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BISHOP SIDEWALK PROJECT

o Install 1,000 LF of sidewalk over the recharge zone

o Due to lack of ROW, the design engineer recommend a permeable pavers sidewalk to
meet TCEQ water quality requirements




PERMEABLE PAVERS
-GUIDANCE DGCUMENTS

o The Concrete Masonry & Hardscapes Association

o Previously: Interlocking Concrete Paving Institute

o Example details, specs, and guidance
o https://www.masonryandhardscapes.org/

o Permeable Interlocking Concrete Pavements, 5th Edition (140 Pages)
o https://www.masonryandhardscapes.org/?create  -tek-pdf=1&post_id=572590&filename=PAV -MAN-001-17
o Previous Version: Tech Spec 18 - Construction of Permeable Interlocking Concrete Pavement Systems (16 Pages )

o https:/AMww.uni -groupusa.org/PDE/PICP%20Construction%20Tech%20Spec%2018.pdf **Key Document**

o TCEQ
o WPAP Requirements

o https://www.tceq.texas.gov/permitting/eapp/wpap.html
o Appr ov e dodBMdnharsd construction requirements
o https://www.tceq.texas.gov/publications/ra/rg -348

o Department of Transportation

o https://www.fhwa.dot.gov/pavement/concrete/
o SeeTechBrief Publication Number FHWA -HIF-15-007
o https://www.fhwa.dot.gov/pavement/concrete/pubs/hif15006.pdf

o City of San Marcos (Prepared after project)
o Sidewalk Permeable Pavers Specification (Prepared after project)
o https://www.sanmarcostx.gov/DocumentCenter/View/16830/SS481  ---Sidewalk -Permeable -Pavers-PD
o Sidewalk Permeable Pavers Standard Detail

o https://www.sanmarcostx.gov/DocumentCenter/View/16633/481S -PP-SM-Sidewalk -Pavers-PDF
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PERMEABLE PAVERS

-GUIDANCE DGCUMENTS
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o Tech Spec 18 - Construction of Permeable Interlocking Concrete Pavement Systems

(16 Pages)

o https://www.uni -groupusa.org/PDF/PICP%20Construction%20Tech%20Spec%2018.pdf

Concrete Pavement Systems

INTRODUCTION

'\{icpi

Interlocking Concrete
Pavement Institute®

Construction of Permeable Interlocking

techniques outiined in the manual, as well as further guid-
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Figure 9. Edge restraint is spiked into the dense-graded base berms

Figure 20. A PICP walk with a troweled concrete toe sits next toa

501t can hold the pave: ng

ty with a formed and e rb. Concrete
toes should only be used for pedestrian applications.

concrete PG
nized by federal and state stormwater and trad
agencies as a Best Management Practice (BMI
Impact Development (LID) tool to reduce runof
pollution. In addition, PICP offers unique design|
thes for addressing combined sewer overflows
alleys and streets, a5 well as use in parking lot arj
an surfaces, Tradiitional stormwater managemes
focus on collecting, concentrating and centraliz|
posal of stormwater. As a key BMP and LID tool,
disconnect, decentralize and more widely distri
through infiltration, detention, filtering and trea|
The Interlocking Concrete Paverment Institute|
vides a comprehensive, 92-page manual entitled Permeable
Interlocking Concrete Pavements, which covers design, speck-
fications, construction and maintanance. This manual is avail-
able on wwwicpl.org and provides extensive information
from academic research and practical fiekd experience, This
Tech Spec bulletin provides a summary of PICP construction

\— 30 rutgrase

If you only remember one thing about this
presentation; this is the one thing to remember!

configurations.

Permeable Joint Matarial—The joint material typically
consists of angular ASTM No. 8, 89 or 9 stone. The perme-
able joints allow stommwater to infiltrate through joints in the
pavement surface.

Open-graded bedding course—This permeable layer
s typically placed as a 2 in. (S0 mm) thick ift and provides
asetting bed for the pavers. It consists of small-sized, open-
graded angular aggregate, typlcally ASTM No. 8 stone or
similar sized material After compaction this lift will consoli-
date slightly.

Open-graded base reservoir—This Is an aggregate
layer that is typically 4 in. (100 mn) thick (for vehicular appit-
cations see exception under sub-base definition). The base
matesial is made of crushed stones primarily 1 in. down to /2
In. (25 mm down to 13 mm). For pedestrian application the
base layer is a minimum of 6 in. (150 mm) and the subbase
may be omitted, Besides providing water storage capac-
ity in the spaces among the stones, this highly permeable
material also serves as a choking layer between the bed-

d subbase layers. The stone size Is typically ASTM No.

Figure 1. PICP typical cross section.

ding
57 or simillar sized material.

Figure 17. Perimetes berms made with de

place prior to placing open-graded he dr

remave water before it can collect next to the base support-
ing the impervious pavement. Curbs installed against exist-

and the PICP

Figure 18. C the by peri
base

tened to their surface. The dense-graded base is a foundation
for metal or plastic edging secured with steel spikes. These

ing impervious pavement and base may ca nd
weakening of the base from excavation due to installing the
PICP. Eroded spaces can be filled with concrete to support the
asphalt or conarete surface and base next to the curb.

For pedestrian areas and residential driveways, an edge
restraint option is using compacted, dense graded berms
around PICP base perimeter with plastic or metal edging fas-

edge are installed on the dense-graded berms in
amanner identical to those on interlocking concrete pave-
ment driveways. Figure 16 shows a typical cross-section

of this construction and Figure 17 illustrates the berms in
place prior to filling the driveway with open-graded aggre-
gate. Figure 18 shows compaction of both types of bases.
Figure 19 shows the pavers in place against a plastic edge

Figure 21. Ao ton (9 T) roller compacts the ASTM No. 57 base.

restraint spiked or nailed into the dense-graded base. The
edge restraint contains some of the bedding layer such
that at least the bottom half of the pavers is also contained

by the edging.
Figure 20 illustrates a concrete toe placed againsta
sidewalk behind a driveway with -pl. ncrete

Figure 22. A 13,500 (60 kN) vibratory plate compactor is used on this
ASTM No. 57 stone base.

the roller can be with vibration to consolidate the base mate-
rial as shown in Figure 21. A 13,500 Ibf (60 kN) plate compac-
tor (Figure 22) also can be used to compact the No. 57 base
layer. Surface tolerance of the compacted No. 57 stone shall
be +/-*/ain. (19 mm) over a 10 ft. (3 m) straightedge.

edge. Conarete toes rest on the base extending at least 6 in.
{150 mm) past the paver edges. The concrete should be a
minimum of 4in. (100 mm) wide by 3 in. (75 mm) deep so
that it can restrain the pavers. Concrete mixed on the job site
should use an approximate 5:1 aggregate to cement content.
Once prepared in a concrete mixer, the concrete toe is typi-
cally spread with a shovel and smoothed with trowel Pavers
are compacted once the concrete has hardened. This type of
edging is not recommended in cold climate regions because
of the high risk of cracking.

Place and compact the b -The ASTM

drivers should avoid rapid acceleration, hard
braking, or sharp turing when driving on the compacted
Nao. 2 subbase and on the No. 57 base. Tracked equipment is
recommended. If the subbase or base surfaces are disturbed,
they should be re-leveled and re-compacted.

Atest section of the subbase and base should be con-
structed for compaction The section will
indicate settlement of the pavement section, and be used
to monitor and prevent crushing of the aggregate. The area
should be used to train inexperienced construction personnel
on compaction techniques.

S d of subbase

No. 57 base layer is spread and compacted as one 4 in. (100
mm) lift. Like the subbase aggregate, the initial passes with

and base densities after compaction. If nudlear density gauge
testing is desired, it cannot effectively be done on the No. 2

© 2013 ICPI Tech Spec No. 18 - Interlocking Concrete Pavemnent Institute - All rights reserved. Revised November 2016.
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PERMEABLE PAVERS

-DESIGN ISSUES: TYPICAL CROSS-SECTION

ol t0s not as easy

o Draft Cross-section @ 90%

COMCRETE PAVERS MIM. 3 178" (BOsm} THICK

TYP. ASTM MO, 8 OR MO, § ACCRLOATE [N OPEMINGE

e

Dsh e Do [t lo

PERFDRATED PIPCIS) SLOPED TD DR&IM

There ore two elements thot must be conalcered In the design of permechie pover

systens for stormwgter treatment: hydrologlc copoaclty ond structural Infegrity. Tre
hydralogle constralnts Inoivde o minimm Inflitretion rote, sufficlent storope for the
deaign atorm within the boss materiol, ond o drainoge system aired to restors the woter
qual ity volume within 72 howrs ofter o rainfoll.

Tre oceslgn process for permechie pover povements olsc requires consideration of
atructural copocity to ensurs THot the povement ssterlols ond Thicensases ore sufflclent
to withitona the ottlolpatea trafflc Icodings. Ensuring that the oesligh provioes e
necessory Structural copoolty s the responalolility of the engineer ang thoss calculotlons
wlil rot be submitted to or réviewed by TCEQ. Deslgn procedures for the atrudtural
‘emente of pareeolle pover dl.fgn uss the methodology ond opprooch of *he 1993

H10 Guide for the Dealgn of Povemsnt Structures under the Flexible Povement

= Procedurs sectlon.

% lots ond roods muet be provided with ourts. These curbs must be conflgured In

o o8 to store the required rainfal | treatment cepth (1.64 Inches) on the surfoce

changing

BEDDINC COURSE 1 172" T0 2" (d0em TO 50 mml THICK
[TYP. ASTM MO, 8 OR ND. % ACCRECATE)

Crushed Stone FlIler, Bedding, Bose ond Subbose:
7 Crushed stone with 90K froctured fooes, LA Abrosion ¢ 40 per ASTM C 130,
minimum CBR of BOX per ASTW D 1883,
7 Do not use rounced river grovel.
'I'r-l-ll stone mgterigle engll Do woshed with (ess thon 13 possing the No. 200
sleve.
7 Joint/opening 111 ler, bedding, bobe ond subbose: conforming to ASTM D 448
grogotlon a8 shown In Tables 1, 2, 3 ond 4 belowt
?ﬂ“l" Local iy aoval lable mofter lal s may vory sorewhat from below ~eguliressnts,
ablg 1
ASTM Koo 8 Groding Regquirements
Bedding ond Joint/Opening Filler
Sieve STre Percent Possing
12,5 mm (172 TR} 100
9.5 mm (378 In.} 83 %o 100
4,75 rm (Mo, 4} 10 to 30

oconcretebd




PERMEABLE PAVERS
-DESIGN ISSUES: TYPICAL CROSS-SECTION FOR BISHOP SIDEWALK

0] F | I st 3 | a y er s A €@ Cross-section of Permeable Pavement - Full Exfiltration
031/ 86 Pavers T e e —
026 ASTM No 8 (or 9) i%éfiiﬁ “'mé&ﬁ%%ﬁﬁﬁ b b it i d
046 ASTM #57 N o TS

0 ASTM #2

o Hard to locate and only required for
traffic;

o Substituted #57 Stone for ASTM #2
o Thickness is TBD

- Open-graded Base Reservoir 4"
(100mm) Thick ASTM NO. 57 Stone (3/4 Inch)

Open-graded Subbase Reservolr
ASTM NO. 2 Stone (2 % inches) (Thickness is site specific)

\
'
e
’ -y

‘

o Underdrain
oEnded up not needi n¢

:‘: » Geotextile (Optional Per Design)
>— Impermeable Liner

. S el R ol i ﬁo Uncompacted Subgrade (Zero Siope)
| ] L& S
0 GeOtethle o} ¢ gned by a Professional Engineeraccordingito pecifications ‘

0 Recommended to prevent Sett“ng Specify base material that meets State DOT spacifications for Type A aggregate
o Impermeable Liner (Next To Curb) All aggregate should be owash




PERMEABLE PAVERS

-DESIGN ISSUES: TYPICAL CROSS-SECTION

3-1/8" Permeable Pavers
Keystone Hordscapes (by Povestone)
o Eco-CltylLock 5x10 or Equivalernt, Herrsingbone
ALL AGGREGATE SHALL BE WASHED T S Fill Joimnts with ASTM No.8 or No.9 Aggregote

o Final Cross-section: By Road
o Decided to replace all existing curb

Confirm Paver s

/
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style

| 3-178" PavERS

| 2"-=8 oR =9

o Reduced limits of impermeable linear = wv| T
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RBLE PRVERS

PERME
-DESIGN ISSUES: RETAINING WALL

o Preferred Option

o Would Not Work Due To Footing Requirements

o Alter
o R

ng to

nate Design
red f oot

I,—B.O.-CI(FILL FER RETAINING WALL DETAIL

| ‘. ///r——PQGPOSE} RETAINING WALL

b e

2
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FOR_STRUCTURA A
STABILITY:
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(@)
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Preferred Retaining Wall Design
Not Applicable
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PERMEABLE PAVERS
-DESIGN ISSUES: STEEP SLOPE

o Flow Barriers recommended for slopes greater than 3% by ICPI Design Manuel

o LCRA Watershed Technical Manual & very conservative equation on Figure 4.19

o https://www.Icra.org/water/permits  -contracts/watershed -management -
ordinance/Pages/default.aspx

oBi shop = 5.50 per LCRA equation
ol nstalled concrete barrier every T, o / ' '\/n

2"-¥8 OR B3

"Y'
8" THICK

Flow bamiers, Tooat LIFTS Max
3
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- r" ;!‘ .
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PERMEABLE PAVERS
-DESIGN ISSUES: SPECIFICATION

A AT L
P g
';::" Nyt u':.::

o Downloaded template from ICPI Mt A
: At "ll'lll'll.'l': o
o https://www.masonryandhardscapes.org/technical  -resources/?resqurce -“;h:h}ﬁ..\,";.‘a,‘fﬁa,‘i..
tech#hardscapes -tech l,c'l,u".':f:f:f.lﬂlﬂ," 5

by QA
&.L'*.-f'.-".'f:'f:'i‘a‘.."x" )

Fig 1. Woven Geotextile

o Lessons Learned
o Washed 0 needs to be clearly defined
o Geotextile
oNeed to clearly specify oOowovenodo and a
o Bestto provide approved equals in the spec; such as Mirafi FW700 Woven
o We went with 18 gpm /ft2 per Pavestone representative recommendation
o Interlocking Concrete Pavement Institute (ICPI) Certification i
o ICPI Certified Concrete Paver Installer Fig 2. Non-woven Geotexti
o Everyone has this
o ICPI PICP Specialist
o We required this; but there is only 1 person certified in Texas
|:>o Remove this requirement; until this becomes industry wide standard

FI ow Ra
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3-1/8" Permeable Favers
Keystone Hordscopes (by Povestone)

Eco-CltylLock 5x10 or Equivalent, Herringbone style
ALL AGGREGATE SHALL BE WASHED — Fill Joints with ASTM No.8 or No.3 Aggregate

3-1/8" PAVERS ///

-CONSTRUCTION: PHOTOS M I PR e

8" THICK
-—-4" LIFTS MAX

oExcavating 1306; withol

I GRACE
LUTHERAN
CHURCH

SALVATION BELONGS T0 OUR
60D WHO SITS ON THE T
AND TO THE LAMB!

RE!




3-1/8" Permeable Favers
Keystone Hordscopes (by Povestone)

i Eco-CltylLock 5x10 or Equivalent, Herringbone style
ALL AGGREGATE SHALL BE WASHED e Fill Joints with ASTM No.8 or No.9 Aggregote

[ 3-1/8" PAVERS

-CONSTRUCTION: PHOTOS | [

o Installing Geotextile & 1 stlift of ASTM 57 _
o Installing Curb




PERMEABLE PAVERS
-CONSTRUCTION ISSUES: PROTECTING IMPERMEABLE LINER

o Prevent impermeable linear from getting holes in it
o Extra steps used to form curb




PERMEABLE PAVERS
-CONSTRUCTION ISSUES: CONCRETE/PAVER INTERSECTION

o Install Full Depth Flow Barriers at Pavers/Concrete Transition

3-1/8
reysto
ALL AGGREGATE SHALL BE WASHED — Fill J

3I-1/8" PAVERS

2"-#8 OR #9

4 _|_ \
c .\

13" MIN

#o7
8" THICEK
-—-4" LIFTS MAX

4"MIN. | = v

P nd DR
1 T T S s et M

2" SAND CUSHION J

3,000 P.S.l. CONCRETE
VIBRATED IN PLACE

6" WIDE FLOW BARRIERS

Require sidewalk to be full depth at transition to prevent
water from washing out the concrete sidewalk subgrade




PERMEABLE PAVERS
-CONSTRUCTION ISSUES: PROTECTING IMPERMEABLE LINER

o Build retaining wall before curb work to avoid da
. ‘ S — —

Forms needs space to
Works need space to work stake into the ground @



3-1/8" Permeable Favers
Keystone Hordscopes (by Povestone)

i Eco-CltylLock 5x10 or Equivalent, Herringbone style
ALL AGGREGATE SHALL BE WASHED e Fill Joints with ASTM No.8 or No.9 Aggregote

| 3-1/8" PAVERS

-CONSTRUCTION: PHOTOS | [

o Installing 2 " [ift of ASTM 57 T
o Installing ASMT NO. 8-9 & Pavers -




PERMEABLE PAVERS
-CONSTRUCTION 1SSUES: SPECIFY PATTERN

o We went with the Herringbone Pattern
oRequired obandingdéd so no cut pavers a

Banding




PERMEABLE PAVERS
-CONSTRUCTION ISSUES: PROTECTING INSTALLED PAVERS

o Install pavers last or require pavers to be kept covered at all times
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Pavers

#8/9 Stone

ALL AGGREGATE SHALL BE WASHED

i=1/8" PavERS

£°-%8 OR B9
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8" THICK
-==4" LIFTS MAX

Flow Barrier

Impermeable Liner

#57 Stone




PERMEABLE PAVERS
-CONSTRUCTION: TESTING PAVERS

o Verify surface infiltration per C 1781 is greater than 100 in/  hr; per specifications

Report of Surface Infiltration Rate

Client: City of San Marcos ASTM Method: C1781/C1781M
Project: Bishop Sidewalk Improvement Project Date of Service: 2-27-19
Project No.: 002-021 Report Date: 3-4-19

Testing Parameters/Results

Head Water (inches) Amount of Water Infiltrated Average Elapsed Time Infiltration Rate
(pounds) (seconds) (inches per hours)
0.5to01 40.0 70 572

I appreciate the opportunity to provide you with these services. I trust the information provided is acceptable for your use. If you have
any questions or require further assistance. please do not hesitate to contact me.

Respectfully submitted.

Clipbothe (hameanse

Elizabeth S. Arceneaux. P.E.
Testing Engineer

Location: Prospect and

Bishop (end of sidewalk) - ‘I




PERMEABLE PAVERS
-FINAL PICTURES




