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Kay Bailey Hutchison
D Convention Center Dallas

Datum Engineers is the structural engineer of record for the Kay Bailey Hutchison Convention Center Expansion Phase |,

Phase II, Phase Ill and Phase IV (2002 Expansion).

Datum's continual involvement has helped mold the Dallas Convention Center into a world class facility, constructed on

time and in budget.

This book is the story of Datum's involvement throughout the process. Hopefully our convention center experience can

be beneficial on future projects of this type.

Thomas Taylor, PE

Principal Design Engineer of Datum Engineers



D Phase IV Expansion

Design Architect: SOM Chicago
Architect of Record: HKS

The Kay Bailey Hutchison Convention Center 2002 Expansion and Renovation is the largest column free expansion
space in the world, incorporating the latest technology and designs for convention centers. SOM created a unique and
world class architectural design.

Datum Engineers designed Phase |, I, and Il of the Dallas Convention Center and continued as structural engineers on
Phase IV. The structural design team consisted of a highly experienced staff from the previous Phase Ill expansion.

Phase Ill was designed to accommodate the new Phase IV expansion. Some of the functional requirements of Phase Il
extended beyond the normal expansion joint locations requiring some of Phase Ill to be removed prior to continuing with
construction to Phase V.

Phase IV had all the same coordination problems due to spanning streets and Dart rail lines. The foundations were
coordinated to miss the street, rail lines, and major known existing utilities. The contractor encountered several unknown
structures buried in the site, creating conflicts with the foundations, requiring creative structural modifications.




Phase IV Expansion

The exhibition floor is a 400" x 400" column free space design to support 350 Ibs. per square foot live load. The roof is a

structural steel frame hung from 2- 400" twin 50' tall parabolic arch trusses constructed from a 4'- 0" diameter x 172" to
%" thick pipes. At the ends of each parabolic arch is a 5- 0" x 2" thick connection sphere tying it to the connection truss.
The exhibition floor is protected from vibration from six roadways and four train lines below by spring isolators. The entry
is created by a 900' long x 85' tall structural-architecturally exposed concrete wall. The wall incorporates many structural

design features to control the architectural finish and to control cracking.

Special signature concrete wall design features include:
Special pour sequence of the concrete
Specific detailing of the reinforcing
Concrete control joints to control cracking locations
Special concrete mix designs

Flexible foundations to release stresses in the wall

Phase IV opened in 2002 and the project was on schedule and in budget.



Phase IV Expansion

Structural steel roof frame hung from 2 exposed 400" twin 50' tall exposed parabolic arch trusses constructed from a 4'- 0"
diameter pipes.



Phase IV Expansion
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he Engineering Awards of Excel-

| lence are presented annually by

AISC to recognize engineering

excellence and innovation in steel-
framed buildings.

There are four categories, based on
project cost: less than $10 million; $10
million and greater but less than $25
million; $25 million and greater but less
than $100 million; and $100 million and
greater.

More than one project may be sub-
mitted by the same firm and each sub-
mittal will be considered as a separate
entry.

ELIGIBILITY
M A significant part of the framing
system must be steel wide-flange

structural shapes or hollow struc-
tural sections;

M Building construction must have
been completed between January 1,
1999 and December 31, 2002; and

B Projects must be located in the U.S.,
Canada or Mexico.

JUDGING CRITERIA
M Creativity in response to the
owner’s and architect’s program;

B Application of new or innovative
technology in areas such as con-
nections, gravity systems, lateral
load resisting systems and fire pro-
tection;

M Structural efficiency; and

EXCELLENCE

B Significance of engineering achieve-
ment.

2003 JURY

B Jon Magnusson, P.E., Hon. AIA
Chairman/C.E.O.
Magnusson Klemencic Associates
Seattle

B Nancy Hamilton, PE., S.E.
Principal
ARUP
Chicago

B Robert McNamara, PE., S.E.
President

McNamara/Salvia, Inc.
Boston

AWARD WINNERS

$100M or GREATER
MERIT AWARD
THE DALLAS CONVENTION CENTER 2002 EXPANSION
DATUM ENGINEERS, INC.
Structural Engineer General Contractor
Datum Engineers, Inc. Manhattan Construction Company
Dallas, Texas Dallas, Texas
Associate Structural Engineer Steel Fabricator and Detailer
Charles Gojer and Associates, Inc. North Texas Steel Company
Dallas, Texas Fort Worth, Texas
Architects Curved Pipe Manufacturer
Skidmore, Owings & Merrill LLP Bend Tec
Chicago, Illinois Duluth, Minnesota
HKS Architects Engineering Software
Dallas, Texas SAP 2000, RAM Structural System
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MERIT AWARD Da“m
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2002 Expanaion

THE DALLAS CONVENTION
CENTER 2002 EXPANSION

U.S. $100 Million or Greater

The 2002 expansion of the Dallas Con-
vention Center included a unique fea-
ture, requiring special engineering
attention that did not exist in the pre-
vious Convention Center. This expan-
sion was planned to be the largest
column-free convention center in the
country at 390 feet x 600 feet. The func-
tional criteria established for the space
included a flat ceiling 40 feet above the

Wiy

45 el : convention center floor. The ceiling
mR= s should be flat in order to attach ban-

- Wy = N = ners, lights, and other convention func-
AT tion props. The 30" x 30" module of the
AL R ceiling grid should center over the

electrical outlet boxes in the floor. The
goal was for the interior ceiling struc-
ture to match the existing convention

JUROR COMMENTS: center ceiling structure while at the
: i same time be a column-free space.
The use of large scale pipe (48”) for
primary structure is excellent.







Big Bends

he entire roof-truss support

system for the Dallas Con-

vention Center was fabri-

cated and delivered to the job

site by BendTec, Inc., a pipe
fabricator located in Duluth, MN that
specializes in the fabrication of HSS
trusses. BendTec's scope included the
sizing of connections, detailing, bending
of the arches, fabrication of the truss-
work and delivery to the job site.

The four arches were bent from 48"
OD API 5IX52 pipe using BendTec's in-
duction pipe bending process. Pipe
wall thickness varied from 0.625" to
1.5". Since the arches were parabolic,
not circular, special measures were
taken to guarantee the correct shape.
The induction bending process utilized
an electric induction coil to heat a
narrow band around the pipe to a pre-
determined, controlled bending tem-
perature. As the pipe was pushed
through the machine at a controlled
rate, a hinged arm clamped to the pipe
caused it to bend. Bendtec utilized spe-
cially qualified bending procedures to
control essential bending machine pa-
rameters and guarantee that required
mechanical properties were main-
tained throughout the bend. After
bending, Bendtec installed the gusset
plates for the truss hangers and pre-
assembled the arch structures in the
shop to ensure correct field fit-up. Each
arch was shipped to the field in nine
segments ranging from 30’ to 50 in
length.

The arches were anchored to the
north and south end trusses, supported
by a total of only three columns (one on
the south end truss at mid span, and
two on the north end truss). The com-
plex intersections at the corners of the
end trusses where five to six members
intersect were simplified by using 5'-di-
ameter spheres constructed from hemi-
spherical heads welded together by the
SAW process. The spheres varied in
thickness from 2" to 3".

The south end truss was fabricated
from 30" OD by 2"-thick API 51X52 pipe
and weighs 186,300 Ib. After fabrica-
tion, this truss was split into two pieces
and truck-shipped from Duluth, MN to
Dallas, TX. The lighter north end truss

was fabricated from 30" OD by 2" API
51X52 pipe and was also shipped by
truck in two pieces.

The side trusses, which connect to
the north and south end trusses, were
fabricated from 24" API 51X52 pipe with
wall thicknesses ranging from %" to
1.25". Each truss was furnished in nine
shop-fabricated segments, 14’-6" wide
by 30' to 58’ long.

BendTec detailed the entire project
in-house, developing 140 (24" by 36")

drawings. Because the arches were
slanted towards the center of the truss
assembly, the horizontal cross braces
presented special challenges to both
detailing and fit-up. By accurately draw-
ing the entire truss assembly on CAD,
these connections could be isolated
and patterns made for coping the cross
braces to intersect the arches.

The project involved furnishing of
1,200 tons of architecturally exposed
steel for the two truss assemblies. *



















D Phase Ill Expansion

In 1986, Datum was selected by JPJ and LMN Architects as the structural engineers for the Phase Ill expansion and an
elevated vertiport. The elevated vertiport was to have a 360 foot runway that would accommodate VTOL aircraft weighing
46,300 pounds.

For value engineering purposes, Datum studied various loading conditions to see if the 350 psf superimposed live load on
the exhibit floor could be reduced since the structure had to span long distances over existing streets. It was concluded,
based on Datum’s experience with checking the loading required by the AGC heavy equipment show, that 350 psf was
occasionally required. The Convention Center, for competitive reasons, wanted to continue with the 350 psf live load since
this seemed to be the industry standard loading.

The foundation of Phase Il got more complex as the
expansion proceeded westward toward the shales
found in the Trinity River bottom. Therefore, the east
end of the structure is supported on limestone and,
as the limestone became thinner to the west, the
foundations were drilled through the limestone and
founded in the shale. Special testing was required
to identify the exact location where it would be
required to drill through the limestone.

Phase Il was coordinated with a Dart station which
was located below the exhibit floor. An elevator and
stairs connects the Dart station to the exhibit floor
and the vertiport terminal.

All of the parameters of the original Convention
Center criteria were established except the
flexibility of reducing the column spacing was
again permitted. Also, due to the poor cracking
performance of the topping slab in Phase | and
ll, it was decided to delete the topping slab. We
should study the cracks that have occurred in the
structure, but, at last check, this was a successful
decision.

One of the challenges presented to the designers
was to create an efficient roof system for the
exhibit halls, and that is the subject of this article.

The roof system had to satisfy several constraints. Convention planners required a spacing of 120 feet between
columns in the exhibit hall, and future expansion plans required these spans to be maintained at the perimeter of
the building. Efficient mechanical design required a major air conditioning system to be centered on the roof of each
exhibit hall. The combination of long spans and heavy loading indicated structural steel trusses for the primary
structural frame.



D Phase Ill Expansion

All roof elements, including ductwork and other building services, had to be 35 feet clear above the exhibit hall floor.
To minimize the overall building height, it was desirable to run the ductwork through the trusses. Warren trusses were
selected to provide adequate room for the major ducts. The Warren trusses also provide an attractive appearance for the

roof structure, which is visible in the completed building.

The optimum spacing between trusses was determined to be 30 feet. Spacings of 20 feet and 40 feet (both equal divisors
of 120 feet) were studied, and each resulted in increased steel tonnage. A benefit of the 30 foot spacing is that it matches

the planning module for convention layouts, and corresponds to the layout of service boxes in the exhibit hall floors.

Bracing trusses are provided at a 30 foot spacing to stabilize the major roof trusses, for both gravity and wind uplift
loading. These bracing trusses also support the roof joists, which are located at panel points to eliminate local bending in
the truss chords. Finally, the bracing trusses resist cladding reactions at the bottom chord elevation, thereby minimizing

the vertical span of the cladding.

After consulting with steel fabricators and erectors, the steel trusses were limited to 14 feet depth, to allow unrestricted
highway transportation. Erection splices would allow the trusses to be transported in 60 to 75 foot sections. The top
chords of the trusses are sloped to provide roof drainage, while the bottom chords are horizontal. All trusses are cambered

to compensate for dead load deflections.

The final scheme consists of structural steel trusses with spans of 80 to 150 feet, and a 30 foot spacing. The trusses
support 24" deep steel joists spanning 30 feet. A 3" metal deck spans 15 feet between supports, and an acoustic liner was

included to control helicopter noise. This scheme is shown on the attached plan.

Design loads include the dead load weight of the building components, 20 psfroof live load, a 10 psf hanging load allowance
for exhibitors, wind loads and the effects of temperature. Over the center bay of each exhibit hall is a 10,000 square foot
fan room, containing all the HVAC equipment for the building. Lateral forces are resisted by the concrete columns, which

act as cantilevers from the exhibit hall floor level.

Due to the long spans for the roof, we were concerned about designing the trusses as simple-span. While this solution
allows the most efficient erection of the roof structure, we were concerned about the long-term effect of rotational
movement at the truss supports. This lead us to study making the trusses continuous and the connections rigid. This
solution makes more efficient use of materials, reduces live load deflections and eliminates rotational movement at the
supports. However early analysis ruled out the use of fully continuous trusses. Chord connections at the supports would
need to transfer the full axial capacities of the chord members, which were too large for economical connection detailing.

Lateral stability of the bottom chords was also a concern for fully continuous trusses.



D Phase Ill Expansion

The solution became clear. We should design the roof trusses to be simple-span for dead loads, and continuous for live

loads and wind loads. The benefits of this solution are several.

1. Straightforward erection, since members are simple-span for dead loads.

2. Reduced quantity of materials, due to continuity at the supports.

3. Reduced deflections, again due to continuity under long-term loading.

4. Manageable chord forces at the support connections, since no dead load chord forces are transferred

through the connections.

5. No stresses in the chord connections under long-term loading.

The final geometry of a typical truss is shown on the attached drawing. The trusses are cambered for dead load deflection,
and the ends of the chords are staggered to allow for rotation due to dead loads. An elevation was drawn for every truss,

and all information about truss geometry and member forces was scheduled.

Vertical forces are transferred through a bolted connection between a vertical WT in the secondary truss and a wide-
flange vertical member in the primary truss. Chord forces are transferred through the connection using welded plates.

The bolted connections are detailed as slip-critical.

Bolts located near the top of the connection were fastened when the truss was erected, while bolts at the bottom of the

connection, along with the chord connections, were fastened after dead loads were in place on the roof.

The average weight of the roof structure (away from mechanical room area) = 9.2 Ib./sq.ft., which represented a 12%
reduction in tonnage of steel resulting from continuity. This weight includes primary trusses, secondary trusses, bracing

trusses, OWSJ and bridging.

Detailing of the roof structure went smoothly, with clear and open communication between the fabricator’s steel detailer
and the structural designer. The roof structure was erected using a mobile crane operating on a grillage system on the

exhibit hall floor.

The result is a convention center which satisfies all the objectives of the design. The roof structure is economical in its

design and was efficient to construct.
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D Phase Il Expansion

In 1978, Omniplan commissioned a joint venture of Datum and Skilling, Helle, Christansen and Robertson as the structural
engineer for the Phase Il expansion that continued west over Griffin Street. This expansion cost $34 million and added

400,000 square feet to the Convention Center.

All of the basic parameters established
in Phase | were established for the
structural design except one. After
having six years of experience operating
Phase I, the Convention Center
management stated that they felt they
could accept a smaller column spacing
than 300-0" x 300™-0". Datum designed
a box truss and bar joist roof with spans
of 90 feet and 120 feet. This design was
compared to the original 300 ft. x 300

ft. structural steel space truss and a
savings of over $1,500,000.00 or over
4% of the total budget was realized and

accepted by the Convention Center.

The 1978 expansion had several major
structural considerations that the Phase
| expansion did not have. The floor was
still to be designed for a 350 psf live
load but the structure had to span 140
feet over Griffin Street and 115 feet over

Ceremonial Drive. This required major

post-tensioned beams and girders to

accomplish this requirement.

This project was featured on the cover of Engineering News Record and was recognized by The State Chapter of the

Consulting Engineers Council as the outstanding engineering accomplishment of the year.












D Phase | Expansion

Datum Engineers have been actively involved in the design and maintenance of the Dallas Convention system since the
first phase was designed in 1968. The first phase was a 1,000,000 square foot $31 million addition to the Memorial
Auditorium completed in 1973. Datum performed local associate work on the Phase | project for Harrell and Hamilton
Architects. Datum designed the canopy of the escalator and all of the tall window mullions along with miscellaneous

change order support.

During the design of the original Phase | project, several basic operational and functional decisions were made that

impacted the structural design. Some of these were:

1. The floor would be designed to support 350 psf superimposed live load.

2. The building module would be 30"-0" x 30"-0".

3. Electrical conduit would be installed in the structure with a pull box at 30-0"x 30™-0".

4. The roof was designed as a space truss with columns spaced at 300-0" x 300"-0" to provide maximum

flexibility for the users of the space.

5. The column spacing in the parking garage below the exhibit floor was established at
30"-0" x 60"-0" which moduled with the pull boxes cast in the floor at 30-0" x 30-0".

6. The finished floor would be a 2 %" thick concrete topping slab.

7. The exterior walls were to be sandblasted architectural exposed concrete walls.

8. Hanging load capacity from the roof structure panel points for the exhibitors was established at 10 psf

over and above the code roof live load.
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D Project Overview

The master site plan includes the convention center and parking garage, along with a 350-room hotel and a 190-room
boutique hotel, due to complete construction in 2011, plus a future performing arts center, residential, and retail space.
The site is located at the intersection of Northwest Highway and John Carpenter Freeway in the heart of Las Colinas. This
is a very high-visibility location, visible from the Four Seasons Resort and Club and their Championship golf course, where
the Byron Nelson Championship is played every year, immediately across the Highway.
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The City of Irving wanted to take advantage of the prominent location and high visibility within the city to market the use
of the facility. The owner's goals were to obtain statement architectural expression and an identifiable landmark structure
with high visibility while maintaining optimal functionality of their marketable space. The building's architects, RMJM
(formerly Hillier), provided a striking stacked and rotated design that accomplished the owner’s goals in an exciting way.

The lower podium contains the main exhibit hall, along with office and mechanical space. The exhibit space is approximately
190 feet by 270 feet, column-free, with 35 feet of clear headroom above the exhibit floor. The office space is divided
between the main floor level and a mezzanine. The mechanical space is on an additional mezzanine level above the office
space.

The native soil in Las Colinas is highly expansive, with potential vertical rise (PVR) values in excess of 5 inches. However,
since large areas of the exhibit floor space are open, with no sensitive finishes, partitions, or doors, Datum Gojer used a
mix of foundation systems for the ground floor structure. In the large, open exhibit space, a slab-on-grade foundation
over 12 feet of moisture-conditioned soils was used. This reduced the predicted heave due to expansive clay to 1" and
allows the exhibit floor to economically support 350-psf live loads. In the main entry lobbies, prefunction space, first-floor
office space, and other ground-floor areas with sensitive finishes and lower live-load requirements, a structured pan-joist
system over a crawl space was used to isolate the floor structure from the highly expansive soils.



D Project Overview

The upper building structure contains two additional floor levels. One level supports twenty meeting rooms, approximately
1,000 square feet each. Eight of the meeting rooms are created using moveable partitions, which, when opened, create a
60-foot by 120-foot junior ballroom to allow greater flexibility for use of the floor space. The top floor is primarily for the
main ballroom. The ballroom is approximately 115 feet by 180 feet column-free, plus a separate prefunction area. This
level also contains the kitchen space and a mechanical mezzanine. The elevated structure is rotated 20 degrees from the
orthogonal podium grid, causing the corners to cantilever out beyond the lower building spaces.

In between the podium and the upper structure, an outdoor terrace level connects to the ground level below and the
meeting level above via exterior stairways. This terrace level also cantilevers above the two main glass entrances in the
southwest and southeast corners of the podium. An interior/exterior concrete elevator tower serves all floors and creates
part of the architectural expression.

The podium and elevated structures are clad on all sides with a combination of embossed and perforated copper paneling.
These perforations create a lantern effect on the south facade, causing the illuminated interior to shine through the
perforations and silhouetting the exterior steel structure behind the copper panels. The perforations also create a view
from the interior to the surrounding skyline.

ENGINEERING CONSIDERATIONS AND PROJECT GOALS
Two key goals were required to be met in order to make this project a success:

1. Meetthe Owner's budget challenges while providing the Architect with their unique design, without sacrificing building
performance or functionality.

2. Provide the building to the Owner in time for their required opening date.



D Project Overview

Early in the design phase of the project, the building construction cost estimates exceeded the owner's construction
budget of $85 million by 25%. The design team needed to eliminate cost from the building without impacting the function
of the various building spaces and uses. During the design phase, Datum Gojer worked to economize several key areas of
the structure.

Additionally, the owner wanted to begin preselling the space up to two years prior to the building opening date. This
required a commitment from the entire design and construction team to meet the aggressive opening date long before
construction documents were issued.

Datum Gojer worked with the owner and design team to create a strategy for achieving both of these goals, while also
improving the building's performance.

SOLUTION 1: LONG-SPAN ELEVATED FLOOR STRUCTURE

The stacked-and-rotated design meant that multiple floors, plus the roof, must be supported above the column-free
exhibit space on the first floor. In order to achieve this, Datum Gojer proposed a system of long-span trusses on a 30-foot
module. The trusses span the 190-foot direction of the exhibit floor,

The initial pricing was based on conventional truss shapes of various depths, up to 20 feet deep. It quickly became apparent
that this concept would require more steel and possibly not achieve adequate deflection and vibration performance. It
would also require high-strength steel, A993 grade 65, which would need to be imported. Given the lead time for the high-
strength steel and the cost associated with the extra tonnage, these conventional structural systems negatively impacted
both the budget and the construction schedule. In order to make the supporting structure deeper, the building would
have to grow taller vertically, which creates additional cost in copper skin and mechanical systems for heating and cooling
the larger volumes.

Datum Gojer began exploring structural steel options that would both eliminate the need for imported steel and reduce
the tonnage. The first proposal was to use a set of segmented “catenary” trusses.



Project Overview

D

Rather than being limited to the space below the meeting level and above the 35-foot exhibit headroom, this proposal
would extend the structural system to the ballroom level, creating a structural system that would be 35 feet deep rather
than 20 feet deep. The added depth would also improve vibration and deflection performance. The primary disadvantage
of this system is the disruption that the catenary chord would cause to the meeting room floor spaces, which the architect
would need to work around.

The second proposal was to use arch trusses that would extend to the underside of the ballroom level, similar to the
catenaries. This system had similar advantages to the catenary-similar steel tonnage required, improved deflection
performance over conventional truss systems, and all domestically-produced steel. The main disadvantage was also the
same-the overhead arch chord disrupts floor space on the meeting level.

The solution was to use a combination of these two truss options. The majority of the floor was supported by three
catenary trusses, spaced at 30 feet to 60 feet on center, along with one arch truss at one end. The catenary truss chords
were located between meeting rooms and in back-of-house spaces and away from useful floor space. This approach
coordinated the structural and architectural requirements to reduce the disadvantage of the deeper catenary trusses.
On the west end of the floor, the catenary would have extended outside the building; therefore, the arch was used on this
end. This combined solution eliminated approximately $3 million from the construction budget and allowed the use of all
domestically-available structural steel, while also improving deflection and vibration performance. In order to reduce sway
due to unbalanced live loading conditions, additional diagonal bracing was provided within the truss, below the meeting
room level and in the exposed exhibit ceiling space.
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D Project Overview

SOLUTION 2: LONG-SPAN ROOF STRUCTURE

The second challenge was to reduce the required tonnage on the four perimeter trusses clad in copper and supporting
the high roof. The rotated grid at the upper structure caused the four corners of the building to cantilever beyond their
supports. The layout of the occupied spaces also greatly reduced the number of support locations that extend to the
ground without interrupting the various occupancies within the building. Finally, three of the four corners are upturned
and all four corners cantilever, and the architectural look prevented the use of supports at the corners.

After studying column opportunities on each floor, four column locations were determined that would make the box
stable. However, the southeast face of the elevated structure remained unsupported, spanning almost 300 feet. In order
to reduce this span and improve deflection performance, a fifth support was needed. Datum Gojer decided to make
use of the architecturally-exposed concrete elevator core. A truss is used to cantilever from an interior column, over the
concrete elevator core, and out to the southeast face of the elevated structure. This cantilever truss reduces the span of
the southeast truss to 190 feet.

Given the exposed nature of the exterior trusses from the interior and through the perforated copper cladding from the
exterior, the architect was greatly interested in the exterior appearance of the trusses. The truss web members needed
to be coordinated with the regularly-spaced copper panel joints as well as the randomly-located column supports. Over
several weeks involving both architectural and structural input, a truss layout was devised that met both the structural
and the architectural requirements.

Since each of the four corners cantilever, the bottom chord will be in compression. The four perimeter trusses extend
below the ballroom level but not to the meeting room level. Datum Gojer located the structural bottom chord of these
trusses at the same elevation as the ballroom level. The steel below this level cantilevers below the structural bottom
chord. The bottom chord of the truss is pulled away from the fourth floor structure, so struts were used to brace the
compression segments of the bottom chord back to the structure.
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These trusses vary in depth from 20 feet to 62 feet, with a maximum structural depth of 42 feet. The upper box is 282 feet
by 296 feet, and the longest cantilever is 117 feet. By working directly with the architect, Datum Gojer was able to reduce
the structural cost by over $600,000 while keeping the building’s exterior appearance intact.

SOLUTION 3: TERRACE AND MAIN ENTRIES

Early architectural renderings of the two main entries showed the entry glass spanning from the ground floor to the soffit
of the terrace level without any additional structural backup. While the most economical way to frame this would have
been to introduce structural columns behind the glass to create a conventional beam-and-column floor system, the added
structural elements would have greatly disrupted the architectural appearance. In order to avoid the additional columns,
Datum Gojer proposed to cantilever the floor structure at these two corners.
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Since the longest cantilever is approximately 153 feet, the bottom chord of the truss would see a significant
compression force. The bottom chord of the trusses also creates the soffit of the entry and brace the copper
cladding and entry glass under wind loading. Therefore, a horizontal bracing truss was provided in the soffit behind
the main bottom chord to reduce the unbraced length of the main truss cantilever bottom chord and to take the
imposed wind forces. A 3" deflection joint was provided at the head of the curtain wall to isolate the glazing system
from the long cantilever support structure above. This system allowed the architect to economically maintain the
desired appearance at the primary front door to the building.
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SOLUTION 4: LONG SPANS AND VIBRATION CONTROL

All of the long-span floor support conditions created a need for serious study of vibration. Datum Gojer, along with
the contractor and steel fabricator, reviewed and considered several structural floor-framing systems: normal-weight vs.
light-weight concrete floors, purlins spaced at 7-6", 10-0", and 15-0", and conventional wide-flange vs. castellated beams.
The vibration performance for the meeting room and ballroom occupancy and building uses also needed to be weighed
against the costs associated with providing a stiffer structural system.

Datum proposed to use castellated beams at 15-0" spacing with a light-weight concrete slab. This system provides
improved vibration performance for the same structural cost as a similar wide-flange system (or, this system provides the
same vibration performance as a much more costly wide-flange system). The light-weight concrete slab could be thinner
than a normal-weight slab and still achieve the required 2-hour fire separation. This change alone resulted in significant
savings to the overall project since the heavier, normal-weight floors would result in more steel tonnage and larger, deeper
piers. Lastly, the increased purlin spacing reduced the number of steel pieces, decreasing fabrication and erection time
while improving vibration performance.

SOLUTION 5: THE FAST TRACK PROCESS

At the end of the Design Development process, the design team met with the owner, contractor, and the steel fabricator to
discuss the budget and the remaining schedule. The contractor stated that, in order to meet the owner’s required opening
date, the building would need to be issued for construction in 7 weeks. Given the level of completion of the design at that
time, along with the complexity of the building, everyone agreed that this was an impossible task.

While brainstorming ways to meet the owner's schedule, Datum Gojer noted that certain elements of the project were
time-critical. In particular, the concrete and foundation elements required only a minimal amount of time from design to
construction, while structural steel procurement, fabrication, and delivery would require far more lead time. Additionally,
not all of the steel would be required on the first day of construction as steel erection was scheduled to take several months.
The length of time between first steel order to last steel delivery allowed the steel to be issued in multiple packages.
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The design and construction team agreed to issue a minimum of 60% of the steel tonnage for mill order in the contractor’s
7-week window. Datum Gojer worked with the steel fabricator to determine the longest-lead items for fabrication. Datum
Gojer also worked to complete and provide steel based on the sequence of erection and the erection time line provided
by the steel erector. Through this process, Datum Gojer was actually able to issue 90% of the steel tonnage in the first mill
order package.

After the initial agreement was reached, the steel fabricator sent mill closing schedules to Datum Gojer. These schedules
indicated that certain shapes would be closing well ahead of the 7-week window. In particular, column sections in the
W14x90 through W14x132 group would close at the end of four weeks. The following week, W36x231 through W36x441
would close. These two early mill closings meant that design of columns and floor trusses would need to be completed
after only four and five weeks, respectively.

Subsequent to the mill order package, the design team issued several other advanced bid, permit, and construction
packages, including foundations, concrete, and miscellaneous metals. Datum Gojer also issued weekly detailing packages,
one sequence per week, for the mill-ordered steel until the final Issued For Construction package was sent. This process
allowed the steel fabricator to begin issuing shop drawings well ahead of the for-construction drawings. Approximately
15% of the steel on the project was reviewed, approved, and in fabrication prior to the final construction package.

CONCLUSION

The project is currently under construction and on schedule to be completed in January, 2011. The six solutions provided
by Datum Gojer were instrumental in maintaining the Contractor’s schedule. In addition, the construction cost was
significantly reduced from the original construction cost estimates. The building is now well within budget, and the
structural solutions played a key role in achieving these savings in addition to contributing to the owner’s desire for an
identifiable landmark facility.



Convention center’s bold architectural style is
supported by creative structural engineering.

THE NEW IRVING CONVENTION CENTER at Las Colinas is at
the intersection of Northwest Highway and John Carpenter Free-
way in the heart of Las Colinas, Texas. It is visible from the Four
Seasons Resort and Club and its championship golf course, immedi-
ately across the highway, where the Byron Nelson Championship is
played every year. The city wanted to take advantage of this promi-
nent location with its high visibility to market the use of the facility.

The owner’s goals were to obtain statement architectural
expression and an identifiable landmark structure with high vis-
ibility while maintaining optimal functionality of their marketable
space. The building’s architects, RMJM (formerly Hillier), pro-
vided a striking stacked and rotated design that accomplished the
owner’s goals in an exciting way.

The master site plan includes the convention center and park-
ing garage, along with a 350-room hotel and a 190-room boutique
hotel, due to complete construction in 2011, plus a future perform-
ing arts center, residential, and retail space. The lower podium con-
tains the main exhibit hall, along with office and mechanical space.
The exhibit space is approximately 190 ft by 270 ft, column-free,
with 35 ft of clear headroom above the exhibit floor. The office
space is divided between the main floor level and a mezzanine. The
mechanical space is on an additional mezzanine level above the
office space.

The 20° rotation of the upper portion of the Irving Convention
Center with respect to its base creates a stunning, signature
presence, leveraging its high-visibility location.

The native soil in Las Colinas is highly expansive, with potential
vertical rise (PVR) values in excess of 5 in. However, because large
areas of the exhibit floor space are open, with no sensitive finishes,
partitions, or doors, engineers used a mix of foundation systems for
the ground floor structure. In the large, open exhibit space, a slab-on-
grade foundation over 12 ft of moisture-conditioned soils was used.
This reduced the predicted heave due to expansive clay to 1 in. and
allows the exhibit floor to economically support 350 psf live loads. A
structured pan-joist system over a crawl space was used in the main
entry lobbies, prefunction space, first floor office space, and other
ground floor areas with sensitive finishes and lower live load require-
ments to isolate the floor structure from the highly expansive soils.

The upper building structure contains two additional floor
levels. One level supports 20 meeting rooms, each approximately
1,000 sq. ft. Eight of the meeting rooms are created using move-
able partitions, which, when opened, create a 60 ft by 120 ft junior
ballroom to allow greater flexibility for use of the floor space. The
top floor is primarily for the main ballroom. The column-free ball-
room is approximately 115 ft by 180 ft, plus a separate prefunction
area. This level also contains the kitchen space and a mechanical
mezzanine. The elevated structure is rotated 20° from the orthog-
onal podium grid, causing the corners to cantilever out beyond the
lower building spaces.
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Between the podium and the upper structure, an outdoor ter-
race level connects to the ground level below and the meeting
level above via exterior stairways. This terrace level also cantilevers
above the two main glass entrances in the southwest and southeast
corners of the podium. An interior/exterior concrete elevator tower
serves all floors and creates part of the architectural expression.

The podium and elevated structures are clad on all sides with a
combination of embossed and perforated copper paneling. These per-
forations create a lantern effect on the south facade, causing the illu-
minated interior to shine through the perforations and silhouetting
the exterior steel structure behind the copper panels. The perforations
also create a view from the interior to the surrounding skyline.

Engineering Considerations and Project Goals

Two key goals had to be met to make this project a success:

* Meet the owner’s budget challenges while providing the archi-
tect’s unique design, without sacrificing building performance
or functionality.

* Provide the building to the owner in time for the required
opening date.

Early in the design phase of the project, the building construc-
tion cost estimates exceeded the owner’s construction budget of
$85 million by 25%. The design team needed to eliminate cost
from the building without impacting the function of the various
building spaces and uses. During this phase, engineers worked to
economize several key areas of the structure.

Additionally, the owner wanted to begin preselling the space up to
two years prior to the building opening date. This required a commit-
ment from the entire design and construction team to meet the aggres-
sive opening date long before construction documents were issued.

The structural engineer worked with the owner and design
team to create a strategy for achieving both of these goals, while
also improving the building’s performance.

Solution 1: Long-Span Elevated Floor Structure

The stacked-and-rotated design meant that multiple floors, plus
the roof, would have to be supported above the column-free exhibit
space on the first floor. In order to achieve this, Datum-Gojer pro-
posed a system of long-span trusses on a 30-ft module. The trusses
span the 190-ft direction of the exhibit floor.

The initial pricing was based on conventional truss shapes of vari-
ous depths, up to 20 ft. It quickly became apparent that this concept
would require more steel and possibly not achieve adequate deflec-
tion and vibration performance. It would also require A993 Grade 65

high-strength steel, which would need to be imported. Given the lead
time for the high-strength steel and the cost associated with the extra
tonnage, these conventional structural systems negatively impacted
both the budget and the construction schedule. In order to make the
supporting structure deeper, the building would have to grow taller
vertically, which would create additional cost in copper skin and
mechanical systems for heating and cooling the larger volumes.

The engineer began exploring structural steel options that
would both eliminate the need for imported steel and reduce the
tonnage. The first proposal was to use a set of segmented catenary
trusses. Rather than being limited to the space below the meeting
level and above the 35-ft exhibit headroom, this proposal would
extend the structural system to the ballroom level, creating a struc-
tural system that would be 35 ft deep rather than 20 ft deep. The
added depth also would improve vibration and deflection perfor-
mance. The primary disadvantage of this system was the disruption
that the catenary chord would cause to the meeting room floor
spaces, which the architect would need to work around.

The second proposal was to use arch trusses that would extend
to the underside of the ballroom level, similar to the catenaries.
This system had similar advantages to the catenary—similar steel
tonnage required, improved deflection performance over conven-
tional truss systems, and all domestically-produced steel. The main
disadvantage was also the same—the overhead arch chord would
disrupt floor space on the meeting level.

The solution was to use a combination of these two truss options.
The majority of the floor is supported by three catenary trusses,
spaced at 30 ft to 60 ft on center, along with one arch truss at one
end. The catenary truss chords are located between meeting rooms
and in back-of-house spaces and away from useful floor space. This
approach coordinated the structural and architectural requirements
to reduce the disadvantage of the deeper catenary trusses. On the
west end of the floor, the catenary would have extended outside the
building; therefore, the arch was used on this end. This combined
solution eliminated approximately $3 million from the construction
budget and allowed the use of all domestically available structural
steel, while also improving deflection and vibration performance.
In order to reduce sway due to unbalanced live loading conditions,
additional diagonal bracing was provided within the truss, below the
meeting room level and in the exposed exhibit ceiling space.

Solution 2: Long-Span Roof Structure
The second challenge was to reduce the required tonnage on the
four perimeter trusses clad in copper and supporting the high roof.

This deep catenary-like truss is one of three spanning the 190-ft
direction of the new Irving Convention Center’s exhibit floor.
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Three catenary trusses support the majority of the floors above the
exhibit hall, with an arch truss at the end of the building where the
catenary would have extended outside the building.
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The rotated grid at the upper structure caused the four corners of
the building to cantilever beyond their supports. The layout of the
occupied spaces also greatly reduced the number of support loca-
tions that extend to the ground without interrupting the various
occupancies within the building. Finally, three of the four corners
are upturned and all four corners cantilever, and the architectural
look prevented the use of supports at the corners.

After studying column opportunities on each floor, four column
locations were identified that would make the box stable. However,
the southeast face of the elevated structure remained unsupported,
spanning almost 300 ft. To reduce this span and improve deflection
performance, a fifth support was needed. Datum-Gojer decided
to make use of the architecturally exposed concrete elevator core.
Using a truss to cantilever from an interior column, over the con-
crete elevator core, and out to the southeast face of the elevated
structure reduced the span of the southeast truss to 190 ft.

Given the exposed nature of the exterior trusses from the inte-
rior and through the perforated copper cladding from the exterior,
the architect was greatly interested in the exterior appearance of
the trusses. The truss web members needed to be coordinated with
the regularly-spaced copper panel joints as well as the randomly
located column supports. Over several weeks involving both archi-
tectural and structural input, a truss layout was devised that met
both the structural and the architectural requirements.

Because each of the four corners cantilever, the bottom chord is in
compression and requires midspan support. However, the four perim-
eter trusses extend below the ballroom level but not to the meeting
room level, with the steel below that cantilevering beyond the struc-
tural bottom chord. The bottom chord of the truss is pulled away
from the fourth floor structure, so struts were used to brace the com-
pression segments of the bottom chord back to the structure.

These trusses vary in overall depth from 20 ft to 62 ft, with
a maximum structural depth of 42 ft. The upper box is 282 ft by
296 ft, and the longest cantilever is 117 ft. By working directly
with the architect, Datum-Gojer was able to reduce the structural
cost by more than $600,000 while keeping the building’s exterior
appearance intact.

Solution 3: Terrace and Main Entries
Early architectural renderings of the two main entries showed
the entry glass spanning from the ground floor to the soffit of the
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The concrete elevator core provides a fifth support point on the
south side of the structure, reducing the required truss span from
300 ft to just 190 ft.

terrace level without additional structural backup. While the most
economical way to frame this would have been to introduce struc-
tural columns behind the glass to create a conventional beam-
and-column floor system, the added elements would have greatly
disrupted the architectural appearance. To avoid the additional
columns, the engineer proposed to cantilever the floor structure
at these two corners.

Because the longest cantilever is approximately 153 ft, the bot-
tom chord of the truss would see a significant compression force.
The bottom chord of the trusses also creates the soffit of the entry
and braces the copper cladding and entry glass under wind load-
ing. Therefore, a horizontal bracing truss was provided in the sof-
fit behind the main bottom chord to reduce the unbraced length
of the main truss cantilever bottom chord and to take the imposed
wind forces. A 3 in. deflection joint was provided at the head of the
curtain wall to isolate the glazing system from the long cantilever
support structure above. This system allowed the architect to eco-
nomically maintain the desired appearance at the primary front
door to the building.

Solution 4: Long Spans and Vibration Control

The long-span floor support conditions created a need for seri-
ous study of vibration. The engineer, along with the contractor
and steel fabricator, reviewed and considered several structural
floor-framing systems: normal weight versus lightweight concrete
floors, purlins spaced at 7ft 6 in., 10 ft, and 15 ft, and conventional
wide-flange versus castellated beams. The vibration performance
for the meeting room and ballroom occupancy and building uses
also needed to be weighed against the costs associated with pro-
viding a stiffer structural system.

The engineer proposed using castellated beams at 15 ft spacing
with a lightweight concrete slab. This system provides improved
vibration performance for the same structural cost as a similar
wide-flange system. The lightweight concrete slab could be thin-
ner than a normal weight slab and still achieve the required two-
hour fire separation. This change alone resulted in significant
savings to the overall project because the heavier, normal weight
floors would have required more steel tonnage and larger, deeper
piers. Additionally, the increased purlin spacing reduced the num-
ber of steel pieces, decreasing fabrication and erection time while
improving vibration performance.

Cantilevering the floor structure over the two main entries allowed
the area to remain column-free.
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Many of the convention center’s steel connections, particularly in
the perimeter trusses, are very complicated.

Solution 5: The Fast Track Process

At the end of the design development process, the design team
met with the owner, contractor, and steel fabricator to discuss the
budget and the remaining schedule. The contractor stated that to
meet the owner’s required opening date, the building would need
to be issued for construction in just seven weeks. Given the level of
completion of the design at that time, along with the complexity of
the building, everyone agreed that was an impossible task.

While brainstorming ways to meet the owner’s schedule, the
engineer noted that certain elements of the project were time-
critical. In particular, the concrete and foundation elements required
only a minimal amount of time from design to construction, while
structural steel procurement, fabrication, and delivery would
require far more lead time. Additionally, not all of the steel would
be required on the first day of construction as steel erection was
scheduled to take several months. The length of time between the
first steel order and the last steel delivery allowed the steel to be
issued in multiple packages.

The design and construction team agreed to issue a minimum
of 60% of the steel tonnage for mill order within the contractor’s
seven-week window. Engineers worked with the steel fabricator
to determine the longest lead items for fabrication, while also
working to complete and provide steel based on the sequence of
erection and the erection timeline provided by the steel erector.
Through this process, the engineer was able to issue 90% of the
steel tonnage in the first mill order package.

The mill schedules indicated that certain shapes would be clos-
ing well ahead of the seven-week window. In particular, column
sections in the W14x90 through W14x132 group would close at
the end of four weeks. The following week, W36x231 through
W36x441 would close. These two early mill closings meant that
design of columns and floor trusses would need to be completed
after only four and five weeks, respectively.

Subsequent to the mill order package, the design team issued sev-
eral other advanced bid, permit, and construction packages, includ-
ing foundations, concrete, and miscellaneous metals. The engineer
also issued weekly detailing packages, one sequence per week, for the
mill-ordered steel undil the final “Issued For Construction” package
was sent. This process allowed the steel fabricator to begin issuing
shop drawings well ahead of the for-construction drawings. Approx-
imately 15% of the steel on the project was reviewed, approved, and
in fabrication prior to the final construction package.

Conclusion

The project is currently under construction and on schedule to
be completed in January 2011. The solutions provided by Datum-
Gojer were instrumental in maintaining the construction schedule.
In addition, the construction cost was significantly reduced from
the original construction cost estimates. The building is now well
within budget, and the structural solutions played a key role in
achieving the necessary savings in addition to contributing to the
owner’s desire for an identifiable landmark facility. msc
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Convention Centers / Civic Centers

Kay Bailey Hutchison Convention Center
Improvement Program

Dallas, Texas

Design Architect: HKS

Improvements and upgrades to the existing facility
including expanded meeting room and assembly
space, 5000 sq.ft. addition for a new kitchen and
storage space, renovating the existing spaces,
mechanical and electrical systems renovations and
operational improvements. Services also include
a Facility Assessment Survey and a Photovoltaic
Feasibility Study.

$55 Million

2012

Irving Convention Center

Irving, Texas

Design Architect: RMJM Hillier

LEED Silver

Longspan and cantilever steel structure.

The lower box, or podium, contains the main
exhibit hall, along with office and mechanical
space. The exhibit space is approximately 190
feet by 270 feet, column-free, with 35 feet of clear
headroom above the exhibit floor. The upper box
is rotated 20 degrees, and contains a large ball-
room. The clear span of the exhibit space is cre-
ated by four 35'-deep catenary or arched trusses
that reside in the two-story office and mechanical
space between the exhibit space and ballroom.
The 300" x 300" upper box was only able to be sup-
ported by 5 column locations and is framed with
four perimeter trusses that span up to 300" and
cantilever up to 120’ to the corners.

$133 Million

275,000 Sq. Ft.

2011

Dallas Theater Center

Additions and Renovations

Dallas, Texas

Design Architect: Booziotis & Company
2009

Austin City Hall

Austin, Texas

Design Architect: Antoine Predock
LEED Gold

2005

Kay Bailey Hutchison Convention Center
Expansion & Renovation

Dallas, Texas

Design Architect: SOM Chicago

Architect of Record: HKS

$110M, 203,000 sq. ft. hall addition

World's largest column-free exhibit space
with two 400’ clear span double arches.
2002

Kay Bailey Hutchison Convention Center

Phase 2 Expansion

Dallas, Texas

$34M, 400,000 Sqg. Ft. Datum designed a box truss
and bar joist roof with spans of 90 feet and 120
feet for comparison versus a 300-foot clear span
space truss structure. This design was compared
to the original long-span space truss and a savings
of over $1,500,000.00 or over 4% of the total bud-
get was realized and accepted by the Owner
Design Architect: LMN

Architect of Record: HLM Design

1999

Kay Bailey Hutchison Convention Center
Expansion/Vertiport

Dallas, Texas

The elevated vertiport was to have a 360-foot run-
way that would accommodate VTOL aircraft weigh-
ing 46,300 pounds. The challenge to create an
efficient roof system for the exhibit halls was met
by designing bracing trusses at a 30-foot spacing
to stabilize the major roof trusses, for both grav-
ity and wind uplift loading. These bracing trusses
also support the roof joists, which are located at
panel points to eliminate local bending in the truss
chords.

Design Architect: HLM Design

1994

Kay Bailey Hutchison Convention Center
Expansion

Dallas, Texas

Design Architect: Omniplan

3 Stories; 240,000 Sq. Ft.

1983

Plano Civic Center
Plano, Texas

Design Architect: HOK
1990
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Convention Centers / Civic Centers

Lewisville Municipal Center
Lewisville, Texas

Design Architect: Dale Selzer Associates
1988

Fair Park Music Hall
Dallas, Texas
Design Architect: HLM Design

Carrollton City Hall

Carrollton, Texas

Design Architect: Oglesby Greene
1987

The Eisemann Center
Richardson, Texas
Design Architect: RTKL
2001

Irving Performing Arts Center
Irving, Texas

Design Architect: SmithGroup
1988

Patty Granville Arts Center
Garland, Texas

Design Architect: Clutts & Parker
1982

Zachary Scott Theatre
Austin, Texas
Design Architect: Steven Holl

Majestic Theater Modifications
Dallas, Texas
Design Architect: Oglesby Greene
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