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Section 1 - Executive Summary 

This report focuses on four construction related analyses of the Pearland Recreation Center and 

Natatorium building in Pearland, Texas, a Houston, Texas suburb.  Two of these four 

construction related research topics also include a structural analysis and a mechanical 

analysis.  In addition to these analyses this report also contains an overview of the project, 

including a summary of the project team, the building systems, construction cost, construction 

schedule, and construction logistics. 

Analysis #1 considers replacing the glulam structural system in the natatorium with a concrete 

column and steel joist structural system.  This analysis included a feasibility study as well as a 

structural analysis to design the structural members.  Results from this analysis reflect a 

construction cost savings of over $600,000 by using the proposed concrete and steel system.  

Additionally, there are no changes in the construction schedule. 

The next analysis looks at replacing the as designed air-cooled chiller mechanical system with a 

water-cooled chiller and cooling tower mechanical system.  This study also includes a 

mechanical analysis.  This study reveals a $48,500 construction cost savings and a $248,000 

yearly energy cost savings by using the proposed water-cooled chiller and cooling tower 

system.  Again, this modification has no construction schedule implications. 

Next the project team‟s interaction is analyzed, primarily focusing on the effects of the delivery 

method.  Design-bid-build, the delivery method being used on the project, appears to have 

resulted in a successful project with no adversarial relationships developing.  This project is 

compared with another project being constructed by the same owner but using the design-build 

delivery method.  It is determined that design-bid-build is the preferred delivery method for 

public projects, particularly when they are complex such as the Pearland Recreation Center and 

Natatorium project. 

Finally an investigation of the glulam column connection with the concrete footers in the 

natatorium is conducted.  Constructability of the as-designed bolted connection is quite difficult 

during column erection, as precisely aligning the columns with the bolts is challenging.  This 

analysis considers modifying the connection to a welded connection.  Using a welded 

connection results in no additional construction costs and has no effect on the construction 

schedule.  However, a welded connection would have been much easier to construct. 
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Section 2 - Introduction 

The Pearland Recreation Center and Natatorium project is located at 4141 Bailey Road in 

Pearland, Texas; a suburb 15 miles south of Houston, Texas.  It is being developed through a 

joint venture between the City of Pearland and the Pearland Independent School District to 

serve the Pearland community. 

The $17 million, 41,817 square foot project began design in March 2007 and construction is 

scheduled for completion in May 2010.  The project, designed by PBK and constructed by EMJ 

Corporation, is using a design-bid-build delivery method.   

The 63,300 square foot recreation center houses a competition gym, indoor running track, 

racquetball courts, weight room, aerobics room, dance room, locker rooms, administrative 

offices, and other multi-purpose rooms. 

The 41,000 square foot natatorium features a state of the art 25-yard X 50-meter competition 

pool with two (2) 1-meter and two (2) 3-meter diving boards.  There is also a 4-lane 25-yard 

therapeutic pool with a handicap access ramp. 
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Section 3 - Project Overview: 

 

3 - 1 Client Information 

Pearland Recreation Center and Natatorium is being built to promote recreation and economic 

activity in Pearland, Texas.  The project is being funded by the City of Pearland, Pearland 

Independent School District, and the Pearland Economic Development Organization as shown 

below in Table 3-1.1 - Project Funding Distribution: 

Table 3-1.1 - Project Funding Distribution 
Party Amount Contributed Source of Funding 

City of Pearland, Texas $13 Million Tax Revenue 

Pearland Independent School 
District 

$3.5 Million and 7-acre building site School Bond 

Pearland Economic 
Development Organization 

$1.5 Million Tax Revenue 

 

The City of Pearland identified a recreation center and natatorium as „high‟ priority in their 2005 

master plan.  At the same time, Pearland Independent School District recognized a need for a 

natatorium for their school.  The two parties decided to come together to build a joint project.  

The Pearland Economic Development Organization also recognized the potential economic 

impacts this project could have on local businesses through additional visitors to the Pearland 

area.  A similar facility nearby, University of Houston‟s Recreation Center, currently has to turn 

away requests for facility use due to overbooking, so this new facility could have a significant 

economical impact on the community. 

The master plan called for a project that would serve the community for many years.  To meet 

this goal, the project was flexibly designed to meet any potential changes in regulations.  For 

example the competition pool was designed to be 55 meters long with (2) 2.5 meter wide 

bulkheads so should regulation pool length change, the facility could easily be modified to meet 

this new requirement.   

The only project deadline is to have the natatorium completed before the start of school in Fall 

2010.  At this time the project should be completed in June 2010, so this will not be an issue.  

Currently the project does not have a phased completion and there are no intentions to 

implement one at this time. 
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3 - 2 Project Delivery System 

A design-bid-build delivery system is being used on the Pearland Recreation Center and 

Natatorium project.  The City of Pearland, Pearland Independent School District, and Pearland 

Economic Development Organization are building the project as a joint-venture.  However, all 

contracts for the project are held by the City of Pearland.  The City of Pearland has hired PBK 

as the architect and EMJ Corporation as the construction manager for the project. 

PBK has selected sub consultants to assist in designing the project.  The primary consultants 

are shown in Figure 3-2.2 - Project Team Organizational Chart. The only designer contract 

held with the City of Pearland is a lump sum Professional Design contract, with payments 

distributed as shown in the Table 3-2.1 - Design Contract Payment Distribution. 

Table 3-2.1 - Design Contract Payment Distribution 
Deliverable % of Lump Sum 

Schematic Design 15% 

Complete Design 15% 

Construction Documents 20% 

Contractor Procurement 25% 

Construction Service 25% 

 

EMJ was selected as general contractor through a „Best Value‟ selection method.  The City of 

Pearland considered items such as cost, schedule history, references, and proposed specialty 

contractors during this selection process.  EMJ contracted specialty contractors to perform all 

the work on site.  They hold lump sum contracts with all their subs as shown in Figure 3-2.2 - 

Project Team Organizational Chart.  A complete list of specialty contractors on the project is 

available in Appendix 3. 

The project design was essentially completed prior to contractor selection, so the design-bid-

build delivery method with a lump sum contract is appropriate for this project. 
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Figure 3-2.2 - Project Team Organizational Chart 

 

The City of Pearland required the following insurance to be held by the contractors and design 

professionals on the project: 

-Worker‟s Compensation as per Texas State Requirements 

-Commercial General Liability Insurance: 

 -$1,000,000 for each occurrence 

 -$2,000,000 general aggregate limit 

 -$2,000,000 product-completed operations aggregate limit 

 -$1,000,000 personal and advertising injury limit 

-Auto liability insurance coverage of $1,000,000 

-Employer‟s liability insurance coverage of $1,000,000 per accident or disease 

-Umbrella liability insurance coverage of $5,000,000  

-Professional liability insurance coverage of $1,000,000. 

-Builder‟s risk insurance in equivalence to total repair and replacement charges of every 

incident. 
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3 - 3 Project Team Contacts 

City of Pearland – Andrea Brinkley – Project Manager 

EMJ Corporation – Scott Stoltz – Project Manager 

EMJ Corporation – Kevin Huff – Project Engineer 

EMJ Corporation – Phillip Crissman – Project Superintendent 

PBK – Van Franks – Principle 

 

3 - 4 CM Staffing Plan 

The CM (EMJ Corp) project team for the Pearland Recreation Center and Natatorium project 

consists of a Vice-President in Charge, a Project Manager, a Project Engineer, a 

Superintendent, and an Assistant Superintendent.   

The Vice-President in Charge, Project Manager, and Project Engineer work from the EMJ home 

office in Dallas, TX and visit the project site about twice a month.  The Superintendent and 

Assistant Superintendent are on-site in Pearland, TX at all times.   

The Project Engineer, Superintendent, and Assistant Superintendent work full time on the 

project while the Project Manager and Vice-President in Charge are both part time on the 

project and oversee other projects as well.  Figure 3-4.1 - CM Organizational Chart shows the 

organization of the staff on this project. 

 

 

Figure 3-4.1 - CM Organizational Chart 
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Section 4 - Design and Construction Overview 

 

4 - 1 Building Architecture/Enclosure 

The Pearland Recreation Center and Natatorium houses a recreation center and natatorium as 

shown in Figures 4-1.1 – First Floor Plan and 4-1.2 – Second Floor Plan.  The building spans 

638‟-1” and is 230‟-1” wide.  The natatorium is located on the eastern half of the building and is 

connected to the recreation center on the opposite half of the building. 

 

 

Figure 4-1.1 - First floor plan 

 

 

Figure 4-1.2: Second floor plan 

Recreation Center Natatorium 

Recreation Center Natatorium 
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The 2-story recreation portion of the building contains a double height competitive gym seating 

588 spectators and a raised 4-lane running track around the perimeter. There is also a dance 

room, aerobics room, weight room, 2 racquetball courts, locker rooms, offices, and other multi-

purpose rooms. 

The double height natatorium contains an 8-lane 50 meter competition pool and a 4-lane 25 

yard instructional pool with a handicap ramp.  The competition pool includes a moveable 

bulkhead, (2) 1-meter diving boards, and (2) 3-meter diving boards.  There is seating for 694 

spectators in bleachers surrounding the competition pool.  There are also equipment rooms and 

training rooms in this portion of the building. 

 

Building Codes 

2003 International Building Code 

2003 International Plumbing Code 

2003 International Mechanical Code 

2003 International Electrical Code 

2003 International Energy Code 

2003 International Fire Code 

2003 International Gas Code 

1994 Texas Accessibility Standards 

1992 Americans with Disabilities Act 

 

Zoning 

Zoning District – „GB‟ (General Business) 

 Requirements Actual 

Minimum Lot Size 22,500 Square Feet 330,090 Square Feet 

Minimum Lot Width 150‟-0” 727‟-7” (Frontage on Bailey Road) 

Minimum Lot Depth 125‟-0” 453‟-8” 

Building Setback: Front 25‟-0” Minimum 212‟-6” 

Building Setback: Rear 25‟-0” Minimum 32‟-9” 

Building Setback: Side 10‟-0” Minimum 34‟-6” 

Height Restriction 45‟-0” Maximum Height 44‟-11” 
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Historical Requirements 

There are no historical requirements on this project. 

 

Building Facades 

The facades are primarily face brick on horizontally reinforced 8” CMU with rigid insulation and 

damp proofing between.  The facades by the recreation center and natatorium entrances are 

calcium silicate masonry units on horizontally reinforced 8” CMU with rigid insulation and damp 

proofing between.  All the glazing is ¼” Tinted Tempered Float Glass. 

The south façade, facing Bailey Road is 25% glazing as shown in Figure 4-1.3 - South 

Exterior Elevation. 

 

 

Figure 4-1.3 - South Exterior Elevation 

 

The north façade has 10 windows as shown in Figure 4-1.4 - North Exterior Elevation. 

 

 

Figure 4-1.4 - North Exterior Elevation 

 

The east façade has a series of strip windows along the recreation center entrance as shown in 

Figure 4-1.5 - East Exterior Elevation. 
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Figure 4-1.5 - East Exterior Elevation 

 

The west façade has 10 windows plus a strip window at the recreation entrance as shown in 

Figure 4-1.6 - West Exterior Elevation. 

. 

 

 

Figure 4-1.6 - West Exterior Elevation 

 

4 - 2 Building Systems 

Demolition 

No demolition was required. 
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Excavation 

The site is at an elevation of 14‟ above sea level.  It was necessary to excavate to about 14‟ for 

the foundations.  For this reason it was necessary to dewater the site.  This was done using well 

points throughout the site.  Excavation was done with a 1:1 layback so no temporary support 

was needed. 

 

Structural Framing System 

The Recreation center has a structural steel frame.  The columns are all tube steel while the 

beams are W-sections with K-series joists supporting 18ga galvanized 1-1/2” deep non-

composite floor decking and 22ga galvanized 1-1/2” deep Type “B” steel non-composite roof 

decking.  All connections between W-sections are bolted and the connections to the tube steel 

are welded connections.  The steel was erected using a 50-Ton and 80-Ton Truck Crane. 

The Natatorium has glulam columns supporting glulam purlins which support a 3” wood deck.  

The glulam system was erected using a 100-Ton and 75-Ton Truck Crane. 

 

Cast-In Place Concrete 

The only cast-in-place concrete in this project was the slabs and foundations.  The foundation 

consisted of spread footings on drilled piers. The footings used stick-built forms and were 

poured with a pump truck.  There is a 5” thick reinforced concrete slab-on-grade with a vapor 

barrier that extends throughout the entire building foundation.  There is also a 3” thick concrete 

slab on WWF on the elevated slabs.  The slab-on-grade was placed using a pump truck in 4 

different pours.  The elevated slabs at the second level and the roof were each poured in 3 

pours. 

 

Precast Concrete 

There is no precast concrete on this project. 

 

Mechanical System 

The recreation center is serviced by five (5) mechanical rooms located as shown below in 

Figures 4-2.1 - Rec Center 1st Floor Mechanical Room Locations and 4-2.2 - Rec Center 

2nd Floor Mechanical Room Locations: 
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Figure 4-2.1 - Rec Center 1st Floor 

Mechanical Room Locations 

 
Figure 4-2.2 - Rec Center 2nd Floor 

Mechanical Room Locations 

 

The Natatorium is serviced by two (2) mechanical rooms as shown below in Figures 4-2.3 - 

Natatorium 1st Floor Mechanical Room Location and 4-2.4 - Natatorium 2nd Floor 

Mechanical Room Location: 

 

 

Figure 4-2.3 - Natatorium 1st Floor 

Mechanical Room Location 

 
Figure 4-2.4 - Natatorium 2nd Floor 

Mechanical Room Location 

 

The mechanical rooms contain mechanical equipment as shown in Table 4-2.5 – Mechanical 

Room Equipment. 

Table 4-2.5 – Mechanical Room Equipment 

Location Item 

RM1a Two (2) Air Cooled Chillers 

RM1b Four (4) End Suction Pumps 

RM2a Two (2) Air Handling Units, Two (2) Boilers, and One (1) End Suction 
Pump 

RM2b Three (3) Air Handling Units 

RM2c Four (4) Air Handling Units 

NM1 One (1) Air Handling Unit and One (1) Condenser 

NM2 Two (2) Air Handling Units 

RM1a 

RM 
1b 

RM 
2a RM 

2c 

RM2b 

NM1 

N 
M 
2 
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Air is distributed throughout the building using rectangular and flex duct.  These ducts then 

connect to Constant Air Volume Terminals in each room. 

 

Fire Suppression System 

The building has a Wet Pipe Pre-Action Fire Sprinkler System that is to be installed to a 

performance spec of: 

Public Spaces, Classrooms, and Offices: 0.10 GPM/SF over the most remote 1,500 SF. 

Mechanical Rooms, Storage Areas, and Service Areas: 0.15 GPM/SF over 1,500 SF. 

 

Electrical System 

The electrical system for the Pearland Recreation Center and Natatorium has a 3000A building 

supply with a 600A Surface Mounted Distribution Panel.  There is also a 400 KW emergency 

back-up generator for the building. 

 

Masonry 

The entire building has an 8” horizontally reinforced non-load bearing CMU enclosure.  There is 

reinforcing at 16” on-center.  There is also a bond beam every 8‟ (12-courses of block).   

Attached to the CMU is a face brick veneer connected by masonry ties every 4-courses of CMU.  

Between the CMU and face brick there is 1 ½ inch rigid insulation and an air space.  

Additionally, the CMU has a damp proofing applied to it. 

 

Roofing 

The roof in the recreation center is a steel truss system (shown in Figure 4-2.6 - Construction 

photo of roof trusses at recreation center) while the roof in the natatorium is a glulam truss 

system.  The roofing system throughout the recreation center and natatorium consists of a 

standing seam metal roof on a fully adhered waterproof membrane.  The roofing system over 

the main entrance to the building on the south side, a small strip between the recreation area 

and natatorium, and a small portion of the north side of the natatorium is modified bitumen. 
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Figure 4-2.6 - Construction photo of roof trusses at recreation center 

 

Curtain Wall 

There are no curtain walls in this building. 

 

Sustainable Features 

This building has no sustainable features. 

 

4 - 3 Local Conditions 

Labor 

The project site is located in a suburb of Houston, TX; the 4th largest city in the US.  This 

location enables easy access to a diversely skilled labor force.  For this reason labor availability 

will not be a problem.   

 

Weather 

Houston, TX has a warm and mild climate.  While winter weather will not be an issue, there is 

the potential for tropical weather to affect the project during the fall months.  Additionally, since 

the project is located in a region that is prone to tropical weather, there will be more stringent 

building codes and inspections.   

 

Geography 

The project is located on a 7-acre plot of land in an unpopulated portion of the suburb of 

Houston, Texas.  There is ample area for construction lay down and parking. 
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The project site is at a very low elevation (+14‟).  Because of the low site elevation, ground 

water will be a serious consideration during excavation.  It will be necessary to de-water the site 

during all excavation activities. 

 

Sustainability 

Sustainable construction practices are not predominant in the Houston area.  It is uncommon for 

construction projects to apply sustainable practices such as construction material recycling, etc.   

 

Tipping Fees: 

It is common practice in the Houston area to not recycle construction material.  For this reason, 

all construction waste is placed in the same dumpster on site.  Removal of this waste costs 

$316 per 40 cubic yard dump.  This is $7.9 per cubic yard of waste. 

 

4 - 4 Site Layout Planning 

Site layout for the Pearland Recreation Center and Natatorium is greatly simplified due to a 

large site.  Consistent across all phases of the project are the dumpsters in the northeast corner 

of the site with a dedicated entrance off of Bailey road for access to empty them, porta-potties in 

the northeast corner of the parking lot, the construction offices on the east side of the site, the 

temporary transformer in the southeast corner of the building, temporary utilities running to the 

southeast corner of the building from Bailey Rd, contractor parking on the south side of the site, 

and the site entrance off of Bailey road on the south side of the site.   

Site layout for the excavation phase of construction is shown in Figure 4-4.1 – Excavation 

Phase Site Plan.  Excavation will begin from the northwest corner of the building and proceed 

towards the southeast corner of the building as shown. Dump trucks will arrive and circulate 

through the site to remove soil as shown. 
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Figure 4-4.1 – Excavation Phase Site Plan 

 

 

Porta-Potties 

Dumpster 

Entrance 

Dumpster 

Access 
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Figure 4-4.2 – Foundations Phase Site Plan shows the site layout for the foundations phase 

of construction.  Foundations work will again progress from the northwest corner to the 

southeast corner of the building.  A rebar yard, with access provided for flatbed rebar truck 

deliveries, is provided in the southwest corner of the site.  The pump truck and concrete trucks 

will circulate as shown.  They will only be present on site during concrete pours.  The location of 

the pump truck will move eastward on the site as work progresses.  A contractor material 

storage area is also provided in the southeast corner of the site.    

 

 

Figure 4-4.2 – Foundations Phase Site Plan 
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The project site begins to become more congested as the structural framing erection phase of 

construction begins.  Site layout for this phase is shown in Figure 4-4.3 – Structural Framing 

Erection Phase Site Plan.  Erection of the steel and glulam will proceed from the west end of 

the building to the east end.  Steel and glulam members will be delivered and unloaded in the 

shake-out area in the southwest corner of the site.  Two cranes will be erecting the steel and 

glulam on site, one on the north side and one on the south side of the building as shown.  Steel 

joists will be delivered to this shake-out area as well, but will then be moved to the joist shake-

out area on the north side of the site to be prepared for final erection.  There will be an access 

point for stocking material to the building located at the southwest corner of the building.  This 

will be done using front loaders. 

 

 

 
Figure 4-4.3 – Structural Framing Erection Phase Site Plan 
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Enclosures is the final phase of construction.  Work in this phase will progress in a clockwise 

direction, first around the recreation center than proceeding to go around the natatorium.  There 

will be a contractor material staging area in the southwest corner of the site.  This area will be 

used by contractors to unload materials from trucks as shown.  There are also material storage 

areas on the north side and in the southeast corner of the site.  Materials will again be stocked 

to the building through the access point at the southwest corner of the building using front 

loaders.  Figure 4-4.4 – Enclosure Phase Site Plan shows the site layout for this phase of 

construction. 

 

 
Figure 4-4.4 – Enclosure Phase Site Plan 
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Section 5 - Project Logistics 

The project schedule for the Pearland Recreation Center and Natatorium begins with 

commencement of design on March 1, 2007 and ends with substantial completion on May 12, 

2010.    

 

5 – 1 Milestone Schedule 

After site work is completed, the recreation center will be constructed separately from the 

natatorium.  While they are one building, the structural systems and building features of the two 

portions are completely different so separate construction of the two building sections seems 

most efficient.  Through each phase of construction, the recreation center will generally precede 

construction of the natatorium. 

 

Site Work 

The site work activity contains all work done for site preparation as well as for the parking lot, 

which will be constructed at the beginning of the project to allow for a cleaner construction site.    

 

Foundations 

The foundations in the natatorium will commence once the excavation has been completed for 

the swimming pools.  This excavation will be performed while the foundations are being 

constructed on the recreation center. 

 

Structural 

The structural system in the recreation center is very simple and does not have anything 

important to note.  The natatorium has 14 large glulam beams that will span the swimming 

pools.  The structural system in the natatorium will begin after the recreation center‟s structural 

system has been completed and will be constructed by a separate contractor due to the glulam 

material. 

 

Finishes 

The finishes in the recreation center again don‟t have anything unique to note, however the 

natatorium must have the interior finishes completed prior to beginning the swimming pool 

finishes (tiles, etc.) in order to avoid damage to the expensive work that will be put in place in 

the swimming pool. 
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The project schedule for this project is relatively simple.  The key item to notice when viewing 

the schedule is the separation in construction of the two (recreation center and natatorium) 

portions of the building.  See Appendix 5 for the complete project summary schedule. 

 

5 – 2 Detailed Project Schedule 

Construction of the Pearland Recreation Center and Natatorium will begin with the Notice to 

Proceed on April 20, 2009 and conclude with Substantial Completion on May 12, 2010.  The 

complete detailed schedule is available in Appendix 5.  To create the construction schedule for 

the project the building was split into two portions: recreation center and natatorium.  This was 

done because these two portions of the building are very different and will be constructed in a 

different manner due to the swimming pool and glulam structural system in the natatorium.  

Table 5-2.1 – Milestone Date Comparison compares some key construction milestone dates 

in the recreation center versus the natatorium. 

 

Table 5-2.1 – Milestone Date Comparison 

Milestone Recreation Center Natatorium 

Notice to Proceed 4/20/2009 4/20/2009 

Top Out 8/7/2009 8/30/2009 

Dry-In 10/23/2009 12/9/2009 

Substantial Completion 5/12/2010 4/28/2010 

 

Structure and Enclosure 

Construction of the building‟s structural system and enclosure is sequenced as shown in Figure 

5-2.2 - Structural and Enclosure Trade Construction Sequence 
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Figure 5-2.2 – Structural and Enclosure Trade Construction Sequence 

 

Interiors 

Following „Dry-In,‟ a „parade of trades‟ construction sequence is applied; that is only one trade 

works in each space at a time and each trade follows the previous.  Figure 5-2.3 - Interior 

Trades Construction Sequence shows the order of the interior „parade of trades‟. 
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Figure 5-2.3 - Interior Trades Construction Sequence 

 

Following the interior „parade of trades‟ a number of specialty items are installed, such as 

casework, gym flooring, and gym equipment.  See the detailed schedule in Appendix 5 for all 

activities. 

 

Recreation Center 

Construction of the recreation center progresses counterclockwise through the building in three 

phases.  Figure 5-2.4 – Recreation Center Construction Phase Locations shows the 

locations of these three phases. 
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Figure 5-2.4 – Recreation Center Construction Phase Locations 

 

Second floor activities only have two phases since the gym is double height and the small 

portion of phase three that has a second level is combined with phase 2 for the second floor. 

 

Natatorium 

There is no phasing of construction in the natatorium as there was in the recreation center.  

Construction sequencing in the natatorium will revolve around the swimming pool construction.  

See Figure 5-2.5 – Swimming Pool Construction Sequence for the sequence of swimming 

pool construction activities.   
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Figure 5-2.5 – Swimming Pool Construction Sequence 

 

Construction of other portions of the natatorium will be occurring throughout the pool 

construction; however it is critical that the finishing and tiles in the swimming pool are the last 

activity to occur in the swimming pool area in order to protect the work.  Immediately after this is 

completed, the pool will be filled with water and testing and chemical balancing will begin. 

 

5 – 3 Construction Cost Estimate 

Actual Cost 

Total Actual Building Construction Cost: $15,137,233 

Actual Building Construction Cost/SF: $144.00/SF 

Total Project Cost: $16,901,509 

Project Cost/SF: $160.79 
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By System 

System Total Cost ($) Cost/SF ($) 

Structural Steel (Erection Included) $1,054,385 $5.8 

Cast-In Place Concrete $1,166,021 $11.09 

Masonry $1,223,500 $11.64 

HVAC $1,907,000 $18.14 

Electrical $41,936 $0.40 

Plumbing $499,027 $4.75 

Fire Protection $195,450 $1.86 

Elevators $41,936 $0.40 

Roofing $609,900 $5.81 

 

NOTE:  For confidentiality purposes the actual estimate has not been posted. 

 

Estimated Construction Cost 

The estimated cost for the project was created using D4Profiler and RS Means SF Cost Data.  

D4Profiler takes real cost data from similar past projects and modifies it to meet the specified 

building requirements. 

D4Profiler had a very similar project, a recreation center with a large natatorium, just outside of 

Cincinnati, Ohio.  This project was almost the exact same size as well the Pearland project as 

well.  The cost was within 1% of the actual cost.  This cost was the total project cost, not just the 

construction cost.  This total project cost estimate is included in Appendix 5. 

Obtaining an RS Means estimate was more difficult.  A separate cost estimate was obtained for 

the recreation center (using the „Gymnasium‟ building type in RS Means) and the natatorium 

(using the „Swimming Pool, Enclosed‟ building type in RS Means).  A problem that arose was 

that the cost data provided in RS Means was for projects much smaller than the Pearland 

project.  To account for this it was necessary to extrapolate the table values.  The cost 

estimates for these two portions were then combined to obtain a total building cost.  This price 

was again within 1% of the actual cost.  This estimate is only for construction costs and is 

included in Appendix 5 with all the calculations that were performed. 

These estimates are shown in the Table 5-3.1 - Cost Estimate Comparison below. 

Table 5-3.1 – Cost Estimate Comparison 

Method Total Cost ($) Cost/SF ($) Price Includes: 

D4Cost $16,786,542 $159.87 Total Project Cost 

RS Means SF 
Data 

$15,043,887 $143.28 Construction Cost 
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Detailed Structural Cost Estimate 

In addition to the Parametric Cost Estimate from D4Profiler and the SF Cost Estimate from RS 

Means, a detailed structural system construction cost estimate was also performed.  A detailed 

structural system construction cost estimate for the Pearland Recreation Center and Natatorium 

project yielded just over $4,425,000, or about $42/SF.  This cost includes all labor, equipment, 

and material required for construction of the caissons, concrete, structural steel, steel decking, 

joists, trusses, wood decking, and glulam structural framing.  A break-down of the cost estimate 

is shown in Table 5-3.2 – Detailed Structural System Estimate Summary.  The complete 

estimate as well as the calculations are available in Appendix 5. 

Table 5-3.2 – Detailed Structural System Estimate Summary 

Cost Breakdown Summary 

Dev. Item Total Cost 

02465 Caissons $526,841.25 

03220 Rebar $60,681.51 

03221 WWF $18,041.18 

03310 3000 psi concrete  $145,747.62 

03311 3500 psi concrete $36,687.77 

03312 Concrete Finishing $15,161.58 

03313 Concrete Forming $471,115.84 

03314 Vapor Barrier $123,562.53 

03315 5" Concrete Edge Form $2,729.14 

03316 3" Pour Stop $821.42 

03500 Roof Deck $626,272.50 

05100 Structural Steel $702,167.12 

05200 Steel Floor Joists $390,755.16 

05300 Metal Deck $66,784.03 

06100 Wood Trusses $170,000.00 

06110 Glulam (Decking, Purlins, and Columns) $1,070,000.00 

Total Cost $4,427,368.67 
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Pricing for the estimate was obtained using RS Means 2009 Building Construction Cost Data 

and contractor information.  RM Rodgers provided the glulam pricing and Tectum Inc. provided 

pricing for the Tectum E roof decking system over the recreation center.  All other pricing 

information came from RS Means. 

 

The estimate was created by doing a detailed take-off of a typical bay of the building and 

extrapolating.  Figure 5-3.3 – Location of Typical Bay Used for Estimate shows the 2520 SF 

(both levels) area, between gridlines G-J and 1-2, which was used. 

 
Figure 5-3.3 – Location of Typical Bay Used for Estimate 

 

Recreation Center 

Using the total cost estimate obtained from this bay, a cost/SF value was calculated and 

multiplied by the square footage of the recreation center.  This cost/SF did not include the 

Tectum „E‟ roof decking or roof trusses.  The cost of these two items was estimated for the 

entire recreation center then added to the extrapolated cost estimate.  See Appendix 5 for the 

complete detailed cost estimate. 

 

Natatorium 

Modifications had to be made to the cost/SF value to estimate the natatorium‟s structural 

system cost since the structural system is glulam instead of steel, like the recreation center. 

Additionally, there are no elevated slabs in the natatorium.  To account for these differences the 

structural steel and elevated deck costs were subtracted from the recreation center‟s cost/SF.  

This new cost/SF was then multiplied by the total square footage of the natatorium.  This 

extrapolated value was added to the glulam columns, purlins, and decking value provided by 
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RM Rodgers for the total natatorium structural system construction cost.  See Appendix 5 for 

the complete detailed cost estimate. 

 

General Conditions Estimate 

A detailed general conditions cost estimate was also calculated.  A general conditions cost of 

just over under $2 million was estimated for the Pearland Recreation Center and Natatorium 

project.  This estimate was obtained using pricing from RS Means and EMJ Corporation.  See 

Appendix 5 for the complete estimate. 

The general conditions estimate contains 5 portions: project management, temporary facilities, 

temporary utilities, cleaning, and miscellaneous.  Project management and insurance, bond, 

and O&P are the primary costs in the general conditions, totaling almost $1.9 million.  

Temporary facilities include items such as job office trailers, temporary sanitary facilities, and 

barricades.  All material hoisting (lifts, cranes etc.) and heavy equipment are to be provided by 

the contractors so it was not necessary to include these items.  Temporary utilities consist of 

costs for temporary electric, water, and telephone during construction.  The cleaning section will 

pay for weekly site clean-up and final building clean-up.  A miscellaneous section with items 

such as hand tools, safety, and blue prints is also included.  A 2% bond, 3% insurance, and 

10% overhead and profit are also included in the estimate.  These percentages are of the total 

project cost ($16,786,542 as per Tech #1 estimate). 
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Section 6: Analysis #1 – Concrete Columns with Steel Trusses Vs. 

Glulam Structural System (Structural – Breadth Topic #1) 

 

6 – 1 Problem: 

Unlike the steel structural system in the  
recreation center, the natatorium has 

been designed using a glulam structural 

system.  It is unusual for a natatorium to 

use a glulam structural system. 

Additionally, glulam is significantly more 

expensive than concrete and steel and 

presents unique challenges during 

construction. The designer insists that 

structural steel, even with special 

coatings, corrodes and deteriorates in 

the humid environment of natatoriums. 

 

6 – 2 Goal: 

Determine the structural and economic 

feasibility of using a steel structural 

system in place of the currently 

designed glulam system in the 

natatorium, including identifying the 

durability of steel and glulam in a 

natatorium‟s humid environment. 

 

6 – 3 Analysis Method: 

1) Determine the durability of 
concrete, steel and glulam 
structural systems in a 
natatorium environment, 
including all maintenance issues 
and costs. 

2) Design a structural concrete and steel system to replace the glulam system. 
3) Calculate the cost savings associated with using a structural concrete and steel system 
4) Analyze the schedule impacts of using a structural concrete and steel system 
5) Consider the constructability effects of using structural concrete and steel 

 

 

 

Figure 6-1.1 - Natatorium with steel structural 

system. Courtesy of Penn State 

 

Figure 6-1.2 - Gymnasium with glulam structural 

system. Courtesy of Structure Mag  
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6 – 4 Resources: 

1) Penn State OPP – Chris Musser 
2) University of Virginia Capital Projects 
3) University of Maryland Capital Projects 
4) University of Houston Capital Projects 
5) RS Means 2009 Cost Data 
6) R.M. Rodgers – Miles Parks 
7) Designers with experience in glulam and concrete and steel structural systems in 

natatoriums. 
8) MS Project 
9) Pearland Recreation Center and Natatorium project team. 

 

6 – 5 Durability of Concrete, Steel and Glulam: 

Initially the objective of this analysis was to design a completely steel structural system in the 

natatorium.  As research of the steel structural system progressed, it was suggested by 

structural engineers at a number of university‟s capital projects groups that a structural system 

consisting of concrete columns and steel girders/joists be used instead.  Paint on steel chips 

very easily and when exposed to water (like the bases of columns would be) the steel would 

begin to rust.  Alternatively, if concrete was used the only concern would be water penetrating 

the concrete and rusting the rebar.  Since the bases of the columns will not be saturated with 

water this scenario can be ignored.  Similarly, since the steel joists and girders would be located 

up in the ceiling, the chance of paint being chipped on them would be very low.  Additionally, the 

only water concern would be humidity which should not cause the steel to rust, especially if the 

paint on the steel is not chipped. 

 

6 – 6 Structural System Re-Design: 

After a concrete and steel structural system was decided upon it was necessary to design the 

system.  The system was designed using the 2003 International Building Codes shown in Table 

6-1.3 – 2003 IBC Structural Loads.  The roof slope was set at 3:12.   

Table 6-1.3 -2003 IBC Structural Loads 
Type of Load Design Load 

Roof  20 lb/SF 

Dead Weight  20 lb/SF 

Wind 120 mph for 30 sec gust – exposure C – importance factor of 1.15 

 

The resulting design consisted of (468) 25‟ 14k1 joists at 4‟ o.c.  These joists rest on (14) 140‟ 

104SLH22 girders at 25‟ o.c.  The steel system rests on (28) 10” X 10” square concrete columns 

with 4-#5‟s.  The design calculations as well as the Steel Joist Institute and Concrete 

Reinforcing Steel Institute sizing sheets that were used are attached in Appendix 6. It is 

important to note that throughout this system redesign it was assumed that the CMU walls in the 

natatorium would support the structure laterally. 
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6 – 7 Cost Analysis: 

Once a new structural system was designed it was necessary to determine the cost implications 

of this design modification.  To do this RS Means 2009 Cost Data was used.  Using this cost 

data, a total system cost of $469,738 was obtained.  This was a $600,262 savings over the 

$1,070,000 glulam structural system (supplied by R.M. Rodgers, glulam contractor on project) 

that it replaced.  An additional $30,000 was incorporated into the steel system to cover extra 

connection costs (plates for column-beam connection, etc.) Cost calculations as well as RS 

Means cut sheets are included in Appendix 6. 

 

6 – 8 Schedule Analysis: 

A schedule analysis was performed to analyze the effects of this new system on the 

construction schedule.  It was discovered that there was no effect on the schedule.  As shown in 

the modified schedule (shows only the portion of the schedule that included this modification) in 

Appendix 6, the concrete columns are poured while steel is being erected on the Recreation 

Center and when steel erection is completed on the Recreation Center, the erectors simply 

continue work on the building with erection in the Natatorium.  Prior to the system modification, 

the steel erectors would have been done once the Recreation Center was complete and the 

glulam erectors would begin their structural system erection by erecting the glulam members.  

The only difference with the modified system is that instead of the glulam erectors working on 

the Natatorium following completion of the Recreation Center‟s steel, there would be steel 

erectors erecting steel in the Natatorium. 

 

6 – 9 Constructability Analysis: 

Modification of the structural system makes it more easily constructible.  The 100 Ton truck 

crane that was used to erect steel in the Recreation Center would already be on site and would 

be able to lift all the steel members in the natatorium so no additional cranes would be needed.  

Additionally, a constructability challenge with the glulam system was the erection of the arches, 

particularly aligning the bolted connection to the footer.  By using the concrete columns this 

concern could be neglected.  Another benefit of this new system is that it would eliminate the 

need for a glulam subcontractor and would therefore result in one less subcontractor that needs 

to be on site and managed. 

 

6 – 10 Conclusions and Remarks: 

Modification of the natatorium structural system from glulam to steel and concrete resulted in a 

cost savings, no schedule change, and a more easily constructible building.  The objective of 

this analysis was successful in identifying a preferable alternative to the as-designed natatorium 

structural system. 
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Section 7: Analysis #2 – AC Chillers Vs. WC Chiller With Cooling 

Tower (Mechanical – Breadth Topic #2) 

 

7 – 1 Problem: 

During the design phase of construction 

the owners of the Pearland Recreation 

Center and Natatorium insisted on using 

a cooling tower system to cool the water 

for the building‟s mechanical system.  

PBK, the project architect and MEP 

engineer, convinced them that using a 

cooling tower system with a water 

cooled (WC) chiller would be 

unreasonable since the building was 

only 105,000 SF.  Instead they 

suggested using an air cooled (AC) 

chiller system, which would be a more 

economical choice given the size of the 

building. 

7 – 2 Goal: 

The goal of this research topic is to 

compare the cost of a cooling tower and 

WC chiller and AC chiller system in 

order to determine the more economical 

option.  Cost data is already available 

for the AC chiller system; however it will 

be necessary to size and develop a 

construction cost estimate for a WC 

chiller and cooling tower system.  

7 – 3 Analysis Method: 

1) Determine the cooling loads on the Pearland Recreation Center and Natatorium 
2) Select a cooling tower and WC chiller system that would satisfy the required cooling 

loads for the building. 
3) Obtain construction cost information for the selected WC chiller and cooling tower 

system. 
4) Compare the cost of the WC chiller and cooling tower system to the as designed AC 

chiller system to determine the more economical option. 
5) Consider constructability factors that may make either option more feasible. 
6) Consider life-cycle cost and maintenance factors for each option. 

 

 

Figure 7-1.1 - Cooling Tower (Courtesy of 

Zetacorp) 

 

Figure 7-1.2 - Chillers (Courtesy of Tatro Plumbing) 
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7 – 4 Resources: 

1) Professor James Freihaut and AE – 310 HVAC Fundamentals course materials 
2) Pearland Recreation Center and Natatorium project MEP engineer – PBK MEP 
3) Fort Bend Mechanical 
4) EMJ Corporation  
5) Southland Industries – Nathan Patrick 
6) Chesapeake Systems – David Jaworski 
7) Boland-Trane – Joe Mulligan 

 

7 – 5 System Selection: 

The first step in analyzing the modification of the mechanical system was to design and select a 

suitable system.  As previously mentioned, the current AC chiller would need to be replaced 

with a WC chiller as well as a Cooling Tower.  The 2 as-designed AC chillers each had a 

capacity of 138 Tons, an entering water temperature of 56d F, a leaving water temperature of 

42dF, and a flow rate of 240 GPM.  Using these previous design specs and the fact that the 

project was located in Houston, TX it was determined that the new WC Chiller/Cooling Tower 

system be designed with a DB temperature of 92dF, a WB temperature of 77dF, a capacity of 

276 tons and a 85dF condenser water temperature.  Using these parameters it was discovered 

that the 2 AC chillers could be replaced with only 1 WC chiller. Similarly, the Cooling Tower was 

sized using an 85dF entering water temperature,  a 95dF leaving water temperature and a 828 

GPM (3 GPM/ton) flow rate.  Product cut sheets for the WC chiller and Cooling Tower supplied 

by Boland-Trane and Chesapeake Systems are available in Appendix 7.   

 

7 – 6 Cost Analysis: 

Once the new mechanical system was designed it was then necessary to estimate the cost of 

the new system and compare it to the previous system.  To do this, quotes were obtained from 

Chesapeake Systems and Trane-Boland for the cooling tower and WC chiller respectively.  

Labor costs for the installation of this equipment and additional pumps and piping required for 

the cooling tower were obtained from RS Means 2008 Cost Data.  Cost information for the as-

designed system was obtained from Fort Bend Mechanical, the mechanical contractor on the 

project.  The new mechanical system offered a $48,523 savings over the previous system.  

Table 7-1.3 – Mechanical System Cost Estimate contains a summary of this comparison and 

the complete cost estimate calculations are contained in Appendix 7. 
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Table 7-1.3 – Mechanical System Cost Estimate 
Item Cost Source 

Cooling Tower 

Material $30,171 Chesapeake Systems 

Labor $2,650 RS Means 2008 Cost Data, Pg. 374 

Additional Pumps & Piping 

Labor & Material $26,082 RS Means 2008 Cost Data, Pg. 374 

Water Cooled Chiller 

Material $93,840 Boland-Trane 

Labor $11,700 RS Means 2008 Cost Data, Pg. 373 

Additional Structural Support for Cooling Towers 

Labor & Material $15,557 Fort Bend Mechanical 

Total Cost for New System $180,000 

Total Cost for Old System $228,523 

Initial Cost Savings with New System $48,523 

 

7 – 7 Schedule/Constructability Analysis: 

There are three potential constructability issues that would need to be considered with the new 

WC Chiller/Cooling Tower system that were not present with the old system: 

1) The Cooling Tower would require additional structural support in the concrete slab that it 

would be placed on.  This issue should not pose a problem, given the concrete slab is 

properly reinforced when it is constructed. 

2) The Cooling Tower would require a crane for placement.  It would be important to 

properly plan for this and ensure that adequate access is left to the mechanical 

courtyard on the north side of the building where it would be placed. 

3) Previously, the AC chiller had been placed outside in the mechanical courtyard.  With 

the new system, the cooling tower would be placed here and the water cooled chiller 

would need to be placed inside.  There would be room for this equipment in the 

mechanical room on the northwest corner of the building.  However it is important to 

consider access to this room for chiller installation. 

While none of these issues should be a problem, it would be important to give them careful 

consideration while planning construction to ensure that adequate measures would be taken to 

account for them.  This system modification should have no effect on the schedule since the 

only additional activities will be cooling tower placement and some extra pumps and piping 

which could be included in the current mechanical system construction duration. 
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7 – 8 Energy Cost Analysis: 

An energy cost comparison between the two systems was also performed.  The old air-cooled 

chiller system consumed 1.3 KW/Ton for each chiller, or a total of 718 KW.  Using a water-

cooled chiller and cooling tower the total energy usage would be only 427 KW.  Energy 

information for the water-cooled chiller came from Boland-Trane and for the cooling tower a 

COP of 4 was assumed and the KW/ton value was calculated from that.  Assuming energy 

costs of 10 cents per KWh in Houston, TX the total energy cost savings using the new system 

are shown in Table 7-1.4 - Energy Cost Savings.  All the calculations for this cost comparison 

can be found in Appendix 7. 

Table 7-1.4 - Energy Cost Savings 
Time Period Cost Savings 

Daily $698 

Monthly $20,707 

Yearly $248,488 

 

 

7 – 9 Conclusions and Remarks: 

Modification of the mechanical system from an air cooled chiller system to a water cooled chiller 

with a cooling tower system presents a savings of almost $50,000 in construction costs, almost 

$250,000 a year in energy costs, and no change in construction schedule duration.   

While the new system is preferred economically, there are some additional factors that would 

need to be taken into consideration during construction such as additional structural reinforcing 

and construction logistics in mechanical equipment placement.  Similarly, a cooling tower will 

require additional consideration throughout its life-time to ensure that the water in the cooling 

tower is controlled.  Considering the building contains two swimming pools, this water 

maintenance should not be an issue for the owner as they should already have water control 

systems in place for the swimming pools and the monitoring of the cooling tower water could 

just be folded into these duties.  In conclusion, a water cooled chiller and cooling tower system 

could be beneficial for the Pearland Recreation Center and Natatorium project. 
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Section 8: Analysis #3 – Adversarial Project Team Relationships on 

Design-Bid-Build Projects and other Delivery Methods for Public 

Projects (MAE Focus Topic) 

 

8 – 1 Problem: 

Projects utilizing the traditional Design-Bid-Build delivery method tend to result in adversarial 

relationships between project team members.   As Pearland Recreation Center and Natatorium 

approaches completion, it seems that the project is unique in that the project team is still 

working together effectively and the project is setup for an on-schedule, on-budget completion.  

It appears that this is a great opportunity to analyze some attributes of a successful project team 

using this delivery method.  Design and construction of the project has been seamless.  

Throughout the design phase there was beneficial owner-designer interaction that resulted in 

many features of the building being modified to more effectively meet the owner‟s needs.  

During construction there were few problems encountered and the project is currently scheduled 

to be completed well ahead of schedule. 

 

8 – 2 Goal: 

The goal of this research is to determine the factors that contributed to the project‟s apparent 

success, including factors such as project team selection and contracting method.  Conclusions 

obtained from this research will be targeted at helping owners select successful teams for their 

upcoming projects.  Additionally, this research will potentially identify an ideal delivery method 

for public projects. 

 

8 – 3 Analysis Method: 

1) Issue questionnaires to project team members to collect their opinions of why the project 
was successful, as well as to determine if there were any aspects of the project that 
could have been improved. 

2) Compare questionnaire responses to identify commonalities. 
3) Interview select project team members to identify specific attributes that have 

contributed to the project‟s success. 
4) Study the contract documents in order to locate language that contributed to the 

project‟s success. 
5) Identify aspects of the project team selection process that led to the successful outcome. 
6) Interview other public project teams using various delivery methods to potentially identify 

an ideal project delivery method for public projects. 
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8 – 4 Resources: 

1) Project team surveys  
2) Project team interviews  
3) Project contract documents 
4) Project team selection method 
5) Case studies – Other Public Projects 
6) AE – 572 Project Development and Delivery Planning course materials 

 

8 – 5 Project Team Analysis: 

Analyzing the Pearland Recreation Center and Natatorium‟s project team began by sending out 
a survey to the general contractor, EMJ Corporation; owner, City of Pearland; and architect, 
PBK.  Responses were obtained from the general contractor and owner, however after 
numerous attempts an answer was never received from the architect.  These surveys are 
attached in Appendix 8.  Upon receipt of the survey responses it became apparent that the 
project team was working very well together and that all members had a cordial relationship.  
Additionally, the traditional design-bid-build delivery method was working very well.  The City of 
Pearland was very satisfied with EMJ‟s work.  They were impressed with the management of 
the company and their effort to achieve a successful project. 
 
After digesting the results from the surveys, phone interviews were executed with the general 
contractor and architect.  These phone interviews developed the concept of „the ideal delivery 
method for public projects‟ - the final result of this research topic.  During the phone interviews 
both the general contractor and owner were strong advocates for the design-bid-build delivery 
method for public projects such as this.  The City of Pearland said they use this delivery method 
on almost all their projects.  This delivery method allocates the risk away from the owner to the 
other project team members.  As a steward of the tax payers, they prefer to do whatever it takes 
to ensure the community receives a quality project.  Consequently on their projects the City 
prioritizes stewardship of taxpayer funds by valuing quality over an earlier completion schedule 
 

8 – 6 Analysis of Other Delivery Methods on Public Projects: 

The City of Pearland is currently also constructing a public service building that will house the 
police department and other city services.  This project is using a design-build delivery method, 
one of the city‟s first projects to take this route.  City council constrained the project to use this 
delivery method.   The project manager expressed extreme dissatisfaction with the delivery 

method, citing a lack of checks and balances that normally occur between the general 
contractor and designer.  Since these parties are from the same firm, the owner is no longer the 
connecting link between these parties and there is much less transparency in the project team‟s 
actions.  
 
Another problem that the project manager identified on the project was that there were still 
design omissions - one of the problems the design-build delivery method is claimed to eliminate.  
Additionally, construction tends to catch-up to the design and at times has to be put on hold, 
resulting in schedule extensions and additional costs. 
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8 – 7 Applications of MAE Concepts: 

Analyzing the design-bid-build and design-build delivery methods applied concepts that were 

learned in a number of graduate level engineering courses, namely AE 572 – Project 

Development and Delivery Planning, AE 597I – CII Best Practice, and CE 531 – Legal Aspects 

of Engineering and Construction. 

Project Development and Delivery Planning provided knowledge that was critical to 

understanding how design-bid-build and design-build delivery methods work.  Understanding 

the benefits and drawbacks of these delivery methods allowed for a more effective analysis of 

the ideal delivery method given the circumstances faced in a public project. 

Understanding the legal aspects of construction and engineering was paramount to identifying 

an ideal delivery method for a public project.  Shifting the liability of a public works project away 

from the owner is a critical legal strategy to consider when selecting the appropriate delivery 

method. 

The Construction Industry Institute‟s Best Practices course offered an overview of pre-project 

planning, change management, and equitable risk allocation.  These topics enhanced a better 

understanding of the issues that needed to be considered when selecting a delivery method.  

Pre-project planning is one of the most important phases of a project as it lays the framework for 

how a project will be run.  This phase can vary greatly based on the delivery method.  Change 

management is also a very important topic, as the number of changes required on a project can 

have large cost implications.  Understanding how a delivery method would affect these changes 

is important to understand.  Again, allocation of risk is a primary concern, particularly for an 

owner on a public project so it is important to understand how to efficiently shift this risk away 

from the owner. 

 
 

8 – 8 Conclusions and Remarks: 

Projects using the design-bid-build delivery method are notorious for ending with adversarial 
relationships between project team members.  Pearland Recreation Center and Natatorium has 
been an exception.  Project team members have, in fact, attributed the success of their project 
to the design-bid-build delivery method.  A reason for the project‟s success using the design-
bid-build delivery method has been the City of Pearland‟s project goal: “Build a quality project on 
budget”.  They are not as concerned with completing the project by a specific deadline as they 
are with controlling costs and producing a project that will serve the community for many years 
to come. 
 
For complex public projects such as this one, the owner is better served using a design-bid-
build delivery method over a design-build delivery method because it effectively allocates 
liability away from the owner and maintains the beneficial checks and balances between the 
designer and general contractor. 
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Section 9: Analysis #4 - Bolted Vs. Welded Glulam Arch Connection 

 

9 - 1 Problem: 

In the natatorium of the Pearland 

Recreation Center and Natatorium a 

glulam structural system is used, 

including 14 glulam arches.  These 

glulam arches are connected to the 

concrete footers using bolts.  The 

bolted connections of these arches 

were difficult due to the small 

tolerances of the glulam arches.  In 

hind sight, the contractor suggested 

that a welded connection would have 

been more constructible. 

 

9 – 2 Goal: 

The goal of this research is to identify the feasibility of using welded connections instead of the 

as-built bolted connections for the 28 connections (2 per arch) of the 14 glulam arches to the 

concrete footers.  

 

9 – 3 Analysis Method: 

1) Determine the cost of using a welded connection. 
2) Identify the time required to construct a welded connection. 
3) Compare the cost and time duration for a welded connection with that of a bolted 

connection. 
4) Consider the durability of a welded connection versus a bolted connection. 
5) Research the availability of qualified welders in the geographic area. 

 

9 – 4 Resources: 

1) Welding contractors 
2) Pearland Recreation Center and Natatorium project team. 
3) Glulam contractors 
4) RS Means Cost Data 
5) MS Project 

 
 

 

Figure 9-1.1 - Glulam Arches (Courtesy of Structural 

Mag) 
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9 – 5 Feasibility/Constructability Analysis: 
 
A welded connection would be easier to construct.  The greater Houston area has ample 
availability of qualified welders. However, connecting dissimilar materials might create problems 
with the weld. 
 
9 – 6 Design Analysis: 
 
As designed, each connection had (12) 1” diameter stainless steel anchor bolts.  This is the 
equivalent of 12 X 3.14 x (0.5”)2 = 9.42 in2 of steel connection.  To create a weld of equivalent 
strength, it would be necessary to have 75.36 (9.42in2/(1/8in)) linear inches of 1/8” weld.  This 
would require about 38 inches of 1/8” weld on each side of the connection.   
 
9 – 7 Cost Analysis: 
 
To analyze the costs associated with this connection, it is necessary to identify what would be 
removed and added.  Table 9-1.2 – Items Added and Removed per Connection lists these 
items.   
 
Table 9-1.2 – Items Added and Removed per Connection 
Added Removed 

75” of1/8” weld (12) 1” Anchor Bolts 

Metal plate embedded in 
concrete footer 

(12) holes for bolts 

 Careful alignment of columns 
during erection. 

 Extra labor to align anchor 
bolts with holes during 
erection. 

 
 
It can be assumed that the material costs associated with the removal of the 12 bolts and the 
addition of the plate that would be casted into the concrete footer would cancel each other out 
and could be ignored.  Similarly, the labor costs required to insert the plate in the concrete 
would likely be less and certainly wouldn‟t be more than the cost to place and brace the anchor 
bolts during the concrete pour.  It is very difficult to properly brace anchor bolts while pouring 
concrete.   
 
It can also be assumed that the costs associated with field welding the steel plates would be 
equivalent to the costs of cutting the bolt holes in the steel and the additional labor that would be 
required to align the anchor bolts with the holes in the steel plate on the base of the glulam 
column.  
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9 – 8 Schedule Analysis: 
 
Analyzing the schedule implications of this connection modification is also important.  Assuming 
a 60” long 1/8” weld could be done in 1 hour, .8 connections could be done per hour.  The total 
of 28 connections would only add 35 man hours.  Therefore, the schedule implications of this 

change could be ignored since it would be no more than the time required to set the anchor 
bolts prior to pouring concrete and aligning the columns with the bolts during glulam erection. 
 
 
9 – 9 Conclusions and Remarks: 
 
As designed, the bolted connection between the glulam columns and the concrete footer is very 
difficult to construct.  Modifying to a welded connection would eliminate the tedious process of 
aligning the baseplate of the glulam column with the anchor bolts without increasing the 
schedule or cost of construction; in fact, it could possibly result in a cost reduction. 
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Section 10 - Summary and Conclusions: 

After performing design, cost, and schedule analysis on the construction of the Pearland 

Recreation Center and Natatorium the following conclusions have been reached: 

1) The structural system in the natatorium should be changed from glulam to structural 

steel.  This change would save over $600,000 in construction costs and have no effect 

on the construction schedule, durability and life-cycle costs of the building. 

2) A water-cooled chiller with a cooling tower mechanical system should replace the air-

cooled chiller.  This modification would save almost $50,000 in construction costs, 

almost $250,000 in yearly energy costs, and would have no implications to the 

construction schedule.  A downside to this change would be that the cooling tower would 

require additional maintenance to control the water in the cooling tower, however since 

the building contains a swimming pool there should already be qualified maintenance 

staff on site that could also easily oversee the maintenance of the cooling tower. 

3) For complex public buildings such as the Pearland Recreation Center and Natatorium, a 

design-bid-build delivery method is preferred over design-build.  Design-bid-build 

allocates financial risk away from the owner and includes the all important checks and 

balances between team members such as the architect and general contractor.  These 

checks and balances are lost in a design-build delivery method because the architect 

and general contractor are part of the same firm and the owner is no longer included in 

the interaction between these parties.   

4) At the connection between the glulam column and the concrete footers in the natatorium, 

a welded connection should replace the current, bolted connection.  Construction of the 

bolted connection is difficult as the holes in the column baseplate need to be precisely 

aligned with the anchor bolts in the footer.  A welded connection eliminates this 

complexity.   A welded connection should replace the current bolted connection between 

the glulam column and the concrete footers in the natatorium. 

Making the above modifications to the Pearland Recreation Center and Natatorium would save 

about $650,000 in construction costs, significantly reduce yearly energy costs, maintain the 

construction schedule, produce a higher quality product, and create a more constructible 

building. 
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Detailed Project Schedule 
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Parametric Cost Estimate – D4Profiler 
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RS Means Data for Natatorium 
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RS Means Data for Recreation Center 
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Data for Estimate Location Adjustment 
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Detailed Structural System Cost Estimate Hand 

Take-Offs 
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Detailed Structural System Estimate 
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General Conditions Estimate 
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Natatorium Structural System Design Calculations
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Natatorium Structural System Costs
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Modified Schedule – Without Glulam in Natatorium 
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Mechanical System Cost Calculations
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Water Cooled Chiller Spec Sheet 
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Cooling Tower Spec Sheet 
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Energy Cost Calculations
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Response from General Contractor’s Survey 

 

The purpose of this survey is to investigate the interaction of the Pearland Recreation Center 

and Natatorium project team.  This survey has been designed to capture the general 

contractor‟s viewpoint. 

 

1)  If you were to redo the project, would you change the delivery method?  If so, what would 

you change it to and why?  If not, what were the advantages of the Design-Bid-Build delivery 

method chosen? A: The architect & I have spoken often that this should have been a CM 

@ Risk type contract. That is because of the difficult design features, there have been 

many small changes to the contract that would be easier to resole if the CM @ Risk 

method had been used. Typically the CMR anticipates these challenges and has 

allowances to care for that. 

 

2)  How frequently did you interact with the designers? A: We meet a minimum of once a 

week with the architect, and he often visits the site once or twice more during the week 

to consult with the superintendents. 

 

3)  How frequently did you interact with the owners? A: We meet every other week at a 

progress meeting. 

 

4) What was the most common method of communication with designers? A: Telephone 

conversations, with email a close second. 

 

5) What was the most common method of communication with the owners? A: Telephone. 

 

6) What are the main criteria that were used to select the subcontractors and suppliers?  Would 

you modify any of these criteria if you were to do it over again? A: As a hard bid, the primary 

selection criteria were price, with ability to perform the project second. It is hard to 

modify this criterion when the project is a hard bid. Selection of a better qualified sub, 

but at a higher cost might make our bid higher, and thus we would not be the low bidder. 
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7)  What types of contracts were held between the subcontractors/suppliers and general 

contractor? A: I have attached a sample contract. 

 

 

8) What language would you add/remove/change in these contracts if you were to do it over 

again? A: We re content with our current contract. 

 

 

9) What language was specifically effective? A: We find the duration language, and that the 

days allowed for various work to run concurrent helps the superintendent to push the 

project. 

 

10)  How frequently were Owner-Architect-Contractor meetings held?  Was this frequency 

adequate? A: Meetings are held every other week. This is adequate. 

 

 

11) How often would the architect and/or owner representative visit the construction site? A: 

Owner at least once every other week, and sometimes once a week. The architect is on 

site a minimum of once a week, and the architect has a construction representative on 

site every day for at least ½ day.  
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Response from Owner’s Survey
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