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BUILDINGS ACCOUNT FOR NEARLY 40% of U.S. energy consumption and 
greenhouse gas emissions. 

The materials required to construct a building all require energy to manufacture, 
fabricate, deliver and erect. Once it is operational and in use, the building itself is 
heated and cooled. And when it has reached the end of its lifespan, energy is required 
to disassemble and demolish the building. 

When it comes to framing systems, structural engineers can take a leading role 
in developing new structural systems that are more sustainable. The good news for 
structural steel is that, in addition to other green attributes, it is largely produced from 
recycled materials. And work is currently underway in the form of systemic innovations 
that can take steel-framed buildings to the next level of sustainability. 

Two projects at Northeastern University, in collaboration with Simpson 
Gumpertz and Heger (SGH) and other partners—both funded in part by AISC—
are exploring improvements to common structural steel systems that can help 
reduce their environmental impacts. 

Both projects take a closer look at the contributions of the structural system to the 
energy consumed in building construction and use. The first project explores strategies 
for adding thermal breaks to cladding details to reduce building heating and cooling 
demands while maintaining the structural efficacy of the details. The second project 
addresses a composite structural floor system developed to facilitate deconstruction, 
in which the structural systems are designed to be taken apart and reused in other 
structures. Both projects highlight testing conducted at Northeastern’s Laboratory for 
Structural Testing of Resilient and Sustainable Systems (STReSS Laboratory) which 
was established in 2011. 

Thermal Break Strategies
When a structural element spans the building envelope, it can act as a thermal 

bridge that allows energy to flow between the building’s exterior and interior. Steel, for 
all its strength and ductility, is also thermally conductive. Conductive cladding details 
combined with large differences in interior and exterior temperatures are not only 
appropriate conditions for energy loss, but also condensation. A thermal break may be 
used to mitigate this thermal bridge. 

Together with the Charles Pankow Foundation, the American Composites Man-
ufacturing Association (ACMA) and the Pultrusion Industry Council (PIC), AISC 
partnered with a team from Northeastern University, SGH and Klepper, Hahn and 
Hyatt (KHH) to design and validate a suite of thermal break strategies. While many 
steel elements can become thermal bridges, this work focused on slab-supported 
shelf angles, roof posts (for supporting mechanical units and other rooftop struc-
tures) and canopy beams. 

As an effective thermal break involves improved thermal performance in 
addition to adequate structural performance, stainless steel and fiber reinforced 
polymers (FRP) were natural candidates, both as shims inserted in the building 
envelope and as full or partial replacement of the structural member. Based on 
the expertise of the SGH and KHH engineers along with the project’s Industrial 
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Two research projects at Northeastern University’s STReSS  

lab shed some light on opportunities to make steel construction 

more sustainable.
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Advisory Panel—which included representatives from AISC, ACMA, PIC and a 
number of companies—viable solutions were developed using these materials, 
then validated using 3D thermal modeling software to determine the effective-
ness of the proposed breaks. Structurally promising solutions were then tested at 
full-scale as subsystems in the STReSS Laboratory. In addition to these subsys-
tems—which included shelf angles, roof posts and canopy beams—double-lap-
splice steel-bolted connections with FRP fills of varying thicknesses and flatwise 
creep testing of the FRP materials subjected to through-thickness compression 
was also conducted. Finite element modeling was used to substantiate the results 
from the experimental testing. 

The research demonstrated that FRP shims can be effective and structurally sound 
thermal breaks for shelf angles and roof posts, as well as for canopy beams subjected 
to light loads that were within the scope of this research. Figure 1 shows the setup for 
testing the strength of shelf angle assemblies connected to steel framing with different 
thermal break strategies. In the setup, the specimen is shown in green, and the loading 
beam representing gravity loading from cladding is shown in brown. Figure 2 shows 
a schematic of a roof post assembly, along with representative results through thermal 
modeling to show the potential impact of using thermal breaks. Compared to thermally 
unbroken connections, we estimated thermal transmittance reductions of up to 65% for 
roof posts, 30% for canopy beams and 92% for shelf angles. Creep can be managed by 
limiting the stress in the shims. Some of the connection configurations explored in this 
work, all of which used snug-tight bolts, are not compliant with the RCSC Specification. 
The project team is looking forward to expanding the work to include a greater range 

Figure 1. Test setup for shelf angle assemblies examined in the thermal breaks project.
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of structural design provisions, structural loads, mitigation 
techniques and involvement from industry.

A hallmark of this work was the continued and enthu-
siastic involvement of AISC, practicing engineers and 
representatives of the numerous funding agencies and 
participating companies. As the recommended mitigation 
strategies must ultimately be designed and implemented 
by engineers, guidance throughout the research process 
ensured that the results have been meaningful for struc-
tural steel design. 

Design for Deconstruction
A deconstructable structural system provides a new 

paradigm for construction in which the structural sys-
tem can be taken apart at the end of its useful life and its 
components reused in other structures, assuming there 
has been minimal to no damage to the system. Often, 
buildings are demolished not due to structural defi-
ciency but rather because their styling or floor plan has 
fallen out of favor, or due to development trends in the 
building’s neighborhood. Even if a building reaches its 
design service life and needs to be demolished, the steel 
and concrete components, which are protected from the 
environment within the envelope, are normally free of 
corrosion and deterioration and can thus potentially be 
reclaimed from the demolished building and reused in 
a new project—provided that the structural system can 
be readily deconstructed. To achieve this goal, a decon-
structable structural system should embody key features 
that include: having modular components dry-assembled 
on site; independence of various systems; application of 
parallel instead of sequential assembly/disassembly; use 
of mechanical connectors; and related features.

A traditional composite steel-concrete floor system 
does not integrate future deconstruction into the design 
and construction process. For several decades, compos-
ite steel-concrete floor systems incorporating steel deck, 
shear studs and cast-in-place concrete slabs have been 
the most ubiquitous type of structural steel framing 
for commercial and institutional buildings. This cost-
effective solution, however, is also a highly integrated 
design, which removes the possibility of deconstructing 
and reusing the structural system at the end of its ser-
vice life. The steel beams and shear studs are generally 
extracted from the demolition debris and recycled, while 
the concrete slabs may be broken up and sent to landfills 
or crushed to make aggregate for fill or new concrete. 

Our design for deconstruction (DFD) research proj-
ect, funded by the National Science Foundation (NSF) 
and AISC, developed a deconstructable composite floor 
system to maintain the benefits offered by composite con-
struction while enabling deconstruction and reuse of the 
structural components, thereby reducing demolition waste 
from old projects and raw material consumption in new 
projects (Figure 3). The system consists of precast concrete 
planks and steel beams joined with clamping connectors. 
The clamping connectors use friction at the steel-concrete 
interface to resist required shear flow and achieve compos-

Figure 2. The top detail shows an initial design concept for a thermal 
break at a roof, the middle detail shows the design with an improved shim 
incorporated and the bottom image shows thermal imaging/efficacy of the 
assembly without (left) and with (right) the shim.
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Figure 3. A deconstructable composite beam prototype, including concrete 
plank, steel beam, cast-in channels, tongue-in-groove joints, bolts and clamps.

Figure 4. Precast concrete plank in-plane connections. Threaded rods are 
indicated with yellow circles.

ite action. Channels are cast into the con-
crete to provide flexibility for where the 
beam intersects the plank and to allow for 
different beam widths. Tongue-and-groove 
joints at the concrete plank edge ensure 
vertical load transfer between adjacent 
planks and offer a level and well-matched 
finished floor surface. 

To transfer in-plane diaphragm forces, 
the precast concrete planks are staggered 
and connected using un-bonded threaded 
rods before being attached to the steel 
beams (Figure 4). Friction, developed 
by pretensioning the rods, provides the 
resistance against joint sliding due to dia-
phragm shear and joint opening due to 
diaphragm flexure. 

By untightening the bolts and rods, the 
precast concrete planks and steel beams 
can be disassembled and reconfigured in 
future projects. This type of construction 
also facilitates adaptation for renova-
tions. Preliminary plank dimensions are 
20 ft by 2 ft by 6 in. This size is small 
enough to facilitate transportation and 
handling and promote reconfiguration 
in future structures, but large enough 
to have structural integrity and reduce 
labor for construction and deconstruc-
tion. Ideally, the planks would be stocked 
in different sizes and concrete strengths 
for ready use, comparable to how steel is 
currently stocked at service centers.

The experimental program of this 
project consisted of push-out tests and 
composite beam tests, all conducted at 
full scale. In the push-out tests (Figure 5) 
the clamping connectors were subjected 
to direct shear, and the characteristics of 
the clamping connectors were quantified, 
including load-slip curves, strength, stiff-
ness and slip capacity. The push-out test 
results show that the peak strength of a 
clamp using a 24-mm bolt is close to that 
of a ¾-in. (19-mm) diameter shear stud, 
but the clamps possess much greater ini-
tial stiffness, ductility and slip capacity 
than a stud. 

We then tested four 30-ft-long decon-
structable composite beams using W14×38 
and W14×26 W-shapes and 6-in.-thick 
planks (Figures 6a and 6b). All the beams 
exhibited very ductile behavior even at a 
beam deflection of over 14 in., well past 
service load deflections. The beam test 
results confirmed the clamp strengths 
obtained from the push-out tests and dem-
onstrated that AISC design provisions for 
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Figure 6b. Beam test specimen.

Figure 5. Push-out test specimen. Figure 6a. Beam test specimen.
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conventional composite beams are applicable to the deconstructable com-
posite beams. This research shows that using clamped connectors at the 
steel-concrete interface can effectively achieve composite action in sustain-
able composite beams, and these tests confirm a potentially transformative 
approach for nearly damage-free transfer of force in appropriate applications.

Design for deconstruction of buildings still requires additional work 
before being fully accepted, such as building code guidance on evaluating 
and designing with reused materials; coordination between material demand 
and supply, including time for deconstruction in project schedules; and con-
sideration of possible costs or potential savings from this approach. However, 
this research highlights the viability of a key structural system to enable the 
reduction of energy required in construction. 

This research highlights new strategies for reducing the environmental 
impacts of construction and creates clear opportunities for sustainable struc-
tural steel design. Researchers and practitioners should collaborate and embrace 
these new opportunities to ensure that research not only expands the frontiers 
of structural engineering but also produces pragmatic design outcomes.  ■
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