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1. INTRODUCTION 

 

In 2015, world leaders adopted the 2030 Agenda for Sustainable Development and its 17 

Sustainable Development Goals1 (SDGs). These new global Goals are unique in that they 

call for action by all countries—low, middle, and high income—to promote prosperity while 

protecting the planet. They recognize that ending poverty must go hand-in-hand with 

strategies that build economic growth and address a range of social needs, including 

education, health, social protection, and job opportunities, while tackling climate change and 

environmental protection (United Nations).  

 

Specifically, Goal 11 sets out to “make cities inclusive, safe, resilient, and sustainable”. In 

doing so, this goal proposes to focus on 10 Targets2. Among these, the fifth Target (11.5) 

reads “by 2030, significantly reduce the number of deaths and the number of people affected 

and substantially decrease the direct economic losses relative to global gross domestic 

product caused by disasters, including water-related disasters, with a focus on protecting the 

poor and people in vulnerable situations”. 

 

A growing international focus on resilience is a core agenda item for cities today. The 

increase in severe weather events and natural disasters has highlighted the need for cities to 

augment their ability to withstand the disaster risks they may face, and to mitigate and 

respond to such risks in ways that minimize the impact of severe weather events and natural 

disasters on the social, environmental, and economic infrastructure of the city (United 

Nations Human Settlements Programme, 2016).  

 

With this in mind, we would like to introduce the context of Haiti, and in particular, that of the 

devastating effects of the 2010 earthquake that measured 7.0 on the Richter scale in Haiti. 

With 1.2 million people left homeless, this natural disaster is considered one of the largest 

humanitarian catastrophes in history. Furthermore, it is a clear example that encourages us 

to achieve the Target 11.5. 

 

In this case study, students will be invited to think and discuss about the complexities of 

such a context. In addition, technical aspects regarding concrete dosage will be worked on, 

and specifically, those related to the use of recycling aggregates as a potential alternative for 

post-disaster situations. 

 

 

 

                                                           
 

1
 Detailed information regarding the SDGs can be consulted at http://www.un.org/sustainabledevelopment. 

2
 A description of the Goal 11 Targets can be found at http://www.un.org/sustainabledevelopment/cities. 
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1.1. DISCIPLINES COVERED 

 

Basically, this case study covers the discipline of construction materials. Specifically, it 

focuses on the use of conventional and recycled aggregates for concrete elaboration. Our 

objective is to go deeper into several aspects related to the construction of the most popular 

building materials in the world. 

 

In addition to this, we address cooperation for development-related issues as well. Finally, 

as the proposed activities are carried out in small groups, this case study should promote 

teamwork and ultimately stimulate a general debate in the classroom.  

 

 

1.2. LEARNING OUTCOMES 

 

As a result of this case study, students are expected to be able to: 

 

 Know the indicators employed, at a global level, to measure important aspects such 

as human development, gender equality, and poverty; 

 

 Analyse critically those indicators by considering their direct and indirect impacts; 

 

 Understand the complexity of a post-disaster context; 

 

 Apply the methodology related to concrete dosing using both raw and recycled 

aggregates. 

 

 

1.3. ACTIVITIES 

 

After the description of the context is provided to the students, the class activity will 

encourage them to think of the complexities associated with a post-disaster situation. 

Students will also be asked to reflect on the different impacts related to several aspects. In 

addition, they will be in the position to take some decisions and then defend their arguments. 

 

Furthermore, technical work will also be required from the class. First, students will work on 

the concrete dosage definition for both using raw and recycled aggregates. Second, they will 

be asked to elaborate a proposal for knowledge transfer to less-trained practitioners. 
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2. DESCRIPTION OF THE CONTEXT 

 

In this section, we provide a detailed contextualization of Haiti with the aim of bringing 

students closer to understanding a situation of post-disaster. We introduce relevant 

information related to the country in order to allow the student to understand the situation 

prior to the catastrophic 2010 earthquake. For this, social, environmental, economic, and 

governance aspects are briefly explained. In parallel, we also present the impacts of the 

disaster on these aspects. Finally, we give an overview of the housing sector in order to 

carry out, in conjunction with the previous information, the proposed activities. 

 

 

2.1. HAITI AT A GLANCE 

 

Haiti (officially, the Republic of Haiti) is a country located on the island of Hispaniola in the 

Greater Antilles archipelago of the Caribbean Sea. It occupies the western three-eighths of 

the island, which it shares with the Dominican Republic. Haiti is 27,750 square kilometres in 

size and has an estimated 10.6 million people (382 inhab/km2), making it the most populous 

country in the Caribbean Community (CARICOM) and the second-most populous country in 

the Caribbean as a whole. 

 

As reflected in the Human Development Report (United Nations Development Programme, 

2016), Haiti is characterised by a Human Development Index3 (HDI) of 0.493, which puts it in 

the group of countries with low HDI; it ranks 163 (out of 185 countries) and is below Senegal 

and above Uganda and Sudan. The Adjusted HDI (IHDI), which reflects disparities between 

the population in income, health, and education, is 0.298, meaning 40% less than the 

corresponding HDI. This demonstrates that Haiti is one of the most unequal countries, with a 

GINI coefficient4 of 0.61 (where a value of 0 means that everyone has the same income, and 

a value of 1 means that one person has all the income). 

 

To meet the challenges of development, Haiti adopted a National Strategy Paper in 2007 on 

Growth and Poverty Reduction (DSNCRP) for a three-year period (2008–2010). The long-

term objective of the DSNCRP was to get Haiti out of the category of less-developed 

countries, appreciably by improving the population’s living conditions and reducing poverty 

(United Nations Development Programme, 2013). In addition to this already enormous 

challenge, Haiti has been forced to deal with several natural disasters, such as the 2010 

earthquake that brought international attention to this country. 

 

                                                           
 

3
 Detailed information regarding index construction at http://hdr.undp.org/en 

4
 More information can be found at http://data.worldbank.org/indicator/SI.POV.GINI 
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2.2. NATURAL DISASTERS 

 

After 240 years of inactivity, the Enriquillo Plantain Garden Fault ruptured on 12 January 

2010 at 4:53 pm local time, resulting in an earthquake that measured 7.0 on the Richter 

scale in the vicinity of the capital city, Port-au-Prince. Its effects on Haiti have been 

devastating (Figure 1). More than 150,000 bodies had been recovered by 25 January, and 

the official number of dead eventually reached 200,000. More than 250,000 people suffered 

often devastating injuries, and 1.2 million people were left homeless. The 2010 Haiti 

earthquake is considered one of the largest humanitarian catastrophes in history (Audefroy, 

2011). 

 

 

Figure 1 Impacts on Port-au-Prince downtown infrastructures
5
 (left) and Presidential building

6
 (right). 

 

  

Figure 2 Impacts associated with the Hurricane Matthew
7
. 

 

In October 4th 2016, the Caribbean island was hit by category 4 Hurricane Matthew, which 

was the most devastating disaster since the 2010 earthquake (Figure 2). Matthew affected 

about 1.125 million people in the country. The Haitian government assessed the death toll at 

                                                           
 

5
 Source: https://www.wired.com/2010/04/ff_haiti 

6
 Source: www.bahamaslocal.com/newsitem/1203 

7
 Sources: http://www.scmp.com/news/world/united-states-canada/article/2026252/storm-lashes-florida-after-

killing-more-800-haiti; http://www.daily-sun.com/post/173344/Haiti-hurricane-death-toll-double-to-800   

http://www.scmp.com/news/world/united-states-canada/article/2026252/storm-lashes-florida-after-killing-more-800-haiti
http://www.scmp.com/news/world/united-states-canada/article/2026252/storm-lashes-florida-after-killing-more-800-haiti
http://www.daily-sun.com/post/173344/Haiti-hurricane-death-toll-double-to-800
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546, although other sources reported more than three times that figure. Over 500 schools 

were completely destroyed, and 3,400 public and private schools were damaged. In Haiti's 

Southern Peninsula, a third of all hospitals have been affected. Losses in agriculture, 

livestock, and fishing were estimated at US$ 600 million (The World Bank, 2017). 

 

Haiti will continue to be vulnerable to natural disasters. Located in the middle of the 

Caribbean Basin, 96% of the population of Haiti live in constant danger of two or more risks. 

Furthermore, Haiti has recently been identified as one of the most vulnerable countries to 

climate change. These observations have been confirmed by the alarming trend in 

successive disasters: 56 internationally recognised disasters, including 20 major disasters in 

the 20th century and 5 major disasters in the last 12 years alone (Government of the 

Republic of Haiti, 2010; The World Bank, 2017; Audefroy, 2011) (Table 1). 

 
Table 1 Summary of the last five disasters in Haiti. Sources: Government of the Republic of Haiti, 

2010; The World Bank, 2017. 

Event 

Effect on GDP 

(GDP = US$ 7,9 

billion) 

Individuals 

affected 
Dead 

2004 Hurricane Jeanne 7% of GDP 300,000 5,000 

2007 Hurricanes Dean and Noel 2% of GDP 194,000 330 

2008 Hurricanes Fay, Gustav, Hanna, and Ike 15% of GDP 1,000,000 800 

2010 Earthquake 100% of GDP 2,000,000 200,000 

2016 Hurricane Matthew 22% of GDP 1,125,000 546 

TOTAL  4,619,000 206,676 

 

 

2.3. SOCIAL CONTEXT 

 

Prior to the earthquake, the basic human rights of many Haitians were not being realised: 

the right to work, safety and protection from exploitation, non-discrimination, health and 

education, due process, and gender equality (Government of the Republic of Haiti, 2010). 

 

Most Haitians have no retirement provision, no social security, and no savings. Income 

distribution is particularly unequal in Haiti: the richest 1 percent owns the same wealth as 45 

percent of the poorest population (United Nations Development Programme, 2013). 

 

A provisional employment survey carried out by the Haitian Institute of Statistics and 

Informatics (IHSI) in 2007 shows a significant increase in poverty in the urban areas 
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(Government of the Republic of Haiti, 2010), where 58.6% of the population live (United 

Nations Development Programme, 2013). However, the greatest poverty levels are still in 

rural areas (Government of the Republic of Haiti, 2010). 

 

The net enrolment rate in primary education has increased steadily from 47% in 1993 to 

88% in 2011. However, the mean years of schooling is 3.9 and 6.6 for females and males, 

respectively. In contrast to primary education enrolment, the percentage of women and men 

older than 25 years old with at least some secondary education falls to 26% and 37%, 

respectively (United Nations Development Programme, 2013). 

 

Work concerning gender equality was started two decades ago. Protocols were signed with 

the Ministries of Justice, Health, and Education to ensure that gender was taken into 

account. Women occupy more than 20 percent of government positions, but only 4.3 percent 

of seats in parliament (United Nations Development Programme, 2013). However, 

discriminatory clauses still exist in some laws and rules, and sexist stereotypes persist, as 

does violence against women. There has been a poor institutional response, and the budget 

for promoting women’s rights is very inadequate. No sex-specific data has yet been 

collected. Nevertheless, international indices reflect the existence of a significant level of 

inequality. For example, Haiti is characterized by a Gender Inequality Index8 (GII) of 0.593 

(whereby a value of 1 is related to high discrimination). 

 

In the aftermath of the Haiti earthquake, living conditions are growing visibly worse both for 

men and for women (Figure 3). Access to the basic services of water and sanitation are 65% 

and 34%, respectively, in urban areas. In the rural context, these values are much lower, at 

48% and 19%, respectively (Joint Monitoring Programme, 2015). 

 

  

Figure 3 Deterioration of living conditions among Haiti citizens
9
. 

                                                           
 

8
 Detailed information regarding index construction at http://hdr.undp.org/en 

9
 Sources: https://www.mprnews.org/story/2010/02/11/haitians-help-themselves; 

http://nicholaskralev.com/2010/03/18/donate-miles-or-money-to-haiti/ 
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The death toll among young people in the earthquake was high – 75,000. Now, in the wake 

of the earthquake, 103,000 cases of children without any family protection have been 

reported. These children are at increased risk of violence and exploitation and have no 

access to any basic services, support systems, or advice. Young people have stopped 

attending school. The situation for young people in the camps is especially fragile. For most, 

relaxation, development, and entertainment are empty concepts. There have been an 

increased number of people with special needs (physically and mentally disabled). There is 

a poorer quality of support and assistance for people in difficult situations associated with 

emotional problems resulting from the loss of family and friends. The Ministry for Women’s 

central office suffered heavy damage. Increased promiscuity and problems with sexual 

violence have increased. Women who are sole providers for a family, and other special 

needs groups (street children, orphans, old people, sick people, etc.) are now more 

vulnerable (Government of the Republic of Haiti, 2010). 

 

 

2.4. ENVIRONMENTAL ASPECTS 

 

Profound imbalances were present in both the natural and human environments prior to the 

earthquake. These were due to: i) acute poverty, ii) an economy which was largely 

subsistence-based, iii) a geological, geomorphological, and climatic context exposing the 

country to a broad spectrum of hazardous natural phenomena, and iv) a chronic inability of 

governance systems to ensure the effectiveness and viability of resource and land 

management, disaster risk management, and pollution control, whether in natural, rural, or 

urban environments (Government of the Republic of Haiti, 2010). 

 

The erosion of watersheds, poor management of solid and liquid waste due to the 

installation of slums, and the absence of integrated management of the water resource have 

led to a quantitative and qualitative decrease in the water available (Government of the 

Republic of Haiti, 2010). 

 

Haiti's climate is tropical with some variation depending on altitude. There are two rainy 

seasons, April—June and October—November. As an example, Port-au-Prince receives an 

average annual rainfall of 1,370 mm. Haiti is subject to periodic droughts and floods, made 

more severe by deforestation. 

 

National forest cover, corresponding to the residue of natural forest land, had been 

estimated to be around 3% to 4% (Food and Agriculture Organization of United Nations, 

2000; 2005). In contrast, a more recent research increases this value up to 30% (Churches 

et al., 2014). The proportion of woodland is the direct result of the high demand for domestic 

energy, 72% of which was met by wood fuel (Government of the Republic of Haiti, 2010).  
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Regarding solid waste and wastewater management, the situation was not better prior to 

earthquake (Figure 4). Solid waste was not appropriately managed; a common non-

controlled incineration of piles of waste was the rule in practically all of the country, leading 

to constant air pollution. On the other hand, most of the water used in urban areas was 

transformed into wastewater and, in one way or another, returned to the natural environment 

without any treatment. Haiti does not have any form of modern sewer network or wastewater 

treatment systems (Government of the Republic of Haiti, 2010). 

 

 

Figure 4 Environmental impacts associated to the solid waste and wastewater management
10

. 

 

Some of the earthquake impacts were related to the extensive destruction of buildings and 

equipment belonging to the Ministry of Environment (MDE) and several of its partners, and 

to the substantial loss of technical capabilities and institutional memory, in some cases up to 

and including the virtually total disappearance of an institution (e.g. the National Centre for 

Geo-Spatial Information). Furthermore, there is a risk of water pollution from waste and the 

debris from collapsed houses. The vulnerability of the population has increased due to the 

fact that some of the victims of the earthquake are now sheltering on river banks, near 

ravines, or close to the coast. With the increased price of wood fuel, timber resources are 

more sought-after than ever and subject to additional pressure. There is therefore a real risk 

of worsening the degradation of land and reducing the quantity and quality of environmental 

goods and services, such as water production, soil productivity, biological diversity, and flood 

and erosion protection. The structural problems regarding solid waste and wastewater 

management have been amplified in proportion to the consequences of the earthquake. 

There are piles of refuse lying in the streets, obstructing vehicle and pedestrian traffic. These 

block the drains, making towns highly vulnerable to flooding. The earthquake has 

significantly worsened sanitary conditions, especially in the refugee camps, where even 

minimum sanitary installations (such as pit latrines) are not available. In many places, pit 

latrines are not appropriate due to a lack of space and also because the pits and containers 

                                                           
 

10
 Sources: https://jordanmarieackerman.wordpress.com/category/southern-methodist-university; 

http://www.hcdpinc.org/waste.php 

https://jordanmarieackerman.wordpress.com/category/southern-methodist-university
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need constant emptying. Furthermore, the effects of the rainy seasons exacerbate these 

sanitary and environmental problems (Government of the Republic of Haiti, 2010). 

 

 

2.5. ECONOMIC ISSUES 

 

Haiti remains the poorest country in the Americas, and it is among the 20 poorest in the 

world, with a Gross Domestic Product (GDP) of US$ 7.9 billion and a GDP per capita of US$ 

719 (International Monetary Fund, 2017).  According to the latest Survey on Households’ 

Living Conditions after the Earthquake in 2012 (ECVMAS, by its acronym in French), more 

than 6 million out of 10.6 million Haitians (56%) live under the national poverty line of US$ 

2.42 per day, and over 2.5 million (24%) live under the national extreme poverty line of 

US$1.23 per day. 

 

According to the Post-Disaster Needs Assessment (PDNA) of 2010, the agricultural sector’s 

contribution (including animal husbandry, silviculture, and fishing) to the real GDP has fallen 

from more than 30% at the beginning of the 1990s, to 25.2% in 2007. Industry’s contribution 

to the GDP (including construction) is about 25%, and commerce (including hotels and 

restaurants) contributes 27%. The agricultural sector is first in employment terms, with 

almost 50% of the working population, followed by tourism and transport (28% of the 

population) and industry (10.4% of jobs and commerce). Estimates show that 90% of all 

people working in industry and commerce are in the informal sector. Only 2% of working 

people are in the public sector. 

 

A survey of Haiti’s youth carried out before the earthquake (FAFO, 2009) showed that 35% 

of 15–24 year-olds were unemployed. Most of them, chiefly girls and young women, devoted 

themselves to unpaid domestic tasks (Government of the Republic of Haiti, 2010). 

 

The earthquake caused job losses because places of work, equipment, stock, access to 

markets, and energy sources were destroyed. Employment was indirectly affected by market 

contraction, loss of finance, and the loss of qualified staff, and thus became less competitive. 

The main losses were in the service sector (education, health, transport, tourism). Women 

were particularly badly affected in the commercial sector (working from home, in the street, 

or at markets). 
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2.6. GOVERNANCE ASPECTS 

 

As reflected in the PDNA Report (2010), governance-related issues suffered serious 

impacts. Prior to the earthquake, Haiti’s public administration was already suffering from 

serious structural problems. Like the other national institutions, it did not have the trust of the 

population, who perceived it to be incapable of supplying essential services and to be 

affected by endemic corruption. The lack of technical skills and diligence and a lack of 

resources greatly limited the capacity to meet the population’s demands for basic services. 

Following the earthquake, the public administration has sustained very high human and 

material losses. The destruction of office equipment, files, and computer data has affected 

several key Ministries that were in the affected buildings, constituting major damage for the 

sector. 

 

The rule of law, justice, and security were in a difficult situation as well before the 

earthquake. The reforms implemented (particularly the laws of 2007) had had little impact; 

access to the public justice service remained very difficult. The system was not very 

effective, and the independence of the judiciary remained problematic. In terms of security, 

although the 2006 reform improved the situation, human and material resources remained 

highly insufficient. About 80% of the justice sector in Port-au-Prince was affected by the 

earthquake, with 49 justice-related buildings damaged and the archives largely destroyed. 

Judicial activity has been considerably reduced. The earthquake is going to lead to many 

civil law disputes, which will be made more difficult by the absence of land registry records 

and problems with birth, marriage, and death registrations. 

 

 

2.7. HOUSING SECTOR 

 

As explained in McWilliams & Griffin (2013): ´ 

 

“As a result of the 2010 earthquake, there has been an estimated 250,000 homes and 

30,000 workplaces and shops either destroyed or badly damaged. Because of Haiti's use 

of poor construction techniques, and its general use of concrete, the 7.0-magnitude 

earthquake caused more than double the fatalities of any previously recorded event of that 

magnitude. Although the plight of Haiti in the aftermath of the earthquake has attracted 

funding and sympathy, less consideration has been made for the long-term support of 

constructing sustainable, seismic resistant buildings. Post-disaster evaluations have 

revealed that the majority of Haiti's destruction was simply caused by the poor quality of 

construction materials, which proved too weak to resist the lateral and horizontal forces 

generated by the earthquake (Audefroy, 2011) (Figure 5). 
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Figure 5 On the left: Heavy concrete slabs spanned clearings longer than three metres. On the right: 

Weight of the slabs caused buildings to collapse like a house of cards. Source: Audefroy, 2011. 

 

Engineers, architects, scientists, and others have already recognized that the process of 

construction is dysfunctional if no building codes are in place and there are economic 

incentives to cut corners. Despite the awareness that has been made about poor 

techniques, engineers and architects are currently still proposing systems that are destined 

to be hazards once the next disaster occurs due to their continued use of masonry and 

concrete. Not only is the use of concrete economically and environmentally unsustainable, 

but concrete is also the most vulnerable material when seismic activities hit the surface. 

Virtually all the buildings destroyed in the 2010 earthquake were poorly constructed, non-

engineered, masonry and concrete buildings. In addition to the poorly-considered mixtures 

and the lack of reinforcement, the overall weight of the large mass of these buildings 

caused the majority of injury and death. 

 

Because of the minimal resources, the Haitian constructions of recent buildings and of 

those that have collapsed in the 2010 earthquake were all compacted with poor-quality 

concrete mixes (Fierro, 2010). While mixing concrete, local labour and builders will use the 

poorest quality of sand and save the more valuable sand for the exterior stucco of the 

buildings. As a result, over 90% of all structures in Haiti cannot withstand the after effects 

of natural disasters (Audefroy, 2011). 

 

Even years after the devastating earthquake, there is still little care for the seismic 

vulnerability and the longevity of future buildings. One could argue today that their 

international practices can produce sustainable concrete structures that deny the use of 

poor mixtures and low-quality labour. But what they are not taking account for is the quality 

of concrete, post-earthquake. The question then is how sustainable can concrete be after it 

has deconstructed in a natural disaster. The sustainability of concrete in Haiti seems 

almost impractical and irresponsible. The simple fact of knowing that concrete, reinforced 

or not, will not outlast any earthquake in the Caribbean, should be the first clue to 
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completely depleting it from all future design proposals. Both the local and international 

stakeholders of reconstruction in Haiti should reconsider sustainable structural systems 

that will indefinitely remain functional after a natural disaster hits. 

 

The main problem with industrial, international materials is that they have to be imported 

into Haiti, causing designers to cut costs elsewhere in the project design. Reinforced 

concrete is a very reliable building system, but only if it is constructed properly. Concrete 

and masonry construction has historically been sub-standard in Haiti (McWilliams & Griffin, 

2013). In order to rebuild safely with concrete in Haiti, there would need to be widespread 

training and quality control (Bhatty, 2010, cited by McWilliams & Griffin, 2013).  

 

It has been proven that replacing traditional local materials with concrete and concrete 

blocks is economically unsustainable and ultimately making structures more vulnerable 

(Audefroy, 2011). As a result of replacing traditional materials, people are rebuilding the 

best they can, without applying any anti-seismic technical specifications. 

 

After investigating alternative methods of design, all construction systems often 

demonstrated better resilience to earthquakes than any other buildings constructed with 

modern materials, specifically relating to masonry. If it can be begun to draw from these 

traditional practices and recognize that this knowledge needs to evolve and innovate, then 

essentially it can be finally have the potential to reconstruct Haiti. 

 

  

Figure 6 On the left: A lack of maintenance weakened walls, contributing to their collapse. On the 

right: A wooden house with the traditional twin-sloped roof. Source: Audefroy, 2011. 

 

If local materials are the key concept to future sustainability, it is needed to be smart about 

how the material is utilized and truly understand what makes a seismic reinforced 

structure. Just like any industrial material, locally sourced materials can be seismically 

responsive and have a long lifespan if built correctly. 
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In Haiti, extensive amount of concrete rubble and construction debris have formed huge 

barriers to reconstruction (DesRoches et al., 2011). But according to science and 

research, there has become a successful and sustainable strategy for managing concrete 

debris and using it as a construction material that has ultimately been tested to have the 

same compressive strength as the concrete used in the United States. As of today, the 

substandard concrete that Haitian's make has a compressive strength of 8.9 MPa 

(N/mm2), which is less than half the minimum strength for any U.S. concrete (DesRoches 

et al., 2011). The goal was to reach the minimum requirement of 21 MPa (N/mm2) by using 

concrete debris. However, the concrete as a recycled aggregate can only work effectively 

if the mix of materials is consistent and easily measured. The idea of recycling concrete 

debris is a positive approach for future designers, as it can help remove the remaining 

debris. However, the re-use of rubble as aggregate for new construction is currently 

problematic in Haiti due to the need for precise measurements and testing”. 

 

 

3. CLASS ACTIVITY 

 

The proposed class activity aims to encourage a discussion regarding several aspects 

introduced previously. In this sense, we recommend to provide the students with that 

material in advance. 

 

This activity is divided in two sections or blocks, with a total duration of three hours. For the 

methodology, we propose to work in small groups (of 3 to 4 students); further details are 

given in each block of the activity. 

 

Class activity: Block I 

 

In the first part of the class activity, programmed for one and a half hours, we propose to get 

deeper into several indices used to measure globally the level of human development, 

gender equality, and multi-dimensional poverty. For this, Table 2 should be filled out. First, 

information related to the indices mentioned above should be found. Second, dimensions 

and indicators should be identified. Finally, the objective of this exercise is to detail direct 

and indirect impacts (positive and negative) related to an improvement of the identified 

indicators.  

 

Filling out Table 2 should take between 30 and 40 minutes. Afterwards, about 20 minutes 

should be dedicated for a general discussion. In addition to this, students will be required to 

answer whether or not they agree with the existing indices, and whether they would add any 

other indicator.  
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Table 2 Proposed indices, as the basis for the discussion about potential direct and indirect impacts 

INDEX DIMENSIONS 
INDICATORS 

(Units) 
DIRECT 

IMPACTS  
INDIRECT 
IMPACTS  

Human Development Index 
(HDI) 

    

Gender Equality Index  
(GII) 

    

Multidimensional Poverty 
Index (MPI) 

    

 

Class activity: Block II 

 

As detailed in the contextualization of this case study, and regarding constructing 

infrastructure specifically, so many losses occurred in numerous distinct aspects. Ideally, 

recovering the entire infrastructure at once would be the best scenario.  

 

Table 3 Proposed infrastructure to rank regarding considered priority. 

INFRASTRUCTURE 
PRIORITY  

RANKING 

Buildings for special needs groups 

(street children, orphans, old people, etc.) 

 

Recreational buildings for youth  

Households  

Health infrastructure   

Institutional buildings (government, justice, etc.)  

Solid and liquid waste infrastructure  

Educational buildings (schools, universities, etc.)  

Business infrastructures (primary and secondary sector)  

Offices for women support  

Transport infrastructure  

 

Unfortunately, however, such a scenario would be quite difficult to achieve. In this sense, 

and according to the information provided, Table 3 proposes a list of potential infrastructures 

to rebuild. With the specific situation in mind, the students should be asked to rank the 

priority of rebuilding the infrastructures in the presented list from higher (1) to lower (10). In 
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order to be more specific, attention should be directed to the urban context, where more 

people are concentrated. 

 

Each group will have 30 minutes to define their priority rankings. The last 30 minutes will be 

used for the general debate. This discussion should be used to share groups’ rankings. In 

this sense, we recommend that the teacher shares the students’ answers, for instance on a 

blackboard or any similar item. Thus, the debate should be focused on both the similarities 

and differences among perspectives. The idea is to give the students the opportunity to 

defend the reasons behind their decisions. 

 

 

3.1. SOLUTION AND EVALUATION CRITERIA 

 

Class activity: Block I 

 

This activity does not have a single, specific solution, as it is an open-answer question. We 

therefore list several impacts in detail to provide a brief guide for encouraging the general 

discussion. 

 

INDEX DIMENSIONS 
INDICATORS 

(units) 

DIRECT 

IMPACTS 

INDIRECT 

IMPACTS 

HDI 

Health 
Life expectancy 

(years) 
- Life in its general 

concept 

- Migration 
- Widespread urbanization 
- Raising the global old-age 

dependency ratio 
- Implications for retirement ages, 

health services, elder care, social 
protection, and family relationships 

Education 

Expected years of 
schooling (years) 

- Improving early 
childhood 
development 

- Enhancing 
capabilities 

- Increasing opportunities while 
growing up (self-realisation) 

Mean years of 
schooling (years) 

- Improving early 
childhood 
development 

- Enhancing 
capabilities 

- Increasing opportunities while 
growing up (self-realisation) 

Standard of 
living 

GNI per capita (US$) 
- Reducing poverty 
- Building 

purchasing power 

- Decreasing sustainable 
consumption (higher demand) 
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INDEX DIMENSIONS 
INDICATORS 

(units) 

DIRECT 

IMPACTS 

INDIRECT 

IMPACTS 

GII 

Health 

Maternal ratio (deaths per 
100.000 live births) 

- Increasing life 
expectancy 

- Reducing size of mono-
parental families 

- Associated impacts to 
life expectancy 

Adolescent birth rate 
(births per 1,000 women 

aged 15–19) 

- Reducing educational 
drop-out 

- Reducing adolescent 
mortality 

- Decreasing economic 
problems 

- Controlling population 
size (to some extent) 

Empowerment 

Parliamentary 
representation (% seats) 

- Participation in decision-
making 

- Increasing equity 

- Evolving norms, 
values and legal 
frameworks 

Attainment at secondary 
and higher education (%) 

- Enhancing capabilities - Getting more choices  

Labour market 
Labour market 

participation (%) 
- Expanding women’s 

freedoms 

- Promoting economic 
growth 

- Reducing household 
poverty  

MPI 

Education 

School attainment (6 
years schooling - Y/N) 

- Increasing opportunities 
when growing up  

- Enhancing capabilities 

- Getting more choices 
- Self-realisation 

School attendance (one 
school-age child not 

enrolled in school - Y/N) 

- Improving early childhood 
development 

- Enhancing capabilities 
- Getting more choices 

Health 

Nutrition  
(malnutrition - Y/N) 

- Reducing the risk of 
death 

- Improving early childhood 
development (physically 
and mentally) 

- Reducing health costs 
- Increasing global 
equality 

Child mortality (under 5 - 
Y/N) 

- Increasing life 
expectancy 

- Associated impacts to 
life expectancy 

Living 
conditions 

Electricity (Y/N) 
- Improving human 

development and well-
being 

- Increasing security 
- Increasing demand 
and risk of non-
renewable resources 
consumption 

Drinking water (Y/N) 

- Decreasing the risk of 
communicable diseases 
such as cholera and 
diarrhoea 

- Improving human 
development and well-
being 

- Reducing health costs 

Sanitation (Y/N) 

- Decreasing the risk of 
diseases 

- Improving common 
environment 

- Improving human 
development and well-
being 

- Improving water 
quality, thus water 
ecosystems 

- Reducing health costs 
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INDEX DIMENSIONS 
INDICATORS 

(units) 

DIRECT 

IMPACTS 

INDIRECT 

IMPACTS 

MPI 
Living 

conditions 

Cooking fuel (Y/N) 
- Decreasing lung-related 

diseases 

- Reducing health costs 
- Reducing non-
renewable resources 

Household conditions 
(Y/N) 

- Improving human well-
being 

- Enhancing capabilities 

Assets (Y/N) 
- Improving communication 

and mobility 
- Lifting up the economy 

 

Please keep in mind that, due to the open nature of these questions, the ideas the students 

have about which new indicators to incorporate does not have to agree with the existing 

indices.  

 

Class activity: Block II 

 

Similar to the last part of the Block I, no specific answers are provided for Block II. As 

mentioned above, the objective of Block II is to encourage the students to reflect, discuss, 

and share their different opinions and perspectives. One approach to organizing the debate 

could be to focus on the top and bottom 3 or 4 infrastructures selected, for instance.  

 

Evaluation criteria 

 

In order to provide an objective and transparent evaluation system for students, we propose 

that a rubric is used (see Annex III). In this sense, the rubric shows: i) the knowledge that 

students are expected to acquire, and ii) the criteria used to evaluate the content of the 

answers associated with the proposed activities. 

 

The way to apply this rubric starts by providing it to the students, in order to inform them how 

they will be evaluated. Therefore, some guidance should be given to them to allow them to 

focus on the specific goals (in terms of answers). 

 

To facilitate evaluation, each group should submit (or give in paper format) the answers to 

the professor at the end of the class. These answers will be evaluated based on the rubric 

criteria. However, the teacher is free to choose an alternative evaluation method if she/he 

considers it to be more appropriate. 
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4. HOMEWORK ACTIVITY 

 

As in previous activity, this activity is clearly defined as two blocks. We recommend that both 

exercises are done in small groups (i.e. 3 or 4 students), but this can be left to the teacher’s 

discretion. We estimate that the total activity will require 10 hours of work.  

 

Homework activity: Block I 

 

This first part aims to deal with the more technical aspects of designing concrete mix 

proportions. First, a mix proportion of conventional concrete employing raw aggregates 

should be determined. Second, a mix proportion of recycled aggregate concrete should be 

defined. In this case, the coarse raw aggregates, which were used for designing the mix 

proportion of conventional concrete in the first step, will be replaced by coarse recycled 

aggregate. In both cases, Haiti’s context should be taken into consideration (i.e. 

environmental exposure class conditions). In addition, the methodology of Bolomey will be 

applied to calculate the mass of the materials to employ in 5,000 litres of concrete. In this 

sense, there are some starting data to take into account. 

 

Raw aggregates concrete 

 

 As there is no specific Normative in Haiti, the one that applies in Spain for the 

calculation of concrete structures (EHE-0811) will be used. 

 

 The selection of the maximum water /cement ratio, as well as the minimum content of 

cement, should be done according to Table 4. Concrete type should be taken into 

account. 

 

Table 4 Maximum water/cement (w/c) ratio and minimum cement content. 

MIX 

PROP. 

CONCRETE 

TYPE 

EXPOSURE CLASS 

I IIa IIb IIIa IIIb IIIc IV Qa Qb Qc H F E 

Maximum 

ratio w/c 

Mass 0.65 --- --- --- --- --- --- 0.50 0.50 0.45 0.55 0.50 0.50 

Reinforced 0.65 0.60 0.55 0.50 0.50 0.45 0.50 0.50 0.50 0.45 0.55 0.50 0.50 

Prestressed 0.60 0.60 0.55 0.50 0.45 0.45 0.45 0.50 0.45 0.45 0.55 0.50 0.50 

 

                                                           
 

11
https://www.fomento.gob.es/MFOM/LANG_CASTELLANO/ORGANOS_COLEGIADOS/MASORGANOS/CPH/in

strucciones/EHE08INGLES. Consult this link for detailed information related to EHE-08.  
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MIX 

PROP. 

CONCRETE 

TYPE 

EXPOSURE CLASS 

I IIa IIb IIIa IIIb IIIc IV Qa Qb Qc H F E 

Minimum content 

of cement (kg/m
3
) 

Mass 200 --- --- --- --- --- --- 275 300 325 275 300 275 

Reinforced 250 275 300 300 325 350 325 325 350 350 300 325 300 

Prestressed 275 300 300 300 325 350 325 325 350 350 300 325 300 

 

 The grading distribution of aggregates specified in Table 5 will be used in this activity. 

Here, the percentage of the aggregates that passes through the specific sieve is 

given. 

 

Table 5 Grading distribution of different fractions of raw aggregates used for conventional concrete 

production (% of passing through the sieves). 

SIEVE 

OPENING  

(mm) 

GRAVEL 1  

- 10/20 - 

(%) 

GRAVEL 2 

- 5/10 - 

(%) 

SAND 

- 0/5 - 

(%) 

20 100 100 100 

10 2 90 100 

5 0 7 100 

2.5 0 0 68 

1.25 0 0 42 

0.63 0 0 27 

0.32 0 0 18 

0.16 0 0 8 

0.075 0 0 7 

 

 As a guide, the density of 3.1 kg/dm3 can be applied for the cement. The density of 

2.6 kg/dm3 can be employed in all the raw aggregates. Sand humidity of about 1% 

must be considered. The percentage of air will not be taken into account. The 

coefficient “a” integrated in the Bolomey expression should be chosen from Table 6. 

 

 

 

 



Exploring the Use of Recycled Aggregates in Concrete Mix Proportion: An Alternative for Haiti? 

 

22 

 
 

Table 6 Values for a coefficient of Bolomey. 

AGGREGATE 

TYPE 

CONSISTENCY VALUES 

OF a 

River 

Dry-plastic 10 

Soft 11 

Fluid 12 

Crushed 

Dry-plastic 12 

Soft 13 

Fluid 14 

 

 Once the concrete is produced, its compressive strength should be validated 

according to Table 6, in accordance with concrete type and the environmental 

exposure class. The obtained compressive strength should be 8 MPa higher than 

that described in Table 7 in order to assure that 95% of the test specimens achieve 

the compressive strength. 

 

Table 7 Minimum strength recommended according to exposure classes 

DOSAGE 

PARAMETER 

CONCRETE 

TYPE 

EXPOSURE CLASS 

I IIa IIb IIIa IIIb IIIc IV Qa Qb Qc H F E 

Minimum strength 

(N/mm
2
) 

Mass 20 --- --- --- --- --- --- 30 30 35 30 30 30 

Reinforced 25 25 30 30 30 35 30 30 30 35 30 30 30 

Prestressed 25 25 30 30 35 35 35 30 35 35 30 30 30 

 

Recycled aggregate concrete 

 

In order to produce recycled aggregate concrete (RAC), the coarse raw aggregates (Gravel 

1 and Gravel 2) will be replaced by coarse recycled aggregates (RA).  

 

The following properties of recycled aggregates should take into account: 

 

 Grading distribution of RA should be similar to that of raw aggregates; 

 

 RA has a higher water absorption capacity than that of raw aggregates. RAs with the 

highest water absorption capacities have a lower quality. According to EHE standard 
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for structural concretes, the water absorption capacity of RA should be lower than 

7%. For plain concrete and low-medium strength concrete, the replacement ratio of 

raw aggregates could be high, achieving up to 100% (depending on the application). 

However, reinforced recycled concretes exposed to aggressive environment should 

be produced employing RA with a water absorption capacity lower than 5% with the 

maximum replacement (in volume) of 50%; 

 

 RAC production will be done with a replacement of 50% of RA; 

 

 RA1, which will be used as a substitute for Gravel 1, has a density of 2.2 kg/dm3 and 

a water absorption capacity of 4.8%; 

 

 RA2 has a density of 2.12 kg/dm3 and an absorption capacity of 5.4%; 

 

 RA1 and RA2 will be employed with the humidity values of 3.8% and 4.3%, 

respectively; 

 

 The water absorption capacity of Gravel 1, Gravel 2, and sand is 0.4%, 0.6%, and 

1%, respectively; 

 

 The same effective water/cement ratio will be used in both conventional and recycled 

concrete. In order to determine the effective water/cement ratio, the effective 

absorption capacity of all aggregates will be considered (absorption capacity of 

material submerging in water for 30 minutes). The effective absorption capacity of 

Gravel 1, Gravel 2, and sand are 20%, 20% and 70% of their water absorption 

capacity. The effective absorption capacity of both RAs (RA1 and RA2) is 80% of 

their absorption capacity. 

 

As a last step, the main differences among the results regarding the use of recycled and raw 

aggregates should be discussed. 

 

Homework activity: Block II 

 

In this second block, the students will be transferred to the context of Haiti. Specifically, they 

will be asked to design some guidelines for training and quality control. In this sense, two 

key aspects should be taken into consideration: 

 

 The approach of using recycled aggregates rather than raw aggregates;  

 

 The transfer of knowledge. 
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4.1. SOLUTION AND EVALUATION CRITERIA 

 

Homework activity: Block I 

 

First, a summary of the starting data is introduced. Note that the first calculation is for 1 m3 of 

concrete. 

 

PARAMETER DATA UNITS 

Minimum strength 30 N/mm2 

Exposure IIIa --- 

Concrete type Prestressed --- 

Maximum ratio w/c 0.5 dimensionless 

Minimum cement content 300 kg/m3 

Consistency Fluid --- 

Aggregate type Crushed --- 

Coefficient a 14 dimensionless 

ρcement 3.1 kg/dm3 

ρaggregates 2.6 kg/dm3 

Humiditysand 1 % 

 

Next, the volume of water is calculated considering the minimum cement content and the 

ratio of water and cement: 

 

 water   300   0.5   150 kg (or litres) 

 

These 150 litres of water represent the maximum water (total water) that is allowed to be 

used for this concrete production. 

 

The volume of cement required is: 

 

 cement   
300 kg

3.1 
kg

dm
3 
   9 .77 dm3   9 .77 l 
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According to the Bolomey methodology for fresh concrete as well as “by trial” procedures, 

the volume of cement and aggregates can be considered as a whole. Thus, it is possible to 

write: 

 

1 025    H2O  cement aggregates 

Considering the volume water, we obtain: 

 

 cement aggregates  1 025   150    75 l 

It is now possible to calculate the percentage of cement using the previous volume. This 

value will be named as t0: 

t0   
9 .77

 75
   0.1105 (or 11.05%) 

Bolomey’s methodology states that the dosage of the aggregates is determined by a 

reference curve, which represents a continuous grading distribution and maximum 

compactness between the aggregates, achieving the maximum density. This standard curve 

is represented by the following equation: 

 

y   a  100 a    
d

D
 

When using the “by trial” procedure, the term of the equation d/Dmax is defined as d/20 (note 

Dmax = 20 is the smallest sieve that allows more than 90% of the fraction to pass through). In 

this way, all the sieves are taken into account (d). As a result, the following results are 

obtained: 

 

Sieve 

opening 
Gravel 1 (t3) Gravel 2 (t2) Sand (t1) Cement (t0) Bolomey 

20 100 100 100 11.05 100.00 

10 2 90 100 11.05 74.81 

5 0 7 100 11.05 57.00 

2.5 0 0 68 11.05 44.41 

1.25 0 0 42 11.05 35.50 

0.63 0 0 27 11.05 29.26 
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Sieve 

opening 
Gravel 1 (t3) Gravel 2 (t2) Sand (t1) Cement (t0) Bolomey 

0.32 0 0 18 11.05 24.88 

0.16 0 0 8 11.05 21.69 

 

Thus, the theoretical curve of Bolomey can be represented as follows: 

 

 

 

In order to obtain the real curve, those d/D for which 90% or more of the aggregates pass 

through are considered. Thus, a system of three equations can be formulated: 

 

 Sieve 20: t0 + t1 + t2 + t3 = 100 

 

 Sieve 10: t0 + t1 + t2 = 74.81 

 

 Sieve 5: t0 + t1 = 57 

 

From these equations, the following values are obtained (in percentage): 

 

 t1 = 45.95 % = 0.4595 

 

 t2 = 17.81 % = 0.1781 
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 t3 = 25.19 % = 0.2519 

 

With these values, the real curve can be visualized by operating in the following form: 

 

Sieve 20 = 100t3 + 100t2 + 100t1 + 100t0 

 

Sieve 10 = 100t2 + 100t1 + 100t0 

 

Sieve 5 = 100t1 + 100t0 

 

··· 

 

Sieve 0.16 = 100t1 + 100t0 

 

Sieve 

opening 
Gravel 1 (t3) Gravel 2 (t2) Sand (t1) 

Cement 

(t0) 
Bolomey Real 

20 100 100 100 11.05 100 100 

10 2 90 100 11.05 74.81 73.03 

5 0 7 100 11.05 57 57 

2.5 0 0 68 11.05 44.41 42.30 

1.25 0 0 42 11.05 35.50 30.35 

0.63 0 0 27 11.05 29.26 23.46 

0.32 0 0 18 11.05 24.88 19.32 

0.16 0 0 8 11.05 21.69 14.73 

 

From the graph below, it can be seen that the curves are different. Those areas where the 

real curve is under the theoretical one means that less aggregates pass through the sieves, 

while those areas over the theoretical curve mean the opposite. In this sense, what should 

be looked for is a similar area over and under that theoretical curve. This would mean an 

appropriate compaction of the mixture. From the graph, it is possible to see that those 

aggregates associated to the sieves ≤5 are under the theoretical curve. By applying the “by 

trial” procedure, different attempts are done in order to achieve the objective mentioned 

previously. In so doing, as an example, the percentage of sand can be increased, while 

reducing gravel 1. In following graph, the percentage of sand was increased, and the 
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percentage of gravel 1 decreased, by 4%; gravel 2 was constant. Thus, the result obtained 

with the trial carried seems to be appropriate. 

 

 
 

 

Then, the percentages of the different aggregates and the cement can be detailed as 

follows: 
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 t0 = 11.05% 

 

 t1 = 49.95%  

 

 t2 = 17.81%  

 

 t3 = 21.19%  

 

Consequently, the different volumes and masses are: 

 

t1    sand    75 l   0. 995    37.1 l 

msand    37.1 l    2.  
kg

l
   1 13 .5 kg 

 

t2    gravel 2    75 l   0.17 1   155.  l  

mgravel 2   155.  l    2.  
kg

l
    05.1 kg 

 

t3    gravel 1    75 l   0.2119   1 5.  l  

 mgravel 1   1 5.  l    2.  
kg

l
     2.0 kg 

 

However, it should also be taken into account that sand is wet, with 1% humidity. The 

previous calculations were related to dry aggregates. Thus, the real amount of sand can be 

obtained as follows: 

 

msand   1 13 .5 kg   
100

99
 1 1 7.9 kg 

 

The weight difference between wet and dry aggregates is 11.5 kg, which is water. As it was 

defined previously, the maximum water that is allowed to be used in this concrete is 150 

litres; consequently, the water to be added to mixing machine will be 150–11.5 = 138.5 litres.  

 

Finally, the following table presents both the dosage to elaborate 1 m3 and 5000 litres, which 

was the objective of the exercise. 
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Material Mix proportion for 1 m3 Mix proportion for 5 m3 

Cement 300 kg 1,500 kg 

Water 138.5 kg 692.5 kg 

Gravel 1 482 kg 2,410 kg 

Gravel 2 405.1 kg 2,025.5 kg 

Sand 1147.9 kg 5,739.5 kg 

 

This is the final mix proportion for conventional concrete, using only raw aggregates. 

 

Design of recycled aggregate concrete 

 

The mix proportion of recycled aggregate concrete (RAC) has to be designed employing the 

replacement (by volume) of 50% of raw aggregates by recycled aggregates, as described 

previously. 

  

The total water employed in RAC will be determined by considering that the total water 

employed in conventional concrete is 150 litres, and that both concretes have the same 

effective water/cement ratio. 

 

The following table shows the mix proportion of conventional concrete: 

 

Material Mix proportion for 1 m3 

Cement 300 kg 

Water 138.5 kg 

Gravel 1 482 kg 

Gravel 2 405.1 kg 

Sand 1,147.9 kg 

 

Replacing 50% of coarse raw aggregates (in volume) by recycled aggregates, the values 

detailed below are obtained: 

 

Gravel 1 

Volume = 482 / 2.6 = 185.4 litres, 50% of volume:  92.7 litres 

mgravel1 = 92.7   2.6 = 241.02 kg 



Exploring the Use of Recycled Aggregates in Concrete Mix Proportion: An Alternative for Haiti? 

 

31 

 
 

mRA1 = 92.7   2.2 = 203.94 kg (dry mass) 

mRA1-wet = 203.94   (100 / 96.2) = 211.99 kg 

 

Gravel 2 

Volume = 405.1 / 2.6 = 155.8 litres, 50% of volume:  77.9 litres 

mgravel2 = 77.9   2.6 = 202.54 kg 

mRA2 = 77.9   2.12 = 165.15 kg 

mRA2-wet = 165.15   (100 / 95.7) = 172.57 kg 

 

Sand 

msand = 1,147.9kg  

 

Cement 

mcement = 300 kg 

 

Water 

A total water amount of 150 kg was used for the conventional concrete production. Sand has 

a humidity of 1% (11.5 kg of water) and consequently, 138.5 kg of water is added to 

concrete production. Due to the effective absorption capacity of raw aggregates, the free 

water (which reacts with cement and describes the effective water/cement ratio) is calculated 

by the water added minus the effective absorption capacity of the aggregates.  

 

The effective absorption capacity of Gravel 1 and Gravel 2 are 20% of its absorption 

capacity. Gravel 1 and Gravel 2 water absorption capacity are 0.4% and 0.6%, respectively. 

Thus, the effective absorption capacity of Gravel 1 and Gravel 2 are 0.08% and 0.12%. For 

sand, the effective absorption capacity is 70% of its absorption capacity. Consequently, 

effective absorption capacity of sand is 0.7%. However, sand already has 1% humidity, so 

the absorption capacity can be considered as 0 (e.g., its absorption capacity of 1% is filled). 

 

The water mixed for concrete production was 138.5 kg (mwater). Due to effective absorbed 

water, the free water is: 

 

mfree water = 138.5 – (482*0.08/100) – (405.1*0.12/100) = 137.63 kg (free water in 

conventional concrete and recycled aggregate concrete) 

 

Thus, 137.63 kg of water is the constant value to maintain in both conventional and recycled 

concretes. 

 

Next, the water that is required to add for recycled aggregate concrete production will be the 

free water (137.63 kg) plus the water effectively absorbed for the aggregates. 
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RA1 has a humidity of 3.8% and an absorption capacity of 4.8%. So, the real absorption 

capacity at production time is 1%. The effective absorption capacity is 80% of its absorption 

capacity. Thus, the effective absorption capacity is 0.8%.  

 

Following the same procedure, RA2 has a humidity of 4.3% and an absorption capacity of 

5.4%. The effective absorption capacity is thus 1.1%   80%, which is equal to 0.88%.  

 

The total water required to be added is: 

mtotal water = 137.63 + (241.02   0.08/100) + (202.54   0.12/100) + (211.99   0.8/100) + 

(172.57   0.88/100) = 141.28 litres 

 

Finally, the mix proportion of RAC production for 1 and 5 m3 is: 

 

Material Mix proportion for 1 m3 Mix proportion for 5 m3 

Cement 300 kg 1500 kg 

Water 141.28 kg 706.4 kg 

Gravel 1 241.02 kg 1,205.1 kg 

RA1 211.99 kg 1,059.95 kg 

Gravel 2 202.54 kg 1,012.7 kg 

RA2 172.57 kg 862.85 kg 

Sand 1,147.9 kg 5,739.5 

 

Comparing both conventional and recycled aggregate concrete reveals that the difference in 

water required is low (14 kg per 5 m3). 

 

Material Conventional mix for 5 m3 Recycled aggregates mix for 5 m3 

Cement 1,500 kg 1,500 kg 

Water 692.5 kg 706.4 kg 

Gravel 1 2,410 kg 1,205.1 kg 

RA1 --- 1,059.95 kg 

Gravel 2 2,025.5 kg 1,012.7 kg 
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Material Conventional mix for 5 m3 Recycled aggregates mix for 5 m3 

RA2 --- 862.85 kg 

Sand 5,739.5 kg 5,739.5 kg 

 

However, these results refer to the case of RA with content water (humidity). Even if humid 

RA is recommended for concrete elaboration, it is interesting to determine the total amount 

of water employed for RAC production. In this sense, the total amount of water in RAC would 

be the one resulting from the water added plus the water present in form of humidity in sand, 

RA1, and RA2. 

 

Mrequired = 141.28 + (1,147.9 – 1,136.5) + (211.99 – 203.94) + (172.57 – 165.15) = 168.15 

litres 

 

Whereas RAC requires a total amount of water of 168.15 litres, conventional concrete 

requires 150 litres when using dried aggregates. This is due to the high water absorption 

capacity of RA. 

 

On the other hand, and due to absorption mentioned previously, it is relevant to mention that 

the compressive strength of RAC will be lower than that of conventional concrete. 

Consequently, it is recommended that a lower water/cement maximum ratio (4–10%), and a 

higher proportion of cement (5–10%), is used than in conventional concrete. Thus, the same 

compression strength, as well as durability properties, will be achieved (at 28 days). This 

potential solution must be verified by checking the correspondence in volume among the 

materials employed.  

 

Homework activity: Block II 

 

As for the class activity, this activity does not have a unique solution. This part of the activity 

is an open-answer, and students are requested to think of the solution they consider most 

appropriate. Although providing more details is a task for the students, several aspects that 

could be taken into consideration are presented below: 

 

The approach of using recycled aggregates rather than raw aggregates 

 

Using recycled aggregates seems to be an appropriate approach considering the existing 

amount in Haiti. Nevertheless, an important aspect to take into account is the quality of these 

aggregates. If the quality is not appropriate, the resulting RAC will not be either. In this 

sense, aggregates containing sulphates or chlorides (aggregates from sea) should be 

avoided. While chloride content should be taken into account when reinforced concrete is 
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produced, it is less important in plain concrete (e.g. concrete blocks). Thus, a quality control 

is remarkably necessary.  

 

Regarding this quality control, the participation of both public and private sectors should be 

encouraged. The aim is to ensure that the merchandising of these materials satisfy the 

required characteristics. Documentation, quality certificates, and detailed information, among 

others, are mechanisms to provide a transparent market.  

 

Quality control is also about controlling the characteristic of the water used. This aspect is 

relevant for both conventional and RA concrete elaboration. This last one requires higher 

quantities of water, which is a factor to consider as far as its availability in any geographic 

area given. Water scarcity might be an aspect to take into account when deciding which 

concrete to elaborate. 

 

Another element to evaluate is the cost associated to material transportation. There is no 

doubt than employing RA can reduce costs. On the other hand, the use of local materials or, 

if not possible, of neighbouring countries (i.e. Dominican Republic, Cuba, Jamaica, etc.) 

should be encouraged. In any case, quality controls should be demanded from the providers. 

In addition, using a local market has less negative environmental impacts. 

 

The transfer of knowledge 

 

One of the most important aspects to take into account is to understand the current practises 

of the professionals and non-professionals of the country. Transferring knowledge is not 

about imposing ideas but rather understanding the context, sharing point of views, and 

converging in consensus solutions.  

 

As described in the contextualization of this case study, traditional construction systems 

have been found to often demonstrate better resilience to earthquakes than any other 

buildings constructed with modern materials, and specifically those relating to masonry. 

Thus, identifying potential inappropriate practices can be a starting point. Incorporating 

traditional practices and recognizing that this knowledge needs to evolve and innovate 

definitely could build dialogue and a holistic path.  

 

A first characteristic of this path could be the establishment of a construction normative, as 

there is currently a lack of any building code in the country. Considering that an important 

proportion of the population speaks French and English, using normatives from countries 

that speak these languages would provide a solid guide. However, the effort to translate it to 

the official language should also be done. 
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Knowledge transfer should be applied by facilitating spaces where professionals and non-

professionals will be trained. Another important aspect is to encourage women to participate 

in this regard. Collaboration with local stakeholders and institutions, public and private 

sectors, superior education centres, NGOs, etc. would be an added value. Training should 

be done from the perspective of educating future educators. One approach could be the 

elaboration of different training programs focused on the different phases involving the 

construction: design, execution, maintenance, and control. 

 

One of the aspects that should be transmitted in the easiest and most pedagogic way 

possible is how to carry out an appropriate mixing of materials when elaborating both 

conventional and RA concrete. Availability of working materials should be taken into 

consideration when designing the strategy of using these procedures. Calculating the 

absorption capacity of aggregates, or reinforcing structures through different solutions, 

should be aspects that are paid special attention to as well. In any case, the temporal factor 

should be considered when designing and implementing any solution. The overall objective 

is to avoid a catastrophe similar to the 2010 earthquake. 

 

Evaluation criteria 

 

In order to evaluate this activity, a report will be requested from each group, in which the 

entire activity should be solved.  

 

For the specific assessment of the report, we recommend using the rubric presented 

previously (see Annex III), and specifically, the technical aspects identified within the rubric. 

However, and depending on the responses of the students, aspects other than those 

included in the rubric should be considered. Thus, the rubric represents a possible 

instrument to facilitate the evaluation of the proposed activities as a whole. As mentioned 

above, the professor is free to choose an alternative method.  
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