CONSULTING ENGINEERS FOR PAVEMENTS

PAVEMENT SERVICES, !NC 541 N.E. 20" AVENUE, SUITE 107

PORTLAND, OREGON 97232-2862
503.235.0377 « FAX 503.235.2885
PSI@PSIPDX.COM

Date November 5, 2007

To: Terry Reckord - MacLeod Reckord

From: Bud Furber, PE

Project No.  304.00101

Re: 278 Street A Ave to B Ave Improvements Pavement Design Technical Report
Terry;

This memo summarizes our pavement design recommendations and the findings of our pavement
investigation for reconstruction of the block of 2™ Street between A Ave and B Ave in the City of Lake

Oswego.

PROJECT BACKGROUND

Improvement of 2° St is planned using a streetscape design similar to the design for the 2001
improvement of 1% St between A Ave and B Avenue. The proposed improvements include
reconstruction of the existing pavement, curbs and sidewalks from building face to building face. The
reconstructed street section will include parallel parking bays along portions of the cast side of the
sireet and diagonal parking along the west side of the strect beginning at the north side of the driveway
into the service station on A Ave and extending north to B Ave. The new sidewalks and the diagonal
parking area will be paved with Type F clay brick sand set unit pavers installed flush with the roadway
pavement surface as was done on 1™ St between A Ave and B Ave. The travel lanes of the street and
the parallel parking bays will be paved with an asphalt concrete pavement section.

Traffic loading on the street is expected to be similar to that on 1* St between A Ave and B Ave except
for somewhat less truck traffic. Scheduled bus service is not anticipated on the street. Truck traffic
primarily consists of fuel deliveries to the service station at the corner of A Ave and 2™ 8t and light
truck deliveries to the retail businesses along the street.

The results of our deflection testing and pavement core explorations indicate that the near surface soil
conditions are very similar to the soil conditions we found in the section of 1* St between A Ave and B
Ave in our 2001 investigation for the 1* St reconstruction project. The design value for subgrade
support is essentially the same as the design value for the 1% St reconstruction project. The pavement
reconstruction designs for 1* St were based on the practical minimum traffic loading for a low volume
urban core street. Therefore, although less truck traffic is expected on 2™ St than on 1% St, the traffic
loading design value would remain the same. Since the design traffic loading for 2™ St is the same as
that for 1* St and the subgrade support design value is also essentially the same, the pavement section
designs for reconstruction of 2™ St are essentially the same as the 1% St reconstruction sections.

PAVEMENT DESIGN RECOMMENDATIONS

Pavement design recommendations for the roadway pavement and brick unit paver pavement sections
are summarized below. The material designations used in these recommendations refer to the
nomenclature of the ODOT/APWA 2002 Oregon Standard Specifications for Construction.
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Roadway Pavement Section
The recommended roadway pavement section consists of:

o 2 inches of Level 2, 1/2” size, fine graded Dense HMAC wearing course

e 4 inches of Level 2, 1/2” size, fine graded Dense HMAC base course (two equal lifts)

» 9 inches of 17-0 crushed Aggregate Base (AB) with subgrade geotextile placed between the AB
and the subgrade

or:

o 3 inches of 3/4”-0 crushed AB leveling course on 6” of 1.57-0 crushed AB with subgrade
geotextile placed between the AB and the subgrade

Brick Unit Paver Section in Vehicular Loading Areas

The recommended brick unit paver section in areas subject to vehicular traffic, such as the parking
lanes and driveways, consists of:

» Sand set Type F brick unit pavers (2-5/8” thick)

» 1 inch, compacted thickness, sand bedding

e 2-3/8 inches of Level 2, 1/2” size, fine graded Dense HMAC base course

e 9 inches of 17-0 crushed Aggregate Base (AB) with subgrade geotextile placed between the AB
and the subgrade

or:

o 3 inches of 3/4”-0 crushed AB leveling course on 6” of 1.5”-0 crushed AB with subgrade
geotextile placed between the AB and the subgrade

Brick Unit Paver Construction Details

General recommendations regarding comstruction details for the umit paver installation are provided
below. Details covering these recommendations are shown on the drawing from the 2001 First Street
Improvements project titled, Typical Section and Details, Sheet C6 (hereafter referred to as Sheet C6)
as noted below.

The details shown on Sheet C6 consisting of the Concrete Border Curb Detail, Concrete Valley Gutter
Detail, 4” Mountable Curb Detail and the 8” Curb in the Typical Road Section should be used for edge
restraint along the outside edge of the unit pavers including the edge next to asphalt concrete pavement

as applicable.

The edge drain detail together with Construction Note 1 shown in the Typical Road Section on Sheet
C6 should be used to provide positive drainage of the bedding sand and aggregate base.

The unit pavers in sidewalk areas that are not exposed to vehicular traffic may be sand set on either
aggregate base or concrete base as shown in the Alternate Paver Section on Sheet C6. However, since
the brick unit pavers have a very formal finish that is not forgiving of surface irregularity, it may be
preferable to set them on 2 concrete base to ensure that the final surface is uniformly flat.

Surebond 1370 sealer as specified by Construction Note 2 on Sheet C6 should be used for sealing the
pavers and joints to protect the surface finish of the pavers, prevent sand loss from the joints and
minimize water infiltration into the joints.

Recommended Materials and Specifications

Construction materials and procedures should comply with the applicable sections of the 2002
ODOT/APWA. Oregon Standard Specifications for Construction with the following modifications or
supplements.

Pavement Services, fnc. 2
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Hot Mixed Asphalt Concrete (HMAC)

HMAC should comply with the requirements of Special Provision SP744 (05-13-04). Asphalt cement
should be PG 64-22 grade. HMAC aggregate gradation should have a nominal maximum aggregate
size of 1/2-inch and should be fine graded with at least 40% of the aggregate (by weight) passing the
No. & sieve. This gradation is recommended to provide a tight surface finish, facilitate compaction,
minimize the potential of segregation and minimize the permeability of the wearing course. Compact
each lift of HMAC to at least 92% of Moving Average Maximum Density (MAMD).

Brick Unit Pavers

The brick unit pavers shall conform to the requirement of ASTM C 1272, Type F, Application PX
including the physical property requirements in Table 1 of ASTM C 1272. The pavers shall have a
minimum thickness of 2-5/8 inches and shall have 1/16” spacing lugs on three sides.

Bedding and Joint Sand

The gradation of bedding and joint sand shall conform to the requircments of ASTM C 33 for Fine
Aggregate with not more than 1 percent of the material, by weight, passing the No. 200 sieve by
washed sieve test. Bedding and joint sand shall not contain plastic fines.

The bedding sand must be placed and screeded to a uniform loose thickness and shall not be compacted
prior to setting the brick pavers in the sand. It is imperative that the surface below the sand bedding be
finished as flat as possible, since any deviations in this surface will reflect up to the finished surface.
The sand bedding should not be used to correct surface irregularities in the underlying base since
differential thickness in the sand bedding will cause corresponding irregularity in the paver surface.

Agpregate Base

Agpregate base (AB) should comply with the requirements of Section 00641 and should be plant mixed
to minimize watering on the grade. Place the AB in lifts not exceeding 6 inches in compacted thickness
and compact each lift to at least 95% of maximum dry density as determined by AASHTO T-180
(medified Proctor test).

Subgrade Geofextile

Subgrade geotextile should comply with the requirements of Section 00350 with Level B geotextile
certification.

Subgrade Preparation

The upper 12-inches of the subgrade soil beneath the pavement, sidewalk and driveways shall be
scarified, moisture conditioned to within ~2 to +1% of optimum moisture and compacted to at least
95% of maximum dry density as determined by AASHTO T-180 (modified Proctor test).

DESIGN DOCUMENTATION

The findings of our pavement investigation and the criteria for our pavement design recommendations
are summarized in the following sections.

Existing Pavement Conditions

The pavement from A Ave to a pavement change at approximately 49 ft north of the north curb line of
A Ave is in very good condition and appears to have been reconstructed as part of the reconstruction of
A Ave in 2000. North of the pavement change, the northbound (NB) lane has extensive medivm
severity alligator cracking and isolated small areas of delamination. Distress in the southbound (SB)
lane mainly consists of transverse cracking with associated secondary cracking, utility cut patches with

Pavement Services, Inc. 3
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associated cracking and isolated small areas of medium severity alligator cracking including in front of
the driveway into the service station on A Ave.

Falling Weight Deflectometer Tests

Falling Weight Deflectometer (FWD) tests were conducted on August 1, 2007 at 25 ft intervals along
the outer wheelpath of both directions. The test locations were measured with respect to the extended
north curb line of A Ave, i.e., ignoring the curb return bulbs at 29 St, as shown in Figure 1. The test
spacing was staggered by 12 ft between opposite directions. The test procedures and FWD test data

are summarized within Appendix 1.

The pavement surface deflection in mil units (I mil = 0.001 inch) normalized {0 a 9,000 1b (9-kip)
FWD load and temperature adjusted to correspond to an asphalt concrete mid-depth temperature of 70
oF js plotted by test location in Figure 2, which also shows the tolerable 5-kip deflection for the 20-yr
design period traffic loading and the FWD test locations that were selected for core explorations. 9-kip
deflections that are lower than the tolerable deflection generally indicate that the pavement has adequate
strength to support the traffic loading and S-kip deflections greater than the tolerable deflection
generally indicate the need for strengthening of the pavement. Generally, the 9-kip deflections are well
above the tolerable deflection indicating the need for significant strengthening.

Core Explorations

Core explorations were conducted in conjunction with the FWD testing at the four FWD test locations
shown in Figure 1. The explorations were extended through the pavement structure to approximately 1
foot into the subgrade soil. Logs of the explorations are presented in Appendix 2.

The pavement sections at the core explorations in the NB direction varied from 5.5 inches of asphalt
concrete (AC) in poor condition on 6.5 inches of AB at C-1 to 3 inches of AC in poor condition on 4.5
inches of AC in good condition on only 2.5 inches of AB at C-3. The pavement sections at the core
exploration in the southbound direction varied from 4.5 inches of AC in good condition on 7.5 inches
of AB at C-2 to 3.75 inches of AC in good condition on 8.25 inches of AR at C-4.

The subgrade soil within the upper foot of the subgrade at the core explorations consisted of, by visual
classification, medium stiff, brown, clayey SILT except at C-1 where the soil was stiff, gray to brown,
silty CLAY. The in situ water content of the soil, as determined in our laboratory on jar samples,
varied from 21% at C-1 to 24% to 26% at C-2 through C-4.

Pavement Design

The design apalysis was accomplished in accordance with the procedures of the 1993 AASHTO Guide
for Design of Pavement Structures (AASHTO Guide). The structural design for the brick unit paver
surfaced section was accomplished using the modifications to the 1993 AASHTO design procedure

suggested by Rada et al',

Gonzalo R. Rada, David R. Smith, John S. Miller and Matthew W Witczak, Structural Degsign of Concrete
Block Pavements, Journal of Transportation Engineering, Vol. 116, No. 5, September/October, 1990,
ASCE, pp 615 - 633.

Pavement Services, Inc. 4
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Table 1 - Pavement Design Parameters

Parameter Design Value
Design Traffic Loading, ESAL repetitions: 100,000
Design Reliability Level: 90%
Initial Serviceability:

AC section 4.2

Brick Unit Paver section 4.0
Terminal Serviceability 3.0
Standard Deviation 0.50
Subgrade Resilient Modulus, psi: 5,200
Asphalt Concrete Layer Coefficient: 0.42
2-5/8 inch thick Brick Unit Pavers and 1-inch thick sand bedding 0.43
Aggregate Base Resilient Modulus, psi: 12,000
Agpregate Base Layer Coefficient: 0.06

The design value of 5,200 psi for the subgrade resilient modulus is the average of the values
backcalculated from the FWD tests in the NB lane north of FWD Sta 0+50 (i.c., north of the

pavement change near A Ave).

The resilient modulus of the aggregate base, Epg, was calculated based on its thickness, tap, and the
resilient modulus, Mr, of the underlying subgrade according to the modular ratio relationship

developed by Dorman and Metcalf’;
E =kxM,

Bq. (1
k=086 (t,5)"* %0

where
Eqp = Resilient modulus of aggregate layer, psi
M, = Resilient modulus of subgrade, psi
4B = Thickness of aggregate layer, inches

The layer coefficient for the aggregate base was computed using the relationship between resilient
modulus and layer coefficient given in the AASHTO Guide for aggregate base.

Dorman, G.M., and Metcalf, C.T., “Design Curves for Flexible Pavements Based on Layered System
Theory,” Highway Research Record No. 1188, Washington, DC: National Academy Press, 1965, pp. 65-

84.

Pavement Services, lnc. 5
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CLOSURE

This report was prepared solely for MacLeod Reckord and the City of Lake Oswego for design of
Improvements to 2° St between A Ave and B Ave. The opinions and recommendations contained
within this report are not intended, nor should they be construed, to represent a warranty, either
express or implied. Our work has been performed in 2 manner consistent with the level of care and
skill ordinarily exercised by members of the profession currently practicing under similar conditions in

the Iocale. No other warranty, expressed or implied, is made.
Please feel free to contact me at (503) 235-0377 with any questions that you may have regarding this
report.

Pavement Services, Inc.
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APPENDIX 1 - FWD TEST PROCEDURES AND DATA

Pavement Services, Inc. 9
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Test Procedures

Non-destructive deflection testing was conducted on August 1, 2007 using our KUAB 150 Falling
Weight Deflectometer (FWD) device in accordance with ASTM D 4694. The FWD tests were
conducted at 25-foot intervals along the outer wheelpaths of both directions with the test intervals
staggered by 12 ft between directions. Three impact loads were applied to the pavement at each test
point. The initial impact load was used to seat the test equipment. Following this load, test
measurements were made at two impact loads of nominally 9,000 lbs. The data from these two
impacts were averaged together to minimize the effect of random error. The loads were applied to the
pavement surface using a 12-inch diameter segmented plate designed to apply a uniform surface
pressure distribution despite irregularities in the pavement surface. Pavement deflection was measured
by seismometers (absolute deflection sensors) positioned at 0, 8, 12, 18, 24, 36, 48 and 60 inches from
the center of the load plate. The temperatures of the air and pavement surface (the latier measured by
infrared thermometer) were also measured at each test point.

Test Data

The FWD load-deflection data normalized to a 9-kip load basis are tabulated in this appendix. The
data table also shows the 9-kip deflections at sensor DO (below the load plate) adjusted to correspond to
an AC mid-depth temperature of 70 °F using asphalt temperature adjustment factors (ATAF) as
calculated by the LTPP procedure. Pavement deflections are shown in mil units (1 mil = 0.001 inch).

Pavament Services, Inc. 10
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APPENDIX 2 - EXPLORATION LOGS
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Core C-1 2 St - A to B Ave

Northbound Lane
Station 0+ 75, FWD 3

2.0"

ASPHALT CONCRETE - Poor Condition {see core log}

1.25"

ASPHALT CONCRETE - Poor Condition {see core log}

2.25"

ASPHALT CONCRETE - Poor Condition (see core log)

6.5

Dense, brown, silty, sandy GRAVEL, moist. Gravel is
subangular to 2.5" diameter

Stiff, gray to brown, silty CLAY with some sand, moist to
damp

2.0"
3.25"

56"

12.0"

[ 5
21)

]

12.0

T T T T
CPLTT Tl

24.0

DEPTH in INCHES

Bottom of Core @ 24"
Completed 8/1/2007
NO FREE WATER OBSERVED

36.0

LEGEND

RS- GraB SAMPLE LOCATION AND NUMBER
( ) WATER CONTENT IN PERCENT

v TUBE SAMPLE DENSITY [N PCF

PAVEMENT SERVICES, INC

CONSULTING ENGINEERS FOR PAVEMENTS

Log oF Core C-1

2w St - A Ave To B Ave IMPROVEMENT

Lake OsweGp, OREGON

FIGURE

Jog numser: 304.00101

prRAWN: JWU APPROVED: AMF

paTE: Qctober 19, 2007




Core C-2 2™ St-AtoBAve
Southbound Lane
Station 1+ 84, FWD 25
o" 0
2.25" ASPHALT CONCRETE - Good Condition {see core log) 2 25
2.25" ASPHALT CONCRETE - Good Condition {see core log) 4'5"
Dense, brown, silty, sandy GRAVEL, damp. Gravel is
subangular to 3.0 diameter 1
7.6" 1. 81
- {25)
12.0 .
12.0° 1]
Medium stiff, brown, clayey SILT, moist ]
) 1]
I 24.0 !
g Bottom of Care @ 24"
= Completed 8/1/2007
ps NO FREE WATER QBSERVED
E
(1T
O
26.0
LEGEND
E 8- GRAB SAMPLE LOCATION AND NUMBER v TUBE SAMPLE DENSITY IN PCF
{ ) WATER CONTENT IN PERCENT

FIGURE

PAVEMENT SERVICES, INC Loe oF Core C-2

CONSULTING ENGINEERS FOR PAVEMENTS 2% 81 - A Ave 10 B AvE IMPROVEMENT
Lake Osweeo, OrRecon

JoB NUMBER: 304.00101 prawN: JWU AprrOVED: AMF pATe: Octoher 19, 2007




Core C-3 2 St - Ato B Ave

Northbound Lane
Station 2450, FWD 10

() WATER CONTENT IN PERCENT

" O
2.0" ASPHALT CONCRETE - Poor Condition {see core log) "
1.0" ASPHAET CONCRETE - Poor Condition {see core [og) g'g.,
4.5" ASPHALT CONCRETE - Goed Condition (see core log)
25" Dense, brown, silty, sandy GRAVEL, moist. Gravel is 7.57 EE (Szg)
| subangular to 2.6 diameter 10.0" ‘
12.0
Medium stiff, brown, clayey SILT, moist ||
m 220 |4
i} Bottom of Core @ 22" 24.0
5 Completed 8/1/2007 -
= NO FREE WATER OBSERVED
=
=
&
[T5]
)
36.0
LEGEND
E 8- GRAB SAMPLE LOCATION AND NUMBER V TUBE SAMPLE DENSITY IN PCF

PAVEMENT SERVICES, INC

CONSULTING ENGINEERS FOR PAVEMENTS

Loc or Core C-3

2" 81 - A AveE To B Ave IMPROVEMENT

L ake Osweco, OREGON

Jo8 numser: 304.00101 DRAWN: JWU ApPROVED: AMF

pate: October 18, 2007




0"
3.75"

8.25"

DEPTH in INCHES

Core C-4 2" Gt - A to B Ave

Southbound Lane
Station 3434, FWD 19

0
ASPHALT CONCRETE - Good Condition (ses core log)
3.75
Dense, gray, sandy, silty GRAVEL. Gravel is angular to
2.0" diameter 1.
L 81
N - (24)
iz2.o0 12.0 .
Medium stiff, brown, clayey SILT, moist |
24,04
Bottom of Core @ 24"
Completed &/1/2007
NO FREE WATER OBSERVED
36.0

LLEGEND

M S- GRAB SAMPLE LOCATION AND NUMBER
( '} WATER CONTENT IN PERCENT

v TUBE SAMPLE DENSITY IN PCF

PAVEMENT SERVICES, INC

CONSULTING ENGINEERS FOR PAVEMENTS

Lo ofF Core C-4

2% St - A Ave To B Ave IMPROVEMENT

Lake Oswecn, OREGON

FIGURE

JoB nNumeer; 304.00101

prRAWN: JWU APPROVED: AMF

paTE: October 19, 2007
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NOTES

Base map from Topographic Site Map prepared by
Compass Engineering (Dec. 2006) as provided by

Macl.eod Reckord

PAVEMENT SERVICES, INC.

CONSULTING ENGINEERS FOR PAVEMENTS

LEGEND
Approximate location of pavement
+C-1 boring exploration
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SITE MAP & PAVEMENT BORING
EXPLORATION LOCATIONS
2nd Street Improvements

Date: 10/22/2006

Job No.: 304.00101

Lake Oswego, Oregon
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