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Abstract— In structural designs, it is always aimed to arrive at an economical-cost is the criterion- and adaptable-
construction with available materials- cross-sections. But recent emphasis on sustainability and environment has added a 
new dimension wherein, in addition to economy and adaptability, energy and emission need to be included in design. The 
aim of this project is to optimize design of RC beams from economic and environmental aspects by using various parameters 
such as span by depth ratios, grades of concrete, grades of steel etc. As a case study, simply supported rectangular RC beams 
with a range of varying depths, steel and concrete strengths are analyzed and a quantitative comparison of various aspects of 
design like weight, cost, safety, energy and emission rate is made to bring out the best design which is green and 
economically viable. The method utilizes ratios of unit cost, CO2 emission, and/or embodied energy. This approach makes 
the method more general, and facilitates application of the method to a wide variety of circumstances. In addition to guiding 
material selection, the method also provides designer a means for quickly selecting near optimum cross section properties.  
 
Keywords—Optimize RC beams, Span by depth ratio, CO2 emission, Embodied energy. 
 
I. INTRODUCTION 
 
Construction projects require costly investments of 
time and money. In the last decade, environmental 
costs of construction have also become a primary 
concern. One example of an environmental cost is 
carbon dioxide and other greenhouse gases emitted 
into the atmosphere as a result of construction 
activities. Therefore, engineers exercise their abilities 
early on in the design phase of construction projects 
to help reduce the cost and carbon footprint by 
lessening the amount of materials required. One way 
to achieve these results is to optimize the design of 
structural members.  
Because concrete is the most commonly used 
construction material on the planet, and with the 
cement industry responsible for 5% of the world’s 
carbon dioxide emissions  
(Worrell, 2001), the current research focuses on the 
optimization of reinforced concrete (RC) members. 
By optimizing these RC structures, engineers can 
scale down the volume of concrete and/or steel used 
in a structure, consequently lowering the discharge of 
carbon dioxide emissions, as well as other 
environmental costs, and the economic costs 
associated with construction. This study will focus on 
optimizing RC beams for embodied energy,  
which is defined as the quantity of energy needed to 
develop and manufacture a product, as if that energy 
were manifested within the product itself.  
Different techniques have been utilized in this 
research to conduct optimization on RC members; 
these methods are discussed in the next chapter. Each 
method defines a set number of design variables that 
are modified within the optimization process, such as 
the height and width of the member and the area of 
steel reinforcement placed within the member. These 
design variables are modified in a fashion that would 
minimize the objective function; examples of such 
objective functions are the total cost of the structure 

and the energy consumed by all the materials and 
processes necessary to produce the structure. 
Constraints are also applied to ensure that the 
optimized structure satisfies code while prevailing as 
a dependable and durable structural component; these 
constraints can be the flexural or shear capacity of the 
member but are not limited to these two principles of 
structural engineering.  
 
II. GREEN ASPECTS IN DESIGN  
 
‘Sustainable design’ is a commonly used term these 
days, but it isn’t a separate branch of design, or an 
optional add-on to an existing design. In this era, all 
designs should be environmentally and economically 
sustainable.  
A. Design backwards  
The conceptual stage is the most crucial and it is at 
this point that designers can affect the greatest change 
by looking at the problem from a different angle. 
Considering whether there is a way that the design or 
product could be smaller, lighter, made from a fewer 
materials and designed so as to minimize waste.  
B. Make it long lasting  
Has longevity been taken into account? As designers 
we should shy away from disposability and planned 
obsolescence. While this may be profitable in the 
short term only creates larger environmental deficits 
in the long term.  
C. Make it local and social  
Is the design going to be made and sold locally? 
Striving to produce products locally will not only 
boost the local economy and business, but will also 
cut down drastically on products needing to be 
specially packed for shipping, as well as the overall 
packaging requirements.  
D. Make it renewable  
Is there potential for the design to run on alternative, 
natural energy source such as the sun, water, wind 
and human energy?  
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E. Repurpose materials  
Is there a potential to re-use products or materials in a 
new way, so as to eliminate wastes and give it a new 
lease of life?  
F. Make it recyclable  
After the product has no further possible use, is it 
constructed or made in such a way that it is 
completely recyclable?  
G. Make it biodegradable  
Could the product be designed so as to be 
biodegradable?  
H. Make it upgradable  
We need to create products that are easily and more 
cheaply repairable and upgradable rather than forcing 
customers to buy new again when the product has 
reached its shelf life  
 
III. EMBODIED ENERGY AND CO2 EMISSION 
 
Embodied energy in building materials has been 
studied for the past several decades by researchers 
interested in the relationship between building 
materials, construction processes, and their 
environmental impacts.  
There are two forms of embodied energy in buildings:  
 
1. Initial embodied energy  
 
2. Recurring embodied energy  
 
The initial embodied energy in buildings represent 
the non-renewable energy consumed in the 
acquisition of raw materials, their processing, 
manufacturing, transportation to site, and 
construction. This initial embodied energy has two 
components:  
Direct Energy  
The energy used to transport building products to the 
site, and then to construct the building; and  
Indirect Energy  
The energy used to acquire, process and manufacture 
the building materials, including any transportation 
related to these activities.  
The Recurring embodied energy in buildings 
represents the non-renewable energy consumed to 
maintain, repair, restore, refurbish or replace 
materials, components or systems during the life of 
the building.  
As buildings become more energy efficient, the ratio 
of embodied energy to lifetime consumption 
increases. Clearly for buildings claiming to be “zero 
energy” or “autonomous”, the energy used in 
construction and final disposal takes on a new 
significance.  
A single industry accounts for around 5% of global 
carbon dioxide (CO2) emissions. It produces a 
material so ubiquitous it is nearly invisible: cement. 
Cement is the primary ingredient in concrete, which 
in turn forms the foundations and structures of the 
buildings we live and work in, and the roads and 

bridges we drive on. Concrete is the second most 
consumed substance on Earth after water. On 
average, each year, three tons of concrete are 
consumed by every person on the planet.  
Concrete is used globally to build buildings, bridges, 
roads, runways, sidewalks, and dams. Cement is 
indispensable for construction activity, so it is tightly 
linked to the global economy. Cement production is 
growing by2.5% annually, and is expected to rise 
from 2.55 billion tons in 2006 to3.7-4.4 billion tons 
by 2050.  
 
A. Manufacture of Cement  
Though “cement” and “concrete” are often used 
interchangeably, concrete is actually the final product 
made from cement. The primary component of 
cement is limestone. To produce cement, limestone 
and other clay-like materials are heated in a kiln at 
1400°C and then ground to form a lumpy, solid 
substance called clinker; clinker is then combined 
with gypsum to form cement.  
 
Cement manufacturing is highly energy – and – 
emissions intensive because of the extreme heat 
required to produce it. Producing a ton of cement 
requires 4.7 million BTU of energy, equivalent to 
about 400 pounds of coal, and generates nearly a ton 
of CO2. Given its high emissions and critical 
importance to society, cement is an obvious place to 
look to reduce greenhouse gas emissions.  
 
B. Cement Emissions  
The production of cement releases greenhouse gas 
emissions both directly and indirectly: the heating of 
limestone releases CO2 directly, while the burning of 
fossil fuels to heat the kiln indirectly results in 
CO2emissions.  
 
The direct emissions of cement occur through a 
chemical process called calcination. Calcination 
occurs when limestone, which is made of calcium 
carbonate, is heated, breaking down into calcium 
oxide and CO2. This process accounts for ~50% of all 
emissions from cement production. Indirect emissions 
are produced by burning fossil fuels to heat the kiln. 
Kilns are usually heated by coal, natural gas, or oil, 
and the combustion of these fuels produces additional 
CO2 emissions, just as they would in producing 
electricity. This represents around 40% of cement 
emissions. Finally, the electricity used to power 
additional plant machinery, and the final 
transportation of cement, represents another source of 
indirect emissions and account for 5-10% of the 
industry’s emissions.  
 
IV. CASE STUDY CHOSEN 
 
For a typical case to bring home the ideas, a 
conventional beam of span 4m with a superimposed 
live load of 15kN.m is chosen as shown in Fig.1 
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Figure 1: Reinforcement details of M20/Fe250 

 
Various depths as allowed by code from a span-depth 
ratio of 8 to 20 are chosen and steel varied from fsy 
250 to fsy 415. 

 
Fig 2: Comparison of safety, weight and cost with depth for 

M20/Fe250 
 

 
Fig 3: Comparison of Embodied Energy & CO2 emissions for 

M20/Fe250 
 
Variations of cost safety and weight parameters are 
shown in Fog.2 while Fig.3 gives that of embodied 
energy and CO2 emission, using mild steel with fsy 
250 Mpa. Similarly Fig.4 and Fig.5 give for designs 
using HSD bars of fsy 415Mpa. 

 
Fig 4: Comparison of safety, weight & cost with depth for 

M20/Fe415 

 
Fig 5: Comparison of Embodied Energy & CO2 emissions for 

M20/Fe415 
 
Comparing Fig 2 & Fig 4, we find that M20/Fe415 is 
a better combination than M20/ Fe250 for the 
following reasons: 
 
1. Cost factor is comparatively less in case of 
M20/Fe415 at varying depths.  
 
2. The safety curve is steeper in case of M20/Fe415 
i.e. the safety increases more rapidly with depth.  
 
3. The weight of M20/Fe415 when compared to 
M20/Fe250 is less.  
Now a different scenario emerges if high strength 
concrete of M35 is used as shown in Fig. 6 and 7.  
It may be seen that a different set of designs result 
which give less energy and emission. 
 

 
Fig 6: Comparison of safety, weight, Embodied Energy, CO2 

emissions & cost with depth for M35/Fe250 
 

 
Fig 7: Comparison of safety, weight, Embodied Energy, CO2 

emissions & cost with depth for M35/Fe415 
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Comparing Fig 6 & Fig 7, we find that M35/Fe415 is 
a better combination than M35/ Fe250 for the 
following reasons: 
 
1. Cost factor is comparatively less in case of 
M35/Fe415 at varying depths.  
 
2. The safety curve is steeper in case of M35/Fe415 
i.e. the safety increases more rapidly with depth.  
 
3. The weight of M35/Fe415 when compared to 
M35/Fe250 is less.  
 

Optimum designs 
 

 
 
CONCLUSIONS 
 
Necessity to include energy and emission aspects in 
design stage is emphasized first and later through a 
case study using various design parameters optimum 

and at the same time less energy and emission 
designs are arrived at. Further study on cross-section 
shapes and use of waste materials like fly ash are 
under way.  
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