole 2009).
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These processes and the underlying causes for their existence
are not exclusive of the AEC industry in the United States; similar
processes can also be found in United Kingdom (Oyegoke 2006;
Lundrigan et al. 2014). Additionally, research carried out in the
United States and other countries point to the need to properly
manage project documents such as submittals, design and specifi-
cations, change orders, and requests for information to improve
planning and management (Pestana 2011) and avoid claims
(Kululanga et al. 2001; Oyegoke 2006).

Finally, the need to manage submittals and RFIs is virtually
ubiquitous in AEC projects regardless of the project delivery
method adopted or the use of new technologies such as building
information modeling (BIM) or virtual design and construction
(VDC) to design and build the project. Change orders are present
in traditional and nontraditional delivery methods such as design-
build projects (e.g., Riley et al. 2005), and in new integrated project
delivery (IPD) and relational contracts (e.g., Post 2011), even if
they are less frequent and less costly in IPD projects when com-
pared to traditional delivery methods. Projects that have used
BIM and VDC report fewer change orders and RFIs (e.g., Khanzode
et al. 2008). However, anecdotal evidence suggested by specialty
contractors indicates that change orders and RFIs still circulate
through the different parties in a project although in an informal
way, which leaves specialty contractors at a loss when changes hap-
pen and cannot be proven, properly priced, and accounted for.

Timely review of submittals and RFIs is a common source of
conflicts that has a direct impact on field activities (e.g., schedule,
safety, access to work space, and field conditions throughout the
year), procurement, and ultimately the project cost, time, and the
quality delivered to the client (Sweet and Schneier 2009). Therefore,
the study of these processes, which have been largely overlooked by
previous research, represents an opportunity to better support the
work of the internal clients of the project (workers, project managers,
suppliers) and ultimately that of internal customers, i.e., the construc-
tion teams working on site during construction.

A question remains unanswered: How can the submittal and
RFI process be analyzed from a production system standpoint us-
ing indicators to evaluate its performance? Accordingly, this paper
aims at discussing how the management of office processes related
to submittals and RFIs is carried out and how that affects their final
outcome.

Study of Office-Related Processes in AEC

While a substantial amount of research in the AEC industry focuses
on improving on-site construction operations, the study of proc-
esses within a company’s office, between the office and the con-
struction site, or between the site and other organizations has been
underemphasized (Alves and Tsao 2007; Kemmer et al. 2009).
Office-related activities form the backbone of field processes by
providing timely information/documentation, material, schedules,
tools, equipment, and other resources to ensure productive perfor-
mance of construction teams.

Recently, several research projects have studied office processes
as part of production systems that deliver documents and informa-
tion as the final output of their processes (Lareau 2003; Tapping
and Shuker 2003). However, scientific investigations of this topic
are much needed as only a handful of publications have addressed
the study of office-related processes in AEC from a production sys-
tem standpoint.

A few construction management researchers have turned their
attention to the management of office and administrative processes
that support construction operations. In one study, Fontanini and
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Picchi (2005) analyzed the flow of activities necessary to approve
projects in a city hall and proposed strategies to remove bottlenecks
and batching practices, which would eventually expedite the
process. Along the same lines, Lima et al. (2010) investigated
the design process in a governmental organization and identified
numerous opportunities for improvement related to the manage-
ment of information between different regulatory agencies, alloca-
tion of resources within the design team, and proper data collection
to support the design process. Sharma et al. (2006) also provided an
example of the use of process mapping to study the flow of lot
grading approval in the city of Edmonton (Canada) and to suggest
improvements to the inspection process that were validated with the
use of discrete event simulation.

Kemmer et al. (2009) mapped the value stream of the payment
process in a construction company and identified bottlenecks that,
if resolved, would result in fewer delayed payments and staff over-
time hours, and ultimately would reduce the entire lead time to
approve payments. In a similar fashion, Garret and Lee (2010)
mapped the submittal process in an organization and concluded that
the use of electronic versions of submittals reduced the total lead
time by 40%; however, resubmission of these documents still oc-
curred mostly due to incorrectly filled transmittal forms that needed
to be redesigned or eliminated in the new electronic process. Along
the same lines, Chin (2010) studied the impact of paper-based
versus web-based systems in the responsiveness of RFIs and con-
cluded that web-based systems did not improve the responsiveness
of RFIs in the projects investigated. Chin’s study highlighted the
importance of working to improve the reliability of the RFI flow
as a means to improve the responsiveness of the process. His find-
ings also underscore the need to improve flows before automating
activities and/or using web-based systems as suggested by Hammer
(1990) and also evidenced in Garret and Lee’s (2010) study.

The studies developed by Fontanini and Picchi (2005), Sharma
et al. (2006), Kemmer et al. (2009), Lima et al. (2010), Garret and
Lee (2010), and Chin (2010) all have one thing in common: the
processes carried out at the office level were analyzed using tools
and concepts commonly used to describe production systems in
factory settings which were adapted to study the flow of documents
in office settings (i.e., process mapping, lead times, cycle times,
balancing load and capacity, production cells, batch sizes). Another
common characteristic of these studies is that they used concepts
and tools originally related to the quality management movement,
which over the last 20 years or so have been incorporated to the
bodies of knowledge called lean production and lean construction,
which is the adaptation of lean production—related concepts to con-
struction (Koskela 1992).

Theoretical Foundation: Lean Construction
Concepts, Principles, and Tools

The theoretical basis for this paper is the paradigm discussed by
researchers advancing the emerging body of knowledge recognized
as lean construction, mainly based on the work developed at Toyota
Motor Company.

Lean construction advocates that the management of production
systems should consider three aspects, which are part of any pro-
cess: transformation, flow, and value. The transformation aspect is
related to activities that alter the properties of a product or service
and usually add value to the final output, an exception to that are
rework activities, which are viewed as waste. The flow aspect refers
to activities that are necessary to deliver a product or service but
that do not necessarily add value to the final result, i.e., transporta-
tion, inspection, waiting/inventory. The value aspect refers to
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external and internal client’s needs and the fulfillment of what
clients expect from the process in terms of final quality, timing,
quantity, and fit for purpose (Koskela 2000). In summary, all com-
ponents of a process should be managed to avoid wasteful practices
and to deliver value to the clients. Wasteful practices are those
which increase time and cost and reduce reliability without adding
value to the final outcomes of the processes. One such example is
the incidence in office-related processes of failure demand, which is
defined by Seddon (2008) as “the inability to deliver what the client
expects, generating rework to fulfill the order.”

The method used to analyze a system using lean concepts usu-
ally follows lean thinking principles (Womack and Jones 2003),
which are very much grounded in the work of Juran (1992) and
Deming (1986). First, value is defined from the end user’s perspec-
tive, and what she or he expects from the product or service. Next,
every part of the value stream is analyzed against client require-
ments and unnecessary steps (waste) should be eliminated, while
value-adding steps (usually transformation activities) and support-
ing ones (i.e., inspection, transportation, and movement) should be
made more efficient. However, that does not mean that all steps of
the value stream should be individually efficient, rather all steps
combined should result in an efficient value stream. The analysis
of the value stream tends to result in a chain of processes that flow
without interruption and generate a product or service that better
matches client requirements without using resources that are not
needed during the process. The next step in improving a system
is to work towards responding to client requests only when these
requests are made. The goal is to pull work and resources according
to actual demand, client requests, and up-to-date forecasts, instead
of pushing tasks according to schedules that do not reflect reality
and may result in wasteful practices. Finally, managers and workers
should look for ways to continuously improve the value stream by
constantly evaluating its performance indicators and implementing
changes to avoid inertia.

Mapping Processes to Study the Flow of Work

In their study addressing supplier selection and assessment and the
impact on business performance, Kannan and Tan (2002, p. 17)
found that:

The only supplier assessment factor to correlate positively
with all performance measures, information sharing, is also
considered to be the least important. (...) Equally important
is the fact that despite the realization that information flow
affects a supplier’s business performance, buying firms do
not consider it important to assess the willingness and ability
of suppliers to share information. This may be a result of firms
not knowing how to assess information flow, or not recogniz-
ing its importance.

Juran (1992) suggests that the “anatomy” of processes can be
documented through flow diagrams or maps depicting how they
are organized. Regarding processes that are repetitive, cross-
functional, and cut through multiple divisions of a single organi-
zation or multiple organizations, Juran calls them macroprocesses
(value stream) to differentiate from microprocesses (i.e., processes
developed within a single department or functional unit). Within
these macroprocesses, actions are carried out in a systematic
way to deliver a product or service to the end user. According
to Juran (1992, p. 339), the ideal macroprocess has the following
characteristics: it meets the client needs effectively; it is adaptable
and designed in modules that can be reconfigured to meet changing
demands; it performs required tasks efficiently at minimal cost,
cycle time, and waste; it can be measured at various points of
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the process to provide evidence for control; it is controllable and
repetitively performs with minimal variability in the output; and it
is formalized, described, documented, and approved by those
responsible for the process.

By defining the characteristics of an ideal process, Juran (1992)
emphasizes the need to design macroprocesses and define indica-
tors that can be measured along the way to assure that processes are
performing as planned. The use of mapping tools and indicators
aims to provide transparency to the processes analyzed so that fac-
tors influencing their reliability can be identified. According to
Koskela (1992, 2000), transparency is the ability of a process to
communicate its attributes. An increase in transparency through
the use of value stream mapping and process indicators results in
processes that are directly observable and, consequently, more
controllable as deviations can be quickly identified and corrected.
Transparency renders invisible process attributes visible and ex-
poses problems that consume resources, increase production lead
times, and reduce reliability of processes.

Research Method

The research method addressed the following objectives: (1) mak-
ing the attributes of the submittal and RFI processes visible through
the use of lean thinking; (2) defining which attributes of these proc-
esses should be measured; and (3) identifying types of waste in the
processes and the causes for the incidence of these types of waste.
The study employed case study research on two separate projects
located in Southern California.

Case 1—Understanding the Flow of RFls

The project studied for Case 1 was the construction of a high school
science and technology building led by a GC referred to as Com-
pany X1. The study included the participation of one of the authors
in a construction meeting and interviews with some of the project’s
team members. Company X1 has been in business since 1994 and
specialized in public works projects such as this. The superintend-
ent assigned to this project had over 35 years of field experience
with extensive knowledge in project budgeting and scheduling. The
project used the design-bid-build delivery method.

The scope of this project called for existing buildings to be de-
molished, new buildings to be constructed, upgrades to utilities,
and improvements to the surrounding area in order to comply with
the Americans with Disabilities Act (ADA). At the time of the inter-
views, the existing buildings had already been demolished, and the
foundation and the framework for new buildings were in place. The
construction meeting that was examined for this study took place
on the construction site in a trailer located in the staging area next to
the proposed buildings.

The interview between the coauthor and Company X1 was
scheduled immediately after the weekly construction meeting.
The purpose of this interview was to allow the coauthor the oppor-
tunity to attend the construction meeting first in order to have a
better understanding of the proceedings of the meeting, the project
scope, and the role of each of the project professionals. Fortunately,
the agenda of this particular meeting required the attendance of
Company X1’s vice president; therefore, since he was already
on site he volunteered to attend the interview as well. The purpose
of this interview was to explore the process of RFI submittals;
therefore, the questions asked included matters such as complete-
ness of construction plan sets, timeliness of RFI responses, con-
struction meeting attendance and participation, and management
of scheduling and delays.
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Case 2—Mapping and Measuring Indicators in the
Submittal Process

Company X2 is a GC working in the water and wastewater infra-
structure sector. The company had identified variability within the
submittal process and the top managers believed that this variability
could be associated with the division to which the submittal per-
tained. Through this study, the top managers intended to establish
a pattern for that variability so that different overhead costs could
be allocated to different projects. In Company X2, the submittal
process is managed at the main office by an administrative depart-
ment with different engineers assigned to review submittals from
different projects. This study used data from three construction
projects. The projects were ongoing but the quantitative data were
only collected at one point in time.

For Case 2, a mixed-data collection approach, qualitative and
quantitative, was used (Yin 2009). Company X2 provided cross-
sectional quantitative data (submittal log) and qualitative data col-
lected through interviews. The sources of evidence used for this
study were archival records and interviews with the company’s
project managers and project engineers. Data analysis focused
on review cycle times, approval status, and variability within those
indicators. In an attempt to identify patterns as per the indication of
one of the managers of Company X2, the data collected was
grouped into four categories of data: time data, quality data, nomi-
nal data, and procedural data (definitions provided in Table 1):

* Time data: Fig. 1 shows the time related data available on
Company X2 submittal log (the list of submittals necessary
for a particular project). The log had two types of time variables:
the actual dates and the planned dates. Time variables are shown
in Table 1;

* Quality data: The status of the submittal attributed by Company
X2 is indicated in Tables 1 and 2;

e Nominal data: In Case 2 the nominal data reflected the project to
which the submittal pertained. Company X2 did not collect in-
formation related to the type of document submitted; and

* Procedural data: In this study the procedural data indicated the
division of submittal submitted for approval. In Company X2,

Table 1. Variables Collected at Company X2

Category Variables Definition

When the subcontractor delivered
the submittal to the GC for approval
When the GC started the review
process

When the GC completed the
approval process

When the GC submitted to the
owner for approval

When the GC received the
submittal from the owner

When the GC is required to deliver

Actual time Date received
Review date
Approval date
Date submitted

Date returned

Planned time  Projected submit

date the submittal for approval
Projected approval ~ When the submittal is expected to
date be received by the GC, approved by
the owner
Quality Status Status of the submittal after each

review phase: approved; approved
as noted; revise and resubmit;
revised and closed, and for record

This date represents
the beginning of the
review process

Actual Dates based on
the flow of submittals

Date Review  Approval  Date Review Relgzitse q
Received  Period Date  Submitted | Period Back

GC Owner GC
Y ST TAT T i
i Planned dates set on the Projected ! Projected !
E submittal log based on the Submittal i1 Approval E
! master schedule of the Date " Date !
H construction site work " !
L i [
| ! |
! I i
i GC il Owner .

"

Fig. 1. Submittal process timeline at Company X2

each division had a specific employee responsible for the

submittal. Company X2 did not collect any data concerning

the party responsible for the owner’s approval process.

Company X2 provided mostly quantitative data although a few
interviews were carried out with project managers and engineers to
clarify questions about the data. Additionally, the data provided by
this company did not include information about the planned sub-
mittal process (e.g., planned lead time and cycle times). Finally, no
project-specific information (e.g., delivery methods, specific type
of project, professionals involved, and location) was given about
the projects for which the submittal process was studied.

Case Study Results and Discussion

Once an RFI or submittal is submitted it has to travel through a
sequence of professionals before it reaches the person responsible
for dissolving the constraint and issuing a response. This process
can be very time consuming and can involve miscommunications
or misunderstandings that are sometimes hard to avoid. Case 1 il-
lustrates an example of a chain of events regarding RFIs and shows
the importance of properly managing these documents and having
those involved with the process actively participate in the resolution

Table 2. Status of the Submittals as Defined by Company X2

Variables Definition

Approved (A)
Approved as
noted (AAN)
Revise and
resubmit (RR)

The submittal is approved to be used as is

The submittal is approved with minor changes and
does not need to go through a new cycle of review
The submittal is not ready to go. It is returned to the
party who submitted it for a new cycle of review.
Once the party revises the submittal and addresses the
comments on the submittal a new round of review is
triggered. This loop may continue until all comments
are addressed

Submittal set as revise and resubmit that changed its
status to revise and close once a revision was
delivered

Revise and
close (RC)

Nominal Project Project to which the submittal Not approved The submittal does not need approval, but will be part
pertains of the construction documents

Procedural Division Division to which the submittal New (N) A new line is created to resubmit a submittal that was
pertain RC. A new loop starts
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process. Case 2 showcases an example of how the flow of submit-
tals can be managed using indicators, which gives visibility to the
process and allows decision makers to identify bottlenecks and
areas of concern in the process.

Case 1—Discussion

An example of a communication sequence was revealed in the
weekly construction meeting. In fact, during the construction meet-
ing that preceded the interview, many specific RFIs were discussed;
therefore, the general contractor was encouraged to elaborate on a
few of the more complex situations at the start of the interview.
Although each RFI was unique, there seemed to be a common hin-
drance amongst them: the unpredictability of the RFI cycle time.
That is, once the superintendent had submitted an RFI, there was no
precise way of knowing how long it would take before the response
would be received. There were many cases where this problem
would cause a ripple effect throughout the entire project. For in-
stance, if a subcontractor needs to request information on how to
proceed before the task can be completed and handed over to the
subsequent tradesmen, the superintendent can possibly shift the
schedule around with other trades or time buffers in order to fill in
the down time. However, it could be a greater challenge for the
superintendent to know what to fill the down time with if there is
no way of knowing how long the response will take. Furthermore,
the solution to the problem at hand could require accumulating ad-
ditional materials, which certainly adds even more variables to the
process.

The general contractor commented on the amount of time that
was spent discussing each RFI through various e-mails. It was men-
tioned that, whenever the opportunity arose, the GC would ask the
professionals to physically visit the area of concern in order to get a
better understanding of the issue. Additionally, the participants of
the weekly construction meetings were encouraged to walk the site

according to the RFIs that were listed on the agenda. The consul-
tants were also encouraged to attend the weekly construction meet-
ings whenever possible in order to lend their opinion in their area of
expertise.

There were a few methods that the superintendent would em-
ploy throughout the course of construction in order to decrease
the overall effect that the RFI process could have on the project.
For example, the superintendent would consistently walk the site
in order to examine each of the trades to make sure all of the sup-
plies were adequate and to try to foresee any problems that might
arise during that task or the next. Second, the superintendent would
communicate with the architect of record (AOR) immediately after
acquiring the knowledge that an RFI submittal was necessary;
therefore the AOR would be aware of the situation up front, before
the submittal is made, and would have the chance to ask any per-
tinent questions. Third, the superintendent would encourage an
open line of communication with the AOR and the consultants in
order to increase transparency between the design team and the
construction crews.

Fig. 2 shows an abridged diagram (swim lane diagram) illustrat-
ing the communication sequence between the professionals men-
tioned above. The same diagram can be used to support the
discussion presented in Case 2 about the flow of submittals.

As observed in this study, there were five individuals attending
the construction meetings: the site superintendent, the contracting
firm vice president, the project inspector, the AOR, and the district
construction manager. The vice president (VP) of the contracting
firm did not normally attend the construction meetings; however,
there were a few project constraints that had to be resolved before
they could cause costly delays in the schedule and needed the VP’s
attention. A few other members had been expected to be in atten-
dance but could not make it to this particular meeting. The district
construction manager led the meeting, ensuring that all of the topics
on the agenda were discussed and that everyone had a chance to

GC

Reviews Submits for Receives o
document & roview/ | document & Distributes
Prepares Reviews next document
. response
submission steps
Subcontractor Answered/
Prepares égzrsoggg to X¥es | |mplements
document ’ solutions
No
N
Owner (Rep.) Receives
document & |
Transmits to
architect
L7 y

Architect : Responds to/Approves

iewews/ request made in the

nswers document or requests
requests on additional det:ils to
document - .
issue a decision

Engineers/

Consultants

O

Legend: ——— > Flow of information

Activity

Fig. 2. Abridged representation of the flow of RFIs and submittals on a construction project

Q Collaboration O Decision node
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speak. There were many obstacles that had formed since the start of
construction and there were numerous issues that had yet to be re-
solved such as incorrect materials being delivered and inaccurate
grade elevations.

Most of the topics discussed pertained to previously submitted
RFIs. One of the RFIs on the agenda was concerning a proposed
sewer line that was designed to connect to an existing line; unfortu-
nately the existing line was assumed to be 15.24 cm (6 in.) lower
than its actual physical location. The suggested solution to this
problem was a sewer lift station, which eventually brought on addi-
tional RFIs due to the required electrical line to the emergency shut
off valve behind the building. Unfortunately none of the professio-
nals responsible for resolving the issues of the outstanding RFIs
(structural, mechanical, or civil engineers) were in attendance at
the meeting that day. Had those professionals been present, that
could have improved project communication and possibly reduced
the overall cycle time of the RFI, this is assuming that each pro-
fessional would take their time individually to address the problem
and issue their solutions separately versus a collaborative decision
discussed during the meeting.

As the construction meeting progressed, it was clear that there
was a great deal of missing information and miscommunications
that were causing further delays to project completion. One such
hindrance occurred due to a misunderstanding between an RFI sub-
mitted by the contractor and the response submitted by the struc-
tural engineer. In this particular case, the contractor was asking for
information that was not included in the plans, which is a pretty
standard motive for an RFI submittal. The structural engineer re-
ceived the RFI and responded with the sheet number of where the
information should have been located. The response went back
through the communication sequence in order to get back to the
contractor; however, the plan set that had been submitted for con-
struction was lacking the pertinent information that the structural
engineer was referencing. Therefore, additional e-mails had to be
submitted to establish that the necessary information was never
available to the contractor. This miscommunication caused a huge
setback in the completion of a task that had to be finished before the
next trade could commence work. Unfortunately, this type of sit-
uation is not uncommon and can be very costly.

With each RFI on the agenda, there seemed to be an opportunity
to decrease the amount of waste within the RFI process. Improving
communication amongst the professionals, increasing project trans-
parency, and reducing variables are a few simple steps that could be
applied to any RFI to reduce process cycle time.

Table 3. Time and Quality Indicators

Case 2—Discussion

In Company X2, the submittal process was managed at the main
office by an administrative department with different teams as-
signed to review different divisions. The study was conducted
on three construction projects, and for all these projects, the same
administrative team managed the submittal process. The submittal
process starts once the GC received the submittal that had been
prepared by the subcontractor or supplier. After that, the submittal
process was divided into four steps. First, the subcontractor or sup-
plier would prepare the submittal. Next, the submittal would be sent
to the GC who reviewed it. Then, once approved, the submittal
would be sent to the owner’s representative for review and appro-
val. The study did not include the detailed analysis of the owners’
review process, and the process is represented by a single step in the
analysis (owner’s review). After that the submittal would be sent
back to the GC. Company X2 only provided data for the GC
and the owner’s review loops on three projects and as per CSI di-
vision, which is analogous to the internal breakdown of adminis-
trative teams that elaborate the submittal review. The indicators for
this case study were categorized into two groups: (1) time indica-
tors that include waiting times, cycle times, and lead times; and
(2) quality indicators that include the relative percentage of submit-
tals set as approved, approved as noted, revise and resubmit, re-
Jected, and for approval. Table 3 lists and defines those indicators.

Company X2 gave the research team access to the actual sub-
mittal log (SL) of the three projects. To begin with, time indicators
were analyzed considering the three projects and by each type of
variable: nominal, procedural, and quality. After that, the quality
indicators approved percentage, approved as noted percentage, re-
vise and resubmit percentage, and revised and closed percentage
were calculated. Table 4 presents a summary of the results obtained
for the time indicators. Additionally, Fig. 3 shows the frequency of
processing times for instances when both the GC (GC_CT) and
owner (O_CT) data were available, and their corresponding total
lead time (LT), on all projects analyzed. Fig. 3 reveals that 72%
of these submittals were processed by the GC within four days,
and 95% were processed in less than 30 days, whereas only 11%
of submittals were processed by the owner within four days and
38% in less than 30 days.

Analysis of Table 4 reveals that the WT for all projects corre-
sponds to the majority of the GCs cycle time. Also, this table shows
that the owner’s review cycle time (O_CT) is always much longer
than the GCs review cycle time (GC_CT). The data are skewed and

Category Indicator Meaning
Time GC waiting (GCW) Represents the average time a submittal spent at the GC waiting to
be reviewed
GC review time (GCR) Represents the average time a submittal spent at the GC being
reviewed
GC distribution cycle time (GCD) Represents the average time a submittal spent at the GC before being
delivered to the subcontractors
GC review cycle time GC_CT = (GCW + GCR + GCD) Represents the average time a submittal spent at the GC for approval
WT — % waiting time WT = (GCW + GCD)/(GC_CT) x 100 Percentage of waiting time at the GC_CT
RT — % review time WT = (GCR)/(GC_CT) x 100 Percentage of review time in the GC_CT
O’s review cycle time (O_CT) Represents the average time a submittal spent at the owner
representative for approval
Lead time (LT) LT = GC_CT + O_CT Represents the average time a submittal spent at the GC and at the
owner for approval and delivery
Quality Approval percentage Represents the percentage of submittals that were approved,
approved as noted, revise and resubmit, rejected, and for record
© ASCE 05016004-6 J. Prof. Issues Eng. Educ. Pract.
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Table 4. Submittal Process by Project: Actual Cycle Times and Lead Times

Project Parameter GCW (days) GCR (days) GCD (days) GC_CT (days) RT (%) WT (%) O_CT (days) LT (days)
All projects Average 24 1.7 1.7 5.8 29 71 223 27.8
Mode 0 0 0 0 — — 7 30
Project 1 Average 2.8 1.1 2.0 4.8 19 81 16.2 21.7
Mode 0 0 0 0 — — 14 9
Project 2 Average 1.9 2.2 1.5 5.6 39 61 26.3 31.8
Mode 0 0 0 0 — — 3 3
Project 3 Average 2.2 2.1 1.3 5.6 38 62 26.6 322
Mode 0 0 0 0 — — 28 30
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Fig. 3. Owner and general contractor processing time frequency

presents long right tails (long cycle times), with modes smaller than
the medians, and medians smaller than averages.

Table 5 presents a summary of the results obtained for the
time indicators by division. The results show that, on average,
the GC_CT is longer for Division 07—Thermal and Moisture
Protection (13.1 days) and Division 09—Finishes (14.2 days),
but a great part of the GC_CT for those divisions corresponds
to waiting times (79 and 64%, respectively). Additionally, Divi-
sions 09 and 13—Special Construction—were the divisions with
longer GCR (5.1 and 6.3 days, respectively). It is also worth noting
that Division 05—Metals has a long GC_CT (10 days) due to the
contribution of a long waiting time, which comprised 96% of the
average GC_CT, and only Division 13 had the average WT con-
tribution below 50%.

Table 6 presents a summary of the results obtained for the time
indicators by status. Submittals A are the ones that have lower LT,
and the LT increases as the submittals are set as approved as noted
(AAN), revise and close (RC), and revise and resubmit (RR) be-
cause of the additional reviews and rework needed before approval.
In addition, the study revealed a great deal of variability in the lead
time of the process, mainly associated with the variability of the
owner cycle time. In addition, the submittal process had different
cycle times and lead times for different divisions and approval sta-
tus. For example, submittals approved as noted took on average six
more days to be returned to the GC than submittals approved; sub-
mittals revise and resubmit and revised and closed took on average
17 more days to be returned to the GC than submittals approved.

Also, the vast majority of submittals after the owner review were
AAN (45%) followed by the submittals RR and RC (35%). Only
19% of the submittals were approved, displaying a low first yield
pass. This highlights the amount of existing rework necessary to
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turn submittals into accepted documents for procurement and con-

struction activities to proceed.

Table 7 shows the relationship between the status of the submit-
tal, its meaning, and what it represents in terms of demand. The
data analyzed shows that 36% of the submittals involved waste
or failure demand. The demands presented in Table 7 were defined
based on Seddon’s (2008, p. 32): “Value demand is demand ‘we
want’, demand that the service is there to provide for (. ..) Failure
demand is demand caused by a failure to do something or do
something right for the customer.” Along the same lines, the au-
thors derived value enabling demand to refer to the demand for
activities that enable or support value generation but are not
generating value by themselves. According to Seddon (2008,
p. 52, 40), “(a)ny service that doesn’t work very well attracts high
levels of failure demand.” This is one of the reasons why “understand-
ing both value and failure demands provides us with the knowledge
needed to design a service that gives customers what they want.”

Moreover, this study has highlighted two types of waste in the
submittal process:

*  Work-in-progress, which was high due to the large periods of
waiting time. It can be defined as the time that the submittal
stays with the GC waiting to be reviewed and waiting to be dis-
tributed to the owner; and

* Failure demand, which was also quite high due to the high per-
centage of submittals that were revise and resubmit and revised
and closed. This means that submittals had to be revised and
resubmitted for review before they were considered acceptable,
generating additional demand for the system to process these
documents.

Value enabling is reflected by 45% of the submittals set as ap-
proved as noted, meaning that some sort of additional work had to
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Table 5. Submittal Process by Division: Actual Cycle Times and Lead Times

Division Parameter GCW (1) GCR (2) GCD 3) GC_CT (D+(2)+(3) RT (%) WT (%) O_CT4) LT (1)+(2)+3)+4)
01—General Average 0.0 0.4 1.6 2.0 20 80 19.9 21.3
requirements Mode 0 0 0 1 — — 8 31

Median 0 0 0 1 — — 12.5 14
02—Site work Average 1.8 1.6 2.5 59 27 73 21.3 27.1

Mode 0 0 0 1 — — 2 9

Median 0 0 0 3 — — 12.5 20.5
03—Concrete Average 1.6 1.0 1.2 3.8 26 74 18.1 21.6

Mode 0 0 0 0 — — 7 21

Median 1 0 0 2 — — 15 20
05—Metals Average 4.9 0.4 4.7 10.0 4 96 19.7 29.5

Mode 0 0 0 4 — — 31 14

Median 3 0 1 7 — — 23 27
07—Thermal and Average 8.9 2.8 1.4 13.1 21 79 29.3 423
moisture protection Mode 0 0 0 26 — — 21 —

Median 2 0 0 9.5 — — 24.5 46
09—Finishes Average 7.7 5.1 1.4 14.2 36 64 18.1 31.7

Mode 0 0 0 1 — — 7 52

Median 1 0 0 8.5 — — 16 32
11—Equipment Average 2.4 2.3 0.9 5.6 41 59 26.9 324

Mode 3 0 0 4 — — 34 33

Median 1 0.5 0.5 4 — — 28.5 335
13—Special Average 1.2 6.3 0.9 8.4 75 25 26.1 34.6
construction Mode 0 0 1 3 — — — —

Median 1 1 1 7 — — 33 35
15—Mechanical Average 2.0 1.5 1.7 5.1 29 71 253 30.2

Mode 0 0 0 2 — — 14 30

Median 0 0 0 2 — — 22 27
16—Electrical Average 29 1.9 0.9 5.7 33 67 17.9 23.6

Mode 0 0 0 0 — — 16 21

Median 0 0 0 5 — — 16 21
Table 6. Submittal Process by Status: Actual Cycle Times and Lead Times
Status of submittal Parameter GCW GCR GCD GC_CT RT (%) WT (%) O_CT LT
Approved (A) Average 1.5 1.1 1.6 4.0 28 72 14.8 18.8

Median 0 0 1 2 — — 10 12
Approved as noted (AN) Average 1.6 1.1 1.6 4.2 26 74 20.9 25.1
Median 0 0 0 2 — — 18 23

Revised close (RC) + revised Average 3.6 3.0 1.8 8.2 36 64 28.2 36.4
and resubmit (RR) Median 1 1 0 4 — — 26 35

be done or comments had to be added to approve the submittal. To a
certain extent, it can be said that the team could make minor
changes or considerations that did not require additional rounds
of review for the submittals to be accepted. Within the submittals
analyzed, 19% of submittals were approved without any need for
additional work, meaning that only about a fifth of all submittals
could be approved in the first pass. In general, these numbers give
an order of magnitude of how much can be improved in this pro-
cess, given that about 80% of the project submittals can undergo

Table 7. Submittal Process by Type of Demand

some sort of improvement to improve the first pass yield rate and
reduce the need for additional work to get submittals in shape for
construction teams and suppliers.

Conclusions and Future Research

This study used case study research to investigate the flow of the
management of office processes related to submittals and RFIs. It
also assessed the impact of waste on the projects investigated. Re-
sults from Case 1 revealed communication issues among different
parties in a project and the ensuing consequences that resulted from
that, especially the waste embedded in the RFI process. The general

Demand Status % contractor bears the risks of dealing with defective submittals, as a
Value demand (value added) Approved 19 consequence, highly skilled and trained professionals are dedicated
Value enabling demand Approved as noted 45 to managing the submittal process and working with subcontractors
(contributory) to assure compliance and responsiveness.
Failure demand (waste) Revised and resubmit + revised 35 Despite all the work that goes into preparing and reviewing sub-
and closed mittals, more than a third of the submittals in Case 2 needed rework
Not approved 1 . . . .
causing waste of time and resources to happen in multiple stages of
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the process. Indicators collected in Case 2 rendered the submittal
process’ attributes visible and provided transparency to the flow of
activities performed by different entities along the review process.
Value added documents in Case 2 were represented by the flow of
submittals that were done right the first time and did not generate
any additional work during the process for those involved, whereas
contributory work was singled out as the submittals that could be
approved as noted (meaning that an additional step would be taken
to deem the submittal acceptable). Finally, the waste generated by
submittals needing review gave rise to failure demand, meaning
that those involved with the process had to rework the submittals
and take additional time and resources out of their busy routines to
address shortcomings.

Although the GC cycle time (GC_CT) is much less that the
owner cycle time (O_CT), there is room for improvement on both
ends, as illustrated by Case 2 (Tables 5 and 6). On the GC’s end,
the cycle time can be reduced by reducing the GC waiting and dis-
tribution times (GCW and GCD respectively), which can be done
using electronic and synchronous systems that alert participants to
the urgency in reviewing and distributing documents when they are
ready. O_CT can also be reduced; however, further study is re-
quired to analyze steps within the owner’s organization and to mea-
sure owner’s waiting times (OW), distribution times (OD), and
review times (OR). Case 2 does not include an analysis of these
indicators because data were only available from the GC’s end,
and this is a limitation of this study but also an opportunity for
future research. Since O_CT constitutes the majority of lead time,
further investigation is required to find out the make-up and timing
of steps contributing to the owner’s cycle time. Potential causes for
the long O_CT might be related to the designer’s and consultant’s
commitment to issuing timely decisions about the submittals, how
these professionals are remunerated for this (additional) work, and
the type document management system used to keep track of these
documents.

In summary, the method used to analyze the cases, the develop-
ment of indicators, and their analysis using lean concepts represent
a contribution to the body of knowledge related to the study of of-
fice processes. The method used in this study rendered important
attributes of the processes studied visible so that they could be
properly analyzed and improved. This new method not only adds
to the current body of knowledge but also lays the foundation for
future studies on submittals and RFI processes. The results pre-
sented are limited to the two cases discussed and their intrinsic
characteristics; additional cases would be needed to replicate the
study so that broader conclusions about the submittals and RFI
processes could be generalized. However, the authors’ experience
and anecdotal evidence collected when these cases are shared with
others indicate that there is much room for improvement in the sub-
mittal and RFI processes.

Practical Implications

Documents used in any engineering project should be managed in a
fashion similar to production systems that deliver goods, that is, the
system that delivers them should be evaluated and managed based
on facts and numbers. Construction documents like RFIs and sub-
mittals directly affect production on site and the workflow of those
involved with processing them. Failure demand due to poor con-
sideration of specific characteristics and constraints related differ-
ent types of documents and their needs impact the lead times to
issue responses that allow production crews to continue to work.

The methods presented herein and used to gather data about
RFIs and submittals represent potential ways to render invisible
attributes of the management of construction contract documents
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visible. The use of swim lane diagrams and indicators are a first
step in understanding which steps and entities might hinder the
flow of documents in a construction project. It is recommended that
process attributes are made transparent to those involved before at-
tempts are made to automate these processes with the latest soft-
ware available in the market. While the use of electronic and
synchronous systems is recommended, care should be exercised
to avoid automation of wasteful practices identified in this study.
Managers should ask if the use of electronic document systems
would indeed remove waste from their processes or just automate
them.

Finally, the indicators discussed in this paper could form the
basis of performance tracking systems that could be added to
existing or new software and systems to manage construction docu-
ments. In addition to those, the system could link submittals and
RFIs to schedule items and other construction documents (i.e., ac-
tual or potential change orders, architect supplemental information,
plans and specifications, meeting minutes, look ahead schedules,
and weekly work plans). This could give managers a more com-
prehensive view of the impact the management of submittals and
RFIs have on their projects. Moreover, the system could highlight
to responsible parties which documents need immediate attention
or are overdue, and even send alerting e-mails to those involved
with the review process for action indicating how critical the docu-
ments have become.

Suggestions for Future Research

Understanding how office-related processes work, identifying fac-
tors that impact their reliability, and understanding how they impact
field tasks will be important not only to the AEC industry but to
other disciplines in Engineering, which use similar practices to
complete projects. Suggestions for future studies to explore the
topic include the following:

» Identifying factors that contribute to the reliability of document
management processes and how they impact field tasks;

* Investigating review, waiting, and distribution times on the
owner’s end;

e Investigating whether projects employ alternative delivery
methods that perform differently from those using more tradi-
tional approaches when it comes to document management and
distribution;

* Assessing the use of BIM and VDC in changing the way
documents circulate among project participants; and

» Replicating the study presented in projects with different deliv-
ery methods to obtain more generalizable conclusions.
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