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Summary

Currently there exists no recognized standard for the structural design of interlocking concrete
pavements in North America. In 2006, a pre-standard was developed under a joint project by the
Transportation and Development Institute of the American Society of Civil Engineers (ASCE), the
Interlocking Concrete Pavement Institute (ICPI), and the American National Standards Institute
(ANSI). This paper provides an update to the development of a new standard for the structural de-
sign of interlocking concrete pavements for municipal streets and roadways in North America.

The paper describes the provisions of the proposed standard to establish guidelines for the structural
design of interlocking concrete pavements. The standard relies on the flexible pavement design
procedure described in the 1993 American Association of State and Highway Transportation Offi-
cials (AASHTO) Guide for Design of Pavement Structures. The method has been condensed to a
series of design tables that provide minimum thickness for bases and subbases given the design traf-
fic and characterization of the subgrade soil strength and drainage. The standard was balloted for
approval by the ASCE/ANSI Standards Committee in March 2009 and is expected to be available
by summer 2009.

1. INTRODUCTION

In 2004 the ASCE Transportation and Development Institute and ICPI began a joint effort on the
development of an ASCE/ANSI standard for the structural design of interlocking concrete pave-
ments for North American design professionals. The draft pre-standard was introduced at the 2006
International Conference on Concrete Block Paving in San Francisco, California [Wilbanks, 2006].
The paper reviewed the design philosophy of the proposed standard and various sections including:
design elements, design life, analysis, criteria such as soil conditions, and traffic loads used in the
standard. The pre-standard was subsequently completed in 2008 and it served as the foundation for
development of the standard described in this paper. In 2008, a Standards Committee was estab-
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lished to develop a final draft standard for ballot. The draft standard was balloted in March 2009
and is expected to be available by summer 20009.

This paper describes the standard, Structural Design of Interlocking Concrete Pavement for Munic-
ipal Streets and Roadways [ASCE, 2009], which establishes the guidelines for the structural design
of interlocking concrete pavements. The standard applies to paved areas subject to applicable per-
mitted axle loads and trafficked up to 10 million 80 kN equivalent single axle loads (ESALSs) with a
design vehicle speed of up to 70 km/h. The standard provides preparatory information for design,
key design elements, design tables for pavement equivalent structural design, construction consid-
erations, applicable standards, definitions and best practices.

2. RATIONAL FOR DESIGN PROTOCOL

The pre-standard was originally developed to follow the empirical flexible pavement design proce-
dures described in the 1993 AASHTO Guide for Design of Pavement Structures [AASHTO, 1993].
The Standards Committee reviewed other flexible pavement design methods, including the AASH-
TO mechanistic-empirical pavement design guide (ME PDG) procedure. However, the Standards
Committee reaffirmed thepre-st andar d project team s con&
tion required to conform to the ME PDG procedure is unavailable in most non-highway applica-
tions. In addition, they determined that there is currently a paucity of North American mechanistic-
empirical data for interlocking concrete pavement structural design. The forward to the standard

ens us

acknowledges this with the following statemen

towards the development and implementation of mechanistic-empirical design protocols. While ef-
forts are underway by the interlocking concrete pavement industry to move towards adopting a me-
chanistic-empirical design procedure, the required data to implement such a procedure is not yet
available and therefore this standard was developed based on the 1993 AASHTO Guide for the De-
sign of PaveABGE200.t ructur es”

The AASHTO 1993 design methodology is well understood by municipal and consulting engineers
in North America and provides a satisfactory level of reliability for the types of pavements covered
by the standard. Nevertheless, the Standards Committee recognizes that the standard will be up-
dated periodically and expects future versions to include the mechanistic-empirical design metho-
dology.

3. TABLE OF CONTENTS

The standard consists of eight chapters with subsections. The following represents the Table of
Contents of the standard [ASCE, 2009] is contained in Table 1.

Table 1. Table of Contents.

Abstract

Standards

Forward

1. General

1.1  Scope

1.2 Referenced Standards

1.3 Deviations from this Standard
1.4 Engineer Required

2. Preparation for Pavement Design
3. Design Elements

(Continues..)
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( ...C anoation from previous page)

3.1  General

3.2 Design Principles

3.3 Design Life

3.4 Design Reliability

3.5  Design Traffic

3.6 Subgrade Soil Strength Assessment
3.6.1 Characterize Subgrade Drainage

3.6.2 Frost, Swelling Soils and Other Considerations
3.7  Select Base Materials and Thicknesses
3.7.1 Unbound Dense Graded Base

3.7.2 Bound (or Treated) Bases

3.8 Determine Subbase Thicknesses

3.8.1 Unbound Dense Graded Subbase

3.9  Design Pavement Structure Drainage
3.10 Geotextile

3.11  Joint and Bedding Sand Requirements
3.11.1 Bedding Sand

3.11.2 Bedding Sand Drainage

3.11.3 Joint Sand

3.12 Concrete Pavers

3.13 Edge Restraints

3.14  Evaluate Solution for Life-Cycle Costs (Optional)
3.15 Construction Details and Specifications
4. Design Tables and Analysis

4.1  Design Tables

4.2  Example Case Studies

5. Other Design Considerations
6. References

7. Glossary of Terms

8 Index

4. DESIGN PROCESS

4.1 Design Process Flowchart

The design process is characterized by a flowchart illustrated in Figure 1. Relevant clauses from
the standard are referenced from the Table of Contents.

4.2 Design Traffic

The standard uses a design reliability of 75%, although the designer can adjust to higher reliabilities
by consulting the AASHTO 1993 Guide and adjust the design traffic loads according to the reliabil-
ity desired. The design life, typically 20 to 40 years, is chosen by the designer, but regardless of the
design life chosen the maximum allowable lifetime 80 kN equivalent single axle load (ESAL) for
the structural design is 10 million. The design traffic is determined by the following formula
[AASHTO, 1993]:

ESAL/Year =182.5x AADT xTPxTF x[L57 ~0.083x log, (AADT /2)]

where:
ESAL = Equivalent single axle design loads per year.
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AADT = Average annual daily traffic.
TP =Percent of commercial vehicles (expressed as a decimal).
TF  =Truck factor (0.76 for a typical municipal flexible pavement).
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design design ESALS (or TI) subgrade
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(3.4) traffic mix Category 17 8
(3.5 (3.6)

v
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Figure 1. Design Process Flow Chart - * Indicates outside scope of the standard [ASCE,
2009].

4.3 Subgrade Characterization

The next step is for the designer to characterize the subgrade soil strength and drainage. Typically
the resilient modulus (AASHTO T-274) is used to describe the strength of the subgrade soil. This
can be determined directly from laboratory testing or California Bearing Ratio (CBR; ASTM
D1883) and R-value (ASTM D2844) tests. The standard utilizes eight categories of subgrade quali-
ty ranging from good quality gravels and rock with excellent drainage to poor quality clay materials
that are semi-impervious to water. Subgrade types are classified according to the Unified Soils
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Classification method (ASTM D2487). Values in Table 2 form a part of the standard and are pro-
vided to the user of the standard for guidance only. Actual laboratory characterization of subgrade
properties for each project is recommended. Designers are cautioned against making generaliza-

tions.
Table 2. General Soil Categories and Properties [ASCE, 2009].
CATEGO- | CLASSI- BRIEF DESCRIPTION DRAINAGE SUSCEPTIBILI-
RY NO. |FICATION CHARACTERIS- | TY TO FROST
TICS ACTION
1 Boulders Rock, rock fill, shattered rock, Excellent None
/cobbles boulders/cobbles
2 GW, SW Well graded gravels and sands Excellent Negligible
suitable as granular borrow
3 GP, SP Poorly graded gravels and sands Excellent to fair Negligible to slight
4 GM, SM Silty gravels and sands Fair to semi- Slight to moderate
impervious
5 GC, SC Clayey gravels and sands Practically impervious | Negligible to slight
6 ML, Ml Silts and sandy silts Typically poor Severe
7 CL, MH Low plasticity clays and com- | Practically impervious| Slight to severe
pressible silts
8 Cl,CH Medium to high plasticity clays | Semi-imperviousto | Negligible to se-
impervious vere

Once the general subgrade type has been selected, it is necessary to identify the drainage quality of

the subgrade and pavement structure (See Table 3).

Depending on the type of subgrade, the

strength of the pavement can be reduced if there is excess water in the subgrade. The standard in-
cludes an adjustment to the resilient modulus of the subgrade based on the overall quality of the
pavement drainage, as shown in Table 4.

Table 3. Pavement Drainage According to Soil Category (ASCE, 2009).

QUALITY OF DRAINAGE | TIME TO DRAIN SOIL CATEGORY NO. FROM TABLE 3.1
Good 1 day 1,2,3
Fair 7 days 3,4
Poor 1 month 45,6,7,8

Table 4. Resilient Modulus Values for Typical Subgrade Drainage Conditions [ASCE, 2009].

RESILIENT MODULUS (MPa
GOOD FAIR POOR
Category MPa R CBR MPa R CBR MPa R CBR
1 90 216 13 80 190 11 70 164 9
2 80 190 11 70 164 9 50 111 5
3 70 164 9 50 111 5 35 71 3
4 50 111 5 35 71 3 30 58 2
5 40 84 4 30 58 2 25 45 2
6 30 58 2 25 45 2 18 26 1
7 27 50 2 20 32 1 15 19 1
8 25 45 2 20 32 1 15 19 1
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4.4  Selection of Base Material

The next step in the design process is selecting the type of base material for the pavement. The
standard supports the use of bound and unbound bases.

For unbound dense graded bases, the aggregates are required to be crushed, angular materials. It is
noted that crushed aggregate bases used in highway construction are generally suitable for inter-
locking concrete pavement, and that unbound base materials shall meet the local state, provincial or
municipal standards governing subbase materials. Where local specifications are unavailable, the
base material is required to meet the gradation requirements according to ASTM D 2940. The min-
imum required strength of the unbound base is a CBR of 80% or equivalent bearing strength as de-
scribed by the test methods in Section 3.6 of the standard.

Unbound base materials are required to have a maximum loss of 60% when tested in accordance
with CSA A23.2-29A (Micro-Deval abrasion) and a maximum loss of 40% when tested in accor-
dance with ASTM C 131 or CSA A23.2-17A (Los Angeles abrasion). The required plasticity index
iIs @ maximum of 6 and the maximum liquid limit of 25 when tested in accordance with ASTM
D4318 and AASHTO T-89 and T-90. For constructability purposes, the minimum design unbound
base thickness is set at 100 mm for traffic less than 500,000 ESALs and 150 mm for 500,000 or
more ESALSs.

For bound or treated bases, asphalt-treated base (ATB) and cement-treated base (CTB) materials
and installation are required to conform to provincial, state or local specifications for a dense
graded, compacted, asphalt concrete. ATB material is required to have a minimum Marshall stabili-
ty of 8000 N per ASTM D5 or AASHTO T-49. Use of the appropriate asphalt cement binder for
local climate conditions is also recommended. Cement-treated base material is required to have a
minimum 7 d unconfined compressive strength of 4.5 MPa per ASTM D4320 and D4219. For con-
structability purposes, the minimum bound base thickness for design purposes is set at 100 mm.

45 Subbase Material

Aggregates for subbase are required to be crushed, angular materials, and it is noted that crushed
aggregate bases used in highway construction are generally suitable for interlocking concrete pave-
ment. Unbound subbase materials are required to meet the local state, provincial or municipal stan-
dards governing subbase materials. Where local specifications are unavailable, the subbase is re-
quired to meet the gradation requirements according to ASTM D2940. The required minimum
strength of the unbound subbase is a CBR of 40% or equivalent bearing strength as described by the
test methods in Section 3.6 of the standard. The required plasticity index is a maximum of 10 and
the maximum liquid limit of 25 according to ASTM D4318 and AASHTO T-90.

4.6 Concrete Paver Selection

Concrete pavers are required to conform to the product requirements of ASTM C936 Standard Spe-
cification for Solid Interlocking Paving Units in the United States and CSA A231.2 Concrete Pav-
ers in Canada. For this ASCE/ANSI standard, pavers must have an aspect ratio (overall
length/thickness) less than or equal to 3:1 and a minimum thickness of 80 mm. A 45 or 90-degree
herringbone pattern is recommended for use and the designer is advised that alternative laying pat-
terns may be considered as long as they are functionally and structurally equivalent. Other shapes
than rectangular pavers can be considered in the design with the responsibility of the design engi-
neer to confirm that the structural capacity is at least equal to the AASHTO structural number layer
coefficient (SN) of the 0.44 used in the standard, either by testing or confirmation from the manu-
facturer.



9th. International Conference on Concrete Block Paving. Buenos Aires, Argentina, 2009/10/18-21
Argentinean Concrete Block Association (AABH) - Argentinean Portland Cement Institute (ICPA)
Small Element Paving Technologists (SEPT)

4.7 Subbase Thickness and Final Pavement Structural Design

The required subbase thickness is determined based on the design reliability, design life, estimated
traffic, subgrade soil type, pavement structure drainage, and base type selected. Subbase thick-
nesses are determined from one of the four design tables in the standard. The design tables provide
structural design thicknesses primarily for unbound bases (granular base), ATB, and CTB. Howev-
er, a thickness design table is also provided for asphalt concrete (AC) bases to reduce thick pave-
ment structures associated with high traffic/low subgrade strength conditions. In the development of
the AC table, an AASHTO structural layer coefficient of 0.44 has been assumed for AC._For AC
layer SNs other than 0.44, the designer is advised to consult the 1993 AASHTO Guide. Table 5
shows the design tables for unbound granular base.

5. DESIGN EXAMPLE

The standard provides three design examples with soil conditions ranging from poor (subgrade cat-
egory 8) to good (subgrade category 3), varying drainage conditions, and with lifetime traffic rang-
ing from 500,000 ESALs to 10,000,000 ESALs. Below is one of the design examples [ASCE,
2009]. Using Tables 4.3 through 4.6 from the standard, designs were developed for the sample
conditions and the comparative designs are shown in Table 6 [SCE, 2009].

Given:

ESALs: 2000 000.
Drainage: Good.
Subgrade Category: 3 (GP, SP).

Required:
Interlocking Concrete Pavement Structural Thickness Design.
Table 5. Design Tables for Granular Base [ASCE, 2009].

GRANULARBATE
STRUCTURE THICKNESSES (mm)

A2V O] TO00 T TR ™ T T T TT0OR SOOI
1] 32| 3.7 (X 0.3] ] 33 9.0 LE | 109 113

— | Drainage [Taver Tvpe
5. [Pavers and Beddm: 109 103 109 105 109 103 10 105 105 105
é“ Goot  |Unbound DenseGraded Base 100 100 100 100 100 130 1% 200 130 13
S [Unbound Dense Gradad Subbase 200 300
Pzvers and Baddms 103) 105 105 105 105} 103 103 103 103 105
Fazit  |Unbound DenseGraded Base 100 10 100 10 100) 1X 173 130 130 13
[Unbound Dense Gradad Subbase 13 23 33
Pavers and Baddin: 152' 105 103 105 lfl_ﬂ' 105 105 105 03 105
Poo:  |Unbound DenseGraded Base 100 100 100 100 100 13 200 13 £ 13
o~ [Unbound Dense Gradad Subbase 130 300 400
g Paves and Bedm: 103 103 105 103 103 103 105 103 105 103
S| Goot  [UnboundDenseGradedBase 100 100 100 100 100) 13 175 130 130 13
S Unbound Dense Gradad Subbase 130 250 3X
Pavers and Baddme 105 105 105) 105 105} 103 105 103 103 105
Fazit  [Unbound DenseGraded Base 100 100 100 100 100} 13 200 130 130 13
[Unbound Densz Gradad Subbase 13 300 200
[Pavers and Baddine 12:' 105 105 105 105} 105 105 105 105 105
Poo:r  |Unbound DenseGraded Base 100 100 100 100 125 200] 130 13 130 13
[ [Unbound Dense Gradad Subbase 130 275 425 33
=3 Pavers and Beddm: 103) 105 103 105 109 103 103 105 103 105
E‘ Goot  [Unbound DenseGradad Base 100 100 100 100 100 13 200 13 130 13
= [Unbound Dense Graded Subbase 1% 300 20
Pavers and Beddme 105 105 103) 105 105} 105 105 103 103 105
Fait  [Unbound DenseGraded Base 100 100 100 100 125) 200 X 13 130 13
[Unbound Dense Gradad Subbase £ 275 42 3%
[Pzvers and Baddin: 105 105 105) 105 103} 03 03 105 105 105
Poo:  |Unbound DenseGraded Base 100 T00] 100 125 200 X X 130 130 13
= [Unbound Dense Gradad Subbase 73 [ 200] 575 725
g [Pavers and Baddms 103 103 109 105 105 103 103 103 105 103
&| ©Goo  [UnboundDenseGradedBase 100 100 100 100 125 200 130 13 130 13
S [Unbound Dense Gradad Subbase 130 275 425 3%
Pavers and Baddms 103] 105 103] 105 105 103 105 103 105 105
Fzit  [Unbound DemseGraded Base 100 100 100 125 200 130 130 130 130 13
[Unbound Dense Gradad Subbase 175 300 400 37 325
[Pzvers and Baddm: 105 105 103} 105 105] 105 105 103 103 105
Poat Unbound Dense Gradad Base 100} 100 100} 150 100] 1) 150 1) 130 15
Unbound Dense Graded Subbase 175 225 3N 0| [EY 300
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CRANULARBASE
STRUCTURE THICKNESSES (mm)
ESALs 10.,000] 20,000] 50,000]  100,000]  200,000]  500.00(] 1,000000] 2.000000] 5.000000] 10000000
I BB | ERl | (K| LR | 33 LE v T09] 113
v | Drainas [Laver Tvp
5 [Py snd Beddm: 105 103 105 105 105 105 105 105 103 15|
S| Good [UnboundDenssGradedBas: 100, 100| 100 100 175 150 150 13 130 13|
S Unbound Dense Gradad Subbas: 150 230 3% 325 63
Pavers and Baddm: 105 105] 105| 105 105 105 105 105 105 103]
Fais Unbound Dens= Graded Bas: 100 100 100 130 100 150 130 130 130] 130
Unbound Dense Gradad Subbas: 175 235 3% 475 630 800
Pavers and Baddm: 105| 103] 105] 105 105 105 105 105 103 103
Pootr |Unbound DenseGraded Bas: 100 100| 13 200 100 15 130 13 130 13|
o (Unbound Dense Graded Subbas: 2X 300 423 33 7Y 875
E Pavers and Baddm: 103 103 103 103 03 105 03 03 03 03)
i Good  |Unbound DenseGradad Bas: 100 100] 100 13 00 130 ) 1) | |
= Unbound Densz Gradad Subbas: 73 225 33 473 30 [
Pavars and Baddm: 105 103| 105) 105 105 105 105 105 103 105|
Fzis Unbound Dense Graded Base 100 100| 130 200 100 150 130 130 13| 10|
Unbound Dense Gradad Subbas: 23 300 225 33 730] 875
Pavers and Beddm: 103 105 103 105 105 105 105 103 103 103
Poo: |Unbound DenseGraded Bass 100} 125] 200 100 100 13 150 130 130} 13
=~ Unbound Dense Gradad Subbas: 250 33 430 37 700 Q00| 1030
=3 avers and baadms 103 103 10 10 105 105 105 103] 109) 103)
é" Good  |Unbound DenseGradad Bas: 100 100 125 173 100 130 130 130 130] sg‘
(=} Unbound Dense Gradad Subbas: 225 275 200 325 700} X
Pavers and Baddm: 103 103 103 105 105 105 103 105 103 03
Fzit Unbound Dense Gradad Bas: 100 100] 175 100 100 130 13 13 13| 13|
Unbound Densz Gradad Subbas: 225 323 200 325 650 8 lDOg'
Pzvers and Baddm: 103 105 103 103 105 105 105 105 103 105
Poot |Unbound DenseGraded Bas: 100 13 100 100 100 130 130 130 1] 13
o Unbound Dens= Gradad Subbas: 200 33 423 325 630 800 1000} 1130
g Pavers and Baddm: 103 105] 105 105 105 105 105 105 103 103
;‘;‘ Good  |Unbound DenszGraded Bas: 100 100] 130 200 100 130 1¥ 13 1) 1Y)
o Unbound Dense Gradad Subbas: 230 300 225 530 730} 875
Pavers and Baddm: 103 103 103 103 105 105 105 103 103 103
Fzis Unbound Dense Graded Bas: 100 100 173 100 100 15 130 130 130} 13
Unbound Dense Graded Subbas: 225 33 200 33 [E] 83| 1000,
Pavers and Beddm: 105 105] 105 105 [5 105 103 105 105 105]
Poo: |Unbound DenseGraded Bas: 100 13| 100 100 00 130 130 130 13| 13
Unbound Dense Gradad Subbas: 200 33 425 323 630 800 1000} 1130
Table 6. Results for Design Example [ASCE, 2009].
DESIGN 1 (mm) | DESIGN 2 (mm) | DESIGN 3 (mm) | DESIGN 4 (mm)
Pavers 80 80 80 80
Bedding Sand 25 25 25 25
ATB 0 100 0 0
CTB 0 0 100 0
AC 0 0 0 50
Unbound Base 150 150 150 150
Subbase 150 0 0 0
Paver 80 mm Paver 80 mm Paver 80 mm Paver 80 mm
Bedding Sand Bedding Sand Bedding Sand Bedding Sand
25'mm 25‘mm 25'mm 25-mm
Subbase 150 mm
Subbase 150 mm Subbase 150 mm
Subbase @ 150 mm
Design 4 — AC

Design 1 — Unbound
Base

Design 2 - ATB

Design 3—CTB
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6. OTHER DESIGN CONSIDERATIONS AND CONSTRUCTION DETAILS

Guidance is also provided in the standard to the practitioner on proper detailing around utility struc-
tures, including edge detailing with sailor and soldier courses as shown in Figure 2. Particular em-
phasis is given to drainage details for unbound aggregate and treated bases since this benefits
pavement life and performance for all structural designs and the details are unique to interlocking
concrete pavements; see Figure 3. For further details, design considerations, best practices, and
maintenance procedures designers are directed to the ICPI Tech Spec series at www.icpi.org. The
designer is also encouraged to address how interlocking concrete pavement can contribute to sustai-
nability through applying the Leadership in Energy and Environmental Design (LEED®) credit sys-
tem [USGBC, 2003]. In addition, a glossary of terms in included in the standard.

1

| | | | [T 1 | | |

A
M
|

[ 4l

T
STRING COURSE OF l _W
PAVERS AROUND COLLAR COVER REBAR

Al

COLLAR—\ /—PAVER
4 .
B N

12" (300 MM) WIDE .
CONCRETE PAVER GEOTEXTILE TURN UP
31/8" (80 MM) MIN. THICKNESS AGAINST COLLAR /. K
1" (25 MM) BEDDING SAND :
BASE MATERIAL

GEOTEXTILE CONCRETE COLLAR, MIN. 8" (200 MM) WIDE —_——
ELEVATION TO BE 1/4" (7 MM) BELOW PAVERS
REBAR AS REQUIRED 12" (300 MM) WIDE
X ' GEOTEXTILE TURN

UP AGAINST COLLAR
-| SEE DETAIL'A

4,

. /‘ 1" DIA. (25 MM) WEEP
¥ 2ay, HOLES, ONE PER SIDE
CONCRETE BRICK
AS REQUIRED

CONCRETE UTILITY
STRUCTURE

Figure 2. Sailor Course Around Utility Structure.

EXISTING CONCRETE CURB

CONCRETE PAVER
3 1/8" (80 MM) MIN. THICKNESS

1" (25 MM) BEDDING SAND

GEOTEXTILE OVER ATB OR CTB.
TURN UP AT CURB

ASPHALT TREATED BASE (ATB) OR
CEMENT TREATED BASE (CTB)

=TM=IN=HENE = Ingfl :
EXIS
EXIS

DRAINAGE MAT - LOCATED
AT LOWEST ELEVATIONS

l—l:t VARIES

TING BASE
TING SOIL SUBGRADE

Figure 3. Drain Detail for Pavers over Treated Base.

7. CONCLUSION

The standard is the first consensus document on the structural design of interlocking concrete
pavements in North America. Philosophically, this represents a validation of the ICP system among
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practitioners as a viable alternative to asphalt and concrete pavements in municipal applications.
Practically, the standard will ensure structurally adequate designs that will improve the long term
performance of these pavements. The standard, Structural Design of Interlocking Concrete Pave-
ment for Municipal Streets and Roadways, is expected to be available by summer 2009.
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