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NOTICE 

This document is disseminated under the sponsorship of the Department of Transportation in 
the interest of information exchange. This publication does not constitute a standard, 
specification, or regulation. 

The United States Government does not endorse products or manufacturers. Trademarks or 
manufacturers' names appear herein only because they are considered essential to the object 
of this document. 
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The purpose of this Demonstration Project is 
provide rapid removal of water from the conc 
pavement section. 

The purpose of drainable pavement systems is 
remove water entering the pavement structure 
cracks and joints in the concrete pavement. 

to 
rete 

to 
from 

There are many sources of water can enter the 
pavement structure and saturate the base. So 
of water include: 

Surface Infi 1 tration 
Rising ground water 
Capil lary action 
Seepage Water 
Vapor movement 

urces 
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SOURCE OF WATER Ri sing Groundwater 

Seasonal fluctuations of the water table can be a 
significant source of water. 

Seepage Water 

In cut sections where ditches are shallow, seepage 
of water from higher ground may be a significant 
problem. Or if water is sitting or ponding in 
ditches, then water can seep under the pavement 
section. 

Capi 11 ary Action 

Capill ary Action can transport water we1 1 above the 
water table saturating the subgrade. Clay soils 
are potential problems with capillary rise in 
excess of 20 feet. This source of water is 
responsi bl e for frost heave. 

Vapor Movement 

Temperature gradients can cause the water vapor, 
present in the air voids o f  the subgrade and 
pavement structure, to migrate and condense. Water 
vapor does not provide a significant volume of free 
water in the pavement structure. 

It is important to investigate whether any of these 
sources are contributing to base saturation. If 
they are present you should contact your 
geotechni cal engineer or reference the Highway 
Subdrai nage Manual to address each individual 
source. 

Remember, the number on source of water entering 
the concrete pavement structure is infil tation 
through joints and cracks. The intent of the 
design of the pavement drainage system we are 
recommending, is to provide rapid removal of water 
entering the pavement structure through cracks or 
joints in the concrete pavement. Arch
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CURLING 

1 lnch I 0.050 lnch + 

Why d i d  we i n i t i a t e  t h i s  Demonstration Project? 
Most engineers w i l l  agree t h a t  the  most prevalent 
d ist resses i n  concrete pavements are f a u l t i n g  a t  
j o in ts ,  cracks i n  the pavement due t o  l oss  o f  
support through base pumping. These d i  stresses 
r e s u l t  from saturated erod ib le  bases and heavy 
t rucks loadings. Pumping, f a u l t i n g  and moisture 
d ist resses are not  accounted f o r  i n  most design 
procedures. 

Pavement drainage systems are designed t o  prevent 
pumping by reducing the f r ee  water i n  the pavement 
st ructure.  To review, l e t ' s  t a l k  about how these 
dist resses s t a r t .  

A f t e r  the pavement s lab has been placed, moisture 
change and temperature change cycles cause the slab 
t o  c u r l  c reat ing small voids under the  pavement 
s lab a t  the j o i n t s .  The amount o f  c u r l  i n g  i s  a 
funct ion o f  base s t i f f n e s s  and s lab  1 ength. 

When we are t a l  k ing  about c u r l  ing , the  previous 
diagrams over exaggerated the  amount o f  cu r l i ng .  
We are t a l k i n g  about maybe 5 hundredths o f  an inch 
o f  a void i n  most cases. However, t h i s  i s  enough 
o f  a void t ha t  can lead t o  pavement d is t ress .  
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unmdd PCC Prnvmrmt 

As pavement j o i n t s  open up, water can enter  the 
pavement s t ruc ture  and saturate the  base. Once the 
base i s  saturated, f r ee  water w i l l  c o l l e c t  i n  the 
voids. Then as heavy loads approach the j o i n t ,  the 
approach s lab w i l l  de f l ec t  downward sending a 
pressure wave o r  water j e t  towards the leave slab. 
This begins the erosion o f  f i nes  i n  the  base 
course. As the wheel crosses the  j o i n t ,  the 
approach s lab rebounds and the  leave s lab de f lec ts  
downward, sending a pressure back underneath the 
approach slab. This water ac t ion  ca r r i es  f i nes  
which are f i n a l l y  deposited under the approach slab 
which ra ises i t s  e levat ion.  Once the  voids under 
the approach s lab are f i l l e d ,  excess moisture and 
f i nes  are pumped through the j o i n t  o r  crack. 

See the v i o l en t  pumping act ion.  Not a l l  o f  the 
f i nes  are deposited underneath the slab. Some o f  
the f i nes  are pumped through the  pavement j o i n t  as 
t h i s  photo shows. 

This pumping action, accumulating over time, w i l l  
lead t o  a e levat ion d i f fe rence  between the two 
slabs. The e levat ion d i f fe rence  i s  known as 
fau l t i ng .  Normally the approach s lab i s  always 
higher t ha t  the leave slab. Arch
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This i s  an actual s l i d e  o f  f a u l t i n g  a t  the  j o i n t .  
The penci l  i s  used t o  ind ica te  the  amount o f  
fau l t i ng .  Not ice the  shadow. You can a lso see 
pumping along the long i tud ina l  j o i n t .  You can also 
see f a u l t i n g  d r i v i n g  down the road by look ing i n  
the rear  view mi r ror .  

Water can enter t h i s  j o i n t .  D i ss im i l a r  mater ia ls  
causes problems w l  t h  j o i n t  separation. We 
recommend using t i e d  concrete shoulders t o  maintain 
an adequate j o i n t  sealant reservo i r .  Another 
approach would be t o  use a widened lane t o  minimize 
edge 1 oadi ngs . 
You can see cracks i n  the shoulder i nd i ca t i ng  loss  
o f  support. Over t ime t h i s  l oss  o f  support can 
lead t o  corner breaks i n  j o i n t e d  concrete pavements 
o r  punchouts i n  continuously re in fo rced  concrete 
pavements. 

Fai 1 ed Pavement Sect i on 

Pumping can 1 ead t o  concrete pavement d i  stresses 
such as f a u l t i n g  and pavement breaks due t o  loss  o f  
support. We have not  found a base course mater ia l  
t ha t  when saturated w i l l  no t  lead t o  pumping 
eventual ly. 

Therefore we are moving t o  pavement drainage 
systems t o  r ap i d l y  remove moisture from the  
pavement s t ruc tu re  t o  e l  iminate pumping due t o  
saturated base courses. Arch
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Roadway Geometries plays a pa r t  i n  the design o f  a 
pavement drainage system. Most drainage formul as 
have slope as one o f  the input  variables. What i s  
the slope o f  the f low path o f  water through a 
permeabl e base? 

When you initially thlnk about the length o f  the 
flau path, you 4nitlally assume that water wlll 
f low i n  the permeable base along the cross slope o f  
the pavement. However, a f t e r  sketching the 
pavement sectfun you can see that you have t o  
account f o r  the long4 tudlnal slope or p r o f f l e  
grader o f  the roadway. 

The roadway usually has a cross slope for surface 
dralnaga. The cross slope 4s shown as S,. Not all 
o f  the roadways are f l a t ,  thus they will have a 
longitudinal grade, shom as S. Wen derlgnlng 
permeable base layers we u s t  take in to  
consideratfon the longitudinal slope. Collbining 
the two slopes w i l l  gfve a true or resultant slope 
S,. The water flow path L, will fol low the 
resu l tant  slope, 

S, and S are used t o  be consistent w i t h  the 
nomencl ature the hydraul i c  engineers use. Arch
ive

d



When the longi tudinal  slope i s  combined w i th  the 
pavement cross slope, the resul tant  slope can be 
determintd b$ t h f ~  eqtiation. 
sR = ( s +sx 1 where: 
S, - Resultant slope, ft/ft 
S -. Longitudinal slope, ft/ft 
S, = Cross slope, ft/ft 

To determine the length o f  the f low path, you 
mul t ip ly  the width o f  the base t l m s  the tangent o f  
angle A which V T ~ S  out t o  t h i s  formula. 
L, = W(1+(S/Sx) 

Where: 
L, - Resultant length o f  base, ft 
W - Width o f  permeable base, ft 

The length o f  the f low path i s  never less than the 
width o f  the pavement. 

This i s  a graphical presentation o f  the 
re1 atlonship between longitudinal  slope t o  the 
cross slope. As you can see, as the longitudinal 
slope increases, the f low path w i l l  move away from 
the cross slope or  move towards S/S,-4. 

Graphical re1 a t  i onshi p between the resul tan t  
length/width r a t i o  t o  the longi tudinal  slope/cross 
slope ra t io .  

A 2 percent cross slope and a 2 percent 
longitudinal slope w i l l  r esu l t  i n  a 1.4 mu l t ip l ie r .  
The point  i s  that  the resul tant length w i l l  never 
be less than the width o f  the base. Arch
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HORIZONTAL TRANSITION 
S = 0.0% 

Transition 

HORIZONTAL TRANSITION 
S = 2.0940 

I. Transition 

It i s  recommended t h a t  the minimum cross slope o f  
the permeable base i s  0.02 ft/ft. Remember t ha t  
each time the roadway p r o f i l e  grade changes, the 
resu l tan t  slope has t o  be recalculated.  

I f  the cross slope i s  set  a t  0.02 ft/ft, i n  most 
cases the minimum resu l tan t  slope requirement w i l l  
be sa t i s f i ed .  

However, there are special cases t h a t  must be 
consi dered . 

Any time one o f  the slope components i s  equal t o  
zero, a po ten t ia l  drainage problem may ex is t .  On 
hor izontal  curves, the cross sect ion w i l l  go 
through a t r a n s i t i o n  sect ion as the superel evation 
i s  being developed. A t  one po in t  i n  the t r ans i t i on  
area the cross slope w i l l  be equal t o  zero. 

This i e worst case scenario. The long i tud ina l  
slope i s  equal t o  zero, and we are prov id ing a 
superel evation t r a n s i t  i on  f o r  a hor izonta l  curve. 
We have a po ten t ia l  problem when the cross slope i s  
zero. A t  t h i s  point ,  water does no t  want t o  flow. 
This might be a good l oca t i on  t o  p lace a transverse 
drain. It should be noted t h a t  the minimum 
resu l tant  slope o f  0.02 ft/ft w i l l  no t  be met i n  
the t r a n s i t i o n  area. 

Another s i tuat ion,  the long i tud ina l  slope i s  equal 
t o  2 percent. I n  the hor izonta l  t r ans i t i on ,  we get 
a reversal o f  f low. It i s  i n t e res t i ng  t o  note tha t  
near the t rans i t i on ,  water can s t a r t  on the inner 
edge, move towards the outer  edge, then a t  the 
t r ans i t i on  change d i rec t ions  and e x i t  a t  the inner 
edge. A t  t h i s  locat ion,  you want t o  have 
long i tud ina l  edgedrains on both sides o f  the 
pavement . 
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VERTICAL CURVE DRAINAGE 

1 Vertical C u m  1 

On sag vertical curves the longitudinal slope will 
be equal to zero. This may be another situation 
for transverse drains. 

On sag vertical curves, you can see that the water 
is draining to the low point. You may wish to 
place a outlet pipe at this location. 

This slide shows the area that will drained by a 
transverse drain. Transverse drains only drain a 
re1 atively small area. 

This photo shows that sometimes the flow of water 
may not even follow the calculated flow path. This 
photo makes on wonder if the subsurface drainage is 
following the same path. It also show the 
importance of performing field surveys for pavement 
design instead of relying on strictly as-built 
information. 
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There are two types o f  hydrau l ic  design 
phi losophies t ha t  are used f o r  pavement drainage 
systems. The f i r s t  i s  t o  s i ze  t he  system f o r  the 
water t ha t  can enter  the pavement s t ruc tu re  o r  
pavement i n f i l t r a t i o n .  The o ther  approach i s  t o  
assume t ha t  once water completely saturates the 
permeable base, water w i l l  no t  continue t o  enter 
the pavement s t ruc ture  and w i l l  r un  o f f  t o  the 
shoulder. The permeable base i s  designed t o  remove 
a quant i ty  o f  water i s  a t ime period. This i s  
ca l led  Time t o  Drain. This concept i s  recommended 
i n  t h i s  Demonstration Project .  

Before we proceed, i t  i s  appropriate t o  discuss the 
d i f f e r e n t  f low terms i n  pavement drainage. These 
are: 

q, = Pavement I n f i l t r a t i o n ,  i n  cf/day/sf o f  
pavement. 

q, = Permeable base discharge ra te ,  i n  
cf/day/ ft o f  base. 

Q = Pipe flow, i n  cf/day. 

This s l i d e  shows the f low path o f  the  two design 
procedures. 

Past FHWA work has h igh l igh ted  the steady s ta te  
f low approach. I n  the Steady State flowmethod, 
the pavement i n f i l t r a t i o n  i s  determined, by e i  ther  
Crack I n f i l t r a t i o n  o r  I n f i l t r a t i o n  r a t i o .  Darcy's 
Law i s  used t o  determine the permeable discharge 
r a t e  and the pipe flow. The permeable base and 
edgedrains are designed t o  handle these rates.  

L imi tat ions w i t h  the design approach i s  t h a t  there 
i s  a lack  o f  informat ion on the amount o f  water 
t ha t  i n f i l t r a t e s  the pavement systems. We 
recommend Time t o  Drain. However, s ince some 
engineers s t i l l  use the approach we w i l l  discuss i t  
now. Arch
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Pavement I n f i l t r a t i o n  i s  the ra te  o f  the water 
entering on square foot  o f  pavement. I t  can be 
determined by two methods. 

The f i r s t  approach t o  determining the ra te  o f  
pavenent i n f i  1 t ra t i on  i s  the I n f i l t r a t i o n  r a t i o  
method. Basically, we assume that  a percentage o f  
a storm r a i n f a l l  enters the pavement structure 
through fau l ty  j o in t s  o r  cracks. 

Pavement i n f  i 1 t ra t i on  i s  deterni ned by the 
equation. 

qi= 2CR 

q, = pavement i n f i l t r a t i o n ,  cf/day/sf o f  pavement 
C = i n f i l t r a t i o n  r a t i o  
R = Rainfal l  n t e ,  inches/hr. 

A design r a i n f a l l  ra te  and the i n f f l t r a t l o n  r a t i o  
have t o  be selected. 

A design storm whose frequency and duration w4ll 
provide adequate drainage must be selected. A 
design s tom o f  2 year frequency and 1 hour 
duration i s recomended. The r a i n f a l l  in tensi t ies 
under t h i s  design stom represent the average worst 
s tom that  occurs each year. 

The r a i n f a l l  ra te  can be selected from t h i s  map. 
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Crack 

The second input  i s  the i n f i l t r a t i o n  r a t i o .  It 
represents the por t i on  o f  r a i n f a l l  t h a t  enters the 
pavement through j o i n t s  and cracks. 

The f o l l  owing values have been used: 

Asphalt concrete pavements - 0.33 t o  0.5 
Portland cement concrete pavements - 0.5 t o  0.67 

Since the range o f  these values i s  so wide, a 
value o f  0.5 i s  recomnended f o r  use i n  design. You 
can begin t o  see why we 1 i ke the Time t o  Drain 
concept. 

Once the i n f i l t r a t i o n  r a t i o  and the r a i n f a l l  r a t e  
are selected, mu1 t i p 1  i c a t i o n  w i  11 g ive  you pavement 
i n f i l t r a t i o n  t o  use i n  design. 

Another way t o  determine pavement i n f  i 1 t r a t i  on i s 
the Crack I n f i l t r a t i o n  Method. I n  t h i s  method, 
past research i s  used t o  determine a crack 
i n f i l t r a t i o n  rate,  then the number and length  o f  
cracks o r  j o i n t s  t h a t  have water i n f i l t r a t i n g  are 
determined and the crack i n f i l t r a t i o n  i s  appl ied t o  
determine pavement i n f  i 1 t r a t  i on. 

The f i r s t  step i s  t o  determine the amount o f  cracks 
o r  j o i n t s  con t r ibu t ing  t o  water enter ing the 
pavement st ructure.  For new o r  reconstructed 
pavements, we recommend t h a t  you consider t h a t  a l l  
o f  the j o i n t s  are a l lowing water t o  enter. This 
would be a conservative approach. 

I n  the plan view, the length  o f  the transverse 
j o i n t  i s  d iv ided by transverse j o i n t  spacings t o  
get length o f  crack per square f oo t  o f  pavement. Arch
ive

d



The length o f  con t r ibu t ing  cracks and wid th  o f  
permeable base are shown i n  a sect iona l  view. 
Usual ly the width o f  the con t r i bu t i ng  crack i s  set 
equal t o  the width o f  the penneable base. 

Crack i n f i  1 t r a t i o n  can be determined by the 
equat i on : 

q, - I n f i l t r a t i o n  rate,  cf/day/sf 
I, = Crack I n f i l t r a t i o n  ra te ,  c f /day/ f t  o f  crack 
N, = Number o f  1 ongi tud ina l  cracks 
W, = Width o f  con t r ibu t ing  transverse cracks, ft 
C, = Spacing o f  con t r ibu t ing  transverse cracks, ft 
W = Width o f  permeable base, ft 
K, = Pavement permeabi 1 i t y  , cf/day/sf 

Since concrete i s  assumed t o  be impermeable, then 
Kp = 0 

I n  the equation, 

I, i s  the hydraul ic  loading. 

Wc/WC, i s  the transverse crack length  per square 
foo t  o f  pavement. 

Nc/W i s  length o f  l ong i tud ina l  cracks per square 
foo t  o f  pavement. 

You can see w i t h  crack i n f i l t r a t i o n ,  we are making 
the assumption t h a t  a l l  j o i n t s  are no t  sealed and 
water i s  enter ing them. This can g ive  you a high 
i n f i l t r a t i o n  r a t e  t h a t  can lead t o  a l a rge  
thickness o f  the permeable base. 
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The number o f  l ong i tud ina l  cracks i s  simply the 
number lane j o i n t s  and shoulder lane j o i n t s .  It i s  
simply calculated by adding 1 t o  the  number o f  
cont r ibut ing lanes. 

For a crowned sect ion t h i s  approach i s  very 
conservative because both lanes considered t h a t  the 
f u l l  amount o f  water enter ing t h i s  j o i n t  w i l l  f low 
i n  t ha t  d i rec t ion.  I n  r e a l i t y ,  the  on ly  water 
enter ing the cen te r l i ne  j o i n t  would be r a i n  t ha t  
f e l l  d i r e c t l y  on the  j o i n t .  

The Highway Subdrainage Manual suggests using a 
crack i n f i l t r a t i o n  r a t e  o f  2.4 cf/day/ ft o f  crack. 
It must be remembered t h a t  t h i s  r a t e  i s  backed up 
by a 1 im i ted amount o f  research. For t h i s  
approach, each State should conduct research t o  
v e r i f y  t h i s  value. 

For concrete pavements, the pavement permeabi 1 i t y  
i s  considered zero. 

Pavement i n f  i 1 t r a t i o n  i s  ca lcu la ted by i nse r t i ng  
the values i n t o  the equation. 

Once pavement i n f i l t r a t i o n  i s  determined, the 
permeable base discharge r a t e  i s  calculated. 
Permeable base discharge r a t e  i s  def ined as the 
amaunt o f  water discharging from a 1 foo t  wide 
s t r i p  o f  permeable base. I t s  u n i t  are cf /day/ f t  o f  
base. 

The elements t ha t  cont r ibute  t o  the  permeable 
discharge r a t e  are pavement i n f i  1 t r a t i o n  and the 
Resultant length o f  the  permeable base. The 
high1 ighted area represents the permeable base 
discharge ra te .  For one f oo t  o f  base, q, = qi*L,. Arch
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I Permeable base discharge r a t e  can be determined by 
the equation 

I q, - q, L, = Resultant length  o f  base, ft 

- Permeable base discharge rate,  c f /day/ f t  o f  
&se 
q, = i n f i l t r a t i o n  rate,  cd/day/sf 
L, = Resultant length o f  base, ft 

Edgedrain pipe f low i s  determined a f t e r  ca lcu la t ing  
the permeable base discharge ra te .  Pipe f l ow i s  

PIPE FLOW (Q) the r a t e  o f  water f lowing i n  an edgedrain p ipe i n  
cf/day . 

Amount of water flowing in 
edgedrain pipe (cu ft 1 day) 

We determine the edgedrain p ipe f l ow r a t e  by the 
equation: 

Q = pipe flow, cf/day 

Prd = permeable discharge rate,  c f /day/ f t  o f  base 
= long i tud ina l  length  o f  con t r i bu t i ng  roadway, 

ft. This length i s  the same as the o u t l e t  
spacing. 

A = Angle between a 1 ine  perpendicular t o  the 
center1 ine  o f  the roadway and the f l ow path 
i n  the permeable base. 

Subst i tu t ing the permeable base discharge equation 
f o r  q,, edgedrain discharge can be expressed as: 

Q = qi L W, where 
L = o u t l e t  spacing, f t 
W = width o f  con t r ibu t ing  roadway, ft 

Even though the f low path through the permeable 
base fo l lows the resu l tan t  slope, the area i n  the 
parallelogram i s  the same as the shaded area i n  the 
rectangle. 
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To sumarize, in the steady state process, the 
amount of water that enters the pavement structure 
is determined by the infiltration method or crack 
infiltration method. The permeable base thickness, 
the edgedrain pipe size, and outlet spacing are 
determined by Darcy's 1 aw and Manning's equation. 

The Steady State method has its limitations. 
Basically, these limitations are the assumptions 
made to determine pavement inf i 1 tration. Either 
selecting the infiltration ratio or by assuming a 
crack infi 1 tration rate. These methods may result 
in unrealistic base thicknesses. 

For this reason, we recommend the TIME TO DRAIN 
concept. 

The time to drain approach. 

It is the design approach we recommend in this 
workshop. Briefly, this approach assumes that 
water will enter the pavement structure until the 
permeable base is saturated, the excess water will 
then runoff the pavement surface. After the 
rainfall event, the base will drain to the 
edgedrai n system. 

What engineers are concerned with is the time it 
takes the system to drain. Because of all the 
assumptions in the steady state flow, a lot of 
engineers use the time to drain approach. As you 
will see later, it is a more practical approach. 
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GRADATION ANALYSIS 

Gradation analysis i s  an important t o o l  t h a t  aides 
the engineer i n  evaluat ing a mater ia l .  Gradation 
o f  a mater ia l  can a i d  the engineer i n  the design o f  
materi  a1 permeabi 1 i ty , aggregate separator 1 ayer 
design, and geo tex t i l e  design. 

The elements i n  gradation analysis used i n  pavement 
drainage systems are: 

E f fec t i ve  Size 

C o e f f i c i e n t o f u n i f o r m i t y  

Par t i c les  Sizes 

We w i l l  de f ine these terms 1 a ter .  

Gradation analysis begins w i t h  s iev ing  the mater ia l  
and separating ind iv idua l  p a r t i c l e  sizes. This i s  
a t yp i ca l  stacking o f  sieves. Arch
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This i s  a #4 sieve. Each opening i s  1/4 square 
inch. 

This i s  the Number 200 sieve. We are in teres ted i n  
the amount o f  f ines passing the number 200. 

This i s  a graphical i l l u s t r a t i o n  showing 
comparison o f  the d i f f e r e n t  sieve sizes. 
t o  Number 8 sieves are shown. 

the 
The 

The Number 8 sieve i s  blown up t o  show the r e l a t i v e  
s ize  comparison t o  the number 200 sieve. 

The 1+ sieve i s  500 times the s i ze  o f  the number 
200 sieve. We are t a l k i n g  about a ra the r  la rge 
range o f  materi a1 sizes. Arch
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Standard sieve s izes and opening sizes. One h a l f  
nest ing i s  recommended. 14 inch through the number 
4 sieve. 

The sieve openings f o r  the number 8 through the 
number 200 sieve. 

It i s  o f ten  convenient t o  p l o t  gradations o f  
mater ia ls on a gradat ion chart .  This char t  s h n w n  

i s  the FHWA 0.45 power gradat ion chart .  

I Lets take a look the gradat ion o f  the AASHTO Number 
57 stone. It i s  considered the  most permeable and 
--- I  gradation used i n  highway construct ion. Arch
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Lets plot the middle point of the gradation band of 
the AASHTO No. 57 stone on the gradation chart. 
Notice that we have plotted the points referred to 
D, and Dl,. These are the points where 10 percent 
of the materi a1 and 60 percent of the material are 
small er than. 

The coefficient of uniformity C, is the ratio of 
the D, particle size to the D,,. 

The Dl, and the D, particle sizes of the mid-points 
of the AASHTO No. 57 gradation band are 5.98 mm and 
15.18 mm respectively. You find this by finding 10 
percent and 60 percent on the vertical scale and 
moving horizontal until you cross the gradation. 
Hove down vertically and pick the particle size. 

The coefficient of uniformity is an indicator of 
the spread of the particle grain size of a 
material. It is an indication of how dense graded 
the material is. It is also an indication of the 
materi a1 's permeabi 1 i ty. Typical dense graded 
material will have a range of 40 to 50, while open 
graded material will have a low range coefficient 
of uniformity (2 to 6). If the coefficient of 
uniformity is less than 4, then the material may be 
unstable. Material of one particle size will have 
a coefficient of uniformity of 1. 
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29 

The e f f e c t i v e  s i ze  i s  the opening size, i n  
mi l l imeters ,  i n  which 10 percent o f  the mater ia l  
w i l l  pass. 

E f f ec t i ve  s ize  i s  the s ing le  best i nd i ca to r  o f  
permeabi 1 i t y  . 

Here i s  the e f f e c t i v e  s i  
chart.  The e f f e c t i v e  s i  
materi  a1 permeabi 1 i ty . 
size the 1 arger the par t  
mater ia l  w i l l  be. 

ze p l  
ze i s  
The 1 

o t t ed  on the gradation 
an i nd i ca t i on  o f  

arger the e f f e c t i v e  
and the more open the 

To get  a qua1 i t a t i v e  f ee l  f o r  mater ia l  being used 
and the gradation chart,  the AASHTO s o i l  
c l a s s i f i c a t i o n  system i s  superimposed on the chart .  
Clay i s  located i n  the upper l e f t  hand corner o f  
the chart.  To the r i g h t  o f  the c l ay  i s  the sand 
and t o  the r i g h t  o f  the sand i s  the gravel.  The 
basic t rend you can see i s  t h a t  the gradation moves 
t o  the r i g h t  o f  the chart,  the mater ia l  becomes 
more permeabl e. 

Permeable base mater ia l  has the f o l l  owing 
character is t ics .  

100 percent passing the If inch screen. 

Small amount passing the number 16 sieve. 

. Large range o f  percent passing f o r  
intermediate screens. 
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Sand materi a1 has 

a 100 percent passing the 3/8 inch screen. 

Greater than 50 percent passing the No. 4 
screen 

a Small amount passing the No. 50 screen. 

Dense graded base materi a1 has 

a 100 percent passing the l# screen, 

a 5 - 12 percent passing the No. 200 screen. 

a Coefficient of Uniformity between 20 and 50. 
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I Mater ia l  p roper t ies  used i n  the Time t o  Drain 
Concept are: Porosity, E f f ec t i ve  Poros i ty  and 
Percent Saturat ion. These ~aramete rs  are used t o  

I i nd ica te  an aggregate mater ia l  's a b i l  i t y  t o  s tore  
and g ive  up water. 

Before de f in ing  these terms, we need t o  go back and 
look a t  the phase diagram o f  a s o i l  o r  an aggregate 
mater ia l .  Here i s  t he  weight re la t ionsh ip .  The 
t o t a l  weight o f  the  mater ia l  i s  the weight o f  the 
so l ids  p lus  the weight o f  the water. The a i r  i n  a 
materi  a1 does no t  have a weight. 

The t o t a l  volume o f  the mater ia l  i s  the volume o f  
a i r  p lus  the volume o f  water p lus  the volume o f  the 
sol ids. The volume o f  a i r  and the volume o f  water 
i n  the mater ia l  makes up the volume o f  voids i n  the 
mater ia l .  These volumes and weights are used i n  
the previously mentioned terms. 

Volume o f  the sol  i d s  i s  determined by the weight o f  
the so l ids  d iv ided by i t s  bu lk  spec i f i c  g rav i t y .  

Porosi ty  i s  the r a t i o  o f  the volume o f  voids i n  an 
aggregate o r  s o i l  t o  the  t o t a l  volume. The 
poros i t y  o f  a base mater ia l  represents the maximum 
volume o f  water that can be stored per u n i t  volume 
o f  t h a t  mater ia l .  Arch
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Porosi ty  i s  expressed by the f o l l  owing equation 

N = Porosi ty  o f  s o i l  sample 
V, - Volume o f  voids i n  a s o i l  sample 
VT = Total vol  ume o f  sol  i d  sampl e 

I f  the t o t a l  vo l  ume i s an u n i t  vo l  urne (V, = 1.0) , 
then the poros i t y  becomes numerical ly equal t o  t h e  
volume o f  voids (N = V,,). 

Deri  va t  i on o f  Porosi t y  Equat i on 

Derivation of Porosity 
Equation 

We know t h a t  t o t a l  volume equals volume o f  voids 
p lus  the volume o f  the so l i ds  (V, = V, + Vs). 

Solving f o r  volume o f  voids, we would subtract  the 
volume o f  so l ids  from the t o t a l  volume (V, = V, - 
VS) 
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OREGON REPORT 
Unit Weight 
Ibs./cu. ft. Porosity - - 

Most Open 105.0 .376 

Proposed 115.9 .312 

New J e w  117.6 .302 

For a  u n i t  volume, then p o r o s i t y  would equal the  
t o t a l  volume minus the  volume o f  t h e  so l  i d s  (N = vv = vT - vS) . 
For volumes o the r  than u n i t  volumes, we would 
d i v i d e  the  N equat ion by t h e  t o t a l  volume. 

The volume o f  s o l i d s  i s  determined by d i v i d i n g  the  
d r y  u n i t  weight y, by t h e  product o f  t h e  u n i t  
weight o f  water by t h e  Bulk s p e c i f i c  g r a v i t y  G,, o f  
t h e  aggregate o r  s o i  1  . 

S u b s t i t u t i n g  f o r  volume o f  so l i ds ,  t h e  p o r o s i t y  
equat ion can now be expressed by t h e  equat ion 

N = Poros i ty  
y, = U n i t  d r y  densi ty ,  1b/cf 
G = S p e c i f i c  g r a v i t y ,  2.70 

A r e p o r t  by the  Oregon Department o f  Transportat ion 
discussed the  u n i t  weight and p o r o s i t y  o f  d i f f e r e n t  
mater i  a1 s. 

As the  p o r o s i t y  increases t h e  u n i t  weight o f  the  
mater i  a1 decreases. Po ros i t y  i s  d i r e c t l y  re1  ated 
t o  voids. As t h e  p o r o s i t y  increases, t he  volume o f  
voids increases. As t h e  v o i d  space increases, the  
u n i t  weight o f  t h e  aggregate must decrease. This 

DGAB 123.6 .266 makes sense. 
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POROSITY PLOT 
mrosity 
.5 

I 1 

I I I 

100 110 120 130 
Unit Weight - Iklcu. R. 

s o i l .  

Relat ionship o f  po ros i t y  by u n i t  weight shown 
graphical ly .  

The e f f e c t i v e  poros i t y  i s  the r a t i o  o f  the volume 
o f  water t h a t  dra ins  under g r a v i t y  from the s o i l  t o  
the t o t a l  volume o f  the sample. It i s  a measure o f  
the amount o f  water t h a t  can be drained from a 

E f fec t i ve  poros i t y  i s  a measure o f  how s t rong ly  a 
s o i l  w i l l  ho ld  water when a saturated sample i s  
allowed t o  d ra i n  under the in f luence o f  g rav i t y .  

A permeable base w i l l  f i l l  up w i t h  water and s t a r t  
t o  d ra in  immediately. A f t e r  the r a i n f a l l  event, 
most o f  the water w i l l  dra in.  However, the 
mater ia l  w i l l  no t  completely d ra i n  and w i l l  r e t a i n  
a ce r ta in  moisture content. The capacity o f  the 
permeable base i s  r e l a t ed  t o  the amount o f  water 
t h a t  w i l l  dra in.  We can no t  assume t h a t  capacity 
t o  be the t o t a l  volume o f  voids. So we t r y  t o  
determine the amount o f  water t h a t  drains under 
grav i ty .  

E f fec t i ve  poros i t y  i s  the volume o f  water drained 
from a sample d iv ided by the t o t a l  volume o f  t ha t  
sampl e. 

E f fec t i ve  poros i t y  i s  used i n  the Time t o  Drain 
ca lcu la t ions since i t  represents the maximum amount 
o f  water t h a t  can be drained from a permeable base. 
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I f  we can determine the water l oss  o f  a mater ia l  
and we know the mater ia l ' s  po ros i t y  (volume o f  
voids t o  t o t a l  volume) we can determine the 
e f f e c t i v e  poros i t y  by mu1 t i p l y i n g  water l oss  by 
poros i t y  . 

Sisnd 

This t ab l e  g ives guidance f o r  select4 ng a water 
l oss  value f o r  Gravel and Sand w i t h  d i f f e r e n t  f i nes  
content and types. 

Water l oss  f o r  gravel w i t h  no f i n e s  and 75 percent 
re ta ined on the No. 4 sieve would be 80 percent. 

Water l oss  f o r  a clean, we1 1 graded sand w i t h  no 
f i nes  would be 65 percent. 

For gap graded mater ia l  the predominate s ize  w i l l  
cont ro l  water 1 oss . 

Qmd, 0% thm, 79% greater than #4: 80% water loss 
15.nd, 0% flnss, wtdl graded: 66% water leu 
g.pgmledInaterklwlllWkwthepndomlnrnt.rza 

R W 3 5  

Now l e t s  say you want t o  determine the volume o f  
water drained i f  we drained 50 percent o f  the water 
from the permeable base. 

50 3 5 1 5  25 18 8 

Water drained would be the percent drained (we want 
t o  know 50 percent) times the e f f e c t i v e  poros i t y  
( the amount o f  water t h a t  can be drained from the 
permeabl e base) . 
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100% SATURATION 

Water 

Solids 
(soil) 

Vw = Volume of ll,, = Volume 

I water I Of 
I 

= TOTAL 
VOLUME 

V, = Volume of Solids 

The volume o f  water l e f t  i n  the permeable base 
would be determined by subt rac t ing the water 
drained from the volume o f  voids. I n  an equation 
t h i s  would be: 

V, = VV - (N, * U) 

Volume o f  water equals the volume o f  voids minus 
the product o f  e f f e c t i v e  poros i t y  and percent 
drained. 

The f i n a l  term i s  Percent Saturat ion. Percent 
Saturat ion i s  determined by d i v i d i n g  the volume o f  
water by the volume o f  voids, and t o  express as a 
percent age mu1 ti p l  i ed by 100. 

I f  we had a mater ia l  t h a t  was 100 percent 
saturated, the volume o f  the volds would be 
completely f i l l e d  w i t h  water. 
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For 100 percent saturat ion,  the vol  ume o f  water 
would be equal t o  the volume o f  the  voids. 

To summarize the r e l a t i onsh ip  o f  porosi ty ,  
e f f e c t i v e  poros i t y  and saturat ion.  Assume a 
mater ia l  i s  100 percent saturated. A l l  o f  the 
voids i n  the mater ia l  are completely f i l l e d .  
Assuming the mater ia l  could d ra i n  a l l  o f  the water 
from the voids, the  volume o f  water drained would 
be equal t o  the poros i t y  o f  the materi  a1 . However, 
none o f  the mater ia ls  used i n  highway construct ion 
can be completely drained by g r a i i  ty-  and w i  11 
r e t a i n  a ce r t a i n  moisture content. Thus we can not  
use poros i t y  t o  ca lcu la te  the  volume o f  water 
drained. Instead, the  volume o f  water drained i s  
the volume o f  the voids minus the volume o f  water 
retained. This r e l a t i onsh ip  i s  e f f e c t i v e  poros i ty .  

E f fec t i ve  poros i t y  then i s  the maximum amount o f  
water t h a t  can be drained from a mater ia l  by 
g rav i t y .  E f f ec t i ve  poros i t y  w i l l  be used i n  the 
Time t o  Drain calculat ions.  
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Darcy's Law 

Darcy's law has been used s ince  1856 t o  de f i ne  f low 
cond i t ions  i n  a s o i l .  

This  law i s  based on a number o f  assumptions. The 
major assumptions are: 

1. Steady s t a t e  f low.  
2. S o i l  i s  a porous and homogenous medium. 
3. Laminar f low. 

These assumptions may n o t  e x i s t  i n  ac tua l  p rac t ice .  
Laminar f l ow  i s  smooth f l o w  i n  which t h e  f l o w  
stream l i n e s  are uniform. Some o f  t h e  open 
permeable bases (No. 57 & 67 stones) w i l l  n o t  meet 
Laminar f l ow  cond i t ion .  However, i f  K i s  
determined by a l abo ra to ry  t e s t ,  we use Darcy's 
Law. 

The discharge o f  a base i s  ca l cu la ted  us ing  Darcy's 
law. 

Q = k i A  
Q = Flow capaci ty  o f  t he  base, cf /day 
k = C o e f f i c i e n t  o f  permeabi l i ty ,  f t /day  
i = Slope o f  hydraul i c  g rad ien t ,  ft/ft 
A = Cross sect ional  area o f  f low,  s f  

Permeabi l i ty  i s  a gener ic  term used t o  i n d i c a t e  the  
capabi l  i t y  o f  a s o i l  t o  c a r r y  water. Arch
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Coef f ic ient  o f  permeabi l i ty  i s  the f l ow r a t e  
through an u n i t  area w i t h  a  u n i t  hydrau l ic  
gradient. It i s  the i nd i ca to r  o f  the q u a l i t y  o f  
the mater ia l  t o  ca r ry  water. The coefficient o f  
permeabi 1  i t y  i s  the standard measure t h a t  engineers 
use t o  compare the f l ow c a p a b i l i t i e s  o f  d i f f e r e n t  
materials. When Engineers use permeabil i ty as a  
term, they are r e a l l y  r e f e r r i n g  t o  c o e f f i c i e n t  o f  
permeabi 1  i t y  . 

The fo l lowing mater ia l  p roper t ies  e f f e c t  the 
permeabi 1  i t y  o f  a  base. 

1. E f fec t i ve  Size (Dl,) - as the e f f e c t i v e  s ize 
increases, the base w i  1  1  become more 
perrneabl e. 

2. Porosity (N) - as the poros i t y  increases, the 
base w i  11 become more permeabl e. 

3.  Percent f i nes  (P,,,) - as the percent f i n e  
increases, the base w i  11 become 1 ess 
permeabl e. 

These three fac tors  make up a  design equation f o r  
ca l  cu l  a t  i ng  the c o e f f i c i e n t  o f  permeabi 1  i t y  used i n  
the Highway Subdrainage Design Manual . 
K = Coef f ic ient  o f  permeabil i ty,  f t /day 
Dl, - E f fec t i ve  size, mm 
N - Porosity o f  mater ia l  
P Percent o f  f i nes  - percent passing the number 
268 sieve. 

This i s  the o l d  equation t h a t  was used f o r  
subdrai nage design. Most engineers no 1  onger use 
t h i s  equation because: 

1. Equation i s  too complex. 
2. Most importantly, many engineers have had 

t roub le  when ca lcu la ted c o e f f i c i e n t  o f  
permeabi 1  i t y  resu l  t s  are compared w i t h  
1 aboratory resu l  t s  o f  a  sampl e. 
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Some engineers p re fe r  t o  use Hazen ' s approximate 
formula f o r  determining the c o e f f i c i e n t  o f  
permeabil i ty.  This equation i s  

k =C (Dl,) . 
k = Coef f ic ient  o f  permeabi l i ty ,  cm/sec 
C = Coef f ic ient  - usua l ly  between 80 and 120 
Dl, = E f fec t i ve  s ize  o f  mater ia l ,  cm 

Using a C=100 and changing u n i t s  o f  k, t o  ft/day, 
and Dl,, t o  mm, the equation can be rewr i t t en  as 
f o l  1 ows. 

This equation has i t s  l im i t a t i ons .  It can be used 
when the coe f f i c i en t  o f  un i fo rm i ty  i s  l ess  than 5 
and when 0.1 < Dl, c 3.0 mn. 

This equation w i l l  g ive  a la rge  va r i a t i on  i n  the 
coe f f i c i en t  o f  permeabil i t y  from 28.34 t o  25,500 
ft/day. The highest t h a t  we measured i n  our 
laboratory was 7000 f ee t  per day f o r  a No. 57 
stone. Therefore, i t  i s  there fore  recommended tha t  
the coe f f i c i en t  o f  permeabi l i ty  be tes ted and 
eval uated i n  the 1 aboratory. 

I n  the f a l l  i ng  head permeabil i t y  t es t ,  a known 
height o f  water (HI) i s  placed over the permeable 
base materi a1 . A d ra i n  i s  opened and the water i s  
allowed t o  f low through the base. The water l eve l  
drops t o  a predetermined l eve l  (H,) . The t ime the 
water drops from H, t o  H, i s  kept. These are 
inputs t o  determine the c o e f f i c i e n t  o f  
permeabi 1 i t y  . 

The f a l l i n g  head permeabi l i ty  t e s t  should be 
performed i n  accordance w i t h  The U.S. Army Corps o f  
Engineers, Enqineerins Manual, So i l s  Enqineerinq 
Manual EM 1110-2-1906. Arch
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CONSTANT HEAD TEST 

I n  the constant head permeabi l i ty  t es t ,  a known 
water height i s  kept constant as the output  f low i s  
measured. Darcy's Law i s  used t o  determine the 
coe f f i c i en t  o f  permeabi 1 i ty  . 

CALTRANS constant head t e s t  

The constant head permeabi l i ty  t e s t  i s  performed i n  
accordance w i th  AASHTO T 215, Permeabil i t v  o f  
Granul a r  Soi 1 s 

The hydraul ic  gradient  i s  the slope o f  the water 
surface, d i f fe rence i n  e leva t ion  o f  the water over 
a spec i f ied  length. I n  both the f a l l i n g  head and 
constant head peneabi  1 i t y  tes ts ,  the  hydraul i c  
gradient i s  equal t o  1. Arch
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VERTICAL FLOW 

The hydraul i c  gradient  i s  the slope o f  the water 
surface. 

For storm drainage design, the hydraul i c  gradient 
i s  usual ly  assumed t o  by the same as the slope o f  
the pipe o r  the slope o f  the drainage channel 

For permeable bases, the hydrau l ic  gradient  i s  
equal t o  the resu l tan t  slope o f  the roadway. 
Remember t ha t  the long i tud ina l  grade o f  the roadway 
and the cross slope o f  the pavement are combined t o  
make up the resu l tan t  slope. 

For ve r t i ca l  f low, the hydrau l ic  grad ient  (i) would 
be equal t o  1. The f l ow path (L,) i s  equal t o  the 
thickness o f  the base (H). 

ual 1 y a 1 foo t  width o f  the permeable base i s  
used f o r  design purposes. We are going t o  
determine the base discharge r a t e  which i s  
cf/day/f t .  The f low area f o r  the 1 foo t  width o f  
permeable base would be equal t o  1 f o o t  times the 
thickness o f  the base i n  feet .  S imp l i f i ed  the f low 
area f o r  design i s  equal t o  the thickness o f  the 
base i n  feet .  
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SENSITIVITY 

To determine the base discharge ra te ,  we know the 
f low area i s  equal t o  the thickness and the  slope 
o f  the permeable i s  equal t o  the  r esu l t an t  slope o f  
the roadway. The t h i r d  component i s  the 
coe f f i c i en t  o f  perrneabi 1 i t y  o f  the  base materi  a1 . 

Remembering Darcy's law, Q = k i A, the base 
discharge can be determined by using the 
coe f f i c i en t  o f  permeabi l i ty  determined by l a b  tes t ,  
subs t i tu t i ng  the resu l tan t  slope S, f o r  the 
hydraul i c  gradient, i , and mu1 t i p l y i n g  these 
fac tors  by a cross sect ional  f l ow area. For a one 
foo t  width o f  base, 

= k S  H E c o e d  c i  ent o f  permeabi I i t y  , ft /day 
S, = resu l tan t  slope ft/ft 
H = thickness o f  base, ft 
q, - permeable discharge rate,  c f /day/ f t  o f  base 

The coe f f i c i en t  o f  permeabi 1 i t y  o f  a base materi a1 
i s  the a b i l i t y  o f  t h a t  mater ia l  t o  ca r ry  water. It 
i s  determined i n  the 1 aboratory using a hydraul i c  
gradient o f  1. The c o e f f i c i e n t  o f  permeabi l i ty  i s  
only one parameter used t o  determined the water 
f low o f  a mater ia l .  

Equation sens i t i v i t y .  Basical ly ,  t h i s  graph shows 
t ha t  i f  any one input  i n t o  the f l ow  equation i s  
doubled, the f low w i l l  a lso  double. Arch
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To a i d  i n  the understanding o f  the c o e f f i c i e n t  o f  
permeabi 1  i t y  and Darcy's equation, I want t o  
i 11 ust ra te  the comparison o f  v e r t i c a l  and 
hor izontal  f low f o r  a  1 f oo t  wide by 1 f oo t  long by 
0.5 foo t  t h i c k  base. Assume the c o e f f i c i e n t  o f  
permeabil i ty f o r  the base i s  3000 feet/day. 

For ve r t i ca l  f low: 
= k i A  f = 3000 ft /day 

A = 1 ft x 1 ft = 1 sf ,  the f l ow i s  v e r t i c a l  
therefore the f low i s  going through the 1 foo t  
length by the 1 foo t  width cross sect ion. 
i = f o r  v e r t i c a l  f low = 1 ft/ft 
Therefore the v e r t i c a l  f low would be equal t o  3000 
cf/day . 
For hor izontal  flow, assume a  pavement w i t h  a  cross 
slope o f  0.02 ft/ft. 

= k i A  Zh= 3000 f t /day 
A= 0.5 sf ,  the f low i s  going through the 1 foo t  
length by the 0.5 foo t  t h i c k  base cross section. 
i = 0.02 ft/ft 
Therefore, hor izontal  f low would be equal t o  30 
cf/day . 
I j u s t  wanted t o  po in t  out t h a t  mater ia l  d i d  not  
change so the coe f f i c i en t  o f  permeabi l i ty  does not 
change. The hydraul i c  gradient  and the  cross 
sect ional area o f  f low i s  what changes and resu l t s  
i n  s i g n i f i c a n t l y  d i f f e r e n t  f l ow ra tes .  

Darcy's Law can also be compared t o  the  design o f  a  
steel  beam. The c o e f f i c i e n t  o f  permeabi l i ty  o f  a  
base compares t o  the al lowable s tee l  s t ress  o f  a  
beam. Arch
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I f  the allowable s tee l  s t ress  o f  the beam i s  
doubled then the load ca r ry ing  capaci ty i s  doubled. 
Likewise, i f  the c o e f f i c i e n t  o f  permeabi l i ty  o f  a 
base i s  doubled, then the f l ow capaci ty o f  the base 
i s doubled. 

The cross sect ional area o f  base can be compared t o  
the sect ion modulus o f  a s t r uc tu ra l  s tee l  beam. 

I f  the sect ion modulus i s  doubled, then the load 
car ry ing capacity o f  the beam i s  doubled. 
Likewise, i f  the cross sect ional  area o f  the 
permeable base i s  doubled, then the f l ow capacity 
o f  the base i s  doubled. 

The coe f f i c i en t  o f  permeabil i t y  o f  a mater ia l  only 
represents the a b i l  i t y  o f  t h a t  mater ia l  t o  car ry  
water. Arch
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Darcy's 1 aw assumes steady f l ow through the medium 
which i s  not  always the case i n  the f i e l d .  The 
depth o f  f low w i l l  increase u n t i l  the  drawdown 
e f f e c t  o f  discharging the water i n t o  the edgedrain 
system i s  reached. The slope o f  the hydrau l ic  
gradient w i l l  change as the f l ow moves towards the 
edgedrai n . 

To model non-steady flow, t h i s  design char t  was 
developed. The use o f  t h i s  design char t  permits 
the determination o f  the maximum depth o f  f low i n  a 
d ra i  nage 1 ayer when the va l  ues o f  the i n f  i 1 t r a t  i on 
r a t e  (qi), the coe f f i c i en t  o f  permeabi l i ty  (k) o f  
the drainage layer, the length  o f  the f l ow path 
( L )  and the resu l tan t  slope o f  the f l ow path (SR) 
are known. The c o e f f i c i e n t  o f  permeabi 1 i ty  
required f o r  a given base thickness can be 
determined. 

Seepage ve loc i t y  i s the average v e l o c i t y  through 
the pore spaces o f  the aggregate o r  s o i l .  I t s  
un i t s  are i n  f ee t  per day; however, i t  i s  not  equal 
t o  the coe f f i c i en t  o f  permeabi l i ty .  Seepage 
ve loc i t y  i s  the actual v e l o c i t y  o f  the  water i n  the 
aggregate o r  s o i l  and would be used t o  study 
pa r t  i c l  e t ransport  i n  the base. Seepage ve loc i t y  
i s  determined by the fo l l ow ing  formula. 

V = Average ve loc i t y  through the pore spaces, 
f e/day 
k = Coef f ic ient  o f  permeabil i ty,  f t /day 
i = Hydraulic gradient, ft/ft 
N = Porosity o f  the aggregate o r  s o i l .  
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Discharge velocity i s  the nominal o r  average 
velocity through the aggregate o r  s o i l .  It i s  the 
theoretical velocity o f  the water through the 
aggregate or  so i l .  It i s  used t o  determine the 
time o f  flow between two points. V - k i 
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DESIGN ASSUMPTIONS 

Permeable base is saturated 

Infiltration to permeable base 
ceases 

TIME TO DRAIN 

Using the  design cha r t  o r  Darcy's law t o  determine 
t h e  thickness o f  t he  permeable base requ i red  may 
r e s u l t  i n  a base course t h a t  i s  n o t  very economical 
o r  p r a c t i c a l  t o  b u i l d .  

I f  you remember i n  an e a r l  i e r  session we s ta ted  
t h a t  there  were a l o t  o f  assumptions t h a t  were made 
t o  determine the  pavement i n f i  1 t r a t i o n  ra te .  
Knowing the  1 i m i t a t i o n s  o f  t h e  prev ious procedures, 
a l o t  o f  engineers use t h e  TIME TO DRAIN procedure. 
It i s  the  procedure t h a t  i s  recommended i n  t h i s  
works hop. 

Time t o  d r a i n  assumes t h a t  when a r a i n f a l l  event 
occurs, t he  ra inwater  w i l l  i n f i l t r a t e  t h e  pavement 
u n t i l  t he  permeable base i s  saturated.  A t  t h a t  
po in t ,  the  excess water w i l l  r u n o f f  t h e  pavement 
surface; A f t e r  t he  storm event, t h e  pavement w i l l  
d r a i n  as designed. 

The design assumptions f o r  Time t o  Dra in  are: 

The permeable base becomes sa tura ted  dur ing  
the  storm. 

When the  base i s  saturated, i n f i l t r a t i o n  t o  
the  permeabl e base ceases. 

The FHWA Rehabi 1 i t a t i o n  Manual prov ides guidance 
based on the  85 percent sa tura t ion .  Some engineers 
argue t h a t  t he  85 percent s a t u r a t i o n  l e v e l  i s  a 
b e t t e r  threshold f o r  pavement damage due t o  
moi sture. 

Qua1 i t y  o f  Drainage Time t o  Dra in  
Excel 1 ent  Less than 2 hours 
Good 2 t o  5 hours 
F a i r  5 t o  10 hours 
Poor Greater than 10 hours 
Very Poor Much g rea te r  than 10 hours 
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The AASHTO GUIDE f o r  Time t o  Drain def ines the 
qua l i t y  o f  drainage based on d ra in ing  50 percent o f  
the drainable water. It does no t  consider the 
water reta ined by the e f f e c t i v e  poros i t y  o f  the 
material  . 
Qua1 i t y  o f  Drainage Time t o  Drain 
Excel 1 ent 2 Hours 
Good 1 day 
Fa i r  7 days 
Poor 1 month 
Very Poor Does not  d ra i n  

A time t o  d ra in  50 percent o f  the drainable water 
(e f fec t i ve  poros i ty )  i n  1 hour i s  recommended as a 
c r i t e r i o n  f o r  the highest c lass roads w i t h  the 
greatest amount o f  t r a f f i c .  

For other roadways, a t ime t o  d ra i n  50 percent o f  
the drainable water ( e f f ec t i ve  poros i t y )  i n  2 hours 
i s  recommended. These are on ly  t a rge t  values. The 
goal o f  drainage should be t o  remove a l l  drainable 
water as qu ick ly  as possible. 

The time t o  d ra in  i s  determined by the fo l lowing 
formul a. 

t = T x m x 24, where 

t = time t o  d ra in  - hours 
T = Time fac to r  
m = "m" f ac to r  
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A design chart  i s  used f o r  determining the Time 
Factor (T) . The Time Factor i s  based on the 
geometry and propert ies o f  the base course. The 
fac tors  t ha t  make up the Time Factor are: the 
resu l tant  slope (S ), and resu l t an t  length  (L ), 
the thickness o f  t ke  base (H), and the  percen! 
drained (U) . 

The slope fac to r  s, i s  an input  t o  the char t  and i s  
cal  cul  ated by: 

This i s  the design char t  f o r  determining the Time 
Factor. The Slope Factor are shown as a fami ly  o f  
curves. I f  we se lec t  a percent drained, f o r  
exampl e 50 percent drained . 

We can develop a simp1 i f i e d  Time Factor char t  f o r  
50 percent drained. Arch
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The "m" fac to r  i s  determined by 

N, - Ef fec t i ve  poros i t y  
L, - Resultant length, ft 
k - Coef f ic ient  o f  permeabil i ty,  f t /day 
H - Thickness o f  the base, ft 

Time t o  Drain Equation 

t = T f m *  24 

t = t ime t o  d ra in  
T = Time Factor 
m =. m Factor 

We want t o  evaluate t ime t o  d r a i n  over a range o f  
drainage condi t ions ra the r  than one drainage 
condit ion. 

Evaluate time to drain 
and percent drained 

F i r s t  we assign a percentage o f  the  water we want 
t o  d ra in  from the permeable base. 

PERCENT DRAINED 
Next we ca lcu la te  the t ime t o  d r a h  f o r  t h a t  

Assign percent drained percent drained. 

Calculate time to drain We would perform the t ime t o  d r a i n  over a range o f  
percent drained, so t h a t  we could evaluate the 

Evaluate time to drain d i f f e r e n t  t ime t o  drain.  
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PERCENT SATURATION 

Assign percent drained 

Calculate time to drain 

Calculate percent saturation 

Evaluate data array 

100% SATURATION 

I f  we wanted t o  evaluate the percent satura t ion a t  
given times, we would f i r s t  assign a  percent 
drained from the permeabl e  base. 

Next, we ca lcu la te  the t ime t o  d ra i n  f o r  t h a t  
percent drained. 

Then we ca lcu la te  the percent satura t ion a t  t ha t  
time. 

We would perform the ca lcu la t ions  over a  range o f  
percent drained, so t h a t  we could evaluate the 
d i  f f e ren t  percent saturat ion.  

For 100 percent saturat ion, the volume o f  water i s  
equal t o  the volume o f  the voids which i s  
numerical l y  equal t o  the poros i t y  . 

Percent satura t ion i s  equal t o  the volume o f  water 
d iv ided by the poros i t y  times 100 percent. 

Water drained i s  equal t o  the e f f e c t i v e  poros i ty  
t ime the percent o f  drainage. Arch
ive

d



Water Retained i s  equal t o  t h e  volume o f  t he  voids 
minus t h e  water drained. 

Assuming a  u n i t  volume, 
voids f o r  p o r o s i t y  

can s u b s t i t u t e  volume o f  

The water re ta ined  i s  equal t o  t h e  p o r o s i t y  minus 
WATER RETAINED Vw) t he  water drained. 

y,,, = N - (Water Drained) 

Where: 

N = Porosity 

't 

Percent sa tu ra t i on  i s  equal t o  t h e  volume o f  water 
d iv ided by the  p o r o s i t y  t imes 100 percent.  Arch

ive
d



We also want to  evaluate time t o  drain and percent 
saturation. 

Evaluate time to drain 
and percent saturation 

Identify parameters: 

s, K 

LR Ne 
H 

Calculate: 

We will take a look a t  the computation procedures 
for Time to  Drain. 

We need to  identify the following parameters for 
the permeabl e base 
S, - resultant slope 
L, - resultant length 
H - base thickness 
k - coefficient of permeability 
N, - effective porosity 

K and N represent the ra te  and amount of water 
that will drain from the base. 

We need to  calculate the slope factor and the m 
factor. They can be calculated by the following 
equations. Arch
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This tab le  i s  a design form t h a t  was designed t o  
evaluate permeable base drainage over a wide range 
o f  drainage condit ions. This form al lows an 
engineer t o  evaluate the s e n s i t i v i t y  t o  the 
d i f f e r e n t  degrees o f  drainage f o r  a g iven design. 

The f i r s t  column represents the percent drained 
(U). The percent drained i s  var ied from 10 percent 
t o  90 percent. 

The second column i s  the Time Factor (T) . The time 
fac to r  i s  determined by ca l cu l a t i ng  the Slope 
fac to r  (S,) 

Then enter f i gu re  27 w i t h  the Percent Drained (U) 
and the Slope Factor (S,) t o  determine the Time 
Factor (T). 

Column 3 i n  the Time To Drain ( t )  i n  hrs. 
Remember t ha t  t = T x m x 24 

T has been determined and recorded i n  Column 2 
and Arch
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Af te r  completing column 3, we would p l o t  column 1 
versus column 3 so t h a t  the r e l a t i onsh ip  between 
percent drained and t ime t o  d ra i n  could be 
eval uated. 

For a permeable base t h a t  i s  6 inches i n  thickness, 
w i th  a coe f f i c i en t  o f  permeabi l i ty  o f  1000 
feet/day, an e f f ec t i ve  poros i t y  o f  0.25, resu l tan t  
length o f  24 feet,  and resu l t an t  slope o f  0.02 
ft/ft , the re1 at ionshi  p between percent drained and 
Time t o  Drain i s  shown i n  t h i s  sketch. 

As the percent drained i s  increased, then the time 
t o  d ra in  increases. It takes a l i t t l e  l ess  than 2 
hours t o  d ra in  50 percent and 7 hours t o  d ra in  85 
percent. 

I f  we wanted t o  change the t ime t o  d ra i n  f o r  
various percent drained, we could change the 
coe f f i c i en t  o f  permeabi 1 i t y  o f  the permeable base. 

I f  t h i s  was an I n t e r s t a te  highway, we would want 50 
percent o f  the e f f e c t i v e  poros i t y  drained i n  one 
hour. You can see t ha t  the bases w i t h  coe f f i c i en t  
o f  permeabil i ty o f  2000 and 3000 feet/day would 
meet our design c r i t e r i a .  

For other routes, we would want 50 percent o f  the 
e f f ec t i ve  poros i ty  drained i n  2 hours. A permeable 
base w i th  a coe f f i c i en t  o f  permeabi l i ty  o f  1000 
feet/day o r  higher would meet the design c r i t e r i a  
f o r  the given condit ions. 

I f  the design standard i s  percent satura t ion then 
we would continue the ca lcu la t ion  and complete 
column 4. 

The drained water = Percent Drained (U) mu1 t i p 1  ied  
by the E f fec t i ve  Porosi ty  (N,). Percent Drained 
(U) has been recorded i n  co l  umn 1. 
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Column 5 i s  the Water retained. The Water Retained 
i s  the volume o f  water (V,) which i s  equal t o  the 
volume o f  voids (V,) minus the drained water. For 
Vy, the water re tamed i s  then equal t o  po ros i t y  
mmus column 4. 

Column 6 i s  the percent sa tu ra t ion  (S) . Saturat ion 
i s  the r a t i o  o f  volume o f  water (V,) t o  the volume 
o f  voids (V,). The volume o f  water i s  the water 
reta ined (Column 5) and the volume o f  voids i s  
poros i ty  (N). Therefore, Column 6 i s  equal t o  
column 5 d iv ided by N times 100 percent. 

A f te r  f i l l i n g  i n  the table,  a percent satura t ion 
chart  should be developed. We can do t h i s  by 
p l o t t i n g  column 3 versus column 6. 

Using the same permeable base, t h a t  i s  6 inches i n  
thickness, w i t h  a c o e f f i c i e n t  o f  permeabi l i ty  o f  
1000 feet lday, po ros i t y  o f  0.30, r esu l t an t  length 
o f  24 feet,  and resu l tan t  slope o f  0.02 ft/ft. 

You can see t ha t  the permeable base percent 
saturat ion decrease as the t ime t o  d ra i n  increases. 
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This a computer p r i n t ou t  o f  the  Percent o f  the 
drainable water versus Time t o  Drain versus Percent 
Saturation. 

Assuming the roadway was o ther  than an In ters ta te .  
the permeable base i n  i t s  design conf igurat ions 
would meet our recommended design c r i t e r i a .  For 50 
percent drained, the Time t o  Drain f o r  the 
permeable base i s  1.734 hours and the percent 
saturat ion i s  58.33. 

Notice t ha t  the percent satura t ion i s  58.33 f o r  the 
50 percent drained. The reason f o r  t h i s  i s  t ha t  
the percent drained i s  o f  the drainable water o r  
e f f ec t i ve  porosi ty .  The percent satura t ion 
considers the t o t a l  volume o f  water i n  the volume 
o f  voids which i s  equal t o  poros i ty .  

Notice t ha t  85 percent satura t ion w i l l  occur i n  0.2 
hours w i th  only 35.7 percent water drain ing.  

The Federal Highway Admini s t r a t i  on has developed a 
microcomputer program DAMP which w i  11 perform the 
time t o  d ra in  calculat ions.  However, there has 
been some t roub le  using DAMP w i t h  Time t o  Drain 
cal  cul  a t  i ons . 

DAMP stands f o r  Drainage Analysis Model i ng  
Programs. 

Whenever you use a computer program you should not 
accept the output b l i nd l y .  One should t e s t  the 
computer program by performing a s e n s i t i v i t y  
analysis o f  a l l  the var iab le  i n t o  the equation. Arch
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It i s  important t h a t  pavement design engineers 
understand the  e f f e c t s  o f  var ious  parameters i n  
t ime- to -dra in  ca l cu la t i ons .  The best  way t o  
i nves t i ga te  the  problem i s  t o  per form s e n s i t i v i t y  
analys is  on the  design procedures. I n  a  
s e n s i t i v i t y  analysis,  each parameter i s  
inves t iga ted  over a  range o f  values w h i l e  the  
remaining var iab les  are h e l d  constant.  

E f f e c t i v e  p o r o s i t y  i s  a  f a c t o r  which represents the 
drainage capabi l  i t y  o f  t he  base ma te r ia l .  It i s  
used i n  the  "m" f a c t o r  equation. The r e l a t i o n s h i p  
between e f f e c t i v e  p o r o s i t y  t o  t ime t o  d r a i n  i s  
1  inear .  When the  e f f e c t i v e  p o r o s i t y  i s  doubled, 
the  t ime t o  d r a i n '  i s  doubled. Upon f i r s t  glance o f  
t h i s  analysis,  one might be tempted t o  reduce the  
e f f e c t i v e  p o r o s i t y  so t h a t  t h e  t ime t o  d r a i n  i s  
reduced. THIS WOULD BE A GRAVE MISTAKE. 

Remember t h a t  as the  e f f e c t i v e  p o r o s i t y  increases, 
the  amount o f  water dra ined increases. With a l l  
o ther  f ac to rs  he ld  constant i t  makes sense t h a t  i t  
i s  going t o  take longer t o  d r a i n  more water. Since 
we want t o  d r a i n  more water then we should always 
use mater ia ls  w i t h  h igher  e f f e c t i v e  p o r o s i t i e s .  

Coe f f i c i en t  o f  permeab i l i t y  i s  t h e  o the r  f a c t o r  
which represents the  drainage c a p a b i l i t y  o f  t he  
base mater ia l .  It i s  used as a  denominator i n  the  
"m" f a c t o r  equation, t he re fo re  t h e  t ime t o  d r a i n  i s  
inverse ly  p ropor t iona l  t o  t h e  c o e f f i c i e n t  o f  
permeabil i t y .  

As the  c o e f f i c i e n t  o f  permeabi 1  i t y  increases, the  
t ime t o  d r a i n  decreases o r  t h e  f a s t e r  t h e  base w i l l  
d ra in .  

You can see t h a t  as the  Time t o  Dra in  s t a r t s  t o  
reduce more s lowly as t h e  c o e f f i c i e n t  o f  
permeab i l i t y  exceeds 2000 f e e t  per  day f o r  the  
given assumptions. It may be more cos t  e f f e c t i v e  
t o  t r y  t o  change another v a r i a b l e  t o  reduce t ime t o  
dra in .  

You can a1 so see t h a t  t he  t ime t o  d r a i n  increases 
sharply  once the  c o e f f i c i e n t  o f  pe rmeab i l i t y  drops 
below 1000 f e e t  per  day. You can see why we 
recommend a  minimum c o e f f i c i e n t  o f  pe rmeab i l i t y  o f  
1000 f e e t  per  day. 
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The resu l tan t  slope i s  a va r iab le  i n  the Time 
fac to r  (T).  The s e n s i t i v i t y  analysis shows t ha t  as 
the resu l tan t  slope increases, the  t ime t o  d ra in  
decreases. The steeper the slope the  f as te r  the 
water w i l l  dra in.  

The resu l tan t  length i s  a va r iab le  i n  both the "m" 
f ac to r  and the Time Factor (T). As the  resu l tan t  
length increases, the t ime t o  d r a i n  increases. 
This makes sense because the r esu l t an t  length  i s  
bas ica l l y  the f low path through the base. I f  the 
path length i s  increased the t ime t o  d ra i n  should 
a1 so increase. 

The thickness i s  a va r iab le  i n  both the "m" f ac to r  
and the Time fac tor .  The s e n s i t i v i t y  analysis 
shows t ha t  the base thickness has l i t t l e  e f f e c t  o f  
the time t o  drain.  

Based on the s e n s i t i v i t y  analysis, the fo l lowing 
guidance i s  given: 

Provide a base course mater ia l  w i t h  high 
e f f ec t i ve  porosi ty .  
Provide a base course mater ia l  w i t h  as high 
coe f f i c i en t  o f  permeabi l i ty  t h a t  the 
construct ion permits. 
Provide as much slope as possible. A minim 
slope o f  0.02 ft/ft i s  recommended. 
I f  the time t o  d ra i n  i s  too long, the 
consider increasing the c o e f f i c i e n t  o f  
permeabi 1 i ty  o r  prov id ina crowned ~avement 
sections t o  reduce the length  o f  the f low 
path. 
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Permeable Bases 

BEARING STRESS 
UNDER PCC PAVEMENT 

9,000 Ibs. 
70 PSI 

jJ 10.5' 4 1.8 PSI 

I n  t he  past, t he  pr imary f u n c t i o n  o f  t he  base 
course was t o  p rov ide  un i fo rm support. However, as 
wheel loads increased, pumping and eros ion o f  the  
under ly ing  ma te r ia l s  resu l ted .  Engineers developed 
s t a b i l  i zed  bases which were thought t o  be st rong 
and non-erodible. Time has shown t h a t  these 
mater i  a1 s were n o t  on l y  impermeable bu t  a1 so 
e rod ib le  as we1 1 . To so lve  t h i s  problem, a number 
o f  States are us ing an open graded base mater ia l  t o  
r a p i d l y  d r a i n  i n f i l t r a t e d  water from t h e  pavement 
s t ruc ture .  Th is  type o f  ma te r i a l  i s  c a l l e d  a 
permeabl e base. 

A permeable base must p rov ide  th ree  very important 
funct ions:  

a The base ma te r ia l  must be permeable enough so 
t h a t  t h e  base course d ra ins  w i t h i n  the  design 
t ime period. 

a The base course must have enough s t a b i l  i t y  t o  
support t h e  pavement cons t ruc t i on  operat ion. 

a The base course must have enough s t a b i l i t y  t o  
prov ide t h e  necessary support f o r  t h e  
pavement s t r u c t u r a l  design. 

Mechanist ic equations can be used t o  model stresses 
and s t r a i n s  i n  a pavement s t ruc tu re .  An ana lys is  
was performed f o r  t h i s  s i t u a t i o n .  A 9000 1b load 
w i t h  a t i r e  pressure o f  70 p s i  passing over 10" o f  
concrete pavement. The maximum s t ress  on t h e  
permeable base would be 1.8 p s i  d i r e c t l y  under the  
load. Much h igher  s t resses are placed on the  
permeable base du r ing  cons t ruc t i on  (100 p s i  t r u c k  
t i r e s  no t  uncommon). I f  t h e  permeable base can 
surv ive  cons t ruc t ion  t r a f f i c ,  i t  should prov ide 
adequate support f o r  t h e  pavement. 

The open graded base course must p rov ide  
permeab i l i t y  t o  remove t h e  water r a p i d l y .  It must 
a lso  be able t o  p rov ide  support o r  s t a b i l  i t y  t o  
r e s i s t  cons t ruc t ion  loadings. 

The design o f  a permeable base i s  o f t e n  a balance 
between s t a b i l  i t y  and permeabil i t y .  
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This a  p l o t  o f  percent passing the No. 200 sieve 
versus various d i f f e r e n t  mater i  a1 proper t ies  t o  
ill ust ra te  the t rade-o f f  between strength and 
drainage. 

As the percent passing the No. 200 sieve increases, 
the stabi  1  i t y  increases t o  a peak then breaks over. 
The permeabi l i ty  w i l l  decrease as the amount o f  
minus 200 mater ia l  increases. 

Here i s  another graph showing a  mate r ia l ' s  CBR 
val ue and i t s  coe f f i c i en t  o f  permeabi 1 i t y  versus 
the amount passing the No. 200 sieve. 

The CBR increases t o  a  peak o f  around 7 percent as 
the minus 200 increases. The c o e f f i c i e n t  o f  
permeabi 1  i t y  decreases as t he  minus 200 mater ia l  
i ncreases . 
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STABILITY 

Stability i8 primarily determined 
by: 

Quality of aggregates 

Particle size and distribution 

Stabilizer material 

PERMEABILITY 

Permeability is primarily 
determined by: 

Stab i l  i t y  o f  a  base mater ia l  i s  p r i m a r i l y  
determined by: 

Q u a l i t y  o f  Aggregate - Aggregate shape and tex ture  

Pa r t i c l e  Size and D i s t r i b u t i o n  

S tab i l  i z e r  Mater ia l  

The coe f f i c i en t  o f  permeabi l i ty  o f  a  mater ia l  i s  
p r imar i l y  determined by i t s  p a r t i c l e  s i ze  and 
d i s t r i bu t i on .  

Particle size and distribution 
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When using a permeable base course, positive 
drainage, in the form of 1 ongi tudinal edgedrains 
with outlet pipes, must be provided. 

If positive drainage is not provided, the permeable 
base will act as a sponge and will increase the 
rate of pavement deterioration. 

Daylighting the permeable base to the ditch is not 
considered positive drainage and is not 
recommended. Day1 ighted 1 ayers are often cl ogged 
by roadway debris and vegetation. 

Pavement drainage is just one element of pavement 
design. It does not replace other requirements 
such as pavement thickness, positive load transfer, 
and a strong, uniform subgrade. Factors that make 
the pavement section design difficult include: 

Use of Stabilized or Unstabilized Base Materials 

Which type of separator layer to use in between the 
subgrade and the permeabl e base. 

The location of the 1 ongi tudinal edgedrain. 

When should the edgedrain be installed, prior to 
paving or after paving? 

Should a multilane facility have a uniform cross 
slope or should a crown section be provided? 

What type of shoulder type should be provided, 
asphalt or tied concrete? 
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EDGEDRAIN LOCATION - A.C SHOULDERS 

v- 

Optional Post-Paw 
Installation 

PRE-PAVE INSTALLATION 

POST PAVE INSTALLATION 

Edgedrain Pipe 

EDGEDRAIN LOCATION 
TIED CONCRETE SHOULDERS 

Let 's look a t  edgedrain i n s t a l  1 a t i on  1 ocations. 

For a concrete pavement w i t h  asphalt  shoulders, i t  
i s  ant ic ipated t ha t  t h i s  j o i n t  w i l l  open up over 
time due t o  d i ss im i l a r  mater ia ls.  I n  t h i s  case we 
want t o  locate  the edgedrain as c lose as possible 
t o  the j o i n t  t o  reduce the f l ow path f o r  the 
i n f i l t r a t e d  water. With the uni form cross slope, 
the i n f i l t r a t e d  water w i l l  d r a i n  t o  the  outside 
d i t ch .  

For the pre-pave i n s t a l l a t i o n ,  the edgedrain i s  
located f a r  enough away from the edge o f  the 
concrete pavement so t h a t  the paver t racks w i l l  run 
on top o f  the permeable base and not  d i r e c t l y  over 
top o f  the edgedrain trench. The t rench i s  wrapped 
w i th  a geo tex t i l e  t o  prevent the migra t ion o f  f ines 
i n t o  the edgedrains. The edgedrain should not be 
located underneath the concrete slab, as non 
uniform s l  ab support may resu l  t . 

For the post-pave i n s t a l l a t i o n ,  the edgedrain 
trench i s  located f a r  enough away from the pavement 
slab, so t ha t  the s lab w i l l  no t  l ose  support by the 
permeable base eroding o r  sloughing dur ing the 
trenching operation. The t rench should be 
back f i l l ed  w i th  mater ia l  as permeable as the 
permeable base, so there w i l l  no t  be a loss  o f  
permeabi 1 i ty .  The edgedrai n trench i s wrapped wi th  
a geo tex t i l e  t o  prevent contamination o f  subgrade 
f ines.  

Crowned concrete pavement w i t h  t i e d  concrete 
shoulders. Since the pavement i s  crowned, 
edgedrains must be provided on both sides o f  the 
roadway. The crowned sect i on  improves drainage as 
i t  reduces the f low path and the Time t o  Drain. 

The t i e d  concrete shoulders w i l l  provide 
considerable support t o  the edge o f  the concrete 
pavement slab. The l i f e  o f  the j o i n t  sealant 
should be improved as the t i e d  shoulder w i l l  move 
1 ess. 
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PRE-PAVE INSTALLATION 

POST PAVE INSTALLATION 

~ d ~ e d h i n  ~iotextile 
Pipe 

For the pre-pave installation, the edgedrain trench 
may be located underneath the shoulder to  avoid the 
paver tracks during construction. The trench 
should not be located underneath the pavement slab. 
A geotextile i s  provided to prevent fines from 
entering the edgedrain trench. 

For the post pave installation, the trench should 
be located far  enough outside the shoulder that 
there i s  no loss of support underneath the concrete 
shoulder during trenching operat ions. 

Again the trench i s  wrapped with a geotextile. 
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Construction t r a f f i c  on the completed base course 
i s  the s ing le  most important parameter i n  the 
se lec t ion o f  the type o f  the  permeable base t o  be 
used. I f  there w i l l  be a l o t  o f  construct ion 
t r a f f i c  on the base course, then an asphalt  o r  a 
cement s t ab i l i zed  base i s  genera l ly  used. I f  there 
w i l l  no t  be any t r a f f i c  on the base course, then an 
untreated open graded mater ia l  could be used. 

As the concrete i s  placed on the grade, a spreading 
machi ne w i  11 d i  s t r i  bute the concrete evenly across 
the width o f  the pavement. A paver w i l l  f o l l ow  the 
spreader machine. Not ice t h a t  the t racks are 
running on top o f  the permeable base. We want t o  
make sure the edgedrain i s  located outs ide o f  the 
paver t r ack  t o  minimize damage t o  the edgedrain 
p ipe*  

I f  width i s  res t r i c ted ,  o r  maintenance o f  t r a f f i c  
i s  t i g h t ,  de l i ve ry  t rucks may have t o  operate on 
the permeable base. We want t o  minimize the amount 
o f  construct ion t r a f f i c  on t he  permeable base t o  
prevent contamination from f i nes  t rack ing  on the 
wheel s. 
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When dowel baskets are 
should be given t o  anc 
d ra i  nab1 e bases. 

used, special a t ten t ion  
hor ing techniques on 

Some pavers are equi pped w i  t h  dowel bar i nserters . 

The fo l lowing guidance i s  given i n  the  type 
select ion o f  permeable bases f o r  construct ion 
t r a f f i c .  

I f  the construct ion t r a f f i c  i s  moderate t o  minimal, 
you can use an unstab i l  ized base, i f  the 
coe f f i c i en t  o f  un i formi ty  o f  the  base i s  greater  
than 4. 

I f  a l o t  o f  construct ion equipment w i l l  be 
operating on the permeable base, then an asphalt o r  
cement stabi  1 i zed base should be considered. 

Real ly we should s t r i v e  t o  keep the construct ion 
t r a f f i c  volume down, t o  minimize contamination and 
damage, no matter which type o f  permeable base i s  
used. 

Speeds should be keep t o  a minimum, w i t h  gent le 
turn ing movements. 

Vehicles should s t a r t  and stop s lowly and smoothly. 

We don't  want drag races and sk id  t e s t s  on 
permeabl e base course. Remember, permeable bases 
require care during construct ion t o  minimize 
damage. 
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Things t o  look f o r  i n  t h  
construct ion area p r i o r  
plays an important r o l e  
Always check the s t r i n g l  
i s  not  bumped o r  touched 

The path the paver t rack  
uniform support f o r  good 

te perme 
t o  pavi 
i n  obta 
ine  and 
dur ing 

r i des  
r ide.  

iable base and the 
ng. The s t r i n g l i n e  
i n i n g  r i d e  qua l i t y .  
make sure t h a t  i t  
construct ion. 

over must provide 

Extra permeable 
the paver t rack  
There i s  less  su 
permeabl e base. 
paver t rack  l i n e  
edgedrain i n  the 
t o  always check 

base may have t o  be plac 
o f f  o f  the permeable bas 
pport  a t  the unconfined 
It i s  a lso a good idea 
from being d i r e c t l y  ove 
pre-pave i n s t a l  1 at ion.  

the s t r i n g l  ine. 

:ed t o  keep 
.e edge. 
edge o f  the 
t o  keep the 
~r the 

Remember 
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70 

Base Mater ia l  s 

Both unstabi l  ized and s t a b i l  i zed permeable base 
mater ia l  s should consist  o f  durable, crushed, 
angul a r  aggregate w i t h  essenti  a1 l y  no f ines.  The 
crushed aggregate should have a t  l e a s t  two 
mechanical l y  f rac tured faces, as determined by the 
mater ia l  reta ined on the number 4 sieve. These 
propert ies are essent ia l  f o r  a permeable base, 
because s t a b i l i t y  i s  obtained through aggregate 
in ter lock .  

The FHWA recommends t h a t  on ly  crushed stone be used 
i n  permeable bases. The aggregate should, as a 
minimum, meet the requirements f o r  a Class B 
aggregate i n  accordance w i t h  AASHTO M 283-83, 
Coarse Aggregate o f  Highway and A i r po r t  
Construction. 

The L.A. Abrasion Wear should not  exceed 45 percent 
as determined by AASHTO T 96-87, Resistance t o  
Abrasion o f  Small Size Course Aggregate by Use o f  
the Los Angeles Machine. 

I f  the permeable base w i l l  be subjected t o  freeze- 
thaw cycles, the d u r a b i l i t y  o f  the aggregates 
should be tested by a soundness t e s t .  The 
soundness percent loss  should not  exceed 12 o r  18 
percent as determined by the sodium su l f a t e  o r  
magnesi um sul f a t e  tes ts .  These t e s t s  are conducted 
i n  accordance w i t h  AASHTO T 104, Soundness f o r  
Aggregate by the Use o f  Sodium Su l fa te  o r  Magnesium 
Sul fate.  
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The permeable base should o f  course be permeable 
enough t o  d iss ipate  the water. This i s  a  photo o f  
a stabi  1  i zed permeabl e  base. 

Since the 
vary sign 
permeabi 1  
permeabi 1  

i n-p l  ace c o e f f i c i e n t  o f  permeabi 1 i ty  can 
i f i c a n t l y  from the destgn c o e f f i c i e n t  o f  
i ty ,  a ninimum design c o e f f i c i e n t  o f  
i ty o f  1,000 f ee t  per day i s  recommended. 

The two types o f  permeable base mater ia ls  are: 

1. Unstabi l  ized. 

2. Stabi l ized.  
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Unstab i l i zed  Bases 

States t h a t  have developed an u n s t a b i l  i zed  
permeable base gradat ion which represents a t rade-  
o f f  o f  constructabi  1 i t y / s t a b i  1 i t y  and permeabil i t y .  

Unstab i l i zed  ma te r ia l s  conta in  more f i n e r  s i z e  
aggregate t o  prov ide s t a b i l i t y  through increased 
aggregate i n t e r l o c k ;  however, t h i s  r e s u l t s  i n  lower 
c o e f f i c i e n t  o f  permeabil i t i e s .  Unstab i l  i zed  
permeabl e bases general 1 y have a c o e f f i c i e n t  o f  
permeab i l i t y  i n  t h e  range o f  1,000 t o  3,000 f e e t  
per  day. 

To prov ide good s t a b i l i t y  f o r  paving equipment, the  
FHWA recommends t h a t  t he  unstabi  1 i zed permeable 
bases cons i s t  of 100 percent crushed stone. 

Photo o f  a Quarry Arch
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COMPARISON 

The c o e f f i c i e n t  o f  u n i f o r m i t y  o f  u n s t a b i l  i zed  
permeable base courses should be g rea te r  than 4 t o  
prov ide the  requ i red  s t a b i l i t y  du r ing  construct ion.  

New Jersey Department o f  Transpor ta t ion  
uns tab i l i zed  permeable base gradat ion.  

The New Jersey DOT gradat ion  p l o t t e d  on the  
gradat ion char t .  The e f f e c t i v e  s i z e  o f  t h e  
gradat ion i s  1.90 mm. Determining Dm and d i v i d i n g  
i t  by the  e f f e c t i v e  s i z e  w i l l  ob ta in  a c o e f f i c i e n t  
o f  un i fo rmi  t y  o f  4.68. 

We measured t h e  c o e f f i c i e n t  o f  permeabil i ty  o f  t h i s  
gradat ion t o  be approximately 1500 f e e t  per  day. 

The New Jersey uns tab i l  i zed  gradat ion  p l o t t e d  on 
the  gradat ion char t .  The midband o f  t h e  AASHTO No. 
67 gradat ion i s  a l so  p l o t t e d  on t h e  gradat ion  
char t .  

To increase s t a b i l i t y  o f  t h e  New Jersey 
uns tab i l  i zed  base, t he  gradat ion  conta ins more f i n e  
aggregate. This  i s  shown on the  char t .  The New 
Jersey uns tab i l i zed  base gradat ion  i s  p l o t t e d  t o  
the  l e f t  o f  t he  AASTHO No. 67. 
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Compaction o f  an unstabi 1 i zed permeabl e base i s 
obtained w i t h  1 t o  3 passes o f  a 5 t o  10 ton steel  
wheel ed r o l l  e r e  

I f  a r o l l e r  i s  used i n  the v ib ra to ry  mode, i t  
should be done so w i t h  extreme caution. 

Over r o l l i n g  can cause degradation o f  the mater ia l  
resu l  t i  ng i n 1 ower permeabi 1 i t i e s  . 

Photo o f  New Jersey DOT unstab i l i zed permeable 
base. Notice the mater ia l  i s  not  as t i g h t  as a 
t yp i ca l  compacted dense graded base would appear. 

The unstabi 1 ized permeable base i s  being p l  aced by 
an asphalt paver. Notice t h a t  the paver i s  not  
operat ing o f f  o f  grade contro ls.  A minimum o f  
thickness o f  4 inches should be obtained. 

Photo o f  the unstabi l i z e d  base being placed. Arch
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Compaction o f  t he  u n s t a b i l i z e d  permeable base i s  
n o t  t y p i c a l  o f  dense graded base compaction. We 
are n o t  l ook ing  f o r  a t a r g e t  d e n s i t y  o r  r o l l e r  
pa t te rn .  We want 1 t o  3 passes o f  a 5 t o  10 ton  
r o l l e r  j u s t  t o  seat t h e  aggregate t o  develop 
aggregate i n t e r l o c k  f o r  s t a b i l i t y .  Over r o l l i n g  
could r e s u l t  i n  degradat ion o f  t h e  permeable base 
r e s u l t i n g  i n  1 ower permeabi 1 i t i e s .  

m"F: ' y  
' .- 

F ina l  compaction o f  t he  permeable base. Do not  
worry about t r a c k  marks as l ong  as t h e  base i s  
s tab le  t o  support cons t ruc t i on  t r a f f i c  w i thou t  
r u t t i n g .  

The t e x t u r e  o f  t he  permeable base course should 
s t i l l  l ook  open a f t e r  compaction. 

Plac ing uns tab i l  i zed  permeable base w i t h  a Blaw 
Knox v a r i a b l e  w id th  paver. The paver i s  f u l l y  
extended and f i x e d  extensions have been addedto the  
paver. Not ice  t h a t  both sides o f  t he  paver are 
operated o f f  o f  s t r i n g l i n e s .  Very good t e x t u r e  
. - - - 
behind a paving machine. 
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The edgedrain t rench i s  wrapped between the  t ime o f  
i n s t a l  1 a t i o n  and t h e  placement o f  t he  permeable 
base t o  prevent contamination. Remember t o  unwrap 
the  t rench p r i o r  t o  p l a c i n g  t h e  permeable base. Do 
n o t  p lace r e s t r i c t i o n s  i n  t he  water f l o w  path 
between the  permeable base and the  edgedrain pipe. 
It i s  no t  a good idea t o  p lace the  grade con t ro l  
stake i n  t he  edgedrain trench. Th is  may damage the  
edgedrai n . 

The concrete paver i s  s t r a d d l i n g  the  permeable base 
and the  t racks  are operat ing on t h e  dense graded 
aggregate base. The paver i s  going t o  p lace the  
concrete over t he  dowel bar  assembly. 
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I Stabi 1  i zed permeable bases u t i  1  i z e  open-graded 
aggregate t ha t  has been s t a b i l i z e d  w i t h  asphalt  

without appreciably a f f e c t i n g  the  permeabi l i ty  o t  
the mater ia l .  

The primary purpose o f  the s t a b i l  i z e r  i s  t o  provide 
s t a b i l i t y  o f  the permeable base dur ing the 
construct ion phase. A s t a b i l  i z e r  should be 
considered when the maintenance o f  t r a f f i c  cont ro l  
requires construct ion equipment t o  d r i v e  over the 
permeabl e  base. 

FHWA recommends t ha t  the cont rac tor  have 
t o  use e i t he r  type o f  s t a b i l i z e d  mater ia 
concrete paving contractors w i l l  want t o  
and contro l  the work themselves and u t i l  
as a  s t ab i l i ze r .  Other contractors w i l l  
use a  asphal t s tab i  1  i zed permeabl e  base. 
the contractor  an option, we expect more 
contractors t o  b i d  on the p ro jec t .  

the option 
. Some 
perform 
ze cement 
want t o  
By g iv ing  Arch
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The AASHTO No. 67 gradation i s now being used by 
several states. 

The AASHTO No. 67 stone gradation is plotted on the 
gradation chart. The effective size is 5.77 mm and 
the coefficient of uniformity is 2.14. 

Since the coefficient of uniformity is less than 4, 
a stabilizer should be used with this gradation. 

Stabilization is not a substitute for using qua1 i t y  
crushed stone as an aggregate. Stabilization is 
used where the coefficient of permeabil i ty (k) 
required is greater than the k that an unstabilized 
permeabl e base can provide. 

Arch
ive

d



Asphalt Stabi 1 i zed 

Asphalt cement i s  added t o  the mix a t  2 t o  2.5 
percent by weight o f  the mix. 

A harder asphalt cement i s  recommended. We are 
t a l k i n g  about AC-40 grade o r  AR-8000. This should 
provide the s t a b i l  i ty  necessary f o r  construct ion 
t r a f f i c .  

I f  an AC-40 i s  used, the aggregates should be 
preheated t o  275 t o  325 O F .  

Whatever the asphal t cement, the temperature- 
v i s cos i t y  curve f o r  the p a r t i c u l a r  asphalt cement 
i s  used t o  determine the mixing temperature. 

0 
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The mix temperature t h a t  we are look ing f o r  a t  the 
paver hopper i s  200 - 250 O F .  

It i s  recommended t h a t  the asphalt  s t a b i l  ized 
permeable base be l a i d  a t  temperatures o f  not  less  
than 200 O F .  

The asphalt s tab i  1 ized permeable base should be 
compacted a f t e r  the has cooled t o  150 OF and p r i o r  
t o  cool ing t o  100 O F .  

One t o  3 passes o f  an 5 t o  10 ton  s tee l  wheeled 
r o l l e r  i n  the s t a t i c  mode i s  s u f f i c i e n t  compaction 
f o r  an asphal t s tab i  1 i zed permeable base. 
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Here i s  a s l i d e  o f  permeable base placement on top 
o f  a geotext i le .  The geo tex t i l e  should be f ree  o f  
wrinkles and tears. Not ice the excess mater ia l  a t  
the j o i n t .  This w i l l  have t o  be cleaned up before 
br ing ing the next section. Perhaps the contractor  
should have constructed a paper j o i n t .  

Another i tem o f  i n t e res t  i s  t o  no t i ce  t h a t  t h i s  
State chose t o  use a d i f f e r e n t  mater ia l  i n  the edge 
d ra in  trench. It i s  important t o  remember t ha t  the 
coe f f i c i en t  o f  permeabi l i ty  o f  the mater ia l  i n  the 
edgedrain trench should meet o r  exceed the 
coe f f i c i en t  o f  permeabi l i ty  o f  the s t a b i l i z e d  base. 

Some States fee l  t h a t  by p lac ing  asphalt  s t ab i l i zed  
base i n  the edgedrain t rench would me1 t the PVC 
pipe. 

Here i s a s l  i de  o f  a permeabl e base p l  aced i n  
sections w i th  the concrete pavement. We need t o  
remember when developing maintenance o f  t r a f f i c  
plans t o  leave enough room t o  spl  i c e  the geotext i  l e  
f o r  placement o f  the next lane. 

I 1. Shot o f  hand work placement o f  permeable base. 
- 6  This i s  going t o  be hard t o  compact because o f  the 

; t i e  bars; W ~ Y  couldn't  we have' extended the 
permeable base another 4 f ee t  t o  e l iminate  t h i s  
problem. It i s  important t o  remember construct ion 
procedures dur ing the phasing o f  maintenance o f  
t r a f f i c  plans. 
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This s l i d e  was taken a t  the Wisconsin Open House. 
Notice the small spread o f  water on the  surface o f  
the permeable base from the hose o f  the water 
truck. The water i s  being absorbed by the 
permeabl e base. 

Here i s  the o u t l e t  p ipe f o r  t h a t  sect ion o f  the 
permeable base with the water t ruck.  The f l o w  out  
o f  the pipe i s  almost the same as t h a t  out  o f  the 
water t ruck  hose. The f l ow out  o f  the p ipe was 
almost instantaneously. 

Permeable base i s  placed w i t h  the same equipment as 
conventional hot  mix asphalt  . 

A j o i n t  matcher i s  used t o  p lace a b u t t  j o i n t  as a 
previously placed lane. Not ice t h a t  we are not  
expecting much r o l l  down dur ing compact ion. 
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- - A be t te r  s l i d e  o f  the mat behind the screed. Not 
-I- bm much d i f fe rence between the e leva t ion  o f  the hot  

W L  * =  mat and the compacted mat. 

Compaction i s  obtained w i t h  one t o  three passes o f  
a 5 t o  10 ton r o l l e r .  The r o l l e r  should elther be 
a s t a t i c  o r  a v ib ra to ry  i n  the s t a t i c  mode. 

There 1s a minimal amount o f  r o l l  down dur ing 
compaction. We are not  expecting a l o t  o f  
compaction. We j u s t  want t o  seat the aggregate. 
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Port land cement i s  a1 so used by some s ta tes  as a 
s t a b i l  i ze r .  

Port land cement f s  added a t  a r a t e  o f  2 t o  3 
bags per cubic yard o f  mix. 

This i s  a t e s t  specimen o f  a cement s t ab i l i zed  
permeable base. What we are look ing f o r  i s  
enough cement t o  hold the  aggregate together. 

This i s  a s l i d e  o f  the cement s t a b i l i z e d  
permeabl e base i n-p l  ace. Arch
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For compacting cement s tab i  1 i zed permeabl e 
bases, a number o f  states have had good success 
i n  using only v i b ra t i ng  screeds and p la tes  on 
the paving machines. 

The cur ing o f  cement s t ab i l i zed  permeable bases 
i s  not  a defined pract ice.  One method i s  t o  
cover the permeable base w i t h  polyethylene 
sheeting f o r  3 t o  5 days. Another method i s  t o  
apply a f i n e  water m is t  cure t o  cement 
s t ab i l i zed  base several t i e s  a day a f t e r  the 
base i s  placed. Soaetimes no cur ing was 
performed a t  a l l .  A SHA may want t o  construct a 
t e s t  s t r i p  t o  determine which cur ing method t o  
employ as wel l  as a compaction method. 

When sheeting i s  used f o r  cur ing we always have 
t o  overcome the constant probl  em w i t h  keeping 
the sheeting down. 

One method i s  t o  take excess subgrade and place 
i t  d i r e c t l y  on the sheeting. Arch
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Another s l i d e  o f  the same p ro j ec t  showing the 
cur ing o f  the permeable base. P r i o r  t o  
beginning p l  acement operations, the sheeting and 
grade mater ia l  must be removed. This i s  
mater ia l  and labor  in tens ive work. I s  t h i s  
add i t iona l  cost  prov id ing any bene f i t?  It i s  
not  known. 

Water Curing - Oklahoma Photo 

Asphalt Emu1 s ion - Oklahoma Photo 
An asphalt emu1 s ion i s  being placed on top o f  
the permeable base t o  serve as a demarkation 
l i n e  when cores are taken t o  determine pavement 
thickness. 

The Wisconsin Concrete Pavement Association, i n  
cooperation w i t h  James Cape and Sons, WISDOT and 
the FWA conducted a study using cement 
s t ab i l i zed  permeable base underneath a concrete 
pavement. Arch
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Cement Stabilized Open Graded Base 
5 U n n ! # h T ~ . n d F W d P r ( o m * n m n C r m t ~  

Rga- 
Interim Report 

The objectives of this study were: 

Assess the feasibility of using standard 
concrete testing methodologies to measure the 
strength of open graded materi a1 s . 
Determine performance under construction 
loading. 

Examine correlation between cement content and 
the level of performance. 

Effectiveness of curing 

The report concludes that the performance of the 
cement stabil ized open graded base depends on: 

Cement content. 
Truc ki ng vol ume . 
Stability of underlying layers. 
Separation of cement paste from the 
aggregate. 
Surf ace Irregul ari t i es . 

It also concludes that higher water/cement 
ratios may encourage cement paste to flow to 
points of aggregate contact. 

The report does not establ ish a maximum 
water/cement ratio. Instead, it recommends that 
contractor determi ne the water/cement ratio 
based on a subjective assessment of the 
workability of the mix. Arch
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Other recommendations i nc l  ude : 
Mixes w i t h  200 pounds o f  cement content 
are appropriate f o r  general use. 
The cement content ra the r  than strength 
should be used as a guide. 
Water content should be adjusted t o  
cont ro l  segregation o f  the mix, 
Curing should be invest igated t o  determine 
i f  cur ing can be el iminated wi thout  
substant i a1 1 oss o f  performance under 
actual j ob  condit ions. 

Does the concrete pavement penetrate a permeable 
base? This i s  a permeable base taken from a 
core through the pavement and the permeable 
base. The core o f  the permeable base has been 
s p l i t  i n t o  tow pieces. The pa r t  on the l e f t  
hand side shows penetrat ion o f  mortar i n  the top 
pa r t  o f  the permeable base. Notice the voids 
are more closed up than the p a r t  on the r i g h t  
hand side. 

Pl acing cement s t a b i l  i zed permeable base over 
subgrade. Notice the r u t t i n g  problem w i t h  the 
underlying layer.  We may have a problem w i t h  
support f o r  construct ion. 

C M I  trimmer has augers t o  move and windrow 
excess permeable base. Arch
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A v i b ra t i ng  screed provides the compaction o f  
the cement s tab i  1  lzed perrneabl e  base. 

There i s  some concern w i t h  the t r ack  marks from 
the paver. 

This contractor  e lected t o  use a  v i b ra t i ng  p l a te  
t o  e l  iminate the t r ack  marks. 

A water t ruck  was opened up t o  see i f  the cement 
s tab i  1  ized base could d iss ipa te  the water. Arch
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I The water appears a t  the edge o f  the cement 
s t ab i l i zed  base. Edgedrains have not  been 
p l  aced yet .  

A 1 i t t l e  wh i le  l a t e r  you can see more o f  the 
water has move t o  the edge o f  the permeable 
base. 

I Notice the more open tex tu re  o f  the cement 
s t a b i l  ized base. Construct ion t r a f f i c  needs t o  
be 1 i r n i  t ed  t o  e l  iminate contamination. 
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COMPARISON OF GRADATIONS 

This i s  a p l o t  o f  the  Dl, and Dl, f o r  each 
gradat ion o f  the  d i f f e r e n t  mater ia ls .  I f  you 
r e c a l l  t h e  c o e f f i c i e n t  o f  each ma te r ia l ,  you 
w i l l  n o t i c e  the  f a s t e r  d r a i n i n g  ma te r ia l s  f a l l  
t o  t he  r i g h t  o f  the  gradat ion  c h a r t  and the  
order  would f o l l o w  the  p l o t  o f  e f f e c t i v e  s i z e  
D,, and D,,. As the  e f f e c t i v e  s i z e  increases, 
t he  c o e f f i c i e n t  o f  pe rmeab i l i t y  a lso  increases, 
and the  t ime t o  d r a i n  we observed yesterday 
decreases. 

92 

Design Considerat ions 

This i s  a p l o t  o f  t h e  d i f f e r e n t  gradat ions used 
i n  the  permeab i l i t y  model shown yesterday. This  
s l i d e  i s  shown on page 96 o f  t h e  student 
workbook. The c o e f f i c i e n t  o f  permeabil i t y  i s  
a lso  shown f o r  each gradat ion.  Not ice  how the  
c o e f f i c i e n t  o f  permeab i l i t y  increases as t h e  
gradat ion moves t o  the  r i g h t  o f  the  graph. 

We used the  F a l l i n g  Head Permeab i l i t y  t e s t  t o  
measure the  c o e f f i c i e n t  o f  pe rmeab i l i t y  o f  each 
o f  the  ma te r ia l s  i n  t h e  Demonstration Model. 

AASHTO No. 57 6800 f t /day  
AASHTO No. 67 5200 f t /day  
3/8" Pea Gravel 2200 f t /day  
NJDOT uns tab i l  i zed  1400 f t /day  
Sand 90 f t /day  
DGAB 4 f t /day  
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The tab le  provides a comparison o f  the e f f e c t i v e  
s ize  and coe f f i c i en t  o f  un i fo rm i ty  o f  each 
mater ia l .  As the e f f e c t i v e  s i ze  increases, the 
coe f f i c i en t  o f  un i fo rm i ty  decreases and the 
materi a1 becomes more open. 

Another way t o  look a the d i f f e r e n t  gradations 
i s  p l o t  percent re ta ined on the d i f f e r e n t  sieves 
by a bar graph. This i s  the p l o t  o f  a dense 
graded aggregate base. Not ice the un i fo rm i ty  o f  
the percent re ta ined on each sieve. There i s  
not  much var ia t ion.  7.5% o f  the mater ia l  passes 
the No. 200 sieve. 

The percent re ta ined f o r  the New Jersey DOT 
unstab i l  ized permeable base. Notice t h a t  there 
i s  r e l a t i v e l y  uniform d i s t r i b u t i o n  re ta ined on 
the No. 16 sieve through the 3/4" sieve. Only 
2.5% passes the No. 50 sieve. 

The percent re ta ined f o r  the AASHTO No. 67 
stone. The ma jo r i t y  o f  the mater ia l  i s  between 
the 1 inch and No. 4 sieves. Only 2. 5 percent 
o f  the mater ia l  passes the No. 8 sieve. The 
maximum s ize o f  the gradation i s  1 inch. 

Arch
ive

d



The percent re ta ined f o r  the AASHTO No. 57 
stone. This gradation has the ma jo r i t y  o f  the 
gradation i s  i n  the 3/4 inch t o  1 inch mater ia l .  
The r e s t  o f  the gradation i s  made up w i t h  3/8 
inch through 1/2. There i s  on ly  2.5 percent 
mater ia l  passing the No. 8 sieve. The maximum 
s ize o f  t h i s  gradation i s  1 1/2 inches. 

The recommended minimum permeable base thickness 
4 inches. This thickness should be adequate t o  
overcome any construct  i on v a r i  ances and provide 
an adequate conduit  t o  t ransmit  the water t o  the 
edgedrai n . 

We recommend a cont ro l  s t r i p  be constructed a t  
the beginning o f  construct ion so the combination 
o f  aggregate materi  a1 s and construct ion 
pract ices be tested, and adjusted i f  necessary. 

The minimum length  o f  t e s t  s t r i p  i s  500 feet .  
I f  the t e s t  s t r i p  i s  acceptable, the i t  should 
become a pa r t  o f  f i n i shed  construct ion. What we 
are looking f o r  dur ing placement i s  s t a b i l i t y ,  
number o f  passes, and permeabi 1 i ty. Arch
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CONSTRUCTION CONSlMRAT10NS 

Quatity 
- %rsresat- - Construction 

CONSTRUCTION CONSIDERATJONS 

Cor\druction 3affic 

7'bmbdMn 
Muhtsln Minimum Slope 

tncsntive/Dislncentio Ride 
Ruqulmments 

The subgrade and the aggregate separator layer 
should be properly constructed so tha t  there i s  
a stable working p la t fo rn  f o r  placing the 
permeable base. The permeable base i s  not a 
subst i tute f o r  a strong uniform subgrade. 

Qua1 i t y  crushed stone aggregates i s  the single 
most important factor  f o r  the stability o f  the 
base. I f  a s tab i l i ze r  i s  specified, the 
appl l ca t ion  ra te  rhwld met the spec4 f ications. 
It i s  recummended that the contractor be 
provided the option t o  choose the s tab i l i zer .  

Compaction o f  permeable bases should be i n  
accordance with the speci f i cat i ons . Over 
compaction can resu l t  i n  crushing and 
degradation o f  the aggregate. 

Construction t r a f f i c  on the completed permeable 
base should be kept t o  a minimum. Haul lengths 
should be kept t o  a minimum length. Truck 
speeds should be kept low and turning as we1 1 as 
stopping and s ta r t ing  motions should be smooth. 

A minimum resul tant slope o f  2 percent i s  
recommended wherever poss i b l  e. 
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A po in t  we r e a l l y  want t o  emphasize i t  t h a t  
pavement drainage i s  not  a subs t i tu te  f o r  
pavement thickness o r  a strong subgrade. 

I f  you have run any s e n s i t i v i t y  analysis o f  the 
drainage coe f f i c i en t  w i t h  the AASHTO Guide f o r  
Design o f  Pavement Structures, you w i l l  no t ice  
t h a t  the equation says you can reduce thickness 
due t o  improved drainage o r  you can increase 
thickness t o  overcome poor drainage. We know 
from actual in-p lace performance t h a t  poor 
drainage w i l l  lead t o  pumping and f a u l t i n g  and 
i s  not-dependent on s l  ab thickness. 

Therefore, the FHWA recommends t h a t  pavement 
drainage should be considered i n  a l l  designs. 
I f  poor drainage condi t ions ex is t ,  these 
condi t ion should be corrected. A drainage 
fac to r  o f  1.0 should be used w i t h  the AASHTO 
Guide t o  determine the pavement s t ruc tu re  
required. 
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A separator 1 ayer must be provided between the 
permeable base and the subbase/subgrade t o  keep 
s o i l  p a r t i c l e s  from contaminating the permeable 
base. 

The are two types o f  separator layers.  

TYPES OF 
SEPARATOR LAYER 

Aggregate 

Geotextile 

AGGREGATE SEPARATOR 
LAYER 

Stability 

Filtration 

Permeability 

Aggregate separator 1 ayer. 

Geotext i 1 e separator 1 ayer. 

A separator l aye r  i s  not  a subs t i tu te  f o r  a 
strong subgrade. 

Aggregate separator 1 ayer. 

The aggregate separator 1 ayer must perform 
several important funct ions: 

The aggregate separator l a ye r  must be 
strong enough t o  provide a $ tab le  working 
p la t form f o r  construct ing the permeable 
base. 
The gradation o f  the aggrpcjate separator 
l aye r  must be c a r e f u l l y  selected t o  
prevent f i nes  from pumping up from the 
subgrade i n t o  the permeable base. 
The aggregate separator l aye r  should have 
a low permeabil i t y .  The 1 ayer should act  
as a sh ie ld  t o  de f l ec t  water over t o  the 
edgedrai n . 
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FILTRATION REQUIREMENT 

FILTRATION REQUIREMENT 

D,, Separator s 5 Dg5 Subgrade 

UNIFORMITY REQUIREMENT 

D,, Separator s 25 DS0 Subgrade 

Placing permeable base over an aggregate 
separator 1 ayer. 

In theory, a small spherical part ic le  will be 
retained by 1 arger spherical part ic les  unti 1 the 
diameter of the smaller part ic le  i s  6.46 times 
smaller than the diameter of the 1 arger 
particles.  This theory gives us two gradation 
requirements for  aggregate separator layer to  
prevent migration of fines from the subgrade. 

D,, (Separator layer) 5 5 x D,, (Subgrade) i s  a 
f i l t r a t ion  requirement. By limiting the D,, 
size of the aggregate separator layer t o  less  
than five times the O,, size of the subgrade, 
the larger soil  particles of the subgrade will 
be retained, allowing soi l  bridging action t o  
begin. We want to  retain the D,, of the 
subgrade w i t h  the aggregate separator 1 ayer. 
The D,, of the aggregate layer provides the 
f i l t r a t ion  of the subgrade. 

D, (Separator 1 ayer) 5 25 x D, (Subgrade) i s  an 
uniformity requirement. By limiting the D,, 
size of the aggregate separator to  less  25 times 
the D, size of the subgrade, the gradation 
curves will be kept in balance. Arch
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INTERFACE DESIGN 

This i s  the in te r face  between the subgrade and 
base. 

SEPARATOR /SUBGRADE 
INTERFACE A t  the separator 1 ayer/subgrade in ter face,  the 

D,, o f  the aggregate separator l a ye r  should be q5 Separator s 5 Dg5 Subgrade l ess  than o r  equal t o  5 t imes the D8, o f  the 

Separator s 25 D50 Subgrade subgrade f o r  f i l t r a t i o n .  

The D, o f  the separator l a ye r  should a lso be 
less  than o r  equal t o  25 times 0, o f  the 
subgrade. 

BASE/SEPARATOR A t  the separator 1 ayer/subgrade in ter face,  the 
INTERFACE Dls o f  the aggregate separator l a ye r  should be 

less  than or equal to 5 times the  o f  the 
D , ~  Base s 5 DB5 Separator subgrade f o r  f i 1 t r a t  i on. 

i30 Base 5 25 D50 Separator The D, o f  the separator l a ye r  should also be 
less  than o r  equal t o  25 times D, o f  the 
subgrade. 

The coe f f i c i en t  o f  un i fo rm i ty  C, f o r  the dense 
graded aggregate base should be greater  than 20 
preferably around 40. This w i l l  ensure t h a t  the 
dense graded aggregate base i s  we1 1 -graded. 
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The maximum amount o f  mater ia l  passing the No. 
200 sieve f o r  dense graded aggregate bases 
should be l i m i t e d  t o  12 percent. This should 
minimize the amount o f  f i nes  i n  the dense graded 
aggregate base t h a t  pump i n t o  the permeable 
base. 

The separator 1 ayer should consi s t  o f  durabl e, 
crushed, angul a r  aggregate materi  a1 . The 
aggregate should meet the requirements f o r  
AASHTO M 283-83 Class C Coarse Aggregate. The 
L.A. Abrasion Wear should not  exceed 50 
percent. 

The soundness percent l oss  should not  exceed 12 
o r  18 percent as determined by the sodium 
su l f a t e  o r  magnesium su l f a t e  t es t s  fo l lowing 
AASHTO T 104-86. 

The dense graded aggregate base should be 
compacted t o  95 percent o f  i t s  maximum density, 
determined by AASHTO T 180-90. 

950h of Maximum Density 

AASHTO T 180-90 
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A t yp i ca l  dense graded aggregate base gradation 
i n  a table.  

The dense grade aggregate base p l o t t e d  on the 
-45 power gradation chart .  The e f f e c t i v e  s ize  
( D o )  i s  0.098 mm and the c o e f f i c i e n t  o f  
un i formi ty  (C,) i s  45.97, which i s  around 40 as 
recommended. Note t h a t  gradat ion band shows a 
range o f  5 t o  12 percent passing the number 200 
sieve which meets the f i nes  c r i t e r i a .  

Blank gradation chart .  

The gradation f o r  a given subgrade and permeable 
base are p l o t t ed  on the gradat ion chart .  The 
chart  i s  used t o  determine the Dm and D,, o f  the 
subgrade and the Dl, and D, o f  the permeable 
base. The gradation o f  the aggregate separator 
l aye r  w i l l  f a l l  i n  between the two gradations. 
P l o t t i n g  these po in ts  i s  the i n i t i a l  step i n  
evaluating f i  1 t r a t i o n  and un i fo rm i ty  requirement 
equations. 
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Lets look a t  the  subgrade/dense graded aggregate 
base separator layer  f i r s t .  We determine the  
D,, of the  subgrade by moving horizontal ly along 
the  85 percent passing l i n e  un t i l  we in tercept  
the subgrade gradation 1 ine. Move ver t i ca l  l y  
and determine the  grain s ize .  This grain s i z e  
(0.7) i s  multiplied by 5. Draw a ver t i ca l  l i n e  
from the  calculated grain s i z e  (3.5). The D,, of 
the  aggregate separator l ayer  must be l e s s  than 
o r  t o  the  l e f t  of t h i s  gra in  s ize .  Similarly,  
move along the  50 percent passing 1 ine  unt i l  the  
subgrade gradation is intercepted.  Read the  D,, 
(0.13) and mu1 t i p l y  by 25. Draw a ver t i ca l  1 ine 
a t  this grain s i z e  (3.25). The D, of the  
aggregate separator layer  must be l e s s  than, or 
t o  the  l e f t ,  of t h i s  grain s ize .  We have just 
plotted the  f i l t r a t i o n  and uniformity 
requirements of the  subgrade and aggregate 
separator in terface .  

We would have t o  evaluate the  permeable base and 
aggregate separator layer  in terface .  The D,, of 
the  permeable base i s  determined. The 15 
percent passing extended t o  the  permeable base 
gradation. T h i s  grain s i z e  (2.2) i s  divided by 
5 (0.44). The 4, of the  aggregate separator 
layer  must be g rea te r  than, o r  t o  the  r i gh t  o f ,  
this grain s ize .  The D, of t he  permeable base 
is determined (6.0) and divided by 25 (0.24). 
The D,, of the  aggregate separator layer  must be 
greater  than, o r  t o  the  r i gh t ,  of t h i s  grain 
s ize .  

This char t  has the  points  superimposed. The 
dense aggregate base gradation would have t o  
f a l l  in the  envelope t o  perform i ts  function. 

A dense graded base gradation i s  now plotted.  
Notice t ha t  the  bottom of the  band of the  dense 
graded aggregate base outside of the  25 times 
the  D, subgrade l i ne .  Not every s ingle  dense 
graded base gradation will f a l l  within the  
required envelope. T h i s  example may not be a 
bad dense graded base separator layer  i f  the  
coeff ic ient  of uniformity and percent passing 
the  number 200 sieves f o r  the  dense graded 
aggregate rul e s  a r e  not vi 01 ated. 
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A m i  
f o r  
cons 
can 
eval 

nimum thickness o f  4 inches i s  recommended 
the aggregate separator l a ye r  based on 
t r u c t i o n  cons iderat ions,  Greater thickness 
be placed i f  required i n  the s t r uc tu ra l  
uat  i on. 

Qua1 i t y  o f  aggregates and proper compaction are 
the keys t o  a funct iona l  separator layer .  This 
l aye r  i s  necessary t o  provide a s tab le  p la t form 
f o r  p lacf  ng the permeable base and concrete 
pavement and t o  prevent f u t u re  contamination o f  
the permeable base by f i n e  s i l t s  and c l ay  
pa r t i c l es  which could choke the  permeable base 
and reduce the e f f e c t i v e  drainage. 

The aggregate separator l aye r  i s  required t o  
keep f i nes  from contaminating the permeable 
base. A dense aggregate base course i s  
recommended because i t provides addi t i  onal 
st ructure.  The dense graded aggregate base 
course should consi s t  o f  durabl e, crushed, 
angul ar, aggregate materi  a1 . The aggregate 
should have good mechanical i n t e r1  ock. 
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GEOTEXTILES 

GEOTEXTILE DESIGN 

s o i l  . 

- /  
Geotextile 

The g e o t e x t i l e  i s  a l so  used t o  
and separate t h e  subgrade s o i l  
b a c k f i l l .  

Geotex t i les  can a1 so be used f o r  t h e  separat ion 
1 ayer . 
Does your S ta te  use geo tex t i l es?  

The t y p i c a l  sec t ion  f o r  t h e  concrete pavement 
remains the  same. The g e o t e x t i l e  i s  placed i n  
between t h e  permeable base and t h e  subgrade 

wrap t h e  t rench 
and t h e  t rench 

The t rench has been backf i 11 ed 
del  i v e r i  ng perrneabl e base t o  t 

and t h e  t r u c k  i s  
he spreader. 

One t h i n g  we must consider i s  t h a t  t h e  
g e o t e x t i l  e must be s t rong enough t o  wi thstand 
cons t ruc t ion  t r a f f i c .  For example, when t h e  
t r u c k  runs over t h e  aggregate s p i l l  age, t h e  
g e o t e x t i l e  must be puncture r e s i s t a n t .  

We a lso  have t ransverse and l o n g i t u d i n a l  seams 
w i t h  geo tex t i l es .  

Arch
ive

d



105 

One t h i ng  t o  no t i ce  here, i t  appears t h a t  not  
enough geo tex t i l e  was placed on the outs ide o f  
the trench. We want ex t r a  geo tex t i l e  so t h a t  we 
can over1 ap the permeable base w i t h  the 
geotext i 1 e. 

We are placing asphalt t reated permeable base on 
the geotext i le .  One t h i ng  t o  remember dur ing 
design i s  the heat resistance o f  the geotext i le .  
I would also be concerned w i t h  heating the paver 
screed on the geotext i le .  

4.- -4 Rol l  i ng the permeable base can cause pa r t i c l es  
*' 

t . t o  reo r ien t  dur ing r o l l  ing. We need t o  be aware 
I -  o f  t h i s  dur ing the design o f  the geo tex t i l e .  

Geotext i les can be designed t o  perform the 
fo l lowing funct ions: 

a F i l t r a t i o n  

a Drainage 

a Separation 

a Reinforcement 

For pavement drainage systems, the purpose t h a t  
the geotext i  l e  must perform i s  separation. A 
secondary funct ion should a1 so be f i  1  t r a t i o n .  
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The concepts for geotexti 1 es for separation are: 

the geotextile should retain the large 
particles of the subgrade soil. 
small particles should be able to pass 
through the geotextile so it does not 
cl og . 
The geotextile should have a 1 arge number 
of openings so that if an opening clogs, 
there will other openings that will permit 
water to move. 

In most cases, a small amount of fines will pass 
through the geotextile into the permeable base. 
This starts the formation of a filter zone 
adjacent to the geotextile. As larger soil 
particles are retained by the geotextile, a 
bridging action occurs creating a zone called 
the "soil bridge network*. Immediately behind 
this zone is another zone where the finer soil 
particles are trapped. This zone is called a 
"filter cake" and has a lower permeability. In 
the last zone the subgrade particles will be 
undisturbed. 

Clogging and bl inding of the geotextile are two 
potential problems. 

Clogging of the geotextile is when the soil 
particle becomes entrapped in the geotextile 
preventing the flow of water through it. 

Blinding of the geotextile is when finer 
particles build up on the outside of the 
geotexti 1 e preventing the flow of moisture 
through the geotextile. 
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The f i l t e r  cake i s  the l a s t  l a ye r  i n  the s o i l  
b r idg ing network. It consists o f  the zone where 
a1 1 the f i n e r  s o i l  p a r t i c l e s  are trapped. The 
area has a lower permeabi l i ty  than the subgrade 
s o i l .  

The apparent opening s ize  (AOS) o f  the 
geo tex t i l e  i s  the U.S. standard sieve s i ze  
number t h a t  w i l l  r e t a i n  95 percent o f  the 
subgrade so i  1. 

The AOS value i s  an index t e s t  t h a t  only 
i d e n t i f i e s  the la rges t  opening s i ze  o f  the 
geotext i 1 e. 

This sketch i l l u s t r a t e s  the AOS o f  d i f f e r e n t  
types o f  geotext i les.  This can mean d i f f e r e n t  
th ings depending on the  type o f  mater ia l .  For a 
sieve, the openings are square and the same 
size. For woven geotext i les ,  the openings are 
rectangular and the same size. For nonwoven 
geotext i 1 es, the openings are i rregu l  ar.  
Clogging one o f  these openings may be more 
c r i t i c a l .  
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The AOS o f  a geo tex t i l e  i s  expressed as a 
standard sieve size. Some people use the term 
0 The 0g5 and the AOS def ine the same 
property. The 09, i s  the opening s i ze  i n  
m i l  1  imeters. 

The opening s ize  i s  determined by s iev ing 
s ing le-s ize  glass beads through the geo tex t i l  e 
i n  accordance w i t h  ASTM D-4751. The t e s t  i s  
repeated w i t h  successive smaller s i ze  beads 
u n t i l  5 percent o r  less, by weight, passes 
through the geotext i le .  The AOS number i s  the 
sieve s ize  number o f  the glass b a l l s  t h a t  5 
percent o r  1 ess passed. 

The nomencl ature i s confusing because the O,, 
and the AOS measure the same property. This 
t ab l e  show the sieve s i ze  and opening sizes i n  
m i l  1  imeters. The AOS i s  the s ieve number and 
the 09, i s  the opening size. I t h i n k  pa r t  o f  
the confusion l i e s  w i t h  the f a c t  t h a t  as the 
opening s ize  (O,,) decreases as the sieve s ize  
(AOS) increases . 

The gradient r a t i o  t e s t  i s  a d i r e c t  measurement 
o f  the s o i l  geo tex t i l e  system's clogging and 
re ten t ion  po ten t i  a1 . 
It i s  a rea l  1 i f e  performance t e s t  developed by 
the Corps o f  Engineers. Arch
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This is a schematic of the gradient ratio test. 
It consists of determining head loss at two 
medi ums . 
I, - which is the hydraulic gradient of the 
geotextile and 1 inch of soil adjacent to the 
geotexti 1 e. 

I, - which is the hydraulic gradient of the soil 
between 1 and 3 inches away from the geotextile. 

The gradient ratio test is I, / I,. The 
hydraulic gradient of the geotextile and 1 inch 
or soil divided by the hydraulic gradient of the 
soil 1 to 3 inches away from the geotextile. If 
geotextile clogs, the head loss at this point 
wi 1 1  increase. 

The Corps of Engineers recommends that the 
hydraulic gradient ratio is less than or equal 
to 3. To prevent against clogging. 
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Geotextile Geotextile Selection - 
The selection of geotextiles should be based on 
performance criteria for its intended function. 

There are three types of geotextiles. These 
are: 

a Knitted - are seldom used as geotextiles. 
a Woven - are made with conventional textile 

weaving machines. 

a Nonwoven - are filaments that extruded or 
spun together randomly on a conveyor belt 
and then bonded together. 

Nonwoven geotextile are manufactured by ei ther: 

Heat Bonding Process - High temperatures 
melt the filaments, when the filaments 
cool, the intersections of the different 
fil aments bond together. 

Chemical Bonding Process - A chemical 
spray is applied to the filaments which 
causes filaments to bond together at their 
intersections. 

Needle Punch Process - A barbed needle i s  
punched through the filaments. Little 
knots are developed causing interlock 
between entangled filaments. A good 
example is trying to remove Christmas tree 

. lights from a box. If you pulled on the 
ends knots will develop in the electrical 
line. 
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We recommend tha t  geotexti  1 es should be 
specified based on performance rather  than type. 

Arch
ive

d



Geotextile Design 

Geo textile 
Reference Manual is the Geotextile Engineering 
Manual 

The manual is avail able through the Federal 
Highway Administration. 

I The design criteria for a geotextile follows 

Permeability Criteria 
Clogging Criteria 

The first step is to size the geotexti le Dasea 
on soil retention requirements. Then 
permeabi 1 i ty and cl oggi ng potent i a1 are checked. 
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For s o i l  r e ten t i on ,  t h e  f i r s t  s tep i s  t o  
determine i f  the  subgrade cons i s t s  o f  coarse 
g r a i n  o r  f i n e  g r a i n  s o i l s .  Th is  determined by 
t h e  percent passing t h e  No. 200 sieve. 

The f l ow  cond i t i on  i s  determined next.  Since 
any reversa l  i n  t h e  f l o w  p a t t e r n  would be so 
gradual, i t  i s  suggested t h a t  t h e  steady s t a t e  
f l o w  cond i t i on  be used. 

Coarse g r a i n  s o i l s  i n  t he  steady s t a t e  f l o w  
cond i t i on  as an example. 

The opening s i z e  O,, o f  t h e  g e o t e x t i l e  i s  
determined by m u l t i p l y i n g  t h e  D,, by t h e  B 
fac to r .  The c o e f f i c i e n t  o f  u n i f o r m i t y  o f  t he  
s o i l  i s  used t o  determine t h e  B f a c t o r .  

This  cha r t  shows the  re1  a t i onsh ip  between 
c o e f f i c i e n t  o f  u n i f o r m i t y  and t h e  B f a c t o r .  

When the  C, i s  l e s s  than 2 and g rea te r  than 8, 
t he  B f a c t o r  i s  1. 

When the  C, i s  g rea ter  than 2 and l e s s  than 4, 
t he  B f a c t o r  equals 0.5 t imes C, 

When the  C, i s  g rea ter  than 4 and l e s s  than 8, 
t h e  B f a c t o r  equals 8 d i v ided  by C, 

A p l o t  o f  t he  B f a c t o r  against  t h e  c o e f f i c i e n t  
o f  u n i f o r m i t y  i s  show f o r  a  coarse g r a i n  s o i l .  Arch
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Coarse g ra in  dynamic f low condi t ion.  Since the 
subgrade i s  confined by the pavement st ructure,  
the se lec t ion o f  the "cannot move case" i s  
suggested. The 50 percent opening s i ze  0, i s  
l ess  than 0.5 times the D,, o f  the s o i l .  

I f  the s o i l  can move beneath the geo tex t i l e  the 
95 percent opening s i ze  would have t o  be less  
than o r  equal t o  the D,, o f  the s o i l .  

I f  greater  than 50 percent passing the No. 200 
sieve, then the s o i l  i s  c l a s s i f i e d  as a f i n e  
grained s o i l .  Again the f l ow condi t ion  i s  
determined. For steady-state flow, i f  the 
geo tex t i l e  i s  woven, the 95 percent opening s ize  
should be less  than o r  equal t o  D,,. I f  the 
geo tex t i l e  i s  nonwoven, the 95 percent opening 
s ize  would be less  than o r  equal t o  1.8 times 
the D,,. For both cases, the AOS Number has t o  
be greater  than o r  equal t o  the No. 50 sieve. 

For f i n e  g ra i n  so i l ,  i n  a dynamic f low 
condit ion, the 50 percent opening s i ze  i s  l ess  
than o r  equal t o  0.5 the  0,. 

This s o i l  re ten t ion  char t  shows the standard 
sieve sizes and describes the mater ia l  t h a t  w i l l  
be r e t a i n  by t h a t  size. 

No. 200 can be expected t o  r e t a i n  upper 
range s i l t s  

a No. 100 can be expected t o  r e t a i n  lower 
range sands 
No. 70 can be expected t o  r e t a i n  middle 
range sands 
No. 40 can be expected t o  r e t a i n  lower 
range sands 
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For permeability of the geotextile, a decision 
must be made to determine i f  the appl ication i s  
Cri tical/Severe or Less CrS t ical/Less Severe. 
An exawl e o f  a Cri tical/Severe appl %cat ion i s  
the geotextile sepaPatlng the subgrade from the 
edgedrai n trmch. 

For Clogging Criteria, again the dstixsian has t o  Arch
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For clogging c r i t e r i a  i n  the Less Cr i t i ca l /Less 
Severe case: 

The designer would se lec t  the  f a b r i c  w i t h  
maximum opening s ize  possib le (lowest AOS No.); 

Addi t ional  Qual i f i e r s :  

The 95 percent opening s i ze  i s  greater  than o r  
equal t o  3 times the Dl,. 

The 15 percent opening s i ze  i s  greater  than o r  
equal t o  3 times the Dl,. 

E f fec t i ve  Open Area Qual i f  i e r s  

Woven fabr ics :  percent open area i s  greater  
than o r  equal t o  4 percent. 

Nonwoven fabr ics :  po ros i t y  i s  greater  than o r  
equal t o  30 percent. 

For clogging i n  the c r i t i ca l / severe  case, The 
geo tex t i l e  has t o  meet the same c r i t e r i a  as the 
Less Cr i t i ca l /Less Severe appl icat ion,  p lus  meet 
the Gradient Ratio Test. Arch
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STRENGTH REQUIREMENTS 

Class A Class B 

Grab Strength 180# 80# 
Elongation --- -- 
Seam Strength 160# 70# 
Puncture Strength 80# 25# 
Burst Strength 290# 130# 
Trapezoidal Tear 50# 25# 

117 

For C r i  t ical/Severe appl i cat  i ons, the gradient  
r a t i o  t e s t  should always be conducted. Remember 
t h i s  t e s t  i s  a d i r e c t  measurement o f  the 
clogging and re ten t ion  po ten t ia l  f o r  a 
geotext i 1 e . The suggested performance i s the  
gradient r a t i o  be less  than o r  equal t o  3. 

Strength requirements f o r  geotext i  1 es used i n  
the separation app l ica t ion f o r  permeable bases. 

Computer programs are ava i l  able t o  help w i t h  the 
design o f  geotext i les .  

The computer program DAMP provides an exce l lent  
module on the design o f  geo tex t i l e  f o r  Drainage. Arch
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Lets t a l k  about geo tex t i l es  used f o r  drainage 
appl i ca t ion .  Wrapping an edgedrain t rench i s  an 
example o f  a drainage appl i c a t i o n  f r o  
geotext i  1 es. 

AASHTO-AGC-ARTBA 
Task Force 25 

The AASHTO-AGC-ARTBA Task Force No. 25 provides 
guidance f o r  drainage appl i cat  i ons o f  
geotext i  1 es. 

Guide Specifications and 
Test Procedures for 
Geo textiles 

c 
AASHTO-AGC-ARTBA Joint Committee 

Subcommittee On 
New Highway Materials 
~ F o r a l R c p o r t  --- -- -- 

Guide Spccifkrtiou a d  Tcrt Procedures 
lor ~ U e r  

STRENGTH REQUIREMENTS 

Class A Class B 

Grab Strength 180# 80# 

Elongation --- --- 
Seam Strength 160# 70# 

Puncture Strength 80# 25# 

Burst Strength 290# 130# 

Trapezoidal Tear 50# 25# 

The mater ia ls informat ion i s  pub dished i n  the 
Guide Speci f icat ions and ~ e s t '  Procedures f o r  
Geotexti 1 es. 

When used i n  a drainage appl i c a t i  on, the 
geo tex t i l e  should meet the strength requirements 
shown on the s l  ide. Arch
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APPARENT OPENING SIZE 
Soi 1 Retention 

I f  the  s o i l  has 50 percent re ta ined on the  No. 
200 sieve, then the  AOS should be greater  than 
the  No. 30 sieve, 

I f  the  s o i l  has greater  than 50 percent passing 
the No. 50 sieve, then the  AOS should be greater  
than the No, 50 sieve, 

Soil c 50% passing #200 Sieve 
AOS c 0.6 mm (AOS > #30 Sieve) 

Soil > 50% passing #200 Sieve 
AOS c 0.3 mm (AOS > #50 Sieve) 
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Geotex t i le  Tests 

Th is  i s  a l i s t  o f  e x i s t i n g  g e o t e x t i l e  t e s t s  t h a t  
we use t o  model s t rengths necessary t o  surv ive  
t h e  cons t ruc t ion  phase o f  t h e  separator l a y e r  
and t h e  permeable base. It i s  important  t o  
r e a l  i z e  t h a t  these t e s t s  were n o t  developed f o r  
cons t ruc t ion  appl i c a t  i ons and the re fo re  should 
be used w i t h  engineering judgement. 

Tensi 1 e 
Puncture 
Burs t  
Trapezoidal Tear 

The grab t e n s i l e  t e s t  models t h e  s t ress  placed 
on t h e  g e o t e x t i l e  dur ing  t h e  compaction o f  t he  
permeable base. During compaction two separate 
aggregate p a r t i c l e s  w i l l  want t o  spread out.  
When they contact  t he  g e o t e x t i l e  they w i l l  p lace 
the  g e o t e x t i l e  i n  tension.  

The specimen i s  4" wide by 6" long. The jaws a 
1" and centered on t h e  specimen. Test method 
ASTM D 4632. 

The narrow s t r i p  t e n s i l e  t e s t  Arch
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S The narrow s t r i p  t e s t  i s  not  used much because 

geotext i le .  

The wide s t r i p  t e n s i l e  t e s t  i s  used qu i t e  a b i t  
f o r  performance. The specimen i s  8" wide and 4" 
long. The t e s t  i s  performed i n  accordance w i t h  
ASTM D 4595. Because o f  the  wide s t r i p ,  necking 
o f  the geo tex t i l e  does not  occur. 

Recording device f o r  the t e s t  apparatus. 

Fa i lu re  i s  determined by s t ress -s t ra in  curve. Arch
ive

d



The puncture test is an index test for the 
geotextil e's resistance to puncture. 
Application for this test could include the 
hauling truck driving over the aggregate spilled 
on the geotextile shown in a previous slide. 

A geotextile sample is clamped in a ring that 
has an opening diameter of 1.75 inches. A 5/16" 
diameter rod is appl ied to the geotextil e m  

This test is conducted in accordance with ASTM D 
3787. 

The rod is hemispherical in shape at the tip. 

Test being performed. 

Specimen after testing. Arch
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The Hul len Burst Test models the e f f e c t  o f  the 
s o i l  pressure on the geo tex t i l e  as the s o i l  i s  
loaded. Because the permeable base has a h igh 
amount o f  voids, the  s o i l  pressure w i l l  t r y  t o  
push the geo tex t i l e  i n t o  a void. 
The geo tex t i l e  i s  placed between the  two clamps. 
A hydrau l ic  pressure i s  appl ied t o  a rubber 
membrane which appl i e s  the  load t o  the 
geotext i le .  This t e s t  i s  performed i n  
accordance w i t h  ASTM D 3786. 

Bottom clamp and the rubber membrane. 

Test be i  ng performed Arch
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Trapezoidal Tear models the propagation of a 
tear in the geotextile during installation. 
This test is performed in accordance with ASTM 
D 4533. 

The specimen is cut into a trapezoidal shape. 
This test attempts to load the individual 
filaments of the geotextile during the test. 

On the right a 5/8" long cut slice is made to 
the process. You can see that the end of the 
specimen is placed parallel to the load clamp 
causing a fold i n  the specimen. The load to 
tear the entire width of the geotextile is 
measured. 

we 
i l i  

Finally 
permeab 

need to determine the geotextile's Arch
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The geo tex t i l e  i s  placed between the  cyl inders.  

The constant head t e s t  i s  used t o  determine the 
c o e f f i c i e n t  o f  permeabi l i ty  o f  the  geo tex t i l e .  
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AASHTOIAGC-ARTBIA 
Task Farce 25 

PHYSICAL PROPERTY REQUIREMENTS 

< 5O?h Geotextile Elongation / 
> SO% Geotextlle Elongation 

Grab Puncture Trapezoid Tear 
Survivability Strength Resistance Strength 

Lwei (Lbs) (Lbs) ( L W  

The g e o t e x t i l e  can a1 so be used i n  a separat ion 
appl i ca t i on .  Separat ing t h e  permeabl e base and 
t h e  subgrade i s  an example o f  a separat ion 
appl i c a t  i on. 

For d r a i  nab1 e pavement systems, t h e  geo tex t i  1 e 
SHOULD BE DESIGNED FOR SEPARATION APPLICATION. 

The WHTQ-AGC-ARTBAA Task Farce BQ. 25 a h  
provides gurdanee for the separatfon functton o f  
geotextf les. 

I f  the g e o t e x t i l e  has g rea te r  than 50% 
elongat ion, use t h e  l ow  stress l e v e l .  

A h igh  s t ress  l e v e l  i s  recommended f o r  use as a 
separat i  on 1 ayer. 

Physical Proper t ies  t a b l e  

High 270/180 100/75 100/75 
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Soil Retention 

I f  the soil has less than 50 percent passing the 
No. 200 sieve, than the AOS nuaber should be 
greater than the No. 30 sieve. 

If the soil has lore than 50 percent passing the 
No. 50 sieve, than the AOS n 
greater than the No. 50 stave. 

The permeabil i t y  o f  the geotextile should be 
greater than the permeability o f  the subgrade 
soil. 

Select the lowest AOS f o r  sol I retention and I c m m *  

The permeobll l ty  o f  the geotexttl e should exceed I the permeability o f  the roll. 
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Geotextiles should be placed and covered as 
quickly as possible. This will prevent damage 
due to overexposure to the sun and construction 
traffic. 

Care should be used in placing the geotextile so 
that it won't have wrinkles, tears,or rips. 

The subgrade should be strong and smooth. 
Usually the permeable base is placed over the 
geotextile. Therefore the subgrade must provide 
support to the slab. 

High quality construction is required to prevent 
damage to the geotextile during its placement 
and pl acement of the permeabl e base. 
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Edgedrai ns 

Edgedrains are a key element i n  a pavement 
drainage system. They remove the water from the 
permeabl e base. 

There are three basic types o f  edgedrains: 

1. Aggregate Trench. 
2. Pipe Edgedrain. 
3. Geocomposite F i n  Drain. 

Aggregate trenches are not  recommended because o f  
t h e i r  1 ow hydraul i c  capacity. Geocomposi t e  f i n  
drains are not  recommended because o f  t h e i r  
i nabi 1 i t y  t o  be cleaned. 

GEOTEXTILE PLACEMENT AROUND Geotext i 1 e p l  acement w i  11 vary depending on 
EDGEDRAIN whether the edgedrain i s  i n s t a l l e d  before o r  a f t e r  

the construct ion o f  the permeable base. The 
trench should be l i n e d  w i t h  a geotext i le ,  but  the 
top o f  the trench, adjacent t o  the permeable base, 
i s  l e f t  open t o  a l low a d i r e c t  path f o r  the water 
t o  enter the pipe. The primary purpose o f  the 
geo tex t i l e  i s  t o  keep f i nes  from enter ing the 
trench. The permeabi l i ty  o f  the geo tex t i l e  should 

Edgedrain Pipe exceed the permeabil i t y  o f  the subgrade. 
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For the post-pave appl ica t ion,  the geo tex t i l e  
1  ines the trench. The geo tex t i l e  i s  stopped a t  
the bottom o f  the permeable base. The geo tex t i l e  
would over l  ap the subgrade o r  separator 1 ayer i f  
the permeable base has not  been placed. 

The edgedrain i s  placed i n  the trench. 

The contractor  has placed subgrade mater ia l  on the 
geo tex t i l e  t o  keep i t  from f lopp ing over. This i s  
not  a  recommended p rac t i ce  as the subgrade s o i l  
could contaminate the trench. Not ice the over l  ap 
o f  geotext i  1 e  adjacent t o  the concrete pavement. 
We want t o  ensure t h a t  the geo tex t i l e  DOES NOT 
block the drainage path through the permeable 
base. 

Also no t i ce  the d ips  o r  bends i n  the edgedrain. 
Where are the o u t l e t  pipes? 

Placing the open graded base course as trench 
b a c k f i l l .  Now one can see the geo tex t i l e  blocking 
the drainage path i n  the permeable base. The 
water w i l l  have t o  t r ave l  through the geo tex t i l e  
t o  get  t o  the edgedrain. 

There should be unres t r i c ted  f l ow through the 
permeabl e  base t o  the edgedrai n. 
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Post-pave rehabilitation installation o f  edgedrain 
pipe. The purpose of this application is to 
remove water entering the pavement 1 ane rhorrldor 
joint. 

This device a1 igns and places the edgedrrfn p l  
and places the backfill material. 
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CORRUGATED-SMOOTH PlPE 

132 

Corrugated po lyv iny l  ch lo r ide  pipe w i t h  a smooth 
i n t e r i o r  should meet requirements i n  ASTM F 949. 

ASTM F 949 

PVC Corrugated Sewer Pipe 
with a Smooth Interior 

I f  the pipe i s  t o  be i n s t a l l e d  i n  trenches and the 
trenches w i l l  be b a c k f i l l e d  w i t h  asphalt  
s t a b i l  ized permeable materi  a1 , the edgedrain 
should be capable o f  r e s i s t i n g  the temperature o f  
the asphalt s t a b i l  i zed permeable materi  a1 . 

HEAT RESISTANT PlPE 

PVC 90° electric plastic 
conduit 

For heat r es i s t an t  pipe, PVC 90" e l e c t r i c  p l a s t i c  
conduit, e i t h e r  EPC-40 o r  EPC-80 conforming t o  the 
National E l ec t r i ca l  Manufacturers Associat ion 
Spec i f ica t ion TC-2. 

NEMA Specification TC-2 

Trench b a c k f i l l  should be the same mater ia l  as the 
permeable base f o r  the pre-pave i n s t a l  1 at ion.  

I n  the post-pave i n s t a l l a t i o n ,  the trench b a c k f i l l  
should have o r  exceed the permeabi l i ty  o f  the 
permeabl e base. 
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The trench width should be wide enough t o  allow 
proper placement o f  the pipe and compaction o f  the 
back f i l l .  Usually a trench width o f  8 t o  10 
inches i s  used. 

The trench depth should be deep enough t o  serve 
i t s  intended drainage function. It i s  recommended 
that  the trench be deep enough f o r  the top o f  the 
edgedrain pipe t o  be located 2 inches below the 
bottom o f  the permeable base. 

P l  ugged edgedrai ns . 
Wrapping the edgedrain trench with a geotext i le i s  
necessary t o  keep f ines from entering the 
edgedrain trench and plugging the pipe. 

P l  ugged edgedrains. The drainabl e pavement system 
i s  as good as i t s  weakest l i n k .  I s  t h i s  pavement 
drainage system going t o  provide adequate 
drainage? Arch
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OUTLET PlPE 

PCC 

10-yr I3esig/n Flow 

OUTLET PlPE 

e 
I 1 0-Year flow 

RIGID PIPE 

ASTM D 3034 - 89 

PVC Sewer Pipe 

* SDR 23.5 

Outlet pipes are critical to the drainage system. 
The outlet pipe system consists of a rigid PVC 
pipe connected to the edgedrain and a headwall at 
the embankment sl ope. 

A minimum slope o f  3 percent is recomnended to 
provide drainage. 

The invert of the outlet pipe should be at least 6 
inches above the 10 year design flow in the ditch. 
SON states provide invert elevations for outlet 
pipes on plans to ensure coordination of surface 
drainage. 

Outlet pipe should be rigid polyvinyl chloride 
sewer pipes conforming to ASTM D 3034-89. Arch
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This i s  an in-place o u t l e t  pipe. Do you t h i n k  
t h i s  o u t l e t  p ipe i s  prov id ing drainage o f  the 
permeable base. I f  we can't  o u t l e t  the water, 
permeable base w i l l  ac t  as a sponge and can 
accelerate pavement de te r i  o ra t  i on. 

This i s  another reason f o r  using r i g i d  p ipe a t  
out le ts .  

the 

the 

Water ponding a t  the headwall o f  an o u t l e t  pipe. 
We must remember t o  grade the s o i l  around the 
o u t l e t  p ipe t o  provide p o s i t i v e  drainage from the 
drainabl e pavement system. 

I f  di tches o r  medians are too f l a t  t o  o u t l e t  the 
edgedrain system, a storm d ra i n  system may have t o  
be i n s t a l l e d  t o  c o l l e c t  the water. Edgedrain 
ou t l e t s  can be t i e d  i n t o  the storm d ra i n  catch 
basins. 

A s t o m  d ra in  system should be provided t o  reduce 
the amount o f  water i n  the median. This w i l l  
reduce the chance o f  water i n f i l t r a t i n g  the 
pavement sect ion from the median d i t ch .  Arch
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SURFACE WATER 
COORDINATION 

Subsurface and surface water 
must be coordinated 

It i s  imperat ive t h a t  surface drainage and the 
permeabl e base drainage system be coordinated w i th  
each other. 

I f  surface water backs up the p ipe the pavement 
sect ion w i l l  be saturated u n t i l  t he  surface water 
e levat ion recedes permi t t i ng  the permeable base t o  
d ra i  n. 

HEC Drainage o f  Highway Pavements provides 
guidance f o r  the design o f  water f lowing on 
pavement surfaces. 

HEC No. 15, Design o f  Roadside Channels w i t h  
F lex ib le  L in ings provides guidance f o r  the design 
o f  roadside ditches. 

The edgedrain and o u t l e t  system should be designed 
w i t h  maintenance i n  mind. Usual ly  we w i l l  want t o  
f l u sh  o r  j e t  rod the system. This system has 
o u t l e t  pipes a t  both ends o f  the edgedrain pipe. 
This w i l l  a l low the edgedrain t o  be flushed. 

I f  pa r t  o f  the edgedrain becomes clogged over 
time, only the pavement sect ion between the o u t l e t  
pipes w i l l  be ef fected.  
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OUTLET SPACING 

Limited to 250 feet 

Segmented Sections 

Smooth, long radius bends i n  the  edgedrain system 
should be provided so rodding equipment can 
navigate the bends. Radi i  o f  2 t o  3 f ee t  should 
be acceptable f o r  j e t  rodding o r  c leaning 
equipment. 

A maximum o u t l e t  spacing o f  250 f ee t  i s  
recommended. It i s  a1 so recommended t h a t  
edgedrains be segmented between o u t l e t s  so t h a t  
each sect ion drains separately. 

We not  only have t o  coordinate pavement 
i n f i l t r a t i o n  drainage w i t h  surface drainage, 
must coordinate w i t h  other highway features. 
i s  a s l  i de  o f  a guardra i l  post t h a t  has been 
dr iven d i r e c t l y  on top o f  the o u t l e t  pipe. 

bu t '  
Here 

Here i s  another i n s t a l l a t i o n  o f  guardra i l  post 
t ha t  has been dr iven on top o f  the o u t l e t  pipe. 
Remember, t h a t  i n  most cases, when guardra i l  i s  
i n s t a l l e d  i t  i s  usua l ly  2 f ee t  o f f  the edge o f  the 
shoulder and you must be ca re fu l  t h a t  posts are 
not  dr iven through the edgedrain o r  o u t l e t  pipes. Arch
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Headwall s 

Headwalls protect  the  o u t l e t  pipe from damage due 
t o  mowing, prevent slope erosion, and a i d  i n  the 
locat ion  o f  o u t l e t  pipe f o r  fu tu re  maintenance 
operations . 

Without headwall s, e r ran t  trucks o r  mowing 
operations can damage the  end o f  the  o u t l e t  pipes 
clogging the drainage system. 

Pipe erosion Arch
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Rodent screen are recommended because rodents can 
RODENT SCREENS bui ld  nests i n  pipe edgedrains. Screens should be 

able t o  be remove so tha t  they can be cleaned. 
R i W A  recommends the use Sometimes erodible f ines w i l l  bu i ld  up on rodent 
of rodent screens screens. 

A design o f  a pre-cast headwall Arch
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Pre-cast headwall 

Photo o f  a pre-cast headwall . 

Oklahoma f a b r i c  foam 

Oklahoma f a b r i c  foam Arch
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REFERENCE MARKERS 

FHWA recommends the use 
of reference markers 

Reference markers are recommended t o  help locate  
the o u t l e t  pipe f o r  fu tu re  inspection o f  
maintenance. 

States have used f l e x i b l e  de l  ineator  post 

I. I .  . . -  * . 
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Vfdeotape completed project 
for quality assurance 

Out le t  pipes should be placed t o  l i n e  and grade. 
Some States even put  i n v e r t  e levat ion on o u t l e t  
pipes t o  ensure proper f a l l  on the o u t l e t  pipe. 

Proper compaction i s  c r i t i c a l  t o  provide support 
f o r  the shoulder t o  minimize deter iora t ion.  

Headwalls should be provided t o  p ro tec t  the end o f  
the o u t l e t  p ipe from mowing operations and er rant  
trucks. 

Construction operat ions can o f t en  damage the 
edgedrain system. This i s  a video tape shot o f  a 
crushed pipe. 

Vfdeotaping the leted edgedrain system with 
fiber op t i c  equf nded for f inat 
acceptance o f  the pro jec t .  This can detect 
construct ion fa4 1 ures while they can be corrected 
by the contractor .  This w i l l  help  minimize future 
headaches t h a t  maintenance forces will have t o  
deal w i t h  1 ater .  

Camera t i p  t h a t  i s  pushed through the outlet and 
edgedrain pipes. Arch
ive
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Video screen. 
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Edgedrain Flow 

The capacity o f  the edgedrain and o u t l e t  spacing 
take on an added importance when permeable bases 
are provided. The capacity o f  the edgedrain 
system should always increase as the water f lows 
i n  the system. Edgedrain design f l ow r a t e  can be 
determined by 

Pavement I n f i l t r a t i o n  
Permeable Base Discharge Rate 
Time t o  Drain Discharge Rate 

For pavement i n f i l t r a t i o n ,  the design f low r a t e  
f o r  the pipe Q, i s  set  equal t o  the pavement 
i n f i l t r a t i o n  times the  width o f  the base times the 
o u t l e t  spacing. 

Another approach i s  t o  set  the design f low r a t e  
equal t o  peak f low the permeable base can 
discharge t o  the edgedrain. The design f low ra te  
i s  equal t o  the permeable base discharge r a t e  
which i s  c o e f f i c i e n t  o f  permeabi l i ty  o f  the base 
times the base thickness times the resu l tan t  slope 
o f  the base times the o u t l e t  spacing times the 
cosin o f  the angle between a l i n e  perpendicular t o  
the roadway center1 ine  and the r esu l t an t  f low 
path. 
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A t h i r d  approach i s  t o  s e t  edgedrain design f l ow  
r a t e  t o  t h e  t ime t o  d r a i n  discharge ra te .  The 
f l o w  r a t e  i s  determined by t h e  formula. 

Q, - ( W  L H N, U) (l/t,) * 24 
W i s  t h e  w id th  o f  t h e  permeable base. 
L i s  t h e  o u t l e t  spacing 
H i s  t h e  th ickness o f  t h e  base. 
N, i s  t he  e f f e c t i v e  p o r o s i t y  o f  t h e  base. 
U i s  percent drained. 
t, i s  t he  drainage t ime i n  hours. 

The f i r s t  term, i n  parentheses, i s  t h e  amount o f  
water dra ined du r ing  t h e  design t ime per iod.  The 
second term converts t h e  f l o w  t o  an h o u r l y  r a t e .  
The t h i r d  term conver ts  i t  t o  a d a i l y  ra te .  

Once the  edgedrain p ipe  design f l o w  r a t e  i s  
determined, Manning's equat ion can be used t o  s i ze  
t h e  pipe. 

Q i s  Pipe f low, c fs .  
A i s  Flow area w i t h i n  t h e  pipe, s f .  
R i s  t he  Hydraul i c  rad ius .  
S i s  t he  slope o f  t he  pipe, ft/ft. 
n i s  Manning's roughness c o e f f i c i e n t .  

The hyd rau l i c  rad ius  i s  t h e  f l o w  area i n  t h e  p i p e  
d i v ided  by the  wetted per imeter  i n  t h e  pipe. 
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MANNING EQUATION 
Circular Pipe - Flowing Full 

53-01 D8/3 s1/2 Q = -  
n 

Where: 
Q = Flow - cflday 
D = Diameter - inches 
S = Slope - Wft 
n = Roughness Coefficient 

Manning's roughness c o e f f i c i e n t  f o r  smooth pipes 
i s  0.012. For corrugated pipes i t  i s  0.024. 

Smooth pipes o f  the same diameter as corrugated 
pipes w i l l  have 2 times the discharge. Knowing 
t h a t  V=Q/A, the ve l oc i t y  i s  a lso tw ice as great 
help ing move sediment through the pipe. 

For a p ipe f lowing f u l l ,  Manning's equation can be 
simp1 i f i e d  to :  

This equation gives f l ow i n  c fs .  

Converting the equation so t h a t  Q w i l l  be i n  
cf/day, Manning's equation f o r  f u l l  f l ow  w i l l  be 

53 p/3si/a 
'= n 

I f  the diameter o f  the pipe and the roughness 
coe f f i c i en t  are assigned, then Manning's equation 
can be s imp l i f i ed  t o  
Q = K s". K i s  p ipe conveyance i n  cubic fee t  per 
day. Arch
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A conveyance t ab l e  i s  provided f o r  d i f f e r e n t  s ize  
corrugated and smooth pipes. The p ipe conveyance 
i s  read from pipe s i ze  and type and i s  m u l t i p l i e d  
by the square r oo t  o f  the p ipe slope t o  g i ve  pipe 
capacity. 

Design charts f o r  capaci ty are provided w i t h  the  
d i f f e r e n t  sizes o f  pipes. The p ipe capaci ty o f  
the smooth pipe i s  determine by moving 
hor izonta l ly ,  from the pipe slope, u n t i l  
i n te rsec t ing  the p ipe size. The p ipe capaci ty i s  
read v e r t i c a l l y  from the i n t e r sec t i on  po in t .  

A s im i l a r  char t  i s  provided f o r  corrugated pipes. 

The ve l oc i t y  o f  the water i n  the pipe can be 
calculated by d i v i d i n g  Manning's equation by the 
f l ow area. 

For cleaning action, the ve l oc i t y  o f  f low i n  the  
p ipe should be greater  than o r  equal t o  2 f ee t  per 
second. 
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MINIMUM PIPE SLOPE 

Theoretical Criteria - 
2 ft I sec flowing full 

Pipe Slope - 
Manning's n - 4" Dia 

n = 0.012 .00717 ftlft 
n = 0.024 .0287 ftlft 

This char t  i l l u s t r a t e s  the e f f e c t  o f  slope as an 
input  t o  Manning's equation. 

I n  theory the minimum pipe slope should be set  t o  
provide a f lowing f u l l  ve l oc i t y  o f  2 f ee t  per 
second f o r  cleaning purposes. For a 4" diameter 
p ipe smooth pipe, the minimum slope would have t o  
be 0.717%. For a corrugated 4" diameter pipe, the 
slope would have t o  be 2.87%. 

This t ab l e  shows ve loc i t i e s  o f  d i f f e r e n t  types and 
sizes o f  pipes f o r  a p ipe a t  a slope o f  0.01 ft/ft 
f lowing 1/4 f u l l .  

MINIMUM PIPE SLOPE 

Not practical 

Pipe slope same as roadway 

Rigorous maintenance 

Set t ing a minimum pipe slope i s  not  p rac t i ca l .  
Most SHA's show edgedrain pipes i n  a standard 
drawing. The top o f  the edgedrain p ipe i s  located 
o f f  o f  the pavement surface. Therefore, the pipe 
slope i s  set  t o  t h a t  o f  the roadway p r o f i l e .  
Rigorous maintenance o f  these pipes w i l l  be 
required. 
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Out le t  spacing can be determined by: 

Pavement i n f i l t r a t i o n  
Permeable base discharge 
Time t o  d ra in  discharge 

For pavement i n f i l t r a t i o n  the o u t l e t  
determined by: 

K i s  p ipe conveyance. 
S i s  p ipe slope. 
qi i s  pavement i n f i l t r a t i o n .  
W i s  the width o f  the permeable base. 

spacing i s  

Out le t  spacing f o r  permeable base discharge 
d e t e n i  ned by: 

K i s  p ipe conveyance. 
S i s  p ipe slope. 
k i s  base c o e f f i c i e n t  o f  permeabil i t y .  
S, i s  the resu l tan t  slope. 
H i s  base thickness. 
A i s  the angle between a 1 i ne  
perpendicular t o  the roadway and the 
resu l tan t  s l  o ~ e .  

Out le t  spacing f o r  the Time t o  Drain discharge can 
be determined by: 

K i s  p ipe conveyance. 
S i s  p ipe slope. 
t, i s  the drainage time. 
W i s  the width o f  the base. 
H i s  base thickness. 
N, i s  base e f f e c t i v e  poros i ty .  
U i s  the percent drained. 
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PIPE OPENINGS - 
Slotted 
- D,, > 1.2 Slot Width 

Circular 
- D,, > 1.0 Hole Diameter 

The edgedrain trench should t ransmit  the 
discharging water t o  the edgedrain pipe. The 
width can be determined by d i v i d i ng  the base 
discharge by the c o e f f i c i e n t  o f  permeabi 1 i t y  o f  
the trench b a c k f i l l  mater ia l .  

For s l o t t ed  pipes, the D,, o f  the trench b a c k f i l l  
i s  determined. The s l o t  width should be less  than 
1.2 times the D,, o f  the t rench b a c k f i l l .  

For c i r c u l a r  holes, the hole diameter should be 
less  than the 4, o f  the t rench b a c k f i l l .  

The recommended maximum out1 e t  spacing should be 
250 feet .  
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Maintenance 

Maintenance i s  c r i t i c a l  t o  the continued success 
o f  any long i tud ina l  edgedrain system. I f  a State 
i s  not  w i  11 i ng  t o  make a maintenance commitment, 
pavement drainage systems should no t  be used since 
the drainage system w i  11 eventual ly become 
clogged, satura t ing the pavement sect ion which 
w i l l  increase the r a t e  o f  de te r io ra t ion .  

When the ou t l e t s  are clogged, the permeable base 
does not  serve i t s  intended funct ion.  You can see 
the i n i t i a l  stage o f  pumping o f  t h i s  p ro jec t .  I f  
the  ou t l e t s  are clogged, the water w i l l  f i n d  some 
way t o  e x i t  the pavement drainage system. 
Stain ing i s  the i nd i ca t i on  o f  pumping. This i s  
the f i r s t  stage o f  l o ss  o f  support f o r  the 
pavement s l  ab. 

Out lets may be clogged by being crushed. 

Rodent screens have t o  be p e r i o d i c a l l y  removed and 
cleaned. Often the screen s i l l  r e t a i n  sediment 
and debr is which w i l l  c log  the  ou t l e t .  Arch
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- - &...--a. Vegetation i s  another common cause o f  o u t l e t  
clogging. See the increase o f  c a t t a i l s  a t  the 
loca t ion  o f  the o u t l e t  pipe. 

Construction damage can render a pavement drainag 
system segment useless. This p ipe was crushed by 
construct ion equipment 

Another i tem o f  inspect ion should be sediment 
bui ld-up downstream o f  the pipe. Sediment builc 
up downstream can cause water ponding and keep 
water i n  the edgedrain system and base. Arch
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Plugged outlet 

The edgedrain system should be periodically 
flushed to remove any sediment buildup within the 
system. This is the reason for providing an 
upstream and downstream outlet for each edgedrain 
segment. 

Portable pumps can be used to clean edgedrain and 
outlet pipes. 

Picture of jetting tip. Arch
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Cleaning o f  pipes. 

We recommend t h a t  roadside should be mowed a t  
l eas t  twice yearly. This not  on ly  includes around 
the o u t l e t  pipe, but  everything along the roadside 
drainage path. 

As a minimum requirement, maintenance inspections 
f o r  pavement drainage should be performed a t  1 east 
once a year. As a minimum, the o u t l e t  pipes 
should be inspected once a year. 

We recommend t h a t  f l e x i b l e  f i b e r  o p t i c  be used t o  
inspect the e n t i r e  edgedrain system. 

Maintenance i s  c r i t i c a l  t o  the long-term 
performance o f  the drainage system and the 
pavement st ructure.  Arch
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I f  there w i l l  no t  be a commitment t o  the 
maintenance o f  the drainage system, Pavement 
Drainage Systems should not  be provided. 

I f  the drainage system does not  proper ly  funct ion, 
i t  can ac tua l l y  increase the r a t e  o f  pavement 
deter iora t ion.  

Rodent screens are necessary. Here i s  our f r i end  
the groundhog a f t e r  B i l l  Murray chased him o f f  o f  
the go1 f course. 
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A Performance Evaluation of 
PCC Pavements Constructed on 

A performance eval  ua t  i on o f  
pcc pavements constructed on 
permeable bases was performed by ERES 
Consul t a n t s  

SITE LOCATIONS 31 s i t e s  were evaluated i n  7 d i f f e r e n t  s tates.  
These s ta tes  inc luded Cal i f o r n i  a, Mary1 and, 
Michigan, Minnesota, Missour i ,  Missour i ,  and 
Wisconsin. 

DISTRIBUTION OF SEC710NS 
This  eva lua t ion  inc luded s i t e s  w i t h  d i f f e r e n t  
desi qn types and d i  f f e r e n t  permeabl e bases. 

Number of Sections 
15  his-sl i de  shows the  d i s t r i b u t i o n  o f  sect ions 

12 12 f o r  each type o f  permeable base. 
12 

9 PAGC = uns tab i l  i zed  permeable base 
6 PATB = asphal t s t a b i  1 i zed permeabl e base 

3 
PCTB = cement s t a b i l i z e d  permeable base 
AC/PCTB = Hot mix asphal t  over cement 

0 
PAGG PATB PCTB ACIPCTB s t a b i  1 i zed permeabl e base 
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AVERAGE FAULTING 
Joint Fwltlng, i n c h  

AVERAGE FAULTING 
Joint FwRktg, inoh# 
0.16 

0.14 
Doweled Sections 

PRELIMINARY FINDINGS 

Less faulting with permeable bases 
Reduction in faulting more profound 
for nondoweled pavements 
No difference in type of permeable 
base 
Interior slab deflections same 
t Higher corner deflections for 

nondoweled pavements I~ 

Some o f  the pro jec ts  were placed as experimental 
pro jec ts  evaluat ing the e f f e c t  o f  d i f f e r e n t  
design features. Thus, the performance o f  the 
pavement constructed on permeable bases can be 
compared t o  adjacent sect ions w i t h  dense graded 
aggregate bases. 

This char t  represents the e f f e c t  o f  permeable 
bases on Jointed Concrete Pavements ( p l a i n  & 
re inforced) wi thout  load t r ans fe r  devices. The 
yel low bars represent those sect ions b u i l t  on 
permeable bases where the red  represents those 
sect ions bui  1 t on non-permeabl e dense graded 
base sections. 

I n  most cases the performance o f  the permeable 
base sections i s  be t t e r  than the dense graded 
aggregate base sections. The Wisconsin 7 
p ro jec t  was completed i n  1988 and only had 1.4 
m i l l i o n  ESAL a t  the t ime o f  evaluation. 

One sect ion compared the e f f e c t  o f  pos i t i ve  load 
t rans fe r  devices wi thout  a permeable base. Note 
the benef i ts  o f  pos i t i ve  load t r ans fe r  devices. 

This char t  shows the performance JOINT FAULTING 
o f  Jointed Concrete Pavements w i t h  p o s i t i v e  load 
t ransfer .  Notice t h a t  pavements w i t h  pos i t i ve  
load t rans fe r  devices d i d  not  bene f i t  w i t h  the 
add i t ion  o f  permeabl e bases. 

This s l i d e  i s  a l i t t l e  misleading i n  t h a t  i t  
does not  show s lab cracking o r  f a u l t i n g  a t  s lab 
cracks. For example the Missouri  1 p ro j ec t  i s  a 
JRCP w i t h  60' j o i n t  spacings. The sect ion w i th  
permeable base had a s i g n i f i c a n t l y  1 ower amount 
o f  medium and high sever i t y  transverse cracks i n  
slabs than the sect ions constructed on dense 
graded aggregate bases. 

Prel iminary f ind ings from t h i s  evaluat ion are: 
Less f a u l t i n g  w i t h  permeable bases. 
There i s  a reduct ion i n  f a u l t i n g  more 

profound f o r  non doweled pavements. 
No d i f fe rence i n  type o f  permeable 
base. 
I n t e r i o r  s lab de f lec t ions  same. 
Higher corner def lec t ions f o r  
nondowel ed sect ions 
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PRELIMINARY FINDINGS - 
Backcalculated k values same 

Maximize effectiveness 
Permeable base directly under slab 

Provide filter (separator) layer 

IMPORTANT FACTORS 

Permeable base directly beneath 
slab 

Provide filter layer (or fabric) 

Pmper location of edgedrain 

Slab and joint design 

AVERAGE FAULTING 
BASETYPEtkLOADTRANSFER 

Jdnt F.ultkrg, 1nCh.r 

AVERAGE FAULTING 
PERMEABLE & NONPERMEABLE BASES 
Joint Faulting, inches 0 Doweled 
0.12 1 

PRELIMINARY FINDINGS 

Backcalculated k values t h e  same. 
Maximize e f fec t iveness  

Permeable base d i r e c t l y  under s l  ab. 
Provide f i 1 t e r  (separator) 1 ayer. 

IMPORTANT FACTORS 

Permeable base d i r e c t l y  beneath slab. 
Provide f i l t e r  l a y e r  ( o r  f a b r i c ) .  

0 Proper l o c a t i o n  o f  edgedrain. 
Slab and j o i n t  design 

Th is  s l i d e  shows average j o i n t  f a u l t i n g  by base 
type and l oad  t rans fe r .  There i s  a d i r e c t  
b e n e f i t  f rom t h e  use o f  l oad  t r a n s f e r  devices. 
I t  a1 so appears t h a t  t h e  average f a u l  t i  ng on 
permeable base sect ions i s  a t  l e a s t  h a l f  o f  the  
average o f  t h e  dense graded sect ions. 

Average j o i n t  f a u l t i n g  f o r  permeable and 
nonpermeabl e base sect ions. Again n o t i c e  the  
b e n e f i t  us ing t h e  permeabl e base and p o s i t i v e  
l oad  t r a n s f e r  devices. 

" Permeable Base Nonpermeable Base 
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AVERAGE CORNER DEFLECTIONS 

O AGG PAQG ATB PA, CTB PcrB LC. 

Average corner defl ect i ons for dowel ed and 
nondowel ed sections per base type. 
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