Firestopping & Effective compartmentation strategies
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Compartmentation techniques involve the specification of fire-rated walls and floors sealed with firestop systems, fire doors, fire glass and fire dampers. The goal is to contain flames to the room of origin, limiting vertical and horizontal fire spread and resulting high-heat conditions—effective compartmentation helps create safe havens in buildings for those evacuating the facility or remaining in place for rescue (along with providing protection for inventory and business operations).

Fire-resistance rated construction creates these safe havens throughout buildings—in corridors, stairwells, elevator shafts, sleeping and patient rooms, apartment unit separations, mechanical rooms, service storage areas for inventory and hazardous chemicals, prison cells, operating and recovery rooms, intensive care units and other areas of safety designated by code.

Along with detection/alarm systems, communications, sprinklers and education,  compartmentation is part of the ‘total fire protection’ philosophy espoused by the National Fire Protection Association (NFPA) in the United States. The result is when properly designed, installed, inspected and maintained, these fire and life safety systems provide protection to keep occupants safe in buildings.

This article addresses compartmentation through discussing the firestopping of penetrations and joints at perimeter, head of wall and construction joints (such as building floor or wall expansion or seismic joints, wall to wall joints and bottom of wall joints). In basic terms, firestopping involves returning the wall and/or floor to its original fire and smoke rating before a penetration (e.g. for piping, tubing, electrical wires or cables) or joint / gap was made during construction.

Canadian building code requirements

The National Building Code of Canada (NBCC) is developed and maintained by the federal government and administered by the National Research Council (NRC). All federal government projects constructed in any province or territory must comply with the NBCC, while most of the smaller provinces have adopted the document as their building code. Many of the larger provinces also use the NBCC as the basis for their own provincial building codes—in other words, the Canadian building code system tends to be fairly uniform across the country.

The requirement for firestopping was introduced into the National Building Code in 1985, with each province adopting the requirement within the two years thereafter. Part Three of the NBCC, Section 3.1.9, “Building Services in Fire Rated Separations and Fire Rated Assemblies,” specifies the requirements for firestopping. While the section clearly identifies penetrating items, including combustible piping, it does not address joints. (It should be noted the requirements for fire-blocking are covered in Part 9 of the code—this subject matter deals with wood construction and has sometimes been confused with what this article refers to as ‘firestopping.’)

Section 3.1.9 is included in each provincial building code with almost the identical headings and wording as those in NBCC—the major difference relates to the firestopping of combustible piping. NBCC and all provincial codes require a 50-Pa (1.04-psf) pressure differential during firestop testing, which is higher than the pressure required in the United States (based on either Underwriters Laboratories Inc. [ULI] 1479, Fire Tests of Through-penetration Firestops, or ASTM International E 814, Standard Test Method for Fire Tests of Through-penetration Fire Stops). However, some provinces are more specific in the types of combustible piping required to meet the 50-Pa test requirement.

NBCC and each of the provincial building codes require a firestop system be subjected to the fire test method in the national standard detailed in Underwriters Laboratories of Canada, Inc. (CAN/ULC) S 115, Standard Method of Fire Tests of Firestop Systems.1 For the majority of firestop applications, codes require an F-rating, while an FT-rating is necessary when a firewall is penetrated or when a fire separation between a parking garage is penetrated. (This differs from U.S. ULI and ASTM requirements where the hose stream test is mandatory in all applications.)

CAN/ULC S 115 is very similar to the UL 1479 and ASTM E 814 standards in that the time/temperature curve from ASTM E 119, Standard Test Methods for Fire Tests of Building Construction and Materials, forms the basis for furnace control. The major difference is the 50-Pa pressure testing for combustible piping. The standard provides for the granting of either an F, (Fire passage through the assembly) FT, (Fire passage, plus temperature rise 325F above ambient of the penetrating item, on the cold side of the assembly)  FH (Fire passage and hose stream test…simulates shock and building contents like ceilings, light fixtures, falling) or FTH rating (all three tests).  The current edition provides for air leakage (i.e. L-ratings) as an optional test. The new edition of the ULC standard, to be released in the next few months, includes the cycling of joint systems, following the procedures in ULI 2079, Tests for Fire Resistance of Building Joint Systems. (A water-resistance [i.e. W-rating] test program has not been introduced into the standard at this time, but ULC has the equipment and capability to perform this test and, indeed, has when requested by firestop manufacturers.  Additionally, a new test standard for perimeter fire protection is being introduced, ASTM E 2307, Standard Test Method for Determining Fire Resistance of Perimeter Fire Barrier Systems Using Intermediate-Scale, Multi-story Test Apparatus. This test standard subjects the slot between and insulated, possibly non rated exterior wall and the intersection of the fire resistance rated floor assembly.  The system is meant to restrict movement of fire inside the building at the perimeter joint area.   

Currently UL Canada, ULI (cUL) , Intertek/Warnock Hersey International (WHI) and Omega Point Laboratories are accredited to perform third-party fire tests and to list firestop systems in Canada. Firestop systems manufactured in other countries (including the United States) must be subjected to the CAN/ULC S 115 fire test standard to comply with Canadian building code requirements. For example, UL created a list of fill, void or cavity materials certified for Canada—these products bear the cUL mark.2

Firestopping requirements under code

Building construction falls under either Part  3or  9of NBCC 1995. Occupancies which do not exceed three storeys in height, or 600 m2 (6458 sf) per storey, can be built in accordance with Part 9. All other buildings are required to meet the more rigorous fire safety requirements of Part Three. Specifically, approved firestop systems tested in accordance with CAN/ULC-S115, Standard Method of Fire Tests of Firestop Systems, and witnessed by an accredited test agency must be installed in Part 3 buildings, whereas generic firestop materials are permitted in Part 9 construction.

Part 3 requirements

There are four sections in Part  3of the NBCC where CAN/ULC-S115 is cited. They are paraphrased below:

1. Sentence 3.1.9.1.(1)

For building services (e.g. piping, tubing, electrical wires or cables) that penetrate a membrane forming part of an assembly required to have a fire resistance rating, the basic ‘gatekeeper’ requirement is to be either tightly fitted or sealed by a firestop system providing an F-rating—when subjected to CAN/ULC-S115 —not less than the fire-protection rating required for closures in the fire separation.

Tightly fitted should be interpreted to mean ‘cast-in-place’ for metallic piping only to ensure the passage of flames and hot gases is restricted for the rating period. For service penetrations sealed with a firestop system, Table 3.1.8.4, Fire Protection Rating of Closures, provides the required minimum F-rating for the fire separation. (See Table 1, page XX).

2. Sentence 3.1.9.1.(2)

For services penetrating a firewall or a floor separation above a storage garage required to have a fire–resistance rating in conformance with Article 3.2.1.2, the openings must be sealed with a firestop system that—when subjected to CAN/ULC-S115 —provides an FT-rating not less than the fire-resistance rating for the fire separation. Firestop manufacturers have listed systems where either mineral wool pipe insulation or a ceramic blanket wrap can be installed around metallic pipe penetrations. Typically, the insulation must extend at least 305 mm (12 in.) below and a minimum of 915 mm (36 in.) above the floor. For wall assemblies, the covering has to extend a minimum of 915 mm beyond both sides of the wall. Steel conduit or electrical metallic tubing (EMT) penetrations should not be insulated to meet this code requirement, unless the heat dissipation characteristics of the cables within the firestop system have been investigated for potential ampacity reduction. Fortunately, tested systems using polyvinyl chloride (PVC) conduits can provide the required FT-rating. When a listed system is unavailable for the application, then some alternate means of protecting the penetration must be employed using a similar tested system or engineering judgement  (EJ) / equivalent fire resistance rated assembly (EFRRA) that is acceptable to the authority having jurisdiction (AHJ).

3. Sentence 3.1.9.4.(4)

Combustible drain, waste or vent (DWV) piping that penetrates a fire separation required to have a fire-resistance rating (or a membrane forming part of an assembly required to have a fire-rating), must be sealed with a firestop system that—when subjected to CAN/ULC-S115 with a 50-Pa (1.04-psf) pressure differential between the exposed and unexposed sides, with the higher pressure on the exposed side—provides an F-rating not less than the fire-resistance rating for the fire separation. The 50-Pa pressure differential requirement is significantly higher than the minimum 2.5-Pa (0.05-psf) pressure differential mandated under CAN/ULC-S115 for service penetrations falling under Sentences 3.1.9.1. (1) and (2). However, combustible DWV piping is considered to pose a greater risk for fire propagation, particularly when a fire breaks the exterior windows of a building and a significant pressure differential develops across interior fire-rated partitions penetrated by such piping.

4. Sentence 3.1.5.15. (3)

Polypropylene piping has very specific firestopping requirements and can only be installed in buildings of non-combustible construction that are sprinklered throughout. Penetrations must be sealed with a firestop system that—when subjected to CAN/ULC-S115 —provides an FT-rating not less than the fire-resistance rating for the fire separation. For DWV piping, the firestop system must also have been tested under the 50-Pa pressure differentials in accordance with the requirements of Sentence 3.1.9.4. (4). For distilled or dialyzed water distribution piping, the firestop system must additionally meet the requirements of Sentence 3.1.9.4. (2), which restricts the pipe outside diameter to a maximum 30 mm (1.2 in.). Therefore, a less than 30-mm diameter polypropylene distilled water line passing through a two-hour fire-rated concrete wall must be sealed with a firestop system with a minimum two-hour FT-rating tested under the minimum 2.5-Pa pressure differential. While there would not be any pipe diameter restriction for DWV piping, the firestop system needs a two-hour FT-rating tested under the 50-Pa pressure differential.

ULC firestop systems that meet the 50 Pa requirement are identified with an SPC prefix whereas closed combustible piping systems can be found under the SP index.    cUL firestop systems that state “for use in closed (process or supply) or vented (drain, waste or vent) piping systems” can be used for closed combustible pipe penetrations and for drain, waste or vent piping if the 50 Pa pressure differential is also indicated at the beginning of the listing.   However, cUL firestop systems that only state “for use in closed (process or supply) piping systems” do not meet Canadian building code requirements.
Exceptions to the firestopping requirements outlined above involve combustible pipe penetrations in the following circumstances:

1. Sentence 3.1.9.4 (1) allows combustible sprinkler piping to penetrate a fire separation  (omit)under Clause 3.1.9.1. (1)(a), provided each side of the separation is sprinklered.

2. Sentence 3.1.9.4 (2) limits the outside diameter of the combustible water distribution piping to 30 mm. For pipe diameters exceeding this, the product must first be incorporated in the fire-rated assembly and successfully tested in accordance with CAN/ULC S 101-04, Standard Methods of Fire Endurance Tests of Building Construction and Materials, to meet the requirements of Article 3.1.9.2.

3. Sentence 3.1.9.4. (5) allows combustible drain piping to penetrate a concrete floor slab and be tightly fitted under Clause 3.1.9.1. (1)(a), provided it leads directly to a non-combustible water closet. However, if the floor is constructed of hollow-core precast units, it would be prudent to provide a firestop system in conformance with Clause 3.1.9.1. (1)(b) to prevent the fire from penetrating into the hollow-cores and causing the floor to fail prematurely.

3. Sentence 3.1.9.4. (6) forbids combustible pipe within vertical shafts.

Provincial variations

The 1997 Ontario Building Code (OBC) has very different rules for combustible pipe penetrations. Sentence 3.1.9.4. (7) permits the product to penetrate a vertical or horizontal fire separation when the fire compartments on each side of the separation are sprinklered. OBC does not differentiate between water distribution or DWV piping and there are no pipe diameter restrictions for water distribution piping since Sentence 3.1.9.4. (2) is marked as ‘reserved’. The interpretation is if both sides of the fire separation are sprinklered, then all combustible pipe penetrations (including the sprinkler pipe) must be sealed with a firestop system under the requirements of Clause 3.1.9.1.(1)(b). If one or both sides of the fire separation do not have sprinkler protection, then all combustible pipe penetrations must be sealed with a firestop system under the requirements of Sentence 3.1.9.4.(4).

The authorities having jurisdiction (AHJ) in Quebec seem to be requesting that all combustible pipe penetrations be sealed with firestop systems tested under the 50-Pa pressure differential.

Construction joint firestops

Clause 3.1.8.1.(1)(a) requires the continuity of a fire separation where it abuts against another separation (including an exterior wall assembly) to be maintained by filling the openings with a material ensuring the integrity of the fire separation. This maintaining of integrity has been interpreted to mean a firestop system meeting CAN/ULC-S115 must be installed.

Part  9requirements for firestopping

Sentence 9.10.9.6.(1) requires piping, tubing, electrical wires and cables penetrating a fire separation shall either be tightly fitted or firestopped to maintain integrity. Firestopping can be accomplished by using generic materials, except for combustible DWV piping, where Sentences 9.10.9.7.(1) through (6) contain the same requirements as for Part 3construction.

The building life cycle

Since all building products, including firestop materials, have performance limitations, specifications should be developed to match client needs with available systems. When choosing products, the specifier should always review each product in detail with the manufacturer to establish the physical properties, fire/smoke/water resistance and minimum life expectancy of each product type. Firestopping products for various applications include:

( intumescent latex and silicone sealants;

( latex, silicone, endothermic and ceramic caulks;

( latex spray-on systems;

( intumescent putty sticks or pads, wrap strips, blocks, composite sheets, seal bags (pillows) and firestop devices;

( non-intumescent firestop devices;

( steel-framed intumescent electrical devices;

( gypsum, portland and foam cementitious mortars; and

( silicone foams.

Some firestopping products may have accelerated aging occur when used in environments exposing installed firestopping products to various conditions. Specifiers must review with the manufacturer all conditions potentially causing rapid aging or degradation and/or limiting the product’s ability to perform as tested and listed. These factors can include:

- high heat or steam within the area or service penetration;

- cooler conditions (e.g. meat/dairy processing and grocery distribution facilities have fire-rated walls and floors) upon installation and during service life;

( high dust areas (e.g.  paper, milling firms, grain operations, furniture and other manufacturing operations may have oil in the dust that may affect product performance);

( product is painted over, which can affect firestop performance (additionally, the right paint must be specified over a firestop system);

( exposure to various chemicals, gases and toxic fumes; and

( exposure to extreme movement beyond product capabilities.

When specifying firestopping, codes, testing, physical properties and environment must be reflected in the choice of products and systems. Products must be selected to reflect the design conditions in which they will be installed for preventing the premature failure of important fire and life safety systems.

Maintenance suggestions

The Firestop Contractors International Association (FCIA) recommends maintenance of effective compartmentation and structural protection to ensure performance of this critical system during a fire. This is not only common sense, but also a requirement of the International Fire Code (IFC), part of the International Code Council (ICC) family of codes.  In Canada, the building official and fire marshal inspect buildings to review compliance of compartmentation, detection and alarms, education of occupants and sprinklers with the code.  For maintenance, compartments need to be viewed as a part of this complete system.

Fire-resistance rated walls and floors

Maintenance documentation assembled from initial and ongoing construction documents is needed to identify any fire-resistance rated wall and floor systems and deviations. When deviations exist, documentation from the manufacturer or engineer validating the system must be provided to the fire marshal or code official.

Fire- and smoke-resistance rated dampers

Building owners and managers must understand the requirements for systems tested to UL 555, ULC S-112 Fire Dampers, UL 555-S, ULC S-112.1 Smoke Dampers, and other listed systems. Inspection of fire and smoke damper assemblies may require verification of operation of the damper mechanisms and an air-flow analysis. Variations are typically forbidden by damper manufacturers, the Sheet Metal and Air Conditioning Contractors’ National Association (SMACNAInternational) and other authorities. Qualified firestopping contractors may perform this work or subcontract it to an experienced testing firm when unable to provide the service.

Fire-resistance rated doors and hardware

Building owners and managers must produce documentation that designated fire and smoke barriers have functional fire doors appropriate to the wall assembly’s fire rating. Code language already exists for the hourly rating of the door. Pressure testing, a new requirement simulating smoke-resistance, may also be required depending on code requirements. The owner must also verify compliance of door hardware and needs to have education plans for building occupants and service personnel to keep doors in operable condition. For further information, NFPA 80, Fire Doors and Fire Windows, and the Door Hardware Institute (DHI) can specify maintenance procedures.

Fire-resistance rated glass assemblies

Building owners and managers must document fire-rated glass assemblies in fire-rated construction. Once fire-rated glass is installed in an opening area, records are needed to understand maintenance and tested system parameters.

Fire-resistance rated penetrations

The building owner or manager must have documented firestop systems to complete the effective compartmentation system. The labeling or identification system should be derived directly from the as-built documentation. Building owners and managers should have a procedure in place to inspect and re-firestop penetrations made along the way between inspections.

Fire-resistive materials and coatings

Sprayed fire-resistive materials (SFRM) and coatings also need visual inspections and maintenance. Building owners need verification the fireproofing materials are in place and not damaged by traffic or vandalism.

Effective compartmentation building operations procedure

To protect occupants, property and business operations, building owners should have procedures in place as standard everyday operation. For instance, it is important to have measures eliminating the propping open of fire- and smoke-rated doors.  Propping open a door,  restricting it’s ability to close when threatened by fire, may cause fire spread into unintended areas.  Additionally, a maintenance schedule for self-closing doors ensures they are operating properly; building occupants, owners and  management personnel must also be educated about the result of fire doors being left open when a fire occurs to keep safe havens or areas of  refuge effective.

Procedures must also exist for managing service personnel who breach a fire-rated assembly to run services. FCIA recommends the procedure for firestopping and documentation should be attached to contracts of electrical, plumbing, mechanical, cable/low voltage contractors, building personnel and others who may penetrate the fire- and smoke-rated assemblies of the building. This procedure should assign responsibility for verification of firestopping systems installed after new pipes or cables are installed. Alternatively, FCIA Member Firestopping Contractors are available to follow up any penetrations made as trades complete their work.  

Effective compartmentation must be designed using tested and listed systems, installed, inspected and maintained. Fire-rated walls and floors, fire and smoke dampers, fire doors, all need to be maintained by a firm qualified to understand the complexity of this type of work.

Notes

1. ULC’s role in the development of various standards is independent of its third-party testing activities.

2. As an aside, it has only been since about 1995, ULC and UL have been affiliated together. Despite similar names (and regular dialogue), they were independent organizations prior to 1995. It is important to note ULC does not have the authority to make changes to a standard without a review and vote by the technical committee for said standard. ULC is an accredited standards writing organization and acts in a lead role in the standards process to ensure that a standard complies with the Canadian building codes.
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[SIDEBAR]

Firestopping Qualifications

While construction quality has been under close scrutiny for several years, the industry continues to allow ‘construction tolerances’ due to variability in field conditions. Firestopping, unlike other construction disciplines, is a zero-tolerance application that does not allow variations to be made in the field, unless they fall within the specific ranges set forth in the tested and listed systems referenced above.

Firestopping is currently installed via the following methods:

( specialty firestop contractor (this can have contract and inspection/administration advantages, as there is only one submittal, one contractor’s work to find and one responsible party);

( combination specialist or trades perform own work (i.e. trade contractor performs his or her own firestopping—as long as the individual understands the zero-tolerance requirements, plus a specialty firestop contractor may perform part of the work); or

( the ‘he who pokes holes, fills them’ philosophy, where each trade who made a penetration through a fire-rated assembly is responsible for choosing systems, products and installation. While a large percentage of projects are managed this way, it may not be the most efficient technique—inspection and administration costs can increase dramatically.

To provide a firestopping installation quality protocol, the Firestop Contractors International Association (FCIA) worked with several groups, volunteers and industry to create three standards in an attempt to bring the International Organization for Standardization (ISO) 9000, Quality management systems—Fundamentals and Vocabulary, manufacturing quality process to the construction subcontracting industry. The international standards developed were FM Approvals’ FM 4991, Standard for the Approval of Firestopping Contractors, and ASTM International E 2174 and ASTM E 2393, Standards for the Inspection of Installed Penetration and Joint Firestop Systems.
FM 4991 measurably qualifies a specialty firestop contractor’s quality process through an independent audit verification program. (The firestop contracting firm controls training, education, installation, submittal and the complete firestopping process and retains responsibility for initial and continued FM 4991 approval.) The standard requires a firm have a designated responsible individual (DRI) who has successfully passed an industry test based on the FCIA’s Firestop Industry Manual of Practice, rigorous tested systems selection from Underwriters Laboratories Inc. (ULI), Underwriter’s Laboratories of Canada  (ULC), Omega Point, FM and Warnock Hersey International (WHI) directories and the FM 4991 standard. This designation quantifiably measures an individual’s knowledge of industry quality procedures. The FM 4991 DRI manages the firestop firms’ policies and procedures to ensure processes result in installed firestop systems meeting the tested and listed system zero-tolerance requirements.

During the FM 4991 contractor firm approval process, an auditor visits the firm, inspecting the clients’ quality manual and audits installed firestop systems in the field. (FM Approvals performs annual follow-up audits with the same process.) While modeled after manufacturing firms’ ISO 9000 process, this program is customized for the construction industry and is affordable for contracting firms—the cost is about  $6000 to $9500 for the initial audit and approximately  $1900 for the annual follow-ups.

Effective manufacturing quality programs have a procedure for production sampling to ensure that the quality process works. Independent firestopping inspections to ASTM E 2174 and ASTM E 2393 are the controls sampling the production process for firestop installation. These inspection standards incorporate the following important points as part of the inspection protocol:

( independence: the inspection firm must not be related to the installing firm or be its distributor or supplier;

( pre-project meeting: a pre-job meeting for those installing firestopping to review the protocol and discover potential difficulties before project commencement;

( mock-ups: these are constructed to give a benchmark to install to and inspect against;

( sampling: the protocol calls for either ongoing inspection of 10 per cent of each type of each firestop assembly or two per-cent destructive testing; both types require one of each type of firestop be reviewed—should variances occur at a rate greater than the 10 per cent allowed, the inspector is to stop work, notify the contractor and return at a later date after the work has been corrected; and

( reports: the inspection firms describe the variances and successes based on forms in ASTM E 2174 and ASTM E 2393—in addition to the as-built firestop system detailed drawings (from either testing laboratories, engineering judgment or equivalent fire-rated assemblies), this becomes the completed documentation for the life-cycle, including maintenance and alterations.

ASTM E 2174 and ASTM E 2393 can be used with or without a specialty firestop contractor or an FM 4991-approved firestop contractor on projects that use the ‘he who pokes holes, fills it’ protocol. However, the inspection can cost much more for the multiple-trade method, as it is difficult to manage anywhere from two to 40 subcontractor firms affecting effective compartmentation with their service penetrations such as pipes, ducts and cables, head of wall and construction joints or perimeter fire protection systems.
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