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INTRODUCTION
General

Project F045-1(4), Jct. 1I-10/Mesa Hwy (Knox Road to Baseline Road)
consisted of widening and reconstructing 1.47 mi of State Route

87. The work included removing existing asphalt concrete pavement
and existing portland cement concrete pavement, constructing new
bituminous pavement, curb, gutter and sidewalk, installing new
traffic signals at Warner Road, highway lighting and other
incidental work. Approximately 0.67 mi of the northbound lanes of
the project was paved using an open-graded porous pavement. Figure
1 is a typical cross-section of the control and experimental
sections.

Location

The project was located on State Route 87 (Arizona Avenue) within
the limits of the City of Chandler in Maricopa County, Arizona.
Chandler is a rapidly growing and developing suburban city
approximately 20 mi southeast of Phoenix. State Route 87 is
heavily traveled by commuter traffic going to and from the
Superstition Freeway which is approximately 2.5 mi north of the
project. Figure 2 is a location map for the project.



7"AB2
6” AC3/4
2" AC1/2

TACK COAT

12" Open Graded Subbase
8" Median Paving

CONTROL SECTION

— 12" Open Graded Subbase
|— 8" Median Paving

v \

Y L A

CENTERLINE

6" Open Graded AC —
6" Open Graded ATB —

8" Open Graded Subbase —
Filter Fabric —

Open Graded Subbase

Filter Fabric

EXPERIMENTAL SECTION

FIGURE 1

TYPICAL CROSS-SECTIONS

-.];; oA

ALAMO DR

Iy ™
coustoc/pn |— 5 OF "::“"' =22 “ﬁ_
fono_cix, fuam¥i RN o
Slents=l O L e
LOUGHL IN i anE=" oo
=1 s
Mission == o3 [ il
1 = oR_—7, 3
SHAWNLL g ; . T
= o [ v
asnow |5 " &)
b L 7 -
T T
g R ST
) + L) :
o
P H
FAADOF

L

WARNER ROAD 4

MCQUEEN ROAD <

RAY ROAD '—I

FIGURE 2 LOCATION MAP

CENTERLINE

NOT TO SCALE



Location of Experimental Section

The porous pavement section was located within the northbound
lanes of the northern 3,500 ft of the project limits between
Station 105+00 and 140+00 on State Route 87. The experimental
section begins approximately 500 ft south of Elliot Road and
extends southerly for 3500 ft. The length and location of the
section were selected by the Arizona Department of Transportation.

HISTORY
Contract History

In October of 1985, the Arizona Department of Transportation
advertised for bids for the construction of Project F045-1(4),
Jct. I-10/Mesa Highway. The date for the bid opening was November
8, 1985. Seven bids were received by the Arizona Department of
Transportation and on November 15, 1985 The Tanner Companies was
notified that their bid was accepted. Their bid of $2,086,605 was
approximately 10 percent over the State estimate of $1,890,450,
The bids received ranged from $2,086,605 to $3,139,485.

Project History

The official start date for the project was December 16, 1985.

The contractor commenced construction on January 10, 1986. The
Tanner Companies' approach was to build the project half at a time
beginning with the construction of the east side of the road.



This approach was selected in order to facilitate traffic during
construction. During the periods February 10 to February 14 and
March 13 to March 26, construction was stopped by rain and wet
subgrade. The project was substantially completed in June 1986
and accepted by ADOT in July 1986.

PURPOSE OF PROJECT

The design of porous pavement is just emerging from the
experimental phase. Although evaluations have so far been
favorable in regards to service life, efforts for comparison
purpose must be undertaken under various climatic and traffic
conditions. The purpose of the porous pavement section was to
determine the feasibility of constructing a porous pavement in an
urban area and a desert environment and to evaluate its

performance as a drainage system and pavement structure.

The performance aspects that will be evaluated and monitored are
the porosity, stability, durability, rideability and drainage
capacity. The performance of the experimental installation will
be monitored for a 3 yr period.

DESIGN CHANGES
Decorative Median Pavement

By addendum, the Arizona Department of Transportation, Highways
Division, incorporated decorative median pavement into the design
of the porous pavement. The median pavement consisted of a
colored 8 in. thick concrete slab that rested directly on the
open-~-graded aggregate subbase,




Deletion of Porous Pavement from Southbound Lanes

During construction, the Arizona Department of Transportation
determined the southbound lanes of State Route 87 should be
constructed of conventional pavement between Station 105+00 and
140+00 Lt. instead of porous pavement as originally planned.

This action was taken because the porous pavement exhibited
vertical deformation in excess of 5/8 in. at some locations after
3 wk of carrying detour traffic, resulting in questions about the
performance of the pavement section. It was concluded that the
northbound section of the roadway was sufficient to test the
concept. If modifications or reconstruction of the experimental
section were necessary, the southbound section of the roadway
would be available for carrying traffic during rehabilitation.
Placement dates for porous pavement can be found in Table 1.

TABLE 1. PLACEMENT DATES - POROUS PAVEMENT

A.T.B,
5/6/86 1st Lift (All Lanes) 105+00 to 140+00
5/7/86 2nd Lift (All Lanes) 105+00 to 140+00

A.C., Open Graded

5/8/86 1st Lift (Lanes 1 & 2) 105400 to 140+00
and 1lst Lift (Lane 3) 115400 to 140+00
5/9/86 1st Lift (Lane 3) 105+00 to 115400
and 2nd Lift (Lane 1) 105+00 to 140+00
6/23/86 2nd & 3rd Lifts (Lanes 2 & 3) 105+00 to 140+00

Measurements of pavement deformation can be found in Table 2.
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Relocation of Drainage Trenches

The original design called for the drainage trenches to be located
beneath the sidewalk where new curb, gutter and sidewalk were
constructed. However, the planned locations conflicted with
irrigation lines and utilities.

To resolve these conflicts, the trenches were relocated either
beneath or in front of the curb and gutter.

Specification Changes
Change Order No. 8 - Originated February 26, 1986 and changed the

specified gradation limit for the open-graded aggregate subbase
Class 6 as follows:

Original Revised
Gradation Gradation
% _Passing $ Passing
1l in. 100 100
3/4 in. 90-100 90-100
3/8 in. 30-50 25-50
No. 4 0-5 0-5
No. 8 0-2 0-2

This was done to enable the contractor to more efficiently use the
portland cement concrete he had removed and was crushing.

Change Order No. 13 - Originated July 17, 1986, and changed the
specified Grab Tensile Strength (wet) ASTM D1682 for the geotextile
fabric from 200 1bs to 140 1b.

This was done because the material supplied was tested and found to
have a grab tensile strength of 143 1b. The fabric had been placed
on the basis of the manufacturer's certification. It was concluded
that the fabric was sufficiently strong to remain in place with a
price reduction rather than to be removed and replaced.




Change Order No. 10 - Originated May 30, 1986, permitted the
contractor to pave after May 31, 1986 with open graded asphalt
concrete and required the contractor to keep the open-graded
asphalt concrete pavement free of traffic for 24 hours after the
final lift of pavement had been completed.

Change Order No. 12 - Originated July 23, 1986, deleted the
experimental porous pavement section from the southbound lanes of
the project.

PROJECT CONSTRUCTION
Subgrade

The pavement subgrade was constructed by removing the existing
pavement layers and recompacting the soil at the correct subgrade
elevation. During subgrade construction, an abandoned irrigation
ditch filled with unstable clayey material was discovered. It was
excavated and replaced with satisfactory material, Care was taken
within the porous pavement section to utilize soil of the same
type as the subgrade for replacement material to obtain uniform
permeability within the subgrade.

Portions of the project had existing curb, gutter and sidewalks
while other locations had this construction performed as part of
the current contract. Subgrade elevations and cross slope had to
be adjusted to accommodate these factors.

Drainage Trenches

Following completion of subgrade construction, drainage trenches

were excavated 2 ft wide and 4 ft deep with a backhoe. Excavated

material was removed to other locations on the project with a

scraper. The subgrade material on the project was capable of

maintaining a vertical slope and little sluffing of the sides of
8



the trench occurred even though time periods of 1 wk or more
elapsed between the time the trenches were excavated and filled.

All trenches incorporated into the experimental project were
constructed 1 ft in front of the curb and gutter except for a

1300 £t length from Sta 119+00 to Sta 132+35. At this location,
the trench was constructed under the curb and gutter which was
built after the drainage trench was filled. The plan to place
this section of the trench under the sidewalk could not be carried
out due to a conflict with a concrete pipe placed to allow the
closing of an irrigation ditch.

Filter Fabric

The contractor selected Supac 4WS woven fabric for placement as a
filter between the subgrade soil and open-graded subbase material.
Fabric was placed according to specifications on the subgrade and
within the drainage trenches. The fabric was unrolled on the
subgrade and placed in the drainage trench by hand labor. The
material was held in place with shiners driven into the subgrade.
Fabric for covering the subgrade was unrolled and lapped over the
adjacent fabric a minimum of 2 ft in a shingle pattern. Figure 3
and 4 show the fabric on the subgrade and the fabric lined drainage
trench prior to open-graded aggregate placement.

Grab tensile strength tests performed by both Western Technologies
and ADOT found the fabric to be below the minimum specified
strength of 200 1b. Most of the fabric was in place at the time
this was discovered and the material was left in place with a
reduction in price. There are no particular standards by which
the required strength for a geotextile can be determined. The
primary purpose of the fabric is to serve as a separator between
the subgrade and base course. The grab tensile strength is
primarily required to allow placement without damaging the
fabric. Since the subgrade is relatively flat, the grab tensile
strength was sufficient for this purpose,

9



FIGURE 3 FILTER FABRIC IN PLACE

FIGURE 4 DRAINAGE TRENCH WITH FILTER FABRIC IN PLACE

10



Open-graded Aggregate Subbase

Specifications (see page 7) for the open-graded aggregate subbase
were written on the basis of commercially produced river aggregate
available within the project vicinity. However, the contractor
elected to crush portland cement concrete pavement removed during
construction for use as subbase material. All specifications were
met except the amount of material passing the 3/8 in. sieve which
was less than 5 percent below the minimum of 30 required by the
specifications. This minor deviation in gradation was considered
to be acceptable because the 3/8 in. sieve requirement was
primarily for uniformity rather than quality of the aggregate.

The specification change was approved under the contractor's cost
incentive proposal. The use of the portland cement concrete
pavement was considered to be an excellent application of
recycling.,

The open-graded subbase material was placed in the drainage trench
and compacted in two lifts of 2 ft each with vibra-plate Wacker
hand compactors. The placement of the subbase was accomplished
shortly after placement of the underlying fabric to avoid excessive
exposure of the fabric to ultraviolet rays. Specifications
required that no traffic be permitted on the filter fabric until a
layer of subbase material had been placed.

The contractor attempted to deposit aggregate and move it ahead
with loaders or motor graders. Difficulty was encountered as
hauling units would become stuck in the open-graded aggregate and
often would tear the underlying fabric while trying to get free.
As a result, trucks were allowed to travel on the fabric while
unloading subbase material with no apparent harm to the fabric.
Traffic, however, was restricted only to that necessary for
depositing aggregate. Figure 5 and 6 show open-graded aggregate
being placed.

11




The open-graded aggregate subbase would not support 1-x 2-x 10-in.
grade stakes. Consequently, it became necessary to check grades
of the subbase by stretching a stringline from the curb to an
equivalent height above the subgrade and measuring down to the top
of subbase elevation. This procedure left no permanent grade
stakes and required repeated stringlining and measuring. Field
records indicate that the subbase was placed in an 8 in. compacted
layer to the proper elevation. The thickness of the aggregate
treated base and aggregate subbase given in Table 8 indicate that
the subbase may not have been compacted to the proper elevation.
Also elevations taken on the pavement surface indicate variations
in the cross slope. Compaction was by 8 ton galion steel drum

rollers using two coverages while in the static mode.

FIGURE 5 PLACING AND LEVELING OPEN-GRADED AGGREGATE SUBBASE

12



FIGURE 6 HAULING AND PLACING OPEN-GRADED AGGREGATE SUBBASE
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Asphalt Treated Base

The asphalt treated base utilized the same aggregate specifications
as the subbase but was stabilized with an average of 2.2 percent

of AC-40 asphalt cement. The contractor, however, used a crushed
river aggregate produced in the proximity of his asphalt mixing
plant's location rather than the recycled portland cement concrete
pavement used for subbase material. The base course was mixed and
placed in a heated condition. Temperatures of the asphalt treated
base at the time of laydown ranged from 184 F to 240 F with a mean
temperature slightly above 200 F.

Specifications required the 6 in. thick asphalt treated base be
placed in two lifts. The top lift required placement with a
conventional self-propelled asphalt paver. A Blaw-Knox Model DF
220 was used for the operation. The first 1lift did not have this
requirement as it was anticipated that construction of the base
course on the open-graded subbase would not be feasible with a
paver.

The contractor elected to place the first lift of asphalt treated
base with motor graders and compact with steel drum rollers
operated in a static mode until no roller marks remained.

However, delivery of material with bottom dump trucks was
difficult on the open-graded aggregate subbase. The trucks
loosened the compacted aggregate and had to be pushed through the
length of travel on the subbase by motor graders. Although the
trucks did not become stuck when being pushed, they did loosen and
rut the compacted subbase as they passed over it. The disruption
of the subbase resulted in variable thicknesses of the first lift
of asphalt treated base. Fiqures 7, 8 and 9 are photographs taken
during construction of the first lift of asphalt treated base,

14



FIGURE 7 MOTOR GRADER ASSISTING TRUCK OVER
OPEN-GRADED AGGREGATE BASE COURSE

FIGURE 8 ASPHALT TREATED BASE COURSE SPREAD

15



FIGURE 9 MOTOR GRADER PLACING FIRST LIFT OF
OPEN-GRADED ASPHALT TREATED BASE COURSE

The second 1lift of asphalt treated base was placed by delivering
material into a windrow with bottom dump trucks and placing it by
use of a pickup machine and asphalt paver. Figure 10 is a
photograph of construction of the second 1lift of asphalt treated
base. Plant and placement temperatures for the second lift of
asphalt treated base are shown in Tables 3 and 4. The survey crew
painted grades on the first 1lift and the contractor placed the
second lift according to these grades.

This operation was satisfactory except that the paver occasionally
broke through the first 1ift of asphalt treated base at locations
that were thin from displacement of the subbase. In those cases,

the paver had to be assisted with a motor grader. This happened
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FIGURE 10 PAVER PLACING SECOND LIFT OF OPEN-GRADED
SURFACE COURSE NEXT TO CURB AND GUTTER
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Time

0555-0615
0700-0710
0815~-0825
0900-~-0910
1000-1010

1055-1105
1205-1220
1310-1315
1415-1425

TABLE 3. PLANT AND PLACEMENT TEMPERATURES

ASPHALT TREATED BASE

Hot Plant Temps (F)

230
225
230
235
225

225
240
230
235
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MAY 6, 1986

Time

0711
0804
0821
0829
0908

0924
0944
1000
1030
1048

1101
1209
1211
1221
1225

1232
1315
1320
1323
1356

1404
1411
1422
1450
1459

1515
1526

ongrade Temps (F)

205
210
208
205
211

208
200
205
202
205

200
202
185
200
199

184
200
202
205
200

198
205
202
207
203

200
200



Time

0550-0605
0700-0710
0810-0820
0920-0930
1000-1005

1210-1220
1310-1315
1400-1410
1500-1505

TABLE 4. PLANT AND PLACEMENT TEMPERATURES

ASPHALT TREATED BASE

Hot Plant Temps (F)

235
235
230
240
235

225
220
235
225
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MAY 7, 1986

Time

0639
0702
0659
0709
0730

0741
0750
0755
0821
0915

0927
1008
1011
1025
1027

1105
1123
1154
1157
1201

1229
1234
1236
1246
1259

1410
1412
1416
1419
1429

1501
1518
1545
1557
1610

Ongrade Temps (F)

250
235
240
210
199

200
205
209
200
220

200
205
210
203
205

208
200
204
210
201

205
201
200
200
200

201
201
212
195
205

219
223
208
210
198




at three or four locations which were not recorded. It is felt
that the use of a track type paver would not have eliminated this
problem due to weight of the pick up machine on the front of the
paver., Compaction was achieved with steel drum rollers operated
in a static mode until no roller marks remained.

Open-graded Asphalt Concrete Pavement

The open-graded asphalt concrete was placed in two 3 in. thick
lifts and compacted with Dyna Pach CC50A steel wheel rollers
operated in a static mode until no roller marks remained. Plant
and placement temperatures can be found in Tables 5 and 6. The
compacted pavement retained a tender and a somewhat unstable
surface appearance for a day or two after placement. Ambient

daytime air temperatures in the vicinity of 100 F contributed to
this condition.

Porous Pavement Performance and Analysis

On May 10, 1986, traffic was moved onto the northbound lanes of
the street where the porous pavement had been placed. One lane of
traffic was provided in each direction. It was noted by the
project inspection staff on May 28, 1986, that vertical
deformation of the pavement surface had occurred and on May 29,
1986, studies of the pavement surface condition commenced.
Surface deformations were measured from a straightedge placed on
the pavement. Vertical displacements from the straight edge
varied from 1/8 in. to 1 in. The average depth was 3/8 in. with
139 of the 144 readings taken being 5/8 in., or less,
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TABLE 5. PLANT AND PLACEMENT TEMPERATURES
OPEN-GRADED ASPHALT CONCRETE

MAY 8, 1986

Time Hot Plant Temps (F) Time Oongrade Temps (F)
0545 240 0639 208
0655 230 0654 202
0745 230 0659 206
0849 220 0706 204
0859 220 0731 200
0902 230 0740 210
0906 225 0748 204
0910 230 0808 211
0922 225 0832 210
0929 225 0841 206
0932 225 0846 203
0936 225 0849 203
0941 225 0851 201
0951 230 0909 204
0957 210 0930 205
1006 225 0958 203
1010 225 1005 206
1013 230 1013 200
1016 225 1026 201
1018 235 1041 200
1022 230 1045 200
1027 230 1058 199
1030 225 1100 201
1033 225 1106 201
1035 225 1120 200
1038 215 1220 201
1129 215 1228 211
1133 225 1232 210
1138 225 1236 212
1141 225 1242 210
1145 235 1303 216
1149 235 1308 202
1152 230

1155 230

1258 215

1301 230

1303 225

1309 235
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TABLE 6. PLANT AND PLACEMENT TEMPERATURES
OPEN-GRADED ASPHALT CONCRETE

MAY 9, 1986

Time Hot Plant Temps (F) Time Ongrade Temps (F)
0550 230 0633 206
0555 215 0649 204
0558 220 0703 179
0601 220 0731 195
0603 220 0735 221
0606 220 0738 203
0608 215 0742 206
0614 215 0745 200
0617 220 0800 212
0656 215 0838 211
0748 225 0842 210
0755 220 0856 196
0805 230 0908 204
0830 230 0917 198
0904 240 0936 216
0908 240 0943 210
0910 240 0952 212
0918 240 1145 202
0920 235 1157 200
0925 230 1218 200
0927 235 1225 203
0947 235 1237 200
0950 235 1251 202
1048 225 1312 202
10590 230

1054 240

1056 240

1100 240

1102 240

1109 230

1124 230

1140 235

1142 235

1138 225

1149 235

1153 225

1155 235

1157 230
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Nuclear densities and cores were taken along wheel paths and
between lanes in an effort to determine whether compaction of the
pavement had occurred while under traffic. These data can be
found in Table 7. Average unit weights within the wheel tracks
were slightly higher than between lanes but not by a significant
amount and not nearly the amount that would account for the
deformations noted. It was further noted that the deformation was
not confined to the wheel paths but appeared as a wide depression
generally extending from wheel track to wheel track. The
condition of plastic flow where material is pushed down in the
wheel tracks and up between them was not observed. Figure 11 is a
photograph of the deformation measured at Sta 107.

It was decided to examine the deformation by opening a trench
across a portion of the pavement to observe movements in the
separate pavement layers. The west half of the pavement at Sta
107 was selected to study. This was one of the two locations
where 1 in. of deformation had been measured.

A trench approximately 2 ft wide was excavated down to the
subgrade by sawing both sides through the asphalt concrete
pavement and removing the material from this trench with a
backhoe. Figure 12 is a photograph of the pavement layer exposed
by this trench., Observation of the pavement layers indicated the
top course of asphalt concrete to be of uniform thickness although
displaced vertically along both top and bottom surfaces. As a
result of intermingling of the asphalt treated base and the
aggregate subbase, it was not possible to observe where the
vertical deformation had occurred. However, it was concluded that
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TABLE 7. UNIT WEIGH'E‘ OF POROUS PAVEMENT

Unit Weight, pcf

Sta Lane* Location Nuclear Gage 4" Dia Cores
105 2 A 119.6
105 2 B 118.5
110 1 A 117.6
110 1 B 116.4
115 2 A 118.3
115 2 B 118.,7
120 1 A 118.9 117.1
120 1 B 116.4 113.3
125 2 A 118.5
125 2 B 119.0
130 1l A 118.2 116.6
130 1 B 114.8 113.8
135 2 A 119.0
135 2 B 119.5
140 1 A 119.4
140 1 B 117.4
Mean, Location A 118.7 116.8
Mean, Location B 117.6 113.6
* Lane 1 was adjacent to the east curb and carried northbound

traffic during construction of southbound lanes.

Lane 2 was the next lane to the west and carried southbound
traffic during this same period.

* & Location A was within the wheel track depression.

Location B was between lanes adjacent to the wheel track
depression.
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FIGURE 11 PAVEMENT DEFORMATION AT STATION 107 RT

FIGURE 12 EXPOSED PAVEMENT LAYERS AT STATION 107 RT
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as the hauling units deposited asphalt treated base, decompaction
of the untreated subbase occurred thus causing an increase in the
volume of the untreated subbase. The volume of the untreated
subbase decreased by recompaction of this course during subsequent
construction and traffic. This change in volume of the untreated

subbase is the most probable cause for the deformation of the
pavement structure.

It was noted from the excavated trench that the pavement section
was deficient in thickness at locations furthest from the curb and
gutter. This was found to be the result of difficulty in
maintaining the correct cross slope on the pavement surface.
Because the center median had not been built and the cross slope
was variable, it was difficult for the contractor to maintain

proper elevations during placement of the asphalt concrete surface
course.

Pavement cores were taken on June 19, 1986, at 14 locations and the
asphalt treated base and aggregate subbase were removed to allow
measurement of the pavement layers. Pavement layer thicknesses are
shown in Table 8. An additional lift of open-graded asphalt
concrete was subsequently placed on June 27, 1986, to match the
elevation of the concrete median after its construction. This 1lift
varied in thickness from 1 to 3 inches,

Due to the amount of deformation in the northbound lanes while
carrying detour traffic, ADOT requested that alternatives be
developed for consideration prior to construction of the southbound
lanes. The final recommendation developed by Western Technologies
was to pick up 6 in. of the 8 in. of open~graded aggregate subbase
and to replace this depth with asphalt treated base placed with a

26




TABLE 8., PAVEMENT LAYER THICKNESS MEASUREMENTS
JUNE 19, 1986

A.T.B. and

Hole AC Open-Graded Agg. Subbase
No. Station Location Thickness (in.) Thickness (in.)
1 107+00 7' 7% from C & G Lip 6.25 10.75

2 107+00 4'11" from C & G Lip 6.50 7.50

3 112400 22' 4" right C.L. 5.50 13.50

4 112400 25' 4" right C.L. 5.50 13.50

5 117+00 4' 8" from C & G Lip 6.12 12.88

6 117400 1' 9* from C & G Lip 6.25 *

7 122+00 22' 5" right C.L. 5.00 13.50

8 122+00 19' 4" right C.L. 4.75 13.75

9 127400 7' 8" from C & G Lip 7.25 12.75

10 127400 4'11" from C & G Lip 7.75 12,25

11 132400 22' 5" right C.L. 5.00 15.00

12 132+00 25' 0" right C.L. 5.00 15.00

13 137+00 5' 1" from C & G Lip 7.00 13.00

14 137+00 2' 2" from C & G Lip 7.25 *

* Unable to get depth due to hole located over trench area.

C.L. Centerline of Typical Roadway Section

paver with a pick-up machine. It was felt that improved compaction
could be accomplished and retained with the stabilized material.
The 2 in. subbase was to be left in place to prevent damage to the
filter fabric and was felt to not preclude the use of the paver and
hauling units for placement of the asphalt treated base. Use of
coarser aggregate and portland cement in the open-graded asphalt
concrete in an effort to produce a stiffer, more stable mixture
were also recommended.

However, ADOT officials decided to eliminate the use of porous
pavement on the southbound lane of the roadway and confine the
experiment to the northbound lanes. The majority of the

open-graded aggregate subbase that was in place was removed and a
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sufficient depth of dense-graded aggregate base was substituted to
allow construction of a dense-graded pavement structure.

The porous pavement structure's performance was further studied in
a special experiment. A 178 ft length of the porous pavement (curb
and middle lane) was subjected to the 24 hr design storm runoff by
placing soaker hoses in a line 22.5 ft from the front face of the
east curb and gutter between Sta 136+32 and Sta 138+10. This was
connected to an adjacent fire hydrant and flow was set to deliver
the equivalent of a 2.18 in. rainfall over a 24 hr period. Soaking
was started at 12:45 pm on June 13, 1986.

At the start of the soaking period, it was discovered that the City
of Chandler water meter was not working. Flow was allowed to
continue; however, it was not until 2:23 pm that a water meter was
placed in line to allow adjustment of the flow. Flow was adjusted
such that 12,060 gal of water was allowed to flow into the pavement
by 12:45 pm on June 14, 1986. This would be a rate of 539 gal per
hr for the 22+ hr since the meter was in place. 1If the 1.6 hr that
was not metered was at the same rate, approximately 13,000 gal of
water would have entered the pavement during this 24 hr period.

The design storm of 2.18 would have deposited 12,000 gal of water
on a 50 ft half roadway width for 178 ft length of project.

At 7:20 am on June 14, 1986, the contractor started traffic loading
this section and a length of road beyond the section by driving a
loaded 4,000 gal water truck ahead and back for an 8 hr period.

The truck had a single front axle and a tandem rear axle. A total
of 804 passages of the truck were recorded with a traffic counter.
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The depth below a 10 ft straightedge was measured in both wheel
tracks in the center lane at 1 hr intervals. These readings were
taken at three locations within the section receiving water and one
location approximately 100 ft beyond this section. The results are
summarized in Table 9. Traffic loading was continued for another

8 hr on the following day (June 15, 1986) with insignificant
further deformation.

Prior to the placement of the supplemental asphalt concrete to
bring the porous pavement to final grade, the effect of further
rolling of the surface to remove existing deformation was studied.
Repeated passes with a pneumatic roller provided no further
densification or leveling of the roadway section. A steel drum
roller was operated in the static mode and also was ineffective in
improving the roadway section.

TABLE 9., SUMMARY OF DEFORMATION DEPTHS FOR CENTER LANE
SURVEY DATE JUNE 14, 1986

Deformation Depth, in.

Start of End of Net
Location Loading Loading Change

Sta 136+50 West Wheelpath 1/8 3/8 1/4
Sta 136+50 East Wheelpath 5/8 7/8 1/4
Sta 137400 West Wheelpath 1/8 1/4 1/8
Sta 137+00 East Wheelpath 7/8 1 1/8
Sta 137+50 West Wheelpath 1/4 3/8 1/8
Sta 137+50 East Wheelpath 5/8 1 3/8
Sta 139+00 West Wheelpath 1/8 1/2 3/8
Sta 139+00 East Wheelpath 3/4 1 1/4
AVERAGE 7/16 5/8 1/4
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When operated in the vibratory mode, however, the steel roller
compressed the high points within the roadway section and produced
a more even surface, although at a slightly lower elevation. Three
or four coverages with the vibratory steel roller were found to be
the most effective and the entire porous pavement section was
rolled in that manner.

Following completion of the concrete median surfacing, the porous
pavement was further compacted with the vibratory steel roller as
previously stated and received a final course of open-graded
asphalt concrete. At the time of completion of the porous
pavement, weather conditions were maximum summer conditions with
daily high temperatures of 108 F to 115 F reached.

The porous pavement displayed a tenderness that caused concern for
opening the road to traffic. 1In an effort to lower the pavement
temperature, the roadway was sprayed by use of a water truck with
lime water. Lime was added to the water at a rate of 2 bags per
1,000 gal of water. The lime water was applied at a rate of
approximately 1 gal per sq yd. The application of lime water left
a gray residue on the pavement surface and resulted in a reduction
in the pavement temperature from near 160 F to 145 P. A second
application of the lime water was carried out several days later
and the road was opened to traffic shortly thereafter.

COMPARATIVE CONSTRUCTION COSTS

Costs of construction for the conventional and the porous pavement
were developed to compare the costs on a unit basis. These costs
were computed from the unit prices used by the successful bidder
and are shown in Table 10 and 11.
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TABLE 10. COST ANALYSIS FOR CONVENTIONAL PAVEMENT
Estimate Based on 3500 ft of
Typical Three-Lane Suburban Highway

Item Unit Rate Amount
Aggregate Base C.Y. $ 12.00 $ 36,296.00
Asphalt Concrete (3/4") Ton 18.00 76,072.00
Tack Coat Ton 250.00 1,260.00
Asphalt Concrete (1/2%) Ton 22.00 30,992.00
Scuppers Each 600.00 4,200.00
Curb & Gutter L. Ft. 6.00 21,000.00
Asphalt Cement for 3/4" AC Ton 200,00 47,331.00
Asphalt Cement for 1/2" AC Ton 200,00 15,781.00
Apply Tack Coat Hour 125.00 2,379.00
Retention Basin Excavation c.Y. 6.00 11,667.00%*

TOTAL $246,978.00

3500' x 34.5' = 120,750 sq ft
246,978/120,750 = $2.05/sq ft

*Does not include right-of-way necessary for the retention basins.
The rates used in this cost analysis are the prices bid by The

Tanner Companies for the construction of conventional pavement for
project F045-1(4), Jct. I-10/Mesa Hwy.
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TABLE 11. COST ANALYSIS FOR POROUS PAVEMENT

Estimate Based on 3500 ft of

Typical Three-Lane Suburban Highway

Item Unit Rate Amount

Drainage Trench Excavation C.Y. $ 6.00 $ 6,222.00
Filter Fabric S.Y. 1.00 22,306.00
Coarse Aggregate 6 c.Y. 19.00 88,667.00
Asphalt Treated Base Ton 19.00 54,488.00
Asphalt Cement for ATB Ton 200.00 12,619.00
Curb & Gutter L.Ft, 6.00 21,000.00
Porous Pavement Ton 19.00 68,827.00
Anti-Strip for Porous Pavement Lb 1.00 3,680.00
Asphalt Cement for Porous Pavement Ton 200,00 37,674.00

Total $315,483.00

3,500 ft x 34.5 ft = 120,750 sq ft
315,483/120,750 = $2.61/sq ft

The rates used in this cost analysis are the prices bid by The
Tanner Companies for the construction of the porous pavement

for project F045-1-(4), Jct. I-10/Mesa Hwy.
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COST COMPARISON

A comparison of the costs for the construction of porous pavement
vs. conventional pavement indicated that the porous pavement was
about 27 percent more expensive to construct. However, this
comparison did not take into account the right-of-way that was
necessary to provide the land for the retention basins that were
necessary to drain conventional pavement. The cost of land in
Chandler area is approximately $5.00 per sq ft. This value was
obtained from a local real estate firm. An area of approximately
20,000 sq ft was required to construct the retention basins for
the storage of runoff from 3,500 1n ft of three-lane highway.
This would result in an increase of slightly more than $0.80 per
sq ft for the conventional pavement where surface drainage had to
be provided. This additional cost would make the cost of both
pavements comparable.

LABORATORY ANALYSES OF POROUS PAVEMENT

Several tests were performed on cores taken from the open-graded
asphalt concrete. Testing was performed within the Phoenix
central laboratory of Western Technologies Inc.

Unit Weight

The unit weights of cores were measured by computing the core

volume from measurements of the core dimensions and dividing this
into the core's measured weight in air. Fourteen 6-in. dia cores
were taken from the first two lifts of the asphalt concrete prior
to the placement of the final 1ift. Results of unit weight tests
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are found in Table 12, Six 4-in. dia cores of the entire asphalt
concrete thickness were tested in a similar manner. These cores,
however, were sawed into two parts to allow testing of the upper

and lower portions separately. Unit weight test results appear in
Table 13,

Permeability

One of the 6-in. dia cores was tested in a constant head
permeability test. This core was measured as 5 in. thick and had
been placed in two lifts., The unit weight was measured at

122.8 pcf. Several tests were performed until the flow rate
stabilized. Seven tests were performed and the mean flow rate
calculated. The resulting coefficient of permeability was 154 ft
per day. This compares favorably with the value of 216 ft per day
measured for the preliminary mix design sample constructed in two

lifts. The design requirement for a 10-yr, 10-min storm of
2.18 in. was 26 ft per day.

Resilient Modulus

The six 4-in. dia cores were tested for resilient modulus at 77F.
The cores were cut to produce specimens each approximately

2 1/2 in, tall. The six specimen tops had resilient moduli ranging
from 256,000 to 384,000 psi with a mean value of 337,000 psi. The
bottom portion of the specimens yielded resilient moduli ranging
from 196,000 to 332,000 psi with a mean value of 276,000 psi.
Individual data are shown in Table 13,
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TABLE 12. TEST RESULTS FOR UNIT WEIGHT
DATE TESTED JUNE 23, 1986

Core No. Station Location Weight (pcf)
1 107+00 7'7" from C & G Lip 119.7
2 107+00 4'11" from C & G Lip 119.1
3 112+00 22'4" right C.L. 117.7
4 112+00 25'4" right C.L. 118.6
5 117+00 4'8" from C & G Lip 121.0
6 117+00 1'9" from C & G Lip 119.0
7 122400 22'5" right C.L. 122.1
8 122+00 19'4" right C.L. 118.3
9 127+00 7'8" from C & G Lip 120.0

10 127+00 4'11" from C & G Lip 118.5
11 132+00 22'5" right C.L. 122.8
12 132400 25'0" right C.L. 122.3
13 137+00 5'1" from C & G Lip 118.8
14 137+00 2'2" from C & G Lip 117.8

AVERAGE 119.7

C.L. Centerline of Typical Roadway Section

TABLE 13. TEST DATA FOR OPEN-GRADED ASPHALT CONCRETE CORES
DATE TESTED OCTOBER 16, 1986

Pavement Unit Weight *Resilient
Station Lift pcf Modulus 100,000 psi
110 Top 117.9 3.47
115 Top 116.1 3.39
120 Top 112.4 2.56
125 Top 114.4 3.84
130 Top 117 .4 3.49
135 Top 116.1 3.37
110 Bottom 115.9 3.32
115 Bottom 112.2 2.55
120 Bottom 116.1 2.47
125 Bottom 116.1 3.17
130 Bottom 119.3 3.06
135 Bottom 112.7 1.96
Mean Top 115.7 3.37
Mean Bottom 115.4 2.76

*Resilient modulus tested at 77F.
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Mixture Properties

The 4-in. dia cores were tested for asphalt content, aggregate
gradation and absolute viscosity of recovered asphalt following
unit weight and resilient modulus testing. Asphalt contents and
viscosities and aggregate gradations are shown in Table 13.

TABLE 13. MIX PROPERTIES FOR OPEN GRADED
ASPHALT CONCRETE CORES

Pave Asphalt Asphalt Percent by Weight Passing Sieve
Sta Lift Content % Viscosity * 3/8 in. No. 4 No. 8 No. 50
110 Top 5.46 100 36 14 5
115 Top 5.39 100 36 14 5
120 Top 6.12 13,200 100 39 13 4
125 Top 5.92 14,000 100 37 14 4
130 Top 5.90 5,600 100 39 15 5
135 Top 5.78 100 36 14 3
110 Bottom 5.90 7,700 100 35 13 4
115 Bottom 6.19 10,700 100 34 12 4
120 Bottom 5,37 100 35 14 5
125 Bottom 6.16 100 35 13 4
130 Bottom 6.06 100 37 16 5
135 Bottom 6.19 14,100 100 37 12 4
Mean Top 5.76 10,900 100 37 14 5
Mean Bottom 5.98 10,900 100 36 13 4

* Measured in Poises

EXPERIMENTAL PROJECT MONITORING

The experimental features of the project are to be monitored for a
3 yr period following the completion of construction. A
continuous recording rain gage is in place on the project just
beyond the west right-of-way line at Sta 139+10. It will provide
measurement of all rainfall and allow for an estimate of rainfall
intensity.
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Soil moisture monitoring devices are in place at two locations
within the porous pavement and three locations in the control
pavement. Six positions within the subgrade can be monitored at
each location. Moisture monitoring locations are Sta 97+40,
138400 and 143+25 in the northbound lanes and Sta 108+00 and
138+00 in the southbound lanes. Devices are placed at depths of 1
and 3 ft below top of subgrade at distances of approximately 5, 10
and 20 ft from the front face of the curb and gutter.

A well point was placed within the drainage trench at one location
on the project. This location is in the east concrete gutter at
Sta 130+00, The water depth in the trench can be monitored at
this location when water has accumulated to a measurable depth. A
device that will record the highest water level reached in the
trench was developed and installed near the middle of February,
1987.

Pavement deformations will be monitored during this period by
measuring the vertical depth from a straightedge. Actual vertical
movements will be measured from elevations measured on P-K shiners
set into the pavement and graded at the time of completion of the
surface course prior to opening to traffic.

P.K. shiners were set and graded on June 25, 1986. These are
located at Sta 106, every 500 ft from Sta 110 to Sta 135 and at
Sta 139. The reference points are set at 1, 6, 11, 16.5, 22, 28
and 34 ft from the face of the curb and gutter and at locations
intermediate between each of these. Consequently, there are 13
locations at each referenced station. 1Initial readings for
deformation were taken from a straightedge on July 7, 1986 in the
control section at Sta 102, 104, 141 and 143 and within the porous
pavement section at 500 ft intervals from Sta 108 to Sta 138.
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CONCLUSIONS

Conclusions and recommendations resulting from the exper imental
work carried out to date will be reserved for the final project
report. However, some of the events that have occurred and
preliminary conclusions reached are pointed out at this time.

It was concluded that the pavement structure would be more easily
constructed and of a better quality if asphalt treated base had
been used in lieu of the open-graded aggregate subbase. The
aggregate subbase was difficult to construct and is suspected to
be the primary cause of vertical deformation of the pavement

surface which created considerable concern during the project
construction,

The porous pavement design used for this project can be readily
and economically constructed. Conventional highway construction
equipment and procedures are feasible for this type of
construction.

Unit weights, air voids and permeabilities measured in the
laboratory from mix design specimens were reasonably achieved in
actual construction. The drainage performance of the pavement
anticipated from the preliminary laboratory testing appears to
have been achieved in the project construction.

Further investigation of drainage of storm runoff in conditions
different than encountered for this project are recommended.
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APPENDIX A

TEST RESULTS

Subgrade Acceptance

% by Weight
Passing Liquid
Station No. 200 Sieve Limit
106 Rt 34,7 32
113 Rt 50.8 28
120 Rt 48.0 28
127 Rt 44,0 21

Subgrade Density

Station Field Density (pcf)

115 + 50 Rt 115.9

Standard Density Values: Maximum Density

Optimum Moisture Content

Plasticity
Index

14
15
15

1

$ Compaction

97.4

119.0 pcf

13.0%




Station
106 + 00
110 + 00
111 + 00
112 + 00
115 + 00
115 + 00
115 + 25
123 + 00
127 + 00
127 + 50
130 + 00
130 + 50
130 + 75
ADOT
ADOT
ADOT
ADOT
ADOT
ADOT
ADOT
Average
Specs

Open-graded Aggregate Subbase

Percent by Weight Passing Sieve

1" 3/4n
100 91
100 100
100 100
100 92
100 100
100 94
100 100
100 94
100 93
100 90
100 92
100 100
100 93
100 92
100 100
100 100
100 100
100 100
100 100
100 100
100 97
100 95/
100

3 8“

31
38
35
33
37
31
47
29
32
25
32
41
30
30
46
35
45
46
46
51

37

25/
50

3.8

0/5

4

No,

1.1

0/2

8

No.




Asphalt Treated Base

Station Percent by Weight Passing Sieve $ Asphalt
1" 3/4" 1/2" 3/8" No, 4 No. 8
115 + 00 100 97 72 42 8.0 . .3
124 + 50 100 95 62 32 5.7 . .0
128 + 00 100 91 70 41 8.3 . .2
133 + 00 100 91 66 38 7.5 . .4
Average 100 94 68 38 7.4 3.2 2.2
Specs 100 90/ 30/ 0/5 0/2 1.8
100 50
Open-graded Asphalt Concrete
Date Percent by Weight Passing Sieve % Asphalt
Sampled 1/2" 3/8" No. No. 8 No. 40 No. 200
5-8 100 100 32 10 8 .
5-9 100 99 26 8 7 . .
5-9 100 100 28 9 7 .
5-9 100 100 31 10 8 . .
6-23 100 100 32 11 8 . .
6-23 100 100 32 11 8 . .
6-~23 100 100 33 11 9 . .
Average 100 100 31 10 8 1.5 5.2
Specs 100 82/ 19/ 0/28 0/16 0/5 5.3
100 46



Grab Tensile Strength for Fabric

Test Lengthwise Widthwise
No. Load (1bs) $ Elongation Load (lbs) % Elongation

1 128 20 142 25

2 123 19 172 33

3 129 21 153 30

4 131 22 163 28

5 138 22 147 28
Averadge 130 21 156 29
Average Both Direction Load (1lbs) 143

%2 Elongation 25
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Standard Method of

APPENDIX B

RESTILIENT MODULUS
TEST PROCEDURE

INDIRECT TENSION TEST FOR RESILIENT MODULUS OF

BITUMINOUS MIXTURES'

This standard is issued under the fixed designation D 4123; the number immediately following the desi

year of original adoption or. i the case of revision, the year of last revision. A number in parentheses indicates the year of lasy
reapproval. A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This method covers procedures for pre-
paring and testing laboratory-fabricated or
field-recovered cores of bituminous mixtures to
determine resilient modulus values using the
repeated-load indirect tension test. The proce-
dure described covers a range of temperatures,
loads, loading frequencies, and load durations.
The recommended test series consists of testi
at 41, 77 (Note 1), and 104°F (5, 25 (Note 1),
and 40°C) at onc or more loading frequencies,
for example, at 0.33, 0.5, and 1.0 Hz for each
temperature. This recommended series will re-
sult in nine test values for one specimen which
can be used to evaluate the overall resilient
behavior of the mixture.

NoTE 1-—Ambient laboratory temperature
be substituted as appropriate. oy fempe i

2. Applicable Documents

2.1 ASTM Standards:

D 1559 Test Method for Resistance to Plastic
Flow of Bituminous Mixture Using Mar-
shall Apparatus?

D 1561 Method for Preparation of Bituminous
Mixture Test Specimens by Means of Cali-
formia Kneading Compactor?

D 3387 Test for Compaction and Shear Prop-
erties of Bituminous Mixtures by Means of
the U.S. Corps of Engincers Gyratory Test-
ing Machine (GTM)?

D 3496 Method for Preparation of Bituminous
Mixture Specimens for Dynamic Modulus
Testing?

D 3515 Specification for Hot-Mixed, Hot-Laid
Bituminous Paving Mixtures®

3. Summary of Method
3.1 The repeated-load indirect tension test

for determining resilient modulus of bitumi-
nous mixtures is conducted by applying com-
pressive loads with a haversine or other suitable
waveform. The load is applied vertically in the
vertical diametral plase of a cylindrical speci-
men of asphalt concrete (Fig. 1). The resulting
borizontal deformation of the specimen is mea-
sured and, with an assumed Poisson’s ratio, is
used to calculate a resilient modulus. A resilient
Poisson’s ratio can also be cakulated using the
measured recoverable vertical and horizontal
deformations.

3.2 Interpretation of the deformation data
(Fig. 2) has resulted in two resilient modulus
values being used. The instantancous resilient
modulus is calculated using the recoverable
deformation that occurs instantancously during
the unloading portion of one cycle. The total
resilient modulus is calculated using the total
recoverable deformation which includes both
the instantaneous recoverable and the time-de-
pendent continuing recoverable deformation
during the unloading and rest-period portion
of one cycle.

4. Significance and Use

4.1 The values of resilient modulus can be
used to evaluate the relative quality of materials
as well as to generate input for pavement design
of pavement evaluation and analysis. The test
can be used to study effects of temperature,
loading rate, rest periods, etc. Since the proce-

' This method is under the jurisdiction of ASTM Committee
D4 on Road and Paving Materials and is the direct fesponsi-
Wity of Subcommitice DO4.20 0n Mechanical Tests of Bitu-
munous Mises

Current edition approved Apnl 30, 1982. Published Junc
1982.

* Annual Book of 4STM Standards. Vol 04.03.
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dure is nondestructive, tests can be repeated on
& specimen to evaluate conditioning as with
temperature or moisture. The method is not
intended for use in specifications.

5. Apparatus

5.1 Testing Machine—The testing machine
should have the capability of applying a load
pulse over a range of frequencies, load dura-
tions, and load levels.

NOTE 2—An clectrohydraulic testing machine
with 2 function generator capable of roducing the
desired wave form has been shown to be suitable for
us¢ in repeated-load indirect tension testing. Other
commercially available or laboratory constructed
testing machines such as those using pneumatic re-

ted loading can also be used. However, these
ter machines may not have the load capability to

handle larger specimens at the colder testing temper-
atures.

5.2 Temperature-Control System—The tem-
perature-control system should be capable of
control over a temperature range from 41 to
104°F (5 to 40°C) and within +2°F (+1.1°C)
of the specified temperature within the range.
The system should include a temperature-con-
trolled cabinet large enough to hold at least
three specimens for a period of 24 h prior to
testing.

5.3 Measurement and Recording System—
The measurement and recording system should
include sensors for measuring and recording
horizontal and vertical deformations. When
Poisson’s ratio is to be assumed, only a mea-
surement system for horizontal deformation is
required. The sysiem should be capable of mea-
suring horizontal deformations in the range of
0.00001 in. (0.00025 mm) of deformation.
Loads should be measured and recorded or
accurately calibrated prior to testing.

5.3.1 Recorder—The measuring or recording
devices should be independent of frequency for
tests conducted up to 1.0 Hz.

5.3.2 Deformation Measvrement—The val-
ues of vertical and horizontal deformation can
be measured by lincar variable differential
transducers (LYDTSs) or other suitable devices.
LVDTs should be at midheight opposite each
other on the specimen’s horizontal diameter.
The sensitivity and type of measurement device
should be selected to provide the deformation
readout required in 5.3. A positive contact by
spring loading or gluing attachments to the
specimen should be provided if direct contact

between the measuring device and sample is
required.

Norte 3—The Trans-TEX Model 350-000 LVDT®
and Statham UC-3' transducers have been found
satisfactory for this purpose. If the transducers are
temiperature-sensitive, such as Statham UC-3, the
testing machine should be placed in 2 controlled
temperature chamber. The gages should be wired to
preclude the effects of eccentric loading so as to give
the algebraic sum of the movement of each side of
the specimen. Alternatively, each gage can be read
indlependendy and the results summed independ-
ently.

5.3.3 Load Measuremeni—Loads should be
measured with an electronic load cell capable
of satisfying the specified requirements for load
measurements in 5.3.

5.4 Loading Strip—A metal loading strip
with a concave surface having a radius of cur-
vature equal to the nominal radius of the test
specimen is required to apply load to the spec-
imen. Specimens will normally be either a nom-
inal 4 or 6 in. (102 or 152 mm) in diameter.
The load strip shall be 0.5 or 0.75 in. (13 or 19
mm) wide for these diameters, respectively.
Edges should be rounded by grinding o re-
move the sharp edge in order not to cut the
sample during testing. For specimens with
rough textures, a thin hard rubber membrane
attached to the loading strip has been found
effective in reducing stress concentration ef-
fects, but should be used only when vertical
deformations are not measured.

6. Specimens

6.1 Laboratory-Molded Specimens—Prepare
the laboratory-molded specimens in accord-
ance with acceptable procedures such as Meth-
ods D 1561, D 1559, D 3496, and D 3387. The
specimens should have a height of at least 2 in.
(51 mm) and a minimum diameter of 4 in, (102
mm) for aggregate up to 1 in. (25 mm) maxi-
mum size, and a height of at least 3 in. (76 mm)
a0d a minimum diameter of 6 in. (152 mm) for
aggregate up to 1.5 in. (38 mm) maximum size.

6.2 Core Specimens—Cores should have re)-
atively smooth, parallel surfaces and conform
to the height and diameter requirements spec-
ified for laboratory specimens.

3 Available from Trans-tek Inc.. Route 83, Ellington, CT
06029.

¢ Available from Gould-Statham, 2230 Statham Bivd.. Ox-
nard. CA 93033.
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7. Procedure

7.1 Place the test specimens in a controlled-
temperature cabinet and bring them to the
specified test temperature. Unless the temper-
ature is monitored, and the actual temperature
known, the specimens should remain in the
cabinet at the specified test temperature for at
least 24 h prior to testing.

MNoTe 4—A dummy specimen with a thermocou-

ple in the center can be used to determine when the
desired test temperature is reached.

7.2 Place a specimen iato the loading appa-
ratus and position the loading strips to be par-
allel and centered on the vertical diametral
plane. Adjust and balance the electronic mea-
suring system as necessary.

1.3 Precondition the specimen by applying
a repeated haversine or other suitable wave-
form load to the specimen without impact for
a minimum period sufficient to obtain uniform
deformation readout. Dependiog upon the
loading frequency and temperatures, a mini-
mum of 50 to 200 load repetitions is typical;
however, the minimum for a given situation
must be determined so that the resilient defor-
mations are stable (Note 5). Resilient modulus
evaluation will usually include tests at three
temperatures, for example, 41 + 2,77 + 2, and
104 + 2°F (5, 25, and 40 + 1°C), at one or
more loading frequencies, for example, 0.33,
0.5, and 1.0 Hz for each temperature. The
recommended load range is that to induce 10
to 50 % of the tensile strength (Note 6). Tensile
strength can be determined from a destructive
test on a specimen and the equation of 8.3

(Note 7).

NOTE 5—As few as five repetitions have been
found to be sufTicient for loads such as § 10 25 ibf.

Note 6-—Loads as low as 10 1bf have been used.

Note 7—Load duration is the more important
variable and it is reccommended that the duration be
held to some minimum which can be recorded. The
recommended time for the load duration is 0.1 10 0.4
s, with 0.1 s being more representative of transient
pavement loading. Recommended frequencies are
0.33, 0.5, and 1 Hz. Instead of tensile strength data,
load ranges from 4 to 200 1bf/in. (4 10 35 N/mm) of
core or specimen thickness can be used.

7.4 Monitor the horizontal and, if measured,
the vertical deformations during the test. If
total cumulative vertical deformation greater
than 0.001 in. (0.025 mm) occurs during the
test, reduce the applied load, the test tempera-
ture, or both.
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Note 8—A typical load pulse-deformation trace
is shown in Fig. 2, along with notations indicating
the load-time terminology.

1.5 Each resilient modulus determination
should be completed within 4 min from the
time the specimens are removed from the tem-
perature-control cabinet. The 4-min testing
time limit is waived if loading is conducted
within a temperature-control cabinet meeting
the requirements in 5.2.

1.6 Test each specimen for resilient modulus
twice: Following the first test, replace the sam-
ple in the temperature-control cabinet for 10
min, continue by rotating the specimen approx-
imately 90°, and repeat the test. Three labora-
tory fabricated specimens or three cores are
recommended for a given test series with vari-
ables of temperature, load duration, and load
frequency. In order to reduce permanent dam-
age to the specimen, testing should begin at the
lowest temperature, shortest load duration, and
smallest load. Subsequent testing on the same
specimen should be for conditions producing
progressively lower moduli. Bring the speci-
mens to the specified temperature before each
test.

1.7 Measure the average recoverable hori-
zontal and vertical deformations over at least
three loading cycles (see Fig. 2) after the re-
peated resilient deformation has become stable.
The vertical deformation measurements can be
omitted when Poisson’s ratio is not to be deter-
mined.

8. Calculations
8.1 Calculate the resilient modulus of elas-
ticity, E, in pounds-force per square inch (or
megapascals), and Poisson's ratio, » as follows:
Ers = Plray + 027)/1A H,
Exr = P(rar + 0.27)/AH,
ra; = 159 AHI/A Vl -027
rar=3.59AH/AVr - 027

where:
Egs = instantaneous resilient modulus of
elasticity, psi (or MPa),
Err = 10tal resilient modulus of elasticity, psi
(or MPa),

pr; = instantaneous resilient Poisson’s ratio,
vrr = total resilient Poisson’s ratio,

P = repeated load, 1bf (or N),

¢ = thickness of specimen, in. (or am),




i

AH; = instantancous recoverable horizontal
deformation, in. (or mm),

AV} = instantancous recoverable vertical de-
formation, in. (or mm),

AHr = total recoverable horizontal deforma-

tion, in. (or mm), and

AV.: = total recoverable vertical deformation,
in. {or mm).

8.2 If Poisson’s ratio is assumed, the vertical
deformations are not required. A value of 0.35
for Poisson’s ratio has been found to be reason-
able for asphalt mixtures at 77°F (25°C).

8.3 Calculate the tensile strength, Sr, ap-
proximately as follows:

Sr = 2P..,u/tlD

Specimen

D 4123

where:
Puy = ultimate applied load required to fail
specimen, Ibf (or N),
t = thickness of specimen, in. (or mm), and
D = diameter of specimen, in. (or mm)

9. Report

9.1 Report the average resilient modulus at
temperatures of 41, 77, and 104°F (5, 25, and
40°C) and load duration for each load and
frequency used in the test.

10. Precision

10.1 The precision of the method has not
been established.

Looding Strip

Rubber Membrong
(Optionat)

P = applied load
£=thickness of specimen
D = diameter of specimen
@ = width of loading strip
= 0.5in. (13 mm) for 4-ip. (102-mm) diameter specimen
= 0.75 in. (19 mm) for 6-in. (152-mm) diameter specimen

Rubber Membrane
{Optionat)

FIG. 1 Indirect Teasiom Test
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The American Society for Testing and Materials takes R0 position respecting the velidity of any patent rights asserted in
dvised that &

connection witk any ilem mentioned i this standard. Users of this standard are . determination of the validity
of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject 10 revision a1 any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your ¢ s are invited either for revision of this standard or for additional
standards and should de addressed 10 ASTM Headquarters. Yowr commens will receive carefl consideration at a ing of the
responsible technical committee, which yu may atend. If you feel thot your commen:s have not received a fair hecring you should
make your views known to the ASTM Commitiee on Standards, 1916 Race Si.. Philadelphia. PA 19103.
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APPENDIX C

MONITORING BEQUIPMENT

Moisture-Temperature Meter and Cells
: Meters and Meter Sets Available

MC-300B Moisture-Temperature Meter  Direct-reading 93-cycle AC-type
ohmmeter with Fahrenheit temperature scale, 0° to 120°F. it is housed
in a compact case with latches and handy carrying grip. Circuitry is all
solid-state. Batteries and instructions are included. Case dimensions are
67 inches long by 5 inches wide by 5 inches high. Purchase soil cells
separately.

Shipping weight: 4 pounds (1.82 kilograms).

Net weight: 3 pounds (1.46 kilograms).

MC-302 Moisture-Temperature Meter Same as MC-300B but with a
Celsius (centigrade) temperature scale —10° to 44°C.

Shipping weight: 4 pounds (1.82 kilograms).

Net weight: 3 pounds (1.46 kilograms).

MC-312 Moisture-Temperature Meter Set includes one MC-300B Mois-

ture-Temperature Meter and 25 MC-310A Standard Soil Moisture-Tem- .

perature Cells,

Shipping weight: 7 pounds (3.15 kilograms).

Net weight: 5 pounds (2.26 kilograms).

MC-315 Moisture-Temperature Meter Set Same as MC-312 but in-

cludes the MC-302 Moisture-Temperature Meter with Celsius (centi-

grade) Temperature scale,

Shipping weight: 7 ounds (3.15 kilograms).

Net weight: 5 pounds, (2.26 kilograms).
. (See Cells available, page 6)
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Soil Cell

Typical Construction Details

HALF-CASE

OF SOIL UNIT
(Two required per unit)

B

!
Ol1AM 12" 417

ELECTRODE SANDWICH
WRAPPING DIAGRAM

(End view, schematic)

SCREENS BERGLAS
825°8Q
80 MESH

.26
1 Fao”

s
30—
t

ASSEMBLED

ASSEMBLY VIEW SOIL UNiT
(Electrode Sandwich cut-away.
Top haif-case removed)

msnmsron/'

oo LA

(MALF-CASE PLANGES

= SCREENS
SPOT WELDED TOGETHER)

WAT ERPROOF COATING

|- SPOT WELD POINTS

——WRE LEADS.

Flg. 2, Drawing of MC-310A soil cell for use with the

So

iltest MC-300 Series Moisture-Temperature Meters,




WEl G Hl N G/R ECORD ' NG The Model 6032 weighing and recording precipita-

tion gage converts the weight of collected precipitation
RAI N A N D SNOW GAG E into the equivalent depth of accumulated water in
conventional units of inches or millimeters. An 8-inch-
diameter. knife-edge orifice collects all forms of
precipitation. Rain travels through a funnel into the
galvanized weighing bucket. The funnel is removed to
collect snow. When subfreezing temperatures are
expected, antifreeze is added to the bucket.

The bucket rests on a platform mounted on the
vertical fink of a 4-bar linkage. This vertical link, or
movement bracket, is supported from below bya
precision extension spring assembly. Compression of
the spring by the weight of collected precipitation is
multiplied and modified for recording by a horizontal
lever. This lever is connected to the pen arm through
another link-and-lever assembly. Accuracy of the gage
is better than 0.5% at ambient temperatures between
-40 and 125°F,

A dual traverse system is used to record the
accumulated precipitation on a rotating chart. Half of
the gage capacity is recorded by the upward traverse of
the pen, and the other half is recorded by the
downward traverse, The penis damped by a dashpot. A
gage capacity of 12 inches {300 mm) is standard, but a
20-inch (500-mm) capacity gage s also available. The
chart drive is either a spring-wound or a battery-
operated clock. Each gage is provided with a standard .
drum rotation, determined by capacity (192 hours for 12
inches and 168 hours for 20 inches); optional change
gears allow rotation periods of 24 hours, 48 hours, 9
hours, or 861 hours (35.9 days).

The Model 6032 is constructed of noncorrosive
materials. A sliding door in the outer case provides

ORDERING INFORMATION access for chart changes. An anchor base is available for

B 12-inch or 20-inch capacity
B Recorder built-in
W 0.5% accuracy

8 Unattended recording
up to 35 days

mounting the gage 10 a rigid surface. In strong wind
Model : ' areas, use of the Model 6411 wind screen is
6032 . - Weighing/Recording Rain and SnowCa‘e. 12" capacity, recommended. Weights are available to simplify gage
1.+ L. with spring-wound 192-hr. clock, pen, ink, dashpot fluid, calibration
., --. and one pack of 192-hr. chants (specify English or metric) :

: 3 -2 m L 1 6032 except with battery-operated 192-hr. -
$834 .. Welghing/Recording Rain and Snow Gage, 20" capacity, - SPECIFICATIONS
IR wnitdh springx%}md Ig&h{‘. clock, perf;; iEn ,&;shpot ﬂuit)!,
7L andone 168-hr. charts (speci ish or metric — -
035 - Same as mdel 6034 except with bmery?gpemed 168-hr, Sensor , we.'gh'"g spring platform
- clock L I Bucket capacity 12inches or M inches
;m - Precipitation Gage Wind Screen S Recording range 0-12” 300 mm) or.0-20” (500 mm)
Accessories: Accuracy 0.5% (40 to 125°F)
€321 . Change Gear for 24-hr. rotation, spring-wound clock Chartsize 6" H X11.5" L (152X 292 mm)
0322 Change Gear for 48-hr. rotation, spring-wound dock Graduations:
60323  Change Gearfor %-hr. rotation, spring-wound clock .
60331 Change Gear for 24-hr. rotation, battery-operated clock . 0-127(0-300 mm) .
60332 Change Gearfor 48-hr. rotatian, battery-operated clock range 0.05", 1 mm
60333 Change Gear for %-hr. rotation, battery-operated cfock 0-20" (0-500 mmy)
60334 Change Gear for 861-hr. rotation, battery-operated clock . range 0.1", 2mm
60324 Anchor Base for bolting gage to wood or concrete platform Resolution:
60325 Calibration Weights for 12 capacity gage ution:
Charts: 0-12710-300 mm) .
Cat. No.  Range Drum Rotation Charts/Pkg. fange 00257,0.5 mm
60326 0-1 24 hrs. 100 0-20 (0-500 mm)
60327 0-300 mm - 24 :rs. ;Igg range 0.05", 1 mm
60328 0.1~ 48 hrs. -~ -
60329 &g’: 183 :rs. ' }% Clock type m:ggﬁ?ff'c%ﬁ:ﬂ&c battery-operated,
60335 012~ 861 hrr;s 25 Orum rotation 192 hours (0-12" range) or 168 hours 0-20"
60336 0-300 mm 861 hrs. “2)8 rangelstandard; 24.48,96,0r 861 hours optionat
60337 0-20" 168 hrs. Pen type Bucket V-point
gg: &5289 mm ;2? :lr: 1% Orifice 8" dia. 203 mm)
60340  0-500mm 861 hrs. 25 Size 35.5"HX 14" dia. (902 X 356 mm!
60341 0-300 mm 192 hs. 100 Weight/shipping 25 Ibs./40 Ibs. (1.4 kg/18.1 kg
== Weatherpeasure

=== WEATHERLtronks 1984.85 Catalog / P.O. Box 41039 / Sacramento, California 95841 / (916) 481-7565 / Telex: 377-310
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