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This paper addresses the in-process $846 million dollar Automated People Mover (APM) 
project for DFW International Airport (DFW), part of the $2.5 Billion Capital 
Development Program taking place over the next five years.   DFW, one of the busiest 
airports in the world, is addressing the needs of their flying customers with the design, 
construction and operation of a new APM system scheduled to go on-line in 2005.    
 
Beginning with a brief history of what brought DFW to this point, discussion includes the 
approval of the financing, selection of the Architect/Engineer (A/E), the construction 
contractor and the equipment supplier and proceeds through current design and 
construction.   
 
This APM will replace the existing Airport Train System, which has been in operation 
since the opening of the airport in 1974.  The new APM system will be a secure, bi-
directional guideway carrying 5000 passengers per hour per direction when opened.  The 
guideway runs on approximately 8 km (5 miles) of aerial structure along the airside face 
of the existing terminal buildings at a nominal elevation of 15.2 meters (50 feet) above 
the apron and inside the new Terminal D at a nominal height of 18.3 meters (60 feet) 
above the apron. 
 
Coordination of the design and construction between A/E, construction contractor and 
equipment manufacturer is paramount to the successful completion of the DFW APM 
Project.  This paper describes the initial organization, structure and processes, methods of 
identifying critical issues, establishment of lines of communication and preparation of the 
project packages.  Design consideration also must be given to fitting the APM into the 
existing airport infrastructure and future intermodal considerations.  To this end, 
continuous coordination with tenant airlines, other airport departments and outside 
agencies is required to ensure that their needs are met during the construction of the APM 
and once the system is operational. 
 
The paper concludes with a status report of how the project is progressing, lessons 
learned in the first 9 months of construction, and an image of the future operation.  
Progress photos depicting how the previously mentioned challenges were accomplished 
will be provided during the presentation. 
 



History 
 
DFW was originally designed to be an origination and destination airport and the existing 
airport train system was designed to accommodate passengers for this type of airport.  In 
1997, DFW adopted a new Master Plan for the next 25 years of service.  Included in this 
Master Plan, was the addition of a new Automated People Mover to serve the future 
terminals and to replace the 25-year-old existing Airport Train.  The technology upon 
which the existing system was based on had become obsolete, the train system had been 
optimized as much as possible and the life cycle of the vehicles was close to its end. 
 
In March 1997, DFW began the planning and programming for the future APM system.  
The system would need to carry passengers in both directions to allow passengers 
transferring between flights to take the shortest route to their departing aircraft.  The 
route of the new system would need to accommodate the planned International Terminal 
D as well as a potential sixth terminal that could come on line some time in the future.  
Many alternate locations for the APM were also reviewed during this time period.  Some 
of these alignments included on the landside face of the terminals, above the roof of the 
existing terminals and on the airside face of the terminals.  The alignment that was 
chosen out of these studies was to place the APM guideway on the airside face of the 
terminals.  Conceptual Plan and profile drawings showing the new APM guideway were 
prepared including horizontal and vertical geometry information and made part of the 
Reference Drawings for the train suppliers to use during the procurement process. 
 
The new APM system traverses around the terminals in the shape of a double hourglass 
and would have stations located at the thirds of the terminals within this alignment.  The 
APM guideway platform and stations are elevated approximately 15.2 meters (50 feet) 
above existing ramp elevation to reduce the impact upon airside operational areas and 
landside roadways.  The stations were sized to carry the ultimate capacity of the new 
APM system of 8500 passengers per hour per direction.  Plan, section and elevation 
views were prepared and reviewed and approved by DFW staff and the Airline Advisory 
Board.  These drawings were also made part of the procurement documents for the train 
suppliers.  Included in these documents were the layout of rooms for APM and Facilities 
equipment at each location.  Station facilities were sized to accommodate two-minute 
train headways and the ultimate capacity of the APM system. 
 
The APM Reference Drawings were available for suppliers on February 7, 2000.  The 
proposals from perspective suppliers were due to DFW on May 26, 2000.  DFW staff 
from Airport Development and Operations as well as Lea+Elliott staff would then review 
these proposals for a period of four weeks.  Following this, the suppliers prepared written 
responses to questions generated from the review of the proposals.  During this same 
time, the design team was being selected and mobilizing onto the project. 
 
The Reference Drawings were prepared primarily for the procurement of an APM 
supplier however, these drawings also served as a preliminary engineering planning 
document for the APM Guideway and Station Design Team.  The procurement process 
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for this design team began in the spring of 2000 with notice to proceed for final design 
occurring in the summer of 2000. 
 
Due to the schedule, the Design Team began preparing design packages prior to the 
selection of an APM supplier.  The initial design packages had to accommodate all 
proposed APM technologies.  This task was accomplished through the preparation and 
use of the APM Design Criteria Manual.  This manual contained detailed information on 
the various technologies without divulging the actual supplier names.  Some of the data 
included in this criteria manual were empty weight, design weight and maximum weights 
of the vehicle (AW0, AW1 and AW2), door zones for station platforms, axle spacing, 
propulsion distribution equipment weights, electric utility company requirements, 
guideway switches and plan and section views of various locations on the guideway.  
This manual allowed the APM Design Team to begin the process of path assessment and 
final design. 
 
Organization Structure 
 
The project organization began with the prime design consultant, Brown and Root 
Services (BRS) compiling a design team.   The BRS team included numerous consultant 
firms joined to meet the technical needs and the Minority Business Enterprise/Woman 
Owned Business Enterprise (MBE/WBE) requirements of the contract.   The resulting 
workforce of 160 people is located at a campus on the south end of DFW International 
Airport.  The initial 3,900 m2  (42,000 ft2) building was quickly filled and then 
supplemented with portable buildings.   
 
The staff pool of the design team is divided along two lines.  The first division is along 
technical lines by engineering discipline.  Each technical group (architectural, structural, 
mechanical/plumbing/life safety, civil, electrical/instrumentation/security, and CADD) 
has a Group Leader.  The Leader monitors all the engineers/architects and designers, 
verifies adequate resources are available to perform the work, leads the charge 
performing the design, deals with global design and tracks technical issues as they arise 
on the project.  These leaders are the first levels of quality control.  From this pool of 
professional engineers, intern engineers, designers, architects and CADD technicians, 
personnel are assigned to the Project Teams. 
 
The second dividing line is along management of geographical areas, the Project Teams, 
who manage the production of the design packages.  There is a Team manager for 
Landside, Terminals A and C, Terminals B and E, Terminal D and future Terminal F, 
Gate Modifications and Airfield.  Staff is assigned to the Project Teams from the 
Technical Groups.   To this end, the staff of the individual companies becomes a 
homogeneous Project Team producing and issuing the design packages.  Weekly team 
meetings are held to communicate critical information and housekeeping issues.  The 
Project team managers meet weekly with DFW staff for status briefings and with Hensel 
Phelps Construction Company (HPCC), the General Contractor to evaluate status, 
schedule and critical issues.   
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Coordination of staff and information is critical to the success of the project.  Weekly 
meetings for project managers, project design teams, discipline groups, with the 
construction contractor, DFW staff and sub-consultants are the foundation of this 
communication effort.  Communication includes a campus-wide computer system, 
central QA/QC clearance, an in-house reproduction shop, Project Management Software 
on every computer, visual aid equipment and dual 800 MhZ processor computers capable 
of creating virtual reality models of various APM elements. 
 
Project Management for the entire Capital Development Project is being maintained 
through the use of Prolog version 6.0 by Meridian Systems.  This software allows all 
involved parties to maintain an up to date record of all project control related information 
through the local area network at the CDP Satellite complex or through the Internet.  This 
software allows individuals to document meeting minutes, transmittals, cost estimates, 
quality assurance information, requests for information (RFI’s) and submittals 
electronically so that multiple individuals receive the information simultaneously through 
a word processing software such as Microsoft Word. 
  
The overall APM project of approximately 7,750 meters (25,400 linear feet) of dual lane 
guideway with 12 stations was segmented to accommodate the design/build environment 
and to establish demarcation from the DFW Airport Terminal D Project.  The Terminal D 
Project will include an international terminal, hotel and the portion of the APM within 
their project geographic limits. 
 
The balance of the system is sub-divided into 96 design packages and 23 pricing 
packages.  The pricing packages were intended to supply enough data for the construction 
contractor to obtain quotes on major items and long lead-time equipment/materials.  The 
quotes are the basis for presentation and requesting funding to the DFW Airport Board 
for Official Board Action (OBA).  The breakdown of design packages and schedule was 
determined in a joint effort between BRS and HPCC.  The mission was to provide 
meaningful construction packages to the contractor in a sequence that allowed the design 
to begin and then for construction to begin and proceed as the design continued.  This 
breakdown also allowed formulation of manageable design packages to proceed in an 
acceptable sequence, giving the design and construction teams the ability to focus on 
designated packages.   
 
Major system elements include:  guideway geometry (horizontal and vertical alignment), 
column locations, airside guideway structure, landside guideway structure, station 
prototype, Passenger Boarding Bridge (PBB) modifications, fuel pit relocations and 
maintenance and storage facility (MSF).  The design began with the foundations and PBB 
modifications.  Simultaneously the guideway horizontal and vertical alignments were 
being set with information from the train suppliers.  As the guideway alignment was in 
process, the initial column locations were being set.  Collaterally, design was underway 
by a task team who developed four guideway and column alternatives for final selection 
by DFW Executive Staff. 
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Design Challenges 
 
The initial design and construction was to begin in the existing long-term reduced rate 
parking lot known as 4W.  The decision to start the construction in this location was so 
that when the construction began on the airside around taxiing aircraft, the learning curve 
would have been reached.  At the onset of design within this site, the DFW Planning 
Department determined the need to preserve the ability to install at a later date a future 
terminal that would be known as Terminal F. 
 
The alignment previously agreed to through Terminal F was symmetrical to Terminal E 
across the main thoroughfare through the airport.  This alignment was based on the 
original terminal configuration from when the airport first opened.  The Planning 
Department however felt that with the design of Terminal D underway, it would be more 
advantageous to provide an alignment that would complement a similar terminal design.  
A series of design workshops were held with the DFW Airport Development Department, 
DFW Planning, the BRS design team, Lea+Elliott team members and Hensel Phelps to 
determine the most efficient use of the area.  The key concern of the Planning 
Department was the preservation of a grid that future terminal columns could be placed 
on.  To this end, the revised alignment of the APM was also placed on this same grid.  
Figure 1 shows the original alignment through Terminal F whereas figure 2 shows the 
final alignment through Terminal F. 
 
At the tangent sections of the alignment where the stations were to be located, the 
columns were spaced approximately 29.3 meters (96 feet) apart from one another.  Cast-
in-place straddle bents that span from column to column support the APM structure in 
these locations.  This bent contains approximately 27,200 kg (60,000 pounds) of 
reinforcing steel and 9-36 strand post-tensioned tendons.  The load of the reinforcing 
steel, post-tensioned tendons, formwork and concrete weighed over 800 tons UK (1.8 
million pounds).  The design of these straddle bents allows the future load of the terminal 
to be affixed to these structures.  Future terminal loads of approximately 715 tons UK 
(1600 kips) were added to each column to calculate the required size of the columns in 
the terminal areas. 
 
The revised alignment through future Terminal F also preserved the tangent section 
between Terminals F and D for a future rapid transit interface point.  The local transit 
agency in Dallas (DART) is in the process of performing a feasibility study and 
environmental impact statement for a light rail corridor on the north side of the airport.  
The DFW Planning Department is currently coordinating with DART to determine 
whether or not it would be feasible to extend this line into the Central Terminal Area 
(CTA) of the airport and interface with a future 13th APM station.  At this location, 
passengers would be able to check baggage, get boarding passes and transfer to the 
secure APM to get to their respective gate.  Should the Dallas/Fort Worth Metroplex bid 
for the 2012 Olympics be awarded, this intermodal facility could become a reality by 
2008. 
 
As previously discussed, the APM alignment was to be on the airside of the existing 
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terminals in close vicinity to gated aircraft.  So the next challenge became, how to locate 
guideway columns and the two stations for each terminal in the same area as the aircraft 
operational area.  A Path Assessment Team (PAT) was assembled to evaluate existing 
conditions and determine the impact the proposed guideway and stations would have on 
existing facilities.  The team consisted of experts in the field of: PBB’s, airfield/apron 
configuration, structural engineers, mechanical engineers and electrical engineers. 
 
Impact surveys got underway and major impacts to most of the existing PBB’s were 
discovered in the vicinity of the new train stations that are approximately 122 meters (400 
feet) long.  Moving PBB’s further away from the face of the terminal buildings to clear 
the stations caused a domino effect upon aircraft parking positions.   
 
On a parallel effort to the Path Assessment, DFW and Design Team staff met with the 
airlines regarding the planes that would utilize each gate at each terminal.  Since the 
alignment of the new APM system was on the airside, many aircraft had to be moved 
further away from the terminals to accommodate the structure.  The airlines provided the 
“mix” of aircraft, which assisted the design team in determining what gate modifications 
and fuel pit relocations would have to be made.  Often times, however the aircraft that 
were to use each gate would change as the construction at that gate was underway.  The 
design team prepared bulletins to the drawings to alleviate this problem.  Another 
complexity that has been experienced is the addition of aircraft to a certain gate that must 
be accommodated prior to the originally planned gate modifications.  With the retiring of 
some older aircraft, newer and larger aircraft will be using the gates, which has 
contributed to some redesign as well. 
 
Spacing of guideway columns along the terminal face was limited to approximately 30.5 
meters (100 feet) because of span limitation of the concrete beams.  A preliminary 
planning document of the APM system was used as the starting point to locate column 
locations.  Airside operations can be extremely busy areas with numerous services 
ongoing mostly at the same time to service the aircraft during the turnaround period.  
Airside working areas therefore did not allow free column locations.  The PAT defined 
non-compatible column areas such as tug roads, Ground Service Equipment (GSE) 
parking, aircraft push back positions, baggage operational areas.  This resulted in a 
general shuffle of columns that were relocated and then field checked with bridge 
designers and the PAT members.  Final adjustments were made and most locations 
proved to be acceptable, but in some cases the location of columns were continuing to be 
tweaked almost to the time of final document delivery. 
 
Underground utilities also complicated column locations.  The biggest concerns were fuel 
lines and large storm drains located under almost 1 meter (3 feet) of pavement.  Column 
locations in many instances directly conflicted with the believed location of the existing 
fuel lines, but nobody could confirm exact locations of fuel lines.  To rectify this 
situation, tone signals were put on the lines and monitors could generally find the lines, 
but in many instances the pavement reinforcement steel apparently impaired the signals.  
A system of Subsurface Utility Engineering (SUE) or “Pot Holing” was implemented to 
expose and locate the lines.  Concrete cores 30.5 cm (12 inches) in diameter were made 
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and a vacuum excavated the hole to expose the lines.  Vacuum excavation was 
considered less obtrusive to the fuel lines in particular.  This process could reach depths 
nearing 6.1 meters (20 feet) below the surface.  Once found, the lines were surveyed and 
the exact locations provided to the design team so straddle cap foundation could be 
designed if necessary. 
 
Once the column locations were determined to be clear of underground utilities and 
relocated PBB’s and fuel pits, a final review of the column locations was performed to 
make sure that all ramp operations could still take place after the structure has been 
installed.  Coordination with the airlines took place at this time as well to make sure that 
all the needs of the ground service and operations personnel had been addressed.  
Included in this review are the verification of the swing limits of PBB’s, pre-staging of 
GSE during complexes, access to all points of the aircraft for baggage loading, cabin 
service and refueling and line of sight studies for the ground control towers operated by 
the airlines. 
 
There are three mini-ops towers being used by the airlines at DFW.  The American Eagle 
ground control tower monitors gates A2 - A20 and the new A2 terminal.  The American 
Airlines Ramp ground control tower monitors the balance of Terminals A and C.  The 
Delta Airlines tower, located between Gates E15 & E16 is their operations nerve center.   
The line of sight studies were conducted to determine the impacts of the guideway and 
stations on the existing ramp control towers and the airlines operations.  Figure 3 depicts 
the existing view from the American Eagle ramp control tower and figure 4 shows the 
ultimate condition once the APM is constructed.  As a result of the APM construction, 
control towers will have to be modified or camera operations modified to keep the towers 
functional. 
 
As discussed previously, the APM route traverses around the terminal areas in the shape 
of a double hourglass, but at the northern and southern ends of the route the system spans 
across the airport’s main roadway system.  Across the roadways from east side terminal 
to west side terminal the span is approximately 244 meters (800 feet).  Airport officials 
were desirous of a pleasing appearing bridge system for entering and departing airport 
customers.  It was determined that a steel trapezoidal bridge system was the best 
application to meet this need.  Steel girders would allow longer span lengths, fewer 
columns, curving profile rather than straight beam sections and thereby providing a better 
overall appearance.  Some of the steel span lengths reach approximately 76.2 meters (250 
feet) spanning roadways or portions of terminal buildings. 
 
A concern arose about the longer steel spans.  The concern had indicated the possibility 
of vibration problems for the APM vehicle riders.  Could the natural frequency of the 
bridge section and the natural frequency of the APM vehicle cause first a structural 
problem and secondly would there be ride comfort issues?  Preliminary data had 
indicated that girder depths would need to be increased by 45.7 cm (18 inches) and 
flanges increased to thickness in some case up to 10 cm (4 inches).  Increasing girder 
depths would have caused profile alignment changes in the North Gateway where tracks 
cross on another.  Profiles in this area were approaching the limit of vertical slopes and 
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would have impacted vehicle speed through these areas.  And significantly, these changes 
would have cost DFW approximately three to four million additional dollars, impacting 
an already strained budget. 
  
Studies were initiated; dynamic-finite models were prepared to evaluate the bridge and 
the APM vehicle interaction.  From this analysis, it was determined that vertical 
displacement of approximately 2.54 mm (0.1 inch) would occur resulting in gravitational 
velocities of approximately 9.1 mm/sec/sec (0.03 ft/sec/sec).  Ride comfort parameters 
established by Lea+Elliott, DFW’s APM consultant had indicated these displacements 
were within the acceptable range and no special designs to stiffen the bridge would be 
required and ride comfort was not compromised using the standard approach to steel 
bridge design.  Although this process impacted the design schedule by three weeks, it had 
to be carried out to guarantee that the ride comfort was not compromised.  This 3-week 
loss was recovered through a modified shop drawing preparation/review process whereby 
the fabricator submitted the shop drawings as the spans were being designed. 
 
Construction Challenges 
 
In order to meet the sixty-five availability dates to the APM system set out in the 
ADtranz’ contract, the construction process has to move in a very rapid manner.  The 
original construction schedule allowed the guideway and stations to be constructed in a 
time period of 30 months from February 1, 2000, however the actual construction did not 
commence until September 11, 2000.  In order to complete the facilities construction 
within the 30-month window, key design decisions had to be developed expeditiously.  
One of the key decisions for facilitating an accelerated construction effort was the 
utilizing of precast post-tensioned segmental columns on the airside guideway. 
 
Another improvement in the construction process was made in the location of the APM 
stations at the existing terminals.  The original plan called for independent structural 
supports for the guideway and the station itself.  Early on in the design phase of the 
project, it became apparent that the airlines were very concerned about the degradation of 
the operation as a result of the multiple penetrations into the ramp at the station location. 
 
The original configuration called for a total of 48 columns to be placed in the ground at 
the stations.  The structural design team compiled all the loads that would be imposed on 
the structure and developed a revised support system that would reduce the number of 
penetrations to 10 to support the station and the guideway on either side.  The support 
structure for the guideway and the stations would be through structural steel bents resting 
on precast columns.  These bents are approximately 18.8 meters long (61’-7”) by 2 
meters high (6’-7”) at the middle by 0.6 meters wide (2’-0”).  The station structure is 
attached to these bents by trusses that span bays of 27.4 meters (90’-0”).  Although the 
cost of these structural steel bents is higher than a conventional method of multiple 
columns penetrating the ramp, it was determined that the benefit of an accelerated 
construction schedule of the stations as well as more functional ramp space for the 
airlines contributed to the reason for the steel bents to be used. 
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When the project began the pricing packages were conceived as a means of allowing the 
construction contractor to price and order long lead-time items and materials.  As the 
design caught pace with the construction, the team was able to eliminate and consolidate 
these pricing packages to concentrate on the full design packages.   
 
With a project of this magnitude, determining packages, package drawing and man-hours 
was a project itself.  Finding a framework acceptable to both designer and construction 
contractor needs to be done as early in the project as possible.  The framework will 
provide the definition and focus needed for efficient use of resources.        
 
Conclusion 
 
The design of the DFW APM System has been underway for over a year with all of the 
pricing packages completed or eliminated and the majority of the design packages 
completed.  The construction of the new APM System is taking place in three of the four 
existing terminals, at the future Terminal F location and soon to be underway in 
Terminals B and D.  The appearance of the APM columns towards the end of 2000 was a 
very monumental (no pun intended) time for the project.  The columns have become one 
of the tallest structures at the airport and generate a large number of questions from 
laymen as to what is going to rest upon them. 
 
The APM Team has become a big family.  We sometimes have a difference of opinion or 
belief on certain issues but in the end, the goal is the same for all involved:  to get the job 
done right the first time.  When the system opens up in February 2005, all patrons of the 
airport will have a state of the art, world-class system that they can utilize.  Arriving 
passengers will pull up to the gates and be able to get off of their plane and arrive at any 
other gate within the CTA within 30 minutes.  From the landside perspective, the APM 
stations will stand out above the existing terminals and add an architectural element to the 
skyline in multiple locations.  As a vehicle enters the airport from either the north or 
south toll plaza, the APM structure will capture their eyes and let them know that there is 
a new way to fly at DFW. 
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Figures 
 

 
Figure 1 – Original APM Alignment 

 

 
Figure 2 – Revised APM Alignment 

 

 
Figure 3 – American Airlines Ramp Tower Before APM 
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Figure 4 – American Airlines Ramp Tower After APM 
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