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MARS: Metaframework for Assessing Ratings of
Sustainability for Buildings and Infrastructure

Dean Papajohn, P.E., M.ASCE'; Chris Brinker®, and Mounir E| Asmar, Ph.D., A.M.ASCE?

Abstract: Many sustainability rating systems have been developed to assess the sustainable development of the built environment. Most
rating systems rely on indicators to measure specific project features. However, there is no widely accepted framework to help evaluate
sustainability rating systems. This paper contributes to the body of knowledge by developing a metaframework for assessing ratings of sus-
tainability (MARS). Instead of assessing specific projects, MARS provides a high-level view by analyzing the sustainability rating systems
themselves. A literature review highlights relevant theories, concepis, and processes used in frameworks of sustainable rating systems.
A content analysis of 95 peer-reviewed publications from multiple disciplines identified 19 key criteria. These 19 criteria were organized
into a metaframework that can be used to assess, improve, and compare existing rating systems, and may also serve as a basis to create new
rating systems in the future. A MARS scorecard is presented and its application explained and pilot tested with a standard infrastructure rating
system called Envision. Future research will use MARS to more fully evaluate existing rating systems such as Envision, Civil Engineering
Environmental Quality Assessment and Award Scheme (CEEQUAL), Infrastructure Sustainability Rating Scheme, and Leadership in Energy
and Environmental Design (LEED). DOIL: 10.1061/(ASCE)ME.1943-5479.0000478. © 2016 American Society of Civil Engineers.

Author keywords: Sustainability; Sustainable development; Indicators; Assessment frameworks; Rating systems; Infrastructure;
Performance measurement.

Introduction ranking, or label (e.g., silver or gold). Examples of sustainability
rating systems for buildings include the Building Research Estab-
lishment’s Environmental Assessment Method [BREEAM (BRE
2016a)] and U.S. Green Building Council’s Leadership in I-@
and Environmental Design [LEED (USGBC 2016)]. Examples of
infrastructure systems include Civil Engineering Environmental
Quality Assessment and Award Scheme [CEEQUAL (BRE 2016b)]

hhe landmark definition of sustainable development as “develop-
znt that meets the needs of the present without compromising
e ability of future generations to meet their own needs” was
troduced by the World Commission on Environment and Devel-
pment (WCED 1987) in a report called Our common future, also
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FIG. 3. Relationship betwesn w/uws. — 1 and f/p (20 Ele-
ments; 42 Degrees of Freedom; E = 2.1 x 10° N/mm®; /= 8 m;
1= 2.5 x 10° mm® r = 158 mm; f, = 6.7 kN/m)

TABLE 1. Lowest three Frequencies of Simply Supported
42 Dagrees of F

Beam (Hz) (20 El ; = 33.5 kN/m)
Mass {m) Moda
(gim) Fregusncy 1 2 3
(1) 2) (3) (4) (5)
ki gy 126.114 504 461 1.135.068
77 w, 128.378 505.992 1.136.583
7 g e 10180 1.0030 10013
3,402 ey 18.970 75.881 170,738
3402 w, 19.311 76,112 170966
3402 | e 1.0180 1.0030 1.0013
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