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Abstract

The purpose of this project was to develop a set of common construction materials for the

Colegio Federado de Ingenieros y de Arquitectos de Costa Rica (CFIA) of San Jose, Costa Rica

to help professionals in the construction sector abide by the country’s fire regulations and NFPA

codes through the implementation of a database and the calculation of a cost analysis. We

accomplished these by identifying both UL-compliant and non-compliant products and studying

the NFPA 101 Life Safety Code. The cost analysis determined that compliant materials are 55%

more expensive than non-compliant materials. This project also resulted in recommendations for

making compliant materials more widely used through continued use and refinement of our

database.
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Executive Summary

Introduction and Background

Engineers and architects in Costa Rica are required to follow construction code standards

to protect against disasters and emergencies caused by natural disasters such as fires,

earthquakes, winds, floods, and more. And while Costa Rica is threatened by all disasters, fire is

both the most prevalent and the most preventable. The National Fire Protection Agency (NFPA)

developed a system of codes and standards to implement fire protection measures in buildings

and structures, which Costa Rica adopted in 2005. However, many buildings and structures are

not in compliance with the NFPA codes and standards that were adopted almost 15 years ago,

due to the issue of contractors not always building with fire-safe materials and oftentimes opting

for non-laboratory certified materials or “fake” certified materials because they are cheaper. Our

sponsor believes that a centralized list will encourage both professionals and contractors within

the country to better follow the NFPA codes and regulations proposed by the Costa Rican

government.

Our goal was to work with the Colegio Federado de Ingenieros y de Arquitectos de Costa

Rica (Federated College of Engineers and Architects) to compile a list of fire-rated materials to

be used by professionals and contractors throughout the country. This list was to be compiled in

a database, and included a cost analysis of fire-rated versus non-laboratory certified materials, in

order to encourage the use of compliant materials within the construction sector and give insight

to engineers and architects in charge of vulnerability analysis towards fires.

5



Project Goals and Methodology

Before our analysis began, we made an effort to gain an in-depth understanding of the

fire codes and applications set in Costa Rica. We attained this through meetings with our

sponsors and learning about it first hand, in addition to NFPA 101 Life Safety Code training with

our sponsors. This was necessary to determine how to distinguish between compliant and

non-compliant materials as well as understand the importance of compliant materials. We

managed to achieve a thorough and cohesive analysis of Underwriters Laboratories (UL) iQ

database listed and unlisted materials, and through this, compiled them into a digital spreadsheet

that is both beneficial and accessible to engineers and architects throughout Costa Rica. In order

to accomplish our goals, the following objectives were developed:

1. Understand current NFPA code applications, infrastructure, and enforcement procedures

in Costa Rica.

2. Collect technical information for listed materials for the database and determine if

materials are up to code and what laboratories they were tested in.

3. Create a finalized list to hold the information on the listed materials and establish a

framework for continued use and refinement.

4. Construct a cost analysis comparing listed fire-safe materials versus unlisted materials.

We focused on the list of products given to us by our sponsor that included but was not limited to

cables, conduits, fire suppression equipment, piping, valves and accessories, etc. We examined

the technical sheets and searched for specific model numbers in the UL iQ database to determine

if they were compliant or not. In addition, we recorded the compliant materials and found the

prices of the specific materials of interest our sponsors indicated in order to compute a
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small-scale cost analysis. Lastly, we found comparable non-compliant materials and their prices

to be able to complete the cost analysis.

Findings

The NFPA 101 Life Safety Code training was a key part in our undertaking of this

project. Our training was organized by one of our sponsors, Hernan Hernandez, and took place

during the second week of our project. Hernan briefed our team on all aspects of the NFPA 101

Life Safety Code, on topics including: the need for certified exit signage, updated active and

passive fire protection systems, appropriate means of egress, outdoor meeting points, effective

emergency protocol, and using fire-rated construction materials.

In addition, after an interview was conducted with Department Head of Fire Protection

Engineering at WPI, Prof. Albert Simeoni and extensive research was conducted, we concluded

that UL is the most reliable testing laboratory. UL surpasses other recognized testing

laboratories, as UL sets the standards to which other laboratories (Intertek, et al.) follow. Prof.

Albert Simeoni, confirmed that “UL develops the tests and Intertek only applies them.” ETL

(Intertek), CSA (Canadian Standards Association), and TUV (Technical Inspection Association)

testing laboratories can be used to identify compliant materials as well, but do not offer a

resource like the UL iQ that would allow us to identify products given the constraints created by

our timeline.

Lastly, considering UL requirements and the fire testing process, we assumed that

compliant materials/ UL certified materials cost more than non-UL certified materials. As we

analyzed the costs of specific compliant and non-compliant materials, we confirmed this

assumption. It is, however, important to note that some materials can be more expensive because
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they provide another benefit than fire. In our findings, the average percent increase between

compliance and non-compliance varied between different categories of materials. On average,

certified materials we found were 55% more expensive than comparable non-certified materials.

While these increases are significant on a smaller scale, considering these numbers on a larger

scale construction budget, on the scale of millions of dollars, the increase is not overly

consequential.

From a pricing perspective, it appeared that there was a consistent increase in price from

compliant materials to non-compliant materials for every product category. However, it was

apparent that the price increase between compliant and non-compliant materials was dependent

on the product category. For products such as devices, cables, conduits, and lamps, there was a

minimal difference in price (ranging from $1.21 to $31.46) between the compliant and

non-compliant materials. Therefore, in those cases, the generalization could be made that buying

the compliant products would be worth it. Using compliant products may cost more upfront, but

will be beneficial long term because they will not need to be traded out due to code violations

and are protecting the safety of everyone in the building long term. Additionally, in determining

whether products were compliant or not, our team found compliant materials to be more

common than expected. Not only is the price difference between certain compliant and

non-compliant materials minimal, but the search to find the particular compliant materials

requires minimal effort. Therefore, with the benefits of time, safety, and cost of compliant items,

they should be utilized more frequently than non-compliant materials.
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Conclusions and Recommendations

Our work is aimed to increase the use of compliant materials in new construction and

spread the knowledge that using fire-safe materials is not detrimental to construction budgets, but

may actually be beneficial in saving money in the long run. There is presently a major safety

issue in Costa Rica, as the NFPA 101 Life Safety Code cannot be adequately adhered to without

the use of compliant and fire-safe materials. Our team hopes that our findings and

recommendations will provide a helpful foundation for the CFIA to promote life safety in new

construction in the future. Additionally, our team hopes that this project will raise awareness of

the accessibility of compliant materials as well as emphasize the UL standard and educate others

on the matter.

Through small-scale research and communication with our sponsors, we were able to

develop recommendations for the CFIA and in general in terms of the data and information that

we had collected and what we suggest they accomplish in future work based on what we have

learned. Our recommendations include:

1. Promote NFPA courses and training within the country, and work with the NFPA

to ensure that courses are easily accessible to their members, as well as to Colegio

de Ingenieros Electricistas, Mecánicos e Industriales (CIEMI) and Colegio de

Arquitectos (CACR).

2. Raise awareness of the UL iQ database so architects and contractors can use it

more frequently and promote the use of compliant materials.

3. Develop a database similar to that of UL iQ but for the other certification

companies.

4. Integrate all global standards into one universal standard.
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1.0 Introduction

Engineers and architects in Costa Rica are required to follow construction standards to

protect against disasters and emergencies caused by fire, earthquakes, winds, floods, and more.

Geography is one of the attributing factors to these disasters- as Costa Rica lies directly within

the Ring of Fire, a roughly 25,000-mile seismically active region around the Pacific Ocean that

contains most of the Earth’s volcanoes and earthquake sites. One of the resulting effects of these

events is fires, for which a growing percentage of all the fatalities in these events can be

attributed to. While Costa Rica is threatened by all disasters, fire is both the most prevalent and

the most preventable. Just this January, Costa Rica’s Fire Department responded to several

hundred serious fire emergencies, 63 of which were structural fires (The Tico Times, 2020).

Every year these structural and electrical fires claim an unsettling number of lives.

In 2006, Costa Rica adopted National Fire Protection Association (NFPA) regulations to

improve the fire safety of the country’s infrastructure following public pressure surrounding

several deadly fires that devastated the country. These regulations became supplemental to the

construction standards already issued by the government in 1983 with specific requirements to

protect building occupants from physical harm or potential loss of life, as well as building

stakeholders from financial ruin. Every construction project in the country is intended to abide

by these regulations; however, even with these in place, the number of deaths and the destruction

caused by fire remains high. In 2018, the Fire Department of Costa Rica reported 1,126 structural

fires that claimed the lives of 30 individuals and injured 506 more (American Expatriate, 2018).

The majority of these fires took place in homes, where the rest occurred in commercial

infrastructure. In January 2020, 150 homes were destroyed due to fire in Guararí, Heredia (a
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district directly north of San Jose) leaving approximately 530 residents of the area homeless (The

Tico Times, 2020). These devastating disasters should not be overlooked, therefore we intend to

contribute in the ongoing effort to reduce the number of structural and electrical fires and their

fatalities.

The Colegio Federado de Ingenieros y de Arquitectos de Costa Rica (Federal College of

Engineers and Architects) is the professional association of engineers and architects in Costa

Rica and were the sponsors for this project. One of the main goals of the Colegio Federado de

Ingenieros y de Arquitectos (CFIA) is to promote the progress and safe practice of engineering

and architecture. To assist in and continue prioritizing and improving life safety in Costa Rica,

the goal of this project was to work in cooperation with CFIA to create a database of common

construction materials. We hoped this would ultimately help professionals abide by the country’s

fire regulations.

There were two parts to this project that ensured a thorough analysis. First, an inventory

of materials that either have or do not have information detailing their resistance to factors

including heat, fire or electric shock, testing laboratories, providers, contacts in the United States

and Europe, etc. This specific list gave the construction sector enough information to adapt and

comply with regulations by avoiding materials that are being imported without proper

information or testing related to fire safety, and to choose from a list of recommended materials.

These materials included but were not limited to: lights, tools, air conditioning units, fire alarms,

electric power strips, ceiling panels, fire doors, and hardware. Once a list was compiled, products

that did not comply with safety regulations were able to be easily identified and refused.

Providing contacts and origins of materials gave the CFIA the ability to work domestically and

internationally to improve and integrate better materials for safety within the construction sector.
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Next, the second part of the project began where a cost comparison was compiled to show the

economic feasibility of building with compliant materials.

Based on a past project that conducted a study in conjunction with the CFIA, financial

viability is a key component of achieving success in Costa Rica (Ostrowski, 2019, p.8). So, it is

important to be conscious of cost while still abiding by the guidelines from section one of the

project. Ideally, this project will promote greater efficiency in the enforcement of NFPA

regulations by allowing professionals to be completely informed about specific materials they are

using related to cost and fire safety. These two parts provided an integrated approach to assisting

engineers and architects to ultimately reduce the incidents of fires in buildings across Costa Rica.
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2.0 Background

The Colegio Federado de Ingenieros y de Arquitectos de Costa Rica (CFIA) of San Jose,

Costa Rica is one of several professional organizations responsible for regulating engineering

and architectural practices in Costa Rica. The CFIA benefits greatly from the National Fire

Protection Association (NFPA), an international organization whose codes and standards have

influenced Costa Rica and the CFIA to work towards implementing improved fire safety. In

complying with NFPA safety guidelines, the CFIA is increasingly interested in product testing

for construction materials. Information published by the Occupational Safety and Health

Administration (OSHA) serves as a resource for testing information on any Nationally

Recognized Testing Laboratory (NRTL), including Underwriters Laboratories (UL). These

organizations are each concurrently vital to understanding and implementing fire-safe materials

and practices.

2.1 History of Fires in Costa Rica

Costa Rica has experienced a long history of structural fires, most of which are caused by

faulty electrical or kitchen equipment. These fires generally occur near regions of the country

with lower wealth accumulation. According to the Fire Department of Costa Rica, poor

workmanship and cutting corners in the construction and wiring of buildings is to blame in these

areas. Substandard electrical appliances and lighting with defective wiring, loose connections,

and electrical imbalances all lead to these building fires. Ing. Hector Chaves, head of the Fire

Department of Costa Rica, reported that nearly 1,000 people are left homeless annually due to

electrical fires (Inside Costa Rica, 2012). Several of these deadly fires have been monumental in
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motivating change towards saving homes and lives. One of these is the 2016 fire that destroyed a

historic building: the Black Star Line building (Arias, 2016). Another is the 2005 Calderon

Guardia Hospital fire that claimed 19 lives. In situations like these, required safety measures

including fire hoses, emergency lighting, and fire escape were not actively in place (NBC News,

2005).

2.2 National Fire Protection Association (NFPA)

The NFPA is a codes and standards organization that began in 1896 in Boston,

Massachusetts. What started in the United States is now backed by both developed and

developing countries worldwide. It provides public education, outreach and advocacy, training,

and research related to fire safety. Today, the NFPA has initiatives worldwide throughout Asia,

Europe and Latin America that work to assist international members to improve fire, building,

and life safety. The organization works to prevent death, injury, property, and economic loss from

fires or electrical hazards with over 300 codes to follow and about 50,000 members worldwide

(NFPA, 2020). One of NFPA’s most important codes also happens to be their first: NFPA 13.

This is their standard for the installation of sprinkler systems, one that has proven to be

lifesaving countless times. Since the development of this first code, other countries have adopted

subsequent codes to improve their own fire safety standards.

2.2.1 NFPA Codes and Standards Implementation

Knowledge and requirements of NFPA codes varies between owners and occupants of

buildings. Owners must have an updated knowledge of all codes, as their buildings have regular

inspections by local authorities. In these inspections, fire exits, exit signage, functional fire

extinguishers, and storage of flammable materials are assessed. Failure of a building owner to
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abide by regulations can result in a notice of required action or full closure of the building until

compliance with NFPA codes has been demonstrated. As for the occupants within buildings, it is

their responsibility to identify and avoid any potential fire hazards in their surroundings. Fire

hazards may include unattended flames, defective electrical systems, exceeding maximum

occupancy, gas appliances, etc. Additionally, fire protection equipment such as fire alarms and

fire extinguishers must be present alongside a stepwise evacuation plan.

2.2.2 NFPA 101: Life Safety Code

Known widely as the Life Safety Code, NFPA 101 covers safety in both new construction

and existing buildings. It is most commonly used as a source to help protect people from fire and

other hazards in building construction and occupancy. Specifics in preventing issues with

materials, injuries from falls, and emergency communications are detailed in the code. NFPA 101

is relevant to architects, engineers, building owners, hospital administrators, and anyone with

roles related to fire safety practices. To keep up with modern changes in building practices and

technologies, NFPA 101 is thoroughly revised and updated every three years.

2.2.3 Costa Rican NFPA Involvement

A life safety committee within the CFIA is responsible for promoting and implementing

NFPA regulations. A past project involving these CFIA and NFPA codes included research into

the economic and social feasibility of building professionals in Costa Rica following NFPA

regulations (Andrews, 2019, p.33). Many buildings in Costa Rica are not currently up to code

and would need to be completely rebuilt to reach compliance. Randall Murillo, the executive

director of the Costa Rican Chamber of Construction, noted that standards and codes for new

buildings are very different from those put in place when older buildings were constructed.

22



Murillo expresses approval of safety measures getting stricter; however, knows that it is

technically and economically impossible to meet some of the conditions. So, the general opinion

of contractors and architects is that it is too expensive to implement NFPA codes.

In the case of existing or older buildings, fire inspectors from the National Insurance

Institute (INS) of Costa Rica are expected to conduct routine check-ups. Unfortunately,

inspections are infrequent due to understaffing and buildings are left in violation of NFPA codes.

For perspective, between the years of 1994 to 2005, INS was able to inspect only 227 buildings

(Andrews, et. al., 2019).

2.3 Colegio Federado de Ingenieros y de Arquitectos de Costa Rica (CFIA)

In 1971, the CFIA was created, and now operates under five sub-colleges: the Colegio de

Ingenieros Civiles (CIC), the Colegio de Arquitectos (CACR), the Colegio de Ingenieros

Electricistas, Mecánicos e Industriales (CIEMI), the Colegio de Ingenieros Topógrafos (CIT),

and the Colegio de Ingenieros Tecnólogos (CITEC). Each group has an educational and

professional focus in a specific discipline that together make up the CFIA. Within these groups

the CFIA is responsible for controlling and regulating practices in engineering in Costa Rica

(CFIA, 2015).
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Figure 1. The CFIA Headquarters

The CFIA makes it its mission to ensure efficient, responsible, and interdisciplinary

practice of engineering and architecture to promote safety and sustainable progress within the

country. The organization works to promote cooperation with other professional federations and

technicians to improve the country’s development, and to create permanent commissions to

analyze and study national problems. One major project that this organization has worked on is

the development of the digital processing of construction permits and the registration of survey

maps (CFIA, 2020). With the ongoing modernization of various aspects of construction

throughout Costa Rica, the project contributes through the creation of a digital construction

material inventory. A fire protection database promotes more user-friendly, accessible, and

sustainable resources for engineers and architects to utilize in their projects through the CFIA.

2.3.1 Colegio de Ingenieros Electricistas, Mecánicos e Industriales (CIEMI)

The College of Electrical, Mechanical, and Industrial Engineers in Costa Rica is an

organization with 49 years of history, whose mission is to promote excellence and professional

etiquette of its members in the interdisciplinary management of sustainable engineering

solutions. Its efforts are aimed at satisfying the needs of society and making Costa Rica a better

country. They work in tandem with government institutions, international groups, universities,

and other professional associations to educate engineers on the rules and regulations of

professional practice at their training center. One of their most recent goals is to have a

management model that ensures synergy between each discipline that makes up CIEMI by 2022.

2.4 Occupational Safety and Health Administration (OSHA)
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In 1970, the United States government passed the Occupational Safety and Health Act,

which created the Occupational Safety and Health Administration (OSHA), which now operates

under the United States Department of Labor. OSHA started and continues to enforce standards

that advocate for safe working conditions for employees. OSHA sponsors three committees, one

being the Advisory Committee on Construction Safety and Health (ACCSH). ACCSH provides

advice and assistance specific to construction standards and policy. They oversee the regulation

of construction, along with the organization of outreach efforts that work to prevent workplace

falls, prevent injuries, and advocate for women in construction (OSHA, 2020). ACCSH also

conducts special OSHA initiatives and handles construction incident investigation engineering

reports.

2.4.1 Nationally Recognized Testing Laboratory Program (NRTL)

OSHA provides a list of laboratories that they recognize as capable of performing certain

product safety certifications. These laboratories all meet electrical standard requirements for

construction and other industries. Under each recognized laboratory is a list of test standards they

are eligible to certify for, and a unique logo that an eligible manufacturer can assign to qualified

products. This logo marking informs consumers that a recognized laboratory has tested and

certified a product, and that one or more safety standards have been met.

2.5 Underwriters Laboratories (UL)

UL is a not-for-profit global certification company that has expanded from the United

States to more than 70 countries since 1894, with efforts centered around safety and

sustainability. UL has set more than 1,500 standards necessary for manufacturers to achieve
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compliance and attain UL product certification. To date, UL has performed testing to certify

several billion products that meet quality and performance expectations (UL, 2020). For

Figure 2. The Official UL Certification Seal

consumers, buying UL listed products minimizes risk, and conveys a recognized level of

operational safety for the product and reliability for the manufacturer.

2.5.1 UL Product  iQ Database

The UL Product iQ database provides free access to certification information on products

and materials where a multitude of information from UL is integrated into one public site. The

Product iQ database works as a search engine and gives users access to information on any UL

listed product. When a keyword or certification number is entered into the search bar, a list of

products is returned based on that keyword or certification number. Users can then verify the UL

certification of products or components, locate UL guide information, search for better-suited

alternative products, or confirm specifications.

2.5.2 Norma Oficial Mexicana (NOM)

Norma Oficial Mexicana (NOM), or Official Mexican Standards, is a series of standards

and technical regulations issued in Mexico. NOM compliances currently establish characteristics

and certifications that processes or services must meet regarding general safety, as well as
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guidelines related to terminology and application. Costa Rica’s homologation process; however,

does not accept NOM standards for materials to be imported or commercialized in Costa Rica.

The standards and regulations issued by NOM, along with tests performed by laboratories in

Mexico, fail to comply with the standards Costa Rica has put into place.

2.6 Fire Safety Testing

Fire safety testing involves exposure of materials or products to an ignition source and

then a pass or fail criteria is established based on flame spread and heat release rate, as well as

temperature. The two main categories of fire testing include “bench scale” and “real scale” fire

tests. The bench scale test provides insight to overall flammability of a material and its overall

reaction to fire. Real scale testing involves burning full size products - materials are placed under

a hood and sensors measure the amount of heat and smoke released during ignition. Collectively,

the bench scale testing develops a set of the material properties that can simulate a reaction in a

larger fire and the real scale fire testing is then used to “calibrate” the larger fire model that

scientists create to test the materials (Reax, 2020).

Although there are fire-rated materials accessible for use in construction in Costa Rica,

they are not consistently utilized. In order for a material to be considered fire-rated, it must

undergo testing by a recognized third party laboratory and ultimately receive a label for passing

certain tests. In many cases, vendors will sell a mix of compliant and non-compliant materials.

Typically, the non-compliant materials are less expensive. Some material providers fail to present

the difference in product quality or code adherence between compliant and non-compliant

products to consumers, resulting in unintentional use of non-compliant options attributed to their

lower price-point (Andrews, et. al., 2019). By developing a cost analysis alongside a database
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with easy access to fire-rated materials, this project should encourage use of compliant materials

within the construction sector.

2.6.1 Certificate of Compliance

A Certificate of Compliance is a specific document that is issued by a Nationally

Recognized Testing Laboratory (NRTL). In the case of Underwriters Laboratories (UL), a

Certificate of Compliance states that a product has been both evaluated and meets certain

specifications set in the regulatory documents for that specific case. Regulatory documents

include rules, guidelines, characteristics of results, technical specifications, codes, and standards.

Included in a product evaluation are procedures for sampling, testing (including fire testing),

calibration, certification, and surveillance (UL, 2020). Each of these criteria are crucial in

understanding the legitimacy and safety of a product or material. For this project, a Certificate of

Compliance determined whether or not certain materials were included in the final database.
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3.0 Methodology

The goal of our project was to work in conjunction with our sponsors at the CFIA to

develop a database of common construction products that could provide necessary information to

help professionals abide by the country’s fire regulations. To construction professionals,

materials are mainly divided into two segments; listed and unlisted. These terms correspond to

whether or not building materials can be found in the database of a certified testing laboratory.

The chosen laboratory for our project is the Underwriters Laboratory and their database for

finding listed materials is the UL iQ.

Before our analysis began, we made an effort to get an in-depth understanding of the fire

codes and applications set in Costa Rica. This was necessary to determine how to distinguish

between compliant and non-compliant materials. We managed to achieve a thorough and

cohesive analysis of UL iQ listed materials and comparable unlisted materials. Through this, we

compiled them into a digital spreadsheet that is both beneficial and accessible to engineers and

architects throughout Costa Rica through placement on the CFIA’s website. In order to

accomplish our goals, the following objectives were developed:

1. Understand current NFPA code applications, infrastructure, and enforcement procedures

in Costa Rica.

2. Collect certification information for listed materials for the database and determine if

materials are up to code and what laboratories they were tested in.

3. Construct a cost analysis comparing listed fire-safe materials versus unlisted materials.

4. Create a finalized database containing the information on the listed materials and

establish a framework for continued use and refinement.
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Our CFIA sponsors informed us of the issue of contractors not always building with fire-safe

materials and oftentimes opting for non-laboratory certified materials or “fake” certified

materials because they are cheaper, and easier to obtain. We researched what materials are

compliant and input them into an accessible database as our first step in promoting the use of

certain compliant materials. In addition, we included the corresponding testing laboratory and

manufacturer information to make it easy for contractors to know which materials to buy, and

where they are available for purchase. Lastly, we completed a comparative cost analysis that we

hoped will give insight into the difference between compliant and non-compliant materials. This

was achieved through finding low-cost compliant materials for the cost analysis. As a whole, this

project will help promote the widespread use of fire-tested materials in construction throughout

Costa Rica. The steps we took that permitted our objectives to be achieved are outlined in the

subsequent sections.

3.1 Understand Current NFPA Code Application and UL Certification Requirements

In order to create a suitable list of materials, our team first examined current building

safety codes in Costa Rica. The extensive research that we conducted in addition to the

background knowledge obtained was critical in correctly interpreting the NFPA codes and their

various applications.

Our team underwent training by our sponsors in order to fully understand the NFPA 101

Life Safety code, which is just one of the over 300 codes that Costa Rica requires all building

designs and construction plans to follow. In the training, we were guided through each step of the

application, infrastructure, and enforcement procedures taken by the NFPA. Additionally, we

corresponded via email with Fire Protection and Electrical Engineers at WPI in order to gain
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more information on procedures followed by UL to set nationally recognized safety and

sustainability standards to lower consumer risk of fire.

3.2 Examine Technical Sheets for Listed Materials and Determine Compliance with the

Fire Safety Codes

Using a list of technical sheets of starter materials given by our sponsor, Mario Amador

(Director General of CIEMI), our team addressed both electrical and mechanical type products.

These include but are not limited to:

● Electrical boxes
● Electrical conduits
● Electrical cables
● Telecommunications cables
● Lighting equipment (luminaries, bulbs, etc.)
● Power outlets and devices
● Communication devices
● Electrical power distribution equipment (load centers, breakers, meter bases, etc.)
● Electrical cable joint terminations (tape, lugs, connectors, etc.)
● Fire detection devices
● Fire suppression equipment
● General and special equipment (cameras, appliances, motors, etc.)

Subsequently, our team conducted further research using the given categories of common

construction materials and added our findings to our initial list. Each new addition was

scrutinized whether or not they are compliant with UL codes.

To gather information on these specific materials, we used the UL iQ database to search

for codes listed under each specific material that is either imported to or manufactured in Costa

Rica. By looking at the technical sheets for each material, we found the name of the material to

search in UL iQ. We then looked for the company that produced the material and use this to

identify the material in the  UL iQ database. Lastly, if the product appeared in the UL iQ
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database, we cross-checked the specific model numbers present on the technical sheet with the

model numbers that are UL certified. If all the information is consistent, the material name,

model numbers, and company information were recorded in our database. Along with this

information, the UL file numbers and parent category numbers (CCN) were recorded and can be

used to locate the materials in the UL iQ database more quickly in the future. The aim of this

process was to sort listed and unlisted products from the technical sheets given to us.

3.3 Identify the Laboratories that Tested the Materials

For each product or material our group gathered information on, we identified the

laboratory that had performed tests on said product or material by viewing technical sheets. We

must ensure that testing laboratories meet the standards Costa Rica is enforcing through their

adoption of NFPA regulations. There are many agencies around the world that certify the fire

safety of products. There is the Intertek company as well as the CE marking. However, after

consulting with our sponsors, we decided as a group to narrow our search window to products

certified by UL. We learned that the UL certified products for use in the United States and

Canada, and this certification was also acceptable in Costa Rica. The reason CE was not

acceptable was that it was certification as per European standards which were not compliant with

Costa Rican standards. Our sponsors also informed us about the fact that products with CE

marking are sometimes fake and have not been tested. On this basis we chose the UL as our

preferred testing laboratory.
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3.4 Compare the Cost of the Listed and Unlisted Items

As a group, we understood that engineering projects must always be economically

conscious, and thus conducted a cost analysis when executing the project. Currently, in Costa

Rica, contractors opt to use less expensive unlisted products to complete their buildings. We

anticipated the materials that comply with NFPA codes would be more expensive than those that

did not. This expectation stemmed from claims that contractors were cutting costs and using

unlisted materials - a theory that has been confirmed by our sponsors at the CFIA.

First, in looking to do a small-scale cost analysis that the allotted time would permit, we

asked our sponsors to select a few products from each category to focus on. We then found the

prices of listed construction materials by first identifying the suppliers of respective items, with

information available on the technical sheets of each individual product. After obtaining

manufacturer information, we searched for listed product prices. Our sponsors assisted us in

finding the prices of listed materials as well by providing us with price sheets from

manufacturers as well.

In addition, we researched Chinese and/or European websites for materials because those

would most likely be CE marked and not up to the standards of the US and Costa Rica. We

focused on non-compliant materials that were physically comparable to the compliant materials.

Once those materials were found, we examined their technical sheets and/or product information

on the website to determine if the product was CE/NOM or potentially not certified at all. These

were then included in the database as their costs were implemented into the cost analysis. After

the select compliant and non-compliant materials were found and recorded, their prices were

compared, focusing on the difference between the compliant and non-compliant products,

specifically within each category.
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4.0 Findings

Upon beginning our work on this project, we focused primarily on the relationship

between the NFPA 101 Life Safety Code and UL requirements for product certification.

Learning about the Life Safety Code and UL standards allowed us to find a focus for our project,

where we identified specific UL certified products using the UL iQ database and found their

costs. Additionally, we researched comparable non-compliant/ non-UL certified products and

their costs. Our final deliverables are a database of compliant and non-compliant materials, and a

completed cost analysis concluded with findings and impacts that we have detailed below. An

unfortunate consequence of the COVID-19 pandemic is the missed opportunity for our team to

conduct this project in person, as experiencing and interacting with the community in San Jose,

Costa Rica would undoubtedly have strengthened these outcomes. Despite completing the

entirety of our work on this project remotely, our team was able to experience a presentation by

our sponsor, Hernan Hernandez, on the NFPA 101 Life Safety Code and its applications in Costa

Rica. Additionally, we were successful in compiling a database of compliant and non-compliant

products, and creating a cost analysis that highlights monetary differences between comparable

compliant and non-compliant products in 14 separate Mechanical and Electrical categories.

Several of our findings have direct social and economic impacts which we have discussed

in-detail below.

4.1 Significance of NFPA 101 Life Safety Code

NFPA 101 Life Safety Code training was a key part in our undertaking of this project.

Our training was organized by one of our sponsors, Hernan Hernandez, and took place during the
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second week of our project. Hernan briefed our team on all aspects of the NFPA 101 Life Safety

Code, on topics including: the need for certified exit signage, updated active and passive fire

protection systems, appropriate means of egress, outdoor meeting points, effective emergency

protocol, and using fire-rated construction materials.

Most crucial to our project is what Hernan taught us about using fire-rated construction

materials. It was made clear to us in our NFPA training that buildings in Costa Rica, especially

those constructed before 2005 (pre-adoption of NFPA guidelines), have not integrated or

properly utilized fire-safe and laboratory certified materials. In training, our team observed a

number of instances where non-compliant materials were being used, or where compliant

materials were being used improperly. Essentially, if proper use or installation of products is not

followed per the guidelines of the manufacturer, safe materials become unsafe.

Although sixteen years have passed since the adoption of NFPA guidelines by Costa Rica

and fire-safe, certified materials are even more widely available than non-certified materials,

some engineers and architects still utilize unsafe practices. While more certainly needs to be

done in preventing misuse of certified materials, our findings focus primarily on encouraging

their use over materials which are not certified.

This training compounded our own awareness surrounding the importance of NFPA

codes, and showed our team exactly what happens when codes are not followed. Small details in

construction practices that may seem tedious to abide often make the biggest difference in

preventing fires.
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4.1.1 Social & Economic Impacts

There are a number of social and economic impacts given by implementing and

following the NFPA 101 Life Safety Code in Costa Rica - the first and most obvious being the

potential to save lives. When contractors and professionals abide by the code, fires are less likely

to occur, and in turn, lives are saved. From the perspective of those people who do not have a

stake in the construction sector, knowledge about Life Safety would better equip them to spot

and avoid dangers that may otherwise be overlooked. To better enforce the NFPA 101; however,

older construction would need to be renovated and brought up to standard. Doing this not only

involves cooperation from the public, but imposes a certain financial barrier as well. The costs of

new construction and renovations are more expensive when abiding by the codes, which has

definite impacts on the economy. For the list of products included in our cost analysis, the price

of fire safe materials is always higher than the less safe alternatives. This claim is explored

further by the cost analysis we conducted and is detailed below.

4.2 Understanding of UL Requirements and the Fire Testing Process

After considering an array of compliant and non-compliant materials, we concluded that

UL is the most reliable testing laboratory. UL surpasses other recognized testing laboratories, as

UL sets the standards to which other laboratories (Intertek, et al.) follow. Professor and

Department Head of Fire Protection Engineering at WPI, Prof. Albert Simeoni, confirmed that

“UL develops the tests and Intertek only applies them.” ETL (Intertek), CSA (Canadian

Standards Association), and TUV (Technical Inspection Association) testing laboratories can be

used to identify compliant materials as well, but do not offer a resource like the UL iQ that

would allow us to identify products given the constraints created by our timeline.
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As for the fire testing process, we learned that specific materials require specific testing.

According to Simeoni, “you have a pass/ fail criterion and you usually expose the material to

external heat. If the material ignites below a certain time and/ or releases an amount of energy

higher than a certain threshold, it will fail the test.” While this general process applies to the

majority of testing, we know that individual products are assigned different testing criteria. For

example, we divided materials into “Mechanical” and “Electrical” categories. Within these two

groupings, “extinguishers” and “lamps” require different testing protocols in order to prove their

safety and receive UL certification. Because these materials undergo rigorous testing and some

are even exposed to fire, UL certification means NFPA compliance.

4.2.1 Social & Economic Impacts

Certain fire-safe products are more expensive because of the testing they undergo. For a

product to withstand fire testing and pass, the manufacturing of that product must go through

extensive measures to ensure certification. Products which are not certified are not subjected to

these testing measures, which means they may be offered for a lower price. Without undergoing

safety testing, the behavior of these products in the case of fire is entirely unknown and is likely

unsafe.

4.3 Identification of Products

When our sponsor, Mario Amador, delivered technical sheets for select materials, we

found that there were more compliant products than non-compliant ones in the group. When

searching for our own technical sheets and new products to include in our database, compliant
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products were frequently found and widely available, especially through UL. The UL iQ

database was incredibly user friendly, and simplified the process of searching for products and

their specific models listed on technical sheets to determine certification status. This finding can

be extended to contractors and architects, as this tool provides an easy shortcut to determining if

a product or model is safe to use. It is important to note that in some instances, when using the

database, we found products that are specifically UL certified in Canada. Our sponsors

confirmed that in these cases, products are compliant, because Canada has standards consistent

with those across the entire UL system.

Figure 3. The UL iQ Search Interface
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There were several cases of our team looking to check the certification of a certain

material found on a specific technical sheet where a product with a matching name could be

found in the database, but not the specific product matching the company information/ model

number on the technical sheet in question. This situation indicates that the specific product given

by the technical sheet was non-compliant, however, a compliant version of the product could

easily be substituted from results returned by the UL iQ search. We also found that in some

cases, certain products that are offered in multiple models may have some compliant and some

non-compliant model versions, as not every model number was present in the UL iQ search, only

some. This emphasizes the importance of the user to pay close attention to the specific model in

question, not just the material name and company information as some products are sold in both

certified and non-certified versions.

4.4 Finding and Comparing the Cost of Compliant and Non-Compliant Materials

Our team created a small-scale cost analysis with the help of our sponsor, Mario Amador.

Mario assisted our team in choosing a few products from our list of compliant ones that would

best encompass each category we covered. We found prices for each compliant material, and did

the same for comparable, non-compliant alternatives.

Considering UL certification requirements and the fire testing process, we assumed that

compliant materials/ UL certified materials cost more than non-UL certified materials. As we

analyzed costs of specific compliant and non-compliant materials, we confirmed this suspicion.

In our findings, the average percent increase between compliance and non-compliance vary

between different categories of materials. For example, compliant products in the “Conduits”

category were not dramatically more expensive than comparable non-compliant ones, but the
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Figure 4. Average Percent Increase in Price of Certified Products vs. Non-Certified Products

same is not true for materials in the “Fire Detection” category. The UL certified materials we

found were, on average, 55% more expensive than comparable non-certified materials (Figure

5). Some limitations in our ability to find accurate prices should be noted, as the prices of our

non-certified materials do not take into account the cost of importing from China. As the prices

of importing these products is considered, the percent increase in certified materials becomes

smaller - providing added motivation for these to be implemented and used as they are already

more widely available.

Another way we approached these findings was in examining the price increase by the

dollar amount. It was apparent; however, that the price increase between compliant and

non-compliant materials was dependent on the product category. For products such as “Devices,”

“Cables,” “Conduits,” and “Lamps,” there was a minimal average difference in price - ranging

from $1.21 to $31.46 - between the compliant and non-compliant materials. The same was not
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Figure 6. Average Increase in Price of Certified Products vs. Non-Certified Products

true for the categories of “Medical Gases” and “Valves and Accessories,” where we observed a

much more dramatic increase.

In any case, using compliant products will cost more up front. While these price increases

seem significant on a smaller scale, they are not overly consequential on the scale of a large

construction budget priced in the millions of dollars - especially with safety in mind.

4.4.1 Social & Economic Impacts

The most significant social impact is the one that incited us to take on this project: the

idea that construction costs are significantly greater when certified materials are used. Putting a

tangible average percentage on the increase in certified prices may help stop misconceptions that

lead to unsafe products being used in Costa Rica, as price differences may not be as substantial

as contractors currently perceive. Additionally, if compliant products are used more frequently,
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new buildings will be greater protected against incidents of fire, improving the safety of those

individuals who occupy the buildings.

While we acknowledge that building with compliant products does increase costs up

front, we do not believe that this is economically detrimental in Costa Rica. Proactivity and

following codes in new construction eliminates the need for redesigns later on, and can prevent

the possibility of building fires that may result in loss of money and insurance battles.
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5.0 Conclusions and Recommendations

The following provides a summary of our findings determined through our work, and

details our recommendations for continued use and refinement in remedying the issues that Costa

Rica is facing with encouraging and regulating the use of fire-safe products in construction.

5.1 Conclusions

The goal of this project was to work with the Colegio Federado de Ingenieros y de

Arquitectos de Costa Rica (Federated College of Engineers and Architects) to compile a database

of fire-rated materials to be used by professionals and contractors in the construction sector

throughout the country. Our database was compiled in an Excel spreadsheet and integrated into a

cost analysis of certified/ fire rated versus non-certified/ non-fire rated products. This was

completed with the goals of encouraging the use of compliant products by engineers and

architects. Our team has developed recommendations aimed to increase use of compliant

materials in new construction and spread the knowledge that using fire-safe materials is not

detrimental to construction budgets, but may actually be beneficial in saving money in the long

run.

In communicating with our sponsors, Mario Amador and Hernan Hernandez, our team

was informed of a disproportionate use of non-compliant products considering how widely

available and prominently accessible compliant materials are. This is a major safety issue in

Costa Rica, as the NFPA 101 Life Safety Code cannot be adequately adhered to without the use

of compliant and fire safe materials. Our team hopes that our findings and recommendations will
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provide a helpful foundation for the CFIA to promote life safety and prevent fires in Costa Rica.

Additionally, our team hopes that this project will raise awareness of the accessibility of

compliant materials as well as emphasize the UL standard and educate others on the matter.

5.2 Recommendations

Given the time allotted for this project, our team was able to compile a database with an

accompanying small-scale cost analysis. Had time not been a constraint, our cost analysis could

have been expanded to include each product listed in our database, which may have refined the

accuracy of our findings and conclusions. If we were able to travel to Costa Rica, we could have

worked more directly with contractors who have access to company pricing sheets that may also

have assisted us in expanding our cost analysis. Additionally, we could have worked more

closely with our sponsors, as well as other engineers and architects within the San Jose

community. These individuals may have helped our team to further investigate the reasons why

compliant products are not always being chosen over non-compliant ones. Despite the obstacles

our team faced in completing this project remotely, we were able to develop recommendations

for the CFIA through communicating with our sponsors and conducting some additional

research. Our recommendations include:

1. Promote NFPA courses and training within the country, and work with the NFPA to

ensure that courses are easily accessible to their members, as well as to CIEMI and

CACR.

2. Raise awareness towards the UL iQ database so architects and contractors can use it more

routinely to promote use of compliant materials.

3. Develop a database similar to that of UL iQ but for the other certification companies.
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4. Integrate all global standards into one universal standard.

First, promotion of NFPA courses and training is both necessary and beneficial for proper

fire safety and building construction. The CFIA, as well as CIEMI (College of Electrical,

Mechanical and Industrial Engineers) and CACR (Costa Rican Association of Architects),

should strongly encourage all of its members to take advantage of the resources that are

presented to them by the CFIA. Widespread education and encouragement of obedience to these

codes will ultimately reduce fires caused by faults in the infrastructure that could have been

avoided.

Secondly, we found the UL iQ database to be extremely user friendly and a quick and

efficient way to determine the compliance of a certain product. At the beginning of the project;

however, we were completely unaware of its existence - the same being true for many

contractors and architects. Increased awareness of this database is crucial in avoiding the use of

non-compliant materials due to a lack of knowledge and resources. We recommend that the

CFIA implement courses, such as the webinar offered on the UL website, in the training and

professional development on the UL iQ database. This will inform all professionals of the

services that allow them to search for UL certified materials and components, as well as to

review relevant safety certification documents and material performance data.

In addition to a course on the use of UL iQ, it would be beneficial to include courses

explaining the difference in the certifications as our sponsors explained to our team. These

courses could include information about ETL (Intertek), CSA (Canadian Standards Association),

and TUV (Technical Inspection Association) testing laboratories that all are OSHA recognized,

and are qualified to certify materials as compliant. As a result, there would be an understanding

of the different certifications that exist, and encourage further use of materials certified by those
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laboratories. Our team recommends there also be courses describing the CE marking and NOM

(Mexico certification). These certifications are considered not up to the standards of the U.S. or

Costa Rica; therefore, materials marked by CE and NOM are considered noncompliant. It is

important for contractors and architects to understand the differences among the standards, and

that a marked material does not necessarily deem it compliant.

Third, when conducting research, there were very few challenges in determining if a

product was UL certified because there was a database that could be searched for specific

products. When examining other certification laboratories; however, such as ETL (Intertek),

CSA (Canadian Standards Association), and TUV (Technical Inspection Association) testing

laboratories, there was no such database in existence. This made it difficult to determine if

materials were certified by these specific laboratories. The creation of a database similar to that

of UL iQ for these other recognized laboratories would contribute to the ongoing effort of

improving accessibility to compliant materials.

Lastly, we recommend a future project that a capable laboratory such as UL could take on

in the future: creating a universal global standard. If compliant materials could all be found in

one place, or share the same identifying marking, compliant materials would be more widely

integrated globally. By currently having materials certified by various different laboratories,

materials are difficult to identify and it is difficult to determine compliance or non-compliance

because such alternative certifications are not as well-known or reputable as UL.
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Appendix A: Cost Analysis

Complete cost analysis (below) comparing compliant and non-compliant product pricing.
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Appendix B: Valves and Accessories

Complete list of compliant materials (below) listed in the Mechanical: Valves and Accessories
section of our database.
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Appendix C: Pumps

Complete list of compliant materials (below) listed in the Mechanical: Pumps section of our
database.
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Appendix D: Piping

Complete list of compliant materials (below) listed in the Mechanical: Piping section of our
database.
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Appendix E: Anchors and Accessories

Complete list of compliant materials (below) listed in the Mechanical: Anchors and Accessories
section of our database.
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Appendix F: Extinguishers

Complete list of compliant materials (below) listed in the Mechanical: Extinguishers section of
our database.
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Appendix G: Fire Suppression

Complete list of compliant materials (below) listed in the Mechanical: Fire Suppression section
of our database
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Appendix H: Medical Gases

Complete list of compliant materials (below) listed in the Mechanical: Medical Gases section of
our database.
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Appendix I: Transformers

Complete list of compliant materials (below) listed in the Mechanical: Transformers section of
our database.
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Appendix J: Panelboards

Complete list of compliant materials (below) listed in the Mechanical: Panelboards section of our
database.
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Appendix K: Fire Detection

Complete list of compliant materials (below) listed in the Mechanical: Fire Detection section of
our database.
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Appendix L: Devices

Complete list of compliant materials (below) listed in the Mechanical: Devices section of our
database.
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Appendix M: Lamps

Complete list of compliant materials (below) listed in the Mechanical: Lamps section of our
database.
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Appendix N: Conduits

Complete list of compliant materials (below) listed in the Mechanical: Conduits section of our
database.
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Appendix O: Cables

Complete list of compliant materials (below) listed in the Mechanical: Cables section of our
database.
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Appendix P: Mechanical Non-Compliant

Complete list of Non-Compliant Materials from the Mechanical section of our database.

65



Appendix Q: Electrical Non-Compliant

Complete list of Non-Compliant Materials from the Electrical section of our database.
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