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Abstract 

 

 Is LED use in Traffic signals viable in the Texas Department of 

Transportation, Houston District? 

 

 

 

 

Ugonna Uzodinma Ughanze, MSE 

The University of Texas at Austin, August 2012 

 

Supervisor:  Kyle Lewis 

 

Abstract: Light Emitting Diode (LED) is used in traffic signals and highway 

illumination in the Texas Department of Transportation, Houston District (TxDOT). The 

thesis focuses on the cost of maintenance of the LED for signals on the highway system 

in the Houston District. This LED cost includes human and capital resources which are 

compared against the cost associated with the incandescent bulb used in traffic signals at 

a similar location in Houston. The analysis leads to actionable decisions to see if total 

migration of the LED is advisable or not, amidst budgetary constraints and the benefits 

thereof. 
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CHAPTER 1 

1.0:  Introduction 

The LED is a semi-conductor light source. The practical use of its electroluminescence 

was discovered in 1962 by Nick Holonyak (1).  Over the years LED applications have 

increased to include the medical field, entertainment industries, household appliances, 

traffic signals, and illumination to mention a few. 

The thesis will focus on the LED visible spectrum (White, Red, Yellow and 

Green) light used in the traffic signals in the Texas Department of Transportation, 

Houston District (TxDOT). A comparison will be made to the existing light types 

(incandescent) used in signals to determine the better option with a view to reducing 

maintenance operating costs. 

 Incandescent bulbs have been around for over a hundred years. The infrastructure 

has been in place for years now. It appears that other newer light sources are leveraging 

the incandescent technology infrastructure existing as a plat form for their new 

technologies. 

1.1 TXDOT ENVIRONMENT AND PROBLEM FOUND 

 
The TxDOT Houston Signals section is a 24 hour operation, covering 6 counties of 5,946 

Square-miles, with about 1200 signals and 1000 roadway illumination. 20 signal 

technicians maintain the signals and roadway illumination. Due to the sheer volume of 

signals and roadway illumination coupled with the size of the region, the technicians 

work extra hours to keep up with maintenance to ensure public safety and minimize tort 
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liabilities. The technicians extra hours though necessary, increases the overtime cost 

amidst operational budget constraints. Hence, the need to investigate avenues to reduce 

operational costs while achieving desired safety goals for the traveling public.  

Other avenues pertinent to the thesis topic for cost reduction will be lane closure costs to 

change out bulbs, bulb costs, and vehicle rental rates. 

In the year 2002, TxDOT Houston district migrated to LED use in traffic signals. 

This was achieved through a maintenance contract administered from the TxDOT Traffic 

Division Headquarters in Austin, as part of an energy saving initiative.  The TxDOT 

Division Headquarters in Austin acts as the lead for new technology adoption. They 

perform necessary tests and streamline how the various Districts such as Houston will 

adopt new technology. Sometimes the Districts are called to initiate pilot programs for 

the field testing of technology. The new technology is monitored, approved or discarded 

as the case may be. For approved technology, a new specification from Austin is written 

to encompass the what, how and where the technology made be used.  

In July 2011, TxDOT Houston district started a pilot project to test LED for use in 

highway illumination (street lighting). The Pilot project is on SH288 on the southern part 

of the district. Understandably, these initiatives for cost saving may have value but the 

real value (cost savings) to TxDOT Houston is yet to be analyzed and documented. To 

that end, this thesis topic hopes to do just that. 
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1.2 LED TECHNOLOGY ADOPTION PROCESS 

 
According to Geoffrey A, Moore, in his book “crossing the Chasm”, marketers of 

technology should be aware that there are 6 different types of adopters, each with their 

own unique characteristics in technology adoption (2). These adopters are categorized as 

visionaries, innovators, early adopters, early majority, late majority and the laggards. In 

between the early adopters and the early majority lies the chasm (2). The visionaries  and 

innovators as their names suggests tend towards being the first to own or use technology 

although all the bugs may have not been worked out. Generally, these first group of 

adoptors are in the minority but help get people aware of new technology (2)(3). 

  According to Geoffrey A Moore, where the money is for marketing companies is 

in the early and late majority groups (main stream). The early majority though pragmatic 

are viewed by the late majority who are conservative, as the leading group to follow 

during technology adoption(2)(3)(4).  

 

TxDOT being a governmental agency is generally cautious therefore; adopting 

technology may sometimes be slow. However, depending on what technology it is to be 

adopted and the potential benefits to the traveling public, TxDOT sometimes expedites 

the adoption process by the use of test cases. Consequently, TxDOT has the qualities 

applicable to majority adopters (Early and late Majority).  

TxDOT aims to extend the technology life of products although the products may 

not be state of the art. Majority adopters where applicable, would like retrofits of 

products into their existing technology structure instead of scraping the old systems and 
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starting over.  They keep their suppliers in business for a long time and develop business 

relationships. They like whole product solutions instead of the pieces of the puzzle 

approach to technology solutions. Finally, for those products that TxDOT or other 

conservatives are not sure of the performance, specifications are written and warrantees 

are specified to protect investment and ensure compliance (5).  

  TxDOT usually starts its approval process in the division headquarters in Austin. 

Local districts may be the test beds during the approval process. For the LEDs, TxDOT 

requires the   submittal of 2 samples of each color and the indications (arrow or ball) for 

the red, green and yellow.  These samples are then connected to a traffic signal cabinet 

and run through the environmental chamber.  In the environmental chamber testing 

ensures that the units will operate at the temperature range of (-30 to +165 F) and 

operating voltage of (90V - 135 V) extremes. This is necessary because of the seasonal 

temperature fluctuations to ensure that the samples meet the temperature variations in the 

Texas region. After the environmental test, the samples are tested to ensure that loss of 

light output can be detected by the conflict monitor in the traffic signal cabinet.  This is 

done by clipping LED's from the unit then hooking the LED unit to a signal cabinet to 

ensure that the unit trips the monitor appropriately.  This is important to ensure that the 

new LED is compatible with the existing systems technology. 

 

  Along with the sample, TxDOT require the LED manufacturers to provide a test 

report from an independent lab that indicates the units have been tested and meet the 

Institute of Transportation Engineering (ITE) specification. We also require that the units 
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be "ETL certified", this certification program ensures that manufacturer continue to 

produce product that meets the ITE specification.  As a final check, the schematics for the 

units are checked to verify that there are no apparent failure modes that would result 

in the LED continuing to stay illuminated after power is removed from the unit. This is 

vital to ensure that two or more conflicting indications are not on at the same time for 

traffic signals because it will be confusing to the travelling public - For clarification this 

means not   having the green and red light on at the same time (5). 
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CHAPTER 2  

 2.0: LED Literature Review 

As the world gets greener, there appears to be a drive toward more efficient energy 

saving products and initiatives.  The light bulb is one of such initiative. In 2007 General 

Electric Company announced that it was stopping production of incandescent light bulbs 

in favor of compact fluorescent bulbs(6)(7).  The US Congress further buttressed this 

energy conservation trend by enacting a law which emphasized a 25% increase on energy 

saving light bulbs use starting by the year 2012(7)(8). This trend in energy savings 

initiative was also carried out by TxDOT in 2002 to change out the incandescent bulbs 

used in traffic signals to the LED Bulbs. Other governmental agencies and municipalities 

has joined suit in the pursuit of energy conservation (7). Some of these entities have said 

that there are cost savings to be realized in the long term in the use of LED bulbs in 

signals as against the incandescent bulbs (6). Several types of energy saving bulbs have 

been produced as a result of the law.  

 In various degrees, the leading faction in the energy saving initiative has been the 

LED bulb. The famous “world bulb” an omnidirectional bulb won the accolades for the 

2012 international innovators design and engineering category because it uses 9 watts of 

electricity and can produce an equivalent amount of light that the 60 watts , using about 
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85 percent less energy than the incandescent bulb(7).  It is claimed that the light is clean 

and bright and will sell at a lower price than older comparative LED bulbs (7). 

General Electric Company the energy giant has also followed suit in the invention of 

energy smart LED bulbs which retain the coveted soft glow that the incandescent bulbs 

do but with lower energy consumption (7). 

 Samsung another engineering giant is also in queue with the PARSO LED Bulb 

which will consume up to 85 percent less energy than the halogen bulb. It appears that 

the energy sector of the world is serious about the need of to develop and market bulbs 

that conserve energy (7)(8)(9).  

2.1 PRINCIPLES OF THE LED 

  Since the 1960s various types and practical uses for LED has been discovered whether 

by design or by accident (8). Some of the LED falls within the light range frequency that 

cannot be seen by the naked eye, for example the infra-red and gamma rays. Others fall 

within the light spectrum with discernible colors (6)(10) Our emphasis is on the 

frequency of LED that can be seen by the naked eye. These typically fall within the 390 

to 780 nanometers (nm) frequency wavelength range. (11,12) 
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Figure 1: Led light 5mm diameter bulbs used in signal head 

 Figure 1 shows the early version of LED signal bulbs used in the traffic 
signal head. A colored lens (yellow) is placed over the white bulbs to 
determine color of the LED light. 

As with any type of light emitting device, LED conforms to the properties of light which 

are frequency or wavelength, intensity and polarization or direction of the wave 

oscillation. (10,11). 

2.2 HOW LED WORKS 

An LED is an electronic device with a positive and negative terminal that allows current 

to flow in one direction- forward biased (11). The amount of current is dependent on the 

voltage across the junctions. In the LED versus the earlier diodes, the junction of the 

LED is doped with a combination of materials (substrate) which when current passes 

through emits electrons from the negative terminal and positive charges (holes) from the 
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positive junction. When the charges meet between terminals they combine and interact to 

emit light as excess energy from the process (11,12).  

                                        Light 

   Volts   + _ 

Figure 2: LED Schematic Drawing 

 When current is applied through the circuit from positive to the negative 
light is generated as a result. The color of light is sometimes determined 
by the coating on the terminals. 

The intensity of light from the LED has a direct proportion to the current supplied to the 

junction. This means that if the current is high, the light intensity is also high and vice 

versa (6)(12)(13). With light intensity, heat energy is also generated. This heat energy 

greatly reduces the life of the LED bulb therefore; the applications of the LED  and the 

environment in which it is used are factors to be considered in the design of the LED 

(11). For instance, research has shown that LEDs encased in an apparatus such as plastic 

that does not dissipate energy adversely affects the life of the LED. In certain cases the 

LED life is halved or significantly reduced (11,12).  
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LED bulbs are usually designed for current of 20 milliAmperes (mA) and about 18watts 

of power (10). The current in LED is significantly lower than that of the incandescent or 

fluorescent light bulbs whose currents are in Amperes (A) (10,11).  

To get a feel of the energy or power requirement for a light source let us look at the 

equation on energy and how the current affects the energy output. 

E= IV where I is current and V is Voltage and  Voltage is equal to IR where R is 

resistance of the material. The energy equation becomes E= I
2
 R.(11) 

As can be seen in the equation, the current is squared and has a significant influence on 

the power used by the light bulb. 

Intensity from the LED light source is usually higher than that of the incandescent. This 

is because the LED light travels in a near specific wavelength- monochromatic (10). This 

especially makes the LED more efficient for colored light applications (10). The 

incandescent bulb on the other hand has a mixture of wavelengths or path of travel- 

having a mixture of colors or giving the yellow “glow effect” as seen by the naked eye 

(11,13). 

LEDs as shown in figures 1 and 3 are manufactured in 5mm sizes. This is adequate for 

use in calculators and the like. To get enough light sources adequate for applications such 

as the traffic signals, manufacturers have been aggregating or bunching LED together to 

make a bulb (11). Though this process may appear simple, it is not. The manufacturers 

will have to ensure that the light from the tiny (5mm) bulbs work well together by not 
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mixing and creating an undesired color(11,13). This is achieved by making sure that the 

LEDs with the same wavelength (monochromatic) light are used and that the current is 

kept the same in the process. Conversely due to the near specific wavelength of the LED, 

it is especially important that light be focused only in the direction that it should and no 

run off light seeps through to different paths especially in the traffic signal application 

(11,12,14)  

2.3 LED COLOR REQUIREMENTS 

The initial LEDs emitted light in the following order, Red, Yellow and Orange. In order 

to get white light, the LED manufacturer could do one of 2 things- Covert the wavelength 

of the LED, Color Mixing or Homo epitaxial ZnSe process (11).  

To convert the wavelength of the resulting LED, the sample LEDs with distinct 

wavelengths such as Red, Green, and Blue are mixed to produce a glowing mellow white 

LED. The benefit is that the life of the LED is not reduced, but this is the more expensive 

option (13). 

Mixing colors is achieved by putting yellow phosphorus on blue LED to produce white 

light etc. This is however the cheapest method of getting colors but it could also reduce 

the life of the LED bulb(11)(12). 

With more advances in LED design and engineering, the LED bulb is getting denser to 

give more outputs of light (14)(15). The light being generated is intense enough for 

applications such as the freeway or street lights or traffic signals with minimum LED.  
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Often times a lens or magnifying glass is placed in front of the LED with a color lens to 

intensify the light and show color. Please see Figure 3. 

  

Figure 3: White magnifying glass with yellow lens and LED 

 Figure 3 shows the yellow lens which helps in determining the color of 
the signal. The magnifying glass increases the light intensity of the small 
LED bulbs making it more visible to the travelling motorist. 

Though it appears that the initial cost of the LED bulbs are high, this trend would likely 

go down as more demand is made for the LED bulbs. In which case, the manufacturers 

would be able to leverage economies of scale to produce more LED bulbs with less 

manufacturing costs which could likely translate to reduced initial bulb costs to the 

consumer. In like manner, we may well see the LED demand overtake the fluorescent 

bulb; just as the fluorescent technology is out living the incandescent bulb (11,13). 

2.4: ADVANTAGES OF THE LED  BULB 

 The LED is longer lasting than the incandescent bulb and fluorescent (8). 
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 The LED has a near monochromatic wavelength and better for colored 

applications such as signals than the incandescent bulb (8,11). 

 The LED uses less power than the incandescent bulb(8) 

 The LED could potentially save power cost in the long run(8) 

 The LED is easier to dispose or recycle after use than incandescent and 

fluorescent light bulbs which has filament and mercury respectively (12,13). 

2.4.1 DISADVANTAGES OF THE LED BULB 

 Initial higher cost of purchase of LED bulb than the incandescent bulb (11). 

 LED bulbs intensity degenerates over time (11). 

 Some people may not find the light appealing (15,16) 

2.5 INCANDESCENT BULB LITERATURE REVIEW 

Incandescent light bulbs have been one of the oldest serving lighting solutions for a long 

time (7). While still used in many applications, incandescent light bulbs are being 

replaced by the fluorescent and LED bulbs (12,14). In 2007 General Electric Company 

announced that it was stopping production of incandescent light bulbs in favor of 

Fluorescent bulbs (10).  Why this trend in thought? It appears that as the world gets 

greener people are shifting focus towards energy saving operations that will potentially 

reduce costs and help save the environment. The US Congress further buttressed this 
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energy conservation trend by enacting a law  to start phasing out non energy saving 

incandescent light bulbs by the year 2012.(7) This does not mean that one cannot still buy 

incandescent bulbs. However, the said bulbs should have improved by 25% light output 

and have 10,000 hours of light life. So the challenge is to improve the efficiency of 

incandescent bulbs which has served us for over a century.  This may be a feat because 

research have shown that incandecsent bulbs give off more  heat that light.((17)(18)(19).  

Though incandescent bulbs are notoriously inefficient light sources Kim, Y.S. 

etal, have discovered through experimentation that incandescent light bulbs could be as 

efficient as LED Bulbs when the excess heat generated by infra-red light can be 

harnessed for light (19)(20). They used metallic filament to absorb infrared light and 

recycled the process to give out more light instead of heat (20). Are they alone in their 

quest for efficiency in incandescent light bulbs? - Maybe or maybe not?  

  As research progresses and we learn new things, we may yet find other means of 

improving already established technology such as the incandescent bulb that already has 

the needed infrastructure in place. 

In light of the foregoing, it appears that federal mandates by the Obama 

Administration are geared towards toughening the law passed in 2007 by the Bush 

Administration (18). As a result there have been surges of innovation in light bulb 

manufacture to meet or exceed the energy efficiency bill passed in 2007. This new 

innovation includes the following: Compact fluorescent light Bulb (CFL), Halogen 
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Incandescent Bulb (halogen), longer life (16000 hours) incandescent bulbs and the LED 

(18). 

The CFL is fighting for market share with the comparable halogen bulb. The 

downside for the CFL is that it contains mercury- a hazardous material.  The newer CFL 

produced by earthmate has lowered it mercury content to less than 80 percent of the old 

CFL in order to stay competitive. On the other hand the Philips halogen bulb has met the 

energy bill efficiency law by reducing energy consumption by 30 percent although the 

law requires 25 percent reduction (18).  

LED technology on the other hand seems to be leading the CFL and the 

incandescent bulb (18). The leading light bulb companies are working towards producing 

LED that is many times more efficient than the Halogen and CFL (18). The positive thing 

going for the incandescent bulb is that people have come to appreciate the warm glow 

from the bulbs and have associated lighting characteristic with incandescent bulb (19).  

Also the incandescent bulb has been around for more than a century and the price 

of the bulb is cheaper than either competition-CFL or LED bulbs respectively. (18). 

Though there are federal mandates to phase out the incandescent bulbs, these 

mandates in order to be successful will need public buy in or acceptance (18) (19). 
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2.6 HOW INCANDESCENT BULBS WORK 

  When current passes through a filament in the bulb which is encased by inert gas, the 

filament is heated and light energy is produced alongside heat energy. The filament of the 

bulb could be made of material such as tungsten (11). The traffic signal lights bulbs is a 

135 watt bulbs and are used in the traffic signals for vehicular traffic (20)(21). One color 

(white) is the common color used for all the indications, green, red and amber. A colored 

lens is placed over the bulb to obtain the desired color.  

2.7 ADVANTAGES OF INCANDESCENT BULBS 

 Cheaper initial cost to buy than LED or fluorescent light (12,13) 

 Already established infrastructure(21) 

 Readily available in most stores(9) 

 Warm glow may be aesthetically pleasing to some people(10) 

 Accepted by the public as the standard for lighting(21) 

2.7.1. DISADVANTAGES OF INCANDESCENT BULBS 

 Higher energy consumption(9) 

 Costs more in the long run(9) 

 Higher cost of disposal of old bulbs and filaments (13). 
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2.8. APPLICATION OF LIGHT BULBS IN TRAFFIC SIGNALS 

There are three light indications on a signal head- green, yellow and red. The 

length of time given to each indicator depends on the timing of the intersection. In a 

complete circle for the green, yellow and red indications at an intersection, times are 

given to each phase. The sums of the times complete the circle for the intersection. 

Nevertheless, certain times may be transferred from one movement to the other- due to 

traffic demand. On the other hand, the yellow and red clearance intervals are specific. 

This interval let’s all traffic clear the intersection prior to giving the go ahead to a 

particular movement. The clearance interval is a function of the intersection approach 

speed, grade of the intersection, length of the crossing vehicle and the width of the 

longest leg of the intersection. Below are the Institute of Transportation Engineers (ITE) 

intersection layout and the equation to calculate for clearance intervals respectively. 

 

 Clearance interval (yellow) is 
Gga

V
tY rp


 

2
 and the 

 Clearance interval (all-red) is 
V

LW
AR


 . 

The perception-reaction time, tp-r, is 1 second, the deceleration rate, a, is 

assumed to be 10 ft/sec2, and the acceleration of gravity, g, is 32.2 ft/sec2.  The length of 

the design vehicle, L, is 20 ft. 

 

The posted speed limit (converted to ft/sec), V, is taken as the approach velocity 

for both the approach through and turn lanes.  The posted speed limit is based on the 85th 

percentile speed. 
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The width of the intersection, W, is measure from the approach’s stop line to the opposite 

edge of the traveled-way for the crossing street (Fig.4). 

 

 

 

Figure 4: Intersection layout 

Having said this, it is necessary to infer that signal timing varies from intersection 

to intersection (22,24). The comparison of intersections using the LED bulbs versus the 

incandescent bulbs should be similar intersections with similar timing circle in order to 

capture the burn time of the light bulbs. 

2.9. TECHNOLOGICAL EVOLUTION AND ADOPTION 

As with things in life, technology changes, often times for the better. Usually there is a 

need to be fulfilled- increased efficiency, opportunity, complexity, diversity, 

specialization, aesthetics and so forth (23,25). 

 People use other people as referent to adopt technology (26)(28)(29). What 

happens in a different part of the world is invariably linked to our part of the world (27). 

Take for instance the advent of the internet, tweeter and other social networks. People 
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keep up with technology and its applications to fulfill their needs. It is much easier now 

than in the last decade to keep up with what is happening in remote areas of the world in 

terms of technological advancement such as communication (27). 

2.9.1. ENVIRONMENTAL AND GOVERNMENT POLICY CONSIDERATIONS 

When considering the environment, it is noteworthy that new technology should at the 

very least be as non-intrusive as the older technology and/or less detrimental in impacting 

the environment (29)(30).  

 Both the United States of America and Canada in 2007 enacted federal laws for 

energy efficient standards that could potentially ban incandescent bulbs- the traditional 

light source embraced by the populace. The general idea was that incandescent bulbs 

were inherently inefficient (28). Alternative bulbs with better energy savings should be 

supported both by government incentives and the citizens of both countries (29)(30). 

 This legislation gave way to innovation such as the compact fluorescent light 

bulbs (CFL). The problem on with CFL is that it contains mercury- a hazardous material 

(29). Though CFL is recorded as energy efficient, there is still a question with 

environmentalists who wonder how the initial cost of the CFL bulb and the mercury it 

contains will offset the energy consumption savings and disposal cost (29). The 

environmental Protection agency provided a lengthy direction on how to contain and 

dispose of a broken CFL bulb. Nevertheless, there is a general consensus of that the 

enactment of the legislation on energy efficient standards did not get the buy in from the 

public who should give it the support it deserves. As a result there appears to be a dissent 

in the state level of government to counteract or negate the federal laws in their 

jurisdiction.. This however is supported by certain political party’s members at the 
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federal level of government (29). An example is the state of Texas that has already 

enacted a law (29).  

  On the other hand proponents of the energy bill band wagon are growing 

economies such as countries like China that have enacted similar energy laws to phase 

out the incandescent bulb (30). As far back as 1996, China committed towards energy 

efficiency. With the aid of the United Nations Development program, China was able to 

promote wider use of energy efficient bulbs with heavy subsidies (30). As a result, 

China’s energy efficient bulbs ratio to inefficient incandescent bulbs rose to 1:1 in the 

year 2000. Consequently, China’s industrial output of energy efficient bulbs rose to 80 

percent of the world’s total this past year (30). In the lead is the technology for LED 

bulbs with more than 6000 hours of burn time (30). Thus a 13 watt bulb can produce an 

equivalent light source from an incandescent bulb of 60 watts (30). As the LED 

technology gains ground and wide spread acceptance, the market for incandescent bulbs 

will shrink (30). 

 In light of the foregoing, LED bulbs are more easily recycled and bio-degradable 

than its predecessor tungsten and filament incandescent bulbs (31). In the case of the 

fluorescent bulb, special considerations and applications are used to dispose of waste 

materials such as mercury contained in the fluorescent because mercury is considered a 

hazardous material. The landfill management cost for hazardous material or non-

biodegradable material is more than that for nonhazardous material (31). 

2.10. TXDOT SPECIFICATION REQUIREMENTS FOR LED IN TRAFFIC SIGNALS 

The specification for LED bulbs by the Texas Department of Transportation is written to 

incorporate the strategic goals (32) of the organization which is “to move people and 

goods safely and cost efficiently from place to place”. This goal prompts organizational 
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capabilities and the associated levers needed to meet the goals- in consonance with the 

human capital frame work (32). The capabilities of TxDOT amongst others are writing 

specifications, testing new technologies, retaining professional licensed engineers and 

subject matter experts in TxDOT business (32). The levers are hiring and training 

engineering graduates to think and work the TxDOT way. Motivate the engineering 

trainees to get licensed in public transportation in order to serve the travelling public (33). 

Furthermore the training which is TxDOT specific helps nurture the mindset of the 

trainees toward finding better ways to leveraging existing technology for the service of 

the public (32)(33). 

From the organizational strategic goals, it comes as no surprise that TxDOT tends 

to use existing infrastructure technology to leverage new technology which should meet 

or exceed governing specifications- achieving desired results at a reduced overall cost 

(32). The foregoing goes to suggest that TxDOT falls somewhere within the pragmatists 

and the conservatives in new technology adoption. As a result the specification that 

TxDOT produced for the LED which is a newer technology reflects the characteristics of 

the early and late majority adopters (2)(3)(4). 

 As LED is susceptible to light intensity degradation due to high temperatures, the 

TxDOT specification requires that the LED are placed, tested and certified in the same 

environment as the incandescent bulbs. Warranty provisions and processes are further 

included in the specification to protect TxDOT for unforeseen eventualities. 

 In order to increase and promote competition, TxDOT established a process of 

getting manufacturers products’ new technology pre-qualified and pre-approved after 

rigorous laboratory testing. The successful product is placed on the prequalified products 

list (PQL). 
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 The PQL gives a product the chance to be used in the field on a trial basis 

consequent to meeting certain stipulated field conditions. If however these conditions are 

not met in the field the product is removed from the PQL. Please see further information 

on the Specification in Appendix. 
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CHAPTER 3 

3.0 Methodologies 

3.1 DEFINITION OF TERMS AND METHODOLOGY 

The road user cost for this thesis is a figure computed by the Texas department of 

transportation. This value includes the annual consumer price index of the previous year, 

vehicle operating cost, value of time and accident cost. The cost of the bucket truck will 

be the rental rate for an F-450  29 feet arm bucket truck as contained in  the TxDOT 

vehicle maintenance database as $18.50 per hour.  

Man hours will be the average hourly going rate cost for a Traffic Systems 

Technician in the TxDOT Houston District. 

The lane closure cost will be zero cost because this is done with 4 cones around 

the bucket truck by the traffic systems technicians and is part of the man hours. Also  per 

TxDOT policy, the duration of lane closure will be 20 minutes to change out the bulbs. 

The electrical power usage will be in Kilo Watt Hour as commonly used in the 

electrical industry. 

Timing for the intersections will be assumed to be on fixed time and maximum 

recall. This means that all approaches to the intersection will be given time one after the 

other in a cyclic manner at the maximum time allowed for each movement. This 

assumption is necessary to ensure uniformity in data because there could be more than 

one timing plan for the signalized intersection. The timing of signals has various neat 

tricks or ways to give priority movement to approaches with higher demand. This priority 
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time can be in the morning peak (AM), Afternoon off Peak (PM), the Evening peak (PM 

Peak) and off peak times. 

In the methodology, when the various cost components discussed in the previous 

page has been aggregated for the incandescent bulb types 16000 and 8000 hours 

respectively,  the cost will be divided by similar costs from the LED bulb as a cost benefit 

ratio. 

 

3.2 COST BENEFIT ANALYSIS 

In my analysis, the initial cost of the incandescent bulb, the cost of man-hours, the 

cost of a bucket truck vehicle, electrical power usage difference and the cost to the public 

in terms of road user cost is used to determine the cost benefit for the LED versus the 

incandescent bulb. 

In the LED case, the cost of a retrofit will include the cost of the bulb. The cost to 

the public still remains because there will be lane closures to retrofit the signal heads.  

As the two illumination types- LED and incandescent respectively have different 

life circles and rating they both will be rated equitably for 5 year duration to determine 

the better option using the same timing circle for the intersections. 

 

To determine the ratio of time for the red, green and yellow, the TxDOT fixed 

timing plan for the intersection was used. The burn time for each indicator was analyzed 

for 24 hours, a year (365 days) and subsequently for 5 years. 

 

 

 



 
 

25 

 

 

CHAPTER 4 

4.0 Analyses 

4.1 INTERSECTION TO BE ANALYZED 

There is one intersection that will be analyzed. The first part will be burn times of 

the intersection based on fixed timing and maximum green given to each phase of 

movement. The second part is to determine the rate in which one will need to change out 

the bulbs based on the life and warranty associated with the type of bulb.  Also, the bulb 

life defaults to the warranty given for each type.  

 Thirdly, the electrical usage in watts per hour for both types of incandescent and 

LED bulbs is compared and a difference in electrical consumption usage is determined. 

Finally the technician cost, vehicle cost and road user cost is applied to the analyses to 

get a true feel of the actual cost of maintaining the signal light bulbs. 

Please note that TxDOT has 2 types of signal maintenance. The first is preventive 

maintenance which will change out all bulbs periodically. The second type is routine 

signal maintenance that will change out what is burnt out. The later type is done by  core 

signal maintenance technicians who have assigned geographical areas. 

4.2 SH 6 AT LONGENBAUGH 

The timing plan for SH 6 at Longenbaugh is shown in table 1. The intersection 

has a 6 phase - 6 movements. It is split phased- with more than one movement 

proceeding at the same time in different directions. SH 6,  is a major arterial running 

north and south. It has 3 through lanes and a dedicated left turn lane in each direction. 
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Longenbaugh, a minor street has one through lane, one combination through and right 

lane and one dedicated left turn on phase 3 traveling westbound. On the easttbound 

direction, Phase 4, there are 2 dedicated left turn lanes, one through lane and one 

combination through and right lane. The total lanes in the intersection are 15. 

 

 

 

Seconds

Phase 1 2 3 4 5 6

Green 20 50 25 25 20 50

Yellow 4 4 3.5 3.5 4 4

Red 2.5 2.5 3.5 3.5 2.5 2.5

SH 6 at Loganbaugh

 

Table 1: Fixed Timing for SH 6 at Longenbaugh. The red and yellow times represent the 
clearance interval. 

 

 

Illustration 1: SH 6 at Longenbaugh directions of movement 

N 

SH6 
6 1 

4 3 

Longenbaugh 

5 2 
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 Phases 1 and 5 run concurrently. Also Phases 2 and 6 run concurrently. 

Phases 3 and 4 run independently. The circle length is the sum of a single value of a 

particular concurrent phase and independent phases totaling 147 seconds for this 

intersection. 

 

 

 

Table 2: Light bulbs indication table for the movements. 

4.2.1 CALCULATION FOR THE RED GREEN AND YELLOW PHASE TIMES 

 To determine the circle length of the signalized intersection, a single maximum 

value of time for concurrent movements is added to the independent movement thereby, 

getting the sum of 147 seconds for the circle. The following determines the number of 

147 second circles that the signal runs in a day.  (24 hours x 60 min x 60 seconds) / 

(Circle length= 147 sec) = 587.75 circles in a day.  
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Phase 1 and Phase 5 Running Concurrently 

Red time (R) = Circle length-Yellow time-Green time 

Green time (G) = Given, see table 1  

Yellow time (Y) = Given, see table 1 

R=147-4-20= 123 seconds per circle. The total seconds per day will be 123 

seconds multiplied by circles in a day which is 72293.25 seconds a day, 20.08 hours in 24 

hours. G=20 seconds per circle, 11755 seconds a day, 3.27 hours in 24 hours.  Y= 4 

seconds per circle, 2351 seconds a day, 0.65 hours in 24 hours. 

Phase 3 

R= 147-3.5-25= 118.5 seconds per circle. 69648.38 seconds a day, 19.35 hours in 

24 hours. G=25 seconds in a circle, 14693.75 seconds a day, 4.08 hours in 24 hours.  Y= 

3.5 seconds in a circle, 2057.13 seconds a day, 0.57 hours in 24 hours. 

Phase 4 

R= 147-3.5-25= 118.5 seconds, 69648.38 seconds a day, 19.35 hours in 24 hours  

G=25 seconds, 14693.75 seconds a day , 4.08 hours in 24 hours Y= 3.5 seconds, 

2057.13 seconds a day, 0.57 hours in 24 hours. 

Phase 2 and 6 Running Concurrently 

R= 147-4-50= 93 seconds in a circle, 54660.75 seconds a day, 15.18 hours in 24 

hours. G=50 seconds in a circle, 29387.5 seconds a day, 8.16 hours in 24 hours. Y=4 

seconds in a circle, 2351 seconds a day, 0.65 hours in 24 hours. 

4.2.2. SUMMARY OF INTERSECTION TIMING AND BULB LIFE COMPARISON 

The LED used by the Texas Department of Transportation is warranted for 5 

years. This in itself makes it difficult to assign a number of hours for the LED life 

because of the warranty which is explicit- 5 years a maximum of (24 hours x5 years x 
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365 days – 43800 hours). Whereas the incandescent bulb used for the same signal 

application has a warranty of 2 years and 16000 hours bulb, while 8000 hours shows an 

hourly but not  a yearly warranty respectively.  For the 16000hours, I am assuming that 

the bulb life will be the 2 years warranty. Table 3 below will show the life for various 

signal bulbs by color and  this is compared to the LED. 

Based on the life or warranty of the bulb, the hours I computed from the timing 

determines how long each bulb type and color will last in an intersection and how often 

one has to change out the bulbs. 

To determine the values days for the 16000 hours bulb using Phases 1 and 5 green 

arrow movements, I made sure that the burn time for the phases were less than 16000 

hours and this defaulted to 2 years. For example 3.27x365x2 years=2387 hours which is 

less than16000 hours means a default 2 years because of the warranty.  I applied the same 

principle to other phases. The rate of bulb change in 5 years is shown in subsequent sub 

sections.  

As the 8000 hours bulb has no warranty statement but just the hours, I divided the 

8000 hours by the number of hours for each phase indication.  For phase 1 and 5, green 

arrow for example, 8000/3.27hrs per day=2446.48 days. In order to get the years, I 

divided the 2446.48days by 365 days to get 6.7 years for phase 1 and 5 respectively. I.  

applied  the same principle mentioned above for the other phases and bulbs hours. Table 

3 shows the results of the analysis. 
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Phase Color

Timing per day 

(hr)

Time in 16000 

hours 

(Incandescent) 

(hrs in 2 yrs)

Time in 16000 

hours 

(Incandescent)(

yr)

Time in  

(LED) day 

(hr)

Time in  

(LED) 

(5yrs)hr

Green Arrow 3.27 2,387.10 2.00 3.27 5,967.75

Yellow Arrow 0.65 474.50 2.00 0.65 1,186.25

Red Bulb 20.08 14,658.40 2.00 20.08 36,646.00

Green bulb 8.16 5,956.80 2.00 8.16 14,892.00

Yellow Bulb 0.65 474.50 2.00 0.65 1,186.25

Red Bulb 15.18 11,081.40 2.00 15.18 27,703.50

Green Arrow 4.08 2,978.00 2.00 4.08 7,446.00

Green bulb 4.08 2,978.00 2.00 4.08 7,446.00

Yellow Arrow 0.57 416.10 2.00 0.57 1,040.25

Yellow Bulb 0.57 416.10 2.00 0.57 1,040.25

Red Bulb 19.35 14,125.50 2.00 19.35 35,313.75

Phase Color

Timing per day 

(hr)

Time in 8000 

hours 

(Incandescent) 

(days)

Time in 8000 

hours 

(Incandescent)(

yr)

Time in  

(LED) day 

(hr)

Time in  

(LED) 

(5yrs)hr

Green Arrow 3.27 2,446.48 6.70 3.27 5,967.75

Yellow Arrow 0.65 12,307.69 33.71 0.65 1,186.25

Red Bulb 20.08 384.61 1.05 20.08 36,646.00

Green bulb 8.16 980.00 2.69 8.16 14,892.00

Yellow Bulb 0.65 12,307.69 33.71 0.65 1,186.25

Red Bulb 15.18 527.01 1.44 15.18 27,703.50

Green Arrow 4.08 1,960.78 5.37 4.08 7,446.00

Green bulb 4.08 1,960.78 5.37 4.08 7,446.00

Yellow Arrow 0.57 14,035.09 38.45 0.57 1,040.25

Yellow Bulb 0.57 14,035.09 38.45 0.57 1,040.25

Red Bulb 19.35 415.58 1.14 19.35 35,313.75

1 & 5

2 & 6

3 & 4

1 & 5

2 & 6

3 & 4  

 

Table 3.  Summary comparison 16000 and 8000 hours incandescent bulb and 5 Year 
LED.   

From the values of the bulb life in table 3, one can deduce that there are various 

life expectancy of the bulbs due to the burn time (timing) of the movements.  The values 
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in the LED Column defaults to 5 years warranty. As they are less than 43800 hours which 

is the equivalent for 5 years, 24 hours burn time. 

In the case of the 16000 hours Bulb versus the LED, all the indications, green 

arrow, green bulb, yellow arrow, yellow bulb and Red bulb appears to favor the LED in 

all phases indicated.  The indications will need to be changed every 2.5 years with a ratio 

of 1:2.5 based on the manufacturers 2 year warranty. 

In the case of the 8000 hours life expectancy incandescent bulb, the Red bulb 

appears to favor the LED in all phases and the green bulb in phases 2 and 6.  

For phase 1 and 5, the red bulb needs to be changed every 1.05 years. This is a 

ratio of 1:4.76 in favor of the LED.  

Phases 2 and 6, the green bulb needs to be changed every 2.69 years. This is a 

ratio of 1:1.86 in favor of the LED. The red bulb needs to be changed every 1.44 years, a 

ratio of 1:3.47 in favor of the LED. 

Phases 3 and 4, the red bulb needs to be changed every 1.14 years. This is a ratio 

of 1:4.39 in favor of the LED. Table 4 below summarizes the comparison of bulbs life 

between the incandescent bulbs and the LED. 
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Phase Color 
Timing per 
day (hr) 

Ratio 16000 
Hours to LED 

Ratio of 8000 
hours to LED 

1 & 5 

Green 
Arrow 3.27 2.5 1.00 

Yellow 
Arrow 0.65 2.5 1.00 

Red Bulb 20.08 2.5 4.76 

2 & 6 

Green bulb 8.16 2.5 1.86 

Yellow Bulb 0.65 2.5 1.00 

Red Bulb 15.18 2.5 3.47 

3 & 4 

Green 
Arrow 4.08 2.5 1.00 

Green bulb 4.08 2.5 1.00 

Yellow 
Arrow 0.57 2.5 1.00 

Yellow Bulb 0.57 2.5 1.00 

Red Bulb 19.35 2.5 4.39 

Table 4:  5 year life comparison between Incandescent and LED 

4.3 ELECTRICAL CONSUMPTION COMPARISON 

I performed the analysis of the electrical consumption for the intersection for both 

the incandescent bulb and the LED types.  Table 5 shows the 30 day circle electrical 

consumption and the difference thereof. To calculate for the electrical power 

consumption in kilo watts per hour for a 30 day billing circle,  I used  the following was 

used. 
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For the incandescent bulb rated at 135 watts per hour, the timing in hour per 24 

hours (day) was multiplied by the number of bulbs for a phase indication and the 30 day 

circle   and the total divided by 1000 to get the kilowatt hour for that indication. Example  

Phase 1 and 5 green arrow is (3.27 hours x( 2 bulbs see Table 2) x 135 watts/ hour x 30 

days)/1000= 26.49 kilo Watt Hour (KWh). 

 

 

Table 5: Electrical Consumption comparison 30 day circle.  The LED bulb has different 
ratings. These are the ratings of bulbs used in TxDOT Houston District. 

The LED bulbs have different power ratings unlike the incandescent bulb. This 

was taken into consideration in the calculation of the power used in the phases and the 

intersection. An example is Phase 1 and 5, (3.27 hours x 2 bulbs x 8 watts/hour x 30 

days)/1000=1.57 KWh. This exercise was carried out for the other phases also. 
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To sum up this comparison of electrical power usage, the incandescent light bulb 

used 1,657.14 KWh while the equivalent light source LED used 130.42 KWh for the 

same timing in the same intersection for a 30 day billing circle.  Looking at these values 

alone, the ratio of electrical power usage between the incandescent bulbs versus the LED 

for 44 bulbs in a 30 day billing circle for this intersection is 12.71:1- nearly 13:1 ratio in 

favor of the LEDs. 

Assuming a 10 cent per KWh charge for electricity will show a bill difference of 

($0.10*1526.72Kwh) =$152.67 per 30 days billing circle. This will correlate to (365 

days*$152.67*5years/30billing days) = $9,287.43 in 5 years. At 5 cents per 

KWh=$4,643.72. At 1 cent per KWH=$928.74 in 5 years. 

4.4. MAN HOURS FOR TRAFFIC SYSTEM TECHNICIANS 

The man hour for a traffic systems technician was calculated as an average of the 

TxDOT core signal maintenance technicians who work on traffic signals. They are 

designated alphabetically to preserve the identity of the technicians. As the salaries are 

paid on a monthly basis, there was a need to convert the salaries to yearly by multiplying 

by 12 months in a year. Furthermore more the yearly salaries were further reduced to 

weekly by dividing by 52 weeks in a year and then by 40 hour weeks to get the hourly 

rate.  
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Tech 
Monthly 
Pay $ Yearly $ Weekly $ Hourly $ 

A 3708 44496 855.69 21.39 

B 3071.91 36862.92 708.90 17.72 

C 3842.84 46114.08 886.81 22.17 

D 2875.55 34506.6 663.59 16.59 

E 3344.58 40134.96 771.83 19.30 

F 3468 41616 800.31 20.01 

G 3079.8 36957.6 710.72 17.77 

H 3273.27 39279.24 755.37 18.88 

I 3525.75 42309 813.63 20.34 

J 2889.5 34674 666.81 16.67 

K 3196.64 38359.68 737.69 18.44 

L 3194.91 38338.92 737.29 18.43 

Average       18.98 

Standard  
Deviation       1.68 

Table 6:  Average Hourly Base Salary for Traffic System Technicians 

4.5. COST PER LED BULB TYPE 

The following table 7 shows the cost per bulb type.  The LED bulbs have different 

prices but the incandescent bulbs are fairly constant in price. 
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LED Bulbs Warranty 5 years * Incandescent bulbs* 

 Bulbs 
Power 
(Watts/hour) 

Cost 
per 
bulb 
($) 

Power 
(Watts/hour) 

Cost 
per 
Bulb ($) 

Green Arrow 8 41.41 135.00 2.76 

Green Bulb 12 51.00 135.00 2.76 

Yellow Arrow 6.5 41.58 135.00 2.76 

Yellow Bulb 18 53.48 135.00 2.76 

Red Arrow 6 34.00 135.00 2.76 

Red Bulb 10.5 37.00 135.00 2.76 

 

Table 7: Cost per bulb type. * The values are from the Texas Department Of 
Transportation material supply and management system database. 

Based on the above table 7, I calculated the initial cost for the bulbs used in the 

various phases. This is accomplished in Table 8 with the various phases, bulb color, 

number of   bulbs for each color and phase. 
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Phase  1 2 3 4 5 6 Total 
Bulbs Bulbs Number of bulbs 

Green Bulb   2 2 2   2 8 

Green Arrow 1   1 2 1   5 

Yellow Bulb   2 2 2   2 8 

Yellow Arrow 1   1 2 1   5 

Red  Bulb 2 2 4 6 2 2 18 

Signal Head 
Type 

1 No. 4 
section 

2 Nos. 3 
Sections 

1 Nos. 4 
sections 
and 2 
No. 3 
section 

2 No. 4 
Section 
and 2 
No. 3 
section 

1 No. 4 
section 

2 Nos. 3 
Sections 44 

  Cost ($)             
Total 
cost ($) 

LED 156.99 282.96 439.95 596.94 156.99 282.96 1,916.79 

Incandescent 11.04 16.56 27.60 38.64 11.04 16.56 121.44 

Table 8:  Comparison Cost of each bulb type  

The cost of the bulbs types as shown in Table 7 and the quantities as shown in 

Table 2 were used to generate the LED bulb and Incandescent bulb quantities in table 8. 

From Table 8 the initial cost of 44 LED bulbs is $1,916.79. The equivalent cost to 

for incandescent bulbs is $121.44.  The cost ratio is 15.78 in favor of the incandescent 

with a cost difference of $1,795.35.  

The cost of the bulbs for each phase was calculated using the following method 

below. 

 For Phase 1, (1 Green arrow cost +1Yellow Arrow cost + 2 Red Bulb Cost) = 

$156.99. The same principle was applied to other phases. 
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4.6 DELAY AND QUEUE LENGTH ESTIMATION FOR THE INTERSECTION 

As signal technicians usually average 20 minutes by TxDOT policy to set up 

cones for traffic control and change out the signal bulbs, it was crucial to estimate the 

queue length of cars or trucks caused by this 20 minutes delay due to maintenance 

activity. The delay is in seconds per vehicle, designated as (s/veh). The queue length is 

measured in vehicles (veh). Note that I am assuming that there is no initial queue at the 

intersection because the bulb changing are mostly done at off peak times in order to 

minimize impacts to traffic. The delay and queue parameters are calculated using the 

Highway Capacity Manual 2000(HCM) (34). 

The Formula for delay d= d1(PF) + d2 +d3  per HCM page 16-19 

d= Control delay per vehicle (s/veh) 

d1= Uniform control assuming uniform arrivals (s/veh) 

PF=Uniform delay progression adjustment factor- accounts for effects on signal 

progression 

d2= Incremental delay to account for random arrivals, oversaturation queues and type of 

signal control- Assumes that there is no initial queue at the start of analysis. 

D3=0 because of the assumption of no initial queue 

PF=[(1-P)fPA]/[1-(g/C)] 

P= Proportion of vehicles arriving on green= ( Rp*g/C) 

g/C=Proportion of green time available 

Rp=Platoon ratio=0.333 per HCM page 16-20 

fPA=supplemental adjustment factor for platoon arriving during green. 

 For arrival type 1 for very poor progression in the HCM page 16-20, default value 

for  Rp is 0.333. and fPA is 1 while g/C is (50/147). 
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PF=[1-(0.333*50/147)*1/(1-50/147)=1.34 for SH6. 

PF=(1-(0.333*25/147)*1/(1-25/147)=1.13 for Longenbaugh. 

Uniform delay d1=[0.5C(1-g/C)
2
]/1-[min(1,X)g/C] HCM page 16-21 

C= Circle length( s)= 147 

g = Effective green for lane group( s)= 50  for SH6 and 25 for Longenbaugh. 

X=volume capacity ratio (v/c) the flow rate for SH6 is estimated at 1600 vehicles per 

hour per lane per TxDOT counts, while, Longenbaugh the side street is estimated at 200 

vehicles per hour per lane. The capacity C is the default value on HCM page 8-27 for 

Houston at 1832 vehicles/hour. 

In order to estimate the queue length for 20 minutes on SH6 or Longenbaugh, one 

has to take into consideration the fact that a lane will be shut down for 20 minutes while 

the traffic on the closed lane will be transferred to the other lanes travelling in the same 

direction. 

For through lanes on SH6 in one direction, the 20 minute delay will increase flow 

to the remaining 2 lanes as one of the 3 lanes has been shut down for signal maintenance. 

The following calculation emphasizes the aforementioned assumption.  

1600* [(20/60Minutes)/2 lanes]=267 vehicles more. Therefore, demand (v) 

becomes a total of 1600+267=1867 vehicles per hour per lane while the capacity (c ) 

remains at 1832 vehicles/hour per HCM Page 8-27, therefore the v/c ratio for SH 6 will 

be 1867/1832=1.02. 

For Longenbaugh street which is a 2 lane thru road, the additional vehicles should 

a lane be shut down will be 200*[20/60 minutes/1]=67 vehicles more for the next and 

only through lane. Therefore the v/c ratio for Longenbaugh will be 267/1832= 0.15 
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Uniform delay d1 

 SH6 

 Applying the values for the components of uniform delay d1 for SH6 shows the 

following results. 

d1=[0.5*147(1-50/147)
2
]/1-[(1)(50/147)]= 48.50 seconds/vehicle. 

Longenbaugh 

Likewise for Longenbaugh PF value with an effective green time of 25 seconds is 1.137 

with very poor progression. 

The uniform delay d1 for Longenbaugh is shown below. 

d1=[0.5*147(1-25/147)
2
]/[1-(1)*25/147=61 s/veh. 

Incremental delay d2  

Incremental delay d2 formula per HCM is 900T[(X-1)+[(X-1)
2
+8klX/cT]

1/2
]
 
. This 

formula is used to estimate random or non-uniform arrivals to the intersection and delays 

caused by oversaturation of the intersection. 

d2= Incremental delay to account for random effects and saturation queues. It assumes no 

initial queue 

T=duration of analysis (h)= 0.333h 

k=Incremental delay factor dependent on signal controller settings- default= 0.5 Fixed 

time. 

l=upstream filtering/metering adjustment factor =default value 1 for isolated intersection 

per HCM page 16-22. 

c= Capacity of lane group (veh/hr) =default 1832 for Houston streets per HCM page 8-

27. 

X= Lane group v/c ratio 
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SH6 

d2=900*.333[(1.02-1)+[(1.02-1)
2
+8*0.5*1*1.02/(1867*0.333)]

1/2
]=31 s/veh. 

Longenbaugh 

d2=900*.333[(0.15-1)+[(0.15-1)
2
+8*0.5*1*0.15/(267*0.333)]

1/2
]=1s/veh, 

meaning no negative incremental delay impact. 

Total Delay d 

SH6 

dSH6= d1SH6 (PF SH6) +d2 Sh6= 48.5*1.34+31=95.99 s/veh.=0.027hr/Veh 

Longenbaugh 

dLongenbough=61*1.13+1=69s/veh=0.019hr/veh 

Average back of Queue 

The formula for average back of queue per HCM page 16-152 is: 

Q=Q1+Q2 

Q= Maximum distance in which vehicle is before the stop line in an intersection (veh). 

Q1= First term queue vehicles (veh) 

Q2= Second term queue vehicles (veh) this also measures average overflow queue from 

the circle length. 

The first term Q1 assumes a uniform arrival time and further adjustments are made for the 

effects of progression (34). 

Q1=PF2[[(vC/3600)*(1-g/C)]/[1-(min(1,X)g/C)]] 

PF2=Adjustment factor for effects of progression 

v= lane group flow rate (veh/hr), 1600 for SH6 and 267 for Longenbaugh 

C= Circle length=147 seconds 

g=effective green time= 50 seconds for SH6 and 25 Seconds for Longenbaugh 
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X=v/C ratio 

Pf2=[(1-Rp*g/C)*(1-v/s)]/[(1-g/C)*(1-Rp*(v/s)] 

S= lane group saturation flow rate (veh/h)=1832 default for Houston per HCM 

Rp=Platoon Ratio( P(C/g)=0.333 default per HCM page16-20. 

First Term Queue Q1 

First the PF2, adjustment factor is found for both SH6 and Longenbaugh and applied in 

the first term Q1.  

SH6 

PF2=[1-0.333*50/147)*(1-1600/1832)]/[(1-50/147)*(1-(0.333*1600/1832))]=0.24 

Q1=0.24*[(1867*147/3600)*(1-50/147)]/[1-[(1)*(50/147)]=77 veh 

Longenbaugh 

PF2=[1-0.333*25/147)*(1-267/1832]/[(1-25/147)*(1-(0.333*267/1832))]=1.02 

Q1=1.02*[(267*147/3600)*(1-25/147)]/[1-[(267/1832)*(25/147)]=11 Veh 

Second Term Queue Q2 

Per HCM Page 15-153 second term delay formula is as follows: 

Q2=0.25CT[(X-1)+[(X-1)
2
+(8Kb X/CT)+(16KbQBL/(CT)

2
]

1/2 

C= Lane group capacity (veh/hr)=1832 

T=Length of analysis period (hr)= 20 mins=0.33hr 

X=V/C ratio, V=1867 (veh/hr) 

Kb=second term adjustment related to early arrivals= 0.12 L(sg/3600)
0.7

 for fixed time 

signal 

QBL=Initial queue at the start of analysis period = 0 

g=Upstream effective green(s) 50 for SH6 and 25 for Longenbaugh 

s=lane group flow rate (veh/h)=1867 for SH6 and 267 for Longenbaugh 
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L=1 default isolated signal HCM page 16-22 

SH6 

Kb=0.12*1*(1867*50/3600)
0.7

=1.17 

Q2=0.25*1867*0.33[(1.02-1)+[(1.02-1)
2
+(8*1.17*1.02)/(1867*.33)+0]

1/2
]=23veh 

Total Queue Q=77+23=100veh per lane 

Longenbaugh 

Kb=0.12*1*(267*25/3600)
0.7

=0.18 

Q2=0.25*267*0.33[(0.15-1)+[(0.15-1)
2
+(8*0.18*0.15)/(267*0.33)]

1/2
]=0 

Total Queue Q=11+0=11 veh per lane. 

4.6.1 ROAD USER COST 

The Texas Department of Transportation calculates the value of time and Road user costs 

yearly. This cost includes the lane rental and liquidated damages. Each year the values 

are adjusted based on the annual consumer price index for the previous year. The value of 

time per Construction Division Director’s memo of May 1, 2012 is $20.99 per passenger 

car hour and $30.65 for truck hour. This represents how much it cost the travelling public 

for delays on the roadway by vehicle type. 

4.7. TOTAL COST TO THE TRAVELING PUBLIC 

The total cost to the travelling public is the product of the delay, queue and the road user 

cost. Please note that for the vehicle type traveling the intersection; it is common 

practice to use 90% cars and 10% truck traffic per HCM page 8-16 for principal arterials. 

SH6= 0.90(100 veh *0.027hr/veh*$20.99) +0.10(100*0.027*$30.65) = $ 59.28 per lane 

of traffic, for phases 1, 2, 5 and 6 respectively. 

Longenbaugh=0.90(11veh*0.019hr/veh*$20.99)+0.10(11*0.019hr/veh*$30.65)= $ 4.59 

per lane of traffic for Phases 3 and 4 respectively. 
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Please note that these values are for 20 minutes of changing out the signal bulb per lane 

of traffic. 

4.8. COST BENEFIT ANALYSIS (C/B) 

This analysis is a combination of the various components of chapter 4. The First, 

a summary of the crucial findings is tabulated and a comparison made between the costs 

of retrofitting the LED versus changing out the incandescent bulbs respectively (35).  The 

rate of bulbs change fort the incandescent bulb in a 5 year period is applied to both the 

technician’s man-hours and the cost to the public.  The sum of the aforementioned is 

added to the electrical consumption difference between the LED and the incandescent 

bulb and compared with the cost to retrofit as shown in table 12.  As the two incandescent 

bulbs of 16000 and 8000 hours are used by TxDOT, they will be compared to the LED. 

 For Tables 9 and 10 and 11 the replacement rates show how many times the 

bulbs have to be changed in 5 years. This rate is applied also to technician labor/vehicle 

rental costs, costs of bulbs and cost to the public.   The cost to the public for SH6 – 

Phases 1&5, 2&6 is $59.28 per lane per phase. For Longenbaugh it is  $ 4.59  for phases 

3 and 4 respectively. 

For the LED in Table 12, the initial TxDOT retrofit contract cost replaced the cost 

for the technician and the bucket truck and the cost of bulbs. However, the cost to the 

public was retained in the estimation because lanes were closed for the signal head 

retrofit.  As the TxDOT project was $4,479,650 to retrofit 31,255 bulbs; 44 bulbs for the 

SH6 and Longenbaugh intersection correlates to $6,306.36 in May 2002. The adjusted 

contract cost using the time value of money is $6,306.36 *(1+interest rate 

(4%))^10=$9334.95. (36)(37)The interest rate is assumed to be at 4% treasury bills 

interest rate for 10 years  as of 2002 (36). 
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Also noteworthy is that the Signal Technician ($18.98/hr) works with a bucket 

truck ($18.50/hr) so a category was computed to add the values to a single column in the 

spreadsheet. 

 

Phase Color

No of 

Bulbs

Replacement 

rate in 5 

years

Cost of bulb 

at $2.76 EA($)

Signal 

Technician/

Vehicle 

$37.48 per 

visit($)

No of Signal 

heads from 

Table 2

Cost to 

public ($)

Green Arrow 2 2.5 13.80

Yellow Arrow 2 2.5 13.80

Red Bulb 4 2.5 27.60

Green Bulb 4 2.5 27.60

Yellow Bulb 4 2.5 27.60

Red Bulb 4 2.5 27.60

Green Arrow 1 2.5 6.90

Green Bulb 2 2.5 13.80

Yellow Bulb 2 2.5 13.80

Yellow Arrow 1 2.5 6.90

Red Bulb 4 2.5 27.60

Green Arrow 2 2.5 13.80

Green Bulb 2 2.5 13.80

Yellow Arrow 2 2.5 13.80

Yellow Bulb 2 2.5 13.80

Red Bulb 6 2.5 41.40

Total 44 303.60 1218.10 13.00 969.53

1&5

2&6

3

4

Incandescent 16000 Hours 2 years warranty

2.00 296.40

4.00 592.80

3.00 34.43

4.00 45.90

187.40

374.80

281.10

374.80

Electrical Consumption  per 30 day circle

Phase Color

Timing 

per day 

(hr)

No of 

Bulbs

Incandescent at 135 

Watts/hr  (KWh)

LED Bulb 

rating 

(Watts/hr)

  (LED) 30 

day usage 

KWh

Difference 

in KWh

Green Arrow 3.27 2.00 26.49 8.00 1.57 24.92

Yellow Arrow 0.65 2.00 5.27 6.50 0.25 5.01

Red Bulb 20.08 4.00 325.30 10.50 25.30 300.00

Green bulb 8.16 4.00 132.19 12.00 11.75 120.44

Yellow Bulb 0.65 4.00 10.53 18.00 1.40 9.13

Red Bulb 15.18 4.00 245.92 10.50 19.13 226.79

Green Arrow 4.08 3.00 49.57 8.00 2.94 46.63

Green bulb 4.08 4.00 66.10 12.00 5.88 60.22

Yellow Arrow 0.57 3.00 6.93 6.50 0.33 6.59

Yellow Bulb 0.57 4.00 9.23 18.00 1.23 8.00

Red Bulb 19.25 10.00 779.63 10.50 60.64 718.99

Total 24 44.00 1,657.14 130.42 1,526.72

1 & 5

2 & 6

3 & 4

 

Table 9: Cost for the 16000 hour bulb in 5 year duration. 
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Phase Color

No of 

Bulbs

Replacement 

rate in 5 

years

Cost of bulb 

at $2.76 EA($)

Signal 

Technician/

Vehicle 

$37.48 per 

visit($)

No of Signal 

heads from 

Table 2

Cost to 

public ($)

Green Arrow 2 1 5.52 0.00

Yellow Arrow 2 1 5.52 0.00

Red Bulb 4 4.76 52.55 356.81

Green Bulb 4 1.86 20.53 278.85

Yellow Bulb 4 1 11.04 0.00

Red Bulb 4 3.47 38.31 520.22

Green Arrow 1 1 2.76 0.00

Green Bulb 2 1 5.52 0.00

Yellow Bulb 2 1 5.52 0.00

Yellow Arrow 1 1 2.76 0.00

Red Bulb 4 4.39 48.47 493.61

Green Arrow 2 1 5.52 0.00

Green Bulb 2 1 5.52 0.00

Yellow Arrow 2 1 5.52 0.00

Yellow Bulb 2 1 5.52 0.00

Red Bulb 6 4.39 72.70 658.15

Total 44 293.28 2307.64 13.00 1969.25

Incandescent 8000 Hours

1&5

2&6

3

4

2.00

4.00

564.35

1263.85

60.453.00

80.604.00

 

Table 10: Cost for the 8000 hour bulb in 5 year duration. The ratio that is equal to 1 
means that the bulb will not be changed in a 5 year period. 
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Phase Color No of Bulbs

Replacement 

rate in 5 

years

Cost of bulb 

at $2.76 EA($)

Signal 

Technician/

Vehicle 

$37.48 per 

visit($)

No of signal 

heads from 

Table 2

Cost to 

public ($)

Green Arrow 2 5 27.60

Yellow Arrow 2 5 27.60

Red Bulb 4 5 55.20

Green Bulb 4 5 55.20

Yellow Bulb 4 5 55.20

Red Bulb 4 5 55.20

Green Arrow 1 5 13.80

Green Bulb 2 5 27.60

Yellow Bulb 2 5 27.60

Yellow Arrow 1 5 13.80

Red Bulb 4 5 55.20

Green Arrow 2 5 27.60

Green Bulb 2 5 27.60

Yellow Arrow 2 5 27.60

Yellow Bulb 2 5 27.60

Red Bulb 6 5 82.80

Total 44 607.20 2436.20 13.00 1939.05

562.20

749.60

3.00 68.85

4.00

592.8

4.00 1185.60

374.80

749.60

91.80

Incandescent 8000 Hours Default table

1&5

2&6

3

4

2.00

 

Table 11: 8000 hours default table. This table assumed that all the bulbs at the 
intersection will be changed when the least lasting bulb goes out. This table 
is derived from Table 10. 
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LED 5 Years warranty

Phase Color

No of 

Bulbs

Price per 

bulb($)

Cost of bulb 

($)

Cost to 

retrofit to 

LED per 

Contract

No of Signal 

heads from 

Table 2

Cost to 

public ($)

Green Arrow 2 41.41 82.82

Yellow Arrow 2 41.58 83.16

Red Bulb 4 37 148.00

Green Bulb 4 51 204.00

Yellow Bulb 4 53.48 213.92

Red Bulb 4 37 148.00

Green Arrow 1 41.41 41.41

Green Bulb 2 51 102.00

Yellow Bulb 2 53.48 106.96

Yellow Arrow 1 41.58 41.58

Red Bulb 4 37 148.00

Green Arrow 2 41.41 82.82

Green Bulb 2 51 102.00

Yellow Arrow 2 41.58 83.16

Yellow Bulb 2 53.48 106.96

Red Bulb 6 37 222.00

Total 44 1916.79 9334.95 13.00 387.81

1&5

2&6

3

4

2.00

4.00

9334.95

118.56

237.12

13.77

18.36

3.00

4.00

 

Table 12: LED retrofit initial cost. The signal heads will need to be retrofitted for LED 
and will require lane closures, hence the cost to the public. Note that the 
price for bulbs is for informational purposes only. The cost is included in the 
contract. 

Cost Benefit (C/B) is based on the cost to change bulbs (incandescent), the electrical 

consumption difference and the initial cost to retrofit LED is as follows.  

C/B= (the cost of bulbs + Cost of signal technician/vehicle rental+ Cost to the public + 5 

year difference in electrical consumption cost for incandescent bulbs) divided by  (Cost 

to retrofit to LED + Cost to the public) . 
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It is noteworthy that 10 cent per KWh charge for electricity difference between 

Incandescent and LED bulb as calculated earlier on is ($0.10*1526.72Kwh) =$152.67 per 

30 days billing circle. This will correlate to (365 days *$152.67*5years/30billing days) = 

$9,287.43 in 5 years. At 5 cents per KWh=$4,643.72. At 1 cent per KWH=$928.74 in 5 

years. 

 

16000Hrs Incandescent Bulb 2 year warranty Comparison to LED 

1) C/B= (303.6+1218.10+969.53+9287.43) /(9334.95+387.81) =1.12; In favor of the 

LED. This includes electrical consumption difference at 10 cents per KWh. 

2) C/B= ( (303.6+1218.10+969.53+4643.72)/( 9334.95+387.81)/ =0.73; In favor of 

the Incandescent. This includes electrical consumption difference at 5 cents per 

KWh.  

3) Breakeven point on electrical consumption difference= (9334.95+387.81-303.6-

1218.10-969.53)=$7231.53 electrical cost difference in 5 years; 

(365days*5yrs*1526.72KWh/30days)
-1

*$7231.53= 7.8 cents/kWh 

 

8000 Hours Incandescent Comparison to LED 

1) C/B=  (293.28+2307.64+1969.25+9287.43) /(9334.95+387.81) =1.43; In favor of 

the LED. This includes electrical consumption difference at 10 cent per KWh 

2) C/B= (293.28+2307.64+1969.25+4643.72) /(9334.95+387.81) = 0.95; In favor of 

the incandescent. This includes electrical consumption difference at 5 cent per 

KWh. 

3) Breakeven point on Electrical consumption difference is (9334.95+387.81)-

(293.28+2307.64+1969.25)=$5152.59 electrical cost difference in 5 years 
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(365days*5yrs*1526.72KWh/30days)
-1

*$5152.59= 5.5 cents/KWh 

 

8000Hrs Incandescent Bulb Default Comparison to LED 

1. C/B= (607.20+2436.2+1939.05+9287.43) /(9334.95+387.81) =1.47; In favor of 

the LED. This includes electrical consumption difference at 10 cents per KWh. 

2.   C/B=(607.20+2436.2+1939.05+4643.72) / (9334.95+387.81) =0.99; In favor of 

the incandescent. This includes electrical consumption difference at 5 cents per 

KWh. 

3.   Breakeven point on electrical consumption difference is (9334.95+387.81)-

(607.2+2436.2+1939.05)=$4740.31   

(365days*5yrs*1526.72KWh/30days)
-1

*$3580.1= 5.1 cents/KWh 

 

Assuming 2 % interest rate from 2002 for 10 years, the cost of retrofit will be 

6306.36 * (1.02)^10= $7687.42 and this may likely change the C/B ratio but let’s see 

below. 

16000Hrs Incandescent Bulb Comparison to LED 

1. C/B=  (303.6+1218.10+969.53+9287.43)/ (7687.42+ 387.81)=1.46; In favor of 

the LED. This includes electrical consumption difference at 10 cents per KWh. 

2.   C/B= (303.6+1218.10+969.53+4643.72) /(7687.42+387.81) =0.88; In favor of 

Incandescent. This includes electrical consumption difference at 5 cents per KWh. 

3.   Breakeven point on electrical consumption difference is (7687.42+387.81)-

(303.6+1218.10+969.53)=$5584   

(365days*5yrs*1526.72KWh/30days)
-1

*$5584=  6 cents/KWh 
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8000 Hours Incandescent Comparison to LED 

1. C/B=  (293.28+2307.64+1969.25+9287.43) /(7687.42 +387.81) =1.71; In favor 

of the LED bulb. This includes electrical consumption difference at 10 cent per 

KWh 

2. C/B= (293.28+2307.64+1969.25+4643.72)/ (7687.42+387.81) = 1.14; In favor 

of the LED. This includes electrical consumption difference at 5 cent per KWh. 

3.   Breakeven point on electrical consumption difference is (7687.42+387.81)-      

( 293.28+2307.64+1969.25)=$3505.06 

(365days*5yrs*1526.72KWh/30days)
-1

*$3505.06= 3.8cents/KWh 

 

8000 Incandescent Bulb Default Comparison to LED 

1. C/B= (607.2+2436.2+1939.05+9287.43)/ (7687.42+387.81)=1.77;  In favor of the 

LED bulb. This includes electrical consumption difference at 10 cent per KWh 

2. C/B= (607.2+2436.2+1939.05+4643.72)/ (7687.42+387.81)=1.19 In favor of the 

LED bulb. This includes electrical consumption difference at 5 cent per KWh 

3.    Breakeven point on electrical consumption difference is (7687.42+387.81)-        

( 607.2+2436.2+1939.05)=$3092.78;         

(365days*5yrs*1526.72KWh/30days)
-1

*$3092.78=3.3 cents per KWh. 

 

4.9 DETERMINATION OF RETURN ON LED RETROFIT 

I determined the time for return of investment in LED retrofit using the energy 

savings from LED. It is summarized as follows: My assumption is that the price of 

incandescent bulb remains the same since 2002. 
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LED initial cost per contract is $6306.36; Electrical Consumption in 30 days is 

130.42 KWh per Table 5. 

Incandescent bulb cost is $121.44 Per Table 8 ; Electrical Consumption in 30 days 

is 1657.4 KWh per Table 5. 

At 10 cent/KWh, incandescent electrical cost per month is $165.74 while $13.04 

is for LED. Electrical savings per month is $152.70 

 The time in months to be even is (LED cost-Incandescent bulb)/LED electrical 

savings to Incandescent bulb) 

(6306.36-121.44)/ 152.7) = 40.5 months= 3. 37 years. 
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CHAPTER 5 

5.0 Conclusion 

5.1 CONCLUSION  

The analysis on chapter 4 took into consideration the fixed timing plan for the 

signalized intersection of SH6 and Longenbaugh. Based on the timing plan, the analysis 

was performed for the signal bulb types and the LED  

Based on warranty considerations for the LED-5 years and the 16000 hours bulb 2 

years, the analyses were performed and comparison made between the 2 aforementioned 

bulb types. The 8000 hours bulb was analyzed based on hours because there was no other 

conflicting manufacturer’s warranty. This bulb was also compared to the LED.  

From the analyses it seems that the LED is more energy efficient than the 

incandescent bulb (9)(37). However the initial cost of investment (retrofit) to the LED 

appears higher in comparison to the incandescent bulb cost.  

Other costs involved in changing out signal bulbs helped give a broader picture to 

the signal bulb maintenance. These costs such as cost to the traveling public, signal 

technicians cost and vehicle rental cost were functions of how many times the signal 

bulbs were to be changed in a 5 year period. The less times one went out to maintain the 

signal bulbs the less the costs to the public and TxDOT. As safety and efficiency  are the 

goals(23) in TxDOT, this should be given a high weight in decision making regarding 

signal maintenance.  
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TxDOT performs 2 types of signal maintenance that work hand in hand. The first 

is the preventive maintenance that involves changing out all bulbs periodically.  The 

Second type is routine maintenance that ensures that burnt out bulbs are changed out as 

soon as possible, because our citizens have become accustomed to a particular level of 

service (39). In TxDOT practice, the routine maintenance often complements the 

preventive maintenance. However the routine maintenance costs fluctuates due to on call 

after hour’s overtime. We often do not know when a signal light will go out. If more than 

one red bulb is out, the signal goes into flash. This thesis addresses both types of signal 

maintenance, hence Tables 9, 10 and 11. 

Interestingly, what was sensitive to the cost benefit ratio was the electrical 

consumption difference. This helped determine where there was no difference in 

choosing LED or Incandescent bulbs in the whole picture of the analysis. 

Also the LED showed savings when the price of electrical consumption was 10 

cents per KWh. The cost benefit analysis after applying a 4 percent interest rate for 10 

years on the LED retrofit showed cost savings of about 12% for the 16000 hours 

incandescent bulb and about 40% savings for the 8000 hours incandescent bulb. 

Secondly, my analysis showed that I could get my initial investment in LED 

retrofit back in about 3 years when comparing the electrical consumption savings of the 

LED to the difference in the cost of the incandescent bulb versus the LED. 

 Also the interest rates over 10 years affected the outcome of the cost benefit 

analysis. This tells me that the cost benefit analysis should be done immediately before 

and/or after the retrofit in order to avoid interest rates. 

Taking the overall analysis of public costs, electrical usage and man-hour/vehicle 

rental costs, interest rates, number of times to change out the bulbs and most especially 
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the safety of the traveling public, the LED is preferable to the incandescent bulb. This is 

because there is fewer traffic interruptions to the motoring public, lower on call after 

hours maintenance due to burnt out bulbs. Furthermore the cost savings to the LED 

technology retrofit can be actualized in  short term through energy savings(40,41). 

5.2 RECOMMENDATIONS 

TxDOT should migrate from incandescent bulb technology to LED. 

TxDOT should continue to pursue both types of signal maintenance (Preventive and 

Routine). However, emphasis should be placed on the enforcement of warranties for 

LED.  

TxDOT should train their inspectors on how to inspect signal preventive 

maintenance projects to ensure that the warranties associated with the LED is not voided 

due to unapproved construction practices. When the LEDs are found defective either in 

the field or the signal laboratory, the LED should be collected per TxDOT protocol and 

shipped to the manufacturer for replacement, while notifying the Traffic Operations 

Division, who determines failure rates and if the product may still remain on the 

prequalified products list. 
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Appendix 

APPENDIX  LED SPECIFICATION 

Traffic Operations Traffic Management 
Division Section 
TEXAS DEPARTMENT OF TRANSPORTATION 
SPECIAL SPECIFICATIONS 
TO-7057-ITE 
12 INCH (300 MM) LED TRAFFIC SIGNAL LAMP UNIT 
1.0 SCOPE 
1.1 This specification describes the minimum acceptable design and performance requirements 
for 
12 inch (300 mm) light emitting diode (LED) circular and arrow traffic signal lamp units for span 
wire and mast arm applications. 
2.0 12 INCH (300 MM) LED TRAFFIC SIGNAL LAMP UNIT 
2.1 General 
2.1.1 All LED traffic signal lamp units shall conform to the latest versions of the Institute of 
Transportation Engineers (I.T.E.) Vehicle Traffic Control Signal Heads (VTCSHs) LED Vehicle 
Arrow Traffic Signal Supplement standard, the I.T.E VTCSHs LED Circular Signal Supplement 
standard, and this specification. In the case of conflicts between standards and specifications, the 
latest Texas Department of Transportation (TxDOT) specifications shall govern. 
2.1.2 The LED traffic signal lamp unit shall be designed as a retrofit replacement for existing 
signal 
lamps which will not require any special tools for installation. The 12 inch (300 mm) retrofit 
replacement LED traffic signal lamp unit shall fit into existing traffic signal housings without 
modifications. 
2.1.3 Installation of a retrofit replacement LED traffic signal lamp unit into existing signal housing 
shall 
only require removal of the existing lens, reflector, and incandescent lamp, fitting of the new unit 
securely in the housing door, and connecting to existing electrical wiring or terminal block by 
means of simple connectors. 
2.1.4 If proper orientation of the LED traffic signal lamp unit is required for optimum performance, 
prominent and permanent directional marking(s), that is an “UP arrow” or equivalent, for correct 
indexing and orientation shall exist on the unit. 
2.1.5 The manufacturer's name, serial number, manufactured date (minimum week and year) and 
other 
necessary identification shall be permanently marked on the backside of the LED traffic signal 
lamp unit. A label shall be placed on the unit certifying compliance to the latest I.T.E. VTCSHs 
LED Vehicle Arrow Traffic Signal Supplement or latest I.T.E. VTCSHs LED Circular Signal 
Supplement standards, including standard title and date. 
2.1.6 Any deviation to product design after testing and approval from TxDOT shall constitute a 
new 
model and must have a new model number. The new model must be submitted for acceptance. 
Failure to adhere to this requirement shall be grounds for automatic removal from the TxDOT 
PreQualified Products List (QPL) until an alternative solution has been approved by TxDOT. 
Random testing of average production LED traffic signal lamp units will be conducted to ensure 
compliance with this specification. 
SIGNAL OPERATIONS TO-7057-ITE rev. 5/29/2009 
2 - 7 
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2.2 Physical and Mechanical Requirements 
2.2.1 The LED traffic signal lamp unit shall be a single, self-contained device, not requiring on-site 
assembly for installation into existing traffic signal housing. 
2.2.2 The assembly and manufacturing process for the LED traffic signal lamp unit shall be such 
as to 
ensure all internal LEDs and electronic components are adequately supported to withstand 
mechanical shock and vibration from high winds and other sources. 
2.2.3 Each LED traffic signal lamp unit shall be comprised of a UV stabilized polymeric outer 
shell, 
multiple LED light sources, and a regulated power supply. LEDs are to be mounted on a 
polycarbonate positioning plate or PC board. 
2.3 Optical and Light Output Requirements 
2.3.1 The LEDs shall be manufactured using Aluminum-Indium-Gallium-Phosphide (AlInGaP) 
technology or other LEDs with lower susceptibility to temperature degradation than Aluminum- 
Gallium-Arsenic (AlGaS). AlGaS LEDs will not be allowed. 
2.3.2 Designs which require LEDs to be operated at currents greater than the LED 
manufacturer’s 
recommended drive current will not be allowed. 
2.3.3 The color of the LED traffic signal lamp units shall be specified in the solicitation. 
2.3.4 Each LED traffic signal lamp unit shall meet minimum laboratory light intensity values and 
light 
output distribution as described in I.T.E. VTCSHs LED Supplements for a minimum period of 
60 months, based on normal use in traffic signal operation over an operating temperature range 
of 
-40°F (-40°C) to +165°F (+74°C). 
2.3.5 Measured chromaticity coordinates of LED traffic signal lamp units shall conform to the 
chromaticity requirements detailed in Section 4.3 Chromaticity of the I.T.E. VTCSHs LED Circular 
Signal Supplement or Section 4.3 Chromaticity of the I.T.E. VTCSHs LED Vehicle Arrow Traffic 
Signal Supplement for circular or arrow indications respectfully for a minimum period of 
60 months. 
2.3.6 LED traffic signal lamp units tested or submitted for testing shall be representative of typical 
production units. Optical testing shall be performed with LED units mounted in standard traffic 
signal sections without visors or hoods attached to the signal sections. 
2.3.7 A copy of the lab test report from an independent lab for each LED traffic signal lamp model 
shall 
include light intensity values at each ITE specific distribution test point (balls supplement table 1 
or 2, for arrow supplement table 1 or 2). The lab report shall document current, voltage, total 
harmonic distortion (THD) for each test point. The power factor (PF) associated with each model 
shall be documented. 
2.4 Electrical 
2.4.1 Each LED traffic signal lamp unit shall incorporate a regulated power supply engineered to 
electrically protect the LEDs and maintain a safe and reliable operation. The power supply shall 
provide capacitor filtered DC regulated current to the LEDs per the LED manufacturer 
specification. Design of the power supply shall be such that the failure of an individual component 
or any combination of components cannot cause the signal to be illuminated after AC power is 
removed. 
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2.4.2 LED traffic signal lamp units shall be operationally compatible with TS1, TS2 cabinet 
designs, and 
170 cabinet designs. Under normal operating conditions, the LED lamp unit shall operate without 
inhibiting any Conflict Monitor/MMU monitoring features. 
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2.4.3 LED lamp units with the incandescent look and meeting the criteria of this specification will 
be 
eligible for bid. 
2.4.4 Circular and arrow LED traffic signal lamp units shall be designed to sense a loss of light 
output 
due to catastrophic LED failure and react in compliance with the failed state impedance provision 
of the I.T.E. VTCSHs Circular Signal Supplement (Section 5.7). 
2.4.5 Two, captive, color coded, 600V, 18 AWG minimum jacketed wires, 3 feet (1 m) long, 
conforming 
to the National Electric Code, rated for service at 221°F (105°C), are to be provided for an 
electrical connection. 
2.4.6 The LED traffic signal lamp units shall have on-board circuitry including voltage surge 
protection, 
to withstand high-repetition noise transients and low-repetition high-energy transients as stated in 
Section 2.1.8, NEMA Standard TS 2-2003, except voltage shall be 2000V instead of 1000V The 
circuitry shall also be able to withstand high-repetition low-energy transients as stated in Section 
2.1.6, NEMA Standard TS 2-2003. 
2.5 Environmental Requirements 
2.5.1 Environmental requirements shall meet or exceed I.T.E. VTCSHs LED Standard 
Supplements. 
2.5.2 The LED traffic signal lamp units shall be rated for use in the ambient operating temperature 
range of 40°F (-40°C) to +165°F (+74°C). 
2.5.3 The LED traffic signal lamp units shall be dust and moisture tight to protect all internal LED 
and 
electrical components. 
2.5.4 The LED traffic signal lamp units shall consist of a housing that is a sealed watertight 
enclosure 
that eliminates dirt contamination and allows for safe handling and operation in all weather 
conditions. Moisture resistance testing shall be performed on LED signal modules in conformance 
with the requirements in the I.T.E. VTCSHs LED Standard Supplements. Evidence of internal 
moisture after testing shall be cause for rejection. 
2.6 Production Testing Requirements 
2.6.1 A quality assurance (QA) program must be in place at the manufacturer’s facility to ensure 
product 
reliability. All lamps shall be certified in a LED Traffic Signal Module Certification Program by 
Intertek ETL or a Third-Party Lab with “Nationally Recognized Testing Laboratory (NRTL)” status. 
2.6.2 All lamps manufactured shall be affixed with an Intertek ETL Verified label or from a Third-
Party 
NRTL to demonstrate compliance to Section 6.3 (Production Tests & Inspections), latest revision 
of I.T.E. VTCSH Full Ball Specification for LED Ball modules and latest revision of I.T.E. VTCSH 
Arrow Specification for LED Arrow modules. 
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3.0 DOCUMENTATION REQUIREMENTS 
3.1 Each LED traffic signal lamp unit shall be provided with the following documentation: 
A. Complete and accurate installation wiring guide. 
B. Contact name, address, telephone number and email address or webpage for the 
representative, manufacturer, or distributor for warranty repair. 
C. If requested by the purchaser, the respondents shall supply schematics for all electronics. 
3.2 Respondents shall be required to submit a copy of a test report, certified by an independent 
laboratory, stating that the LED traffic signal lamp model submitted meets or exceeds the latest 
I.T.E. VTSCHs LED Supplemental Standards. The laboratory report shall include documentation 
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of tests and verification of compliance to the additional provisions of this standard. Tests 
performed by the independent lab shall follow all the instructions documented in the latest I.T.E. 
VTCSHs circular signal supplement or latest I.T.E. VTCSHs arrow supplement as it pertains to 
the 
product being tested. Criteria in Section 2.3.7 above shall be documented in the test report. 
3.3 Proof of “Nationally Recognized Testing Laboratory (NRTL)” status, as required in Section 
2.6.1, 
must be documented and submitted with each model of LED traffic signal lamp unit. TxDOT shall 
be notified in writing prior to changing testing labs. 
3.4 Manufacturers shall be International Organization for Standardization (ISO) 9000 certified or 
latest 
revision. 
3.5 Compliance letter specified in Section 4.2, Warranty. 
3.6 Certification document specified in Section 4.7, Warranty. 
4.0 WARRANTY 
4.1 Manufacturer must comply with all requirements of the following warranty. Failure to comply 
with 
the requirements of this warranty is cause for the manufacturer/supplier to be removed from the 
QPL. 
4.2 The manufacturer/supplier shall submit a letter of compliance indicating understanding and 
willingness to abide by the provisions of this specification. The manufacturer/supplier shall 
provide name and telephone number of the person to contact regarding potential claims under 
the 
provisions of this warranty. The compliance letter shall be addressed to: 
Texas Department of Transportation 
Attn: TRF-TM Signal & Radio Operations Branch Manager 
125 E. 11th Street 
Austin, Texas 78701-2483 
4.3 The LED traffic signal lamp units shall be warranted against any failure due to design, 
workmanship, material defects or intensity within the first 60 months of field operation. LED traffic 
signal lamp units shall meet or exceed minimum requirements of this specification for a period of 
no less than 60 months of field operation. 
4.4 Repair or full replacement will be required if a LED traffic signal lamp unit fails to operate as 
specified under normal operating conditions. Repaired or replaced LED traffic signal lamp units 
will be provided at no cost to TxDOT. The replaced or repaired LED traffic signal lamp units will 
inherit the remainder of the failed LED traffic signal lamp unit’s warranty. 
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4.5 LED traffic signal lamp units shall be repaired or replaced within 5 business days after receipt 
of 
failed LED traffic signal lamp units at no cost to TxDOT, except the cost of shipping the failed 
LED 
traffic signal lamp units to the responsible vendor. The cost of shipping the LED traffic signal lamp 
units back to TxDOT will be borne by the vendor or manufacturer. 
4.6 If a LED traffic signal lamp unit fails with no visible damage to electronic/electrical 
components, 
(not including fuses or components designed to act as a fuse) or wiring, then the LED traffic 
signal 
unit is considered to have failed under normal operating conditions; A blown fuse, or a component 
acting as a fuse, without any other permanent failure to electrical/electronic components shall be 
considered to have failed under normal operating conditions. Acts-of-god will not be accepted as 
excusable unit failures without visible damage. 
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4.7 The manufacturer/provider shall submit a certification document with each lot or shipment 
stating 
that the LED traffic signal lamp units provided meets all the requirements of this specification. The 
certification document shall show individual lot numbers and manufacturer dates. 
5.0 QUALITY ASSURANCE 
5.1 TxDOT may perform random sample testing on shipments. Random sample testing will be 
completed within 30 days after delivery. 
5.2 Optical testing shall be performed with the module mounted in a standard traffic signal 
section, but 
without a visor or hood attached to the section or housing. The number of modules tested shall be 
determined by the quantity of each model in the shipment. The sample size shall conform to 
ANSI/ASQC Z1.4. TxDOT Traffic Operations Division, Traffic Signals Branch shall determine the 
sampling parameters to be used for the random sample testing. All parameters of the 
specification may be tested on the modules. Acceptance or rejection of the shipment shall 
conform to ANSI/ASQC Z1.4 for random sampled shipments. 
5.3 TxDOT reserves the right to select a sample from the field during the warranty period and 
perform 
tests to determine extended compliance and/or deterioration of the LED traffic signal lamp units. 
6.0 QUALIFICATION TESTING 
6.1 TxDOT Traffic Operations Division, Traffic Signals Branch maintains a TxDOT PreQualified 
Products List (QPL) for LED traffic signal lamp units meeting or exceeding this standard. LED 
traffic signal lamp units found on this list have been deemed acceptable for purchase by TxDOT. 
6.2 If a problem is found to exist with a LED traffic signal lamp unit (i.e.unsafe failure condition or 
excessive failure rate) on this list, it will be immediately removed from the QPL. If there are 
excessive complaints about a manufacturer’s compliance to warranty (Section 4.0), they will be 
immediately removed from the QPL. 
6.3 It shall be grounds for automatic removal from the TxDOT QPL if any manufacturer deviates 
LED 
traffic signal lamp units from approved LED traffic signal lamp units without prior testing and 
approval from TxDOT. 
6.4 TxDOT reserves the right to select a sample from the field during the warranty period and 
perform 
evaluation tests to determine extended compliance and/or deterioration of the LED traffic signal 
lamp unit. Any model that shows deterioration of unit causing the unit to no longer pass the 
evaluation tests during the warranty period shall be automatically removed from the TxDOT QPL, 
and the submitting party may be held legally responsible for all damages. 
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6.5 If a manufacturer determines there is a reason to remove a model from the QPL, they must 
submit 
a letter to TxDOT Traffic Operations Division, Traffic Signals Branch identifying the problem in 
writing and the model will be removed without prejudice. Once the problem has been resolved to 
TxDOT Traffic Operations Division, Traffic Signals Branch’s satisfaction, a new model may be 
applied for re-qualification. 
6.6 TxDOT Traffic Operations Division, Traffic Signals Branch shall return the submitting party a 
letter 
of confirmation or rejection for each model submitted. For each rejected model, a test report will 
be issued along with the letter of rejection. 
6.7 If a model is removed from the QPL for cause other than previously stated, the manufacturer 
may 
not resubmit for approval for a minimum of one year. 
7.0 PROCEDURES FOR PREQUALIFICATION 
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7.1 Contact TxDOT Traffic Operations Division, Traffic Signals Branch for shipping instructions 
and 
testing procedures at (512) 506-5100. 
7.2 The manufacturer shall submit a copy of their ISO 9000 certification, or latest revision, 
including 
date. 
7.3 Submit a copy of the manufacturer’s quality assurance (QA) testing procedures. 
7.4 Submit a letter from the manufacturer confirming compliance to this specification. 
7.5 Submit the manufacturer’s written warranty against defects in materials, design and 
workmanship 
for LED traffic signal lamp units for a period of 60 months after installation. 
7.6 Submit independent laboratory reports confirming each LED traffic signal lamp unit model’s 
compliance with this specification including the Documentation section of this specification. 
7.7 Submit testing procedures explaining compliance to this specification, in addition to the I.T.E. 
tests. 
7.8 Submit a completed checklist detailing the page and paragraph in the laboratory report where 
I.T.E. and TxDOT compliance has been tested. 
7.9 Submit 2 samples of each color indication and type (samples are non-returnable) from a 
normal 
production run of each LED traffic signal lamp unit model requesting acceptance to TxDOT Traffic 
Management Signals branch for evaluation. 
7.10 Submit one schematic diagram for each LED traffic signal lamp unit model being evaluated, 
along 
with any necessary installation instructions. 
7.11 For each LED traffic signal lamp unit model submitted, the manufacturer name and contact 
information, brand and model number of LEDs used shall be provided, along with the LED 
manufacturer’s recommended drive current and degradation curves. 
7.12 All samples submitted will be connected to a TxDOT TS-2 Traffic Signal Control Cabinet and 
environmentally tested to NEMA TS-2 2003 standards. All LED’s shall be operational at the 
conclusion of the test and shall not cause MMU trip conditions in the controller/cabinet during 
testing. 
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7.13 During the environmental testing, the samples may be evaluated for chromaticity and 
intensity 
after 8 hours of soaking at the extreme temperatures of 40°F (-40°C) and +165°F (+74°C), at low 
(80V AC) and high (135V AC) voltages. 
7.14 Destructive testing will be conducted to determine that the units are in conformance with the 
catastrophic LED failure clause. 
7.15 TxDOT reserves the right to charge $250 per unit for each recurring non-compliant 
submittal. 
7.16 A model may be reinstated on the QPL under a different model number provided that all 
problem(s) identified have been corrected and the new model no longer exhibits the same. 
TxDOT Traffic Operations Division, Traffic Signals Branch must approve of the new model as a 

successful replacement. 
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