City of Alexandria, Virginia

MEMORANDUM
0 INDUSTRY NO. 10-11
DATE: OCTOBER 7, 2011
TO: CONTRACTORS, DEVELOPERS, AND DESIGN PROFESSIONALS
FROM: EMILY A. BAKER, P.E., CITY ENGINEER

TRANSPORTATION & ENVIRONMENTAL SERVICES

SUBJECT: PAVING FOR PARK AND PLAZA AREAS WHICH ARE TO BE CITY-
OWNED AND MAINTAINED

Effective immediately, the City of Alexandria will allow an expanded range of paving materials
to be installed in newly constructed or redeveloped park and plaza areas which are to be owned
and maintained by the City,

The Department of Transportation and Environmental Services (T&ES) has the responsibility for
maintaining paved areas within City-owned parks and plaza areas. In order to allow greater
flexibility in terms of design, performance and appearance, the City shall allow an expanded
range of paving and installation techniques for these areas. This Memo sets out;

s the arcas of City-owned land where the expanded range of paving materials and
installation is permitted

* the range of paving allowable, and

s the specifications for installation.

Background

The City maintains standards for paving installations on City-owned land in order to ensure a
level of performance of paved surfaces, to facilitate its maintenance operations, to allow visual
coherence and appropriateness (for example in historie districts) and to offer a clear direction to
developers, contractors, design professionals and homeowners who are developing in the City.

The existing City standards for paving, and where they arc permitted, can be found here:

» City's Memo to Industry 05-08 Standards for Brick Sidewalks:
http://alexandriava.gov/uploadedFiles/tes/info/StandardsforBrickSidewalks%20.pdf



* Paving materials for areas of Mt. Vemon Ave (see streetscape section):
http://alexandriava. gov/uploadedFiles/planning/info/MtVemonAvenueurbanDesignGuide
linescompletel 993 pdf

Where is the expanded range of paving materials permitted?

The expanded range of paving material and installation techniques set out in this Memo applies
only to areas of public parks or plazas which are maintained by the City's T&ES Department. It
is intended that these areas are suitable for larger scale paving installation (either new areas of
construction or areas previously developed) rather than localized or piccemeal installations, or
repairs. The suitability of the site for installing the expanded range of paving shall be agreed by
the City to the satisfaction of the Directors of T&ES and P&Z (Planning & Zoning), and in the
case of Parks also to the satisfaction of the Director of RP&CA (Recreation, Parks & Cultural
Activities).

City-owned Parks

The City parks covered by this Memo and applicable for the expanded range of paving
are the publicly-owned parks identified on the City's website. The full list of Parks
arranged in alphabetical order can be found here:

http://alexandriava. gov/recreation/info/default.aspx?id=12342,,

The actual boundaries applicable to the expanded range of paving materials shall be
determined in the development review process to the satisfaction of the Directors of
BP&CA, T&ES and P&Z.

City-owned Plazas

The plazas covered by this Memo and applicable for the expanded range of paving are
the publicly-owned open arcas which are primarily paved in character and frequently
found in urban locations. Plazas shall be considered to be outside the public right-of-
way.

The actual boundaries applicable to the expanded range of paving materials shall be
determined in the development review process to the satisfaction of the Directors of
T&ES and P&Z.

Property that is privately-owned and maintained is not covered by this Memo, nor are City
sidewalks and drive aprons, which are covered under separate paving standards. For the relevant
paving standards for sidewalks and drive aprons, see the Memo to Industry 05-08 (listed above).

Paving materials

The two sizes and types of paving materials covered by this Memo shall be permitted in addition
to the materials already allowed as City Standard paving materials.



Both types of paving units are extruded clay pavers, with specifications described below. For
each type of paver, three altematives (substantially similar in appearance but from different
suppliers) are provided:

Paving Unit Type A
Dimensions:
4% 127 x 2 Vo
Color and manufacturer information:
i. ‘Sienna Blend Paver A" by Belden
ii. *Midnight Black L-4" by Interstate
iii. *Sienna Manganese Ironspot’ by Endicott

Paving Unit Type B
Dimensions:
g x g x2 !
Color and manufacturer information:
.. ‘Lighthouse Gray' by Belden
ii.  ‘Platinum L-4" by Interstate
iii. “Grey Velour' by Endicott
Manufacturer contact information

Belden Brick Company Interstate Brick Endicott Clay Products

PO box 20910 9780 South 5200 West PO Box 17

Canton, Ohio 44701-0910 West Jordan, Utah 84088- Fairbury, Ne 68352
5689

(330) 456-0031 (B00) 233-8654 (402) 729-3315

www.beldenbrick.com www.interstatcbrick.com www. endicott.com

Paving Installation

Detailed paving installation specifications are provided as attachments to this Memo and shall be
used in conjunction with the expanded range of paving materials.

The installation specifications are versions of the Brick Industry Association's (BIA) Technical
Notes for a sand setting bed and a bituminous setting bed. Either type of setting bed (sand or
bituminous) shall be considered by the paving installer and by the City, with site specific
conditions and paving performance taken into account in determining the correct type of setting
bed installation. The BIA specifications have been amended to meet the specific requirements of
the City of Alexandna, with any specific conditions which do not apply to those requirements
deleted.

The specifications are intended to provide standards for installation and offer variations to suit
both the proposed performance of the paving and the site conditions. Given the range of site
conditions within the City, and the varying performance expected for specific projects, these
installation specifications will not adequately cover all types of installation. The installation for a
specific project shall be directed by a professional paving contractor or designer, and shall be



approved through the development review process to the satisfaction of the Directors of T&ES
and P&Z, and in the case of Park installations by the Director of RP&CA.

Attachments
Attachment A: Installation on Sand Setting bed
Attachment B: Installation on Bituminous Setting bed
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SUMMARY OF RECOMMENDATIONS:

General Clay Pavers

* Dlenmine if application is pedestrian, light duty vehicular
or heavy duty vehicular
= implement neguiar mamienance program io maintain
pavars in & sake and sandoeable condition

Patterns

» Use hermingbona patiem for pavements subject to
vehicular irafic

-mmmmmmw

Dralnage
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concrede and impenmaabls bases provide wesps

ihrough base

Edge Restralnis

+ For pavemants subject to vahlcular traffic, vse concrete

o slone curbs or seel angles anchoned 1o a concrete

base or foundafion or a propriatary sysiem rated for
iraffic

* For all ofher pavernents, use any of the abowe or clay
paveds in a concrate foundation, propristary plasic or

spiked infc aggregate
mmmw vertical face ai paver interface

INTRODUCTION

This Techmnical Mole covers the design, detailing and
specification of clay pavers when laid on a sand
satting bed (see Figure 1). Refer to Technical Nole
14 for clay paver design considerations, including
traffic, site conditions, drainage and appearance.
Sand-set pavers are the most cost-affactive method of
consiructing a pavement made with clay pavers. Tha
sysiem relies upon developing interlock in the paving
course, which is generated by friction batween the
pavers and the jointing sand, This enables the pavers
to function as part of the structural pavement system.

Fefar to tha City of Alexandria’s Memo 1o Indusiny o
the type of paver unit bo be used,

Joint and Setting Bed Sand
* Use concrete sand complying with ASTM C 33

This saction of the BIA Tech MNole doas not apply o the
City of Alaxandria’s clay paver nstallation specification
per the City's Memo 1o Indusbry xcho:,

Concrote Base

* For concrete bass on ground, provide control joints
gcndlmlﬂ'm 12 # (368 mjac

= For elevabed concrabe slab, provide conirol joints through

* Rafar o Technical Nofe 14
Edge Resiraint —

Clay Pavers
Selting Bed

Figure 1
Typical Brick Pavement

© 2007 Brick Industry Association, Reaion, \Virgires
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This section of tha BIA Tech Mole doss not apply to tha City of

Applications

Clay pavers sel on a sand setting bed are
appropriate for virually any paver application,
ranging from pedestrian to heavy duty vehicular
traffic. At & minimum, the syslem requires cay back
pavers and a sand setling bed, compacted after
paver placement. Depanding on subgrade conditions,
additional layers, base and subbasa may ba
required.

This section of the BIA Tech Note does not apply o the
City of Alexandria’s clay paver installation spacification per
the City's Memo to Industry oux.

Alaxandria’s clay paver installation specilication par the Ciy's Mama
|10 Industry xxfxe
,u'r Clay Pavers

Min. Y8 in. (1.6 mm) to Max.
| 36 in. (4.8 mm) Sand Filled Joints

Min. 1to Max. 12 in. (25 to

| i | 38 mm) Sand Setfing Bed

_—
-

Commarclal/Public Plazas and Walkways. With
increased pedestrian fraffic and increased risk of injury
from any localized differential displacements, these
types of applcations require & firm pavement, similar
to that of ressdential driveways. For plazas, however, a
minimum 4 in. (102 mm) compacied aggregate base
and subbase typically are used (see Figure 4), Nole
that for thase applications on sites consisting of sity
or clayey solls, geotmdile should ba placed on the
compacied subgrade, below the subbase

The sand satling bad thickness should b 110 1% in,
(25 to 38 mm). The base typically consists of coarsa
aggregate (gravel) of vanying gradation, compacted
o & minimum thickness of 4 in. (102 mm) wsing
mischanical tamping or vibration.

v oibnick. oom | Brck Industry Assocabion | TH 144 Pﬁﬁmmﬂmpmm;mm-ﬂu Fage 2 of 13



Clay Pavers Light Duty Vehicular. For parking areas and
neighborhood sireats serving light duty wehicles, the
—— Min. Y& in. (1.6 mm) to Max.

3 in. (4.8 mm) Sand Filled Joints brick pavement section should be similar to that of
| a residential driveway, but with a more substantial
f Min. 1 to Max. 1%2 in. (25 to base. A pavement with a concrele base as depicted
| 38 mm) Sand Setting Bed in Figure 5 or a thicker aggregate or asphall base is
rEgUiired.

Heavy Duty Vehicular. Paving systems exposad

to more than 251 daily equivalent single ade loads
(ESAL) from trucks or combination vehicles having
three or more lcaded axdes are considerad heavy
duty vehicular applications. Such paving systems are
beyond the scope of this Technical Note series. For
furthér information about heavy vehicular applications,
refer to Flexible Velewar Brick Paving — A Heawy
Duty Applications Guide [Ref. 6]

Ly MTn 4in. :’Tﬂimm}{:mufa_i:l_ ?'_-'
= Base

GENERAL DESIGN AND DETAILING CONSIDERATIONS

Interlock

Sand-set pavers interlock with one another by generating friction across the jeints. This is the result of tightly
packing sand into the joints during the vibration process. The intarlock improves as the pavement is subjected to
traffic. Thede are three types of interock present in a sand-sel paver pavement when properly constructed: vertical,
horizontal and rotational interock. Interdocked pavers cannot be readily extracted from the pavement.

Vertical interlock allows load transfer across joints batween pavers. When a load is applied to one paver, a portion
is transfemed through sand in the joints to adjacent pavers, as shown in Figure 6, distributing the load to a greater
area and reducing the stress on the sand bed and the underying layers. Vertical inferlock allows a paving layer o
acl as a structural layer. Without vertical interlock, the pavers do not act as a structural layer, and localized stress

on the sefting bed directly under a loaded paver is increased. Pavers installed on a sand setting bad should not be
laid with 1/4 in. (6.4 mm) joints, because this is 100 wide o achieve interfock, making the pavers unable to transfar
load to adjacent pavers. The proper joint width is 1/16 to 3/16 in. (1.6 to 4.8 mm).

Rotational interlock is the result of [ateral resistance from adjacent pavers and adequate adge restraints, as shown
in Figure 7. it is improved with full joints that support the top of the paver. Without adequate restraint, the pavers
can roll in the direction of lateral loading, which may result in an imegular surface profile.

Load Load »

Narrow Joints Rotational Interiock
Vartical Interlock
¢Lu&d Load
g !!!#—--
Wide Joints Mo Rotational Interiock
Mo Vertical Intarlock
Figure G Figure T
Vertical Interlock of Pavers Rotational Interlock of Pavers

WM|mmm!m1M|msmmmm on & Sand Selting Bad F;nauna



The antent of horzontal interdock depends upon the
laying (bond) pattémn of the pavers and the edge
restraint. Patterns that have staggered joint ines allow
the load to be distributed to a larger number of pavers,
a5 shown in Figure B. This reduces joint compressive
stress and potential for horizontal creep of pavers.
Continuous joints result in minimal load dstributon
and intréased join! compressive siress, which may
produce horzonial movemant.

Pavement Section

e Clay Pavers
Sand Sefting Bed
Concrete Base
Control Joint

Load
over a flexdble or rigid base, including aggregate,
asphalt, cement-treated aggregate or concrete Horizontal Interlock
bases. For further information on bases, refer to
Load
The design of the base |z beyond the scopa of this
Technical Note, and the advice of a qualified and
experiencad pavemant designer shoulkd be sought.
For prefiminary design, it is reasonable o assume

that a minirmem of 4 in. (102 mm) of concrate,

cemeni-freated aggregate, asphak or aggregate base

will be neaded for sand and graved subgrades. For

raskkankial-deasaway, commercial/pedestnan and kght

duty wehicular apphications with clay or silt subgrades,

an additonal 4 in. (102 mm) of aggregate subbasa

or base should be added to each option. Additional

susceplible to frost heave or when the pavemant must
Alexandria’s| support heavy ade loads from trucks. Figure 8

Concrete bases should be reinforced with welded wire Horizontal Interlock of Pavers

fabric or reinforcement bars and should have conrol

joints spaced at 12 ft (3.68 m) intervals to control

expansion and contraction. To minimize movemant of

slabs, detail movement joints as shown in Figure 9.

Controd joints in suspended struciural slabs should

extend through the entire siab and align with an

expanaion joint thraugh the pavement above. Control

joints should have dowels or @ keyway 1o limit vertical

L] b L

Vehicular Traffic NNy L e s is aane]

For Iight duty vehicular paving systems, a massmum

traffic speed of 30 mph (50 kph) s considered

appropriate for pavers in a sand setting bed. When

frequent vehicular traffic is anlicipated, additional

altention is required fo ensure that joints between

pavers remain filled with sand. Higher speed Figure 9

applications require more vigilance, as the intemock Control Joints

between pavers is reducad with sand loss. Paving
systems for vehicular traffic applications usually will
include a compacted subbase to disiibute loads (zee

Technical Note 14
SUCKINSR: 1Ny Da: TN Wik e SigmOa Mo Haorizontal Interiock
separation across the joint

A A R, T
Figure 5).
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Field Pattern Brick
Cut as Necessary
to Ensure Good Fit

Gto 8in. (152 to 204 mm)
Header Course Cut as

Mecessary to Ensure
it

Edge of Band Aligned with
Building Column +/~ 2 in,
(12.7 mm) to Ensure Good Fit

Figura 10
Pattern Options to Maintain Specified Joint Widths

The designer should consider the bond pattemn for vehcular traffic applications. Any pattern may be used under
foot traffic. When vehicles operate on a pavement, patiems that distribute horizontal loads (i.e., loads from tumning,
accelerating or braking vehicles) across multipie pavers, such as hemingbone, are recommended. Patterns with
continuous joints, such as stack bond or running bond, are more suscaptible to creep from horizontal loading.
Where such patierns are used in vehicular pavements, continuous joint lines should be orented perpendicular to
the direction of vehicla travel.

Bond Patterns/Layout

The size of pavers may influence the selection of a suitable bond patiern. Pavers for use on a sand setting bed
typically are manufactured in sizes that accommodate a joint width of approcamatedy 1/8 in. (3.2 mm) to encourage
Eond pattemns such as hemingbone, bazket waave and others make use of the 1:2 or 1:3 ratios bebwean the
pavers’ length and width to maintain the pattem and joint alignment. Pavers sized to accommodate joint widths

of approsdmately 3/8 in. (8.5 mm) do not achieve thesa ratios. Such pavers typically are usad in pavements with
maortar joints. VWhen they ane laid on a sand seiting bed, only a running bond, stack bond or chevron pattern should
be used, sinca Ihese pattems do not depend on thesa ralios,

An individual clay paver's dimensions may be slightly different from the dimensions of another clay paver from the
same run. The inherent variability of their dimensions is a result of their manufaciuring process, Pavers may be
larger or smaller within allowable tolerances of their specified size. This variability may not be consistent, because
actual dimensions may be greater or smaller than the spedified dimensions. As such, the pavers may not be
able to be placed in a standard modular pattern. Blending of pavers from muttiple cubes during installation can
overcome this issue, The installer should constantly monitor paver size during installation to ensure that the bond
pattarn and joint size are maintained

When designing an installation pattermn with changes in bond and color, incorporating some tolerance in the
placement of certain paver features is recommended. This can be achieved by using saw cut pavers at junctions
of colored areas or by allowing approximate dimensions and realistic tolerances when placing certain paver
features. Two examples are depicled In Figure 10,

vww gobrick com | Brick Indusiry Associaton | TH 144 | Paving Systems Using Clay Pavers on a Sand Setting Bed | Page 5 of 12



This saclion of the Bl& Tech Nobe does not apply to the City of

Alexandria's clay paver instaliation specification per the City's
Mamoa to Industry s

Concrete Foundation
{c) Bonded Clay Paver Edge Restraint

Edge Restraints

Edge restraints are critical in a pavement with a
sand setting bed to enable consistent interlock and
resist horizontal loads transfermed from pavers,
Sedection of edge restraint will depend on pavement
section and use. Figure 11 (pages 6 and 7) presents
vanous options, in increasing order of load capacity
Concrete curbs or steel angles attached 1o a concrate
foundation or concrete base layer are the most
robust edge resiraints. They are recommended for all
pavemants subject lo regular vehicular traffic. Edge
restraints for other applications may incude pavers
bondad to a concrete foundation, and a range of
proprietary plastic and metal edge restraint systems
that are typically spiked inlo aggregate bases. Timber
edging and concrete backing poured to restrain edge
pavers may not be effective over the long term. It is
important that all edge resiraints have a vertical rather
than indined face for the pavers 1o bult against.

Poured Concrete, — Clay Pavers on
Precast, or Cut / ."I'_ Sand Safting Bed
Stone Curb |

al aw ;R e Ao Py

" s S
=« b o Concrefe Base s Jv st

EFVhw FVNar oy vy b uEkgk 5l

L Galvanized Steel or Aluminum Angle
(&) Stesl Angle Edge Restraint

Figurea 11
Edge Restraints

whaangobrick com | Bck Incusiry Asscciaton | TN 44A | Paving Systems Using Clay Pavers on a Sand Setting Bed | Page 6 of 13



Clay Pavers on Min. 1 in. (254 mm)

Sand Setting Bed dia. Weep @ 24 in.
Clay Paver, (610 mm) o.c. Concrete Pavers Set /8 in.
Precast Concrete Screen as Curb & Gutter (3.2 mm) Higher than

_or Cul Stone Necessary

’," Concrete or ’-/,
..Aaphanﬂm # -1

Compacted Subgrade

(fy Clay Paver, Precast Concrele {g) Poured Concrete Curb and Guiter Edge Restraint

Figure 11 [continuad)
Edge Restraints

Drainage

Adequate drainage is important io the parformance and durabdlity of any clay paving system. Water should be
drained from the paving sysiem as quickly as possible. A minimum slope of 14 in. per foot (2 percent grade) is
recommended. Adequale drainage should be provided to ensure the integrity of all layers in a paving system

A sand setting bed will continue to consolidate slightly after construction is complete. Pavers should be finsshied
slightly higher than drainage inlets and other low edges of a pavemant. This will minimize water puddiing at these
locations. Typically 1/8 in. (3.2 mm) will be adequate and will not present a short-term tripping hazard,

Over time, small amounts of water will migrate through sand joints. Consequently, a sand-set paving system with
an imparmeable base will require weep openings at low points in the pavemant. Weap opanings parmit moisture
to seep out of the pavement rather than saturating the satting bed. Even a well-compacted aggregate base
may benefit from installing weep openings. Sand is less durable in a saturated state than when dry or slightly
damp.

Several weep opening oplions are avaiable. A small-diamater (1% 1o 2 in. [38 fo 51 mm]) pipe with ends wrapped
in geclextile may be placed through the side wall of drain Inets or through edge restraints. Such weeps should be
installed &t spacings of 2 10 6 f (0.60 to 1.83 m) depending on pavement gecmetry and profiles, environmental
conditions and pavement use. As an allemative, a drainage mat may be placad vertically through the basa. This
may bé used in conjunction with small pipes at drain inlets. For a concrete base, holes may be drlled or formed
through the slab to weep water to the subbase. Locating holes away from the impact of wheel loads is necessary
since subbasa materals may be moisture-sansitive,

Penetrations

Large and small features that penatrate through the paver layer should be propedy detailad. Thesa features
include utility covers, tree pits, light pole bases, signposts and street fumniture. Features may either penatrate the
anire pavamant saction o an indepandant structure or foundation, or be anchored to a concrete subslab, Such
features can present some issues in cutting the pavers to form a uniform joint arownd them.

Some utiity covers and other frames are relatively shallow, or have buttresses, inclined faces, anchor bolts
or other features that may interfere with the bottom of a paver Where possible, features should be specified,

mmmlmﬁﬁ'gm TH 144 Paving Systema Using Clay Pavers on a H&ﬂqﬂnﬂ;?m?nfﬂ



v Cover Plate
Pole with Base Plate

Sand Seiting Bed
T Clay Pavers Set Va in. (3.2 mm) Higher
than Thinset Pavers After Vibralion

Soldier Course

in Thinset Mortar Clay Pavers

Concrele Surround
Manhale Wall
Frame with Inchned
Outer Face
Figura 12 Figura 13
Large Penatration Small Penetration

designed and installed deeper than the setting bed, Where this is not possible, casting a concrete collar around
the frarme and thin-setting a header course of pavers on the concrate may clear obstructions to the sand sefting
bed intarface, as shown in Figure 12

Accurately cutting and placing pavers against small features may prove difficuit An allernative is to construct a
concrete plinth up to the pavement surface and 1o install a cover plate to conceal the anchorage of the feature, as
shown in Figure 13. This also allows easy access for repairs, without removing pavers.

MATERIALS

Subgrade

For design purposes, the subgrade is considerad to be either sandigravel or clay/sit. The latter are more sensitive
to moisture and frost and may require the use of subbase layers and proper drainage to protect against shrinkage,
sweling and frost heave. The advice of a propedy qualified and experienced pavement designer should be sought
in regard to the preparation of the subgrade.

Base and Subbase

Base materials for pavers laid in a sand setting bed may be of aggregate, cement-treated aggregate, asphalt

or concrate. When a subbase is required, aggregate generally is used. Aggregate materals should comply with
ASTM D 2840 and be compacted in accordance with ASTM D 688 to 85 percent maximum density. Asphailt should
meet ASTM D 3515. Concrete should have a minimum compressive strength of 4,000 psi (278 MPa) and should
have control joints spaced a maximum of avery 12 feet (3.86 m). For a more detafled discussion of base and
subbase materials, refer to Technical Male 14.

Geotextiles

Geagtextiles are used on top of silt or day soils to help stabilize subgrades and under sand sefting beds o prevent
loss of sand through weap openings and other gaps in the pavement base or al edge restraints or panetrations,
The preferred type of geotextile is a woven, polypropylena fabric complying with ASTM D 4751, Test Mathod for
Determining Apparent Elpwﬂ'lgﬁzeafaﬁmwﬂhlﬂﬂ. 5]. with an approxdmate opening size from a No. 70 to
MNo. 100 sieve size opaning. Nonwoven geotextiles can be used for light-traffic applications. Geotexdtiles should
be lapped at the sides and ends of rolls @ minimum of 12 in. (305 mm). Care shoukd be taken to not locate laps
directly under anticipated wheel paths. Geotextiles should extend & in. (152 mm) beyond potential areas of sand

wanar gobick com | Brick Industry Associaton | TN 144 Paving Systems Using Clay Pavers on a Sand Sefting Bed | Page & of 13



loss. These may be adhered in place, but generally will stay in position once coverad by the sand setting bed.
Geatextiles should not ba allowed to span over unfiled holes or pits in the surface of the base that are greater
than 1 im. {25.4 mim).

Setting Bed Sand

A sand setting bed provides a strong support layer under pavers and accommodates vanations in paver thickness
to produce a smooth surface profile. A portion of setting bed sand penatrates the joints during vibration and
initializes the development of interlock between the pavers. Sand for the setting bed should be clean, naturally
occuming matenal with angular and subangular shaped particles, with a maxmum size of about 3/16 in. (4.8 mm).
Concrete sand conforming to the requirements of ASTM C 33, Specificalion for Concrote Aggregate [Ref. 1], or
local department of transpaortation standards is recommanded for use as seffing bed material. This provides a
more stable and durable setting bed than mason sand or scresnings, which have a more rounded shape and
should not ba used. Sand rich in silica-baged minerals is desirable, because carbonate-based minerals are softer
and can break down when saturated. Manufactured Emestona sand usually causes effiorescence and should be
avoided unless it has a proven track record on similar projects.

Clay Pavers

[Reter to the City of Alexandria’s Memo to industry xadxx for the type of paver und 1o be used.

Jointing Sand

Sand within pavement joints creates interock betwean pavers by ganerating friction across the joint. Larger
particles present in joints reduce the polential for lateral movement. Finer particles act to reduce contact siresses
around the larger particles, reducing the polential of the particles breaking down. The sand also accommodates
the variations in paver size and reduces the polantial for contact between pavers that can lead to chipping. ASTM
C 33 concrete sand shouid be placed in joints before vibration to maximize interfock at the bottom portion of
joints. Howener, coarse particles that do not fall into joints should be brushed off the pavement surface rather than
anmm.mmmmmmﬂmmummmmmdmmw
achieves better filling. Wlsen-i

L e S D IS P ISR E S

This saction of the BLA Tech Note does not apply 1o the City of Alexandna’s clay paver instalation specificabion per the City's
Mema 10 Industry xho,

‘wewwes gobric corn | Brick inchusiry Assoction | TN 14A | Paving Systems Using Clay Pavers on a Sand Sefting Bed | Page 8 of 13



rmhﬂﬂmHMEMTﬂHﬂlﬂummhhﬂﬁﬂWMmmmwhm
Mama lo Indusiny wehor

INSTALLATION AND WORKMANSHIP

Subgrade

The subgrade should be brought to the proper level and dearad of organic material. Compaction should comply
with ASTM D 838 to 85 percent maximum dry density for clay and 100 percent masamumn dry density for
sand/gravel. For @ more detailed discussion of subgrade preparation, refer to Tachnical Note 14.

Base and Subbase

Basa and subbase materials should be placed per the design. Aggregate should ba compacted in accordance with
ASTM D 668 to 95 percent macimum density. The maximum variation under the sefting bad should be +- 316

in. (4.8 mm) when a 10 ft (3.05 m) straightedge |s laid on the surface. Tha minamum slope of the concrele base
surface should be 1 in. (25.4 mm) in 4 ft (1.22 m) to allow for drainage. For a more detailed discussion on the
installation of base and subbase matenals, refer to Techvical Nofe 14.

Setting Bed

Whenever possibie, the direction of installation should be planned to profect the paving against premature use or
damage by rain or other construction activities. The surface of the underlying base matenial should be thoroughly
clean and dry before installation of the bedding sand. Elevations should be verified to ensure that the sand sefting
bed will be a consistent thickness after compaction. Tha setfing bed should not be used to bring the pavement

to the comect grade. Isclated high and low spots should be cormected before sand placement fo avold an uneven
pavement surface resulting from vanable sand setting bed thicknesses. Lines should be established for sefting out
the pattem. The contractor should beécome aware of size variations in the pavers to maintain the pattemn without
localkired opaning or cosing of joints to meet a fived edge. All areas of potential sand loss should be covered with
geotextie

Screed rails should be set on the surface of the base to proper line and level. They are typically placed 8 to 12 ft
(2.44 to 3.66 m) apart, or closer when working on a grade. An allowance should be mada in the thickness of the
setting bed for compaction of bedding sand as pavers are installed, as well as additional consolidation in saracs
An axperienced contractor will be aware of the proper thickness for different conditions to achieve the comect long-
term surface profiles. The bed thickness should be established so that when the pavers are compacted, their top
surface will be 1/8 in. (3.2 mm) above the required grades 1o allow for limited sattiing in service.

To prevent disturbancs, seifing bed sand should not be spread loo far ahead of the paver laying face. Voids left
after removing the screed rails should be filled. The screedad bedding sand may be affected by wind or rain as
wedll as by wayward construction operations. If sand is disturtsed, it should be loosened and rescreeded. Extensive
areas of screeded sand should not be left overnight unless they are property protected from disturbance and
moisture. Moisture content of setting bed sand should be kept as uniform as possible to minimize undulations in
the pavement surface. The sand should be kept in a damp condition conducive to packing. Water should not be
appled except by very light misting. Stockpiled sand should be covered to protect it from wind and rain.

Paver Installation

The pavers are laid on the sefting bed working away from an edge restraint or the exdsting laying face while
following the pattem lines that have been established, Full pavers should be laid to the required pattem with
1116 to 3M6 in. (1.6 to 4.8 mm) wide joints. The oplimum joint width for vehicular traffic is between 1/16 and
178 in. (1.6 and 3.2 mm), bul some wider joints may be required with Application PS pavers, and particutarly with
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Application PA pavers. Lugs enable the comect joint width to be achieved when the pavers are placed in contact
with one another. Pavers should not be forced fogethes, resulting in excessive contact, because this may causa the
pavers to chip during installation or compaction. At least two cubes of each color of pavers should be drawn from
at one bime, and the manufacturer's recommendations on color blanding should be followed, The pavers should be
adjusted to form straight pattern lines while maintaining the comect joint widths.

Several feet of pavers should be installed before beginning 1o add cut pavers as infill against edge conditions.
Bench-mounted masonry saws ara the bast means of cutting the pavers to achieve a neat edge and a vertical cut
face. Uise of a wet saw or dust collection system is recommended o control dust. Guilloting cutters also may be
used, but their cuts typically ane not as siraight and neal. Comvex curves can be formed using multiple cuts, but
this requires a skilled craftsman 1o meet allowable joint tolerances. Concave curves are very difficult to form and
should be avoided when possible.

Pavers should be compacted at the end of each day to prevent any damage while left unattended. The pavement
surface should be compacted using a plate compactor. These fypically have a plate area of 2% to 3 sq ft (0.23 to
0.28 sq m) and operate at a frequency of 80 to 100 Hz. To prevent pavers from chipping during vibration, a Fttie
bedding sand material can be swept info the joints, or the underside of the plate compactor can be fitted with

a rubber mat. Pavers also can be covered with a sheat of geatextile or sheets of plywood during vibration For
molded pavers, vibration is especially important since imegularities and dimensional varations on the underside
could lead to air gaps or improper support if not propary compacted info the sand setting bed. Compaction should
not b camed cut within 4 it (1.2 m) of unfinished edges.

The vibrated surface should be slightty above adjacent pavement surfaces, drainage infets and channels to allow
for secondary compaction of the bedding layer under traffic. The maximum variation in surface profile should ba
kess than 3/16 in. (4.8 mm) in 10 f (3.05 m). Water should drain freely from the surface and not form puddies.
Lipping between adjacent pavers should not be greater than 1/8 in. (3.2 mm) if the pavers have chamfers, or
116 in. (1.58 mm) if they have square edges.

Alter vibration of the pavers to finished alevations, dry fine-grained jointing sand is brushed over the surface of
the pavement and additional vibration is undertaken untl all of the joinis are completely filled with sand. Surplus
jointing sand shoukd be maintained on the surface to enhance the process of joint filling. Typically the sand should
be level with the botton of the chamfar or approxamately 1/8 in. (3.2 mm) below the top of square edge pavers.

Joint Sand Stabilizers

|Thii section of the BIA Tech Note does nol apply 1o the City of Alexandria’s clay paver instaliation specification per the City's
Mamao 1o Indusiny oo

MAINTENANCE

BIum of the BIA Tech Note does not apply to the City of Alexandria's clay paver instaliation specification per the City's
amo o Indusiny xcho.
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This section of the BLA Tech Note does not apply to the City of Alexandnia's clay paver instalation specification per the City's|
Mema to Industry o,

The informalion and suggestions contained in ths Technical Note are based on the availabia dala
and the combined experience of engineening sfaf and members of the Brick Industry Association,
The information contained horain mus! be used in conjunciion with good lechnical judgment

and & basic undarstanding of the properties of brick masonry. Final decisions on the use of

the information contained in this Technical Note are nol within the purview of the Brick industry
Association and must rest with the project archifect, angineer and owner,
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aving Systems Using Clay Pavers =i

!

ona Bltumlnous Setting Bed oy oy

Abstract: This Techwical Note describes the proper design and construciion of pavements made with

SUMMARY OF RECOMMENDATIONS: i i
Ganaral = [y it
+ Determine i appiication is pedesirian, light or heavy This seclion of the BIA Tech Note does not apply to the City|
'm::'.“"“ml ; netaliation § bk b Bl of Alaxandria's clay paver installafion specification par the

City's Mamao to Industny culsx.
* Place tack coat and bituminous satiing bed adhashes
within proper fima

* Implemant regular maintenance program b maintain Clay Pavers
pavers in a safe and serviceable condition Refer to the City of Alaxandria’s Memo 1o Industry xd'ce for
Pattarns typd of paver unil io be used,
* Lise hesmingbone pattem for pavernents subject io
vishaoubar rafic
* Dpmign Rasibility inko layoud o accommiodate field conditions.
Drainaga
» Provide a minimum slope of ¥% in. per ft {2 percent grade) Asphalt Adhesive
* For impenmaable bases, provice weeps through base or * Usi nsoprane modified asphall adhashea with 2
oadge restraint necprans, 10 percent asbasios-free fibers and B8 percent
Edge Restralnts saphat

« For pavermnents suibject 1o vehicular traffic, concreln Blluminous Satting Bad
mm.mmuﬂmﬂnn;g-umf -m%mmmmmmw o

foating, or & proprietary systerm rated for wehicular traffic

* For all other pavemants, usa any of the above o clay * Use fine aggregate complying with ASTM D1073 ar ASTM
pevers in a concrele fooling, sluminum or sieel edging Das15s
* Use adge restraint with vertical face al paver inlarface Tack Coat

Jolnt Sand -Llﬂhrm:ulﬂnlﬁ:

* For maximum interiock batwean pavers and for vehicular mmmn
qﬂdﬂmmwﬂammmmaﬂ ﬁiwﬁﬁ-*“mhu*
ﬂrlprnpriﬂrﬂnﬂ %

MWMmmmmﬂmm Hﬂt.'&uhlﬂil:nd

AE‘IHNH-IIHIMM + Rafer to Technical Mole 14

INTRODUCTION Adhesia- - Edge Restrain

This Technical Note covers the design, detailing and specification
of paving systems using clay pavers whien sat on a bituminous
setting bed (see Figure 1), Pavements with bituminous setting
beds can be used in most applications and are especially suited
for pavements subjected fo vehicular traffic or large amounts of
water runcff. The pavers are held in place by the bonding action of
the setting bed malerals and by somea contribution from intersock
between the pavers, Refer o Technical Note 14 for guidanca in
salection of bases, subbases and subgrades and other general
design information.

Figura 1
Typical Brick Pavemant
on Bituminous Setting Bed
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———— Clay Pavers on Adhesive

Min. e in. (1.8 mm) to Max.

¥ in. (4.8 mm) Sand Filled Joints
%a in. (19.1 mm) Compacted
Biluminous Setling Bad

- Tack Coat

Clay Pavers on Adhasiva

Min. 46 in. (1.6 mm) to Max
¥ig in. (4.8 mm) Sand Filled Joints

¥4 in. (19.1 mm) Compacted
Bituminous Satting Bed

! Min. 4 in. (102 mm) Resnf = *.5" Min. 4 in. (102 mm) Comp
Concreln on Min, 4in.  «"* v Asphail Basa on Min. B in
11D2m]ﬂ?lpact&d L :auu ) Compacied

Compacted Subgrade
Figura 2 Figure 3
Typical Commarcial/Public Plazas and Walkways Typical Light Vehicular Traffic

Applications

Clay pavers set on a bituminous setting bed are appropriate for padestrian and both light and heavy vehicutar
traffic. At a minimum, the system requires clay brck pavers adhered lo a compacted betuminous setting bed with
a tack coat of neoprens modified asphalt adhesive. Balow the setting bed, a concrete or asphalt base should
be placed on an aggregate subbase. The thickness of basa and subbase and matenals should be based on the
application and subgrade conditicns.

This saction of the BLA Tech Nole does nol apply ko the City of Alexandria's clay paver instalation specification per the
City's Mama 1o Indusiry sxooho. ; o

Commarcial/Public Plazas and Walkways. With large amounts of pedestrian traffic and occasional light
vehicular traffic, these types of applications require a firm pavement (see Figure 2). Clay pavers should be sat
in an adhesive on a compacted bituminous setting bed % in. (19.1 mm) in thickness. A minimum 4 in. (102 mm)
reinforced concrete or asphall base should be used. A subbase of coarse aggregate (gravel) shoukd be used and
compacted to a minimum thickness of 4 in. (102 mm) using machanical compaction or vibration. Altemnatively,

a minimurm full depth 8 in. (203 mm) of concrete or asphalt can be used as the base course and subbase. For
applications on sites consisting of silty or clayey soils, a geotextila should be placed on the compacied subgrade,
below the subbase

Light Vehicular Traffic. For parking areas and neighborhood streets serving light vehicular traffic (cars and
delivery trucks), the brick pavement section should be more substantial (see Figure 3). Clay pavers should be set
in an adhesive on a compacted biturinous setting bed % in. (18.1 mm) in thickness. A tack coat to adhere the
bituminous setting bed to the base should be used, since this is a vehicular application, For a concrete base, use
a minimurm 4 in. (102 mm) of reinforced cancrete with a 4 in, (102 mm) compacted subbase or 8 in. (203 mm)

of reinforced concrete as the base and subbase. For an asphalt base, usa a minimum 4 in, (102 mm) of asphalt
with an 8 in. (203 mm) subbase or 12 in. (305 mm) of asphalt as the base and subbase. The subbase should

be coarse aggregate (gravel) of varying gradation and compacted using mechanical tamping or vibration. For
apphicabons on sites consisting of silty or clayey soils, a gectxtile should be placed on the compacted subgrade,
balow the subbasa,

Heavy Viehicular Traffic. Paving systems exposed to more than 251 daily equivalent single ade loads
(ESAL) from trucks or combination vehicles having three or more loaded axles are considered heavy vehicular
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applications. Such paving systems are beyond the scope of this Technical Nole series, For further information
about heavy wehicular applications, refer to Flexible Vehicular Brick Paving — A Heavy Duly Applications Guide
[Ref. 2]

GENERAL DESIGN AND DETAILING CONSIDERATIONS

Adhesion and Interlock

The bituminous setting bed bonds the pavers to the base to resist horizontal movement and uplift. The pavers are
adhered to the setting bed with an adhesive of neoprene modified asphalt A tack coat of emulsified or cutback
asphalt is typically used between the base and sefting bed in vehicular applications. The bituminous setting bed,
adhesive and tack coat, if used, ane viscous at construction temperatures, but stiffen as they cool. During hat
weathar, these materials will become slightly viscous, polentially increasing paver creep due to horizontal traffic
loads compared to a pavemaent with a sand saffing bed.

Vertical, horizontal and rotational interiock batwean pavers occur in a bituminous setting bed pavement, but
not as effactively as in a sand sefting bed. Interlock is describad more tharoughly in Technical Node 14A. The
interiock between the pavers is reduced because the sand may nol penetrate the full depth of the joints, and is
nat consoldated by mechanical vibration during construction. Interlock usually improves over time as traffic and
environmental factors increase the densification of the joint sand

Movement Joints

Concrate bases should have control joints spaced at 12 ft (3,66 m) intervals o controd expansion and contraction.
Dowels or keyways should be incorporated to fimit verfical separation across the joint. Control joints should exdend
through the entire slab and continue as an expansion jont through the pavement above 1o reduce the likelihood of
shifting and damage io the pavers,

Climate

Bituminous-set pavers can be used in all climatic conditions. However, the bituminous setting bed material should
net ba placed whan the temperature is below 40 °F (4 “C). Slightly higher levels of maintenance may be required
for climates with very high temperatures and more frequent vehicular traffic. Bifluminous materials soften as their

temperature increases. This can result in & reduction of bond betwsen the pavers and the bass, and an increased
polential for creep under honzontal forces,

Vehicular Traffic

For paving systems designed for light vehicular raffic, 8 maximum speed of 35 mph (58 kph) is considered
appropriate for pavers on a bituminous setting bed. When vehicular traffic is anticipated, a tack coat between the
base and the bituminous setling bed should be used. For pavemant experiencing higher traffic volume, additional
attention is required to ensure that joints between pavers remain filled with sand. Higher-speed applications require
more vigilance, as the interlock batween pavers is reduced with sand loss. Paving systems with a bituminous
setting bed usually will include a compacied subbase to distribute loads. The designer should consider the
appropriateness of the bond pattern for vehicular traffic applications, as discussed below.

Bond Patterns/Layout

When selecting a bond pattern, the designer should consider the traffic that will use the pavement. Any pattern
may be used for pedestrian traffic. When vehicles operate on a pavement, patterns that distribute horizontal
lcads (.e., loads from turning, accelerating or braking vehicles) across multiple pavers, such as hemingbone,
are recommended. Patterns with continuous joints, such as stack bond or unning bond, are more suscaptible to
craep from horizontal loading and are not recommended for vehicular applications. Continuous joint lines should
be onented perpendicutar to the direction of vehicle travel.

The integrity of the paving relies primarily upon adhesion to tha base and, to a lesser extent, on inferiock babwean
pavers. The pavars may be placed with joints that can range from ¥« to ¥ in. wide (1.6 to 4.8 mm) after the
pavers have been aligned. For vehicular pavements, narmow joints are preferred to minimize the potential for
creep OCCUMng in responsa (o honzontal loading. For a pedestrian pavemnant with imited vehicular access, less
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stringent dimensional tolarances can be accepted. and the joints between pavers may be wider. When Appiication
PS5 pavers are installed in vehicular applications, they should be laid in running bond or other bonds nat requiring
todremely close dimensional tolerances, Joint widths wider than ¥ in. (6.4 mm) should be used with caution, as
the joints may not align in a harmngbona pattern and will be too wide in a basket weave pattem. Wider joints are
more likely 1o experience sand loss, which may result in loss of interlock and adhesion, followed by paver creep.

Bond patierns such as hamingbone, basket weave and others make usa of the 1:2 or 1:3 ratios between the
pavers’ length and width to maintain the patiem and joint alignment. Pavers sized to accommodate joint widths

of approximately % in. (8.5 mm) do not achieve these ratios. Such pavers typically are used in pavements with
mortar joints (see Technical Note 14C). When they are laid on a bituminous sefting bed, anly @ running bond, stack
bond or chevron pattern showld be used, since these pattems do not depand on these ratios.

An individual ciay paver's dimansions may be slightly diffierent from the dimensions of another clay paver from the
same run, The inherent variability of their dimensions is a result of their manufacturing process. Pavers may be
larger or smaller within allowable tolerances of thesr specified size. This variability may not be consistent, because
actual dimensions may be greater or smaller than the specified dimensions. As such, the pavers may not be able
to be placed in a standard modular pattern. The dimensional tolerances of Application PS pavers are adequate
for running bond and other pattens not requiring extremely close dimensional tolerances. Application PX pavers
have tighter dimensional tolerances that allow consistently narmow joints and placement in all pattens. Elending of
parvers from multiple cubaes during instalation distributes dimensional variations and can halp overcome this issus.
The installer should constantly monitor paver size during installation to ensure that the bond pattern and joint size
ara maintained.

When designing an installation pattemn with changes in bond or color, incorporating some tolerance in the location
of certain features is recommended. This can be achieved by using saw cut pavers at junctions of colored areas or
by allowing approximate dimensions and realistic tolerances when placing such features.

Edge Restraints

Biturninous-sat pavers require edge restraints to prevent spreading of pavers at the pavement boundaries.

Figure 4 presents various options, in order of increasing load resistance. For pedestrian loading, an edging of
pavers bonded to a concrete footing: clay pavers, precast concrete or cut stone on a concrete footing; or aluminum
angles anchored lo a concrete base may be used. For a pavement subjected to vehicular traffic within 3 (0.9

m) of an edge, a more robust edge restraint should be used. Steel angles anchored to 8 concrete base, a precast
or cut stone curb on a concrete footing or a powed concrete curb and gutter may be used. The side of the edge
restraint in contact with the paver should be perpendicular to the pavement surface.

Drainage

A pavernent with a bituminous selting bed can provide a high level of motsture profection to the underying
materials. Initialty, the bituminous setting bad will allow some water to seep through until it is fully compacted

by traffic. The neoprene modified asphalt adhesive under the pavers prevents most of the surface water from
penetrating into the bedding matedal, however, some will enter and must be able to drain out of the system

This can be achieved by installing weeps through the basa, at inlets and other low points in the pavemant (sea
Figures 4b and 4d). The asphalt mixue is semi-permeable and should allow migration of water to weeps. Weeps
may continue through the setting bed if desired, however this is Fely lo require a significant increasa in effort
during installation of the setting bed. A thicker subbase layer should ba installed over subgrade soil that does
nol readily drain or is subject to freezing and thawing. If the bituminous setting bad is not allowed to drain it can
deteriorale, affecting the stability of the overlying pavers.

Drainage openings can be formed by dnilling 1 in. (25.4 mm) or larger diameter holes through the concrete base
of side walls of drain inlets. Drainage openings should be filled with an cpen-graded aggregate to prevent their
filling with setting bed material. Heat ressstant tubing and drain mat materials may also be usad but should not be
located under wheel traffic. Geotextiles that could be affected by the heat of the setfing bed should be avoided.
The satting bed material will not leach away through the drainage openings once it has been compacted and
cooled,
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Figura 4
Edge Details for Brick Pavements
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Penetrations

Large and small features that penatrate through the paver layer should be property detailed. Thesa features
entire pavement section to an independant structure or foundation or be anchored o a concrete footing. Such
features can present some issues in cutting the pavers to form a uniform joint around them,

Some utility covers and other frames are relatively shalfow, or have buttresses, inclined faces, anchor bolts

or other features that may interfere with the bottomn of a paver. Where possible, features should be specified,
designed and nstalled deeper than the setting bed. Where this is nol possible, casting a concrate collar around
the frame and thin-setting a header coursa of pavers on the concrete may dear obstructions to the bituminous
satbng bed interface, as shown in Figuna 5

Accurately cutting and placing pavers against small features may prove dificult An alternative is to construct a
concrete footing up to the pavement surface and to install a cover plate to conceal the anchorage of the featurs,
&5 shown in Figure §. This also allows easy access for repairs, without remaoving pavers.

MATERIALS

Subgrade

For design purposes, the subgrade is considerad to be either sandigravel or clay/sit. The latter are more sensitive
to moisture and frost and may require the use of subbase layers and proper drainage to protect against shrinkage,
gwalling and frost heave. Geotediles may be used on top of silt or clay soils 1o help stabifize subgrades. Further

information on gectextiles can be found in Technical Nole 14. The advice of a properly qualified and experienced
pavemant designer should be sought in regard to the preparation of the subgrade.

Base and Subbase

Base materials for pavers laid on a bituminous setting bad may be of concrete or asphalt A subbase layer of
aggregats i usually placed below the base, Aggregate subbase matenals should comply with ASTM D2840,
Standard Specification for Graded Aggraegale Malorial For Bases or Subbases for Highways or Alrports, and be
compacted in accordance with ASTM DE08, Standard Tost Methods for Laboralory Compaction Characleristics
of Soil Using Standard Effort (12 400 f-bif? (600 kN-m/m3)), to 85 percent maximum density. Concrete base
materials should have a minimum compressive strength of 4000 psi (27.6 MPa) and should have contral joints
spaced a maxmurm of every 12 i (3.66 m), Asphalt base materials should meet ASTM D3515-01, Standand
Specification for Hol-Mixed, Hol-Laid Biluminous Paving Mixfures. For a more detaied discussion of base and
subbase materials, refar to Technical Nofe 14,

Bituminous Setting Bed
Clay Pavers Set on Adhesive /8 in. Base Plate
(3.2 mm) Higher than Thinset Pavers

— Paver on Edge
in Thinsat Mortar

Clay Pavers
on Adhesive
Bituminous

Manhaole Wall

Frame with Inclined
Outer Face
Figura & Figure T
Large Penatration Through Pavement Small Penetration Through Pavement
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Tack Coat

The tack coat, if used, enhances the bond of the setting bed to the underying base. For residential and pedestrian
apphications with no vehicular traffic and imited pedestrian traffic, the tack coat may be omitted, Typical highway
tack coal materials can be used, incuding emulsified asphaits and cutback asphaits. The type of tack coat will be
based upon the prevailing environmental conditions and the procadure usad by the installer. Emulsified asphalt is
a mixture of asphalt and water. The water will evaporate ance the emulsion is exposed to the atmaosphere, leaving
the asphalt cement solids bahind. This process is known as breaking, Emulsified asphalt should comply with
ASTM D377, Specification for Emulsified Asphall, Type 55-1 or $5-1h [Ref. 1]. Rapid curing cutback asphalt is a
mixture of asphalt and solvent and should comply with ASTM D2028, Specification for Cutback Asphalt {Rapid-
Curing Type) [Ref. 1]. The sohvent will evaporate in @ process known as cuning.

In most cases, the tack coat material will be supplied in pails or drums. They should be stored in accordance with
the manufacturer's direchons and be thoroughly mixed before application.

Bituminous Setting Bed
The biuminous seffing bed is a mixture of asphall cement and fine aggregate. The following sections discuss the
components and the mix proparties avadable. All types may not be available at all hot mix plants.

Asphalt Cement. Hot-mix plants will onfy use one or two different grades to suit local highway construction
requirements. YWhen avadable, AC 20 or AR-8000 viscosity graded asphalt cements complying with ASTM D3381,
Specification for Viscosily-Graded Asphalt Cement for Uise in Pavement Construction [Ref. 1) can be used. Thesa
materiaks have a long recond of success, but are gradually being replaced with parformance grade, PG 64-22,
binders complying with ASTM DE373, Specification for Parformance Graded Asphall Binder [Ref. 1]. Similar
characteristics can be obtained with a PG 64-22 asphalt cement. The digits relate to pavement design temperature
exiremes expressed in degrees Celsius where the first digits indicate the maximum temperature and the last digits
indicate minimum femperature.

Afthough this grade is used throughout the United States, other grades are available to meet local design
temperatures and traffic characteristcs. Areas with colder chmates may use grade PG 58-28 binders, and those
with hotter climates may use grade PG T0-16 binders.

TABLE 1
Typlcal Gradation for Biuminous Setting Bed Aggregate

- " Parcentage Passing .
ASTM Sieve Size Densely Graded Aggregate Open Graded Aggregate |
% in. (9.5 mm) 100 100 '
No. 4 (475 mm) 80 - 100 100

No. 8 (2.36 mm) 85 - 100 75 - 100

Na. 16 {1 18 mm) 40 - 80 50- T4

No. 30 (600 pm) 25 - B5 28 - 52

MNo. 50 (300 pm) 7 - 40 B-30

No. 100 {150 pm) 3-20 0-12 '
No. 200 (75 pm) 2-10 0-5

Aggregate. Fine aggregate materials available at hot mix plants are typically natural or manufactured sands.

Fine aggregates should comply with ASTM D1073, Specification for Fine Aggregale for Bluminous Paving
Mixtures, or ASTM D3515, Specification for Hot-Mixed, Hol-Lakd Bifuminous Paving Mixtures [Ref. 1]. Altematively,
they may comply with local depariment of transportation requirements that use local aggregates. Table 1 lists
typical gradations that have been successfully used, but their availability should be verified bafore induding in a
specification. The left column is dense graded mixture that will typicalty be achieved by blending two aggregate
sizes. When fully compact, it will have small, discrete air voids that will not permilt motsture to drain. The right
column is more open graded being achieved from only one aggragate size. it will have larger air voids and may
be sightly more paermeable. The asphalt content may need to be higher for this |atter gradation. Either material is
suitable for pedestrian or light vehicular pavemeant applications.
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The sand should consist of clean, hard, durable particles and be free from adherent coatings of clay, organic
matter and salts. The aggregate should have a verifiable history of being resistant o stripping. Manufactured sands
typacally have a higher stabiity than natural sands.

Mix. The bituminous setting bed materal should be mixed at a hot-mix asphalt plant. The dried aggregates and
asphalt cement are heated to the appropriate temperatures and are combined and mixed at approximately 300 *F
(149 *C). This will produce a uniform mixture with all of the aggregate particles evenly coated with asphalt cement
The supplier should determine the exact proparbans to achieve the best mix to suif the malerals, the site and the
installation conditions. Typical mix proportions are approximately 6 lo 8 percent asphalt cement by weight with 92
to 84 percant aggregate. Geotexties shouid not be used directly under bituminous setting beds, whare they may
be affected by the temperature of the bituminous sefling bed materals when laid.

Adhesive

The pavers are bonded 1o the bituminous setiing bed using an adhesive of necprene modified asphalt, Typical
proprietary materials contain 75 parcant solids in a mineral spirit solvent, The solds consist of 2 parcent neoprena,
10 percent asbestos free fibers and 88 percent asphalt. The adhesive should have a density of 8.0 to 8.5 b par

gal (0.84 fo 1.0 kg per er). The adhesive is typically supplied in pais or drums. The material should be stored in
accordance with the manufacturer's recommendations and be thoroughly mixed before application

Clay Pavers
Rafer 1o tha City of Alexandria’s Mamo to Indusiry xxixx for the type of paver unit io be used.

When square-edged pavers or pavers without lugs are selected, care should ba taken to ensure that they do not
make direct contact with or lip under adjacent pavers. A minimum s in. (1.6 mm) wide sand-filled joint should
separate each clay paver to minimize potential chipping. However, the macimum joint width should be no more
than ¥ in. (4.8 mm) to minimize the potential for horizantal movemeant under vehicular fraffic.

If pavers with spacers and'or a rounded or chamfared adge are instalfed, there is less potential for direct paver
contact at or near the wearing surface. When lugs are used, the potential for creap i also reduced,

Joint Sand

The joint sand should be selected on the basis of the anticipated joint widths and the exdent of interock required.
Coarse aggregate conforming to ASTM C23, Specification for Concrele Aggregates [Ref. 1] may be used if the
Joint width is fikely to be greater than ¥ in. (3.1 mmj) and if the madmum interlock between pavers is required. If
the joints are consistently less than ¥ in. (3.1 mm) wide, the joint sand may need to be finer and could comply with
the fine aggregate requirements of ASTM C33 or altematively with ASTM C144, Specificalion for Aggregale for
Masonry Mortar [Ref. 1] or could be a proprietary joint sand mix. The ASTM gradations are presanted in Table 2.

Mixtures of sand and cement have been used 1o fill joints; however this oflen results in staining of the paver,
Pavers bedded in sand/cement mixtures behave more like pavers bedded in morar and need expansion joints.
For these reasons, mixing cement with joint sand is not recommended.
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ASTM Gradations for Joint Sand
Percentage Passing
ASTM C33 ASTM Cldd

ASTM Sieve Size Fina Aggregate Course Aggregats Hatural Sand Manufactured Sand
¥ in. (5.5 mm) 100 B0 - 100

Mo, 4 (4.75 mm) 85 - 100 20 - 55 100 100
Mo 8 (2.36 mm) 80 - 100 5-30 a5 - 100 95 - 100
Ko, 16 {1 18 mmij 50 -85 0-10 70 - 10D TO - 100
Nao. 30 (600 pm) 25 - 60 0-5 a0-75 40 - 75
Ko, 50 (300 pm) 530 0-5 10-35 - 40
Mo. 100 {150 pum) 0-10 N/A 2-15 10-25
Mo, 200 {T5 pm) W8 Wi 0-5 0-10

Wﬂh%TﬂhMMMmmhchdmmmmmHhm
10 Industry xahor.

INSTALLATION AND WORKMANSHIP

Subgrade

The subgrade should be brought to the proper level and cleared of organic material. Compaction should comply
with ASTM D698 to 85 percent maximum dry density for clay and 100 percent maximum dry density for sand/
gravel. For a more delailed discussion of subgrade preparation, refer 1o Technical Nofe 14,

Base and Subbase

Base and subbase materials should be placed per the design. Aggregate subbase should ba compacted in
accordance with ASTM DESB to 85 percent maximum density. Concrete base materials should ba allowad to
cure for a minimum of three days prior to paver installation and seven days prior to vehicular loads. Asphalt base
matenals should be installed before they cool to temperatures below 200 °F (83 °C). The maximum variation

of the base under the setling bed should ba +¥4 in. (4.8 mm) when a 10 ft (3.05 m) siraightedge is laid on the
surface. The minimum slope of the base surface should be 1 in. (25.4 mm) in 4 ft (1.22 m), a 2 percent grade,
to ailow for drainage. For a more detalled discussion on the installation of base and subbass materials, refer to
Techrical Nate 14,
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Tack Coat

The tack coat, if usad, should ba installed when the ambient temperature is above 50 *F (10 *C). The surface of
the base material should be thoroughly cléan and dry before application. The tack coat should not be applied i rain
is likely before placing the setting bed. The tack coat should be thoroughly mixed and heated to the appropsiate
application temperature, taking all necessary safety precautions. The tack coat should nol be diluted. It should

be uniformiy applied by spraying, brushing or squeegesing to the fop of the base and to all surfaces that will b

in contact with bituminous sating bed. The application rate should be established before the work starts. As wark
progresses, the rate can be verified by marking out the area that one pail or drum will cover, The installer should
net apply more tack coal at any time than can be covered with the bituminous setting bed during the same day.,

Emuisified asphalt tack coats are typically applied at a rate of 0.9 to 1.3 gal per 100 #* (2.6 1o 5.3 Mers per

10.0 m®) to concrete bases and 0.6 to 1.0 gal per 100 f#* (2.5 to 4.1 fers per 10.0 m?) 1o asphalt bases. Cutback
asphalt tack coats are typically appled at a rate of 1.2 to 1.5 gal per 100 ft* (4.8 to 6.1 Mers per 10.0 m*) o
concrete bases and 1.0 to 1.3 gai per 100 ft* (4.1 to 5.3 iers per 10.0 m™) to asphalt bases. Once applied the tack
coat should not be disturbed and should be allowed 1o cure or break before covering with the satling bed material,
This may take a few hours depandent on weather conditions,

The tack coat should be applied to the base in a thin, continuous, uniform layer. If it is applied too thin or so that
some areas of the base remain uncoated, the sefting bed will not bond property, creating a weakness or layer
separation in the pavement. This can be detrimental if water accumulates and freezes in the separated area. If to0
much tack coat is applied, the thicker areas can create a slip plane, or the tack coat can penatrate the bituminous
sefting bed material and reduce s stability. These issues becoma mare critical as the amount of vehicular traffic
iNCreassas.

Setting Bed

The temparature should be above 40 °F (4 *C) before placing satting bad material. Depth-control rails should be
sat an the mdsting surface to proper ine and leved using shims to account for surface iregularity. Allowance should
be made for compaction of the bituminous mix, not only during construction but also in sarvice. An expenenced
contractor will increase the thickness for different conditions so as to achiave the cormect long-term surface profiles,
Without additional recommendations, the satting bed thickness should be estabiished so that when the pavers are
fully set on the adhesive layer, their top surface will be about % in. (3.1 mm) above the required grades io allow for
futire: setthemant

Setting bed material should be delverad to the job site in trucks with steel linings that are clean and have not been
treated with materials (e.g., gasoline, kercsene, elc) defrimental to the asphalt mix. To retain heat, the bluminous
midure should be covered prior o use. The temperature of the sefting bed material at the time of delivery should
not be less than 260 *F (127 *C) or more than 320 *F (160 "C). The installer should work quickly to spread and
roll the matedal before it cools below 180 °F (B2 “C). When installing by hand, smal orders of 1 or 2 tons (800

lo 1800 kg) are generalty all that can be handled before the mbdure cools. Aggregate particles within tha midure
¥ in. (8.5 mm) or larger should be removed during Installation.

Steal depth controf rails, typically 12 ft. (3.6 m) long, are sel up at 8 to 12 A (2.4 to 3.6 m) centers on shims io
achieve a uniform profile. The compacted setfing bed should be within 23 in. (3.2 mm) of 3 In. (19.1 mm) in
thickness. Cara should be taken 1o ensure thal release agents applied to the screed rails and lools do not cause
damage to the biftuminous setting bed. The hot bituminous material should be spread over the tack-coated basa
and screeded 1o the appropnate profile between the depth conirod rails. The screaded panels should be advanced
across the pavement as each screed rail length is complated. To minimize foot traffic on the screeded matenal,
afternate panels should be constructed so that the screed ralls and shams can be removed without disturbing the
screeded material. The infill panel is scraaded using the adges of the two outside panels (o set the thickness.

Fill low spots and depressions with additional hot material as the work progresses to produce a firm even surface.
Prior to filing, a depth of al least Y in. (6.3 mm) should be formed around the edges of low spots to avosd creating
feather edges that could deteriorate prematurely. Low spots must not be filled with other materials. During
instaltation of the setting bed the levels and surface profiles should be verified by fully compacting a small area of
the setting bed.

Care shouid be taken to compad! the Bluminous material to a uniform density and surface fexture while still hot
This can be achieved with a light power roller in static mode. If the setting bed is not adequately compacted,
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the adhesive will be over applied and will be squeezed through the joints to the surface as the setting bad is
further compacted in service. This more frequently happens when the bituminous material has cooled below the
appropriate working temperature.

The extent of the bituminous bed installed can be equal to two to three days of subsequent paver installation.
Satting bed that is not covered by pavers should be profected from rain, dust and traffic. If any contamination or
damage occurs, the affected areas of satting bed should be removed and replaced to their full depth.

Adhesive

Meoprene modified asphalt adhesives are proprietary materials that should be prepared in accordance with the
manufaciurer’s instructions. The adhesive should be applied by trowel, brush or squeeges to achieve a uniform
coat of adhesive no mone than Y in. (1.6 mm) thick over the top of the bituminous sefting bed. Typical application
rates are between 2 and 3 gal per 100 f* (8.2 to 12.3 fters per 10.0 m®). To ensure that sufficient adhesive is being
applied. occasionally Bft random pavers during installation to verify complete coating of the underside with adhesive.
If too much adhesive is used it may coze up to the surface through the joints. The adhesive should be parmitted to
become tacky before placing the pavers. This may take two o three hours after spreading, dependent on climatic
conditions. Vihile the adhesive is becoming tacky the installer may establish string lines to maintain the patiem.

Pavers

The pavers are laid on the adhesive working away from an edge restraint or the existing laying face while following
the pattemn lines that have been established. Pavers should be lald to the required pattermn with s to ¥s in. (1.6
to 4.8 mm) wide joints. The opimum joint width for vehicular traffic is between ¥s and % in. (1.6 and 3.2 mm),

bat some wider joints may be required with Application PS pavers, and particufarty with Application PA pavers.
Appiication PX pavers more easily accommeodate the narmower joints and herringbone pattem recommendead for
wehicular traffic. Lugs enable the comect joint width to be achieved when the pavers are placed in contact with one
anather, Pavers without lugs should not be forced together, resulting in excessive contact, because this may cause
the pavers to chip during installation or use. At least two cubes of each color of pavers should be drawn from at
one tma, and the manufaciurer's recommendations on color blending should be followed,

String or chali grid lines should be used to establish straight patiem lines. The contractor should expect the

size of pavers to vary slighfly from the specified size and adjust the laying module accordingly. A kaying module
can be established by installing a small section of pavers, adjusting the pavers for proper joint width and pattem
alignment and then measunng the pavement over several feet to determine the varation from the nominal paver
size. Paralel and perpendicular grid knes should be established and adjusted for the difference, set every 3 to 10
ft (0.9 to 3 melers) as needed to ensure proper patiem alignment. Closer grid line spacings should be considerad
when complex bond pattems are used, installers are unfamiliar with laying clay pavers, or pavers with greater
dimensional variation are selected, The pavers should be aligned before they are bonded to the tack coat or
pressed into the tack coat as the installer walks on tham,

Cut pavers should be placed only afler several square feef of surrounding whole pavers have been installad,
Bench-mounted masonry saws ane the best means of cutting the pavers bo achieve a neat edge and a verfical cut
face. Use of a wet saw or dust collection system is recommended, as the dust generated by dry sawing brick may
contain silica and may be a potential health hazard. Guillotine cutters also may be used, but their cuts typically are
not as straight and neat. Convex curves can be formed using multiple cuts, but this requines a skilled craftsman to
meet allowable jint tolerances. Concave curves are very difficult to form and should be avoided when possibie.

Joint Filling

The spaces betwesn pavers should be filled with sand as soon as possible after the pavers have been placed. To
ensure full penetration of this jointing sand, the joints should be cleaned of all debris by using power air blowers
or vacuums. To fill the joints, sweep dry joint filling sand over surface of paving until all joints are completely filed.
Once the initial filling of the joints is completed, the surface of the pavers may be rofled to fully compact the pavers
into place. This should be undartaken with a light rubber-tired roller with sufficient pressure to achieve a full bond
to the satting bed. The roller should not be used n a vibrating mode, as this may cause cracking of the pavers, If
there is significant kpping of the pavers, the surface may be protecied with plywood or other suitable materials to
prevent damage io the edges of the pavers. Rolfing should ba undertaken at the warmest part of the day, but prior
to final sat of the adhasive. Care should be taken io ensure that the alignmant is nol alterad.
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After rolfing, dry sand should be added fo the joints as necessary Io ensure that the sand has penefrated to the
boltomn of the jeints. Do not vibrate the pavers after they of the sand have been placed on the setting bed. When
the sand shows no sign of further sattlement roll the surface prior to applying sand stabiizer if required. Add
additional sand as necassary.
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This section of the BIA Tech Note does not apply to tha City of Alexandria’s clay paver installation specification per the City's
Mema to Industry xxhor,

The information and suggestions contained in this Technical Note are based on the avallable dafa
and the combined experiance of engineering stalf and members of the Brick Industry Associatian,
The information contained herain must be used in conjundion with good technical judgment

and a basic undersianding of the properties of brick masornvy. Final decisions on the use of

the information confained in this Technical Note ane nol within the purview of the Brick Industry
Association and must resl with the project archifect, engineer and owner,
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