Pervious Concrete Fall 2008
Construction
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Mn/DOT Research Operations Engineer
bernard.izevbekhai@dot.state.mn.us

A failure to plan is a plan to fall... sage unknown

E
0\& SO&"'L
<4 ]
> <
2 &
% o
P e &K

OF TR


mailto:bernard.izevbekhai@dot.state.mn.us

Outline

Sub Surface Exploration
_ocation Allocation
Pavement Design
nstrumentation
Construction Segquence
As Built

Monitoring

Initial Test Results
Conclusion




Links

 Reports are In ftp site:
ftp://ftp2.dot.state.mn.us/
Under file Login as:
mriresearchftp
Password: private098
Navigate: pub/share/materialslab/research/
LRRBPERVIOUSCONCRETE/

e Construction Report
« Hydrologic Evaluation Report
» Concrete Testing Report Cells 39, 85 & 89
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POROUS CELL LAYOUT

P ervious
PCC

7 inches

12” Drainable
Base

Sand
Clay

Pervious HM A on Sand (Cell 86)
Pervious PCC on Sand (Cell 83)
Pervious Control (Cell 87)
Pervious PCC on clay (Cell 89)
Pervious HMA on Clay(Cell 88)



2008 PERVIOUS INITIATIVES- LOCATION ALLOCATION

PSC FINISHING | Cell/ Performance Specification
CODE Location
Allocation
Perv C Pervious 85, 89 Porosity shall be 18 to 22 % and communicating void ratio shall be 20
Concrete to 25%. The surface shall be void of laitance or slurry and should
guarantee uniform porosity through the depth of the concrete. The
matrix should be resistant to undesirable raveling and weathering.
This shall be established during the trial mixing process. Unit
weight may not exceed 125 pcf unless if by improved practice or
otherwise, contactor achieves desired porosity while attaining 7-day
flexural strength of 300psi.
Mix design Modification: 6 % Sand
PERV Pervious 37 Specified by Iowa State University. Unique Porous mix Contains
OL Concrete Fibers and 6% sand. Mixture is self consolidating and slip-formable
Overlay Poly Olefin / Polypropylene Fibers + cellulosic fibers included.
(Contacts: Prof Vern Shaeffer, Dr John Kevern, Mr Paul Wiegand)
Perv B Pervious 86,88 The oil content, VMA unit weight and porosity shall meet the
Asphalt industry standard prevailing at the time of paving or as designed
and specified by others.
PERV Pervious 87 Non- Porous HMA
m}és(é Control cell
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Location Of Foundation and CPT Probes




SUBSURFACE EXPLORATION STRATEGY

‘Mn/DOT Geotechnical Section obtained Geotechnical borings
from the project and install piezometers.

*Geotechnical section to use the Cone Penetrometer equipment
to ascertain descriptive hydrogeological features such as extent
of granular / cohesive layers, true phreatic surface and soill
characterization. (4 Probes)

*Foundations section Provided 4 piezometers equipped borings in
the low volume road

*MNROAD Auger Borings and Piezo installation (4)
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MNnROAD CREW Piezometer Borings 11/07/07

Pervious Well 1

Clay with sand
3 :
|Wet to saturated Sand Brown

10

|Saturated Brown Sand

Piezo Bottom

30

Pervious Well 2

'V

Wet to saturated Sand

10

Saturated Brown sand

Piezo Bottom

30

SHiff Clay Gray Very Plastic

36 End OF Auger Boring
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SHfT Clay Gray Very Plastic

36 End Of Auger Boring

Pervious Well 3

v

Wet to saturated Sand
7

10 Piezo Bottom

SHiff Clay Gray Very Plastic

Piezo Bottom

36 End OF AugerBoring

Pervious Well 4

vV

|Wet to saturated Sand
7

10

Stiff Clay Gray
Very Plastic

36 End OF Auger Boring
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Granular Soils Encountered Under Cell 85
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AQUIFEROUS GRANULAR
MATERIAL7-32ft

AQUICLUDE FAT CLAY



MNnROAD CREW Piezometer Borings 11/07/07

Pervious Well 1

Clay with sand
3 :
|Wet to saturated Sand Brown

10

|Saturated Brown Sand

Piezo Bottom

30

Pervious Well 2

'V

Wet to saturated Sand

10

Saturated Brown sand

Piezo Bottom

30

SHiff Clay Gray Very Plastic

36 End OF Auger Boring
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SHfT Clay Gray Very Plastic

36 End Of Auger Boring

Pervious Well 3

v

Wet to saturated Sand
7

10 Piezo Bottom

SHiff Clay Gray Very Plastic

Piezo Bottom

36 End OF AugerBoring

Pervious Well 4

vV

|Wet to saturated Sand
7

10

Stiff Clay Gray
Very Plastic

36 End OF Auger Boring



Cohesive Soils In the Aguiclude
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ESAL COMPUTATION FOR PERVIOUS CONCRETE

| | (Given) | Load Eqv Factor| ESAL |oad Eqv Facto] ~ ESAL
SINGLE AXLE
5000-6999 6 9
7000-8999 8 10
9000-10999 10 62
11000-12999 | 12 156
13000-14999 | 14 54
15000-16999 | 16 65
17000-18999 | 18 4
TANDEM AXLE
14000-17999 | 16 4
18000-21999 | 18 12
22000-25999 | 20 68
26000-29999 | 22 97
30000-33999 | 24 108
34000-37999 | 26 32
38000-41999 | 28 12
TOTAL ESALs
'/RUCK FACTOR

Case 1,80 kips 3 times a week
Average load = 85/5=17k per axle

LANE LVR Daily Repetitions/year Load Range Avg Load|RepetitioffFlexible |PavemenyRigid Pavement
repetitions Inside lane Cumulative Ib/axle (Kips) SN = 3.5
CONFIG |# axles Days 84/day 10 years
weekly |Weekly (Given) |Load Eqv]ESAL Load Eqv|ESAL
Inside 80 5 80 4 16697 166971 21000| 166971 3.73
Outside 102 5 80 1 4174 41743 18 18888 41743
New Config 80 5 80 5 20871 208714 21000| 208714 2.3 3.73
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I-SLAB ANALYSIS COMPARISON

Upper Layer

loNn 1IN

Deflect

Deflection in upper layer

Deflection

Deflection

0.010
-0.053
-0.116
-0.179
-0.242
-0.305
-0.368
-0.431
-0.494
-0.556
-0.619
-0.682
-0.745
-0.808
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ON-SITE DESIGN MODIFICATIONS

1) Original Concept
Pervious Concrete Cells

| —Grass)| | No Crown - all layers | Grass—_|
Curb 7" PCC Pervious (Industry Spec) curb
12" Gap-Graded Base
k) 40% Air Voids (Crushed 2" CA-15) ko)
g g
8 Type-V Filter Fabric 8
g [~ T T T T T T T "Slpgrade (Clay and Sand) | g
%2 Non-Compacted 22
Pavement Design Layout: Subgrade
in Cell 85 is Sand and Subgrade in Cell 89 is Clay
2) On-Site Modifications
Design Modification To Allow Construction Traffic
o7 inch pervious concrete
04 inch Base of Angular Rail Road ballast 3 inch Nominal Size
08 Inches Subbase of Design CA 15 Aggregate
oFairly compacted Sand subgrade Cell 85
oStiff clay Subgrade Cell 89. Detailed Geotechnical Report prior to design is available.
Design Modification for Sawcut Efficiency
hg‘*\“NESO’“’% ® 20 ft Joints--------- - 10 ft Joint- Spacing to Match Curb
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Imperious Cells 85 and 89 LayeI'S

Separating
Geo-fabric  Curb - 7" Pervious

[ /PCC / PCC

4> Railroad
Ballast

8" CA-15

_____________________________________________________________________________________________________________________________




AS BUILT X-SECTIONS

2008 MnROAD Pervious Test Cell Layout

Cell 25 and 29

_ ——Frass | Mo Crown - all layers | ET&P—\_

Curb 7" PCC Pervious (Industry Spec) Curb
4™ RailRead Ballast

8" Gap-Graded Base
A0% Air vWoids (Crushed CA-15)

Subgrade
Mon-Compacted

45" Plastic Barrier
45" Plastic Barrier

1- #hi= designed by industre-snLOT
2 - Contractor will have paszed pervious class and provide a test pad before LYWR work
3 - Flat Curb for 24" roller scresd (full width paving)

4 - Farmed transverse and longitudinal joints

Cell 86 and 22

_ —Frass | Mo Crown - all layers |

Zurb 5" HMA Pervious (An/DOT Spec) Curb
4™ RailRoad Ballast

10" Gap-Graded Base

A0% Air Yoids (Crushed C’d'_lﬁll.-' . .
Type-% Fiter Fabric

o
7

Subgrade

ron-Compacted

43" Plastic Barrigr
45" Plastic Barrier
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Cell

o9

Project

S650-157

MnROAD Instumentation Summary, Pervious PCC over Clay

- - HH1 @ STA 173+05
Section View hew @
n Cab
g [=
ElEI g 1‘5" 15 15" . to Cell 88, HH 2 @
. |u] - o
7" Pervious Concretelg o ® 7 . > Stalvzeal, B feet
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¥
Sensor Requirement
Code | Humber Sensor Description Legend
TC g ThermoCouple (Temperature) Measures Temperature - Installed in & Thermal Couple Tree to a depth of &' from the surface ; Rizers — = ‘Wheelpath (9.5' offset from CL)
EC EcH2O-TE (Moisture) Measure volmetric moisture content, tempersture, electric conductivity - Certerling Conduit
P 2 Pi5 Sensor Measures normal stress at haselsubgrade interface =1 LE Sensors [e] TC Sensars
I 9 haturity Wireless Maturity Sticks R TE Sensors * EC Sensors
CE g Embedded Strain Gauge Crynamic Strain Measurement (Longitudinal and Transverse) ‘j-ﬁ' PG Sensor ] ] hlaturity
WY 16 “ibrating Wire Strain Gauge Static (Enwvironmental) Strain TCI M Sensar — CE zensor
Hanchale WY SENEars
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PAVING PROCESS
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JOINT ESTABLISHMENT (PI1ZZA-CUT) COINCIDENT WITH CURB







RAILROAD BALLAST B/W 85 &86 PRIOR TO TRANSVERSE DRAINS
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OBSI (dBA)

OBSI RESULTS

OBSI Summary South Side

106.0
105.0 O A-wtd AVG: ]
104.0 |
103.0 H |
102.0 H | L
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Mechanical Properties

Average Flexuwal Strength @ 28 Days(psi):

Murnher of | Average | Standard

Average Compressive Strength @ 28 Days(psi):

el Specmens | Stength (Deviation| High | Low Standard

Trail Batch Numaber of | Average | Deviatio
; 4 I REEEEIIEE Cell Specimens |Strength| 1 | High | Low

: Trial Batch

o : TENERERED
1 nside Lane NIEERENERE 1314 ﬂ :Ezg ﬁi :I:E :;fg
HOmielar | 1 || WA LM LW T e lme | 1| 470 | NA | 40 | 40
Aodelae | L | W5 | NA | UL IO ™0 e e | 2 | 400 | NA | 4060 | 3080
1 Oue Lne Shsidelae | 1| 3805 | NA [ 5050 | 3840
B3 Insds Lane LW WA I g8 Tugide Lane HEEIENEETD
13 Outde Lene L[ 80 ) WA ]SO | 40| 5 Outside Lane 1| 500 | NA | 540 | 5150
89 Insule Lane DA | NA ]S ] 40| 80 Inside Lane 1| 4200 | NA | 4330 | 40
! M0 | NA | 40 |4l 80 Outside Lane ) 4250 | NA | 4300 | 4200
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Absorption

0.6

0.5

0.4

o
w

0.2

0.1

Absorption Spectrum for MNnROAD Cells

—— Cell 87 Bituminous New
=l==Cell 86 Porous asphalt
Cell 85 Pervious Concrete
==>&=Cell 39 Porous Overlay
==ié=Cell 62 White Topping
=@=Ce¢ll 54 Taconite Concrete
—+—Cell 53 HP Concrete
'A“‘A === Cell 31 Taconite Asphalt
=== Cell 24 Asphalt New
Cell 19 Bituminous New
Cell 14 White Topping new
Cell 6 Composite
=== Cell 5 Thin UBOL
====Cell 3 New Bit

200 400 600 800 1000 1200 1400 1600 1800

Frequency Hz




18.00

16.00

14 00

12.00

4—10.00

8.00

6.00

Ratio of Coefficien ts

Ratio of Porous to Non-Porous Sound Absorption

Coefficients

Maximum Ratio of Porous to Non-Porous

—4— Ratio: Porous to Non Porous Bit

== Ratio: Porous to Non-Porous

Sound Absorption Occurs at 1000Hz

Concrete
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QUIET PAVEMENT NOISE REDUCTION
Percentage Reduction in Sound Intensity

120

—
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For Preground Sound Indensity of I Watts i
Post Crind = IsWatts n”

dBA savings = 10 log 10(0/Igy 10 1o g 10 (I2Ig)= X
(Ig -threshhold of Human hearing= 107 Watksin
Actual % reductionis 100 @-10 ="%

J=
=
I

Actua % Reduction in Sound Imensity
k-2 (7]
— —

U ' ' T dHIA] Savings ' '
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POROUS CELLS Friction # Distribution

70

O Ribbed
H Smooth

39 1L 390L 850L 86IL 860L 87IL 870L 88IL 880L 89IL 890L
Cel |/ Lane
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Ride Quality IRl inches/ mile

CELL WP AVG RUN1 RUNZ RUN 3 Aver

39 9-APRE EBE LWFP 211.8 2144 213.1 2127
39 9-APRE EBE RWFP 208.5 216.1 212.3
39 9-APRE WE LWFP 227.5 2279 2277 233.3
39 9-APR WE BEWFE 240.2 23705 238.9
85 9-APR EB LWP 1545 2021 1935.2 2135.9
85 9-APR EBE RWP 235.4 2335.6 234.5
85 9-APR WE LWFP 253.6 255 254.35 254.3
85 9-APR WE EWFP 265.6 270.9 268.5
8o 9-APRE EB L'WP 1542 151.1 128 129
8o 9-APRE EBE RWPF 127.9 125.9 126.9
80 9-APE WEB L'WFP 213.8 2027 172.8 208.3
80 9-APR WEB EWFP 159,44 135.1 1L37.5
87 9-APFE. EB LWFP 144.5 147.9 1464 145
87 9-APE EB RWPF 1461 141.2 L4357
87 9-APE WEB LWFP 163 1629 1627 147 .4
87 9-APE. 'WEB REWFP 135.1 128.8 132
88 9-APFR EE LWP L98 2060 2023 168.8
28 9-APR EE RWP 13544 156.5 135.4
288 9-APR WE LWP 194,65 188 191.3 177
288 9-APR WE RWP 1 a8 157.2 1626
89 9-APR EE LWP 181.7 182.2 182 200.5
89 9-APR EE RWP 215.7 2224 219.1
89 9-APR WE LWP 241.7 235 238.4 282.5
89 9-APR WE RWP 328.8 3266 3244




Cell 85 PSD - 80K lane
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SOUND ABSORPTION MEASUREMENT




FLOW MEASUREMENT

FLOUTS.... AN INNOVATIVE

METERING SYSTEM
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HiAA,
Hiwla,
Hiwld,
A,
Hiwla,
HAA

HiiA
s,
Hiwls
M,
Hitwla
Hida,

HislA
Hhaa,
HEeis,
M,
Hiwia,

Concrale
Concrale
Cancrele
Cancrate
Cancrate
Concrate

Concrate
Comncrate
Concretle
Concrets
Cancrate
Comcrate

Concrate
Concretle
COEsCPale
Concrete
Cancrete
Concrate
Camcrate

Concrate
Concrels
Concrale
Concrate
Comcrate
Cancrate

FLOW TIME MEASUREMENTS

Clay
Clay
Clay
Clay
Clay
Clay

Clay
Clay
Clay
Clay
Clay
Clay

Sand
Sand
Sand
Sand
Sand

Clay
Clay
Clay
Clay
Clay
Clay

Clay
Clay
Clay
Clay
Clay
Clay

Sand
Sand
Sand
Sand
Sand
Sand
Sand

Sand
Sand
Sand
Sand
Sand
Sand

104 7" from: East end
1047 from East end
104. 7" frorm East end
1047 " frorm East and
104 7 from East end
104 7" frorm East and

22.6" frorm YWest end
X3 5" fromm West end
23 6 from West end
2% 5" frarm West and
29 6" from West and
23 6" from VWest end

1177 from WWest end
117.7° fromn West end
117 7" from West end
1177 frams West end
117.7" frarm West and

35.5" fion East end
255" from East &nd
=0.59" from East end
255" frorn East end
355" frorm East end
25 5" fram East end

875" fiom East end
875" fom East end
875" from East end
87 .5 frgem East end
BT 5 from East end
B7.5" feormn East end

34 frome East and
34" from East end
34" frome East end
34" from East end
34 frome East end
34" from: East end
24" from East end

2" from West end
"o West emd
" frorm West end
" from: West end
"frore West and
frare Weest and

EERERE

2
2
a
2
2

I from South Curls
F° from Sowth Curls
it foemn South Curb
7t from South Curb
30" foorrn Morth T
07 feorn Morth Cudb

I from South Curle
" from South Curbs
7 ft. fremn South Curb
7 i from South Curb
30" frarm Morth Corb
30" form Morth Crarb

I from South Curle
Y frorn Sowuthe Cuely
7 ft. from South Curb
7 ft. from South Curb
20" frarm Marth Ceirh

T frorm South Curls
S from South Curl
& i, from Morth Curle
& ft. from Morth Curhi
307 frorn Morth Curb
20" frerm Morth Cerb

S from South Curly
I from: South Curke
& ft. fromy Morth Curle
& 8, frome Morth Curb
S0 frorn Morth Crb
2" feorn Morth Cesrb

S from South Curl
I frome South Curle
& ft. froms Mol Curb
& ft. frome Morth Curls
20" o Morth Curb
0" feem Morth Ceer
20" from Morth Curb

30" frome South Curke
I from South Curds
& fi. frome MNorth Curle
& ft. from Morth Curbe
0" feormn Morth Creirk
30" from Morth Curb

Ernvirenmeantal
Ervirenmeantal
Emironmentai
Ermaranrmantal
Trafic
Traflic

Ermrgnmental
Ermvrgnrmant al
Emarenmental
Ermvnranmeantal
Trafic
Traflic

Ervirgnmantal
Emironrnantal
Ermvironment al
Emarenmeantal
Trafic

Ermvirgnrrnetal

Ermirgnmeantal
Traflic
Traffic
Traflic
Traffic

Erwirgnrmertal

Ermranmantal
Traflic
Trafiic
Traflic
Traffic

Ervirgnrnantal

Ermargonmsantal
Traffic
Teaffic
Traflic
Traffic
Traflic

Ermranmantal

Ermirgnrnantal
Teafhc
Traflic
Tresfhic
Traflic

349
318
3.
3.47
376
409

3.54
4.19
245
275
357
3.94

212
2.49
47

5 82
1.9

8.64

.05
202
51
5492

1105
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CONCLUSIONS

 Mechanical Properties:

» Adequate Flexural and Compressive

» Variability (More insitu tests) Cores, etc

» Density 120 PCF mean

» FWD to be analyzed

» Friction>= Normal Concrete Turf Drag of same age

e Surface Characteristics

» Excellent Sound Absorption Properties
» Excellent OBSI
» Very Poor Ride Quality

e Continuous Monitoring
» SA, OBSI, GT, DSH,FWD, FLOW, Piezo.
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Food For Thought

e Slip Form Paving

* Clogging Effect
SA of Cell 89 & 88 = 0.35 at 1000Hz
SA of cell 64 = 0.1 at 1000Hz

e Invest In Vacuuming at the right time
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Cell TS Sound Absorption at Various Levels of Clogging

0.8
0.7 =
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5 T
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5 03 Y—
) \l/ {Degree of Clogging}
0.2 = ——i— ~-0 =100 200
300 -=%400
0.1
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400 500 630 800 1000 1250 1600
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