Pervious Hydraulic Design Tool

What are the main problems addressed by the Tool ?

1. Effects of Soil Characteristics on Intrinsic Water Permeability
v Provides natural limit of permeability without external drainage

2. Effect of Load requirements on the thickness of Pervious Pavement
and Gravel layer considering hydraulogical characteristics
v Allows optmimal design thus reducing cost of cosntruction

3. Effects of Water Charging Profile (Rain & Other sources) on Pavement

design
v’ Statistical considerations needed to incorporate in the Optimal design
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Pervious Hydraulic Design Tool

What are the main problems addressed by the Tool ?

1. Effects of Soil Characteristics on the road/parking section design
v Allow easy understanding of the hydraulic method of work of the PRV
pavement (reservoir or simple drainage)
v Provides natural limit of permeability without external drainage
v Provides clear indication of the suitable type of soil for PRV pavement

2. Effects of hydrological parameters on the road/parking section design
v Allows optmimal design thus reducing cost of construction

v’ Statistical analysis of water profile inside the road/parking section for the
all length of the design rain

v Allows both numerical definition and modellized version of the design
ietrograph, in order to better fit with all the possible climate types
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Pervious Hydraulic Design Tool

INPUT WATER PROFILE
1-Hydrologic parameters (total rain, peak hour rain,...) . ’
2-Geotecnical parameters (types of PRV/gravel/soil and QCJ' . ll’ [, o ([ c) Ab =1 nr.T (t C) Ab
hydraulic conductivity)

3-Geometrical parameters (run-off areas, thicknesses)
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5 Hydrological h=total rainfall per day f(Tr) [mm] . 0 5 10 15 20
6 Par

: P —— 2-level of water Tr=2 years [mm]
Type of soil for sub-base =i
K pervious [mm/s] 00 / —2-level of water Tr=10 years [mm]
1) Geotechnical k gravel [mm/s] // ~——— 2-level of water Tr=50 years [mm]
Parameters k soil [mm/s] 3 £

PRV road [m2]
Densly covered hurban area [m2] N\

/ pervious-gravel base
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VEL g
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«

h gravel [mm]
h soil[mm]
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letograpgh
Time [hours] grapg
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Wi e OUTPUT
25,92 years Time to empty the basin [days] rainfall intensity Tr=2 years [mm/h]
6 Tr=10 years Time to empty the basin [days] —— rainfall intensity Tr=10 years [mm/h]
27 =30 yous Time to.emptythe basin.[days] ~——rainfall intensity Tr=50 years [mm]
W PRV hy lic design Minimum PRV Thi for given h gravel [mm]
I draulic design Minimum Gravel Thickness for given h pervious [mm] >
Tr=50 years-calculstion _~ ¥J 4 T — i 4 i

EE o——Ux

+

OUTPUT

1-Times for emptying the basin (for different returning period) IETOGRAPH

2-Minimum PRV thickness for given gravel thickness 1-Graph of the ietographs used in the design (for T=2,10,50)
3-Minimum gravel thickness for given PRV thickness 2-Any ietograph type can be implemented in the sw, since the

(extremely important when the PRV thickness is the result of the ~ calculation is done in a step-by-step integration numerical
structural design)
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Pervious Hydraulic Design Tool

Rain extimation — Hydrological data from the local autorities
(distribution of rainfall over time) e

Agenzia Regionale
per la Protezione Ambientale

- PINEROLO | Anagrafica stazione _~ Loca]zzazione
- Tipo stazione TERMOIGRO-PLUVIOBAROANEMOMETRICA CON RADIOMETRO | PP
- PIVERONE Codi 3 W""" e
- POIRINO BANNA ie Stazibne: | et
- PRA' CATINAT Quota sito (metri) 808l
[ ERAGELATO Comune PINO TORINESE |
- PRAGELATO - TRAMPOLINO A Provinci ﬁ %
- PRAGELATO/TRAVERSES roymca a2
- PRALORMO Bacino PO |
el L - |OSSERVATORIO ASTRONOMICO |
- PRERICHARD =] Inizio pubblicazione 1988-05-19
= Fine pubblicazione | ATTIVA |

-azioni di massima intensita’ registrate per periodi consecutivi

alieri | Mensili | Precipitazioni intense |

Anno Max_10min Data_max_10min Ora_max_10min Max_20min Data_max_20min Ora_max_20min Max_30min Data_max_30min | Ora_1
1988 | =
1989 B
1990 17,8 17/10/1990 19:14 25,6 17/10/1990 19:20 29,0 17/10/1
1991 19,1 08/08/1991 14:35 29,1 08/08/1991 14:39 32,6 08/08/1
1992 14,7 10/08/1992 18:30 17,5 10/07/1992 16:59 20,8 03/06/1
1993
1994 11,2 31/08/1994 14:42 20,2 28/07/1994 13:44 26,9 28/07/1
1995 13,3 22/09/1995 01:33 20,7 22/09/1995 01:35 24,4 22/09/1
1996 20,8 21/08/1996 16:20 24,1 21/08/1996 16:28 24,5 21/08/1
1997 18,7 29/06/1997 17:19 30,9 29/06/1997 17:19 41,3 29/06/1
1998 12,9 07/07/1998 16:28 18,3 21/07/1998 13:34 22,7 03/07/1
1999 13,4 26/08/1999 16:59 22,7 26/08/1999 17:00 25,5 26/08/1
2000 15,5 03/08/2000 09:09 21,7 20/09/2000 22:58 23,5 20/09/3
2001 9,3 31/08/2001 12:19 15,3 31/08/2001 12:29 18,7 31/08/3
2002 16,8 06/07/2002 10:55 29,6 06/07/2002 10:59 39,2| 06/07/3

2003 17.8 17/08/2003 17:41 21.1 02/06/2003 18:28 26.8! 02/06/3

DATA PROVIDED:
= | ocation, Altitude, type of sensor installed and picture of the weather station
» Max rain for 10,20,30 min, 1,3,6,12 hours and 1,2,3,4,5 days; for each year since 1990 to 2009
» Date of the max rain for any duration considered
» Time of the max rain for any duration considered (average time at the middle of the interval)
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Pervious Hydraulic Design Tool

Run-off coefficient for the rational method Weigthed sum of the Area

Pervious Area

(from Chow et al.) hydrographically dependant ond
E the Pervious Area (with run-off
Overall run-off coefficient ‘——-( :>= = coefficients)
(>1 always) 0

Run-off areas =S

1-Pervious road/parking
w,=0,8/1 | N

2-Densily covered urban area
w,=0,7/0,8

3-Covered urban area
W,;=0,3/0,7

4-Not covered urban area
w,=0,1/0,3

5-Grass and green park
w5=0/0,2
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Pervious Hydraulic Design Tool

Geotechnical/Hydraulic parameters

K (hydraulic conductivity)
(from Darcy’s law)

IK (cmvs) W 10" [10°=1107" 1021073 [107*|107°[10® |[1077 1078|1010
K (fiday) 10° ‘10,000 |1,ooo |1oo 10 |1 ‘0.1 |o.o1 0.001 |o.0001 |10‘5 |1o*3 |10‘7
Relative i . ) i
» Pervious Semi-Pervious Impervious
Permeability
Aquifer Good Poor None
) Well Well Sorted _ )
Unconsolidated Very Fine Sand, Silt,
Sorted ||Sand or Sand &
Sand & Gravel Loess, Loam
Gravel Gravel
Unconsolidated
) Peat Layered Clay ||Fat/Unweathered Clay
Clay & Organic
. i ) Fresh
Consolidated ) Qil Reservoir Fresh ) Fresh
Highly Fractured Rocks Limestone, )
Rocks Rocks Sandstone _ Granite
Dolomite

K estimation for gravel

(from Hazen'’s law)

K = C(Dy)?

© 2014 CEMEX

K - field measurements

1 — cylindrical infiltrometer
2 — multi-cylindrical infiltrometer
3 — Guelph’s permeameter

//m

Pervious concrete [%
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Soil sub-base
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Fluido-dynamic of porous media

Size effect modelling Effect of capillar adehesion

microscopic macroscopic
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Pervious Hydraulic Design Tool

Output provided by the software

OUTPUT

WHAT'S FOR?

CONSEGUENCES

Time to empty the "basin" (draw-back

effect caused by lack of conductivity of
the soil) for different return periods (Tr=
2,10,50 years)

Because of biological degradation of
water (bad smelling, proliferation of
insects, ...) it's usually recommended to
have emptying time of max 7 days for 50
return period

Soil with low permeability are not

recommended for PRV pavements. Foe

example: Silt, Clay, Sandstone, Basalt,
Granite, Dolomite, Slate,...

Minimum gravel thickness for 3 given
PRV thickness

Usually, the PRV is given by the structural
design, so in this case the adaptation of

the gravel thickness will be done
according to hydraulical reasons. Very

important for road and high-load
capacity demanding structures

Better cost optimization of the total
construction

Minimum PRV thickness for a given
gravel thickness

Usefull once the PRV is not structural
(walking paths, roads for bikes, eastetic

pavements....) where the only the
hydraulic issue is relevant to the solution

Better cost optimization of the total
construction

Graph of the water profile jnside the

designed construction in fuction of the
time (max 24 h) and the return periods
(Tr=2,10,50 years)

To visually control the design process
(avoid error), understand fastly the
design bottle neck

Better control of the design,
optimization of the design in case of
very hydraulically-demanding
construction, optimization of the
thickness requirements for different
retorun periods

letographs jsed for the different return

To visually control the design process
(avoid errors), avoiding divergences of

Periadssiudied (Tr=2,10,50 years)

the numericam teraction process

Understanding and "allowing" local
overflow in case of very localized storm

areas (trophical, South;European,...) |




Pervious Hydraulic Design Tool — Numerical example

Geometrical data
20m 10m 10m 10m  20m

< HK—E——C >
Zone Area [m2]
PRV road 2000 A
Buildings 8000
Grass 3600
Access roads to the buildings 400
Zone Y (Tr=2 years)| Y (Tr=10 years) | (Tr=50 years)
PRV road 0,5 0,9 0,98
Buildings 0,27 0,5 0,54
Grass 0,05 0,1 0,11 200m
Access roads to the buildings 0,11 0,2 0,22
Aeq (Tr=2 years) |Aeq (Tr=10 years)|Aeq (Tr=50 years)
Zone [m2] [m2] [m2]
PRV road 1000 1800 1960
Buildings 2160 4000 4320
Grass 180 360 396
Access roads to the \
buildings 44 80 88
TOTAL 3384 6240 6764 1 - PRV road
2 — Buildings
Weq 1,692 3,12 3,382 3 —Grass

4 — Access roads to the buildings
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Pervious Hydraulic Design Tool — Numerical Example

Rain analysis from database
(distribution of rainfall over time)

Year anxi;lo M,a:ii,zo anxi;,so Max_1h|Max_3h| Max_6h [Max_12h|Max_24h Comparison of the model proposed
19% ) 178 | >6 | 29 | 98 ) 30 | 41 ] 49 | ©l8 ue | Rain data are to be analyzed taking into
1991 | 191 | 91 | 526 | 378 | 52 - L account the following factors:
1992 | 147 | 175 | 208 | 286 | 415 | 41,7 | 528 74,5 : : :
1993 o « they might have a different retourn period
1994 | 11,2 | 202 | 269 | 30 | 366 57 92,7 | 1248 | = than all t_he other s _
1095 | 133 | 200 | 222 | 284 | 328 | 328 | 441 | 459 g s they m_|ght be referred to a rain of a total

| 1906 [ 7208 [ 241 | 245 [ 343 [ 395 | 469 | 477 [ s07 : lenght different than 24h _ .
1997 18,7 30,9 41,3 49,6 57,1 57,1 61,5 66,7 ¢ C they are to be Compatlble with the analytlcal
1998 | 12,9 | 183 | 227 | 286 | 286 | 286 | 286 51,9 E diagram suggested by the local autorities
1999 | 134 | 22,7 | 255 | 258 | 412 | 416 | 416 | 468 g « except for special applications, the artificially
2000 [ 155 | 21,7 [ 235 [ 24 | 414 | 632 | 824 | 971 1 built ietograph has to have a unique peak
2000 | 93 | 153 | 187 | 21,2 | 246 | 261 | 269 28,1
2002 [ 168 | 296 | 392 | 467 |EOBN 667 | 667 | 667 s T~
2003 | 17,8 | 21,1 | 268 | 304 | 346 36 36 39,8 :
2004 | 205 | 327 | 337 | 339 | 548 | 574 | 574 | 574 ? v = 4
2005 | 157 | 213 | 31,7 {398 | 402 | 436 | 442 | 49 ol
2006 | 103 | 123 | 131 | 155 |22 7——383—{—542——50,8 |
200ASSUMPTIQNS: | 225 | 26,1 | 26,7 | 31,2 | 332 43,1
2008 qr sgiety [eagang, wiassumesthle setsirn pertod|tosbe the tojal age of the database (even if can happen that a higher-return period

(STALS L

Zﬁ?'u i@i%:ﬁﬁzh e .csf.',z;it tiona-fo a??,;zim rval from any year, even if they are coming from different years

and rain sessions
» We assume the peak of the rain to be at mid-day for make an easier calculation. Conventional the peak is situated at 35% of the total
lenght of rain considered (at 8h 25min)

© 2014 CEMEX
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Pervious Hydraulic Design Tool — Numerical example

Geological/hydraulic data

CASE 1 CASE 2 CASE 3

water conductivity water conductivity water conductivity
Layer Material k [mm/s] Layer Material k [mm/s] Layer Material k [mm/s]
Structural pervious 1 | Concrete/asphalt le-18 Structural pervious
1 concrete > Washed gravel 1 concrete 5
Washed gravel 2 30/50 1600 Washed gravel

30/50 1600 3 Peat 0,0007 2 30/50 1600

Peat 0,0007 3 Peat 0,0007
Plastic foil le-18

© 2014 CEMEX P Confidential/ Do Not Reproduce _ 44 .



rainfall intensity (mm/h]

z[mm]

Pervious Hydraulic Design Tool — Numerical example

Case 1 — PRV drainage

CONSTANT IETOGRAPH

Time [hours] Ietograpgh

o 5 10 15 20
2]
4
&
g

Water profile
- Time [hours)

0 5 10 15 0

a

- level of water 2 years [m
100 -
PERVIOUS. =z~ level of water Tr=10 years [mm]
150 2+ level of water Tre50 years [mm]
road

BASE
0 |

0 [SoilsUBBAsE

h PRV [mm] 160
h gravel [mm] 160

pipe diameter [mm] -
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rainfall intensity [mm/h]
g =

g 8 5 u
4 8 8

g
8 8 8

o

CHICAGO IETOGRAPH

letograpgh

Time [hours]
5 10 15 20

Water profile

PERVIOUS

GRAVEL
BESE r"ﬁ“*—v—_____‘

[T

SOIL SUB-BASE

h PRV [mm]

200

h gravel [mm]

200

pipe diameter [mm]

//CE’I’IEN

nsity (mm/h]

rainfallinte

zlmm]

NUMERICAL INTEGRATION

Time [hours] Ietngrapgh
5 10 15 20
L] I 2 [ e O R T O O N
w —
I
Water profile
Time [hours]
- 5 10 1 0

SOIL SUB-BASE

h PRV [mm] 160
h gravel [mm] 160

pipe diameter [mm] -
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rainfall intensity [mm/h]

150

z{mm]

250

300

350
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Pervious Hydraulic Design Tool — Numerical example

Case 2 — Conventional drainage

CONSTANT IETOGRAPH

letograpgh
15

20

Time [hours]
5 10

——rainfall intensity Tr=2 years [mm/h]

——rainfall intensity Tr=10 years [mm/h]

rainfall intensity Tr=50 years [mmy/h]

Water profile

Time [hours]

] 10 15 20

2- level of water Tr=2 years [mm]

PERVIOUS. 1 level of water Tr=10 years [mm]
2- level of water Tr=50 years [mm]

——r0ad

pervious - gravel base

ey vl base - soil sub-base

BASE
SOIL SUB-BASE

Rate of work of the piping system

the wark of the piping
Tre10 years

om %] -

——Rate of the work of the piping system {%] -
Tr=2 years

©2

Rate of the work of the piping system
Tr=50 years

5 10 15 20
Time [hours]

Rate of water going directly from the rain to the pipe

—— Rate of the water going directly from the
rainto the pipe [%] - Tr=10 years

——Rate of thy

ing directly fram the

rainto the Tr=2 years

-Rate of the wat
rain to the pi

ing directly from the
Tr=50 years

5 10 15 20
Time [hours]

h PRV [mm] -

h gravel [mm)] -

pipe diameter [mm]| 700

14 CEMEA

500
000

1500

rainfall intensity [mm/h]

2000

150

2[mm]

200

100,00%
80,00%
60,00%
40,00%
20,00

0.00%

100,00%
80,00%
60,00%
40,00%
20,00%

0.00%

CHICAGO IETOGRAPH

Time [hours] letograpgh
5 10 15 20

—— rainfall intensity Tr=2 years [mm/h]
—— rainfall intensity Tr=10 years [mm/h]

rainfall intensity Tr=50 years [mm/h]

Water profile

Time [hours]
5 10 15 20

——z- leved of water Tr=2 years [mm]

——1-level of water Tr=10 years [mm]

2 level of water Tr=50 years [mm]

— 0

pervious - gravel base

—ravel base - soil sub-base

0

SOIL SUB-BASE

Rate of work of the piping system

Rate of the work of the piping system [%] -
Tr=10 years
——Rate of the wark of the piping system [%] -
Tr=2 years
Rate of the work of the piping system [%] -
S . Tra50 years
5 10 15 20
Time [hours]

Rate of water going directly from the rain to the pipe

——Rate of the water going directly from the
rain to the pipe [%] - Tr=10 years.

——Rate of the water going directly from the
raintothe pipe [%) - Tr=2 years

Rate of the water going directly from the

rain to the pipe [%] - Tr=50 vears
5 10 15 20 kTN

Time [hours]

h PRV [mm] -

h gravel [mm] -

pipe diameter [mm] | 6300

”CE!I’IEX

NUMERICAL INTEGRATION

letograpgh

Time [hours]
.‘E o 5 10 s 20
x ® L
= fall intensity Tr=2 years [mm/h]
£ 50 v all intensity Tr=10 years [mm/h]
£
= 100 rainfall intensity Tr=50 years [mm/h]
:
£ |
E
150
Water profile
Time [hours]
o 5 10 15 0
2]
50
1 - level of water Tr=2 years [mm]
100 -
—— - level of water Tr=1Dyears [mm]
PERVIOUS f )
_ 150 2 - level of water Tr=50 years [mm]
E
E
- 200 — 00
pervious - gravel base
250
—ravel base - soil sub-base
300
350
SOIL SUB-BASE
Rate of work of the piping system
100,00%:
80,00%.
——Rate of the work of the piping system [%] -
60,00% Tr=10 years
40,00% ——Rate of the work of the piping system [%]
Tr=2 years
0j00% 't Rate of the work of the piping system [%] -
0,00% Tr=50 years
o 5 10 15 20
Time [hours]
Rate of water going directly from the rain to the pipe
100,00% ———————— -
80,00%
I = Rate of the water going directly from the
50.00% raintathe pipe [%] - Tr=10 years
Ay B0se ——Rate of the water going directly fram the
20,00% rain to the pipe [%)] - Tr=2 years
~Rate of the water going directly from the
0,00%
raintothe pipe [%) - Tr=50 years
0 3 10 15 20 L ¥
Time [hours]

h PRV [mm] -

h gravel [mm] -

pipe diameter [mm] 2200
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rainfall intensity [mm/h]

100

z[mm]

300

100,00%
£0.00%
60,00%
40,00%
20,00%

0,00%

100,00%
80.00%
60,00%
40,00%
20,004

0,00%

Pervious Hydraulic Design Tool — Numerical example

Case 3 — Hybrid PRV/convetional drainage
CONSTANT IETOGRAPH

Time [hours] letograpgh
o 5 10 15 20

Water profile

——Rateof the work of the piping system [

raintall intensity Tr=2 years [mmyh]

rainfall intensity Tr=10 years [mm/h]

caindall intensity Tr=50 years [mm/h]

—— z-level of water Tr=2 years (mm]

=2 level of water Tr=10 years [mm]

2~ lavel of water Tr=50 years [mm]

——Rate of the wark of the piping system [%] -

%)

Rate of the work of the piping system [%] -

——Rate of the water going directly from the
rainto the pipe [%] - Tr=10 years
——Rate of the water going directly from the
rain ta the pipe [%] - Tr=2 years
Rate of the water going directly from the
rainta the pipe [%] - Tr=50 years

- Time [hours]
0 5 10 15 20
(PERVIOUS.
J——
pervious - gravel base
GRAVEL
BASE e ravel base - soil sub-base
SOIL SUB-BASE
Rate of work of the piping system
Te=10 years
Tr=2 years
Tr=50years
o s 10 15 20
Time [hours]
Rate of water going directly from the rain to the pipe
L] L3 10 15 20
Time [hours]

h PRV [mm]

150

h gravel [mm]

150

pipe diameter [mm)]

450
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100

300

100,00%
80,00%
£0,00%
40,00%
20,00%

0,00%

100,00%
80,00%
60,00%
40,00%
20,00%

0,00%

CHICAGO IETOGRAPH

Time [hours] letograpgh

5 10 15 0

Water profile

5 10 15 20
Time [hours]

——cainfall intensity Tr=2 years [mm/h]

raintall intensity Tr=10 years [mm/h]

rainfall intensity Tr=50 years [mmy/h)

—— z-level of water Tr=2 years (mm]

——z-level of water Tr=10 years [mm]

2~ lavel of water Tr=50 years [mm]

——Rate of the work of the piping system [%] -

——Rate of the work of the piping system [%]

Rate of the work of the piping system (%] -

er going directly from the
rain to the pipe [%] - Tr=10 years

——Rate of the water gaing directly from the
rain to the pipe (%] - Tr=2 years
Rate of the water gaing directly from the
Fain to the pipe (%] - Tr=50 years

- Time [hours]
0 5 10 15 20
J——
pervious - gravel base
GRAVEL
BASE J’\ —ravel bise - soil sub-base
SOIL SUB-BASE
Rate of work of the piping system
/ Tr=10 years
Tr=2 years
Tr=50 years
o s 10 15 o
Time [hours]
Rate of water going directly from the rain to the pipe
= Rate of the wats

h PRV [mm]

150

h gravel [mm]

150

pipe diameter [mm]

550

rainfall intensity [mm/h]
8

2[mm]

200

300

350

100,00%
80,00%
50,00%
40,00%
20,004

0,00%

NUMERICAL INTEGRATION

Time [hours] letograpgh
5 10 15 20

L1
il
i

Water profile

- Time [hours]
5 10 15 20

GRAVEL
BASE

T

SOIL SUB-BASE

—— rainfall intensity Tr=2 years [mmy/h]

e rainfall intensity Tr=10 years [mm/h]

rainfall intensity Tr=50 years [mm/h]

tevel of water Tr=2 years [mm]

1z level of water Tr=10 years [mm]

2- level of water Tr=30 years [mm]

—r0ad

pervious - gravel base

—ravel base - 5oil sub-base

Rate of work of the piping system

5 10 15 20
Time [hours|

——flate of the work of the piging system 4]
Tr=10 years

—Rate of the work of the piping system [%]
Tr=2 years
Rate of the wark of the piging system ']
Tr=50 years

Rate of water going directly from the rain to the pipe

Time [hours]

=== Rate of the water going directly from the
rain to the pipe (%] - Tr=10 years

= Rate of the water going directly from the
rain to the pipe (%] - Tr=2 years
Rate of the water going directly from the
rain to the pipe (%] - Tr=50 years

h PRV [mm]

150

h gravel [mm]

150

pipe diameter [mm]

450
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Pervious Hydraulic Design Tool — Numerical example

Comparison of the results

Geometrical results

Constant ietograph Chicago ietograph Numerical ietograph
h PRV [mm] 160 h PRV [mm] 200 h PRV [mm] 160
h gravel [mm] 160 h gravel [mm] 200 h gravel [mm] 160
PRV drainage pipe diameter [mm] - pipe diameter [mm] - pipe diameter [mm] -
h PRV [mm] - h PRV [mm] - h PRV [mm] -
Conventional h gravel [mm] - h gravel [mm] - h gravel [mm] -
drainage pipe diameter [mm] 700 pipe diameter [mm] 6300 pipe diameter [mm] 2200
h PRV [mm] 150 h PRV [mm] 150 h PRV [mm] 150
Hybrid PRV/ h gravel [mm] 150 h gravel [mm] 150 h gravel [mm] 150
convetional drainage| pipe diameter [mm] 450 pipe diameter [mm] 550 pipe diameter [mm] 450
Time to empty the basin [days]
Constant ietograph Chicago ietograph Numerical ietograph
Tr=2 years 0 Tr=2 years 0,13 Tr=2 years 0
Tr=5 years 4,1 Tr=5 years 4,91 Tr=5 years 4,14
PRV drainage Tr=10 years 5,23 Tr=10 years 6,19 Tr=10 years 5,27
Tr=2 years 0 Tr=2 years 0 Tr=2 years 0
Conventional Tr=5 years 0 Tr=5 years 0 Tr=5 years 0
drainage Tr=10 years 0 Tr=10 years 0 Tr=10 years 0
Tr=2 years 0 Tr=2 years 0 Tr=2 years 0
Hybrid PRV/ Tr=5 years 1,41 Tr=5 years 0,75 Tr=5 years 1,41
convetional drainage Tr=10 years 2,1 Tr=10 years 1,16 Tr=10 years 2,13

© 2014 CEMEX
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Pervious Hydraulic Design Tool — Numerical example

Conclusions

* PRV drainage solution can adapted to any of the the theoretical ietograph studied (constant, Chicago,
Numerically defined according to the real data coming from the metereological stations. In case of high rain
zone (e.g. Equatorial Zone) can lead to very high pavement thicknesses if the soil is not enough permeable.

» Convetional drainage system (localized empty points on the surface and main pipe) is suitable once the
rain distribution is very constant (e.g. London....). For climate area where the rain are concetrated (e.g.
Mediterranean Zone, Central Europe, Equatorial Zone, ...) convetional system will lead to an huge
overestimation of th pipe’s dimension, once we want to ensure no water laying on the road surface.

» Hybrid system with a plastic foil on the soil layer (system n.3) brings the good characteristics of the two
original systems: minimum pavement thicknesses and reduced pipe’s diameter (around 5-10) in case of
localized (in the time domain) rains

* Plastic foil to be placed under the gravel layer is to be thick enough to sustain the load given by the
working equipments (usually very heavy, 10-40 tonnes) used for the placing and for the compaction of the
gravel and pervious layer

* In case of low permeability soil (clay, rocks, ...) the hybrid system might be used without the plastic foil.

* In case of medium permeability soil (silt, peat, fine sand,...) the hybrid system without plastic foil would be
the and advatage from the hydraulic point of view

© 2014 CEMEX y Confidential/ Do Not Reproduce _ 4¢ .
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INTRODUCTION - Context of the project

Current situation and motivation

The alleys were built from an impemeble asphalt layer (ca. 1 cm
thick) on a “tout-venant” base (0/20 — ca. 20 cm thick). A thin layer
of exposed aggregates was used for aesthetic reasons.

Their width is constant and ca. 3.5m on the entire Zoo, and
surronded by soil.

=> Due to the impermeable nature of the alleys and the natural
slope on the site, storm water is is generally accumulated in the
main entrance, incl. the handicap parking, and in front of the arena.

ASIE AMERIQUE
i wes
-— "1l 4
g \al d'Hérault nature :
S5 . EUROPE
-« ] ,
e - .
4 -
n 4 e ival
- -u‘ 4 r ;':"’ -
Objectives TS oS o i )
3P terve o Ao 32 o ey
e ——— y \ b f by
v Ensure a complete management of the storm water: no P~ f

flooding of the alleys or into the bassins of animals, and in the

main entrance/handicap parking area. PP, = T ey e :
v In order to respect the continuity for handicap people, a Fa S5 = / w
similar pavement on the handicap parking area than in the Zoo “(-1_ ‘ \,

will be used.

v’ The proposed design should ultimately integrate the existing|

drainage already in place.
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INTRODUCTION - Profile of the job site
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PERVIA — Permeable Concrete for Cost Effective Water Management

Periia

Permeable by design
Challenge Key Benefits Technical Advantage
Low-volume, » Easy placement
heavyload pave- High Strength
ments
Permeability
‘ Water « Reduction of High flexural
management
g storm water strength
* Reservoir More than 3.5 MPa
effect
A :
¥  Greenlabel * Fulfill 2 points
of the LEED
certification
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OUR PROPOSAL - Definition of 4 different zones

Drawn map of Zoo

AREA OF LAND/ARENA GIVING THE WATER COMING TO HP-PRWZ

2 — 410m2

Z00 AREA WITHOUT PARKING AREAY = 65000m2
GRASS AND GREEN PARK = &3000-82443= 563537m2

AutoCAD representation of the pathway of the Zoo

“Betails slide 7

- 1400m2

Due to the natural slope, we propose to drain and direct all the
water flow from the alleys to the main entrance area, where a
specific drainage will be design.

=The main alleys (PRV1 and PRV2) will be built with a single

layer of 15 cm of Decorative Pervia Concrete on top of the
existing pavement. Edges will be covered by geotextile and soil.

=The area of the entrance and the handicap parking (PRV
HP1), where the water is directed, will be a combination of a
High Performance Pervia Concrete (15 cm) and a specific Sub-
base

=>In the case of the area in front of the Arena (PRV HP2) the
pavement will be designed to ensure a complete drainage
using High Performance Pervia Concrete (15 cm) and also a
permable sub-base

Calculated volume

Decorative
2 _ 3
PRV1: 2100 m? » 6255m? - 938 m

PRV2: 4155 m?

High Performance
PRVHP1 : 1778 m? » 2188m? - 328 m*

PRVHP2 : 410 m?

//cemex Confidential/ Do Not Reproduce _ 54 .



STRUCTURAL DESIGN - Decorative and High Performance

2 PRV 1 - Decorative
D PRV 2 - Decorative

1 HP PRV 1 - High Performance
1 HP PRV 2 - High Perfiormance

Structural
Design

>

)

Decorative High Performance
Up to 3.5t vehicules Up to 12t vehicules
Drainage using Asphalt Optimised Pervia Sub-base
\ Aesthetic finish / \ High structural resistance/

cosT cosT
CEEEE—— € D €

STRUCTURAL STRUCTURAL

Tonnes S Tonnes

PERMEABILITY . PERMEABILITY _

D Liters G Liters
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DIFFERENT APPROACHES - Economical or Ecological

From the initial proposal, two main approaches can be envisaged depending if focus is given to
economical aspects or to ecological considerations. The economical solution is an evolutive proposal,
where green recycling of water can be implemented.

e
(BGIC

o 2

Natural drainage of water in

the soil

Collection of water and
recycling for Zoo usage

v’ Same features plus:

v’ Integral system to re-use
the water for gardening/

WC

v' Excavation of asphalt
v Permeable sub-base
(8000 m?)

EcoLoGICAL

Collection of water and
evacuation in main sewage

v Use of current asphalt
v Pervia sub-base (2000 m?):
structural improvement

ECONOMICAL B
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CEMEX PRIORITY PROPOSAL - Economical approach

The Option 1 is to our opinion the best approach, making use of the current asphalt pavement that can
be re-used as sub-base. The excavation would be extremely reduced and the re-opening of the alleys
would be faster.

\ eco
lugu:,

EcoLoGICAL

v’ Fastest re-opening of alleys Collection of water and
evacuation in main sewage

v Reduced needs for excavation

v Optimized structural design v Use of current asphalt
v Pervia sub-base (2000 m?):

v Evolutive solution :
structural improvement

ECONOMICAL —
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ECONOMICAL PROPOSAL - Schematic Sections

Base Pervia Hydrological

(thickness) (thickness) Design

Decorative

(1)
PRV1/2 Actual (15 cm)

Pervia High
HP PRV 1 Sub-base Performance

>
(25 cm) (15 cm) -
>
>

Gravel High
HP PRV2 (35 cm) Performance
(15 cm)

L Material needed....................

2 PRV 1 - Decorative
D PRV 2 - Decorative

1 HP PRV 1 - High Performance
HP PRV 2 - High Perfiormance
© 2014 CEMEX ] g y / A——

15ch

Actual Pavement

PRV1 and PRV2

15ch 5

Pervia Sub-base

25cm I

HP PRV 1

15ch g

L i

35ch Gravel Sub-base

HP PRV 2
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DRAINAGE SYSTEM - Using the existing sewage

A D=600mm - 60 m length holed pipes (only on top half
circle) will be placed in the lowest part of the HP PRV 1
zone and covered by mean of geotextile in order to
prevent clogging of the holes.

Main Entrance

Water is drained entirely to the Main
Entrance
Area where a pipe will ensure the
evacuation
To the existing sewage.
© 2014 CEMEX //:m Confidential/ Do Not Reproduce _ 5¢ .




EVOLUTION OF OPTION 1 - Recycling of stormwater

The storwater collected at the main entrance by the pipe system can be stored and re-used after
adequate treatment for gardening and non-sanitary usages.

eco
logIC
Collection of water and
recycling for Zoo usage
v’ Same features plus:
v Integral system to re-use
3 the water for gardening/
o WC
(=]
-l
(=]
(%)
w

v’ Evolution possible Collection of water and

_ evacuation in main sewage
v Recycling of stormwater

v' Cost reduction sanitary water v Use of current asphalt
v Pervia sub-base (2000 m?):

v Ecological approach structural improvement

>

.

ECONOMICAL
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WATER CITERN - Soft containers to store and reuse water

High volume (ca. 5000 m3) container can be easily found and can be installer to store water during rainy season. The
recycled water can then be used during the dry season.

© 2014 CEMEX p Confidential/ Do Not Reproduce _ 5g



ECOLOGICAL APPROACH - Natural Drainage

The second would consist in a complete excavation of the asphalt pavement, and to design the alleys and
pavements to allow a natural drainage of the stormwater in the soil. Although this option is attractive, it
would generates more waste materials and would necessitate higher concrete volumes.

eco

logic
4\ 2
Natural drainage of water in :
the soil recycling for Zoo usage
v Excavation of asphalt Same features plus:
Integral system to re-use
v Permeable sub-base ]
3 (8000 m?2) the water for gardening/
S C
=]
-
=)
@

Collection of water and

v Natural drainage of water — .
evacuation in main sewage

v Optimized sub-base design
v No need to level borders v' Use of current asphalt

v Pervia sub-base (2000 m?):
structural improvement

ECONOMICAL
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ECOLOGICAL PROPOSAL — Schematic Sections

Base

(thickness)

Pervia
(thickness)

Pervia Sub-base

PRV1/2 (25 cm)

Pervia Sub-base

PRV HP1 (25 om)

Gravel
(granulometry
TBD)

(35 cm)

PRV HP2

> Material needed..........

Decorative
(15 cm)

High Performance
(15 cm)

High Performance
(15 cm)

= PRV 1 - Decorative
D PRV 2 - Decorative
1 HP PRV 1 - High Performance

] HP PRV 2 - High Perfiormance y

© 2014 CEMEX

15cm

>

Le i Ry

25ch Pervia Sub-base

PRV1 and PRV2

15ch

>

25c¢m Pervia Sub-base

HP PRV 1

15ch _

35ch Gravel Sub-base

HP PRV 2
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Pervious Concrete vs. Asphalt
Value Chain

)

[
o

owmen
:g
-
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Pervious Concrete vs. Asphalt
Value Chain

/ /
a .E L L ;:_ : = g vw .
2 n,;f ':_ : | Iﬁ;_. ‘ ”o‘ = a
s = : =

- Selection of local source of aggregates
Gravel / Sand - Eas¥ to produce and eventua_lly reproduce in the future
- Choice of granulometry possible to change texture

- In house technology to manage range of performance
- Decorative
- High performance

- Final aspect and color can be tailor design to the wishes of the customer

Colorant
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Pervious Concrete vs. Asphalt
Value Chain

- Use local production equipment
- Ready-Mix Plant close to the jobsite to assure logistic optimization

- Mix design methodology to guaranty Strength and Permeability

Quality concrete
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Pervious Concrete vs. Asphalt
Value Chain

o : «

RN

ﬁf‘\;ﬁ. % *i:;“-“ﬂ

LA
e |
S
o i

- Use existing Ready-Mix trucks
- Extended workability — up to 3hours if needed

Transportation
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Pervious Concrete vs. Asphalt
Value Chain

- Use existing Paver / Roller equipment

- Improve equipment performance and robustness (better Industrialization)
- Large choice of tools depending on type of concrete

- Can be done manually

Placing / Compaction
Techniques

>
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Pervious Concrete vs. Asphalt
Value Chain

Jobsite

- Better finishing: choice of colors

- Better strength and durability

- Faster placement and re-opening of jobsite (24hours)
- Minimize lost of profits

- Efficient solution to collect and manage Rainwater
- Reduction of storm water runoffs

Benefits - Reservoir effect: recycling of water possible

- Easy placement and finishing

- Green Label — LEED certification

© 2014 CEMEX P Confidential/ Do Not Reproduce _ 3¢



EXAMPLES OF PERVIOUS CONCRETE — Decorative and High Perfomance

Decorative Concrete — CX France HP Pa:erviogs — CX Mexico
Toulouse — April 2014 Mexico City — May 2014
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OUR PROPOSAL - Hydrological design

The design of each zone was defined based on the statistical analysis of the rain profile from 2004 to 2013 from the
data coming from the Pezenas’s meteorological station. The 6 worst 24-hours rains are shown in the graph below:

» In order to build the hydrological design for the Zoo, the worst rain period from the last 10 years was used (April 19,
2004 - 140.4 mm/24 h)

» The return period was taken, according to safety reasons, at 10 years

letograph analysis

w
Ln

w
o

—05/05/2013

[
o

—06/09/2005

rainfall intensity i [mm/h]
Pt
o

——10/10/2010
\ —12/03/2011

10 /\ /\ e, /\ ——28/01/2006
)Q | / - ——29/04/2004

5 AN — . . .
. .

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [h]
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HYDRAULICAL ANALYSIS — Overall analysis (PRV1 and PRV2)

A first overall analysis of the site was done considering a overall thickness of pervious of 15 cm and no presence of gravel
(in order to be in the safety side). For safety and to better simulate the presence of the 1-cm-layer of asphalt, the soil was
considered impermeable (k=1exp-18 mm/s)

Type of letograph
Tr= return period [years] Water profile
h=total rainfall per day f(Tr) [mm]
Integratio's steps Constant
Mode of integration - for Manual (numerically defined) Constant , [FeE | . OT""E [hours] . o
s=starting of the rainfall respect to 24 h- for Constant/Triangular ietograph 0 o
e=etarting of the rainfall respect to 24 h- for Constant/Triangular ietograph 1
at=peak position respect e-s (%) - for Triangular 50% 20 =
Hydrological a=peak rain per hour f(Tr) [mmlhour] - for Ch'n:ago ietograph 49.6 w0 f =7 - level of water Tr=2 years [mm]
Parameters r=peak position respect 24h- for Chicago ietograph 0.5
Tvpe of pefvious - / =2 - level of water Tr=10 years [mm]
Type of gravel for base . f/ ———1 - level of water Tr=50 years [mm]
Type of soil for sub-base E w0 ~ I
Kk pervious [mm/s] " / i
Geotechnical k gravel [mm/s] 100 — // pervious - gravel base
Parameters k soil [mm/s] o }// ki /-/
PRV road [m2] ST m ///—\/ e ravel base - soil sub-base
Densly covered hurban area [m2] 140 | INBASE d
Covered hurban area [m2] =
eslinnl e Ll L 0 SOIL SUB-BASE
Grass and green park [m2]
h pervious [mm]
Geometrical h gravel [mm] Time [hours] letograpgh
Parameters h soililmm] % . o 5 10 15 20
'§. 5 Wﬂ ! ™ ﬁ—- = ——rainfall intensity Tr=2 years [nm/h]
Tr=2 years Time to empty the basin [days] - combined soil+piping system _ Water is drained at the same time é 12 | — = ——rainfall intensity Tr=10 years [nm/h]
Tr=10 years Time to empty the basin [days] - combined soil+piping system 0.4836 = 20 | | ~rainfall intensity Tr=50 years [mm/h]
Tr=50 years Time to empty the basin [days] - combined soil+piping system 0.8307 E 25 =
30
Rate of work of the piping system
100.00%
PIPES CONFIGURATION | o ] [T —rotcorthe workorthe isingsystem -
60.00% Tr=10 years
Difference in 40.00% '_l _ifs 3;;?: HerkST e PRy -
N. Material Shape a[mm] b[mm] | c[mm] | d[mm] e [mm] f[mm] Lenght [m] height [m] 20.00% - _l'_'|____»’_|'_'l_| —‘_“__ == Rateof the work of the piping system [%] -
2 0.00% : Tr=50 years
0 5 10 15 20
Time [hours]
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HYDRAULICAL ANALYSIS - HP PRV 1

In this analysis we wanted to simulate that all the water in the zoo is dropped in the entrance zone (as happened in the
last rain event). Layer of 15 cm of HP-PRV and 23 cm of LP-PRV where considered in the design. For safety the
permeability of the soil was considered to be low (k=0.007 mm/s).

Type of letograph Water profile
Tr= return period [years]
h=total rainfall per day f(Tr) [mm]
Integratio's steps Constant ]
Mode of integration - for Manual (numerically defined) Constant -100 Tt [fowr]
s=starting of the rainfall respect to 24 h- for Constant/Triangular ietograph 0 10 5 2
e=etarting of the rainfall respect to 24 h- for Constant/Triangular ietograph 1 D i
MQk msitbn respect e-s (%) - for Trimu'af 50% | ——1z- level of water Tr=2 years [mm]
Hydrological a=peak rain per hour f(Tr) [mm/hour] - for Chicago ietograph 496 180 1A =4 2 level of water Tr-10 years [mml]
Parameters r=peak position respect 24h- for Chicago ietograph 0.5 7 /
Type of pervious = 200 7 ——2- level of water Tr=50 years [mm]
£ T T
Type of gravel for base ~ oo | GRAVEL P —r53d
Type of soil for sub-base BASE / —
k i [mm/s] i .x/ pervious - gravel base
pervious a00 |m— =
Geotechnical k gravel [mm/s] . ammmgravel base - soil sub-base
Parameters k soil [mm/s] w00 y
PRV road [m2]
Densly covered hurban area [m2] i
Covered hurban area [m2]
Not covered hurban area [m2]
Grass and green park [m2] Time (hours] letograpgh
h pervious [mm] = 0 5 10 15 20
Geometrical h gravel [mm] E 2 B — g i —
4 = = ] i = = rainfall intensity Tr=2 [mm/h]
Parameters h soﬂ[mm] § pa — |=a s 211_. ra‘m a fn ensi y Tr=2 years [mm,
2 15 ﬂ;ﬂ = 1 = rainfall intensity Tr=10 years [mm/h]
'% 20 || = rainfall intensity Tr=50 years [mm/h]
Tr=2 years Time to empty the basin [days] - combined soil+piping system |Water is drained at the same time| £ 5 —
Tr=10 years Time to empty the basin [days] - combined soil+piping system 0.7655 30
Tr=50 years Time to empty the basin [days] - combined soil+piping system 1.2341 .
Rate of work of the piping system
100.00%
80.00% Di - X
= Rate of the work of the piping system [%] -
I 60.00% Tr=10 years
PIPES CONFIGURATION 40.00% i r = Rate of the work of the piping system [%] -
I—I J |—‘ — L Tr=2 years
20.00%
Difference in et _,_l e ~——Rate of the work of the piping system [%] -
N. Material Shape a[mm] b[mm] | c[mm] | d[mm] e [mm] f [mm] Lenght [m] height [m] D0z o 5 10 15 20 Tr=50years
1 e Time [hours]
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HYDRAULICAL ANALYSIS — HP PRV 2

In this analysis we wanted to simulate that all the water of the arena (fully impermeable) is going to part in front of it.
Layer of 15 cm of HP-PRV and 35 cm of gravel where considered in the design. For safety the soil was considered slightly
permeable (k=0.0007 mm/s). No piping system is adopted for this zone.

Type of letograph
Tr= return period [years]
h=total rainfall per day f(Tr) [mm]
Integratio's steps Constant ROAD. Time [hours]
. . . 0 5 10 15 20
Mode of integration - for Manual (numerically defined) Constant o
s=starting of the rainfall respect to 24 h- for Constant/Triangular ietograph 0 s
e=etarting of the rainfall respect to 24 h- for Constant/Triangular ietograph 1 100 /
at=peak position respect e-s (%) - for Triangular 50% /" r
Hydrological a=peak rain per hour f(Tr) [mm/hour] - for Chicago ietograph 496 i~ /
Parameters r=peak position respect 24h- for Chicago ietograph . // — ¢ levelotyiter Te=iyears [mm]
Type of pervious _ MJ// - level of water Tr=50 years [mm]
E 300 B
N Y/ a—road

Water profile

———2-level of water Tr=2 years [mm]

Type of gravel for base
Type of soil for sub-base
k pervious [mm/s]
Geotechnical k gravel [mm/s]
Parameters k soil [mm/s]
PRV road [m2]
Densly covered hurban area [m2]
Covered hurban area [m2]
Not covered hurban area [m2]
Grass and green park [m2]
h pervious [mm]
Geometrical h gravel [mm]
Parameters h soil[mm]

400

pervious - gravel base

iu'|Ia
N\
\

| GRAVEL
BASE

@ oravel base - soil sub-base

500

SOIL SUB-BASE

600

letograpgh

Time [hours]
0 5 10 15 20
5 = = Lﬂl — | i
]51 }—‘_ — ——rainfall intensity Tr=10 years [mm/h]

15 | — =

20 ———rainfall intensity Tr=50years [mm/h]

——rainfall intensity Tr=2 years [mm/h]

rainfall intensity [mm/h]
=
S

Tr=2 years Time to empty the basin [days] - combined soil+piping system 0.6048
Tr=10 years Time to empty the basin [days] - combined soil+piping system 6.4376
Tr=50 years Time to empty the basin [days] - combined soil+piping system 8.0041
PRV hydraulic design Minimum PRV Thickness for given h gravel [mm] 150
Gravel hydraulic design Minimum Gravel Thickness for given h pervious [mm] 350
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MATERIAL NEEDED — Economical Proposal

HPPRV1 | HPPRV 2 PRV 1 PRV 2
Area [m2] 1778 410 2100 4155
Equivalent Linear length [m] - - 600 1188 TOTAL
Excavation [mm] 380 500 - -
Geotextile on the total surface [y/n] y y n n
Gravel thickness [mm)] - 350 - -
LP PRV thickness [mm] 250 - - -
HP PRV thickness [mm)] 150 150 - -
Aestetic PRV thickness [mm] - - 150 150
Concrete holed pipe Din600 Dout704 [m] 60 - - -
External surface of the pipe [m2] 132.7009 - - -
Excavation volume [m3] 675.64 205 - - 880.6
Plastic foil [m2] - 70 - - 70.0
Geotextile on the surface [m2] 1778 410 - - 2188.0
Geotextile on the edges [m2] - - 600 1188 1788.0
Geotextile on the pipes [m2] 132.7009 - - - 132.7
Gravel volume [m3] - 143.5 - - 143.5
LP PRV volume [m3] 444.5 - - - 408.9
HP PRV volume [m3] VAT wY 615 Unit- Ou;rntity - 328.2
Aestetic PRV volume [nfi3] Gravel - 3| 143 02 .25 938.3
LP PRV m3 444.5
HP PRV m3 328.2
Aestetic PRV m3 938.3
Plastic foil m2 70.0
Geotextile m?2 4108.7 -
Excavation m3 880.6
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MATERIAL NEEDED - Ecological Proposal

HPPRV1 | HPPRV 2 PRV 1 PRV 2
Area [m2] 1778 410 2100 4155
Equivalent Linear length [m] - - 600 1188 TOTAL
Excavation [mm] 380 500 380 380
Geotextile on the total surface [y/n] y y y y
Gravel thickness [mm)] - 350 - -
LP PRV thickness [mm] 250 - 250 250
HP PRV thickness [mm)] 150 150 - -
Aestetic PRV thickness [mm)] - - 150 150
Excavation volume [m3] 675.64 205 798 1578.9 3257
Plastic foil [m2] - 70 - - 70.0
Geotextile on the surface [m2] 1778 410 2100 4155 8843
Geotextile on the edges [m2] - - - - 0
Geotextile on the pipes [m2] - - - - 0
Gravel volume [m3] - 143.5 - - 143.5
LP PRV volume [m3] 444.5 - 525 1038.75 2008
HP PRV volume [m3 26677——6% ————— — - 328.2
Aestetic PRV volume [rp3] fw“:" U":él “:"T:L"_“&ZS 938.3
Gravet m3 1435
LP PRV m3 2008
HP PRV m3 328.2
Aestetic PRV m3 938.3
Plastic foil m2 70.0 -
Geotextile m2 | "8843
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PLACING / COMPACTION TECHNIQUES

Many methods available to place pervious concrete
Depending on the application, importance of leveling, compaction and finishing can vary.

The table below summarizes requirements of each application and provides

guidance to place the pervious concrete accordingly.

REQUIREMENTS

APPLICATIONS

[Level of importance]

Levelling

Decorative 5
s Compacting
applications
Finishing
Levelling
Low volume .
Compacting
pavments
Finishing
Levelling
Roadways Compacting
Finishing
© 2014 CEMEX

Low

High

High

Medium

Medium

High

High

High

PROPOSAL 1

PROPOSAL 2

ADVICED TECHNIQUES - EXAMPLES

PROPOSAL 3

PROPOSAL 4

Spinscreed

Steel pipe roller

Vibrating bull
float

PAVER
w/o tamper,

w/o pressure bar
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STRUCTURAL ANALYSIS - Validation of our proposal

Structural verifications were carried out for the following loads:
* 12 Tonnes and 4-wheels vehicle in the entrance, where HP PRV is designed

* Golf Electric Car and Ambulance (3.5 Tonnes) in the path , where Decorative PRV is designed

HP PERVIA DECORATIVE PERVIA
Indirect Tensile Splitting Strength [Mpa] 3.6 Indirect Tensile Splitting Strength [Mpa] 2.7
Flexural strength [Mpa] 4 Flexural strength [Mpa] 3
alfa cc 0.85 alfa cc 0.85
gamma material 1.5 gamma material 1.5
max flexural strength achievable 2.27 max flexural strength achievable 1.70
Q real [kN] 60 Q real [kN] 8.75
gamma load 1.6 gamma load 1.6
Q design [kN] 96 Q design [kN] 14
a [mm] 500 a [mm] 350
b[mm] 500 b[mm] 500
s (thickness) [mm)] 150 s (thickness) [mm)] 150
E [Mpa] 16000 E [Mpa] 16000
Poisson's ratio 0.2 Poisson's ratio 0.2
K (modulus of soil) [Mpa/mm] 0.2 K (modulus of soil) [Mpa/mm] 0.05
a (equivalent radius of the loaded area) [mm] 282.09 a (equivalent radius of the loaded area) [mm] 236.02
D (=Et*3/(12(1-poisson”2))) 4687500000 D (=Et*3/(12(1-poisson”2))) 4687500000
I=(D/k)*0.25 391.27 I=(D/k)*0.25 553.34
Stress (load in the center) [Mpa] 2.21 Stress (load in the center) [Mpa] 0.50
St;gsqsn(dlgargcq‘r};cbe border) [Mpal] 1.13 Stress (load on the border) [Mpa] 0.33
Stress (load on the corner) [Mpa] -0.15 Stress (load on the corner) [M\ﬁg]"'ue"l'd” e 0.496 -



ADDITIONAL DRAINAGE SYSTEM — Example of Suppliers

Tuyau lisse
Tuyau 3 usages divers

CONSOLIS e @

* Demi-tuyay 5_—__-: -

BONNA SABLA

Usno de LAMANON [ 13 ] Depec 78

@ocminal Sdrle  Tuyse Bssa compriend nom arme Tuysu lisse perford” Cami-tsyse
{mmy§ Poles Lg/mi) Foids lig/ma) Foigs (\gy/ma)
150 = o 7 e
200 7 a7 19
00 > BE 8 <)
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Tuyau béton perforé D200 Lg1 ml N-C
CE LES IN Tuyou béton perforé D300 Lgi ml ~ 1i-C

La compétence d’une équipe IW — L U ot PLATTARD
. uyau béton perforé D500 Lgl ml 209580 .
Tuyau béton perforé D600 Lg1 ml 36117
Tuyau béton perforé D800 Lg1 ml 5345
Les diométres ci-dessus sont les diométres intérieurs des fuyaux.
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