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EXECUTIVE SUMMARY
The information in this report is the result of collaboration between Ceco Concrete Construction, LLC and several 
industry partners including general contractors, mechanical design and construction firms, structural engineers, and 
other contributors. The purpose of this report is to show the many benefits of employing a cast-in-place Wide Module 
frame system in structures with a healthcare application. In this study, we will show the benefits of the wide module 
system as applied to hospital structures.

For our case study we chose to redesign an existing 6-story, 157,752 sf steel frame patient tower in Phoenix, AZ for an 
owner looking to build another larger tower. When compared against the originally built structural steel system the 
wide module cut $5.07 per square foot, or $798,890 (Applied to the larger 8-story tower, savings are $1,622,400). The 
Wide Module also  cut 2 weeks of construction schedule in addition to eliminating the mill order lead time required 
of the steel frame schedule, and reduced the height of each floor 10” allowing the owner to shorten the structure and 
save 5’ of costly skin and enjoy a higher ceiling and more space. The Wide Module system also provides thermal mass, 
which will cut energy use 2.98% without enhancement resulting in savings of $14,611 per year on this structure - and 
more than $28,000 per year in energy cost savings in the new 320,000 sf structure. 

Overall the project teams concluded that the Wide Module system builds a much higher quality, more flexible, health-
ier, longer lasting facility with less environmental impact and less costly life cycle than steel. Other benefits identified 
by the project team include:

•	 Improved flexibility and ability to repurpose space
•	 Eliminated costs from changes made between steel mill order and ground breaking
•	 Reduced health and safety risks
•	 Enhanced sustainability with Longer life cycle and reduced life cycle costs
•	 Easier M&E integration
•	 Enhanced architectural options
•	 Less vibration and sound transfer
•	 Easier and more inexpensive to move roof air handlers
•	 Better cash flow - no up-front costs for steel fabrication
•	 51% more local labor than steel, supporting the community

Obviously the scope and scale of benefits will depend on the building type and region, primarily due to changes in 
labor and materials rates. Additionally, while there will be differences in the thermal mass benefits depending on 
climate, there should always be a benefit - and that benefit will increase substantially with a medical office application 
due to the increased process load and 24-7 occupancy of a patient tower. The juxtaposition of the structure itself will 
also factor into energy savings, increasing or decreasing solar gain as needed. Overall, these benefits should remain 
constant - the result of material and labor efficiency, schedule efficiency, and the inherent nature of concrete as a 
building material. 
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WIDE MODULE FRAME 

The wide module frame is a system employing steel pans to create concrete voids, beams and joists (although techni-
cally the joists are beams). A nonproprietary one-way joist system, the wide module was invented as the removable 
steel pan in 1912 by C. Louis Meyer, the founder of Ceco, and has been employed prominently for 100 years through-
out the United States. Currently the system is utilized most in midwest and southern states, where it is the system of 
choice for healthcare construction and more.

To construct a deck using the wide module system, pans are laid out on a flat deck surface, the slab is poured, and the 
plywood deck and pans are knocked out leaving an extremely thin but rigid slab with an equivalent slab thickness 
often in the 8” to 9” range. 

The wide module can achieve extreme rigidity with a very slim slab. This reduction in slab thickness is extremely help-
ful in reducing time and cost of future coring, and the increased rigidity allows for no more than extremely minimal 
deflections within 1/4” (flat plate systems are notorious for deflection issues). Post-tensioning may be required for 
longer spans only, only in beams along grid-lines in 1 direction, and not in the joists or slabs, increasing the ease of 
future alterations.

Odd designs are very easily accommodated as are shower drops, which merely require the placement of a shallower 
pan. Should a higher quality surface be required to leave the concrete exposed, there are long forms available that can 
achieve the same structural result without objectional offsets.

The benefits of the wide module system fall into the following primary categories:

•	 Initial Cost
•	 Operational Cost / Life Cycle Cost
•	 Flexibility in Repurposing Space
•	 Flexibility in Building slope
•	 Sustainability
•	 Patient Wellness
•	 Cash Flow
•	 Schedule
•	 Local Economy
•	 Lower Floor to Floor Heights
•	 Vibration and Sound Resistance
•	 Minimal Deflection
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OUTLINE OF THE STUDY 

The design of a patient care tower was investigated to identify and quantify the cost savings resulting from reductions 
in materials and labor, in addition to the operational cost savings resulting from energy savings inherent in the ther-
mal mass of the concrete frame. Many non-financial benefits are also identified and described.

The patient care tower is a 6-story, 157,752 square foot structure in Phoenix, AZ, originally built with a steel frame. Our 
team redesigned the structure, replacing the built structural steel system with the Wide Module cast-in-place concrete 
system. We then created schedules for both options, re-priced them in today’s dollars, and energy modelled each 
system. 

In order to complete the most thorough and accurate comparison possible, we chose an existing structure to provide 
us actual schedule and cost data. Furthermore, we worked with the general contractor and structural engineer that 
initially built this structure as they are the most intimately familiar with how this structure was built and where the 
challenges were, and would be most capable of identifying any benefits or drawbacks to a concrete frame. We chose 
to compare this structure for the owner representatives in hopes of educating them on the many benefits the wide 
module system could offer their projects in the future - including a larger 320,000 square foot tower project that was 
anticipated to bid in 2012. Once our comparison was completed we applied our findings to the larger upcoming facil-
ity to make the benefits more real to the owner, and to give the owner the most accurate information possible related 
to this upcoming structure.
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DETAILS OF IDENTIFIED SAVINGS

PATIENT TOWER

Comparing the Wide Module frame to a steel frame yielded the following savings on the patient tower:

•	 The cost of the frame was reduced $5.07 per square foot (includes savings for fireproofing and skin, so this is really 
savings on the cost of the enclosed structure - not just the frame, although it should be noted that it does not take 
into account savings on MEP and access/egress considerations).

•	 The construction schedule was shortened by 1-2 weeks
•	 The overall height of the structure was reduced 10” per floor, or 60”, saving 5’ of skin
•	 The energy use of the structure was reduced 2.68%, with a 2.98% reduction in energy cost
•	 The flexibility of the structure was enhanced via increased rigidity and sound dampening
•	 The indoor air quality of the structure was enhanced due to the elimination of fireproofing
•	 The sustainability of the structure was greatly enhanced by several factors inherent to the concrete frame, making 

LEED certification easier

Illustration of Reduced Floor to Floor Height

BIM Layout of Wide Module Design
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REDUCED COST

Comparing the Wide Module frame to a steel frame yielded the following savings on the patient tower:

•	 The cost of the frame was reduced $5.07 per square foot (includes savings for fireproofing and skin, so this is really 
savings on the cost of the enclosed structure - not just the frame, although it should be 

Working with the project team that originally built this project, we redesigned, scheduled and priced the project in 
today’s dollars as follows:

Structural Steel Option

Quantity Unit Unit Cost Extension

Concrete Topping Slab 26,475 SQFT $      2.70 $   71,482.50 
Reinforcing Steel 26,475 SQFT $      0.25 $     6,618.75 
Structural Steel Columns 42.42 TONS $    2,975 $ 126,199.50 
Structural Steel Beams & Angles 113.94 TONS $    2,975 $ 338,971.50 
Metal Decking 2" Galvanized 26,475 SQFT $      3.10 $   82,072.50 
Miscellaneous Metals 26,475 SQFT $      1.00 $   26,475.00 
Fireproofing 26,475 SQFT $      1.40 $   37,065.00 
Additional Exterior EIFS & CMU Skin 835 LNFT $    28.50 $   23,797.50 

Total Cost Steel Frame $      712,682 

Cost / SF $ 26.92 

Concrete Frame

Quantity Unit Unit Cost Extension

Addition Caisson Depth - 5' Diameter 102 LNFT $  155.00 $   15,810.00 
Caisson Rebar 6.25 TONS $    1,600 $   10,000.00 
Concrete Decks 827 CUYD $  335.00 $ 277,045.00 
Concrete Columns 151 CUYD $  285.00 $   43,035.00 
Concrete Hoisting 26,260 SQFT $      1.40 $   36,764.00 
Concrete Deck & Beams Mild Reinforcing 47.25 TONS $    1,600 $   75,600.00 
Concrete Deck & Beams PT Reinforcing 9.20 TONS $    4,200 $   38,640.00 
Concrete Column Mild Reinforcing 27.60 TONS $    1,600 $   44,160.00 
Miscellaneous Metals 26,260 SQFT $      1.25 $   32,825.00 

Total Cost Concrete Frame $      573,879 

Cost / SF $ 21.85 
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SHORTER SCHEDULE
We also scheduled the frame in both concrete and structural steel:

While the schedule for the Wide Module frame is shown as almost identical to steel from ground breaking to comple-
tion, this does not take into account the excessive lead time required of a structural steel frame. Additionally, there 
are almost always changes (from the owner or design team) between the time the steel fabrication order is placed 
and when ground is broken. Simple changes such as the size of an elevator opening increasing only a few inches can 
be very costly for a steel structure, but would require the simple movement of an edge form with the wide module 
system. This results in significant additional savings.

Energy Savings

In order to quantify energy savings in the thermal mass of the concrete frame, our ME design partner performed an 
in-depth energy analysis and model of the structure.

Activity ID Activity Name Orig
Dur

Start Finish

Steel vs Concrete Structure AnalysisSteel vs Concrete Structure AnalysisSteel vs Concrete Structure AnalysisSteel vs Concrete Structure AnalysisSteel vs Concrete Structure Analysis

Steel StructureSteel StructureSteel StructureSteel StructureSteel Structure

SS-115 Mobilization / Site Prep 10 04-Apr-11 15-Apr-11

SS-005 Foundations / Basement Walls 75 18-Apr-11 02-Aug-11

SS-125 Early Steel and SOMD 20 16-May-11 13-Jun-11

SS-015 Steel Erection 60 03-Aug-11 26-Oct-11

SS-025 Slab on Metal Deck 65 12-Aug-11 11-Nov-11

SS-035 Basement and L1 Slab on Grade 35 02-Sep-11 21-Oct-11

SS-045 Fireproofing 40 17-Oct-11 12-Dec-11

SS-055 L1 Interior Buildout 170 07-Nov-11 06-Jul-12

SS-065 L2 Interior Buildout 170 21-Nov-11 20-Jul-12

SS-075 L3 Interior Buildout 170 06-Dec-11 03-Aug-12

SS-085 L4 Interior Buildout 170 20-Dec-11 17-Aug-12

SS-095 L5 Interior Buildout 170 05-Jan-12 31-Aug-12

SS-105 Punchlist, Start-up and Testing 50 09-Jul-12 17-Sep-12

Concrete StructureConcrete StructureConcrete StructureConcrete StructureConcrete Structure

CS-165 Mobilization / Site Prep 10 04-Apr-11 15-Apr-11

CS-005 Foundations / Basement Walls 75 18-Apr-11 02-Aug-11

CS-015 Basement Slab on Grade 20 07-Jun-11 05-Jul-11

CS-025 Basement Elevated Deck 15 06-Jul-11 26-Jul-11

CS-145 Backfill Basement Walls 5 27-Jul-11 02-Aug-11

CS-155 L1 Slab on Grade 20 03-Aug-11 30-Aug-11

CS-035 L1 Elevated Decks 15 31-Aug-11 21-Sep-11

CS-045 L2 Elevated Decks 15 15-Sep-11 05-Oct-11

CS-055 L3 Elevated Decks 15 29-Sep-11 19-Oct-11

CS-065 L4 Elevated Decks 15 13-Oct-11 02-Nov-11

CS-075 L5 Elevated Decks 15 27-Oct-11 16-Nov-11

CS-085 L1 Interior Buildout 170 03-Nov-11 03-Jul-12

CS-095 L2 Interior Buildout 170 17-Nov-11 18-Jul-12

CS-105 L3 Interior Buildout 170 02-Dec-11 01-Aug-12

CS-115 L4 Interior Buildout 170 16-Dec-11 15-Aug-12

CS-125 L5 Interior Buildout 170 03-Jan-12 29-Aug-12

CS-135 Punchlist, Start-up and Testing 50 05-Jul-12 13-Sep-12

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
2011 2012 2013

Mobilization / Site Prep

Foundations / Basement Walls

Early Steel and SOMD

Steel Erection

Slab on Metal Deck
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L1 Interior Buildout

L2 Interior Buildout

L3 Interior Buildout

L4 Interior Buildout

L5 Interior Buildout

Punchlist, Start-up and Testing

Mobilization / Site Prep

Foundations / Basement Walls

Basement Slab on Grade

Basement Elevated Deck

Backfill Basement Walls

L1 Slab on Grade

L1 Elevated Decks

L2 Elevated Decks

L3 Elevated Decks

L4 Elevated Decks

L5 Elevated Decks

L1 Interior Buildout

L2 Interior Buildout

L3 Interior Buildout

L4 Interior Buildout

L5 Interior Buildout

Punchlist, Start-up and Testing

Remaining Level of Effort

Actual Level of Effort

Actual Work

Remaining Work

Critical Remaining Work

Milestone

McCarthy Building Companies, Inc. 

Steel vs Concrete Structure Analysis 
Page: 1 of 1 

Data Date: 04-Apr-11 
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ENERGY SAVINGS
The previous graph shows a breakdown of all internal and external effects on heating and cooling the structure, 
including solar gain and internal occupancy, and factors in thermal mass attributes. The team found 2.68% in energy 
savings, equating to 2.98% in energy cost savings.

The graph to the left is a breakdown of areas of energy con-
sumption comparing steel to concrete, and showing energy cost 
savings of $14,611 per year in a concrete frame over the existing 
structural steel. Applied to the upcoming 320,000 square foot 
tower, these savings will balloon to more than $28,000 per year or 
$700,000+ over a 25-year life cycle.

For our edification, we applied this energy model to the same structure as placed in different climates. While we realize 
that the juxtaposition of the structure will have a significant impact on solar gain and subsequently on energy savings 
via thermal mass, this chart shows that thermal mass benefits are not isolated to the Southwest - and can be more 
significant in other climates.

For more information on the attributes of thermal mass, please see the attached studies from the Massachusetts Insti-
tute of Technology (MIT) and the Marceau team.

Flexibility
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OTHER BENEFITS
Flexibility - The Wide Module frame is much more rigid than the steel frame, resist-
ing vibration and sound transfer that can interfere with monitoring equipment and 
recovery. This creates a facility that is more easily re-purposed over time, allowing 
the owner to easily move imaging equipment and W.O.W.s. to new areas of the 
structure without paying exorbitant costs to bolster the floors in these areas.

Additionally, because it is mild reinforced the Wide Module frame can be easily pen-
etrated and cored. In scenarios like this patient tower in which post tensioning was done in the beams along grids in 1 
direction only, the Wide Module frame allows for great flexibility with regard to penetrations for repurposing.

Design flexibility is endless with the Wide Module concrete frame - odd shapes and fluted exterior edges are very eas-
ily accommodated. With a steel frame, this design freedom would be significantly more costly.

Patient Wellness -  Most people don’t consider how the frame of the structure impacts the 
end users and occupants, but it can have a significant effect. Following are some of the 
ways the Wide Module frame contributes to patient wellness:

•	 The Wide Module frame is more rigid than the steel frame, and far more vibration-
resistant, contributing to patient comfort 

•	 A concrete frame transfers 67% less sound than a steel frame (PCA), helping quiet areas stay quiet and conducive 
to recovery

•	 There is no fireproofing in a concrete frame, which can create a reservoir for aspergillus, dust mites and allergens 
which can be trapped and re-released over time with the introduction of air and humidity. (Fatal cases of aspergil-
losis have been tracked to contaminated fireproofing). With no fireproofing, renovations are less costly and timely 
as well.

Sustainability -  The Wide Module concrete frame is far more sustainable than a structural 
steel frame in many ways. For starters, researchers have found that a concrete frame’s life 
cycle impact on the environment is less than that of steel (please see attached studies from 
Halsall Associates, the Queens University Integrated Learning Centre and the Massachusetts 
Institute of Technology (MIT)). According to these studies, a concrete frame has less impact 
on global warming, toxicity, solid emissions, and energy consumption. 90% of the life cycle 
carbon emissions are due to the operation phase of a structure, with construction and end-

of-life disposal accounting for less than 10%. Therefore, while concrete may be heavier and require more to demolish 
and recycle, the life cycle costs and impacts of a concrete structure are much less than those of a steel structure.

One of the primary reasons concrete performs better during the operation phase is due to its thermal mass. According 
to MIT and independent research from Marceau and VanGeem, the thermal mass of a concrete frame can save 5-9% 
annual energy savings in an office application (MOB). The heavy process loads of patient towers reduces this benefit 
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OTHER BENEFITS
to around 3% - which as shown previously can still save thousands of dollars per year. Coupled with a radiant heat-
ing and cooling system (which can be installed at little or no cost premium) these energy savings can be exponential, 
helping to achieve upwards of 30% energy savings.

There are also many benefits to a concrete frame when seeking LEED or Green Globes certification, contributing to 
several additional points and an easier, more flexible credit accumulation strategy. Some of these benefits are as fol-
low:

•	 Increased energy efficiency via less volume, less lighting and thermal mass
•	 No fireproofing or corrosion protection needed; no VOCs with exposed concrete
•	 Heat Island Effect Roof and Non-Roof - Concrete has natural SRI of 30+, lighter fly ash or slag content can get you 

over 78 required for roof
•	 Recycled content via class C or F fly ash, silica fume or slag, grey water, recycled   concrete as aggregate
•	 Local/regional materials - Concrete will always be local, steel could come from overseas
•	 Daylighting is more easily attained via reduced floor to floor height and high SRI 
•	 Recycled construction waste via reefball.org, bollards or barricades
•	 FSC formwork
•	 Recarbonation process (Ca(OH)2+CO2=CaCO3+H2O) = reduction in carbon footprint
•	 Reduced maintenance costs
•	 Biolube or other organic form-release agents
•	 New mix designs use C02 to harden concrete, creating a carbon neutral or negative   process (see 

attached)
•	 Less embodied energy and less life cycle impact on the environment than steel

Embodied Energy Chart:

Concrete Rebar Steel

1.3 MJ/kg

8.9 MJ/kg

32 MJ/kg
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CONCLUSIONS
From redesigns completed on the patient tower, our team concluded that the Wide Module concrete frame is the best 
solution for healthcare patient towers for the following reasons:

•	 Flexibility in design and ability to more easily and cost effectively renovate and repurpose space
•	 Significant energy savings
•	 Better indoor environmental quality for patients and staff, less chance of hospital acquired infection
•	 Better cash flow with no up-front cost for fabrication
•	 No costly changes between the steel mill order and breaking ground, which are common
•	 More sustainable - better for the environment, occupants, and owner
•	 Often lower initial cost and shorter schedule

SOURCES

•	 Modelling Energy Performance of Concrete Buildings for LEED v2.2, Marceau, VanGeem, Alsamsam

•	 Life Cycle Assessment (LCA) of Buildings, Massachusetts Institute of Technology

•	 Considering Energy in the Selection of Structural Systems, Queens University

•	 LCA of Concrete Structures, PhD Erin Ashley, NRMCA

•	 Cement from C02: A Concrete Cure for Global Warming?, David Biello, Scientific American

•	 Energy Consumption by Building Type, U.S. Department of Energy

•	 Think Thermal, Sean O’Brien, Modern Steel Magazine

•	 Optimizing Passive Thermal Mass, Massachusetts Institute of Technology

•	 The Role of Thermal Mass on the Cooling Loads of Buildings, C.A. Balaras, Institute of Meteorology and Physics of 

the Atmospheric Environment

•	 Detailed Energy Saving Performance Analysis on Thermal Mass Walls Demonstrated in a Zero Energy House, Zhu, 

Hurt, Correia, Boehm, Teimjin University

•	 Thermal Mass, EcoSpecifier

•	 Critical Mass, Eco Building Magazine

•	     Energy Performance, PCA


