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Introduction

An increasing amount of new and rehabilitated aexfks use segmental concrete paving units to suppdestrian and vehicular application|
The units provide an attractive, durable walkingfaee for pedestrian plaza decks. They can be taseatate outdoor space, usable exterior
living environments at commercial and residentigldings e.g. next to offices, hotels, hospitalsiversities, observation areas on commercfal
buildings and at cultural cen ters. See FigureatkiRg structures and the roof decks of undergrduunliiings use concrete pavers to suppor
vehicular traffic as shown in Figure 2. Segmentalarete paving units protect roofing materials frdamage due to foot traffic, equip- ment
hail and vehicles. Concrete provides a heat siakréduces the thermal stress and deterioratioratdgrproofing materials. The units flex with
the movement of the structure as well as with wdhicand seismic loads. Additionally, the units\pde a slip-resistant surface and are
especially attractive when viewed from adjacentdings. They can exhibit high durability under fzeghaw and deic ing salt conditions. A
primary role of segmental concrete units is ballastoofing materials to prevent uplift from highinds. When caught by high winds, gravel
ballast on roofs can shift and distribute unevemhis leaves roof materials exposed to winds, thenecreasing the risk of their uplift. In sonje
cases the gravel can be blown from roofs creatingzard for glass, pedestri ans and vehicles. @nanits are preferred over gravel ballag
because they provide a consistent, evenly distibuteight for protection from wind uplift and daneagurthermore, concrete unit paving is
required by many building codes as roof ballashigh-rise buildings. This Tech Spec provides gn@aon the design and construction of rpof
assemblies using precast con crete pavers or ¢ermeing slabs using with vari ous setting metHodpedestrian and vehicular applicatiors.
There are many kinds of roof assemblies placednthdse types of paving units. The compat ibilitypaving units and setting methods with|
the components of roofing assemblies such as watgrmembrane, protection board and insulation khalways be verified with the
manufacturers of such components. Vegetated, lopesioof surfaces or "green roofs" are receivirngaased attention from designers and
clients interested in reducing building energy s@std the urban heat island. This trend is charthi@gerial view of our cities. Furthermore,
sustainable building rating systems such as LEE®B®gnize green roof technology as well as higéfiective roof surfaces. Concrete unit
paving offers designers a reflective surface thatlwe easily integrated into green roof projectdendarning LEED ® credits. ICPI Tech Spe
16-Acheiving LEED ® Credits with Segmental Concretevement provides additional information on howntegrate green roofs with
concrete unit paving.
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Figure I, Concrete pavery provide a durable and atiractive roof plaza deck surface.  Figure 2, Concrete pavers serve vehiaar iraffic
At leff is the observation deck an the 8¢ flaor of Empire State Building in New anel parking over a concrele parking struchire
York Cifv. Ai center iv a hotel plaza deck consiructed with concrete paving slabs. nexi 1o a residential development.

Plaza Deck Components

Concrete pavers and slab--There are two cate gories of segmental condestk materials for roofs, concrete pavers and stds Figure 3.
Concrete pav ers are units that are a mini munkiieiss of 2 3/ 8 in (60 mm) and whose length tokiiess (aspect ratio) does not exceed 4 to
1. They con form to the requirements of ASTM C 9BGin the U.S. or CSA A231.2 (2) in Canada. Thassiés can be used in pedestrian and
vehicular applications. Concrete pavers 2 3 / §68.mm) thick are commonly used in pedestrianglazterrace applications. When the
capacity of the structure is limited to addi tiomadight, units as thinas 1 1/ 2 in. (40 mm) hagen used in pedestrian applica tions. For
vehicular uses, the recommended minimum thickngasits is 3 1 / 8 in. (80 mm). Precast concretdnmslabs Open joints for drainage Rdof
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drain Plastic pedestal Protection board (as reduléaterproof membrane Roof deck min. 2% sloperéind-igure 5 Figure 5. Paving slabs ¢n
pedestals Precast concrete paving slabs rangerimabsize from 10 x 10 in. (250 x 250 mm) to 386kin. (910 x 910 mm). Like pavers,
concrete paving slabs can be manufactured withiatyaf colors, special aggre gates and architatfinishes to enhance their appear ancg.
Surface finishes include shot-blasted, hammeredyamahd or polished. They differ from pavers inttblabs typically require at least two
hands to lift and place them, and the length tokiiness (aspect ratio) is 4 to 1 or greater. Paslalgs generally range in thick ness from 1 1] 2
in. to 2 in. (40 to 50 mm) and thicker units areoahpplied to roofs. Slabs are only for pedes fplama applications and are not recommendgd
for vehicular use. Slabs risk tipping, crackingnfrbend ing forces, and shifting under repeatecefofrom turning and braking tires. Concrete
paving slabs made in Canada should con form to 8321.1 (3). This standard applies to paving sla®on roofs as well as at-grade con
struction. The standard requires a minimum aveflagaral (bending) strength of 650 psi (4.5 MPaggekze-thaw durability when exposed to
deicing salts and conformance to dimensional talga. Flexural (rather than compressive strength$éd to assess unit strength since the
larger slabs are exposed to bend ing and crackiompressive strength is excluded from the stanblecduse it is not a true measure of the
performance of the concrete. It can increase athtbkness of the tested unit decreases. Thereddngh compressive strength test result
required from a thin slab gives a false indicatibia slab's resistance to bending since thinnéssiall break in bending more readily than
thicker ones. Unit dimensions are measured on sagnld compared to the dimensions of the manuéatstyroduct drawings. Allowable
tolerances for length and width in CSA A231.1 afetd +2.0 mm from the manufacturer's product dnawi Height should not vary +3.0 mnj.
Units should not warp more than 2 mm on those Wb mm in length and/or width. For units over 48, warping should not exceed 3 mm.
There is no standard for precast concrete pavaigssh the U.S. There are some lightweight, lowtftal strength ballast slabs (mistakenly
named roof pavers) manufac tured with a tonguegandve or bevels along their sides to increase thirlock. Other designs include plast
fasteners to connect one unit to the next. Theghads of joining the sides to one another providmater resistance to uplift from wind. Figufe
4 illus trates one type of unit with tongue andayed sides (not visible) and connecting tabs batveaeh unit. Some of these types of units|are
made with lightweight concrete, or are thinneriidey to reduce the dead load on the roof strucwee designs have grooves on their botfom
surface. When installed, these follow the roof slephelp remove water. These types of units diffdited architectural enhancement from
patterns, colors, or surface finishes. ASTM hasedsC 1491, Standard Specifi cation for Concretef Ravers (5). This product specificatiol:

(2]

is appropriate for ballast-only type pav ing urffiavers or slabs) used only in direct contact wothf materials and only for limited pedestria
use such as walkways for maintenance personnaluBi®that meet this standard should not be sutgjexinstant pedestrian use, not place
on pedestals and never be subject to vehiclesifigpe@nd contractors are advised to use roofngaproducts for vehicular and pedestrian
applications that meet the previously mentioned! Igtidelines or CSA standards. ICPI takes a corgsme approach by not recognizing
differences among shapes with respect to structmghifunctional performance. Certain manufactureag have materials and data that discpiss
the potential benefits of shapes that impact fometi and structural performance.

LN e I o - Plastic padestal
Fligure 3. Concrete paver (lefi) and a concrefe

paving slab {right): similar paving products
with varving applications jor roof decks.

Pracast concrete
paving slabs

Watermproof membrana %ﬁgﬂaﬂ;
Protection board
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Figure 4. Some ballasi-type slabs for roof
decks are made with lightweight concrele
materials. They can be joined with tongue-and-
roaves andior with connectars fo resist wind
upliff. This is one of several desipms available.

Setting materials
Pedestals-Paving slabs for plaza decks are often placeplastic or fiberglass pedestals. The result is/alldeck, concealment of slope and
drains and water storage space under the unitsgluery heavy rainfalls. Pedestal-set paving unggll quick ly and enable fast removal fo
repair of waterproofing materials and for mainteseanof deck drains. The units can be reinstated edfmir with no visible evi dence of

movement. Damaged paving units can also be easitpved and replaced. Figure 5 shows a diagranpetiastal system with paving slabs.

n
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most pedestal-set applications, units are 18 x 1860 x 450 mm) or larger. The corners of pavungs rest on a plastic pedestal. These ul\its
usu ally require shimming after placement. Shinesiaserted under the corners of a nonaligned pawitguntil its surface is even with
adjacent units. Some plastic pedestals have aihuéieling device to reduce the amount of lalmwoived with shimming. Some are
telescoping cylinders whose length can be changedthting an adjustable sleeve within another e®tlesigns have a base that tilts slightly
to compensate for the slope of the roof. Vertigaicers are often molded in the plastic pedestaagare uniform joint widths among the
paving units. The open joints allow runoff to pa®ugh them onto the waterproof membrane androtbdrains. The joint created by the
spacer should not exceed 3/ 16 in. (5 mm) andathisninimize the like lihood of tripping. Anothaype of pedestal system consists of 8 in
(200 mm) square extruded polystyrene blocks (tgfly@ in. or 50 mm thick) glued together, spacacaarid across the deck and adhered tp a
polystyrene insu lation board that rests on theeypabof membrane. Many contractors use 60 psiNIR4) polystyrene blocks to support the|
paving units. The bottom block of foam may haveoges in contact with roofing materials to facil@atrainage. The grooves should point
toward drains. A patented leveling system trimsttpes of the polystyrene blocks to the requiredjheiShimming is not necessary except fd
the occasional paving unit that might be slightly of dimension. Spacing is typi cally maintaineithwmeoprene rubber spacer tabs adhereq to
the corners of the paving units, although plastidgstals can be used. This pedestal system suppdgsip to 36 x 36 in. (910 x 910 mm).
The foam pedestals can extend as high as 2 fofQ.Eigure 6 shows the foam pedestals in placaecglving the paving slabs (6).

=

Surface slopad to drain

Concrete pavers or slabs with
sand-filled stabilized joints

1 in. {25 mm) nominal thicknes
sand bed or ASTM Mo, 80

aggragate
Drrainage mat (gluad in place)
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" _Protection bo
as raquirad
Foof deck min. Watamproof

2% slope to drain membrans

Fignre 8, Foam pedestal system

Figure 7. Sand-set concrete pavers or slabs for a pedestrian roof plaza
deck. Units no larger than 12 x 12 in. (300 x 300 mm ) length and
width are recommended for sand-set applications o avoid tippieg.

=

Bedding and Joint Sand for Pedestrian ApplicationsSand-set pavers and slabs (up to 12 x 12 in00rx3300 mm) are common options fq
pedestrian applications. The typical sand thickimes®minal one inch (25 mm). Figure 7 illustragesand-set applica tion for pedestrians. A
key design consideration is not allowing the bewydiand to become saturated. Continually satussted and joints can support moss or
vegetation that eventually clogs roof drains. Ssd sand can increase the potential for effloreseéhat might exist in some concrete pavifig
units. While not attractive, efflorescence will etgally disappear and it is not detrimental to tiueal performance. The risk of saturated
bedding sand is reduced by adequate slope of diestwcture and correct sand gradation. Sand resjai least a minimum deck slope of 29
to drain. Gradation of the bedding sand for pedestpplications should conform to ASTM C 33 (7)G8A A23.1 "FA 1" (8). It is important
that no material (fines) pass the No. 200 (0.075 siave as the pres ence of this size of mateilagreatly slow the movement of water

through the bedding sand. Recommended gradatiopeftestrian applications are provided in Tableirhestone screenings or stone dust
should not be used since they typically have fipessing the No. 200 (0.075 mm) sieve. It is accepta struction practice to use bedding
sand for joint sand. Additional effort in sweepiaigd compacting joint sand may be required to wioeklarger particles down the joints. The
sand should be dry when applied so that it flowslfr into the joints.

=2

Grading Requirements for Bedding Sand
ASTM C33 CSA A231FAL
Siewva Sina Percent Pazsing Sigve Sim Percent Passing

A 9.5 mm) 103 10 mm 100
Mo 4 (4.75 mm) 85 o 1 00 2 mm 95 o 100
N B (236 mm) 85 for 1 00 2.5 mm S0 o 100
Moy 160118 mm) 0o RS 1.25 mm 50 fo 90
Mo 30 {0600 mm) 25 il 0,530 mm 2565
M 50 (0300 mmy 10 30 L3135 mm 11 o 35

Table 1. Bedding and Joint Sand Gradarion for Conerete Pavers and Faving
Slabs for Roaf Decls
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Concrete pavers or slabs

24 in. (20 mm) thick bituminous sand
bed with neoprene adhesive

Azphalt-impregnated protection board

Watarproof mearmbrana

Existing roof deck
min. 2% slope to drain

Figure 8 Neoprene adhesive on an asphalt-stabilized sand sewing bed

Grading Requirements for ASTM No. 9 and
ASTM No. 82 Bedding Materials

ASTM No. 9 ASTM Mo, 89

Sievae Size Parcent Passing Percent Passing
142 in (12.5 mm) - 100
38 (9.5 mm) Lon G0 o 100
No 4 (4.75 mm £5 o 100 20t 55
Mo B (2,36 mm) L0 e 40 5to 30
Mo, 16 118 mum) 0 B 10 Dol
Ne. 50 (0,300 mm) [ ] Ot 5

Table 2. ASTM No. 9 or 89 marerials for the bedding
material may be an advantageons alternative to some
sands for vehicular and pedestrian applications

With any segmental paving system, the final, insdl result should provide a smooth, stable, andresarface. For pedestrian plaza deck
applications, lipping tolerances among adjacent pay units should be no greater than 1/8 in. (3 mnfurface tolerances of the finished
elevations should be no greater than +1/8 in. (£3mh

Bedding and Joint Materials for Vehicular Applications-As with pedestrian plaza or terrace applicatidreziding materials for vehicular
applica tions need to freely drain water so thayttio not become saturated. Again, an essentiibtaature requirement is a 2% minimum
slope. Parking decks with saturated bedding sabgstied to constant wheel loads will pump sandddiieor upward and out of the paving
assembly. Joint sand is carried out as well, assl & interlock follows. An unstable surface reswhere loose pavers receive damage
(chipping and cracking) from continued wheel loddsss and lateral movement of bedding sand cartliesdiam age to and leaks in the
waterproof membrane from loose paving units. Ieva 6lder, vehicular roof deck applications, thesgénbeen instances of bedding sand
becoming clogged with fines over several years. Sthece of fines is likely from a combination dbak of adequate slope, dirt deposited frpm
vehicles and sometimes from degradation and weafitige sand into finer material under constarffitraThe fines eventually accumulate in
the bedding sand and slow drainage. To help preterttedding layer from becoming saturated or béogmriogged, bedding material with &
coarser gradation than that shown in Table 1 magdvantageous for vehicular or pedestrian apptinatiAn example is material conforming
to the gradation of ASTM No. 9 or No. 89 aggred&de See Table 2. The void space in this aggrezmieallow for movement and removal g
fines. Joint sand should have sufficient coarsesesh that it is does not vacate the joints by waylkts way down and into the bedding
material. The bedding material gradation shouldlapewith that of ASTM C 33 or CSA A23.1 joint satalhelp prevent it from working into
the bedding sand.

==

Joint Sand Stabilization--Joint stabilization materials are recommendeskind-set roof appli cations for pedestrian andowghi use. They
are applied as a liquid or mixed dry with the j@and and activated by moistening the joints wittten. These materials reduce infiltration o
water and ingress of fines brought to the surfacedhicles, and they achieve early stabilizatiojoaft sand. Stabilization can help prevent the
joint sand from being washed out by rainfall onviahoout by winds. ICPI Tech Spec 5 Cleaning, Seading Joint Sand Stabilization of
Interlocking Concrete Pavements offers further gnae on the types of joint stabilizers and thepliaptions.

Neoprene adhesive with bitumen-sand beedThis setting method typically involves applyiag asphalt primer to the substrate and then
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placing a 3/4 in. (20 mm) (1 in. or 25 mm maximuhick asphalt stabilized sand layer over it,daled by a neoprene adhesive. The sand
asphalt mix is applied hot and compacted. The amésset into the adhesive after a dry skin forntsthe joints are then filled with sand.
Figure 8 provides a schematic cross-section. Therpa@of membrane manufacturer should confirm cdibitity of the primer, asphalt setting
bed and adhesive with the membrane. Joint sandizatalzan provide early stabilization of the josand. Cement mixed with sand to stabilize
it in joints is not recom mended since the cemantstain the surface of the paving units. Drairgg®ild be provided at roof drains as with
sand-set assemblies. This includes holes in thes sifiroof drains to remove water that collect®Wwehe paving units. Details on drains are
discussed later.

Mortar --While it is not a common setting mate rial, a taobed (approximately 3:1 sand to cement) mayseel to level and secure pavers pr
slabs. This setting method is not used over draimagts. See Figure 9. Like a hitumen setting bexitanis costly to remove and replace
should there be a need for roof maintenance. litiaddmortar deteriorates in freeze thaw climates] especially when exposed to deicing
salts. In ASTM C 270, Standard Specification forrddofor Unit Masonry, the Appendices include déain the Guide for the Selection of
Masonry Mortars. While Type S is recommended, thidgstates caution in selecting mortar for horiabappli cations. While they are not
foolproof, latex or epoxy modified mortars can reelthe onset of deteriora tion from freeze-thaw salts making them accept able for som|
pedestrian applications. However, loading and emrental factors preclude the use of mortar-seigawnits for vehicular applications, and
this setting method is better suited for nonfregzreas.

11

Geotextiles, Protection Board, Insulation and Draiage Mats

Geotextiles-With sand or aggregate bedding mate rials, géitgexill be needed to contain them and keep thesmfmigrating into deck
drains or through wall drains such as scupperadtition, sand or aggregate requires geotextileuitdo pre vent loss into the protection
board and insulation (if used). Geotextile manufearts should be consulted on geotextile selectibe.fabric should be turned up against
drains, vents and other protrusions in the roof@ndg parapets and walls. To contain sand andeggtg bedding materials, the geotextile
should extend up the side. Figure 10 shows thisildehich will help prevent loss of bed ding masdsifrom a deluge of rainfall that causes
temporary ponding around the drains. A separateepé geotextile is wrapped around the roof draiprevent loss of bedding sand or
aggregate.

Protection board--Most waterproofing systems require a protectioarll over them to prevent dam age to the waterprgéfom paving units
and to reduce thermal stresses from temperaturegebaThis can be an asphaltic protection boaodh@mr materials. The manufacturers of
waterproofing sys tems can provide guidance ougigeof protection layers and they can recommencifgpmaterials when this option is
required. Protection board is generally not usecekmcular applications.

Insulation--If a pedestrian plaza deck covers an inhabitedepinsulation may be required. Insulation typycebnsists of foam or fiber
boards placed over the waterproofing. Sometimegahe adhered direct ly to the waterproofing. Iatioh may be tapered to roof drains to
facilitate movement of water into the drains. lagign board in contact with the waterproof membrsimeuld have drainage channels to
facilitate drainage of water under it. Insulatiamder pavers in vehicular applications requiresfoatiesign and execution. As with other
engineered pavements, con sult an experiencedmegamiliar with these appli cations. A securealian for insulation is sandwiched in pla]
inside the concrete deck.

T
()

Kortared joints
Concrate pavers or slabs

Parmpel or building wall
Cancrabs pases of slaba

Gaotextibe 1 f. (0.3 m) wida
at all perimeters flashed up

Fligire 9.
Mortar bed
wider penving
R A

Blinimum 2 in. (50 mm}
thick mortar seiting bed

Protection sheal & board T
= Joirting sand
Watemproof membrana Iy
= t-ﬂ‘.-b e -
Rool dack min, 2% shopa ;:‘; oy iy . ] Bedding sand
b 3 ] i
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e} of bullding wall and min
- ¥ 2% shope to dmin
Figure 10, Dewaif showing georeviile af all edges of sond and agerepate
bedding courses for a pedestrian applicarion,

Drainage mats-Drainage mats are generally placed under bedsiing and over waterproof mem branes to acceleraiteade of water from
the sand. Drainage mats are typically 1 / 4 t@ 3. (6 to 10 mm) thick. They consist of a plasticicture covered by geotextile. The structyre
and geotextile support and contain the bedding sadér the paving units while allowing water to radmto it and laterally to roof drains.
They are recommended in pedestrian applica tiodsmm sand setting bed. They should be placedniisnum of 2% slope. Installation of
drainage mats for pedestrian applica tions shaald at the lowest slope on the roof with the wpriceeding upslope. Flaps on each should go
under the next (in a manner similar to placing slihgles) so that the water drains from one sedtidhe next. This helps prevent water from
leaking under the mats. While mats reduce the atmmfumater reaching the waterproof membrane, theynat a substitute for deck
waterproofing. The paving installa tion contractbould install mats. Drainage mats are typicallypsied in rolls making them difficult to
flatten, and they often don't remain flat duringtailation. An adhesive between the mat and watefpnembrane will likely be required to
maintain flat drainage mats during their instatiatiDrainage mats can be used under foam or plaetiestal systems. While drainage mats
may be tested according to the compressive stréagtimethod in ASTM D 1621 (10), they may reqaidéitional test ing by pre-loading to
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ensure that they will not crush under loads fromphdestals. Drainage mats should not be used velietes. Mats deflect under wheel Ioalis,
eventually fatiguing, compressing and deformingpé®ted deflection tends to shift the pavers, bepdird joint sand, making interlock

difficult to maintain. The deflection causes thimfsand to work its way into the bed ding andlibdding sand shifts under loads, espe cial
when saturated. The loss of joint and bedding saittl,possible eventual crushing of the mat, retaitater and this can saturate the bedding
sand.

<<

Waterproof Membranes
The choice of waterproofing is influenced by thelagation, the project budget, the deck materiadar it and the type of structure supportifg
the roof. There are three broad types of waterpmgahateri als used under concrete paving uniteyTre sin gle-ply, liquid membranes,
built-up or modified bitumen roofing. A brief degation of these materi als follows with their contipdity to segmental paving (11,12).

Sealant
Joirit fillerisealant

Joint sand with stabilizer'sealar

Concrete pavers or slabs

Bedding sand
I maimum 1 in. {25 mm) thick

i Geotextila

Watemproof membrana
t-— Roof deck min. 2% slopa to drair
Bolt to roof deck

Galvanized sted angle

Sealant
Fligure 1. Edge restraint detail at a roof construction foinf for pedesiian roof
applications (14)

Single-ply roofing is strictly for pedestrian appétions and it is the most widely used waterprapfit is typically made from vulcanized
(cured) elasto mers such as ethylene propylene diemomer (EPDM), neoprene, or butyl. These flexditleets have excellent weathering
properties, high elongation and puncture resistavteen assembled on a roof, the sheets are spitigether at the job site with an adhesive
The entire assembly of sheets can be loose laidbalteist provided by paving units. They also campéwtially or fully adhered, or mechanical
fastened to the roof deck. Another type of sindlempembranes includes non-vulcanized elastomeiis as@olyisobutylene (PIB), chlorinate]
polyethylene (CPE), chlorosulfan ated polyethyl@B8PE). These materials are usually reinforced aipolyester mat laminated between tyo
plies. Thermoplastics such as polyvinyl chlorid¥ @} sheets are heat welded in the field. Like tastemers, PVC is loose-laid with ballast
paving units, partially or fully adhered, or meciuatly fastened to the deck material. Rubberizgthak membranes and polyethylene
laminates have been used extensively to waterpedéstrian plaza decks. Prefabricated sheets ate imamall sheets and are spliced
together in field. They generally are fully adhetedhe concrete deck, so their longevity is higidpendent on the quality of the workmanship
in splicing and on the smoothness and quality efdbncrete. Manufacturers of single-ply membrahesilsl be contacted about the extent o
warranties on the field splices under paving uritiditional measures may be necessary to proteciflices from the paving. This can include
installation of a second, sacrificial membrane tajieectly under the paving units. Liquid applie@émbranes are installed either hot or cold
depending on the materials. Rubberized asphalt mamb are hot applied to the concrete deck to foomntinuous coating with no seams.
These are for pedestrian plaza decks only. Coldeapliquid resins and elastomers such as polyuzed are generally suitable as
waterproofing on con crete decks subject to vehicuse. Sprayed-in-place polyurethane foam acas assulator and as water proofing. The
material is soft and is not recommended for ush wdincrete paving units. Built-up roofing is madeni paper, woven fabric or glass fiber
mats, polyester mats or fabrics adhered togethaiténnating layers with bitumen or coal tar. Theeor surface of the layers is covered wit
bitu men or coal tar. Built-up roofs use concreagays or slabs as a walking surface to prevent euedipunc ture of the membrane, especial
around mechanical equipment. The use of pedesttdrag should be avoided in built-up roofing duthtolikelihood of indentations in the
layered waterproofing materials. Modified bitumemsists of plastic or rubber additives pressedasfghalt sheets. They are installed by
heating the sheets with a torch and applying thetha deck substrate, or by mopping bitumen andrsggthem to the substrate with it. Sonje
systems use cold cement or mastics to adhere éegssto the substrate. Some modified bitumen watefipgs create overlap "bumps" every
yard (meter) or so. There can be an additionaltoactton cost to avoid these when using a pedsgsiem. These systems do not require
segmental paving ballast unless insula tion nestie secured in place. While these sys tems aeragncompatible with concrete paving
units in pedestrian applications, manufacturersilshibe contacted for verification of use with payimits under vehicular traffic. Each of
these waterproofing systems has advan tages amdvdistages on speed of installation, costs, difsabitd manufacturer warranties. Many
water proof membrane manufacturers require thefissofing contractors that have been certifiethsiall a particular manufacturer's roofing
system. The subject of roof waterproofing is laage outside the scope of this publication. Theeenaainy references on roofing and
waterproofing systems. An overview is provided molRng--Design Criteria, Options, Selection (12}h€r resources are publications by thg
National Roofing Contractors Association at httpwiv.nrca.net and the Roof Consultants Institutetgt//www.rci-online.org.

T

= 3

y

Deck Structure Systems
Concrete-There are four types of concrete deck structsyatems (11). They are reinforced concrete slads;tpnsioned slabs, pre-stressefl
precast ele ments such as "T" beams with a contmepéng, and concrete poured onto and formed ésl stecks. Each type responds to
waterproofing differently. For example, volumetcitanges in reinforced concrete slabs can causetigh cracking in liquid-applied
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membranes and some fully adhered bituminous sys. teost-tensioned slabs are generally suiteddoidiapplied membranes because the
slabs have a low amount of deflection and cracKiogse-laid waterproofing systems are suited f@rqrecast ele ments because they carf
accommodate the many joints in the deck, whereagllapplied and fully adhered membranes are promneflective cracking and splitting af
joints. In lighter, less expensive roofs, the ceterdeck is poured onto and formed by a corrugsteal deck. In some cases the concrete is
lightweight, i.e., weighing less per cubic footombic meter than ordinary ready mixed concrete. Weight of lightweight concrete is reduce
by using lighter aggregates and by air-entraintimgconcrete mix. Lightweight concrete reducesdoauthe columns and beams, thereby
reducing their size and expense. (See Referentmr fi&ther information on lightweight concretefe8l decks topped with concrete should fpe
vented so that moisture can escape if waterproofédliquid-applied or fully adhered materials. Semvaterproofing manufacturers do not
recommend use of their materials over light weigiricrete.

=

D
(%)

Steel-Corrugated steel decks are generally cov erdd witulation and loose-laid single-ply membrandgs Thexpensive assembly often us|
ballast made with lightweight concrete paving unitsese assemblies typi cally do not use heavieagst concrete pavers or paving slabs.

o k i "
P = et R i= L S -_Jr'l i L)
Figure 12, An absence of edge restrainty and wse of a sealant in this
construction joint caused the pavers to shift and open their foints on
both sides af the sealant.

Design Considerations

Detailing for movement for pedestrian applicatiors--Roof joints should be located when there isange in roof direction, dimension,
height, material, or when there are extreme défares in humidity or temperature within a buildiMpst roof structures have joints that allo
each part of the structure to move independenttytdisettiement, seismic activity and thermal esparicontraction. There is usually a
flexible sealant in the joint to prevent water fremtering and leaking into the space below. Thiaseaan be a compression seal squeezed]into
the joint, or a more expensive and durable strig. Festrip seal is a length of flexible materiasfened to metal clips secured to the concrete
deck. The strip seal flexes with the movement efdtjacent structures. Figure 11 illustrates & jaia concrete struc ture and with sand-sef
paving units over it. Expansion joints should lemated as pavement edges. As with all segmentahmaveconstruc tion, an edge restraint is
required to hold the units together. Figure 11 sheteel angle restraint on both sides of the jirt secured to the concrete deck. There shpuld
be a compression seal at the top against theexlgelrestraints, as well as one between the cendeeks. This detail is recom mended at rgof
expansion joints for pedestrian applications. Tatail shows the paving pattern stopping at a joitihe deck and resuming on the opposite
side. The sealant is joined to the edge restraithtnat to the sides of the paving units. The use sdilor or soldier course of pavers on both
sides of the joint will present a clean visual lireathe pattern. Figure 12 shows the consequenfaest stopping the pattern with an edge
restraint at an expansion joint. The pav ers sépduand exposed the bedding sand and waterproobraee Parapets or building walls can
typically serve as edge restraints. For sand-sghgassemblies, expan sion material should beepladetween the outside edge of the pave|
and vertical walls of buildings when functioningseparate structures from the deck on which thengasnits rest. Figure 13 shows this detdi
with expansion material. It should not adhere ®phving units or the wall, but should independeatipand and contract with their
movement. Expansion materials at the perimetene@pavers are not neces sary to place against avglsrapets when the pavers are restinfy
on the same structure as the walls. Figure 1Qiidtes this condition.

-0
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Sealant

Control joint matarial

Concrate pavers or slabs

{max. 12 x 12 in. or 200 x 300 mm}

Geotextila 1 ff. (0.2 m) wide
at all parimetars flazhad
up at edge

Bedding sand
Drainage mat
{gluad in placs)

" —— Waterproof membrane

- Roof deck min. 2%
alope to drain

Control

joint matarial
Figure 3. Detail at building wall not joined 1o decking wsing pavieg units and
bedding sand with a drainage mat for pedesirian applications only

Concrete pavers

3178 in. (80 mm) minimurn thickness
Mominal 1 in. (25 mm) bedding sand
Geotextile

Azphalt joint filler/'sealant
Watarproof membrana

Epomxy grout fillsr

Seal at joint

slopa ta drain

Figure 14. Edee resiraine detail ot a roof expansion joint for vehicular applications

.JI .’r- _IH
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Figure 15, An absence of holes in the sides of this
reaf drain led fo ponding.

Detailing for movement for vehicular applications-Figure 14 details an expansion joint in a roglagation subject to vehicles such as a

parking struc ture. Although compression sealsbhmnsed, this assembly uses a strip seal for bigdtpe joint. The ends of the concrete deqk
are formed as edge restraints to hold the conpeeters in place.
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23/8in. (60 mm)vs. 31/8in. (80 mm) thickgpers for vehicular applications-Most vehicular applications with pavers are supgmbby af
concrete structure. The support from such a streésuoften is used as rationale for using pavesdre less than 3 1/ 2 in. (80 mm) thick.
Thicker units render greater vertical and rotatiomigriock. Using concrete pavers less than 2 1. (80 mm) thick in vehicular of

applications increases the risk of reduced surdtaaility by reduc ing horizontal and rotationakiriock under turning and braking vehicles.

Weight--Concrete pavers, slabs and bedding material$ substantial weight on roof structures. The stmesupporting these materials
should with stand dead and live loads. The advi@estructural engineer should be sought to askessapacity of the roof and tolerable
deflections from paving-related loads especiallewhnits are added to an existing roof deck stractlhe weight of paving units can be
obtained from manufacturers for the purposes o€ghting loads. Bedding sand (1 in. or 25 mm thigkighs approximately 10 Ibs. per sf (49
kg/m2).

Resistance to wind uplift-The designer should consult Loss Prevention BatRoofing Contrac tors Data Sheets published dgtéry
Mutual (FM) Engineering Corporation (15). Data Skele28 and 1-29 provide design data includingmidmum pounds per square foot (o
kg/m2) of paving unit weight required for resistanceviad uplift. The FM charts consider wind velocjigessure on roofs at various height
in different geographic locations. Design pressaresthen compared to the type of roof construcfanapet height and the whether the pay
ing units have tongue-and-groove, beveled jointsre strapped together. Some high wind regionstmasg local building codes with
additional weight requirements for paving unitgesally on high-rise buildings.

L2

Slope for drainage-A flat or "dead level" roof, i.e., one with not@h, should never be designed. A dead level roesdmt drain, creating a
high risk of leaks in the waterproofing, as weflatential satura tion of bedding sand (when usEg®. membrane will be exposed to continugl
standing water and ice that accelerates its dettionm and increases the potential for leaks. Likewpaving units and bedding materi als in
constantly standing water subject to many freezethaw cycles will experience a decrease in the#ful life. Regardless of the deck substrate,
it should be built with a minimum 2% slope to draiis may be dif ficult to achieve with certainciie sloping toward area drains and somg
decks are built flat and then a topping applieddbieve slopes. The designers should take evemyraypyity to use deck systems that enable
construction of a minimum 2% slope as some toppangsot waterproof and flat roofs will eventudégk.

Slopes for pedestrians and vehiclesThe maximum slope is constrained by the need fowsm fortable walking surface and the maximum
percentage is typically 8% (4.5°). For driving sues, the maxi mum recommended slope should needx20% (11°) and ideally should no
exceed 8% as such sur faces often will often sdegtean use. For slopes exceeding 4% with expdsurehicles, consideration should be
given to using bituminous-set rather than sandygems.

Roof drains--Depending on the design, roofs are drained at ¢duiges and/or from the interior with roof drailghen roofs decks are loaded
with dead and live loads, they will deflect. Conitih deflection over time results in deformatiorttad roof. This movement can make drain
inlets or scuppers adjacent to columns or on fréimes at the perimeter the highest points of tted. réherefore, sufficient pitch to the roof thft
accounts for such deflections is essential to coatidrainage. In addition, the surface of the pgahould be a minimum of 3/ 16 in. (5 mmll
above the inlet of roof drains. When sand or agapeets used for bedding or fill, it is essentiattholes be in the sides of drains to allow wajer
to escape the bedding sand. The bottom of the kblasld be at the same elevation as the top ofrétterproof membrane. As previously
noted, drains should be wrapped in geotextile éwgnt loss of bed ding material through the draile$ Figure 15 illustrates ponding aroungl a
parking deck roof drain that didn't have drain kdteits sides to drain subsurface water. Figufearid 17 illustrate a possible drain solution
with holes for a pedestrian roof and parking déak. paving slabs with pedestals, the slabs geyeasd! located over roof drains, or are cut tp
fit around drains (see Figure 5). Bitumen-set asskes require holes in the sides of the drainginove water that may collect below the
paving units. Bitumen and neoprene must not bevalibto clog roof drains or holes on their sidesrdpinstallation.
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Concrate pavers or slabs
1 in. (25 mm) thick bedding sand

Geotextile—Turn up and back at drain
and at all vertical surfacas

Protection board grooved bottom

for drainage

Rigid insulation—thickness varies
with local codes and climate
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Roof drain-wrap
in geotextile
asket

Hales for drainace

Waterproof mambrane

Roof deck min. 2%
slopa to drain

Figure 16, A4 drain detail for a pedestrian plaza deck over habitable space.

Concrete pavers 2 1/8 in. (B0mm)
minirmurm thickness

1in. 25 mm) thick

bedding sand

Gaatextile—turn up and back
at drain and at all vertical surfaces

Protection board
as required

Roof drain—wrap in gectextile
Holes for drainage

Concrate roof deck
min. 2% slope to drain

Waterproof membrane

Figwre 17, A drain detail en a vehiowlar reaf application.
Raising elevations-New and rehabilitated roofs may require fill nrékfor raising the paved surface so it conformadjacent elevations.

sidered if there are load limitations. These filiterials are often placed over a water-proof mendr@onsideration should be given to usin
insulation and protection board over the waterproefbrane. Attention in detailing and during camstipn should be given to how the fill
materials will meet vents, skylights and other prsibns in the roof without damage to them, thiaistiing, or to their water proofing. Open-
graded bases will require geotextile under therotdain them. The fabric should cover all sidethefbase. Dense-graded aggregate base
materials are not recommended since water canctallehe bottom of the base and soften it. Owee fithis condition can increase the
potential for deformation of the base under remkathicular wheel loads. In addition, aggregatelmaaterials can shed fine particles that,
over time, can clog geotextiles and drains. Coecretphalt, or open-graded bases are preferrétimaterials since they do not deform whej
continually exposed to water. In addition, theydseh shed parti cles into the roof drains so theg@nt a much lower risk of clogged geotex
and drains. Due to its high temperature at apjdinagisphalt may not be compatible with some watefopmem branes, insulation, or

The deck surface receiving the fill material shasltmpe a minimum of 2%. Fill materials are typigalbncrete, asphalt, or open-graded bas¢.
The structure should be evaluated first by a stratengineer for its capability in taking the adxfial load. Lightweight concrete may be com
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protection board. All fill materi als should be rewed with the manufacturer for compatability witiese components. Other important
considerations are the minimum thickness to whiehfill materials can be applied without crackimglaleterioration from freeze-thaw cycle
and salts. The design and selection of fill matesaould address movement from temperature chauipeation (if exposed to vehicles) and
seismic activity.

7

Figure 18, 4 mechanical screed wsedio level  Figure 19, Mechanical equipment wsed io
bedding sand an a roaf parking deck project.  insiall concrete pavers on a roof deck,

Construction Considerations

Low slope roofs and waterproofing systems are geltydanstalled by a specialty roofing subcontracth second subcontractor specializing
the installa tion of segmental paving supplies iasthlls bed ding materials, pedestals, pavertabssfter the waterproofing is placed by th
roofing contractor. Installation of protection bdand/or drainage mat may be by the paving comtractroofing contrac tor depending on the
project specifications. Testing of the waterprogffar leaks and any repairs should be completeat pwistarting the paving.

=]

Job Planning--Roof jobs are typically built in a very limitegpace. There will be an additional expense of motirgpaving units from the
ground to the roof. Most roofs may not have spacgtdre cubes of pavers and stockpiled sand, ahdyfdid, they most likely do not have thje
structural capacity to withstand their concentrateight. The advice of a structural engineer shdgldhould be sought on assessing the
maximum load capacity of the roof to safely supploetweight, packaging and distribution of all nnitis deliv ered to the roof, or a crane
used to lift them from the exterior. Forecastingvdey time for moving pavers to the roof, as wasdl sand, ped estals, saw(s), tools, geotextjle
and crew to the roof is a critical to accuratelf esting roof projects. Labor functions and castsst be tracked on each proj ect for use in
future bids. For example, additional time and exgemay arise from the need for the paving contraotplace temporary protection on the
waterproof membrane to prevent damage during aact&gin. A one-story parking garage may allow altenials to be driven onto and
delivered quickly to the roof. A multi-story parkjgarage with pavers on the top floor may havdta 6 in. (2 m) ceiling height that will not
allow delivery of pavers and sand in large trudksicks with a low clearance will be needed to moagerials through the structure and to tie
roof, or craned to the roof. The packaging of nomstcrete pavers and slabs allows their transpdhet@oof via elevator or crane during
construction. Roof access, construction schedulimgcapacity of the roof to withstand loads froackaged materials, and reduction of labdr
costs will dictate the economics of using a crangansport materials to the roof. The roofing caciior often handles this. In some cases, &
elevator may be the only means of transport. Amgta of using only an elevator to move crews, t@old materials was to the observation
deck on the 86th floor of the Empire State BuildimgNew York City (Figure 1) where the deck wasalktitated with concrete pavers. The
layout of paving slabs can be more demanding theralyout of interlocking concrete pavers. Somégiess prefer joint lines to be located in
particular places such as centered at columnsaocases. Careful planning of the layout will spaested cuts and adjusting the pattern on pite
to conform to the drawings and design intent. Some railing posts along the perimeter of a roof meguire coring holes in paving slabs t¢
fit around them. In addition, paving units may néethe cut to fit against moldings and other prsisaos from parapets. The location of the
pattern and cutting should be anticipated in adeari¢he construction.

=

Figure 20, Facunm assisted mechanical equipment for installing paving slabs.
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Installation of bedding sand-After placing the geotextile, the bedding sanddseeded using screed bars and a strike boarthtd25 mm)
thickness. Mechanical screeders may be used om dirck jobs as shown in Figure 18. This shows 40s9(3,715 m 2 ) of pavers on a
concrete parking deck next to a condominium houpiogect. Once the bedding sand is screeded, therpare compacted into the bedding
sand. Sand is spread, swept and vibrated intothesjwith at least two passes of a plate compaEtaress sand is removed upon completio|
of compacting. For larger than 12 in. x 12 in. (30 x 300 mm) slabs, bitumen or pedestals are remnded as the preferred setting methpds
rather than a sand bed. If placed on bedding dargkr slabs tend to tip and tilt when loads aee@tl on their corners. Pedestals and bitumgn
are more stable assemblies for pedestrian apglitatWWhen compacting paving slabs with a plate @mtqp, using "add-on" rollers on this
equipment should be considered to help eliminateaf damage. Some jobs may require slabs to caetpleover the roof right up to the
parapets and protruding vents. If full slabs dofitatext to vents and parapets, the slabs arecsdand placed on pedestals next to them.

=)

Mechanical installation--Roof decks can be built by mechanically placing paving units. Figure 19 shows a parking deckgistalled
with mechan ical equipment. Slabs can be instali¢ld vacuum equipment that relies on suction tdgrad place each unit. See Figure 20.
most jobs, these kinds of equipment can not ruectiir on the waterproofing. They must run overalistl concrete pavers. Therefore, a
starting area of pavers may need to be placed g dad the equipment placed on it to continue thwang. Further information on mechanicl
installation is found in ICPI Tech Spec 11--Mechmahinstallation of Interlocking Concrete PavemeRsgardless of the installation method|,
all federal, provincial, state and local workeretgfrules should be followed for fall protectionaéws working on roofs.

or

Figure 21. The plaza areq around Scope Center in Norfolk, Virginta, (feff) and one side of the Alame Dome (right) in San Antonio,
Teovas, imelude roof plaza dedhs surfoced with eoncrete pavers,
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