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Implementation of Internal Road Drainage 
Design and Application 

GEORGE S. KOZLOV 

ABSTRACT 

As a result of more than 5 years of re­
search, which culminated in the construc­
tion of two experimental, internally drain­
able road sections, it is now possible to 
present engineers with procedures for the 
design, construction, and maintenance of 
adequately drainable roads. These procedures 
are offered as a guide until their further 
application would provide additional data 
for improvements. It is suggested that ade­
quate surface drainage, combined with ap­
propriate internal drainage, is the most ad­
vantageous solution to the problem of water 
buildup beneath a roadway. 

Research by the New Jersey Department of Transporta­
tion {NJDOT) has established that improved pavement 
durability can be realized if water is not allowed 
to accumulate within the structural section of a 
pavement. Therefore use of a drainage layer immedi­
ately below the lower bound layer of a pavement has 
been found to be the most effective means of 
achieving the necessary degree uf lntt!rnal ilrainage. 
This system is designed to handle surface infiltra­
tion water only. 

However, groundwater drainage systems will be 
used only 1vnen groundwater is deemed to be a prob­
lem. It can be in the form of longitudinal or trans-

verse drains to intercept flow, or drainage blankets 
or well systems to lower the water table and relieve 
pore water pressure. In this way the two internal 
water drainage sources previously mentioned call for 
two totally and distinctly different drainage ap­
proaches and solutions. 

SUMMARY OF SUPPORTING RESEARCH 

As part of the research study, a field investigation 
of the existing underdrainage conditions of New 
Jersey highways was performed. The field surveys in­
dicated a definite need for better internal drainage 
solutions, Subsurface drainage failure under port­
land cement concrete pavements was found to be mani­
fested by pumping, cracking, and eventual disinte­
gration of the surfacings, Water-related deteriora­
tion of bituminous concrete pavements appeared to 
occur no less often i however, the relationship was 
often not visually apparent. It appeared that the 
type of surfacing had little effect on the moisture 
conditions immediately below a pavement. 

The survey of New Jersey highways included a per­
formance evaluation of several previous subsurface 
drainage solutions. The conclusion, in essence, was 
that longitudinal pipe drains, after-the-fact solu­
tions, or even initial installations apparently are 
not adequate to handle the subsurface drainage of 
infiltrated roofwater. Thus the objective of this 
project became the development of the pavement de­
sign process. 

Specifically, it was intended that the research 
formulate the design methods and the construction 
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and maintenance procedures for a drainage system 
that would control water within New Jersey pave­
ments. To this end, an exhaustive study of the state 
of the art, extensive laboratory investigations, and 
some experimen~aL rieLa installations were con­
ducted. To minimize the amount of surface water en­
tering a pavement, it is obvious that every effort 
should be made to have a fully effective surface 
drainage system. Therefore, as part of the study, a 
practical surface drainage guide was prepared for 
use with the small drainage areas typically en­
countered in highway design <.!.> • For subsurface 
drainage of the water that does get into a pavement, 
the literature review and results of the field sur­
veys indicated that solutions proposed by Cedergren 
et al. (~) offered some promise for success. 

The most important element of the Cedergren ap­
proach is the drainage layer. Such a system can be 
achieved if a drainage layer is provided that satis­
fies three basic requirements: It must be open 
enough to drain water in a reasonable length of 
time, yet with low enough flow rates to prevent in­
ternal erosioni it must be dense enough to support 
traffic loadsi and it must possess filtration char­
acteristics compatible with base and subbase materi­
als. The development of materials that satisfied 
these requirements proved to be extremely difficult 
and became the object of a significant portion of 
the literature assessments and most of the labora­
tory work. 

To design an effective drainage layer it was 
first necessary to identify flow theories for open­
graded materials. Darcy's flow equation, even though 
only applicable to laminar conditions in finG grain 
soils, appeared somewhat useful in developing upper 
bounds on horizontal flow rates in an open-graded 
layer. In the end, horizontal flume tests had to be 
undertaken to confirm that the final drainage layer 
materials would perform effectively. 

The actual design of the drainage layer began 
with an attempt to satisfy the requirement of remov­
ing infiltrated water in a reasonable time period. 
To preclude water freezing within a drainage layer 
and to avoid extensive periods of saturated pavement 
materials, achieving 50 percent drainage within 24 
hr was concluded to be more appropriate for high­
ways. For a selected drainage layer thickness of 4 
in. and considering New Jersey's climatic condi­
tions, probable rainfall, and possible infiltration 
rates, the 24-hr criterion led researchers to estab­
lish a needed minimum permeability of 1,000 ft per 
day within the drainage layer. However, from subse­
quent laboratory evaluations of available drainage 
layer materials, it was found more appropriate to 
establish a desired permeability range of 1,000 to 
3,000 ft per day. With this restricted permeability 
r: ange it wa.i possll.Jlt! tu l>1ul1:1tt! matt!r lab1 that 1:11.iu 
had adequate stability and filtration properties. 

Several field construction trials were used to 
help direct and verify the laboratory efforts at de­
veloping adequate drainage layer materials. From 
these combined activities it was possible to formu­
late materials and construction specifications for 
nonstabilized open-graded (NSOG) and bituminous­
stabilized open-graded (BSOG) layers. 

PROCEDURES FOR DESIGN, CONSTRUCTION, AND MAINTENANCE 

Design of Drainage for Surface Water Infiltration 

The validity of the design procedures presented in 
this paper depend on the accuracy and completeness 
of the design and application requirements. The 
solutions developed by this research are as re-
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alistic as possible, while still retaining engineer­
ing integrity. 

The requirements for the design and application 
of the subsurface drainage can be placed in the fol­
lowing categories: 

1. The geometry of the flow domain, 
2. The properties of the materials, 
3. The application of the drainage facilities 

and the means for applying them, and 
4. The climatological data. 

The geometry of the flow involves the geometric 
design of the highway, related subsurface drainage 
geometry, and prevailing conditions. The fundamental 
properties of the drainage material, such as perme­
ability, density, geological characteristics, and 
particle shape, define the performance of the ma­
terial. To perform properly, drainage material must 
transmit the flow of water, properly support loads, 
and, most important, retain these characteristics 
for a reasonable life span of a road. Proper use of 
such character is tics in the design and application 
of the drainage facilities also requires suitable 
lifetime maintenance. The climatological data pro­
vide insight into the fundamental source of all sub­
surface water and the potentially adverse effects of 
frost action. 

Highwa y and Subsurface Geometry 

Almost all of the geometric design of subsurface 
features of a highway can exert some influence on 
the analysis and design of subsurface drainage. 
Therefore, before attempting to undertake such work, 
the designer should be armed with as much informa­
tion as possible on these features. Included should 
be sufficiently detailed profiles and cross sections 
to permit assembly of the following data for each 
section of roadway under consideration: longitudinal 
gradesi transverse grades (including supereleva­
tions) i widths of pavement and shoulder surface, 
base, and subbase i required thickness of pavement 
elements based on normal structural design practice 
for the particular area under consideration i depths 
of cuts and fillsi recommended cut and fill slopesi 
and details of ditches and other surface drainage 
facilities. In addition, it is considered desirable 
to have a topographic map of the highway corridor on 
which the fin al highway alignment has been super­
imposed. 

The flow of water in the structural section 
(drainage layer) of the pavement is largely con­
trolled by the longitudinal grade of the roadway and 
its cross slope. When the profile of a road is rela­
tlvely flat, water entering the drainage layer will 
flow laterally by virtue of the cross slope of the 
layer and empty into the longitudinal drainage 
trenches. However, when there is a profile grade, 
the water will also flow somewhat in the direction 
of the grade. 

For a particular roadway site, a good estimate of 
the flow path length for a single lane of pavement 
can be obtained by using the equations that follow. 
Also, an equation is provided for distance of flow 
parallel to the grade that is helpful in establish­
ing the actual station locations of any needed cross 
drains. 

L = W../I i- (S1on8/S000,.)
2 

= W(S1o1111/Sor=) 

(1) 

(2) 

(3) 
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where 

w 

highway lane cross slope (ft/ft), 
highway lane longitudinal slope (ft/ft), 
slope of the underdrain layer (path) 
(ft/ft), 
width of drainage layer (lane width) 
(ft), 
length of flow path (ft) , and 
distance water has traveled in the 
direction parallel to the grade (ft). 

Transverse drains must be used at each underdrain 
outlet to convey water from the longitudinal drains 
to the outlet facility. Except for vertical sag and 
superelevated curve conditions, transverse drains 
should be placed at about a 45-degree angle to the 
longitudinal pipe line. In hilly terrain the cross 
drains should be required wherever needed to prevent 
the flow paths from exceeding approximately 150 ft. 

The location of outlets will often be dictated by 
topograhpic and geometric features and overall 
drainage patterni nevertheless, as a general rule, 
the spacing of outlets should not exceed 500 ft. 

Normally the outlet pipes should be daylighted. 
If this is not possible, then they should be drained 
into the nearest inlet structure. When the latter is 
the case, it is imperative that the flow line of the 
subsurface drainage system pipe be at least 6 in. 
higher than the maximum predicted water surface in 
the inlet to avoid storm water backing up into the 
subsurface drainage system. 

Design of Subsurface Drainage Layer 

The infiltration of water into the pavement has been 
practically resolved so as not to require the knowl­
edge of the water movements, as will be shown later. 
The drainage layer developed by NJDOT has the capac-
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i ty to drain off the water in a reasonably short 
time, that is, before it can cause jeopardy to the 
structural capacity of the pavements. As already in­
dicated and shown on standard details (Figures 1-4), 
the drainage layer should be located immediately be­
low the bound layer of a pavement under a minimum of 
6 in. of confinement. Figures 1 and 3 give the 
cross-sectional view of a drainage layer, its edge 
drains, and a typical cross drain for a generalized 
highway pavement. Figure 1 provides an alternate 
whereby the longitudinal edge drains are positioned 
at the edge of the pavement, whereas Figure 2 shows 
the same drains located at the edge of the shoulder. 
The alternave shown in Figure 2 is preferred, but if 
construction costs are of major concern or if the 
design considerations require, the approach shown in 
Figure 1 can be used. Figures 1 and 2 have the cross 
slopes and grade breaks of the drainage layer mir­
roring the pavement surface. Details in Figures 3 
and 4 are basically duplicates of Figures 1 and 2, 
except that a constant cross slope is required of 
the drainage layer. From a long-term performance 
standpoint, construction in accordance with the de­
tails shown in Figures 3 and 4 are best. However, 
for ease of construction, but not necessarily for 
minimized installation costs, the configuration 
shown in Figures 1 and 2 will frequently be found 
more appropriate. Of course, variations of Figures 
1-4 are entirely feasible as long as they are ap­
propriately developed. 

Principles of Subsurface Drainage 

The roofwater drainage layer developed in this re­
search is open enough to drain water in a reasonable 
amount of time, yet its flow is close to laminar. 
Also, this layer is dense enough to support traffic 
loads, while possessing filtration characteristics 
compatible with the base or subbase materials. Be-

FIGURE 1 Internally drainable road cross section with drains at the edge of pavement. 

e.c. OR PC ,C. PAVEMENT, MIN. 61N. THICK 

4 IN , B,S.0.G, OR N. S.O.G , DRAINAGE LAYER 

BASE OR SUBBASE LAYER. 

B,C. SHOULDER 

SOIL AGGREGATE OR DENSE GRADED 
AGGREGATE BASE LAYER. 

© 8 OR !H COURSE AGGREGATE 

\!) L.F.A . PLANT MIXED STABILIZED BASE COURSE OR NONSTABILIZED 
BASE COURSE OVER FILTER FABRIC , 

NOTES I, USE PnlME COAT ON THE TOP OF THE NSOG LAYER . 

2. DRAINAGE PIPE ~HALL BE PERFORATED DA SLOTTED CORRUGATED 
METAL, PVC OR PE PLASTIC OR POROUS WALL CONCRETE PIPES . 

FIGURE 2 Internally drainable road cross section with drains at the edge of shoulder. 
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= = ;-
NON-PERFORATED OUTLETS 

IN SUBGRADE 

FIGURE 3 Road cross section drainable to the edge of pavement collector. 

@) 8.C. SHOULDER 

NOTES : I. LONGITUDINAL DRAINS IN THESE DETAILS CAN BE 
LOCATED AT EITHER THE EDGE OF 

@ NON-STABLIZED BASE 
COURSE OVER FILTER 
FABRIC OR STABLIZED 
BASE COURSE. PAVEMENT OR SHOULDER. 

2. FOR ADDITIONAL DETAIL AND NOTES SEE FIGURES 7 AND B @DRAINAGE LAYER, MIN . 
4 IN. THICK, 

FIGURE 4 Road cross section drainable to the edge of shoulder collector. 

cause there is practically no way to prevent the 
penetration of roofwater into pavements nor is it 
practical to drain this water any other way but 
horizontally, a drainage layer invariably should be 
used in all roads if the problems associated with 
water in pavement are to be solved. 

As already indicated, the principles of sub­
surface drainage that have been adopted here suggest 
that only the drainage capacity of the drainage 
layer determines the quantity of water to be 
drained. This quantity of water will generally be 
less than the capacity of the drainage pipes in the 
longitndin~l edge nr;:dnR= Therefore, the <'!AP~<'!itv nf 
a drainage layer can then be calculated by Darcy's 
equation: 

Q=KAi 

where 

Q discharge quantity (ft 3 /day) per foot of 
longitudinal drainage pipe length, 

K = permeability constant (ft/day), 
i ~ Ha/L = hydraulic gradient (ft/ft) , 
A ~ H x 1.0 cross-sectional area of drainage 

layer (ft 2 ) per unit width of the layer, 

(4) 

L length of flow path through the soil (ft), 
H thickness of open-graded layer (ft) , 

H0 = H + L tana (ft), and 
tana = slope of the base layer. 

The next parameter of importance is the time of 
drainage. To keep structural water damage at an ab­
solute minimum, the total removal of water within a 
reasonable time span is desirable. If the amount of 
water to be drained is given by neAL, the Darcy 
fundamental equation, when solved for time t, yields 

!total= neL2 i [K(H + L tan a)] (5) 

where ttotal is the time of total drainage of the 
free moisture a layer can drain (days) , and effec­
tive porosity (nel = (volume of voids that can be 
drained)/(total volume). 

Most investigators agree that the subsurface 
drainage must be capable of removing within a short 
enough time span 50 percent of unbound moisture it 
can drain. This requirement prevents the freezing 
effect of the water from damaging the pavement 
structure. using Casagrande's <1> flow equations for 
time, the 50 percent drainage point is expressed as 

!50 = n0 L2 I [2K(H + L tan a)] (6) 

where t 50 is the time of drainage of 50 percent of 
the unbound moisture a layer can drain (days) . Ef­
fective porosity has been found to equal approxi­
mately BO percent of the absolute porosity (n) for 
granular type materials. 

With flow conditions of ope11-yraclecl 1111:1teri1:1l>1 
bordering on the turbulent, the flow rates will be 
lower than those predicted by Darcy's fundamental 
law. The magnitude of the flow rate in this instance 
would be a matter of conjecture, because little work 
has been done in studying turbulent flow in soils. 
In any case, because of possible turbulent condi­
tions, there needs to be an extremely stable grain 
structure in the drainage layer. 

Application of Open-Graded Drainage Layer 

In any internal road drainage design, either the NSOG 
or the BSOG layers can be used with the appropriate 
collector system. Initially, the NSOG material was 
developed primarily for use in rig id pavement de­
signs, whereas the BSOG drainage layer was meant for 
use in flexible pavements. It was originally the­
orized that for the unbound NSOG material, rigid 
pavement would provide better and more uniform load 
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distribution, whereas the BSOG layer, with its sta­
bility provided by asphalt, would be more compatible 
with flexible pavements. Thus far the NSOG material 
has been found to be somewhat better from a struc­
tural performance standpoint. However, BSOG is 
easier to construct. Currently, it does not appear 
that there will be a great differential in cost be­
tween the two material types. 'For structural design 
purposes, both NSOG and BSOG can be assumed to have 
a structural index equivalent to NJDOT dense-graded 
aggregate base (SN= 0.14). 

It is imperative that both materials are applied 
with some type of barrier, be it some form of soil 
stabilization, filter cloth, or filter-type soils 
under, above, or adjacent to the open-graded layer 
and drainage trenches. Although the use of soil 
stabilization or filter fabric might increase the 
cost of drainable pavement if materials compatible 
with filter requirements (such as the subbases typi­
cally specified for New Jersey roadways) are placed 
under the open-grade.a layer, no additional cost 
should be incurred. If structural strength ad­
vantages were ascertained in flexible pavement de­
sign, the use of lime-fly ash soil stabilhation 
could provide considerable cost savings. 

NSOG Material Properties and Laboratory Procedures 

The NSOG material must comply with the gradation 
band shown in Figure 5 and the composition of the 
mixture given in the following table. The material 
for this layer shall consist of crushed aggregate 
conforming to the following gradation requirements: 

Allowable Percent 
Sieve Size Passing 
1.5 in. 100 
l in. 95-100 
0.5 in. 60-80 
No. 4 40-55 
No. 8 5-25 
No, 16 0-8 
No. 50 0-5 

100 

90 I 
80 I 

I 
70 I 

I 
60 

I 
~ :10 I 
z 

I ;;; 
"' : 40 I 
~ I 

30 
I 

20 I I 
I I 

10 I I 
I I 

0 I I 
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The material can be made of a 50/50 blend of No. 57 
and No. 9 stone or might be produced as a new stan­
dard size mix of coarse aggregates. Even though only 
three specific stone sources (limestone, trap rock, 
and gneiss) could be tested, these materials are 
representative Of the predominant stone types avail­
able for NJDOT construction work. However, because 
these were not all-inclusive tests and were labora­
tory rather than field investigations, caution is 
suggested when using crushed stone from other 
sources. There are many stone sources and even a few 
other stone types that are currently acceptable for 
New Jersey projects. The producer of NSOG material, 
therefore, is required to submit for approval a par­
ticular target gradation that is within the band and 
can be produced with his aggregate sources. The per­
meability testing and density and gradational sta­
bility evaluation with the Burmister vibratory table 
are essential, and submission of samples for such 
purpose is required. The final approval of the ma­
terial is based on the target gradation having perme­
ability of 1,000 to 3,000 ft per day and a stable 
voids system. Gradational stability does not imply 
the structural strength of a material, but rather it 
is based on visual asp_ects (i.e., minimum of voids, 
degree of migration, and segregation1 hence a stable 
voids system) • When a sample is compacted into a 
Plexiglas mold it is visually evaluated for low void 
content and absence of segregation, and then density 
is measured directly in the mold. I'f No. 57 and No. 
9 stone are mixed, they must individually meet grad­
ing specifications and in any case be of the same 
source (i.e., stone type) because mixing of stone 
types might impair the per:formance of the drainage 
layer. 

To assure that adequate conditions are achleved 
in the field, in-place gr:adations are required to be 
close to the target gradation. The density of the 
mate~ial, while being close to that achieved in the 
Burmister mold, must be the maximum attained in the 
control strip test. 

To ascertain that the requirements previously 
mentioned and specified in the NSOG construction and 

NSOG RAN.GE 11' I RATIO OF 

"5 7 / 0 9 STONE J 

•4 •e •1s #100 it zoo 
SIEVE SIZES -

FIGURE 5 NSOG gradation range. 
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material specification are met, new falli ng head 
permeability · and modified compaction tests are pro­
vided ( 4) • The specified per·meameter served well 
throughout the research study. 'l'he equipment can be 
used with confidence on materials that have a K 
factor ranging from 100 to 20,000 ft per day. This 
permeameter gives reasonable repeatability, and the 
permeability constant K values are probably slightly 
conservative, and hence applicable to the subject 
engi neerin9 problems. When used as a permanent piece 
of equipment, it should be improved and standardized 
for manufacturin9 purposes. 

To duplicate field compaction conditions , labora­
tory compaction procgaures for NSOG material were 
develot>ed and provided by the specification (!) • 
1';.STM specification 02049 provides Burmister vibra­
tory table test procedures for compaction of cohe­
s ionless soils. The Burmister equipment was modified 
for testin9· the open-graded materials, as it is 
described i n specifications (4) . A Plexiglas mold 
was used to allow viewing of the samples for evalua­
tion of their 9radational stability and density 
measurements . The relatively large Plexiglas cylin­
der mold , capable of holding 15 lb of uncompacted 
NSOG mate.rials , proved to be essential for obtaining 
represent.ative density results. For permeability 
tests, a 4-in. metal mold is used with a 1600-g 
specimen f or compatibility with the permeameter. 
This equipment should also be standardized for manu­
facturing purposes. 

It should be noted here that wet stone densities 
were lower than dry stone, on the average by approx­
imately 8.5 percent. Also, there appears to be no 
migrations of the fine mate i al to the bottom of the 
sample, although considerable migration of fines 
could be observed in dry samples. The presence of 
water appears to decrease the density and lessen the 
migration of fines. Therefore, although wet stone 
will be used in the field to minimize se9regation, 
in laboratory compaction only dry stone must be 
tested. 

100 

90 

no 

70 

60 

50 

~ 40 

"' "' <t 
"- 30 

20 

10 
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BSOG Material Properties and Laboratory Test 
Procedures 

The BSOG material must comply with the gradation 
b;:ind s hown in ?igure 6 and the composition of the 
mixture given in the following table. The BSOG 
material shall consist of bitumen, antistrippin9 
agent, and aggregate that conform to the following 
gradation requirements: 

Allowable 
Sieve Size Percent Passing 
1 in. 100 
0.75 in. 95-100 
0.5 in. 85-100 
0.375 in. 60-90 
No. 4 15-25 
No . 8 2-10 
No. 16 2-5 
No. 200 

(Note that for the No. 200 sieve, 2 percent (by 
weight of total mix) mineral filler should be added. 
Also note that the bitumen content shall be 
3 ± 0.5 percent by weight of dry aggregate and 
mineral filler.] This gradation, made of No. 8 stone 
size, is modif ied by the addition of some large size 
aggregate to lower material cost. Because the ma­
te·rial passing the No. 4 s cr:een and retained on the 
No . 8 screen controls the permeability, the BSOG 
gradation specifications of the No. 4 screen are 
also tightened. 

The asphalt content for the BSOG material should 
always be set a t 2 to 3,5 percent. The lower limit 
of this range was determined on the basis of a 
thorough coating of the stone pa.rticles. The upper 
limit , on the other hand , was established when the 
excess of the asphalt content begins to drain. Ad­
mixing of an antistripping agent to the asphalt is 
required for field applications. A.lso, a small 
amount of mineral filler (2 percent) is used to 

•4 ~a •ts .. 100 *'200 
SIEVE SIZES -

FIGURE 6 BSOG gradation range. 
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stiffen the asphalt cement, to reduce asphalt drain 
Off, a nd to improve mixture cohesion. 

AS in the case of the NSOG material, the con­
tractor is required to submit for approval a partic­
ular target gradation that is with i n the band. The 
design approval is based on the NJDOT laboratory 
test of mixture permeability. The compaction of the 
BSOG material is achieved with a Universal testing 
machine at pressures of 1,000 psi for trap rock and 
gneiss and 600 psi for limestone materials. This 
provides permeabilities within the required range of 
1,000 to 3,000 ft per day. Field permeabilities 
should be somewhat higher than the laboratory values 
because the compaction process with the universal 
testing machine tends to create a more closed sur­
f ace than that achieved in the field. 

It should be recognized that the laboratory com­
paction data can serve as a guide for field densi­
ties. Because the laboratory compaction pressures 
evolved from ah attempt to match achievable field 
densif ication, the laboratory densities could be 
used as a rough indication of the probable field 
density. However, it could not be used as a target 
because maximum density achieved on a control strip 
should be the only acceptable target. Nevertheless , 
a general equivalency between laboratory and control 
strip field data offers some assurance that per­
meability levels in the field are somewhat com­
parable with laboratory values. 

To assure compliance with the requirements and 
the specifications previously given, permeability 
tests and modified Universal testing machine compac­
tion procedures are provided . ASTM specification 
Dl075, as used in the Immersion Compression Test, 
was modified to suit the specific needs of BSOG ma­
terial compaction. The major modification for test­
ing drainage layer materials consisted of decreasing 
the compaction pressure specif ied in the test. ·This 
was done to minimize the effect of the apparent 
crushing of particles, which had caused con.sider able 
changes in gradation--a phenomenon that did not oc­
cur in the field. Again note that because the re­
searcher could look only at a limited amount of New 

AT THE TIME OF DRAINAGE 
LAYER PLACEMENT REMOVE 
FABRIC FROM THE TOP OF 
TRENCH AND PLACE IT TO 
PROTECT EXPOSED EDGES 
AND THE TOP OF OPEN 
GRADEO MATERIAL. ( TYP. ) 

SHOULDER 
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Jersey sources, caution must be exercised when new 
sources or stone types are being introduced. 

Design of Water-Collection Systems 

General 

Some of the features of water-collection systems 
were already discussed in the subsurface geometry 
analysis. Basically, physical features such as the 
use o f longitudinal and transverse drains, the angle 
of outlets, daylighting or draining the outlets into 
the inlet structures, and the like were discussed. 
The geometric analysis of the location, spacing, and 
arrangement of collectors was also made. 

At this point two factors concerning internal 
drainage collection should be mentioned. One is ver­
tical drainage, and the other is daylighting of the 
drainage layer instead of draining it into the edge 
drains. The vertical drainage of the infiltration 
water is impractical because of the impervious na­
ture of the subbase and the complexity and cost of 
the solution for determination of the drainage char­
acteristics of the subgrade. On the other hand, the 
daylighting principle, at a glance, appears tempting 
mainly because it is so much cheaper. However, it is 
a generally well-known fact that it is not uncommon 
for this type of outlet to become clogged and cease 
to function. This would mean a water buildup under 
the pavement resulting in a rapid deterioration of 
the pavement structure. Thus a drain that contains a 
pipe is the only positive mode of water collection 
that appears to be su.fficiently practical and reli ­
able. 

Longitudinal Transverse Collectors and Outlets 

Figures 7-11 provide typical details of longitudinal 
a nd transverse collector designs and outlets tha t 
are either daylighted or terminated in inlets. Fac­
tors that affect collector design basically are 
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FIGURE 11 Typical outlet pipe entrance detail. 

drainability, susceptibility to frost effects, and 
structural integrity. Drainability is, of course, 
the purpose of such a systemi however, frost or 
structural instability could jeopardize its func­
tionality. For this reason a collector must be care­
fully designed and constructed, as shown in Figures 
7 and 8. The minimum requirements should be such 
that a 6-in. clearance is provided between the 
trench walls and the side of the pipe. In addition, 
the trench must be deep enough to keep the bottom of 
the drain pipe on a 3-in. bedding, at least 12 in. 
below the top of the subgrade, and under minimum 
structural cover required by the pipe designs. 

There appears to be some controversy concerning 
location of a drain pipe in relation to the frost 
depth. Theoretically, a functional pipe is not going 
to have enough water to freeze. However, for reasons 
not fully substantiated, there ate reports of frozen 
collectors impairing drainage functions. There are 
enough grounds to believe that situations might 
arise whereby the function of a collector might be 
impeded by frost. So the question is, How real a 
problem is the freezing of a collector system? It is 
the belief of this researcher that, in lieu of ade­
quate knowledge, the possibility of such a calamity 
calls for an engineering judgment, and it is sug­
gested that the requirements offered by u. s. Army 
manual TM5-820-3 (~) and shown in Figures 7-9 be 
used. 

Because a drainage trench is located within a 
subgrade usually containing a large quantity of 
fines, a filtration medium such as a filter fabric 
lining is advisable, especially because the crushed­
stone trench backfill must have drainage charac­
teristics exceeding the drainage layer material and 
particle sizes compatible with the pipe perfora­
tions. A No. 8 or No. 57 stone fits well into the 
situation, whereas the No. 57 and No. 9 mixture has 
enough No. ~ otone ci3c particles that might aaaily 
migrate into the pipe and permanently impede its 
function. To protect the trench backfill from con­
tamination by fines from adjacent soils, a suf­
ficient length of filter fabric flap should cover 
the trench during construction. This should be left 
in place until the placement of the drainage layer, 

at which time the flap should be removed and placed 
to protect the edges of drainage material. 

The same requirements and procedures are neces­
sary for transverse ditches, except that to increase 
the structural integrity, the top 6 in. of the pipe 
backfill is replaced by regular drainage layer 
material. 

As note 3 in Figures 7-9 indicates, porous wall, 
corrugated metal, and polyvinal chloride (PVC) and 
polyethylene (PE) plastic pipes c an be used in such 
applications. Although the first two types of pipe 
material have been used successfully for a long 
time, the application of plastic materials in such a 
manner is relatively new. 

At this point the importance of only 3 in. of 
pipe bedding and good compaction of the pipe back­
fill must be mentioned. Experience has demonstrated 
that the use of more than 3 in. of bedding provides 
too much undrainable space below a drain pipe, and 
the structural strength, especially with plastic 
p ipes , in large measure depends on the proper c om­
paction of the backfill material. I mproper handling 
o f either criterion could impede the structural in­
tegrity of the collector. 

DESIGN OF GROUNDWATER DRAINAGE 

The analysis and solutions of the groundwater drain­
age problems can be found in publications by Moulton 
(~) and by Kozlov (,!) • 

A groundwater control system refers to subsur­
face drainage specifically designed to remove or 
control the flow of groundwater. Such a subsurface 
drainage system may perform a number of the follow­
ing functions: 

1. Intercept or cut off the seepage above an im­
pervious boundary, and 

2. Draw down or lower the water table. 

Often such a system may apply to more than one 
function, such as the interceptor drain not only 
cuts off the flow but it also draws down the water 
table. Such subdrainage systems are commonly identi-
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fied in terms of their location and geometry. con­
trary to infiltration water drainage systems, the 
groundwater drainage system will be used only when 
and where it is needed. This means it must be de­
signed to fit each case individually, and in most 
cases it will consist of some f orm of interceptors. 
Furthermore, the quantity of flow and t he means of 
its disposal must be known for a groundwater drain­
age system to be adequately functional. 

In most cases little or no water gets into the 
pavement section from this source. However, in cases 
of a high water table or artesian flow, the water 
drawdown that is required often can be accomplished 
by a properly designed drainage blanket of high per­
meability. Normally it is located beneath the sub­
base on the top of the subgrade so as to keep water 
from satura ting the pavement foundation, This layer, 
in v ariance to a drainage layer for the removal of 
roofwater, must be designed and constructed so as to 
remove all water as soon as it is reasonably 
possible. 

CONSTRUCTION AND MAINTENANCE 

General 

The limited experience in building internally drain­
able roads has demonstrated the relatively easy con­
structability of such systems under portland cement 
concrete and bituminous concrete pavements. The ex­
perience has also revealed the possible pitfalls 
that can occur when a less-than-concerned attitude 
exists on the part of the road builders. Attempting 
to build such systems with inadequate, unsuitable, 
and dilapidated equipment is bound to be fraught 
with difficulties. In addition, constructing only 
part of the underdrainage system and leaving it, for 
example , over the wi nter to be c ompleted next spring 
is tota lly unacceptable. Even neglecti ng it during 
the construction season is extremely ill-advised and 
will make it prone to considerabl e d amage a nd prob­
ably even early failure at a l a ter dat e because of 
possible contami nation and degLadat i on. Proper de­
sign and strict enforcement of drawings and specifi­
cations are absolutely essential. Because such re­
quirements must also apply to the construction of 
any elements of a highway, the enforcement of said 
requirements should not cause increased costs when a 
reputable contractor is involved. 

Thus the constructability of BSOG and NSOG drain­
age layers with proper equipment and in accordance 
with the procedures appears to cause few, if any, 
problems. However, if other than the s pecified 
equipment and procedures are used, placement of 
these materials can be somewhat problemati~. ThP 
performance of such layers under rigid or flexible 
pavements, when proper confinement is provided, in­
deed appears to be adequate. When an asphalt­
stabilized base is placed over a drainage layer, the 
BSOG material provides an adequate construction 
platform, whereas the NSOG layer, under adverse cir­
cumstances, might be somewhat unstable. The problems 
encountered with the NSOG layer appear to occur when 
adverse construction conditions require an unusual 
amount of manipulation by trucks delivering the mix 
to the paver. The end result might be a certain 
amount of rutting (0.5 to LO in,) of the open­
graded layer. If normal rutting is not tolerable, 
use of the BSOG drainage layer is recommended. How­
ever, if the NSOG material is used, careful con­
struction practices (e.g., a laborer with a rake or 
a small compactor-roller) can keep the surface in an 
adequate shape. 

The best means for including the special under­
d rainage in roadways is first to construct all sub-
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bases. If required, the top of the subbase is then 
stabilized or the filter cloth barrier is placed to 
provide a construction platform and to prevent the 
intrusion of fines into the overlying drainage 
layer. This is followed by the construction of the 
collection system. Finally the drainage layer is 
placed. 

Irrespective of the proper design and construc­
tion of a subsurface drainage system, some mainte­
nance will be required to ensure the continuous 
operat ion of the s y s t e m. To the extent possible, all 
f eatu r es of the s ystem should be designed for mini­
mum maintenance. NeverthelQss, a program of continu­
ing regul a r ins pecti o ns, prevent i ve- t ype mainte­
nance, a nd repair-type mai nte nance must be an­
ticipated. 

Construction of Coll ec tion Systems 

For drainage trenches the procedure should be to ex­
cavate through the subbase to a prescribed depth. 
Then the trench s houl d be lined with filter cloth by 
unrolling it by hand, keep ing it about 30 ft ahead 
of the backfilling operation. While two laborers 
hold the edges, a third man should walk the filter 
fabric, conforming it to the dimensions of the 
trench. After that a drainage pipe should be placed 
on 3 in. of No, 8 stone bedding and backfilled with 
No. 8 stone. Beginning 12 in. above the top of the 
pipe, the backfill in the trenches must be compacted 
in 6-in. lifts by three to four passes of a vibra­
tory p l ate compactor. 

The construction of outlet ditches is similar, 
except solid (nondrainable) pipes and regular sub­
grade soils for bedding and the backfill must be 
used. The outlet pipes should either be daylighted 
or terminated in the surface drainage inlet 
structures. 

The procedure for trench construction that is ac­
ceptable for a small job requires the use of a 
Grad-All for trench excavation, a front loader for 
placement of the backfill, and regular trucking for 
material transportation. Although 1,000 f t per day 
of such trench construction might be ach ieved, con­
siderably better progress on the order of 2, 000 to 
3 ,000 ft pe r day s hould be possible if more appro­
priate equipment a nd construction scheduling were 
used. For example, a significant increase in the ef­
ficiency of the trenching operation could be 
realized if a trenching machine, such as a Ditch 
Witch, and modified trucks to funnel stone into the 
ditch were used. All this, coupled with adequately 
scheduled removal of the excavated material and sup­
ply of pipe and backfill, would considerably improve 
conRt.rnct ion progrQ11s. 

Construc tion of NSOG and BSOG Dra i nage Layers 

Placement of the open-graded layer (both NSOG and 
BSOG) can be best accomplished with an asphalt 
paver. Whether er not a stone spr eader for placing 
an NSOG layer is usable depends on the degree of 
precision the equipment is capable ofi it must be at 
least equivalent to the precision of an asphalt 
paver with automatic grade control. For placing NSOG 
and BSOG materials, the use of a tracked paver is 
recommended. Additional fi ne grading with a grader 
should be nil. Slightly moist (about 2 percent mois­
ture) NSOG material can be handled by an a sphalt 
paver with no modification or damage to the equ i p­
ment. The NSOG material should be compacted by a 
vibratory roller, whe r eas the BSOG layer can be com­
pacted with standard static rollers (three-wheel 
breakdown roller followed by tandem finishing 
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roller). The vibratory asphalt rollers could pos­
sibly be used on the BSOG material, but the tempera­
ture would have to be appropriately lower to prevent 
edge shoving. 

Considering that the BSOG mix appears to be some­
what unstable when hot (excessive spreading has been 
observed at the edges during compaction), it is ad­
visable for compaction to commence at a temperature 
of about 210°F. For permeability reasons, the mix is 
rather open with few fines, if any, in it. Thus the 
asphalt tends to act more as a lubricant, aiding 
compaction with this mix more than with a dense­
graded mixture. The lower compaction temperature 
permi.ts the asphalt viscosity to increa.se and its 
bonding ability to take over to achieve a more 
stable mix for compaction. 

The test strip approach for compaction control of 
the open-graded layers appears to work well. Because 
this approach relies only on relative density mea­
surements, a nuclear gauge operated in whatever 
mode, be it in the backscatter position with or 
without surface p.ceparation or in the direct trans­
mission mode, should be adequate. A nuclear gauge is 
thus used to monito.r the increasing densities at the 
same three locations within a control strip between 
successive roller passes. As the compacted material 
approaches the maximum density achievable in the 
field, the average difference between any two con­
secutive passes approaches zero. Under the direction 
of the engineer, rolling must continue until this 
average density difference is less than or equal to 
o. s lb/ft'. At this point maximum density is in­
ferred because the observed density failed to in­
crease with additional passes. Based on statistical 
data from the experimental installations, it is ex­
pected that most BSOG strips will require approxi­
mately 6 passes, and less than 5 percent of the con­
trol strip applications shou.ld require more than 10 
passes. For NSOG control strips the average number 
of required passes should be approximately five. 

As already stated, construction of pavement 
courses above the open-graded layers should not be 
difficult if proper equipment is used. After it has 
cooled, the BSOG material hardens into a very firm 
layer, which represents an adequate construction 
platform for both the portland cement and bituminous 
concrete surfacings. For the NSOG layer, only con­
ventional paving procedures are necessary for place­
ment of the concrete. 

No shrinkage cracks in the concrete road slabs 
and little infiltration of the concrete into the 
open-graded layers has been observed. The latter 
case should dispel fears of excessive friction be­
tween underlying open-graded material and the pave­
ment slabs. 

MAINTENANCE OF SUBSURFACE DRAINAGE SYSTEMS 

Irrespective of the proper design and construction 
of a subsurface drainage system, some maintenance 
will be required to ensure that the system continues 
to operate in a satisfactory fashion. In other 
words, no action or lack of action should be allowed 
to reduce the efficiency of the system. To the ex­
tent possible, all features of the system should be 
designed for minimum future maintenance. However, 
every operating condition for the system cannot 
always be anticipated. Thus a program of continuing 
regular inspections, preventive-type maintenance, 
and repair-type maintenance must be antlelpated, 

Cleaning of Collectox Pipes 

It might be anticipated that sediment could be de­
posited in collector pipes because of inadequate 
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pipe gradients, uneven settlement of the system, or 
a heavy sediment load. In anticipation of such a 
possibility, clean-out boxes or risers at various 
locations within the pipe network could be designed 
into the system and, of course, the pipes also can 
be cleaned from the outlets. In addition, the pipe 
network should be designe-d in such a way that right 
angle turns are eliminated. 

Maintenance of Outlets 

The outlet system must be maintained in a free-flow 
condition throughout the life of the facility. With 
respect to pipe outlets, the principal concerns 
would be the blockages caused by weed growth, silta­
tion of the adjacent ditch, debris fxom the roadway 
or slope, and activity of animals or man. Only 
through periodic inspection can these circumstances 
be identified and subsequently rectified. Such in­
spections should be made before seasonal periods of 
heavy rainfall, as well as following particularly 
heavy rainfall events or at least once every 3 
months. 

Also, outlet markers should be maintained in good 
condition. Damaged markers should be repaired or re­
placed immediately. Any marker destroyed or damaged 
during other construction or maintenance activities 
should be immediately reported for replacement or 
repair. 

Miscellaneous Maintenance and Other Considerations 

Careful periodic inspections are the key to adequate 
maintenance of the subsurface drainage system. How­
ever, other related maintenance activities associ­
ated with the pavement--pavement shoulder, surface 
drainage system, ice and snow control and removal, 
right-of-way mowing, and so forth--can all have an 
impact on the operation and .maintenance of the sub­
surface drainage system. Although the maintenance of 
the subsurface system might not take precedence over 
one of the aforementioned activities, it must not be 
relegated to an insignificant status. For example, 
although mowing is an essential maintenance activ­
ity, it has a potentially detrimental effect on the 
outlet system. That is, the mowing machines could 
damage the outlets through impact with the out.lets 
during the mowing operations. If the likelihood o f 
such an occurrence is high, use of erosion cont.col 
aprons or chemical weed control could be used in 
lieu of mowing. 

Maintenance that ensures the efficient collection 
and removal of surface water will also generally im­
prove the operation of the subsurface drainage sys­
tem. Timely repairs of damage to surface drainage 
structures, pipes, ditches, and so forth will con­
tribute to the proper operation of the subsurface 
drainage sys.tern. Likewise, timely and cautious re­
pairs of damaged pavement and shou.lder sections will 
be beneficial to the underdrain system. 

Those responsible for the care of the subsurface 
drainage systems should maintain detailed as-built 
plans of the systems to facilitate subsequent re­
pairs and replacements. In addition, a separate rec­
ord of the location of drainage facilities, particu­
larly outlets, should be maintained so that these 
facilities can be easily located by maintenance per­
sonnel. Inspection records should be kept along with 
records of each maintenance activity required by the 
system. If these records are kept in a continuous 
fashion, they may suggest the need for some more 
substantial efforts to prevent the recurrence of 
some continuing maintenance problem. The information 
concerning the modification of conditions adjacent 
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to the subsurface drainage system must also be dil­
igently gathered and assessed. Any modification or 
change that would advers ely affect the operation of 
the subsurface drainage system should be cor rected 
promptly to mitigate potentially detrimental effects. 

SUBSURFACE DRAINAGE AND PAVEMENT REHABILITATION 

Adequate attention should be given to the per­
formance of existing subsurface drainage sytems or 
to the construction of new or extended systems in 
conjunction with pavement rehabilitation projects. 

Conventional rehabilitation techniques on pave­
ments, where the foundation was undermined by inade­
quate subsurface drainage, only postpone the in­
evitable further disintegration of the pavement 
structure, resulting to a large degree in useless 
expenditures. Nevertheless, the internal drainage 
solution was developed for and should be used only 
for the purpose of resolving internal drainage prob­
lems of roads. Therefore, in no way is it just an 
alternate approach to currently available road pave­
ment designs. Therefore, to assure the resolution of 
internal drainage on new construction, there is no 
choice but to apply the methods offered in this 
paper exclusively; for rehabilitation efforts this 
solution must be used selectively (i.e., only if 
road conditions warrant it). It goes without saying 
that the rehabilitation of roads damaged by other 
causes than subsurface water should be accordingly 
performed because their drainage probably already is 
functional by some natural means, such as permeable 
enough sut>grades . 

DESIGN GUIDELINES FOR REHABILITATION OF PAVEMENTS 

An effective approach that can be offered for pave­
ment rehabilitation proposes constructing an overlay 
consisting of 4 in. of BSOG material directly on the 
existing pavement sur facing and draining it into 
drainage trenches and outlets, as detailed in this 
paper, Because of adversities of the construction, 
NSOG material is not suggested for use in such a re­
habilitation effort. The drainage l ayer, of course, 
will have to be overlaid by a minimum of 3 in. of 
bituminous-stabilized base course (BSBC) and 3 in. 
of medium aggregate bituminous concrete (MASC) sur­
facing. The proposed solution most probably will 
mean higher initial cost compared with the present, 
rather inadequate, conventional rehabilitation 
methods, This solution, however, appears to be a vi­
a ble approach to the problems induced by internal 
drainage because it has the potential for alleviat­
ing water-related damage. An illustration of the 
economic aspects that are involved is available in 
the NJDOT files (7). 

As in the construction of new pavements, the rec­
ommended subsurface drains are designed to handle 
water that infiltrates the pavement area only. It is 
assumed that the surface drainage is functioning and 
that the runoff from the surrounding areas will be 
drained by it. 

Where groundwater is an expected p robl em, an in­
vestigation of the water-bearing strata should be 
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made, including depth and permeability of the strata 
and the amount of water carried by it. This investi­
gation will allow the designer to increase the pipe 
size to ensure ad@qtH!te capacities for all sources 
of water. 

CONCLUSIONS 

In this paper solutions of the internal drainage 
p t oblems of toads a te provided i n a r athe r conde nsed 
(s o to spea k) "cookbook" f otm. This became pos s ible 
only because i n t hia rAR atoh effort ~n attemp t was 
made t o p toduce a well-or ganized, p r acti cal , and 
rel a t i ve ly simple app t oach to t hi s p roblem without, 
however , jeopard i z i ng e ngineering integrity, Such an 
approach ma kes i t possible to pr esent an eng ineer 
with complete e nough procedures for building and 
maintaining adequately d rainable r oadways. 

In the meantime, future mon i toring of the alLeady 
existing experimental drainabl e road sections s hould 
furnish enough controlled data to detect and, if 
need be, to remedy defic i encies that might surface. 
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