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This article explores the enhancement of concrete 
productivity in Brazil by leveraging post-tensioning (PT) 
systems with a focus on constructability. It discusses the 
productivity trends in Brazil, the United States, and 
worldwide, emphasizing the importance of construc-
tability in design and construction. The article high-
lights how PT systems improve constructability and 
productivity, presenting strategies to boost PT-related 
productivity. It also delves into specific challenges in the 
Brazilian construction sector, providing actionable strat-
egies for the effective use of post-tensioned slabs. Real-
world examples illustrate the practical application and 
benefits of these strategies.
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constructability; construction strategies; post-tensioned 
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1.0 INTRODUCTION
The term “productivity” can have various mean-

ings. Generally, productivity measures the efficiency 
of converting inputs into outputs, reflecting how effec-
tively resources are used to produce goods or services. 
For instance, in the automotive industry, productivity 
pertains to the number of cars a factory produces, 
considering the inputs of labor, raw materials, and 
equipment used.

In the macroeconomic field, productivity is the ratio 
between the gross value added (GVA) and man-hours 
(MH), the total number of formal work hours allocated in 
a specific sector of a country’s economy, such as construc-
tion (industrial, civil, and buildings). In this calcula-
tion, the GVA corresponds to the difference between 
the product value (PV) and the intermediate costs (IC), 
which includes the cost of labor inputs, materials, equip-
ment, and other factors.

ENHANCING CONCRETE PRODUCTIVITY IN 
BRAZIL: LEVERAGING POST-TENSIONING 

SYSTEMS WITH A FOCUS ON CONSTRUCTABILITY

Productivity = GVA/MH	 (Eq.1-1)

GVA = PV – IC (Eq.1-2)

Understanding the macroeconomic context of pro
ductivity is of paramount importance, as it allows for 
the analysis of performance variations of a country 
or a group of countries over time. This approach was 
used by the McKinsey Global Institute (MGI) in the 
report “Reinventing Construction: A Route to Higher 
Productivity,” which compiled macroeconomic produc-
tivity data in the construction sector from 41 coun-
tries, representing 96% of the global Gross Domestic 
Product (GDP).

According to the MGI, the total global capital 
invested in the construction sector in 2014 was $16 tril-
lion, while the GVA was $3.1 trillion. Based on this, it can 
be estimated that the gross value added, relative to the 
total capital invested, was approximately 20%, thereby 
concluding the composition of inputs and outputs on 
which the study is based.

GVA = PV – IC ≈ 20% of the total capital	  (Eq.1-3) 

This analysis revealed that the construction sector 
exhibited significantly lower productivity growth 
compared to other industries, averaging only 1% per 
year over the past two decades, compared to 2.7% for 
the global economy. Refer to Fig. 1. Practically speaking, 
if construction productivity were to reach the global 
average, it could contribute approximately $1.6 trillion 
to the sector’s value added, thereby increasing the global 
GDP by approximately 2%.

It also shows that countries like Brazil and the United 
States are in a more disadvantageous situation, as they 
have been losing productivity. In the United States, for 
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example, in the macroeconomic context, the construction 
industry has seen virtually no productivity increase since 
the second half of the last century. Refer to Fig. 2.

In Brazil, various factors contribute to this scenario, 
such as low economic growth, governmental inefficiency, 
reduced public investment in infrastructure projects, the 
low value of labor, the advanced age of professionals, and 
the large number of small constructions. For example, 
according to the Annual Report of the National Union of 
the Cement Industry, 58% of cement consumption in Brazil 
is allocated to small projects like retrofits. Refer to Fig. 3. 

Moreover, the mentioned study did not consider the 
use of purchase power parity (PPP), which determines the 
relative value of different currencies and compares price 
levels between countries, eliminating distortions caused 
by market exchange rates. The absence of this parameter 
favors economies with stronger currencies, which gener-
ally correspond to more economically developed coun-
tries, helping to explain the differences evidenced on the 
vertical axis of Fig. 2.

To improve this scenario, the MGI suggests several 
measures and estimates the percentage impact of each:
1.	 Reformulate regulation and increase transparency. 
2.	 Restructure the contractual framework (Impact: 8 to 

9%).
3.	 Emphasize constructability in design (Impact: 8 to 

10%).
4.	 Improve procurement and supply chain management 

(Impact: 7 to 8%).
5.	 Improve on-site execution in four key ways: Intro-

duce rigorous integrated planning, implement 
collaborative performance management, mobilize 
projects effectively, and collaborate to reduce waste 
and variability (Impact: 6 to 10%). 

6.	 Incorporate digital technology, new materials, and 
automation (Impact: 14 to 15%).

7.	 Retrain the workforce (Impact: 5 to 7%).
In this work, we will highlight measure three, which 

has an impact of up to 10% and focuses on the construc-
tability of the project, with a specific focus on structural 
design. It is worth noting that, according to ACI 
Committee 134, “constructability is the effective and 
timely integration of concrete construction knowledge 
into the conceptual planning, design, construction, and 
field operations of a project to achieve the overall project 
objectives in the best possible time, with the highest 
safety, and at the most cost-effective level of quality.”

2.0 POST-TENSIONING AND 
CONSTRUCTABILITY

Unlike in Brazil, where the predominant system 
relies on reinforced concrete (RC) with deep beams, 

Fig. 1—Globally, labor productivity growth lags that of manufacturing 
and the total economy (Source: OECD; WIOD; GGCD-10, World 
Bank; BEA; BLS; national statistical agencies of Turkey, Malaysia, and 
Singapore; Rosstat; McKinsey Global Institute analysis).

Fig. 2—Graph showing construction labor productivity in 2015 
versus construction labor productivity growth from 1995 to 2015 
(Source: World Bank; IHS; ITF; GWI; McKinsey Global Institute 
analysis).

Fig. 3—Portland cement consumption by intermediate cement 
destinations in Brazil (2021) (Source: Annual Report of the 
National Union of the Cement Industry).
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post-tensioned (PT) structural systems offer signifi-
cant advantages over traditional cast-in-place methods, 
particularly in terms of constructability. The ability to 
reduce or even eliminate conventional beams, increase 
clear spans, and optimize the use of top reinforcements 
in slabs highlights the superior efficiency and practicality 
of PT systems in this context.

First, the reduction in the number of beams allows 
for greater speed and standardization in the assembly 
of formwork and shoring systems. Additionally, it 
decreases the area required for vertical forms and, conse-
quently, the need for reinforcement assembly in confined 
spaces, which typically requires more MH to complete. 
This simplification significantly reduces interferences 
between structural elements and MEP (mechanical, 
electrical, and plumbing) systems.

Second, the increase in spans allows for the reduc-
tion in the number of columns and the optimization 
of foundations. Along with the elimination of beams, 
this results in a more efficient and simplified structure, 
which facilitates the construction process and improves 
the flexibility of the internal space.

Additionally, the simplification in the assembly of 
slab reinforcement becomes evident, especially due to 
the possibility of concentrating top reinforcement in the 
regions of the columns. In conventional RC slabs, the 
distribution of top reinforcement can hinder the move-
ment of workers and equipment, increasing the risk of 
errors in their positioning. With the PT approach, consid-
ering the usual spacing between tendons and the widely 
used banded-versus-distributed layout, such problems 
are significantly minimized.

All these factors have a significant impact on the 
cycle of floor assembly and concreting, as they notably 
reduce the amount of reinforcement tonnage and the 
volume of concrete required, promoting material savings 
and labor hours, as well as fewer truck trips and less time 
for concrete pumping. This increases productivity and 
consequently reduces construction timelines. Further-
more, there are indirect benefits, such as the control of 
floor deflections and the increased durability due to the 
mitigation of cracks.

3.0 COMPLEXITY INDEX (CI)
Comparing the performance of different structural 

systems in terms of productivity and constructability 
is not an easy task, as various factors can influence the 
results. Often, inputs are contaminated by numerous 
particularities. After all, the construction industry is 

characterized by unique products, and practice has shown 
that, many times, even identical repetitions of towers, 
not executed simultaneously, end up being altered due to 
the learning curve and the experience gained during the 
initial execution.

To facilitate a better understanding of this issue, 
the concept of complexity index (CI) is proposed. 
Essentially, this index is based on the usual indexes 
for measuring material consumption per unit area, but 
with an adjustment for elements that typically require 
a higher number of MH, thus having lower produc-
tivity—namely beams, columns, and walls. Therefore, 
structures with a higher quantity of these elements 
tend to have higher complexity, which is inversely 
proportional to the constructability and productivity 
binomial.

The usual indexes refer to the proportional relation-
ships between the consumption of structural materials, 
such as concrete, formwork, reinforcing steel, and 
tendons per unit area, comprising the indexes i1, i2, i3, 
and i4, respectively.

It is worth noting that structural area (SA) typically 
refers to the floor area, excluding openings larger than 
5.0 ft² (0.5 m²), such as those for elevators and vertical 
ventilation.
• i1 = Volume of Concrete/SA: This indicator repre-

sents the volume of concrete per unit of structural
area (ft3/ft2 or m3/m2). This information is essential
for determining the average slab thickness.

• i2 = Formwork Area/SA: This indicator measures the 
formwork area used per unit of structural area (ft²/ft²
or m²/m²). It is strongly related to constructability,
being inversely proportional to it; that is, the lower
the value of i2, the higher the constructability.

• i3 = Reinforcement Consumption/SA: This indi-
cator represents the consumption of reinforcement
per unit of structural area (lb/ft² or kg/m²).

• i4 = Post-Tensioning Consumption/SA: This indi-
cator represents the consumption of post-tensioning
per unit of structural area (lb/ft² or kg/m²).
It is important to note that, for this last indicator,

only the tendons are considered, excluding the weight of 
the anchorages or other devices.

According to the Basic Manual of Productivity Indi-
cators in Civil Construction, published by the Brazilian 
Chamber of the Construction Industry (CBIC) in 2017, 
the productivity of flat elements, such as slabs, is signifi-
cantly higher than that of elements with vertical forms, 
such as beams and columns.
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This difference is evidenced by the analysis of the 
Fig.  4 graph, which shows that the execution of slabs 
requires approximately half the time in MH compared to 
elements like beams, columns, and structural walls.

This underpins the concept of the CI, which is calcu-
lated by multiplying the formwork area of columns, walls, 
and beams by two and then dividing it by the SA.

CI = [2× (FWC + FWW + FWB) + FWS]/AS     (Eq.3-1)

where FWC is column formwork area; FW W is wall 
formwork area; FWB is beam formwork area; and FWS is 
slab formwork area. 

The compilation of data from 28 projects (already 
completed or in progress) allowed for the construction of 
a scatter plot and the drawing of a trend line with an R² of 
0.51 and a Pearson coefficient of –0.72.

An R² of 0.51 indicates that 51% of the variability in 
productivity can be explained by the CI, which is signifi-
cant and suggests that the CI is an important factor for 
the productivity of structural projects.

The Pearson coefficient of –0.72 (Fig. 5) suggests 
a strong negative correlation, meaning that as the CI 
increases, productivity tends to decrease.

This intuitive relationship shows that more complex 
projects generally require more time and resources. Thus, 
this relationship can be used to guide improvements and 
optimization during project development.

It is worth noting that other relationships and factors 
were tested but did not show the same statistical rele-
vance. With the example shown in Fig. 6, we can see this 
quite clearly.

The solution presented on the left side of the image 
corresponds to the most-used solution in Brazil, which 
consists of conventional beams supporting thin RC slabs. 
The solution on the right, on the other hand, corresponds 
to a PT slab with a smaller number of columns and 
bracing composed mainly of shear walls.

As expected, the PT solution has approximately 30% 
lower complexity than the RC solution. Consequently, 
it tends to have higher constructability and produc-
tivity, requiring a relatively lower number of MH per 
concreting cycle.

In summary, the CI proves to be a useful tool for 
evaluating and improving productivity in construction 
projects, highlighting the importance of considering 
structural complexity during the planning phase.

4.0 APPLICABILITY OF POST-TENSIONED 
SYSTEMS

Despite the reported gains in productivity, the appli-
cability of PT systems in countries like Brazil may be 
limited by economic feasibility issues. Continuing the 

Fig. 4—Execution of slabs (S) compared to columns (C), walls 
(W), and beams (B) (Source: Authors).

Fig. 5—Compilation of the complexity index of 28 completed 
projects (Source: Qualitas Estrutural).

Fig. 6—Usual (RC) beam solution and a post-tensioned slab 
solution (Source: Qualitas Estrutural).
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5.0 PRODUCTIVITY BOOSTING
In practical terms, the pursuit of changes in this 

scenario involves several factors that, from the perspec-
tive of the structural designer, can be divided into two 
categories: direct actions and indirect actions.

Direct actions are related to the composition of 
the structural framing and the detailing of the project. 
Productivity is unique to each project, and it all starts 
with design. Design for “X” is a method that greatly assists 
in this process by considering how to design for what is 
best for each stakeholder (for example, designer, material 
suppliers, formwork, reinforcing bar/PT install, MEP, 
architectural, owner, general contractor, and schedule) 
while determining the optimal approach for the project. 
Balancing these needs is critical, as what improves overall 
project productivity may help some stakeholders but hinder 
others. Therefore, aligning all stakeholders around the 
shared goal of enhancing overall project efficiency, rather 
than focusing solely on individual priorities, is essential to 
achieving a constructible and successful design.

Among the direct actions, the following can be 
highlighted:

previous example and adding consumption and price 
data (labor and material), there is a significant difference 
in the final cost between the two compared solutions 
(refer to Table 1).

As can be seen, the use of PT flat slabs results in a 
cost that is 22% higher than that of a conventional solu-
tion with beams and thin slabs (RC). This performance 
can partly be explained by a peculiarity of developing 
markets, such as Brazil, namely, the low cost of labor 
compared to the cost of materials. In general, the cost 
distribution for RC/PT concrete structures in Brazil 
allocates approximately 60% to material costs and 25% 
to labor, as shown in Fig. 7.

According to data from the International Labor 
Organization (ILO), a construction worker in Brazil 
earns, on average, 10% of what a worker doing the same 
job earns in the United States or the European Union, 
despite having equivalent productivity levels. This can be 
easily verified by comparing labor productivity indicators 
specific to each country. For instance, according to the 
National Construction Estimator and the Basic Manual 
of Productivity Indicators in Civil Construction, American 
and Brazilian carpenters produce, respectively, 20.3 and 
23.3 ft²/MH (1.9 and 2.2 m²/MH) of slab formwork.

As a consequence of this scenario, in Brazil: 
1. Formwork is not the most significant cost within the

budget for constructing a structure.
2. The use of bidirectional concrete slabs with beams is

the most widespread and used structural solution in
the country, resulting in low productivity indexes.

3. There is a significant number of conflicts between
structural elements (beams) and MEP systems,
leading to rework and critical, highly unproductive
interventions.

Table 1—Indexes of the usual beam solution and post-tensioned slab solution (Source: Qualitas Estrutural)

Fig. 7—Cost distribution RC/PT concrete structures in Brazil 
(Source: Qualitas Estrutural).
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Mixing waffle slabs with post-tensioned flat slabs: 
(Refer to Fig. 8 and 9.) The introduction of ribs (using 

plastic molds) in regions of predominantly positive 
moments can lead to reductions of up to 20% in concrete 
consumption, equivalent to an 8 in. (20 cm) slab being 
reduced to an effective thickness of approximately 6.3 in. 
(16 cm), while maintaining the same CI, typically ranging 
from 2.0 to 2.5 for standard floors. This reduction impacts 
the final cost of the structure without affecting service 
performance or the constructability gains ensured by 
the introduction of PT. In this system, solid sections are 
typically positioned to allow concentrated tendons to 
be allocated within them, thus maintaining the concen-
trated- versus distributed-tendon layout. Additionally, 
solid sections preserve critical punching zones and areas 
necessary for the overall balance of the structure.

Use of “grooves” for the passage of post-tensioning 
tendons: (Refer to Fig. 10 and 11.) In solid sections with 
banded tendons,, another device that can enhance the 
performance of the slab without significantly increasing 
material consumption is the use of additional ribs or 
“grooves.” Generally, this device works by allowing an 
increase in the drape of the strands, which, based on the 
equation proposed by T.Y. Lin, is proportional to the load 
balanced by the post-tensioning

(Eq. 4-1)
where:

w = equivalent distributed load (balanced load) 
[kN/m]
P = prestressing force [kN]
e = maximum tendon eccentricity relative to the 
neutral axis of the beam [m]
L = beam span [m]

Use of large-diameter bars whenever possible: 
Productivity significantly increases with the use of large-
diameter bars, as the number of bars required decreases 
when maximum spacing and diameters allowed by 
structural reinforcement standards are used. Therefore, 
reinforcement detailing should always focus on the 
maximum allowable spacing and diameter as per rele-
vant standards. In Table 2, productivity indexes for the 
execution of structural elements such as columns, walls, 
beams, and slabs are presented. Productivity increases as 
larger-diameter bars are used.

Special care with the detailing of hooks: Hooks 
and bends should be avoided whenever possible. When 
indispensable, they must be arranged to meet regulatory 
requirements but without losing sight of the possibility 

Fig. 8—Mix of waffle slabs and post-tensioned slabs (Source: 
Qualitas Estrutural).

Fig. 9—Formwork for a floor with a mix of waffle slabs and post-
tensioned slabs (Source: Qualitas Estrutural).

Fig. 11—Application of device for recesses and passage of post-
tensioning tendons (Source: Impacto Protensão).

Fig. 10—Device for recesses and passage of post-tensioning tendons 
(Source: Impacto Protensão).
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of placing them at supports and structural extremities. 
Based on Brazilian standards, for example, slabs with a 
thickness of 8 in. (20 cm) cannot accommodate hooks of 
3/4 in. (20 mm) bars. Imposing them will lead to construc-
tion problems and/or delays. Another evident mistake is 
specifying bends with a curvature radius smaller than the 
bending capacity of the machinery. In such cases, the factory 
usually informs the construction site that the specific bend 
must be carried out on-site. Additionally, the horizontal 
placement of hooks generally results in interference be
tween adjacent bars, making this arrangement undesir-
able in most cases, especially in top bars. Refer to Fig. 12.

Elimination of “topping” reinforcement: The 
use of thick topping layers in ribbed slabs, with thick-
nesses ranging from 4 to 6 in. (10 to 15 cm), to meet fire 
compartmentalization requirements, combined with the 
imposition of a minimum precompression of 1.0 MPa 
(145 psi), as per ABNT NBR 6118:2023, and the neces-
sary checks for localized effects, allows for the suppres-
sion of topping reinforcement in the ribs. This approach 
provides a significant increase in productivity. The 
technical basis lies in the fact that the section with the 
highest rib density is located in the compression zones of 
the upper fibers. When combined with precompression, 
this configuration enhances the load-bearing capacity of 
the element in the elastic regime. Thus, the elimination 
of topping reinforcement not only preserves structural 
integrity but also promotes an efficient optimization of 
the system. Refer to Fig. 13.

Among the indirect actions is:
Measurement of productivity indexes in the local 

market: Using measurement tools, such as productivity 
calculators, it is possible to classify and compare projects 
based on detailed metrics, such as cost per square meter 
and slab cycle time. As emphasized by William Edwards 
Deming, “You can’t manage what you don’t measure.” 
Obtaining and analyzing precise data is fundamental for 
informed decision-making. In Brazil, the use of these tools 
has enabled the cataloging of more than 2,000 concreting 
cycles, allowing for the identification of inefficiencies, 
benchmarking with other companies in the sector, and the 
implementation of targeted improvements. Refer to Fig. 14.

Fig. 14—Impacto Protensão System for Measuring Productivity 
Indexes in the Brazilian Market (Source: Impacto Protensão).

Units: ft2/MH ≈ 10.8 x m2/MH.

Fig. 12—Example of a vertically positioned hook. On the left is the 
usual design specification without the development of the bending 
curvature and without considering the code requirements. On the 
right is the execution with the bending curvature developed 
according to the respective identified codes (Source: Qualitas 
Estrutural).

Fig. 13—Stress diagram (Source: Qualitas Estrutural).

Table 2—Reinforcement diameters used in slabs, beams, and columns (Source: Qualitas Estrutural)

ELEMENT
DIAMETER

3/16 in. 1/4 in. 5/16 in. 3/8 in. 1/2 in. 5/8 in. 3/4 in. 1 in.
Columns/Walls/Beams 18.4 24.5 31.5 44.1 55.1 73.5 110.3 220.5

Slabs 24.5 36.8 44.1 73.5 110.3 110.3 220.5 10.0



TECHNICAL SESSION PAPERS

PTI JOURNAL | Issue 1 2025   37

6.0 EXAMPLES OF APPLICATION
The following are some examples of structural 

typologies for multi-story buildings (completed or 
under construction) where the concepts detailed in the 
previous section were applied. Each example includes 
their respective CI, consumption (i1, i2, i3, and i4), floor 
slenderness (λ), estimated productivity (RUPcum), and 
cost per unit area referenced to the Brazilian market 
from 2023 to 2024.

Example 1: Five-Story Residential Building:
Structural system description: One-way PT ribbed 

slabs with solid bands and conventional edge beams 
in the core, ensuring low concrete consumption and 
good performance. The ribs were designed for modular 
assembly of plastic forms and shoring, while 
modularized recesses accommodated the 
slopes in wet areas. Refer to Fig. 15.

Indexes: 
iC: 2.1 (–34%) 
i1 = 0.65 ft³/ft² (0.20 m³/m²) 
i2 = 1.55 ft²/ft² (1.55 m²/m²) 
i3 = 3.21 lb/ft² (15.66 kg/m²) 
i4 = 0.31 lb/ft² (1.51 kg/m²) 
λ = 29.5
RUPcum = 4.75 ft2/MH (0.44 m²/MH) 
$10.00/ft² ($107.64/m²)

Example 2: 23-Story Residential Building:
Structural system description: The solu-

tion is a mixed slab system (solid-ribbed) fea
turing solid bands in the areas of concentrated 
tendons and bidirectional post-tensioning, 
meeting code requirements for precompres-
sion and spacing. The shoring is modularized 
with the forms, and the tendons are secured 
using supports that fit perfectly into the 
forms, arriving already correctly positioned 
for installation. Modularized recesses were 
also implemented in the balcony areas. Refer 
to Fig. 16. 

Indexes: 
iC: 2.2 (–32%) 
i1 = 0.76 ft³/ft² (0.23 m³/m²) 
i2 = 1.56 ft²/ft² (1.56 m²/m²) 
i3 = 4.06 lb/ft² (19.84 kg/m²) 
i4 = 0.66 lb/ft² (3.22 kg/m²) 
λ = 37.6 

RUPcum = 3.94 ft²/MH (0.37 m²/MH) 
$12.00/ft² ($129.17/m²)

Example 3: 23-Story Residential Building:
Structural system description: The solid-ribbed mixed 

slab system was applied to accommodate spans of 26 to 
29.5 ft (8 to 9 m) across a large floor area. Solid bands 
were used in regions of concentrated tendons, with bidi-
rectional post-tensioning meeting precompression and 
spacing requirements. The modularized shoring and forms 
ensured precise positioning of the tendons. No recesses 
were included in this configuration. Refer to Fig. 17. 

Indexes: 
iC: 2.1 (–34%) 
i1 = 0.66 ft³/ft² (0.20 m³/m²) 

Fig. 15—Example 1 (Source: Qualitas Estrutural).

Fig. 16—Example 2 (Source: Qualitas Estrutural).

Fig. 17—Example 3 (Source: Qualitas Estrutural).
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i2 = 1.53 ft²/ft² (1.53 m²/m²) 
i3 = 2.87 lb/ft² (14.01 kg/m²) 
i4 = 0.69 lb/ft² (3.37 kg/m²) 
λ = 37.5 
RUPcum = 4.57 ft²/MH (0.42 m²/MH) 
$10.00/ft² ($107.64/m²)

Example 4: 19-Story Residential Building:
Structural system description: The solid-ribbed mixed 

slab system was implemented with recesses in the balco-
nies and the introduction of grooves to increase the tendon 
drape in longer spans. This enhanced drape increases the 
balanced loads and reduces deflection without requiring 
additional concrete consumption. Refer to Fig. 18. 

Indexes: 
iC: 2.2 (–31%) 
i1 = 0.79 ft³/ft² (0.24 m³/m²) 
i2 = 1.57 ft²/ft² (1.57 m²/m²) 
i3 = 3.52 lb/ft² (17.18 kg/m²) 
i4 = 0.70 lb/ft² (3.42 kg/m²) 
λ = 40.5 (before the use of grooves for the passage of 
PT tendons) | λ = 29.6 (with the use of grooves for 
the passage of PT tendons) 
RUPcum = 4.25 ft²/MH (0.39 m²/MH) 
$12.00/ft² ($129.17/m²)

Example 5: 50-Story Residential Building:
Structural system description: The solid-ribbed mixed 

slab system was applied to a 50-story building. Despite the 
inclusion of numerous walls and massive concrete columns, 
the modularity of the system was successfully maintained, 
ensuring efficiency, consistency, and excellent global dyn
amic performance of the structure. Refer to Fig. 19. 

Indexes: 
iC: 3.2 (0%) 
i1 = 1.22 ft³/ft² (0.37 m³/m²)
i2 = 2.06 ft²/ft² (2.06 m²/m²) 
i3 = 6.99 lb/ft² (34.10 kg/m²) 
i4 = 0.72 lb/ft² (3.51 kg/m²) 
λ = 34.1 
RUPcum = 2.45 ft²/MH (0.23 m²/MH)
$19.00/ft² ($204.51/m²)
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