CANADIANPRECAST/PRESTRESSED CONCRETE INSTITUTE

PRECAST CONCRETE HOLLOWCORE
FLOORING - A COMPARISON GUIDE

Know the real facts before making your design choice

Precast Concrete Hollowcore Slabs - The Original & Still the Fastest Prefabricated Floor

The Spiroll hollowcore manufacturing process was invented in 1962 in Winnipeg, MB. A vibrating
machine which used zero slump concrete was developed to extrude a hollowcore slab over the
prestressing tendons. Today this same process (with a host of subsequent refinements) is used
all around the world to manufacture hollowcore floor and roof building slabs in a wide variety of
widths, depths and cross sections. Today, approximately 1.7 million square metres of hollowcore
slabs are produced annually across Canada.
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PRECAST CONCRETE HOLLOWCORE FLOORING - A COMPARISON GUIDE

Precast concrete hollowcore slabs are available throughout Canada from manufacturers certi-
fied to the most stringent requirements of the Canadian Precast Concrete Quality Assurance
(CPCQA) Certification Program. Hollowcore slabs can be used for most commercial and resi-
dential applications requiring a floor or roof system; schools, office buildings, condominiums,
hotels, senior citizen’s apartments, commercial buildings, residential dwellings, houses of wor-
ship, nursing homes and educational facilities are all ideal applications. For hotels, motels and
apartments the hollowcore slabs are oriented to either span between load bearing shear walls
or to span from the central corridor to the exterior walls. Because of this efficiency, hollowcore
slabs are an economical choice for designers and owners.

Hollowcore slabs are prestressed. This means longer spans, shallow depth and the ability to carry
heavy loads are accommodated. This also means better space planning and a lower floor/floor
height. Lengthening the span is economical with fewer slabs to make and install. Maximum
span/depth ratios of 45 are recommended for floors. CPCI manufacturing members provide
load tables that assist in defining the allowable live load that a given slab can safely support
in addition to the slab self-weight. The load capacity will be a function of the slab thickness,
concrete strength, the amount of prestressing provided and the location of the prestressing
strands. Chapter 7 of the CPCI 5th Edition Design Manual for Precast and Prestressed Concrete
also provides load capacity tables:

http://www.cpci.ca/en/resources/design_manual/

Modular precast concrete hollowcore floor and roof slabs are machine manufactured under
controlled conditions in modern precast plants. Most slabs are 1220 mm nominal width and 203
mm deep - other thicknesses are available for special applications [152 mm, 254 mm, 305 mm,
355 mm].

A Comparison of Precast Concrete Hollowcore Floors with Cross Laminated Timber

With the continued growth of prefabricated modular construction, and with new products coming
to the marketplace, engineers and architects have more material choices than ever before at
the project design stage. In the case of floor and roofs, two modular solutions have emerged
as the competitive choices: the “original fastest floor in town” Precast Concrete Hollowcore
(HO) slabs, with decades of maturity and use in the marketplace, and “Cross Laminated Timber
(CLT)”. CLT is a relatively recent building system in North America. CLT panels and floors are
typically manufactured by gluing layers of wood to each other, with the layers normally at 90
degrees to each other. The number of layers starts at 3 and can be as high as 9 layers in total.
More information on CLT can be found in the Canadian CLT Handbook (2019). Making the
choice between these two systems requires an analysis of the facts and a comparison of key
functional performance criteria; In the end it becomes clear why precast concrete hollowcore
slabs have been the designer’s choice for decades, and why they continue to be the choice for
today’s modular building solutions.
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PRECAST CONCRETE HOLLOWCORE FLOORING - A COMPARISON GUIDE

Here’s a look at some key functional attributes for a comparison:

Comparison Subject Hollowcore (HC) Cross Laminated Timber (CLT)

1 Span Longer single spans (up to Shorter single spans.
double versus CLT).

2 Fire Rating Fire rating is inherent and May require performance
already pre-approved based testing and complex analysis.
on building code.

3 Carbon Lower total embodied carbon Biogenic losses from forest

Emissions emissions when forest management practices often is
management practices are not accounted for with CLT.
included, even lower when
recarbonation of HC is included
during all lifecycle stages.

4 Insurance 6.5 times lower. 6.5 times higher for mid-rise

Costs wood frame structures.

5 Thermal High thermal mass which can Much lower thermal mass

Mass help offset HVAC requirements. compared to hollowcore floors.

6 ASTC Sound Bare assemblies already meet Significant additional layers

Transmission building code requirements. need to be added to meet

building code requirements.

7 Moisture Not susceptible to moisture. Moisture concerns need to be
managed during construction
and/or in-service in the event
of activated sprinkler system or
operational plumbing leaks.

8 Cost to Up to 57% cheaper. Higher upfront and installation cost.

Supply and

Install

COMPARISON 1 > Structural Span

Precast concrete hollowcore slabs are designed as individual, one-way, simply supported span

slabs. When the slabs are installed and connected at the keyways, the individual slabs become a
system that behaves similarly to a monolithic slab. A major benefit of the slabs acting together
is the ability to transfer forces from one slab to another. In most hollowcore slab deck applications,
non-uniform loading occurs in the form of line loads, concentrated loads, or load concentrations
at openings. The ability of individual slabs to behave as a system allows these load concentrations
to be shared by several slabs.
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Table 1 shows a comparison of Floor Spans (single span) for HC and CLT. Green indicates the precast
concrete HC advantage.

Superimposed Live Loads

2.4 kPa 3.6 kPa 4.8 kPa
Floor Type Floor Span
203 mm x 1220 mm HC 10.0 m 10.0 m 9.3 m
254 mm x 1220 mm HC 12.5 m 12.5m 1.7 m
305 mm x 1220 mm HC 15.0 m 13.5m 12.7 m
5 ply CLT (169 mm) 49 m 49 m 4.7 m
7 ply CLT (239 mm) 6.2 m 6.2 m 6.2 m
9 ply CLT (309 mm) 7.4 m 7.4 m 7.4 m

Table 1: A Comparison of Floor Spans for Hollowcore and Cross Laminated Timber

Source Notes:

1. 203 mm, 254 mm and 305 mm hollowcore spans are based on untopped hollowcore
with 7, 10, and 11 strand patterns respectively [Refer to Chapter 7 of the CPCI 5th
Edition Design Manual]

2. 5,7,and 9 ply CLT single floor spans are from Structurlam CLT Design Guide, Version
9, untopped

COMPARISON 2 > Fire Resistance

As defined in the National Building Code of Canada (NBCC) fire-resistance rating is the time (in
minutes or hours) that a material or assembly of materials will withstand the passage of flame
and the transmission of heat when exposed to fire under specified conditions of test and perfor-
mance criteria. Precast concrete hollowcore slabs provide excellent fire resistance. Depending
on slab thickness and strand cover, fire ratings of 1to 2-hour endurance can be readily achieved.
A fire rating is dependent on equivalent thickness for heat transmission, concrete cover over the
prestressing strands for strength in a high temperature condition and end restraint. Fire ratings
of up to 4 hours can be achieved where required using thicker slabs, and increased strand cover.
Figure 1 below excerpted from the CPCI 5th Edition Design Manual shows the fire endurance of
concrete slabs or panels as influenced by aggregate type an element thickness. For hollowcore
slabs the equivalent thickness is determined by dividing the net cross-sectional area by its width,
according to the NBCC and Provincial Building Codes for voided slab fire ratings.
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Figure 1: Fire Endurance (heat transmission) of concrete slabs or wall panels
Source: CPCI 5th Edition Design Manual (2017) Figure 6.3.3

Concrete is clearly defined in NBCC as a non-combustible material providing excellent fire-resistance
rating making it an ideal material for non-combustible construction. In contrast, the fire endurance of
CLT is more complex. In order to use CLT in fire-rated construction, additional tasks must be performed
by the designer and the material supplier to determine the degree of non-combustibility of the timber
for use in a specific project. This is quite often a cumbersome approach as it can require performance
tests to meet the unique criteria for a given project. This process requires time, and resources and
ultimately adding cost to the owner and perhaps liability to the designer. The CLT Handbook provides
some guidance on the use of CLT in non-combustible and combustible construction.

COMPARISON 3 > Embodied Carbon Emissions and Carbon Uptake (Recarbonation)

Recarbonation, or carbon uptake, is the process whereby concrete reabsorbs carbon throughout its
lifecycle. It is a natural process where concrete will react with CO2 in the air. According to the Global
Cement and Concrete Association (GCCA) a practical estimate is that globally this amounts to 25% of
the carbon that is emitted during cement production. https://gccassociation.org/sustainability-bene-
fits-of-concrete/carbon-uptake/. “If we want to know the true carbon footprint of the cement industry,
we need to remember that concrete buildings and infrastructure will permanently capture carbon by
the natural process of recarbonation”. https://cembureau.eu/policy-focus/sustainable-construction/
recarbonation/. The GCCA has developed a third-party verified EPD calculator for concrete that
includes recarbonation at each stage of a product’s lifecycle. Specifically, for precast concrete
hollowcore flooring, this process starts early in the lifecycle; in the yard at the precast plant, as well
as at the job site during construction before enclosure of the building.
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PRECAST CONCRETE HOLLOWCORE FLOORING - A COMPARISON GUIDE

Like other precast elements it also occurs at the end of its lifecycle when it is crushed and recycled.
https://gccassociation.org/sustainability-innovation/environmental-product-declarations/. Much
has been written about the choice of building materials as it relates to embodied carbon and GHG
emissions, with many proponents of wood suggesting that over its lifecycle wood emits less carbon
than concrete. This notion was recently explored by the International Institute for Sustainable De-
velopment (IISD) in a report Emission Omissions: Carbon Accounting Gaps in the Build Environment
(2019). The study found that some LCAs ignore significant sources of GHGs from wood products,
concluding more specifically that some LCA models typically do not track the carbon emissions or
sequestration of “biogenic carbon” especially from those related to forest management practices.
Biogenic carbon, in this sense, refers to carbon emissions from disturbances of living organic matter,
such as carbon losses from soil disturbance, from the conversion of old-growth primary forest to
less productive secondary forest, as well as losses from imperfect post-harvest reforestation efforts.
Designers should check if the wood that they are using for their project is harvested from sustainable
forests that can minimize the biogenic carbon impacts related to forest management practices.
They should also check on transportation distances for the CLT product that they are using, from
the manufacturing facility to the project. Since very few CLT manufacturing facilities currently exist
in North America in most cases the hollowcore facility will be much closer to the job site resulting
in less impacts from transportation.

Traditional carbon neutral assumptions typically result in an embodied carbon advantage for wood;
however, when biogenic carbon losses are included, the cradle-to-grave embodied emissions are
higher for wood. [See Figure 2, below, from the study https://www.iisd.org/publications/emis-
sion-omissions] For more on carbon emissions and omissions visit the CPCI Learn on Demand
website https://cpci-learnondemand.com/learn/ for the course: Carbon Accounting Gaps in
the Built Environment.

Table ES1. Cradle-to-grave building embodied emissions (tCO,e)

Traditional Assumptions Conerete

(Carbon Neutral) Wood -36%
Scenario Including Biogenic Concrete

Carbon Losses related to

forest management practices Wood +6%

0o 500 1000 1500 2,000
Industrial Emissions . Manufacturing . Construction
Biogenic Carbon Losses . 90% regeneration rate . Soil carbon loss . Conversion of natural forest

Figure 2: Cradle to Grave Building Embodied Emissions (tCO, e)
Source: International Institute for Sustainable Development (2019)
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COMPARISON 4 > Insurance Costs

In 2015, GLOBE Advisors conducted a study of the property insurance costs for wood frame
and concrete mid-rise residential buildings, on behalf of the Concrete Council of Canada. In their
consultations with brokers, underwriters and property managers they were able to confirm a
substantial differential in the costs to insure wood frame buildings compared to comparable
buildings constructed primarily of non-combustible materials. Insurance rates per $100 monthly
were shown to be 6.5 times higher for wood buildings compared to non-combustible material
buildings such as concrete. https://globeadvisors.ca/reports-publications/consulting-services/
clean-economy-sector-specific-analyses/insurance-costs-for-mid-rise-residential-buildings/
(See Figure 3)

Risk Insurance Rates per $100 Monthly
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Figure 3: Comparison of Wood and Concrete Course of Construction Insurance Rates
Source: GLOBE Advisors (2015)

COMPARISON 5 > Thermal Mass and Thermo-activation

Thermal mass is defined as a property that enables materials to absorb, store and later release
significant amounts of heat. Precast concrete has a very high thermal mass when compared
with other materials. The high level of thermal mass provided by concrete is playing an
increasingly important role in ensuring comfortable internal conditions in commercial and
institutional buildings as well as providing an additional benefit - resiliency. Concrete’s inherent
ability to absorb and store heat and cold can delay and reduce peak HVAC loads. This may
allow for initial building cost decreases in the form of a smaller-capacity HVAC system.
The use of concrete as a thermal storage medium allows passive cooling and heating when
actively engaged.
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PRECAST CONCRETE HOLLOWCORE FLOORING - A COMPARISON GUIDE

The active engagement of the concrete in thermal dynamics of the building sys-
tem is best achieved by using precast concrete hollowcore slabs as a medium
of distribution of air through their cores and thereby working as a thermal
storage medium. Pairing it to work as ventilated ceiling and considering the
reduction in greenhouse gas emissions enables significant environmental
and cost savings of a building over its life through reduced energy use. Pairing
them in a thermo-active ventilation system becomes a natural progression
and extension of the already established construction technology.

Figure 4: Termobuild Technology before the suspended ceiling installed
From the mechanical room, supply air ducts run through the hollowcore slabs.

When hollowcore floors are used in combination with an Integrated Ventilation Solution they can also
significantly improve air quality through increased fresh air circulation and reduce airborne disease
transmission associated with poor air quality. Due to the slow release of heat and cold, the thermal
mass of concrete can also shift the demand to off-peak time periods when utility rates are lower,
thereby decreasing energy costs further.

For more information on the Termobuild Technology visit: https://termobuild.com/technology/ or
visit the CPCI Learn on Demand website https://cpci-learnondemand.com/learn/ for the course
titled: Integrated Ventilation Solutions Significantly Improve Air Quality and Reduce Airborne
Disease Transmission.

COMPARISON 6 > Sound Transmission

Hollowcore slab concrete floor-ceiling assemblies have excellent sound
transmission characteristics. Hollowcore Sound Transmission Class (STC)
ratings range from about 50 to 57 without topping, and Apparent Sound
Transmission Class (ASTC) of bare assemblies are consistently greater
than the building code minimum of 47. The Impact Insulation Class (IIC)
ratings start at about 23 for a plain slab and can be increased to over
70 with the addition of under padding and carpeting. On the other hand,

CLT assemblies almost always require additional linings in order to achieve e

i i The ASTC Rati f C tructi ith
an ASTC rating of 47. For example, z? barg assembly with a 3 ply.CLT B nal gl SonstTUGIons i
separating wall and 5 ply floor has a simplified calculated ASTC rating of oot PrecactPrececend Goneret et
. . . Report A1-012467.1
32. To meet the code requirement requires adding two layers of 12.7 mm

gypsum wall board on each side of the separating wall, as well as the ceiling,
supported by wood furring and with absorptive material added in the
cavities, and a floor lining of 38 mm concrete over 13 mm wood fiber board.

Bl SE St Canadi

Visit http://www.cpci.ca/en/resources/technical_publications/ for precast concrete hollowcore
slab/system ASTC calculation examples. The National Research Council (NRC) soundPATHS tool is
also a valuable resource for calculating the ASTC of various systems, including hollowcore and total
precast concrete scenarios. “The National Research Council’s (NRC) soundPATHS web application is a
prediction tool for the calculation of direct and flanking sound transmission between adjacent rooms.
The software uses the calculation procedure outlined in the 2015 edition of the National Building
Code of Canada”. https://soundpaths.nrc-cnrc.gc.ca/#/
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COMPARISON 7 > Moisture

Moisture management in mass timber and CLT building types continues
to be a source of concern, especially during construction. In the FP
Innovations guide, Construction Moisture Management - Cross-Laminated
Timber (2020), several deterioration risk factors are identified that can
affect structural performance, and appearance. These include, among
others, mould growth, decay and moisture related swelling and shrinking.
The guide outlines several strategies such as protective measures and Wood structures in Europe
oversight/management during the construction sequence, all of which need to be tarped during the
. L. . whole construction period
are temporary solutions requiring further measures later, adding
considerable cost to the final project. Additional cost is incurred for
drying and remediation wood that does become overly wet during
construction.

Precast concrete hollowcore flooring, on the other hand, by its nature is
not susceptible to the same deterioration or risk factors as CLT flooring
during construction. No additional oversight is required to monitor
moisture, and no additional and costly protection measures are required.

Precast structures don’t
require tarping.

COMPARISON 8 > Cost

Cost comparisons for precast concrete hollowcore flooring versus CLT flooring show a significant
difference in the cost for supply and installation of the two systems. A recent comparison by
Hanscomb Limited (2021) compared the cost of 203 mm, 254 mm, and 305 mm HC to 5, 7 and

9 ply CLT. On a national average 203 mm HC was 57% cheaper than 5 ply CLT, 254 mm HC was
69% cheaper than 7 ply CLT and 305 mm HC was 72% cheaper than 9 ply CLT. The costs include
the material supply and installation for each, including concrete topping. See Figure 5 below
for a hollowcore and CLT cost comparison.

Hollowcore (HC) and Cross Laminated Timber
(CLT) Floor Cost Comparison [Supply and Install]
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Figure 5: Hollowcore and Cross Laminated Timber Flooring Cost Comparison - National Average
Source: Hanscomb Ltd.
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What else Should Architects and Engineers Know about Precast
Concrete Hollowcore Slabs?

Manufacturing

Hollowcore slabs are made on long-line casting
beds and crosscut at 90° to the exact length
for each project - Angle cuts are also possible
depending on the design requirements. When
planning a project with hollowcore in mind it
is most desirable to have the plan dimensions
fit the slab module, typically 1220 mm. Never-
theless, non-modular plan dimensions can be
accommodated using partial width slabs.

Figure 6: Hollowcore machine producing slabs on long-line casting beds

Use of Slab Voids

Hollowcore is cast with continuous voids to reduce weight and cost and, and as a side benefit, for
use to conceal electrical wiring or mechanical ducts. When properly coordinated for alignment, the
voids in hollowcore slabs can be used for electrical or mechanical runs. For example, routing of a
lighting circuit through the cores can allow fixtures in an exposed slab ceiling without unsightly
surface mounted conduit.

Finished Soffit

Hollowcore, cast on smooth steel forms, has a finished underside. The smooth ceiling provided by
a hollowcore slab requires only caulking of the longitudinal joints. The underside of slabs can be
used as a finished ceiling as installed.

Bearing Supports for Hollowcore

Hollowcore slabs can be supported on many types of supports designed to carry the dead and
live loads required. Precast beams, precast walls, poured concrete beams and walls, masonry walls,
insulated concrete forming system walls, wood and steel stud walls and structural steel beams are
all suitable for use with hollowcore as load bearing systems - consult your local CPClI member for
details. CSA A23.3 specifies a minimum bearing dimension of 50 mm (larger dimensions may be
required depending on spans, loads, tolerances, and supporting material).

Holes and Openings

Openings may be provided in hollowcore systems by saw cutting after a deck is installed and
grouted, by shoring and saw cutting, by forming or sawing the openings in the plant or by installing
short slabs with steel headers. In laying out openings for a project, the least structural effect will
be obtained by orienting the longest dimension of an opening parallel to a span, or by coring small
holes to cut the fewest prestressing strands, or when several openings must be provided, aligning
the openings parallel to the span to again cut the least number of prestressing strands. Holes and
openings larger than 150 mm diameter should be located on the approved shop drawings.
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Diaphragms

A series of Hollowcore slabs will provide a basic diaphragm capable of resisting lateral loads in the
form of lateral earth pressures, wind loads or seismic loads by a grouted slab assembly provided
proper connections and details are installed. The function of a diaphragm is to receive these loads
from the building elements to which they have been applied and transmit the loads to the later-
al-resisting elements which carry the lateral loads to the foundation. For more on precast concrete
hollowcore diaphragms visit the CPCI Learn on Demand website https://cpci-learnondemand.com/
learn/ for the course titled: Design of Precast Concrete Diaphragms.

Figure 7: A Structural diaphragm is a structural element that transmits lateral loads - wind and/or
seismic - to the vertical resisting elements of a structure

Camber

Hollowcore slabs have camber - which is an upward deflection produced by the effects of prestressing.
Consideration should be given to the effects of differential camber in the planning stages. Joints be-
tween slabs of unequal spans or joints at which a change in the span direction occurs will have dif-
ferential camber. This must be recognized and dealt with in the design layout. Wall locations may be
used to hide some of these joints. Camber must also be accommodated when a topping is provided.
The quantity of topping required must consider the amount of camber and the function of the floor.
In occupancies where flat floors are not a requirement, a constant topping thickness may be used
to follow the curvature of the slab. At the other extreme, if a “flat floor” is required in a structure
consisting of multiple bays of varying length and changes in slab direction, the highest point will
determine the top elevation of the topping. A greater amount of topping will then be required in
“low areas”. Camber, camber growth, and deflections must also be considered in roofing details.
Drainage slopes should be large enough to overcome the expected camber. Where changes in
relative slab position can occur, counter flashings are suggested to accommodate these changes.

Top Surface Preparation

Untopped hollowcore is the most economical system where applicable. The top surface of untopped
hollowcore slabs can be prepared for the direct installation of floor coverings by applying a cement-
based skim coat to the top surface of the slabs. Non-structural levelling concretes can be installed
ranging from 3 to 50 mm thick depending on the material used, or by casting a composite structural
concrete topping. Structural toppings are often used in high seismic zones and where heavy loadings
are to be supported. A rough finish can be created on the top surface of the hollowcore, just after the
slabs have been extruded, to improve the bonding of the structural topping.
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Speed of Construction
Fast construction means earlier completion and resulting cost savings. Hollowcore slabs can speed

up construction schedules. Manufacturing of the slabs can proceed in a CPCl member’s high efficiency
plant while site construction is underway. Slabs can be delivered to the jobsite and installed to meet
the client’s schedule regardless of weather conditions. The installed hollowcore deck provides a working
platform for other trades. The combination of hollowcore with a structural precast concrete frame
and/or precast concrete bearing walls will also speed construction even more as the entire building

shell is supplied and installed under a single contract.
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Figure 8: Hollowcore slabs in the precaster yard ready for “just in time delivery

Design Assistance Available
CPCI members who manufacture hollowcore slabs and building systems are

available to provide technical assistance (load tables, typical details, etc.)
and budget pricing at the preliminary design stage for your next project.

Visit for a complete
list of CPCI (Active) member precasters by province.
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