Constructibility by Design

December 7th, 2016
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Constructibility is actually not an English (US) word. It was
necessary to “borrow” the work from English (UK)
The subject matter of this presentation is an evolution, forced by
economic times, labor pool and career paths.
The evolution has not been headed down a red carpeted path.
The symptoms are alienation of the engineering forces from the
operations and construction forces. This presentation has been
created in an attempt to point out some of the shortfalls.

Your speakers today:
Bill Andrews, City of Sandy Springs/AECOM
Tom Sever, Gwinnett County Traffic Operations

Today's History Lesson
Who am I?

Kelly Johnson, Lockheed Aircraft Engineer

●

●

Kelly Johnson. Chief of Skunk Works design from 1958 to 1975.
Was active with the company for 50 years, either as an employee,
or in later years as a consultant. He was responsible for such
planes as the Constellation, U2 and SR71.
But his career accomplishments are not the reason he was
chosen as today's history lesson..

Kelly Johnson championed the practice of integrating the
Engineering Department and the shop floor. Program
success depended on cooperation between the trades.

Kelly Johnson championed the practice of integrating the
Engineering Department and the shop. Program success
depended on cooperation between the trades.
This element has been fading from our industry for years, but has
seen a rapid decline in the past 10. (largely due to the recession
and reduction in staff levels at state and local municipalities)
Imagine if you, a designer, corridor manager or administrator could
step out of the office door into the crew assembly room and share
construction/maintenance experiences and develop solutions that
enhanced public and labor force safety?

What are we doing?:
Designing ITS Devices.
General Notes

Phasing Diagrams
Intersection Schematics
Call outs
Specifications
List of Materials / Pay Items

What are we doing? Good question and let's summarize things as
we step through the list:
●

●

Building ITS Devices – this can be anything from a simple data
logger attached to a pole or a toll collection gantry tower along a
section of managed lanes. Our purpose today, is traffic signals
and devices that call a traffic cabinet home. The class will focus
on elements that lead to the construction and ultimate
functionality of the project, or it's constructibility. (English UK)
The process has basic elements such as:
General Notes
Phasing Diagrams
Intersection schematics
Call outs
Specifications
List of Materials / Pay Items
●
●
●
●
●
●

There are other critical factors to consider. The local
intersection environment and the presence of others
will always complicate matters. Some more so than
others. The northern arc of the metro area is
covered with gas and petroleum pipelines.
Placement of any structures within their respective
Rights-of-Way has become restrictive or in most
cases, prohibitive.

Let us begin the journey....
Will your firm be part of a larger project? (a DRI or similar)
Time critical
●

●

Resource availability

Or a member of a Design / Build project? (Typically GDOT)
●

Typically the same circumstances

●

Time Critical

●

Resource hog

So let us begin the journey... You will be developing plans,
concurrently, as part of a Design / Build project or in partnership
with a land developer. Experience to date with Design / Build
projects are time critical delivery, and the signal contractor is
providing quotations during the same time frame. This practice has
lead to challenges with project costing as the process develops.
Land development processes are likewise time restrictive, but the
plan development process typically passes from design stage to
the bidding process once the plans are completed and approved
by the local agency.
In either case, time is of essence, so let the data collection begin..

Reliable, readily accessible data is a must. Most of us reach into
that back pocket or belt holster and whip out the 'Droid or iPhone.
This research methodology is great for a quick look at existing
alignments, it doesn't bring all the vertical features into the picture.
A site visit is a value added trip at this point.

And assemble an estimate (RFQ) or
quotation (Developer or Design Build)
based on the scope.

●

Anyone called the local agency / operator?

All the preliminary investigation has been done, the Scope of
Services read and you're ready to assemble a proposal or
quotation. Routinely, if a local operator is involved, the agency has
not been contacted at this point. This can lead to shortfalls in
preliminary project estimates.
Typically, quotations have been prepared and a team has been
selected at this point. Any changes in scope or materials from
here forward can result in funds being shifted to cover budgetary
shortfalls. This usually leads to a degraded deliverable.

Your team is selected. It's a land developer project with a
compressed time line due to building occupancy agreements with
the anchor tenant. Immediate resources are scarce. First priority,
regardless of the agency involved, arrange a meeting, onsite, to
review existing conditions and begin identification of potential
conflicts with surrounding utilities.
Pay attention to Right-of-Way markers or property pins, as land
boundaries are routinely in error land management systems. Allow
for a survey contingency in the proposal. It could save a lot of
frustration later, when time is short and so is everybody's patience.
Additionally, point out obvious challenges that will likely lead to
changes in design or hardware.

At this point there are usually delays
associated with grading plan
development and LDP approvals.
Open a line of communication with the local Operator

Arrange count and local pattern data in advance

This period is a great time to open a line of discussion with the local
agency or GDOT, if applicable. Agency preferences can be
discussed and local design methodology explained to enable the
contracted firm to proceed with the traffic signal and / or ITS with
minimal delay with respect to the learning curve. Hardware, poles,
signals and associated components, will vary from a typical State
DOT, primarily due to aesthetics, but control and vehicle detection
technologies will vary, also.

Client Kick Off
●

Meet with the responsible parties.

●

Collect and discuss in detail the clients specifications.

●

Review the site during kickoff.

●

Observe and comment on any potential conflicts.

It's time for the kick off meeting, which includes the developer and
their entourage of subcontractors, of which you are one. Verify the
system operator will have the proper representation at the
meeting. Technical discussions with Department Managers do not
necessarily produce the desired results. If specific questions have
arisen during the preliminaries, request the proper parties be
available to assist.
Review the data collected from the site and confirm known
conditions and inflexible design requirements.

Responsible parties should include Operations & Maintenance
personnel. These would be the technically oriented, the propeller
heads and the gear heads.

Collect and discuss in necessary
detail the clients specifications
Review material requirements that will be unique
to the client. There are numerous local
municipalities with specs that differ from GDOT

Meetings should be on the calendar at this point, and material
specifications beginning to surface.

Request a design locate from UPC as time permits. These request
have a 10 day lead time, and the design firm will need to stake the
site with preliminary structure locations. USIC offers solutions for
small and large projects. Large projects involve marking in
sections.

Exchange comments with the local
operator when an obvious challenge
appears
●

There will be many hurdles to clear and hoops to jump through, but
occasionally, there is the “big one”!

During the site review, point out obvious challenges that are visible.
There will be ample opportunities for other conflicts as the utilities
are horizontally located and then vertically day lighted.
Roadway alignments vs signal design expectations may not
cohabitate.
Some utilities are easier to deal with than others. Some utilities are
easier to identify than others. And yet others will fess up to
ownership of an unknown easier than others.

Will the proposed signal design fit the space available? 2 lane roads
and mast arms with 3 signal head, and Internally Illuminated Street
Name Sign and a FYA supplementary sign suffer from lateral arm
space. All these items can be made to hang neatly, but
rearrangement from the standard format may be required.
By the way, overhead street name signs with 11” upper case, 8”
lower case letters are huge, and when trying to save space on an
18” sign blade, the lower case tails extend off the bottom of the
sign.
Typically, this letter size requires a 24” sign blank to maintain proper
font stroke and kerning. This guarantees the sign will most likely
need to be mounted between the pole shaft and the first signal
head, space permitting.

Right-of-Way can be challenging, especially in the metro area. Many
of the older established have Right-of-Way deficiencies that have
existed for years and were never corrected. R / W information is
further complicated by poor electronic files that were converted
and did not close. It is a wise practice to place a contingency for
survey as required.

There are numerous utility conflicts (in most cases) that will need to
be identified. The usual and customary cast of characters are
electrical, water, sewer, natural gas, telephone and cable TV.
There are several newcomers joining the mix, such as Google.
Once the design requirements have been established, a “path of
least resistance” must be charted.

If by chance, any of the utility conflicts are pictured above, the project
will encounter serious challenges for space, as these fellas
typically reside in a dedicated Right-of-Way or permanent
easement and do not tolerate encroachment.
Contact the utility operators directly and review respective policies
and consider alternate design.

There are several classes of electrical distribution systems that will
be encountered. GTC or Georgia Transmission Company is the
transmission unit of Georgia Power. They operate the
transmission and sub-transmission systems as pictured. Subtransmission systems of this type typically supply electrical energy
to substations and frequently are adjacent public Rights-of-Way.
While these poles can be relocated, it is costly and should be
avoided unless there are no other means available to accomplish
the task at hand.

As shown, sub-transmission lines are used in conjunction with the
customer distribution system. Even with the excess height, the
distribution lines have to follow clearance standards, so the
communications space on the pole is about the same as a timber
or concrete structure.

These are common types of attachments experienced daily in our
trade. Pictured are customer distribution lines, or feeders as they
are called in the electrical biz. These lines operate at 7200 VA or
14.4 VA, depending on the system. (such as GPC, Cobb EMC,
Marietta Power) Traffic Signal and ITS devices will share space
on these pole lines. There are spacing requirements that need to
be followed and are available in GDOT Standard Detail drawings.

This is a example of underground electrical distribution. The left pic
shows a junction vault and lid The electrical cables are enclosed
in an 8' x 8' vault. Most of the switching and transformer
apparatus will be mounted above ground in a suburban
environment. The primary will typically be placed into 4” duct,
either HDPE or PVC. The right pic shows a local traffic control
cabinet sitting adjacent the lid, and most likely on top of the vault.

Natural gas pipelines are defined as a hazardous pipelines, and for a
good reason. If shaken or stirred they can ruin your day. Gas
lines are exclusively buried or suspended under elevated
structures, the most common being bridges. As with electrical,
there are several classes, or layers of distribution.

There are two basic types of lines in the metro area. Steel and
HDPE are used in differing layers of the distribution chain. HDPE
is the “last mile” link, used almost exclusively to connect from a
pressure reducing station to the customer premise. Steel is used
in higher levels of transmission and typically link bulk storage or
production facilities. Pictured in this slide is a pressure reducing
station adjacent a cross country high pressure steel line sharing
Right-of-Way space in a Georgia Transmission Company property.

Steam Lines
●

Typically steel lines

●

Located downtown in the Capital/Grady Hospital area.

Pictured is the chimney of the Georgia Power Steam Generating
Plant in downtown Atlanta, near the capital building. (in the
background) All Georgia Power gas or coal-fired facilities
generate steam, but this plant distributes the steam for building
heat, hot water and other functions. This pipeline can be
hazardous, also. If working a project in this area, be mindful of the
respondents on the UPC ticket. The Customers serviced by this
line include the State of Georgia and Grady Hospital.
(FYI) In the foreground are the microwave antennas from the top of
the building known as “51 Ivy Street”, which is now Peachtree
Center Avenue. This was a Bell System long distance switching
facility, and at one time, all the long distance calls to and from the
Atlanta area passed through the building.

Staple utility at every signal project. If a traffic signal or ITS device is
in order, a water line was there first. On the distribution side, most
lines in the metro area are ductile iron pipe. They can withstand
some prodding and poking, but have a limit. Pictured are 12”
ductile iron pipes being installed on a line rehabilitation project.
The right is a commercial building meter and vault.

There are a number of tell-tale signs of water line location. The left
pic shows a hydrant and a valve in the street. The valve is
typically, but not always, located at the main. The center pic
illustrated the same valve to the hydrant, and an in-line valve just
above. That's a pretty good indicator of the main's location. The
right pic is a vault, or meter with bypass. The lines typically enter
these structures from street side.

The telecoms are numerous. They consist of AT&T, Comcast, Level
3, Tower Cloud, Crown Castle, Zayo, Verizon, (MCI) and the list
just keeps on going. And BTW, the category includes traffic signal
ITS communications. But wait, I forgot to mention Google! Most
of your headaches with utility identification will originate, and end,
with this set of dogs. Most datacoms do not have maintenance
personnel in-house. Engineering staff is limited, but available if
you have the correct contact numbers. One problem is change of
ownership through the years, and the cable ID tags were not
upgraded to reflect the new owners.

Witness posts are common across the country. They are normally
placed either directly over the buried structure, as in high pressure
cross country natural gas lines and petroleum lines, or in close
poximity to the utility.
They normally have contact information on the post or sign.
A word of caution, the info could be out of date. A little research may
be needed to resolve the current operator.

Pole line staking is the mapping and logging of a utility structure
location in horizontal space, and the logging of attachments in the
vertical space.
Most pole staking at the telecommunications level involves the
attachments in the comm space of the pole.
The typical allotted telecommunications space is 4'. That has been
changing in the metro area over the years.
The most common device used to stake poles is a sectional
measuring pole. Lasers are available, but are usually out of the
market price range vs device utilization.

Pole Line Staking
●

A commom technique for data collection is use of a telescopic pole

There are a few good sectional extension poles available. The
author only recommends a dielectrically rated device. The
industry standard is in the 60 KV range.
Traffic industry needs only require about a 40' stick, maximum.
Poles larger are difficult to manage when fully extended.
The author has used, and recommend Hastings measuring poles.
There are several sizes available.
Pricing is in the $550ish range.

●

●

The essential facts have been collected and it is time to move
into the plan development stage. A quick double check of the
scope and a working knowledge of the clients and maintaining
agency requirements specs and the ideas begin transforming into
reality.
Many agencies follow the GDOT PDP and Traffic Signal Design
Guidelines, therefore plan assembly is typically standardized.
That said, seek to know if there are differences. Let us move into
the opening page in the signal section, the General Notes.

●

●

●

The General Notes page is the first sheet the client and / or the
reviewer will see. It is also the first plan sheet the contractor will
come to when looking over plans to put a bid together.
Neat columns and consistent font attributes are a must. This sheet
is subject to “cut and paste” practices, which is a recipe for errors.
Automated drafting has made “blocks” or templates simple, but
this simplicity requires that the notes be QC'd prior to agency
review. The same information, relevant to the current project or
not, is pasted into documents with differing specs, contact
numbers, facility locations and managing personnel.
Most agencies begin the review on the General Notes sheet.
Typically, it's not a good sign of things to come when the sheet has
numerous spelling errors and information is not consistent with the
maintaining agency or client.

●

●

●

●

Next are the signal plan sheets. These plans will receive a
detailed review. Some reviewers will focus on compliance with
current GDOT standards and / or agency requirements. That
should be considered as a starting point for the review. The goal
of the signal plan should not just be to get a GDOT signal permit.
In additional to standards compliance, a signal plan needs to be
biddable and buildable. Biddable means there is sufficient
information for a signal contractor to provide a competitive bid,
meaning the can make a profit while the agency gets an
acceptable signal installation. Buildable means that the equipment
and cables can be installed in the field as close to the plans as is
feasible.
In fairness, it requires both the designer and reviewer to be
focused on providing plans that are biddable and buildable.
Now, how do we go about achieving that?

●

●

The first items reviewed are typically the phasing configurations
and how it is applied to the local intersection. Inconsistencies here
can lead to “Fatal Errors” on the plan set. In this case, a Fatal
Error is defined as a configuration that if constructed in the manner
illustrated, will lead to undesirable results.
Beware of changes in sequencing when pasting template Phasing
Diagrams from the Design Guidelines. Some agencies are seeing
and increase in this vital section of the plan.

●

●

Moving to the signal construction details on the plan sheet, an
inconsistency has been noted by the plan reviewer
It was discovered that the Phasing configuration did not match 3
other intersections oriented in the same fashion. While there are
no errors in the setup as shown, it does not match the surrounding
intersections, which can lead to Operations errors down the road.

Assemble the Plans
How should the dual
right overlap be
controlled when the
ped phase is
actuated?

• One last item with phasing. Here is a proposed dual right turn movement. It
can not be free flow or yield controlled, so it has to be an overlap. There is a
potential conflict with the pedestrian movement that needs to be addressed.
• A ped phase will have to be included for crossing the dual right turn. How
should the phasing be structured to provide efficient operation of the right turn
movement and safe passage for pedestrians?
• By the way, this situation is not addressed in the Traffic Signal Design
Guidelines. Keep in mind, those are guidelines and engineering judgement is
going to have to be used on

40

Assemble the Plans
Know the
capabilities of
equipment – can
radar be use in
this way?

• Carefully consider the equipment that is proposed. Here, 1 radar presence
detection unit is proposed for all stop bar detection.
• Are there products that can do that?
• Is an agency willing to be locked into 1 manufacturer?
• Always be careful when developing plans around 1 product unless the specs
will be very tight.
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Call-outs are another frequently cut and pasted item which always
create a host of opportunities for “unforced” errors
The most common noticed is the cabinet call-out. Some agencies
50% of reviews find a set of hardware requirements in the callout,
which do not match the same items in the List of Materials.
Many of these errors can be avoided with an established QA/QC
procedure. Arrange time with a colleague and have another set of
eyes review the specs and technical requirements prior to
releasing a sheet. Luckily, people will notice!
Unluckily, these types of mistakes will influence a reviewer's
opinion of a designer and their employer.

●

●

●

●

●
●

Another cut and paste error are the conduits. Most mast arm
projects have Ped movements and FYA heads, plus the usual and
customary loop lead-ins, Ped pushbutton lead-ins, some include
Internally Illuminated Street Name signs, the list goes on.
Additionally, some agencies prefer to keep the high voltage
separated from the low cables. Such as the conductors going to
signal heads with 120 volts are separated from loop lead-in cables
with much lower voltages.
3, 2” conduits rarely have sufficient capacity to house the wiring
requirements of a large intersection project.
Agencies have addressed capacity problems by increasing the
number and / or size of ducts between the cabinet and the home
run hand hole, and the size and / or number of conduits between
the home hand hole and the home run ducts crossing under the
roadway.
The same is also true for span wire signals.
There are scores of tables that provide cable size (diameter) with
regard to the number of conductors jacketed, and then the number
of cables that can be pulled into a specific size duct. IMSA cable
specifications typically list the outside diameter of the various
cables under their umbrella. This can be plugged into a conduit
space formula and the number and / or size of ducts can be
computed. Always allow vacant space for additions after the initial
installation.

●

Another area of frequent errors; the List of Materials and Pay
Items. Cut and paste is no stranger here, and the most common
slips are:
Not removing “standard” items from the list when other
materials are added. This creates confusion with the contractor
and the material vendor when quotations have to be
assembled.
Not matching items from the call-outs on the plan sheet to
items in the list.
Cut and paste quantities not revised to match the plan
quantities.
Listing material in the List of Materials Lump Sum tally and the
same item in the Pay Items.
●

●

●

●

●
●

●

●

Last but not least are the ITS or Communication plan sheets.
An area that frequently arises is inattention to existing
infranstructure conditions, including active fiber optic systems.
Most local agencies can provide basic information on cable routes,
splices and locations serviced. If this information is not readily
available, the site can be walked and hand holes opened to
identify the access points, maintenance coils and splices.
Opening a splice closure will reveal the active fiber pair. Relay
your intentions to the maintaining agency prior to a field
investigation.

●
●

Fiber allocation tables can be difficult to follow..
In this example, the paths are represented graphically, making this
a convenient visual reference that can be scaled to suit the
circumstance. Errors do arise when connecting to existing
systems, but due to the nature of project, communication
challenges get corrected quickly.

Discussion..

Thanks for attending.

