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'FOREWORD 	This report contains the results of a thorough study of geosynthetics in highway 
drainage applications. Ninety-one geosynthetic drainage systems in 17 states were ex-

BY Staff humed, and the performance of applications was compared against design predictions and 
Transportation Pesearch construction techniques. These evaluations showed that the existing design methodology 

Board is acceptable for granular soils but that the criteria for fine-grained soils may need to be 
evaluated on a site-specific basis. The report will be of interest to pavement-design and 
geotechnical engineers in designing drainage applications; it also provides a wealth of 
information on the subject for researchers. 

Geosynthetics are used in several types of drainage applications and are the key to 
the performance of these systems. Applications include, but are not limited to, pavement 
edge drains, underdrains, slope drains, drainage behind retaining walls, French drains, 
and interceptor drains. Subsurface drainage is considered to be important for extending 
the life of pavements, slopes, and retaining walls. In order for these drainage systems to 
perform as intended, they need to be properly designed and constructed. 

Under NCHRP Project 15-13, "Long-Term Performance of Geosynthetics in Drainage 
Applications," Drexel University was assigned the following tasks: 1) documenting the 
design and performance of existing installations of geosynthetics in drainage applications 
including the appropriateness of use, construction techniques and related problems, failures, 
mechanisms and their consequences, and factors affecting long-term performance; 2) 
recommending material properties, test methods, specification values, and design; and 3) 
recommending construction criteria. 

As a result of this project, a large database on field-exhumed geosynthetic drainage 
systems has been developed. Ninety-one sites (three categories: performing poorly, per-
forming well, and uncertain) solicited from all 50 states have been thoroughly evaluated, 
and the performance of the applications has been compared with design criteria and 
construction techniques. These evaluations showed that the existing design methodology 
is acceptable for granular soils but that the criteria for fine-grained soils may need to be 
evaluated on a site-specific basis. Also, specific recommendations have been made in 
regard to construction practices associated with prefabricated-geocomposite-edge drains. 

Readers will note that Appendices B through D are not published herein. For a 
limited time, copies will be available on a loan basis or for purchase ($20.00) on request 
to NCHRP, Transportation Research Board, Box 289, Washington, D.C. 20055. 
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LONG-TERM PERFORMANCE OF 
GEOSYNTHETICS IN 

DRAINAGE APPLICATIONS 

SUMMARY 	This study was concerned with the use of geosynthetic materials in transportation- 
related drainage applications. Included are geotextiles, geocomposite edge drains, geocom-
posite sheet drains and, to a limited extent, plastic pipe. The application areas investigated 
were mainly various types of highway edge drains; however, selected cases of retaining 
wall drains and erosion control systems were also investigated. In many instances, the 
geotextile was seen to be at the heart of a properly, or improperly, functioning drainage 
system. Thus the geotextile —serving in the primary function as afilter—was the major 
focal point of the project. 

Field Exhuming 

Ninety-one field sites were exhumed in 17 states. Table 1 gives an overview of the 
sites and of their relative performance ratings based on site-specific judgment and func-
tioning of the entire drainage system. The nonacceptable ("D" or "F) sites listed in Table 
I were further assessed by placing the cause of the nonacceptable performance into 
categories of construction/maintenance, drain component and filter component (see Table 
2). Note that the total number exceeds the number of nonacceptable sites due to multiple 
problems in some cases. . 

Based on a visual analysis of the field exhumed sites, the following conclusions were 
drawn regarding each type of drainage system investigated. 

9 PGEDs —inadequate soil retention by the geotextile filter attached to the drainage 
core occurred at eight sites (by far the largest single problem that was discovered) ... 
this requires a'change in the current construction technique so as to guarantee intimate 
contact with the upstream soil. 

GW-UDs—requires constant vigilance against construction/maintenance problems. 
PPUDs—an acceptable status currently exists. 
GSPPs—appears to be somewhat installation sensitive with respect to the geotex-

tile filter. 
GV*rDFs—an acceptable status currently exists. 
GECFs—needs intimate contact with the subgrade in order to be effective. 



TABLE 1. Summary of all exhumed field sites 

Type of No. of Acceptable Nonacceptable 
Drainage Sites Performance Performance 
System* (A, B, or C)** (D or F)** 

PGED 41 27 14 
GWUD 25 16 9 
PPUD 6 5 1 
GSPP 12 9 3 
GVVDF 3 3 0 
GECF 4 3 1 

Totals 	91 	 63 	 28 

*where 
PGED = prefabricated geocomposite edge drain 
GWUD = geotextiie wrapped underdrain Istone and perforated pipe) 
PPUD = perforated pipe underdrain (no geotextile filter) 
GSPP 	= geotextile socked perforated pipe 
GWDF = geotextile wall drain filter 
GECF = geotextile erosion control filter 
**also 
A 	= all three components (system, drain and filter) functioning as intended 
B 	= one component of above showing less than ideal performance 
C 	= more than one component of above showing less than ideal performance 
D 	= one component of above showing poor performance 
F 	= more than one component showing poor performance, or one component showing failure 

TABLE 2. Summary of nonacceptably performing exhumed field sites 

Type of Drainage 	 Nonaccgptable Performance (D or F) * * 

	

System 	Const./Maint. 	Drain 	 Geotextile 
Component 	Component 	Component 

	

PGED 	 4 	 4 	 10 

	

GW'UD 	 6 	 1 	 2 

	

PPUD 	 1 	 1 	 0 

	

GSPP 	 2 	 0 	 1 

	

GWDF 	 0. 	 0 	 0 

	

GECF 	 1 	 0 	 1 

Totals 	 14 	 6 	 14 

Upon retrieving samples of the exhumed drain, filter, and adjacent soils at each field 
site, a complete forensic analysis was performed. These data were used to compare the 
field performance (considered to be. "ground truth") to published design models for 
permeability, soil retention, and acceptable levels of geotextile clogging. 

Laboratory Evaluations and Test Method Development 

In order to model and possibly predict the behavior of the various types of drainage 
systems used in transportation applications, three different laboratory test methods were 
investigated or developed. In all cases, the geotextile was the target of evaluation because 
it was seen to be the problem in the majority of nonacceptable field situations (recall 

Table 2). 
Long-Term Flow (LTF) Tests. Constant head flow permeameters according to a newly 

developed test method were used. When permeated over a long period of time, the 
resulting soil/geotextile flow rates indicate one of the three possible results: flow rate 
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equilibrium, excessive clogging, or soil piping. For this project, 32 such columns were 
constructed and used for up to 5,000 hr. Four different geotextiles, with four different 
soil types, under clear water and turbid water flow were evaluated. The test results gave 
accurate indications of the particular phenomenon involved. The test can, and should, be 
used ' to assess critical and severe situations involving fine-grained soils either upstream 
of the geotextile or in the permeating water. Unfortunately, the test takes a minimum of 
one month to perform and s ometimes even longer than several months in order for the 
flow rates to stabilize into meaningful results. 

Fine Fraction Filtration (P) Tests. In an attempt to hasten the results coming from 
such a test as LTF, the fine fraction filtration (F 3)  test was developed. The test is based 
on the hypothesis that the fine fraction .of the soil upstream of a filter poses the major 
challenge to its long-term behavior. Thus, the fraction of soil finer than the opening size 
of the geotextile was used in slurried increments and passed through a horizontally 
oriented geotextile. As increments of slurry were sequentially introduced into the flow 
column, the permittivity behavior distinguished among flow rate equilibrium, excessive 
clogging, or soil piping. These above types of behavior were seen for a series of trial 
situations. 

The researchers then focused on the field-exhumed soils and their respective geotextiles. 
For the "D" and "F' site soils and their associated geotextiles, the test always indicated 
when soil retention was the problem or when it was excessive clogging. Unfortunately, 
the same type of behavior was seen for the "A," "B," and "C" exhumed soils and their 
associated geotextiles. Thus the F 3  test can distinguish between what type of problem a 
geotextile might have when confronted with the fines from a particular soil, but it cannot 
distinguish between when a problem will arise or when the situation will be acceptable. 
This latter comment defeats the very purpose of the test as a rapid precursor of the 
likelihood of a field problem. It is felt that the test is essentially academic at this point. 
Hence the test is not recommended for use in assessing highway drainage systems. 

Dynamic-Fine Fraction Filtration (D-P) Tests. Recognizing that turbid water from 
beneath pavements can impact geotextile filters around highway edge drains in a dynamic 
manner, a test was devised to simulate this type of behavior. Called the dynamic-fine 
fraction filtration (D-F 3)  test, it uses the same concept as the F 3  test but now in a closed 
hydraulic system where pulses of energy can be imposed on the slurried water flow 
regime upstream of the geotextile. The test was again successful in distinguishing among 
equilibrium, excessive clogging, or soil piping situations, but suffered the same drawback 
as the F 3  test. That is, the test could not distinguish'between cases where field problems 
were encountered and cases where the geotextiles were functioning properly. Thus the 
recommendation is the same as with the F 3  test in that the D-F 3  should not be continued 
insofar as an accelerated test method for assessment of geotextile filters -for highway 
drainage systems at this time. 

Design Critique 

A major task of this project was to critique the available design status for highway 
drainage systems. This was done via an extensive literature search and a subsequent 
comparison of the various design methods against the behavior (and known properties) 
of the field-exhumed sites. 

Geotextile Filter Design. The geotextile filter -was the main cause of concern in this 
study. While excessive clogging can be, and was, a problem in a f6w,cases, the lack of 
soil retention, i.e., excessive soil loss through the filter, was much more common. Intimate 
contact of the upstream soil was seen to be absolutely necessary as none of the design 
methods gave accurate predictions of such situations. In this regard, future installations 



2 

of PGEDs are recommended to be modified insofar as current practice is concerned. By 
placing these drains against the shoulder side of the excavation and backfilling the pave-
ment side with puddled sand, the soil retention problems should be averted. This is the 
current construction method being used by the Kentucky DOT. The geotextile design 
then becomes straightforward because a known type of sand is the adjacent material and 
it has intimate contact. 

Regarding design for other situations, the current criteria for granular soils are quite 
appropriate. Use of the Christopher and Holtz criteria (which are the current Federal 
Highway Administration [FHWA] guidelines) should be continued. For fine-grained soils 
in a noncritical/nonsevere situation, the FHWA guidelines can be continued to be used. 
However, for critical/severe situations, a laboratory assessment should be considered or 
the design modified so as to avoid the fine-grained soils altogether, e.g., placing a layer 
of sand adjacent to the geotextile. 

Drain Component Considerations. The various drainage components (core, gravel, or 
perforated pipe) within geotextile filters performed quite well. With the obvious exception 
of a pipe with no perforations and prefabricated drainage cores, which filled with fmes 
because of the lack of intimate contact (which is not the fault of the drain), the drains 
performed acceptably and the current design status should be continued. 

ConstructionlMaintenance Considerations. The geotextile filter, its enclosed drain and 
its outlet details, can be considered to be a system that obviously requires proper installa-
tion and proper maintenance for successful long-term performance. Numerous problems 
were observed in this regard. Note, however, that none were particularly new or novel 
to DOT engineers and maintenance crews who are generally well aware of the various 
situations encountered. Proper maintenance is particularly important and constant vigi-
lance must be practiced. 

Recommendations 

Of the various drainage systems evaluated, the prefabricated geocomposite edge drains 
(PGED) were the most provocative due primarily to their lower installation cost over 
more conventional drainage systems. As currently bid, PGEDs are $1.00 to $2.00 per 
linear foot less expensive than any other type of highway edge drain system. In the field-
exhurning task, problems with PGEDs were indeed encountered. The large majority were 
observed to be construction related in that intimate contact was not achieved. The puddled 
sand installation method should be used so as to avoid such retention problems. 

Regarding the design methodology for properly functioning geotextile filters, the re-
search showed that permeability, soil retention, and clogging criteria such as the FHWA 
models are acceptable for granular soils, but the criteria for fine-grained soils when of a 
critical/severe nature need to be investigated on a site-specific basis. Obviously, avoiding 
geotextile filters for fine-grained soils in critical conditions in favor of sand filters is an 
option but sometimes it cannot be accommodated or economically justified. Additional 
research seems appropriate in this regard. 

Regarding laboratory testing, the LTF test should be continued for critical or unusual 
filtration situations such as dynamic or cyclic flow. This is particularly the case with cohe-
sionless silts and turbid permeants. While it is recognized that this is a time-consuming test 
and not amenable to rapid results, it is the best laboratory approach that is currently 
available. Neither the F 3  nor the D-F3  test is recommended as a rapid precursor test to 
predict geotextile filter behavior in highway drainage systems. Instead, empirical guides 
should be followed such as those generated during the field-exhuming phase coupled with 
the continued development of a database of LTF laboratory tests. 



CHAPTER 1 

INTRODUCTION AND RESEARCH APPROACH 

BACKGROUND 

Proper subsurface drainage has long been recognized as a key 
element toward improved functionality and lifetime of highway 
systems (1). Such drainage requires proper functioning of both 
the stone base beneath the pavement and the adjacent highway 
edge drains. Because the type of stone base is fixed by the initial 
design and its associated construction method (the tendency to-
ward open-graded base courses should be noted), the edge drain 
systems are the focus for this particular project. Edge drains 
can be installed along with the construction of a new highway, 
installed along with pavement rehabilitation using such methods 
as "crack and seat," or installed as a retrofit drainage system 
adjacent to existing pavements. Within the edge drain category, 
there are several different types, all of which use one or more 
geosynthetic materials. The different types investigated are as 
follows. These four variations of edge drains are shown in 
Figure 1. 

- Prefabricated geocomposite edge drains (PGEDs), which 
consist of a polymer core encompassed by a geotextile filter 
assembled in a factory and installed in the field as a completely 
manufactured unit. 

* Geotextile wrapped underdrains (GWUDs), which consist 
of a perforated plastic pipe backfilled with gravel and then en-
compassed by a geotextile filter around the gravel. 

* Perforated pipe underdrains (PPUDs), which consist of a 
perforated pipe backfilled with gravel having no filter (neither 
geotextile nor sand). 

* Geotextile socked perforated pipes (GSPPs), which consist 
of a perforated pipe with a geotextile filter surrounding it, i.e., 
the pipe is "socked," usually with sand used as the.  backfill, 
material. 

Two other types of geotextile filters used in related highway 
applications and addressed in this project are as follows (see 
also Figure 1). 

- Geotextile wall drain filters (GV;IDFs), which use geo-
textiles behind retaining walls as filters to allow water to pass 
into the geocomposite core drain or natural soil drain, while at 
the same time retaining the backfill soil. 

* Geotextile erosion control filters (GECFs), which are 
geotextiles used beneath stone rip-rap or other armoring material 
to prevent erosion on highway slopes or within drainage 
channels.  

a pivotal role. Acting as a filter, the geotextiles must simultane-
ously perform three basic mechanisms (2): 

* The voids must be sufficiently open to allow water to pass 
through into the downstream drain without building excessive 
pore water pressures in the upstream soil. 

e The voids must be sufficiently tight so to adequately retain 
the upstream soil materials so that soil loss does not become 
excessive and clog the downstream drain. 

* The geotextiles must perform the previous two conflicting 
tasks (open voids versus tight voids) over the anticipated lifetime 
of the drainage system without excessively clogging. 

The first mechanism requires a permeability assessment. It is 
usually done on the basis of a design criterion comparing the 
permeability of the upstream soil with that of the geotextile. 
The second mechanism requires an opening size assessment and 
comparison to the particle size of the upstream soil. The third 
mechanism is usually addressed on the basis of empirical guide-
lines or laboratory testing based on the criticality/severity of the 
site specific application. 

OBJECTIVES OF RESEARCH 

While the entire drainage system (filter, drain, and associated 
system) is of interest, it was found immediately from the very 
first exhumed site that if the geotextile was not functioning, the 
entire system could not perform properly. Clearly, the geotextile 
filter was seen to be absolutely essential and hence it became 
the focal point of the research. Thus, the specific objectives of 
the project were as follows: 

Exhume as many sites-of-opportunity as possible to actu-
ally witness the performance of the entire drainage system. 

Perform forensic analyses of the exhumed materials, focus-
ing on the geotextile filter and associated soils, to see which 
design criteria best fit the observed performance. 

Use long-term flow tests in the laboratory to observe fun-
damental behavior using problem-type soils and permeants. 

Investigate new, and accelerated, laboratory test methods 
to see if a precursor test could be developed to give an indication 
of where problems might be encountered in the field. 

Recommend appropriate design and construction criteria 
based on the findings of this research effort. 

RESEARCH APPROACH 

To approach the problem in a systematic manner, the field 
and laboratory objectives were mobilized simultaneously with In all of these types of drainage systems, the geotextiles play 
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Prefabricated 	 Geotextile Wrapped 
Geocomposite 	 Underdrain 

Edge Drain 	 (GWUD) 
(PGED) 

Perforated Pipe 
	 Geotextile Socked 

Underdrain 
	 Perforated Pipe 

(PPUD) 
	

(GSPP) 

-q 

Geotextile Wall 
	

Geotextile Erosion 
Drain Filter 	 Control Filter 
(GWDF) 
	

(GECF) 
Figure 1. Various types of geosynthetic drainage systems exhumed in this project. 

the design corroboration at the end. Figure 2 summarizes the 
general research approach. 

The field-exhurning task proved to be the key element of the 
project. The lessons learned gave abundantly clear insight as to 
existing drainage system behavior, as well as to various problems 
that were encountered. 

Three laboratory evaluation tests were undertaken. LTF tests 
have been conducted by various groups since 1982 and some 
confidence in the test method has been previously established. 
VAiile the test takes a long time to perform from a practical 
perspective, it was included to provide insight into long-term 
behavior for problematic soils and turbid water permeants. There 
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of Results I 

anticipated field behavior. Both tests developed—F 3  and 
D-F 3  —use the fine fraction of soil to interface with the geotex-
tile filter. The first test uses quasi-static flow conditions, the 
second is under dynamic flow conditions. 

The geotextile design critique leaned heavily on the field 
exhumed sites for "ground truth." By comparing the field results 
to the different design methods available in the literature, corre-
lations as to the appropriateness of the various methods were 
established. Three separate categories were investigated: 1) per-
meability criteria, 2) soil retention criteria, and 3) excessive 
clogging criteria. 

In general, it is tacitly assumed by most designers that the 
upstream soil through which water is moving is backfilled tightly 
against the geotextile filter. Such "intimate contact" is essential 
for the proper functioning of the filter and its associated down-
stream drain. If this is not the case, the various design criteria 
cannot be expected to produce reliable results. In such cases, 
construction practice must be modified so that intimate contact 
is ensured. 

I 	Field Exhurning 	I 

IS
Characterization of - I 

ite Retrieved Materials 1 

Critique of 
Design Methods 

Laboratory Evaluations 

LTMF 	 F3 	4D-F 3 s's  
Tests 	Test., 	Tests 

I 	Final Report 	I 

Figure 2. General approach used in this project on the 
evaluation of long-term performance of geosynthetics in 
drainage applications. 

was also a concerted effort made to develop an accelerated 
laboratory test method that could possibly act as a precursor of 

ORGANIZATION OF REPORT 

The findings from the field-exhuming and laboratory studies 
are presented in Chapter 2; Chapter 3 contains the interpreta-
tions, appraisal, and applications. Conclusions and suggested 
research are discussed in Chapter 4. Appendix A summarizes 
the field study of the 91 exhumed sites and their respective 
performance levels. Appendixes B, C, and D are not published 
herein, but may be obtained on loan by contacting the NCHRP. 
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CHAPTER 2 

FINDINGS 

FIELD EXHUMING STUDIES 

Selection Criteria 

On April 11, 1990, all 50 state department of transportation 
(DOT) geotechnical and materials engineers were sent a ques-
tionnaire regarding a solicitation of field sites for exhumation. 
Ile general request was for at least three sites: one suspected 
of having problems, one suspected of functioning as intended, 
and one that was questionable or uncertain in its observed behav-
ior. Thus ftom the outset, problems were not only anticipated 
but were actually solicited. Sites involving the following geosyn-
thetic applications were requested: 

Geotextile filters around drainage stone, i.e., french drains; 
Geotextile filters around drainage stone containing perfor-

ated drainage pipe; 
Geotextile filters directly around perforated drainage pipe; 
Geotextile filters beneath rock rip-rap erosion control 

systems; 
Geotextile filters beneath gabion erosion control systems; 
Geotextile filters beneath prefabricated erosion control sys-

tems, e.g., articulated blocks; 
* Geocomposite erosion control systems, e.g., geotextile/ 

plastic mesh systems; 
, Prefabricated geocomposite sheet drains behind retaining 

walls; 
* Prefabricated geocomposite sheet drains used to drain earth 

and rock slopes; 
Prefabricated geocomposite highway edge drains; 
Prefabricated geocomposite interceptor drains; and 
Other related geosynthetic filtration/drainage applications. 

In the questionnaire and fol.low-up conversations, information 
was requested about the sites and possible traffic control during 
the exhuming process. With respect to site history, local DOT 
engineers were asked to identify the drain type, location, age, 
and perceived performance. Information was also solicited on 
design traffic number, roadway condition, outlet spacing, outlet 
conditions, and finally, the overaH climatic conditions at the kte. 
Each highway grade and cross section was visually identified. 

All other activities (excavation, exhuming, sampling, repair, 
and restoration) were performed under the auspices of this re-
search project. In total, 91 sites in 17 different states were ex-
humed. Figure 3 shows the sites by FHWA region and state. 
The ages of the different sites are shown in Figure 4 and the 
various climatic conditions encountered are shown in Figure 5. 

Exhurning Procedure 

Only after the previous information was obtained was a work-
ing excavation dug in the shoulder adjacent to the existing high-
way edge drain. The excavation's dimensions were typically 3 
ft wide by 5 ft long by 4 ft deep. Figure 6 shows the typical 
excavation sequence for sites with PGEDs (which was a similar 
situation for the GSPPs and GWDFs). Figure 7 shows the typical 
excavation sequence for sites with GWUDs (which was a similar 
situation for the PPUDs and GEM). 

Region 

FHwA Region 	 States Included in this Region 

I 	 ME, NH, VT, RI, CT, MA 

2 	 NY, NJ, PR 

3 	 PA, DE, MD, VA, WV 

4 	 TN, KY, NC, SC, GA, AL, MS, FL 

5 	 OH, MI, WI, IL, MN 

6 	 TX, LA, AR, OK, NM 

7 	 MO, IA, KS, NE 

8 	 ND, SD, WY, CO, UT, NIT 

9 	 CA, AR, NV, HI 

10 	 WA, OR, 11), AK 

Figure 3. Location by FHWA region of 91 sites where 
geosynthetic drainage systems were exhumed 



Years Old (Percentage) 

0 - 2 (15.38 %) 

2 - 4 (36.26 %) 

4 - 6 (19.78 %) 

6-8 	(5.49%) 

8 - 10 (15.38 %) 

10 -12 (4.40 %) 

12 -14 (1.10 %) 

El 14 -16 (2.20%) 

15.38*j 

5.49% 

19.71 

vo 

5% 
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2.20% 
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Figure 4. Ages of the exhumed sites. 

10.59 % 
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Different Climates % of Sites) 

Humid, cold, high precipitation (10.59 %) 

Humid, hot/oold, high precipitation (38.82 %) 

Dry, hol/cold, some precipitation (7.06 %) 

0 Humid, hotloold, low precipitation (27.06 %) 

[] Dry, hot, semi-arid (16.47%) 

7.06 % - 
Figure 5. Climatic conditions of exhumed sites. 
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(b) Drain condition after sampling 
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(a) Access pit dug adjacent to PGED drain to be sampled 
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(c) Close-up view of inside of sampled PGED drain 

Figure6. Photographs of the exhuming process of afield site adjacent to a rigid pavement containing a 
prefabricated geocomposite edge drain (PGED). 
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Access pit at GWUD site with geotextile folded back from 
drainage stone 

Condition of geotcxtilc flilicr at G%VU1) site and exposed 
drainage stone 

Close-up %ic~% of condition of draina&e stone at GWUD site 

Figure 7. Photographs of the exhuming process of afield 

site adjacent to a flexible pavement containing a geolextile 

wrapped underdrain (GWUD). 

The shoulder material and the underlying base material were 

excavated with a 90-lb hand-held pneumatic breaker. The sub-

grade was then excavated with a smaller pneumatic clay spade 

and hand shovel. It is important to note that the entire excavation 

process was accomplished by hand. This ensured a small and 

neat excavation, which results in quick and easy remediation. It 

also helps ensure that the drainage system was not damaged 

during excavation by large construction equipment working in C, 
confined areas. 

Once the drain was exposed, it was sampled in-place via a 

Shelby tube sampler in two or three locations. A Shelby tube is 

a 2.5-in.-diameter seamless steel tube with a sharp cutting edge. 

Ile tube was horizontally driven by a sledge hammer through C, 
the edge drain or geotextile cross section to trap the interface of 

PGED Product "A" 
Soil Passed Geotextile 
Filter and Completely 

"F' Clogged Drain, an 	Site 

<-- PGED Product "A" 
Performed Excellently 

'e 	 (i.e., Unclogged), 
an "A" Site 

4-- PGED Product "B" 
Performed Excellently 
(i.e., Unclogged), 
an "A" Site 

Figure 8. Photographs of epoxy set ShelbY tubes of field-
retrieved samples, which were sawed along their diameter into 

two halves illustrating cross sections Of various prefabricated 

geocomposite edge drains (PGEDs) encountered. 

the geotextile and adjacent soil. The round holes in the different 

products can be observed in Figures 6 and 7. 'Me Shelby tube 

samples were then sealed, capped, and brought back to the labo-

ratory, where they were allowed to air dry. After a week of 

drying (which caused some amount of shrinkage in the finer 

grained soils), the samples were infiltrated with a bright yellow-

colored resin epoxy and allowed to set for 2 days. After harden-

ing, the samples were cut longitudinally with a diamond saw 

and inspected under a microscope. As shown in Figure 8 (which 

includes an "F" site where soil passed the geotextile filter and 

completely filled the drainage core and two "A" sites where 

the drainage cores are completely free of soil and functioning 

excellently), this type of sampling and analysis yielded excellent 

insight into the mechanisms that influence the performance of 

the geotextile filter and its behavior with respect to the upstream 

soil. When shrinkage from air drying some of the samples oc-

curred, the soil pulled away from the Shelby tube rather than 

the soil-to-geotextile interface. Thus air drying was not felt to 

be a significant factor in the assessment. 

After the Shelby tube samples were taken at the site, a 2-ft-

long sample of the prefabricated geocomposite edge drain or of 

the geotextile filter by itself was completely removed from the 

exposed drain (see Figure 9a). In addition to sampling the drain 

or its associated geotextile, grab samples of the soil subgrade, 

subbase, and base materials were retrieved and brought back to 

the laboratory for analysis (see Figure 9b). Index properties of 

these samples (geotextiles and soils) were performed to shed 

insight into the interaction among the geosynthetic drain, its 

geotextile filter, and the soil system as a whole. The data were 

subsequently used to assess the various design methods. 

Throughout the entire exhuming and sampling process, each 

site was videotaped and photographed. 'Ibis information, in addi- 
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Field-sampled PGED site showing removed product (with holes from Shelby tube samples), along with the 
clay soil taken from the shoulder side and the gravel taken from the pavement side of the installed material 

Ficld-sampled GWUD site showing the geotextile filter. various zones of the gravel contained within the 
geotextile and the different soils adjacent to the drain 

Figure 9. Photographs of the method of laboratory cataloging the various geosYlithetics and 

soils retrieved from each field site. 
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tion to written records, provided adequate documentation to ana-

lyze the site and give direction for subsequent laboratory testing. 

Upon completing the exhuming process, the drainage system 

was repaired to return the site to proper functioning. This remedi-

ation was done under the inspection of the local DOT engineer 

or other designated individual. After the repair work was ap-

proved, the excavation was backfilled and compacted. If the 

highway shoulder was paved, an asphalt or concrete cap was 

placed over the affected area to match the existing surface. The 

highway shoulder was then put back into service and traffic  

control was released. The entire exhuming process for each site 

typically took 4 to 5 hours. A brief letter report was sent to each 
state contact person as to the results of the exhurning activity 

with an accompanying videotape in many cases. 

Following the exhuming process, the site was documented, 

its geotextile identified, and then it was assessed for its perfor-

mance on an overall performance basis. A scale of 100 percent 
(perfect performance) to 0 percent (complete failure) was used. 
This scale was subsequently graded on an "A" to "F' basis. The 
grading designations used were as follows: 



TABLE 3. Summary of all exhumed field sites with nonacceptable sites categorized 

Type of Drainage No. of Acceptable Nonacceptable Performance (D or F)** 
System* Sites Performance Const./Maint. Drain Geotextile 

(A, B, or C)** Component Component Component 

PGED 41 27 4 4 10 
GWUD 25 16 6 1 2 
PPUD 6 5 1 1 0 
GSPP 12 9 2 0 1 
GArDF 3 3 0 0 0 
GECF 4 3 1 0 1 

Totals 	91 	63 	 14 	 6 	 14 

*where 
PGED = prefabricated geocomposite edge drain 
GWUD = geotextile wrapped underdrain (stone and perforated pipe) 
PPUD = perforated pipe underdrain (no geotextue filter) 
GSPP = geotextile socked perforated pipe 
GWDF = geotextile wall drain filter 
GECF = geotextile erosion control filter 

**also 
A = all three components (system, drain and filter) functioning as intended 
B = one component of above showing less than ideal performance 
C = more than one component of above showing less than ideal performance 
D = one component of above showing poor performance 
F = more than one component showing poor performance or one component showing failure 

NOTE: Totals exceed number of sites because some sites include multiple poor-performance problems 
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A = all three components (filter, drain, and system) were 
functioning perfectly; 

B = one component of the above showed less than ideal 
performance; 

C = more than one component of the above showed less than 
ideal performance; 

D = one component of the above showed poor perfor-
mance; and 

F = more than one component showed poor performance or 
one component indicated failure. 

Descriptions of the 91 exhumed sites and the respective perfor-
mance levels of each are given in Appendix A. 

Results of Field Exhuming 

Using the information from Appendix A, Table 3 was gener-
ated. As can be seen, the analysis of the sites was now taken to 
a second level whereby the nonacceptable sites, i.e., the "D" 
and "F' sites, were subdivided as to problems in construction/ 
maintenance, drain component, or geotextile component. 

Clearly evident from Table 3 is that construction/maintenance 
problems continue to be a problem with highway drainage sys-
tems; however, this finding is well known to transportation engi--
neers and is a constant "battle" that must be sustained. More 
surprising is the number of geotextile problems, particularly 
with the prefabricated geocomposite edge drains (PGEDs). Fur-
thermore, of the 10 specific problems with PGED filters listed 
in Table 3, eight were of the soil-retention type where soil finer 
than the openings of the geotextile moved into the drainage  

core and completely clogged it (see Figure 10). From visual 
observation at the site and iderence from core exarnination, all 
indications were that the geotextile was not initially in close 
contact with the upstream soil or stone base. The resulting voids 
allowed turbid water to challenge the geotextile directly. The 
fine particles in suspension, and probably under dynamic load, 
simply passed through the geotextile and accumulated in the 
core until its capacity was exceeded. Note that this phenomenon 
might not be considered to be a geotextile problem, per se, and 
could also have been put into the construction problem category 
since it was felt to be construction related. Its categorization, 
however, is a moot point because it clearly indicated nonaccept-
able performance. These considerations are further corroborated 
via the photographs of Figure 11, which show large empty 
spaces under pavement slabs that undoubtedly left voids up-
stream of the relatively stiff PGED products. Figure 12 shows 
the types of excavated materials, i.e., stones and rocks, which 
give rise to these empty spaces against which the PGED is 
placed. 

To avoid this obviously unacceptable condition for the instal-
lation of PGEDs, it is possible to change the method of installa-
tion. Instead of trying to force the core of the PGED to conform 
to large voids or highly irregular spaces on the pavement side 
of the excavated trench, the PGED can be shifted to the shoulder 
side of its excavation. This will leave a space on the pavement 
side that can be filled with sand and appropriately puddled to 
fill the space available, including any empty spaces that may be 
present under the pavement slab. The width of this space depends 
on the width of the trench to begin with, e.g., for a 4.0-in.-width 
trench and a 1.0-in.-thick PGED product the space to be filled 
will be 3.0 in. Even with this suggested change in the installation 
of PGEDs, the installed cost will still represent a savings of over 
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Geotextile filter cut away from drainage core of PGED (hole~ are the result of Shelby tube sampling) 
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Close-up view of soil-clogged JIGED drainage core after geotextile filter was removed 

Figure 10. Exhumed examples of clogged prefabricated geocornposite edge drain (PGED) 
cores resulting froin fine soil passing through the geotextile filter and clogging the drainage 

core. 
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Extensive open space under pavement slab caused by trenching operation for installation of PGED 

Large void under pavement caused by removal of coarse soil and/or collapsing conditions during trenching 
operation for installation of PGED 

Figurell. Machine excavated trench for prefabricated geocomposite edge drain (PGED) 
placement adjacent to paventent slab showing large voids created by coarse site soils and 
current method of installation. 
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$1.00 per linear foot as opposed to other highway drainage 
systems. 

A forensic study was completed for the geotextile and soil 
materials of each of the 91 sites. The geotextiles were ultrasoni-
cally cleaned and were evaluated for their permittivity and per-
meability (note that permittivity is the permeability divided by 
the geotextile's thickness) according to ASTM D4491. The value 
was compared to the manufacturer's literature value because the 
geotextiles could usually be identified. In the cleaned condition,  

the apparent opening size according to ASTM D4751 was also 
determined and compared to the manufacturer's value. Appendix 
B presents this information for each site. Additionally, the soil 
upstream of the geotextile was analyzed insofar as particle size, 
via ASTM D422, and Atterberg Limits (if appropriate), via 
ASTM D4318 (see Appendix B). 'Me information of Appendix 
B will be used later to analyze the various design criteria for 
aeotextile filters to see which method(s) can be recommended C, 

for general use. Lastly, if soil retention was a problem, the soil 



Type of coarse gravel and stories encountered during trenching operation for PGED 

Large stones removed from beneath pavement during trenching operation for PGED 

Figure 12. Coarse gravel and stones through which excavations for prefabricated 
geocomposite edge drains (PGEDs) are sometimes made resulting in large voids under pavement 
slabs as shown in the photographs of Figure 11. 
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that passed through the geotextile into the drain was carefully 
removed and analyzed for its particle size characteristics and 
Atterberg Limits. 

Summary of Field Exhurning 

The summary of the field exhuming of the 91 sites has pro-
vided extremely valuable information. Regarding general com-
ments based on field observations and visual judgment with  

respect to the three categories that were identified in Table 3, 
the following problems have occurred: 

CONSTRUCTIONIMAINTENANCE 

backfill types that are high in clay content 
excessive settlement of backfill trench 
outlet elevation too high for proper drainage 
outlet elevation too low with resulting backflooding 
vegetation and soil around outlet 
outlet headwall (or pipe) damage 
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no sealant between pavement and shoulder 
drain too low in cross section 
drain too far from edge of pavement 
guard post penetration into drain 

DRAIN COMPONENT 
improper product used (core was too compressible) 
excessive deformation of the core (J-buckling or bending) 
installation damage (edges too sharp or inadequate 

flexibility) 
e asphaltic drain pipe installed which contained no perfora-

tions for water inflow 

FILTER COMPONENT 
a inadequate soil retention (eight sites, all of which were 

PGEDs) 
excessive soil clogging 
slag precipitation 
inadequate strength (GT and Seam) 
excessive UV degradation 

By way of remediating these problems, see the following 
comments with respect to each particular type of drainage system 
that was exhumed. 

- PGEDs—require a change in the current construction tech-
nique so as to achieve intimate contact with the upstream soil, 

e GWUDs—require constant vigilance for construction/ 
maintenance problems, 

PPUDs—an acceptable status current exists, 
GSPPs—appear to be somewhat installation sensitive with 

respect to the geotextile, 
GWDFs—an acceptable status currently exists, and 
GECFs—needs intimate contact with the subgrade in order 

to be effective. 

LABORATORY STUDIES 

Background 

The development and design of all civil engineering materials, 
including geosynthetics, uses a design-by-function approach 
whereby a factor-of-safety is formulated comparing an allowable 
property with a required property. The* allowable property usu-
ally comes from a laboratory test method, which is developed 
and eventually adopted by ASTM (for general materials) or 
AASHTO (for highway related materials). The test method can 
be of the performance type that closely simulates the intended 
behavior, or of the index type, which is used as a general indica-
tor of a phenomenon or as a quality control measure. This chap-
ter presents results using one performance test and attempts to 
develop two index tests for use in the design of geotextile filters. 
(Note that the selection of an appropriate design model(s) win 
be the topic of Chapter 3.) 

For all three test methods to be presented in this chapter, the 
flow (expressed as either flow rate, permeability, or permittivity) 
is monitored against testing duration or flow increments. The 
resulting graphical response should take one of three different 
forms. 

Flow can decrease over time until the system is nonfunc-
tional, which generally signifies excessive clogging of the 
geotextile. 

Flow can increase over time, which generally signifies 
the lack of soil retention, hence excessive soil loss through the 
geotextile. 

Flow can gradually decrease and then reach an equilibrium 
value, which should be the allowable flow rate for the system, 
or in some cases the lower bound of allowable flow rate. 

Long-Term Flow Tests 

The long-term flow (LTF) test was developed as a natural 
outgrowth of ASTM's gradient ratio test, which is felt to be 
seriously flawed when evaluating nonwoven geotextiles and 
fine-grained silt and clay soil types. The gradient ratio test mea-
sures piezometric heads which stabilize quickly for woven 
geotextiles and granular soils for which the test was originally 
developed. For the more common situations encountered in high-
way drainage situations this is not the case. Here nonwoven 
geotextiles and fine-grained soils predominate. Long-term piezo-
metric heads could be measured; however, air entrapment in the 
measurement system is a cornmon problem as is the interpreta-
tion of the numeric value of the gradient ratio. As presented by 
Koerner and Ko (3), the option is to use an LTF test, which is 
very straightforward to set up and interpret. The test device 
consists of a flow column with the geotextile mounted horizon-
tally, covered by the site-specific soil and permeated under con-
stant head conditions with the intended liquid, usually deaired 
tap water. Flow rates through the soil/geotextile system are mon-
itored over time and plotted against the logarithm of time. The 
test is currently standardized as GRI Test Method GTI (4) and 
is given in its entirety as Appendix C. 

For this project, LTF tests were conducted on four different 
geotextiles: nonwoven heat bonded polypropylene, nonwoven 
needle-punched polypropylene, nonwoven needle-punched poly-
ester, and woven monofilament polypropylene. All four geotex-
tile types are commercially available and are used regularly 
in filtration applications. See Table 4 for the designation and 
description of the properties of the different geotextiles. 

These four types of geotextiles were each used in association 
with four different soil types. The soils were manufactured 
blends ranging from 100 percent Ottawa sand to 100 percent 
loess-type coliesionless silt. The proportions and characteristics 
of the soils are given in Table 5. 

The permeation liquid for one set of 20 columns was clear 
deaired water, while for another set of 12 columns it was turbid 
deaired water. The turbidity was created by mixing approxi-
mately 3 gm of coliesionless silt per liter of water. The experi-
mental setup is shown in Figure 13. The clear water test columns 
used deaired water directly and bypassed the turbidity tank. The 
setup was configured for hydraulic gradients of 0.5, 1.0, and 
1.5, and test data were taken for time periods of up to 5,000 
hours. The results for both clear and turbid water permeation 
for the four different geotextiles as they enter their terminal 
behavior are given in Figures 14 to 17. Reference 5 gives more 
detail regarding this extensive set of data. 

Summary for Clear Water Flow 

With the exception of the 5 percent silt-95 percent Ottawa 
sand mixture, all soil-geotextile systems in which clear water 



TABLE 4. Geotextiles used in long-term flow (LTF) tests 

Geotextile Type Designation 

nonwoven needle punched polyester heavy weight NW-NP-PET-H 
nonwoven heat bonded polypropylene NW-HB-PP 
woven monofilament polypropylene W-MF-PP 
nonwoven needle punched polypropylene light weight NW-NP-PP-L 

(b) Physical and hydraulic properties 

Geotextile 	Mass per Unit Area 	Thickness 	Permittivity 	AOS 	Mean 
Designation 	g/m2 (oz/yd2) 	mm (mil) 	sec-1 	095 (MM) 	050(-) 

(U.S. std. sieve) 

NW-NP-PET-H 	250(7.4) 	2.7 (IU3) 	LN 	U.125 (#I ZU) 	U. 122 
NW-HB-PP 	130(3.8) 	0.76(30) 	2.5 	0.090 (#170) 	0.088 
W-MF-PP 	190(5.7) 	0.36(14) 	0.64 	0.212 (#70) 	O.b49 
NW-NP-PP-L 	160(4.7) 	1.7 (68) 	2.9 	0. 125 (# 120) 	0.119 

TABLE 5. Gradation properties of soils used upstream of the geotexfile filters 

Soil Type % (-) D60  (mm) D50  (-) D15  (nun) D10(mm) CU 

Ottawa sand (100%) 1.0 0.80 0.75 0.65 0.62 1.3 
5% - 95% silty sand 1.0 0.69 0.62 0.45 0.40 1.7 
25% - 75% sandy silt 1.0 0.54 0.46 0.04 0.02 24.5 
Silt (100%) 0.05 0.04 0.03 0.02 0.01 3.2 

where CU = D60fD 10  
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was used as the permeant resulted in stable filtration systems. 
Flow rates gradually decreased in direct proportion to the 
amount of silt in the mixed soils. For the case involving the 5 
percent silt-95 percent Ottawa sand mixture, it is evident from 
the curves of flow versus time that except for the NW-HB-PP 
and NW-NP-PP-L geotextiles, the silt passed through each soil-
geotextile system until an equilibrium flow rate was achieved. 
Tle soil that passed through each of the soil-geotextile systems 
was examined through the use of a particle size analyzer and 
the results substantiated this conclusion (5). Such soil loss pre-
vents the buildup of a stable soil network upstream of the geote-
xtile by this fine fraction. From the clear water flow data shown 
in Figures 15a and 17a, and the analysis on the soil retained on 
the geotextile, some of the finer particles were not able to pass 
through the geotextile. This resulted in a fluctuation of flow 
versus time, which at first glance appears as scatter, when in 
reality it was various stages of soil filter buildup that was the 
result of retaining particles smaller than 0.04 mm. Because rou-
tine tests involved controlled changes in gradient from 0.5 to 
1.0 to 1.5, it is believed that the higher gradient permitted the 
passage of fines that incrementally made their way to the soil-
geotextile interface. However, the flow regime eventually stabi-
lized. Also noted in Figures 14a to 17a is that the 100 percent 
silt is essentially at the limit of detectability of the experimental 
system and that the 25 percent/75 percent sandy silt is only 
marginally higher in its flow rate. Thus the permeability of the 
silt was controlled in all cases with these two fine-grained soils. 
Whether, or not, these low flow rates are acceptable, or are to 
be considered cases of excessive clogging, is related to the site-
specific design and required flow rate as described earlier in the 
design-by-function approach. It should be noted that if lower 
flow rates than that through silt soils are required, the LTF 

test can be readily configured in a falling head manner as is 
conventionally done in routine soil testing work. 

Summary for Turbid Water Flow 

Results for the cases in which fine silt (at an amount of 3 g per 
liter of water) was added to clear deaired water in a continuously 
agitated mixing tank and used as a permeant are shown in the 
graphs of Figures l4b to l7b. Only the two coarser soils were 
evaluated due to the performance observed in the clear water 
tests for the two high silt content soils. Review of curves for 
the 100 percent and 5 percent/95 percent silty sand soils indi-
cates the importance of permitting the passage of finer particles, 
which ultimately promotes long-term flow. For each of the 
geotextiles used, the transition time for the majority of silt pas-
sage occurs at approximately 1,000 hr. At this point, the fine 
particles that encounter the soil-geotextile interface begin to 
pass through the system in a steady state as indicated by the 
relatively constant slope at this point. From an analysis of the 
particle sizes that passed through the system, it was evident that 
the silt suspended in the turbid water was able to make its way 
through all geotextiles to varying degrees. For these tests, the 
larger AOS of the woven W-MF-PP geotextile shown in Figure 
16b appears to have passed more of the finer particles than the 
various nonwoven geotextiles. 

Fine Fraction Filtration Tests 

The concept of using the fine fraction of soil to challenge a 
geotextile filter originates from a 1982 paper by Hoover (6). 
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(c) Part of 32-colunin setup for LTF tests 

Figure 13. Experimental setup for conducting long-terin flow (LTF) tests. 
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Figure 16 Long-term flow (LTF) test results of W-MF-PP geotextile. 
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His concern was with evaluating different fractions of the up-

stream soil under the least desirable installation conditions. As 

will be seen later, it was a very important beginning. This work 

was later extended by Legge (7), who developed a test procedure 

using the geotextile in a vertical configuration while accomin 

' 

o-

dating horizontal flow. The soil under investigation was sieved 

into 85 percent, 50 percent and 15 percent passing fractions, 

designated as D85, D50, and D15 size ranges, respectively, and 

added to the flow column in a slurry form. From an analysis of 

the subsequent data, Legge formulated an interface flow capacity 

value that was indicative of either soil loss, equilibrium, or 

excessive clogging. 

Our adaptation of the above concept and test procedure builds 

on both Hoover's and Legge's earlier work. During initial trials, 

a major difficulty arose in building up a uniform soil layer on 

the geotextile test specimen when positioned vertically. Coarse 

soils built up a triangular wedge from the bottom of the column 

upward, leaving the top of the geotextile completely open. Flow 

rate results depended greatly on the slurry solids content and on 

the distribution of particle sizes within each fraction. The results 

were somewhat improved when the flow device was modified 

to position the geotextile at a 45* angle. However, this orienta-

tion was also abandoned when even better reproducibility was 

achieved using the geotextile mounted horizontally with the flow 

moving vertically, hence flow trajectories are always perpendic-

ular to the geotextile. Figure 18 gives a schematic diagram and 

photograph of the test setup, which we call the fine fraction 

filtration (F 3) test. 

The next decision in developing the test had to do with the 

manner of using the soil under investigation. After numerous 

trials at using different particle size fractions, it was seen that 

little information was gained from evaluation of the coarse or 

medium soil fractions. Thus it was decided to place complete 

focus on the fine fraction. One of the following three criteria 

are currently used to select this fine fraction: 

- If the geotextile filter is not specifically identified and a 

number of different geotextiles are being evaluated, the soil sizes 

passing the #100 and #200 sieves are used. 

* If the geotextile filter is specifically identified, the soil 

fraction equal and finer than its apparent opening sieve (AOS) 

size is used. - 

* On the other hand, if the soil sample is extremely fine, 

such as a silt or dispersive clay, it may be necessary to use the 

soil mass in its entirety. 

In the performance of the F 3 test, one has the choice of control-

ling the total head loss across the geotextile or of controlling 

the flow rate through the geotextile. For example, the usual 

method of performing a geotextile permittivity test (when no 

soil is involved) is by maintaining the total head loss constant. 

ASTM D-4491 uses a total head loss of 2.0 in. (50 nun) and 

monitors the flow rate to arrive at an in-isolation permittivity 

value for the geotextile test specimen under investigation. In the 

course of developing an F 3 test protocol, this same constant head 

procedure is used. As the geotextile becomes "tuned" with soil 

particles, or begins to become clogged, this procedure is not 

possible because of the long time required to accumulate a mea-

surable quantity of flow passing through the system. Thus the 

total head loss is increased, and a constant flow rate procedure 

is used. This second procedure is continued until the conclusion  

of the test, which will be the establishment of either flow rate 

equilibrium or excessive clogging beyond the detection limits 

of the system. Obviously, if soil loss is indicated, one can con-

tinue the testing procedure using the original constant head pro-

cedure. The calculations are modified accordingly with the re-

sulting value being permittivity, rather than a coefficient of 

permeability. This is necessitated because permittivity is inde-

pendent of thickness (i.e., t~ = k1t; where "~" is permittivity, k 
is the permeability coefficient and t is the geotextile/soil column 

thickness), and the thickness cannot be accurately measured in 

the test column. Of course, with a suitable estimate of thickness, 

a system value of k can be obtained. 

VAiile somewhat subjective, the current test procedure uses 

10 g per liter of dry soil in the particle size range described 

earlier. A new soil charge is added whenever the downstream 

flow tube is visually seen to be clear of soil particles passing 

through the geotextile from the previous soil charge and the 

head levels in the piezometers, have reached equilibrium. The 

time increment between charges is very much dependent on the 

soil type and the geotextile type. The time typically varies from 

1 to 20 rnin. 

Regarding the limit of detectability of the test device as it 

appears in Figure 18 and is described above, it is felt that a 

permittivity of 0.005 sec-i can be accurately obtained. Note that 

for a geotextile of 0.5 mm thickness, this is equivalent to a 

permeability coefficient of 2.5 x le cm/sec, which is in the 
permeability equivalency range of a silt-type soil. The test is 

currently written as GRI Test Method GT8 (8). Reproducibility 

of the F 3 test method has been established by conducting a 

number of tests on two different geotextiles using the same fine 

fraction of a well-graded soil as a control. It was seen that some 

scatter occurred but the general trend is reproducible and the 

terminal points are reasonably well behaved (9). 

Using three different material types, Ottawa sand, fly ash and 

a local, well-graded, sandy silt with a trace of clay (classified 

as ML by the Unified Soil Classification System and known 

locally as the Le Bow soil), along with four different geotextile 

filters, a series of F 3 tests resulted in the anticipated behavior (9). 

For example, the Ottawa sand built up a layer on the different 

geotextiles resulting in equilibrium flow rates. The fly ash went 

completely through the geotextile because it was all finer than 

the AOS of the geotextiles and indicated excessive soil loss. 

The fine fraction of the LeBow soil gradually built up on, or 

within, the different geotextiles, and flow rates were gradually 

reduced down to the detectability limit of the system. Thus 

excessive clogging was indicated. At that point, the F 3 test results 

looked encouraging. The field-exhumed soils along with their 

associated geotextiles were subsequently evaluated. Figure 19a 

shows the F 3 test results for the soil of site #2 with a needle 

punched nonwoven geotextile taken from the field exhumed 

PGED. This was an "F' site wherein excessive soil passed 

through the geotextile and completely clogged the core as shown 

in Figure 10. The behavior of the experiment was quite clear in 

that the #200 sieve size soil and finer completely passed through 

the geotextile. The initial drop was due to some particles being 

trapped within the geotextile. Repeating the test with the less 

than #100 sieve size soil gave the result of clogging down to 

the detectability limit of the system. This substantiated the actual 

field findings in that the soil found within the core was indeed 

less than #100 sieve size soil and even 40 percent was less than 
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Figure 18. Schenzalic diagrain and photograph oj'the finefiraction filtration (F3 ) test setup. 

the #200 sieve. Even further, every one of the eight failures of 

this type performed similarly. 

The field-exhumed sites that performed acceptably were then 

systematically evaluated. For example, site #35 is also a PGED 
of exactly the same type as site #2; however, the latter was an 

"A" site. The F 3 test was performed on this soil and its associated 
geotextile with the results shown in Figure 19b. The less than 
#200 sieve size soil went through the geotextile indicating soil 

loss (which did not occur in the field) and the less than #100 
sieve soil indicated excessive clogging (which also did not occur 

in the field). Furthermore, the two sets of curves shown in Figure 
19a and b look remarkably similar to one another, yet one was  

an "F' site and the other was an "A" site. The evaluation of 33 
of the field-retrieved sites (many sites had either insufficient soil 

or damaged geotextiles, thus all 91 sites could not be evaluated) 
arrived at essentially the same results. 

The conclusion of the F 3 test is that it can distinguish between 

soils that will pass through a geotextile versus those that will 

excessively clog. More importantly, however, is the associated 

conclusion that the F3 test cannot distinguish between soil/geo-
textile combinations that will be acceptable in the field versus 

those that will be nonacceptable. 

Our final recommendation regarding the F3 test will be that 
it is of interest academically, but is not useful to DOT engineers 
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Figure 19. Fine fraction filtration (P) test results using a 
nonwoven needle-punched geotextile and various fractions of 
soils taken from two field sites. 

at least for its proposed purpose. That purpose was as an acceler-
ated index-type test to see if a particular soil was compatible 
from a flow rate perspective with a particular geotextile filter. 

Dynamic-Fine Fraction Filtration Tests 

Dynamic filtration of a geotextile filter is required under cer-
tain conditions. These might be any one of the following: 

0 Highway edge drains adjacent to faulted pavements having 
saturated subgrades. 

* Dynamic loads caused by railroads under saturated ballast 
conditions. 

* Impact loads caused by landing aircraft when striking pave-
ments under saturated conditions. 

- Erosion control filters for coastal waterways due to ship 
wash and wave turbulence. 

* Various types of groundwater surges caused by abrupt 
ground movements or mechanical equipment placed on, or 
within, the ground surface. 

Note that the above situations are not the commonly encountered 
situations of static or even quasi-static hydrologic conditions 
for geotextile filters, but they are certainly plausible under the 
conditions stated above. 

The dynamic-fine fraction filtration (D-F 3)  test to be used is 
essentially a fine fraction filtration test, which is now conducted 
after incremental periods of dynamic pulsing of the hydraulic 
system (see reference 10). Between each pulsing cycle, selected 
increments of soil are added upstream of the geotextile in exactly 
the same manner as the F3  test presented previously. The config-
uration is shown in Figure 20. The geotextile test specimen is 
6.0 in. (150 nun) in diameter and is mounted in the permearrieter 
as shown. The soil is added in slurry form from two entry ports. 
For these tests, each increment of slurry was formed by adding 
5 g of dry silt soil to 1.0 L of tap water. The valves are closed 
after slurry placement and dynamic pulses at a controlled pres-
sure are then applied. For the test results to follow, the rate was 
2 to 3 pulses per sec. Pulses were applied until the water in 
the upper cylinder became visually clear. This condition was 
generally reached after flow volumes through the system were 
about 15 L of water. Between each cycle of adding soil and 
pulsing as described above, flow rate measurements under a 
constant total head of 2.0 in. (50 mm) were conducted. Note 
that this is the ASTM D-4491 laboratory protocol for hydraulic 
perm.ittivity testing with the geotextile used in-isolation. A series 
of test results plotting the measured flow rate versus cumulative 
soil added to the system was conducted and will be described. 

Figure 2 1 a illustrates the behavior of a 4.5 oz/yd 2  (150 g/M2) 

nonwoven needle-punched geotextile to three different materi-
als. The fly ash, with particle sizes less than the opening size 
of the geotextile, moved completely through it. The well-graded 
sand with particle sizes all larger than the opening size of the 
geotextile, initially decreased the flow rate and eventually came 
to equilibrium. The fine fraction of Le Bow soil (a well-graded 
local soil consisting of sand, silt, and clay and designated SW-
MQ gradually decreased the flow rate until the limit of the 
system was reached. This lower limit is estimated to be about 
5.0 cc/sec flow rate or 0.010 sec-1  permittivity. Clearly, the soil 
type is an important consideration in dynarnic soil filtration 
involving geotextiles. 

Figure 21b test results are from the same soil as described 
previously, i.e., the Le Bow soil, but now used in different size 
fractions. Note that the #80 sieve size (approximately the AOS 
of the geotextile) showed a clogging tendency, the #100 sieve 
size took considerably longer to reach the lower limit, and the 
#200 soil size passed through the geotextile in its entirety. Thus 
not only is soil type important, soil size is also an important 
consideration in dynamic soil filtration involving geotextiles. 

Attempts at using the D-F 3  test were now tried on several of 
the field retrieved soils and their associated geotextiles. Exactly 
the same response as shown in Figures 19a and b resulted. 
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Figure20. Schematic diagranz and photograph of dynainic-fine fraction filtration (D-F-3) 
test setup. 

That is, the D-F3  test cannot distinguish between acceptable 
and nonacceptable field sites. The only meaningful difference 
between the F 3  test and D-F 3  test is that the dynamic pulses 
cauge the soil loss or clogging behavior to occur more rapidly. 

Obviously, the researcher's final recommendation is the same 
as 	for the F-3  test, i.e., that the D-F 3  test is riot suited for a 
rapid index-type test to indicate when field problems in highway 
drainage situations may occur or not. 

Summary of Laboratory Studies 

As shown in the project flow ch,0 of Figure 2, three labora-
tory tests were investigated or developed. The LTF tests were 
instructive in that the various soil/geotextile/permeant combina-
tions gave insight into the types of soils and permeants which 
are of concern to geotextile filters. Undoubtedly for clear water 
flow, the soils containing 25 percent, or higher, of fine-grained 
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silt lead to very low equilibrium flow rates. They indeed can be 
cases of excessive clogging depending on the site-specific de-
sign requirements. The granular soils containing 5 percent silt 
were generally cases of loss of this silt component that may 
lead to soil retention problems depending on the nature of the 
downstream drain capacity. The 100 percent sand soils resulted 
in stable flow rates in all cases. 

Conversely, turbid water flow is seen to be a different situation 
than clear water flow. In all cases, flow rates are much lower 
than for clear water. For the soils containing 25 percent fine 
grained silt, or higher, the lower limit of detection of the test 
method was reached almost instantly. For soils containing 5 
percent silt or less, equilibrium was reached albeit at a relatively 
low value. The design requirement will dictate if such values 
are excessively low, or not. 

The two newly developed tests, F 3  and D-173, were meant to 
give a rapid indication of the suitability of a candidate geotextile 
to a particular soil type. By using only the fine fraction of the 
soil it was hoped that an accelerated test method would act as 
an indicator of the LTF test and indeed of the field situation 
itself. While both tests could distinguish between excessive soil 
loss or excessive clogging, neither test could separate out accept-
able from nonacceptable field sites. With ground truth from the 
field exhurning sites and verification from the laboratory test 
results, it is concluded that neither the F 3  nor the D-F 3  test was 
successful in its mission. Hence, these particular two tests are 
not recommended for further investigation. 
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GEOTEXTILE FILTER DESIGN 

It is well established that the design of a geotextile filter has 

three distinct requirements: adequate permeability, proper soil 

retention, and long-term (i.e., nonexcessive clogging) perfor-

mance over the service lifetime of the system. As will be seen in 

the following tables, there have been many attempts at providing 

design criteria for these three requirements. In a certain manner, 

these various design criteria can be investigated since "ground 

truth" has been established by virtue of the 19 field-exhumed 

sites and a complete documentation of the various geotextile 

and soil characteristics is available (see Appendices A and B). 

Permeability Criteria 

A summary of the most widely used permeability criteria is 

available from Christopher and Fischer (11) and is reproduced 

in Table 6. In the table it should be noted that the Christopher and 

Holtz criterion (18) is currently used by the Federal Highway 

Administration (FHWA) in their widely offered training courses 

to state DOT engineers and designers. The various qualitative 

comments in the remarks column of Table 6 have been used in  

the past in a somewhat loosely defined manner. The description 

in Table 7 is from Carroll (16) who provided an early guideline. 

Using each of the design criteria in Table 6 against each of the 

91 field-exhumed sites given in Appendix A, with the specific 

geotextile and soil characteristics given in Appendix B, a com-

parison has been made; see Table 8. The check (4) signifies 

agreement with field observations, while the (x) signifies dis-

agreement with the field observations. By disagreement is meant 

that the criterion suggested "no problem" whereas one was actu-

ally observed in the field, i.e., a "M or "F' site. Additionally, the 

(x) signifies disagreement if the criterion suggested a "problem" 

whereas none was observed in the field, i.e., an "A," "B," or 

site. Also note that when the geotextile performance is a 

or "F," the mechanism of soil retention or clogging must 

be identified. The subscript Y' is for retention problems, while 

the subscript "c" is for clogging problems. For a check (4) to 

be given to a criterion it must have predicted the proper type of 

failure mechanism, i.e., clogging in this comparison table. The 

N/A sites are for those conditions where the geotextile mechani-

cally failed and are therefore not applicable for such a perme-

ability comparison. 
The results of the comparison given in Table 8 appear to 

indicate that all permeability criteria are reasonable for the ac-

ceptable A, B, and C field sites. For the few nonacceptable D 

TABLE 6. Existing geotextile permeability criteria, after Christopher and Fischer (11) 

Source 
	

Criterion 
	

Remarks 

Giroud (12) 	 ks ~ 0.1 k, 	 No factor of safety is applied 

FHwA - NC/NS, e.g., Calhoun (13); 	k9 ~! k, 
Schober and Teindl (14); Wates (15); 
Carroll (16); Haliburton, et al. (17); 
Christopher and Holtz (18) 
and numerous others 

FHwA - C/S, e.g. Carroll (16); 	 ks ~t 10 k, 

Christopher and Holtz (18) 

French Committee on 	 Based on 
Geotextiles and 	 permittivity W 
Geomembranes (19) 	 with xV ~: 103-5 k, 

where NC/NS = noneriticaVnonsevere, see Thble 7 for description 
C/s 	= critical/severe, see Table 7 for description 

and 	kg = permeability of the geotextile 

k, = permeability of the upstream soil 
W = permittivity of the geotextile (= k?/0 

t 	= thickness of the geotextile 

For use with noncritical 
applications, nonsevere soil 
conditions and steady state 
flow 

For use with critical applications 
and severe soil or dynamic 
hydraulic conditions 

For following conditions: 
Critical use 105 k, 
Less critical use 101 k, 
Clean sand use 103 k, 



TABLE 7. Qualitative guidelines for evaluating the critical nature or severity of geotextile filter 
applications, after Carroll (16) 
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(a) Critical vs. Noncritical Conditions 

item 
Risk of loss of life and/or significant 
structural damage due to drain failure: 

Evidence of drain clogging before 
potential catastrophic failure: 

Repair costs vs. installation costs of drains: 

(b) Severe vs. Nonsevere Conditions 

Item 
Soil to be drained 

Hydraulic gradient 

Flow conditions  

Critical 	 Noncritical 

High 	 None 

None 	 Yes 

Much greater 	Equal or less 

Severe 	 Nonsevere 
Gap-graded, pipable 	Vkll-graded 
and dispersible 	uniform 

High 	 Low 

Dynamic cyclic 	Steady State 
or pulsating 

and F field sites, no method was particularly superior over the 
others. The methods of Giroud and FHWA (noncritical/nonse-
vere) appear to be slightly better than the others insofar as 
agreement is concerned. An additional analysis of the data will 
be given in the summary of this section. Here Table 8 will be 
further subdivided on the basis of soil type. 

Soil Retention Criteria 

A summary of the most widely used soil retention criteria is 
available from Christopher and Fischer (11) and is reproduced 
in Table 9. In the table it should be noted that the Christopher 
and Holtz reference is currently used by the FHWA (in a slightly 
abridged manner) and will be identified as such hereafter. Fur-
thermore, it will be identified as FHWA (S) for steady state 
flow and FHWA (D) for dynamic flow. 

As readily seen from the above table there have been a large 
number of attempts at providing a generalized criterion for soil 
retention. Using the 91 field-exhumed sites, with their respective 
geotextile and soil characteristics, an assessment of the various 
criteria has been made (see Table 10). In obtaining the data 
for this assessment, the various soil fraction(s) required by the 
different criteria—e.g., D15,  D50, D85,  and D90—were obtained 
by direct sieving of the upstream soil. When an insufficient 
amount of soil was available, an estimation was made using the 
DIO  and CU values that were always directly measured. For the 
geotextile opening size values, direct measurement was more 
difficult to perform since the geotextile was field retrieved after 
years of service. For sites where the geotextile could be ultrason-
ically cleaned, the opening size was determined by direct experi-
mentation with dry sieving of glass beads, i.e., ASTM D4751. 
This was not possible at some sites because of damage to the 
geotextile in removing it from the core or its contained soil. 
However, knowing the type, style, and manufacturer of the spe-
cific product that was used allowed for identification of the Ogs  
value in all cases. For those criteria requiring other geotextile 
opening size characteristics, e.g., 015,  050, or 095, the typical  

porometry of that type of geotextile was used based on the 
known 095  value. See reference 2 for the porometry of different 
s tyles of manufactured geotextiles. 

From the summary given at the bottom of Table 10, it can be 
seen that with the exception of Giroud's method (which only 
deals with granular soils; hence the large number of nonapplica-
ble sites), a number of soil retention prediction criteria are quite 
acceptable. The criteria of Task Force #25, FHWA (steady 
flow), Ogink, the French Committee, and Carroll have similarly 
good results. To be noted is that the eight PGED sites that 
showed soil retention failures have been listed in the table as 
N/A. This was done since no criterion was seen to accurately 
predict the field situation of lack of contact with the upstream 
soil. Such situations must be handled by proper installation tech-
niques. In the summary of this section to follow, the criteria will 
be further subdivided into soil types for additional commentary. 

Long-Term Performance Criteria 

The long-term geotextile filter performance criteria (some-
times called criteria against excessive clogging) that are avail-
able have been assembled by Christopher and Fischer (11); see 
Table 11. In the table, it should be noted that Christopher and 
Holtz (18) is the criteria currently used by the Federal Highway 
Administration and will be identified as such. Note that the 
table is not as structured as the previous criteria for adequate 
permeability and soil retention but can be nevertheless used for 
this purpose. As noted in Table I I for critical/severe applica-
tions, laboratory experiments are required. These experiments 
will be (one or more) of the following: 1) gradient ratio tests, 
2) long-term flow tests, or 3) hydraulic conductivity ratio tests. 
See Koerner et al. (28) for a description of these tests and for 
additional references. 

Regarding the noncritical/nonsevere applications, the results 
of all 91 field-exhumed sites have been used—with their respec-
tive geotextile and soil characteristics —to make a comparison 
(see Table 12). The assumption in making the comparison is, 



TABLE 8. Assessment of permeability criteria from Table 6 against findings of field exhurning study 

Site 
No. 

Soil 
Type 

GT 
Perf. 

Giroud FHwA- 
NC/NS 

FHwA- 
C/S 

French Cornmittee 
1 	2 	3 

Site 	Soil 
No. 	Type 

GT 
Perf. 

GiToud FHwA- 
NC/NS 

FHwA- 
C/S 

French Committee 
1 	2 	3 

I SC F -q x 45 	SC B q x 

2 SM F~ x 46 	SC C x x 

3 Sw-SM x x 47 	Sw C x x x 

4 Sw A x x x 48 	SP C 4 x x 

5 SP A 4 x x 49 	Sw F N/A N/A N/A N/A N/A N/A 

6 Sw A x x x x x 50 	CL-ML 'IC 4 x 

7 SC D 4 x 51 	SM A x x 

8 SM e x x 52 	CL A 

9 CL-ML F, x x x x 4 53 	CL A 
10 ML D 4 x 54 	SC A 
11 SM F x x 55 	SC D, 
12 SM x x 56 	SP A x x x 

13 ML C 4 x 57 	SM A 4 - x x 

14 SM A x x 58 	SC F x x x x x 

15 Sw-SC B x x x 59 	SM 4 4 4 x x 

16 SW-SM B x x x 60 	Sw-SM D, N/A N/A N/A N/A N/A N/A 

17 SC B x 61 	SC A x x 

18 CL A 4 62 	Sw-SM A x x 

19 SC A x 63 	SM A x x 

20 CL C 4 64 	SC B x 

21 SP A x x x x - 65 	SC A x 

22 SM-SC A x 66 	SM-SC A x x 
23 CL-ML A 4 69 	SC A x 

24 ML C x 73 	SC B x 
25 SM-SC F x x x 4 75 	SC D x x 

26 SW-SM x x 76 	SC D' x x 
27 SM A 4 x 77 	SC A~ x x 
28 SW-SM A x x 78 	SC F N/A N/A N/A N/A N/A N/A 
29 SC F x 79 	SC A x 
30 SM-SC A x x 80 	SC B x 
31 Sw B x x x - 81 	SC B x 
32 SM C x x 82 	SM B x x 
33 ML A x 83 	SM B x x x 
34 CL A 84 	SM A x x 
35 CL A 85 	SM A - 4 x 
36 CL A 86 	GW A x x - 

37 CL A 87 	SC A 4 
38 CL A 88 	Sw-SM A x x 
39 CL A 89 	SC A 4 4 
40 CL A go 	SM A x x 
41 CL B 91 	SC B 4 4 
42 CL B TOTAL 4 78 77 69 0 44 21 
43 SM C x TOTAL 

FN 

x 4 5 13 12 37 49 
44 SM A x o GT or N/A - 9 9 9 79 10 21 



TABLE 9. Existing geotextile retention criteria (modified after Christopher and Fischer (11)) 

Source 
	

Ofterion 
	

Remarks 

AASHTO Task Force #25 (20) 	50%:5 0.074 mm, 095 < 0.59 mm 	no limitations on 
50% > 0.074 MM, 095 < 0.30 min 	geotextile type nor soil type 

Calhoun (13) 	 09 S/D8 5 15 1 	 Wovens, soils with:5 50% 

passing No. 200 sieve 

095:5 0.2 min 	 Wavens, cohesive soils 

Zitscher (21) 05 O/D5 0 :5 1.7-2.7 Wovens, soils with CU:5 2, 

D50 = 0.1 to 0.2 mm 
050/D50!5 2.5 to 3.7 Nonwovens, cohesive soil 

Ogink (22) 09 OD9 0 :5 1 Wovens 

09 ojDq o :5 1.8 Nonwovens 

Sweetland (23) 015138 5 :5 1 Nonwovens, soils with CU = 1.5 
01 5D, 5:5 1 Nonwovens, soils with CU = 4.0 

Rankilor (24) 050/1385!~ I Nonwovens, soils with 

0.2:5 D85:5 0.25 mm 

01 5/Dj 5!5 1 Nonwovens, soils with 

D8 5 > 0.25 mm 

Schober & Teindl (14) 090/D50!5 2'.5-4.5 Woven and thin nonwovens, 

(with no factor of safety) dependent on CU 
090/1)50!~- 4.5-7.5 17hick nonwovens, dependent 

on CU, silt and sand soils 

Giroud (12) 09 S/D5 0 5 (9-18)/CU Dependent on soil CU and density 

Assumes fines in soil migrate 

for large CU values 

Carroll (16) 095/1)85:-~ 2-3 Wovens and nonwovens 

FHwA via 09 S/DS 5:5 1-2 Dependent on soil type and CU 

Christopher and Holtz (18) 09 5/1315:5 1 or Dynamic, pulsating and cyclic flow, 

05 0/138 5:5 0.5 if soil can move beneath geotextile 

French Committee on OP85!~ 0.38-1.25 Dependent on soil type, 

Geotextiles and compaction, hydraulic and 

Geomembranes (19) application conditions 

Fischer et al. (25) OsO/D85:5 0.8 Based on geotextile pore size 

050ID15 5 1.8-7.0 distribution, dependent on CU of 

050/D50:5 0.8-2.0 soil 

Luettich et al. (26) design charts Based on geotextile void size, 

soil size and type, hydraulic 

conditions and other factors 

where 0,, = geotextile opening size corresponding to "X" particle size based on dry glass bead sieving 

Of = filtration opening size based on hydrodynamic sieving 
Dy = soil particle size corresponding to "Y" percent passing 

CU = coefficient of uniformity = D60/DIO 
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TABLE 10. Assessment of soil retention criteria from Table 9 against findings of field exhuming study 

Site 
No. 

Soil 
Type 

GT 
Perf. 

Task 
Force #25 

Giroud Steady 
Flow 

FHwA 
Dynamic 

Flow 
Zitscher Qgink Sweetland RankilOT Schober/ 

Teindl 
Fischer, et al. 

Luettich. et  al. 
Steady 	Dynamic 
Flow 	Flow 

French 
Committee 

Carroll 

1 SC FT  N/A N/A N/A NIA N/A N/A N/A NIA NIA N/A N/A N/A N/A N/A 

2 SM Fr  N/A NIA N/A NIA N/A N/A N/A NIA N/A N/A N/A N/A N/A N/A 

3 SW-SM A x x N/A 
4 SW A N/A 
5 SP A N/A 
6 SW A N/A 
7 SC Dr  N/A NIA N/A NjA N/A N/A N/A NIA N/A N/A N/A N/A N/A N/A 

8 SM C N/A x 4 4 x x 4 4 x x 
9 CIML Fc  NIA x x 4 x 4 x x x x 

10 ML Dr  N/A N/A N/A N)A N/A N/A N/A N/A N/A N/A N/A N/A N/A NIA 

11 SM Fr  NIA N/A N/A NIA N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

12 SM A NIA x x x 4 4 4 4 4 4 
.13 ML C N/A 4 x x x x 
14 SM A N/A x x x 
15 SW-SC B x N/A 
16 SW-SM B x N/A 
17 SC B N/A x x x x x 
18 CL A NIA 4 x x x 
19 SC A N/A x x x 4 
20 CL C N/A x x x x x 
21 SP A 4 4 N/A 4 x 
22 SM-SC A N/A x x x x 
23 CI-ML A N/A x x x x 
24 ML C NIA x x x x 
25 SM-SC Fc  N/A x x x 

26 SW-SM A 4 x N/A 4 4 
27 SM A N/A x 4 x x x 
28 SW-SM A 4 x N/A 4 4 4 
29 SC FT  x N/A x 4 x x 4 4 x x x x x x 

30 SM-SC A NIA x 4 4 x x 4 4 
31 SW B N/A 
32 SM C N/A x x x 
33 ML A N/A 4 x x x x x 

—9 



TABLE 10. Assessment of soil retention criteria from Table 9 against findings of field eximming study (Continued) 

FHwA 
	

Luettich. et  al. 
Site Soil 	Gr 	Task 	Giroud 	Steady 	Dynamic Zitscher Qgink Sweetland Rankilor Schober/ Fischer, et al. Steady 	Dynamic 	French Carroll 
No. 	Type PerL Force #25 	 Flow 	Flow 	 Teindl 

	
Flow 	Flow 	Committee 

34 CL A N/A x x x x x x 
35 CL A N/A x x x x x x 
36 CL A N/A x x x x x x 
37 CL A N/A x x x x 
38 CL A N/A x x x x 
39 CL A N/A x x x x x x x x 
40 CL A N/A x x 4 x x 
41 CL B N/A x x x x x 
42 CL B N/A x x x x x x 
43 SM C N/A x x x 4 x x 
44 SM A N/A x x x x x 
45 SC B N/A x x x x 
46 SC C N/A x x x 
47 SW C 4 N/A 
48 SP C x N/A 
49 SW Fuv  NIA N/A N/A N/A N/A N/A NIA N/A NIA N/A N/A N/A N/A N/A 

50 CL-ML A N/A 4 4 4 x x x x 
51 SM A N/A x x x 4 4 
52 CL A N/A x x x x 
53 CL A x N/A x x x x x x 
54 SC A 4 N/A x x x x x x x x 
55 SC D, x N/A x x x x x x 4 x x 

56 SP A x NIA 
57 SM A N/A x 4 
58 SC Fc  N/A x x x x 

59 SM A N/A x 4 4 4 
60 SW-SM Dr  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
61 SC A N/A x 4 4 4 4 
62 SW-SM A N/A x N/A 4 
63 SM A N/A x 
64 SC B N/A x x x 
65 SC A N/A x x x 
66 SM-SC A N/A x x x 
69 SC A N/A x x x x 
73 SC B N/A x x x 4 
75 SC Dr  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

76 SC D, N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 



TABLE 10. Assessment of soil retention criteria from Table 9 against findings of field exhuming study (Continued) 

FHwA Luettich. et  al. 
Site Soil GF Task Giroud Steady Dynamic Zitscher Qgink Sweetland Rankilor Schober/ Fischer, et al. Steady Dynamic French Carroll 

No. Type Perf. Force #25 Flow Flow Teindl Flow Flow'! Committee 

77 SC A 4 N/A 4 x -V x x 4 4 4 4 4 4 
78 SC F N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
79 SC A N/A x x x 4 x 
80 SC B N/A x x x x 
81 SC B N/A x x x 
82 SM B N/A x 
83 SM B N/A x 
84 SM A N/A x 
85 SM A N/A x 
86 GW A 4 N/A 
87 SC A N/A x 4 
88 SW-SM A 4 x N/A 
89 SC A N/A x x x 
90 SM A N/A x x x 
91 SC B N/A x 4 4 

Total - -4 	 72 	14 	73 
	

24 	49 	73 	28 	30 	61 	47 	67 	50 	73 	73 
Total x 	 4 	1 	2 

	
51 10 2 47 	45 14 	28 	8 	25 	2 	2 

No GT or NIA 	 15 	76 	16 
	

16 	32 	16. 	16 	16 	16 	16 	16 	16 	16 	16 



TABLE 11. Existing long-term performance against excessive clogging criteria after Christopher 
and Fischer (11) 

A. 	Critical/severe applications 

Perform soil/geotextile filtration tests. 
(e.g., Calhoun (13); Haliburton et al. (17); Haliburton and Wood. (27); Giroud. (12); 
Carroll (16); Christopher and Holtz (18); Koerner. (2)) 

B . 	Noncrifical/nonsevere applications 

1. Perform soil/geotextile filtration tests. 
2. Minimum pore sizes altematives for soils containing fines, especially in a 

noncontinuous matrix: 

095 ~! 31315 for CU > 3 

(FHwA via Christopher and Holtz. (18)) 

015A)15 0.8 to 1.2 

050/D50 0.2 to 1.0 

(Fischer, et al., (25)) 

(C) Of 2! 41315 

(French Committee on Geotextiles (19)) 

3. For CU:!~ 3, geotextile with maximum opening size from retention criteria should be 
specified. 

4. Apparent open area qualifiers 

Woven geotextiles: Percent Open Area: 2! 4% to 6% 
(Calhoun (13); Koemer (2)) 
Nonwoven geotextiles: Porosity ~! 30% to 40% 
(Christopher and Holtz (18); Koemer (2)) 
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of course, that the 91 sites are indeed "noncritical/nonsevere" 

applications. As noted in Table 7 this is somewhat subjective 

but the assumption is nevertheless made. 

Observing the totals of nonacceptable predictions listed in 

Table 12, it is seen that all criteria have a large number of x's, 

but that the FHWA method via Christopher and Holtz (18) is 

somewhat preferable to the others. Within this large disagree-

ment group, however, all but two were predicted as failures but 

were actually acceptable (A, B, or Q field sites. Thus they were 

conservative in their prediction and statistically could be referred 

to as false-positive predictions, i.e., the error is on the safe side. 

There were three nonacceptable clogging sites (all with fine-

grained soils); however, none of the criteria predicted the poor 

performance. Of course, these by their very outcome are of a 

severe nature and perhaps none of the criteria should be expected 

to predict proper performance under such adverse conditions. 

Clearly, laboratory tests are warranted for such conditions. In 

the summary of this section, further subdivision of these data 

is made based on soil type, and the situation is more clearly 

identified. 

SUMMARY ASSESSMENT OF DESIGN CRITERIA 

At the outset, it should be recognized that the quest for a 

simplistic criterion based on one (or a few) soil characteristics 

versus one (or a few) geotextile characteristics to predict ade-

quate permeability, proper soil retention, and long-tenn (i.e., 

nonexcessive clogging) performance is not an easy task. The 

collection of design criteria presented in Tables 6, 9, and I I for 

the three mechanisms shows that there have been many attempts. 

Using the 91 field sites as ground truth, the performance of 

the various geotextiles was compared to the various design mod-

els. Note that 6 of the field sites had no geotextiles involved, I 

was ultraviolet light degraded and 2 were mechanically punc-

tured, so that there were 82 possible comparisons to be made to 

each criterion in each of the three design categories. Further-

more, those PGED sites with lack of intimate contact were not 

included in the soil retention analysis because these failures were 

considered to be installation related. The results were given in 

Tables 8, 10, and 12 for permeability, soil retention, and exces-

sive clogging, respectively. The summary reached from these 

three tables is given in Table 13a, b, and c for permeability, soil 

retention, and excessive clogging, respectively. However, the 

results have been further subdivided according to the particle 

size characteristics of the upstream soil. The subdivisions in 

Table 13 are made in accordance with recommendations of the 

Unified Soil Classification System. 

granular soils with :5 12 percent passing the #200 sieve 

mixed soils with 13 to 49 percent passing the #200 sieve 

fine-grained soils with ~! 50 percent passing the #200 sieve 

Regarding penneability criteria, it is noted in Table 13a that 

the Giroud and FHWA-NC/NS criteria are preferable in corre-

lating their predicted behavior with the field sites. Furthermore, 

it is seen that their predictions cover the entire spectrum of 

possible soils. In light of the FHWA method being widely used 

by most state departments of transportation, it is felt that the 

current status should continue. The most recent FHWA criterion 

via Christopher and Holtz (29) is as follows: 



TABLE 12. Assessment of long-term clogging criteria from Table 10 against findings of field exhuming study 

Site 
No. 

Soil 
Type 

GT 
Perf. 

FHwA Fischer, 
et al. 

French 
Committee 

Site 
No. 

Soil 
Type 

GT 
Perf. 

FHwA Fischer, 
et al. 

French 
Committee 

I SC F q x 48 SP C 
2 SM F 

r 
49 Sw F 

U 
N/A N/A N/A 

3 Sw-SM A 50 CL-ML A 4 
4 Sw A 51 SM A x 
5 SP A 52 CL A 
6 Sw A 53 CL A 
7 SC D 54 SC A 
8 SM C x 55 SC Dr  
9 CL-ML Fc  x x x 56 SP A 
10 ML D, 4 57 SM A x x x 
I I SM F, x 58 SC FC  x x x 
12 SM A 59 SM A x x x 
13 ML C 60 Sw-SM Dr  N/A N/A N/A 
14 SM A 61 SC A x x 
15 Sw-SC B 62 Sw-SM A 
16 Sw-SM B 63 SM A x x x 
17 SC B 64 SC B 4 4 
18 CL A 65 SC A x x 
19 SC A x 66 SM-SC A x x 
20 CL C 69 SC A 
21 SP A 73 SC B 
22 SM-SC A 75 SC Dr  x 
23 CL-ML A 76 SC Dr  x x x 
24 ML C 77 SC A 4 4 4 
25 SM-SC F. x x x 78 SC F N/A N/A N/A 
26 Sw-SM A 79 SC A 4 x 
27 SM A 80 SC B x 
28 Sw-SM A 81 SC B 
29 . SC Fr  82 SM B x x 
30 SM-SC A x 83 SM B x x x 
31 Sw B 84 SM A x x x 
32 SM C x x 85 SM A x x x 
33 ML A 86 GW A 
34 CL A 87 SC A x x x 
35 CL A 88 Sw-SM A 
36 CL A 89 SC A 
37 CL A 90 SM A 
38 CL A 91 SC B x x x 



Table 12. Continued 

Site Soil GT FHwA Fischer French Site Soil 	GT FHwA Fischer French 
No. Type Perf. Committee No. Type 	Perf. Committee 
39 CL A 
40 CL A 
41 CL B Total 52 47 43 
42 CL B Total x 14 19 23 
43 SM C No GT or N/A 25 25 25 
44 SM A 
45 SC B 
46 SC C x 
47 Sw C 

w 
00 
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Critical/Severe Applications 

k (geotextile) ~! 10 k (soil) 

Less Critical/Less Severe (with clean medium to coarse 

sands and gravels) 

k (geotextile) ~! k (soil) 

The permeability should be based on the actual geotextile 

open area available for flow. For example, if 50 percent of the 

geotextile area is to be covered by flat concrete blocks, the 

effective flow area is reduced by 50 percent. 

Regarding soil retention criteria, it is noted in Table 13b that 

a number of criteria are acceptable based on correlations of their 

predicted behavior with the field sites. For example, Task Force 

#25, FHWA (S), Ogink, the French Committee and Carroll all 

give good results. It is recommended, however, to follow the 

criterion used by the FHWA via Christopher and Holtz. Their 

latest revision as shown below is from reference 29. 

Dynamic, 

Pulsating, and 

Soil Type Steady State Flow Cyclic Flow 

< 50% Passing 095 :5 BD85 095 :5 0.5 D85 

#200 sieve where 

B = 1 for 2 ~t CU ~: 8 

B = 0.5 for 2 < CU!~ 4 

B = 8/CU for 4 < CU < 8 

50% Passing 095 !~ D85 (for wovens) 095 15 0.5 D85 

#200 sieve 095:5 1.8 D85 (for nonwovens) 

and for both 

095:5 0.3 min (> No. 50 sieve) 

Regarding excessive clogging criteria, it is noted in Table 13c 

that none of the criteria are applicable nor needed for granular 

soils. The reason being that granular soils are not troublesome 

soils with respect to excessive long-term clogging and the per-

meability and soil retention criteria should be adequate to prop-

erly design geotextile filters. This was indeed seen to be the 

case. Regarding mixed soils with 13 to 49 percent passing the 

#200 sieve, no available criterion appeared to be outstanding. 

However, as noted in the footnote, all but two of the disagree-

ments were with sites predicted as failures but were actually 

acceptable (A, B, or C) field sites. For those few situations 

remaining it is necessary to require laboratory testing when in 

critical/severe situations. The long-term flow test described pre-

viously is recommended. For fine soils with greater than 50  

percent passing the #200 sieve, the FHWA criterion via Christo-

pher and Holtz (18) is the best and its agreement is excellent. 

Here again, the latest revisions of the FHWA criteria are recom-

mended for use; see Christopher and Holtz (29). They are as 

follows: 

A. Critical/Severe Applicationsi 

Select geotextiles meeting permeability, retention and NUNS clog-
ging conditions and perform soil/geotextile filtration tests before 
specification, prequalifying the geotextile, or after selection before 
bid closing. Alternative: use approved list specification for filtra-
tion applications. Suggested performance teit method: Gradient 
Ratio :5 3 

B. Less Critical/Nonsevere Applications 

I . Perform soil/geotextile filtration tests. 

Alternative: 095 > 3D15 for CU > 3 

For CU:~ 3, geotextile with maximum opening size possi-

ble (lowest AOS No.) from retention criteria should be 

specified. 

Apparent Opening Area Qualifiers 2 

Percent Open Area: ~: 4% (for wovens) 

Porosity 2 >_ 30% (for nonwovens) 

It should be noted that the above recommendations for critical/ 

severe applications call for the gradient ratio test (ASTM 

D5 10 1) with the resulting gradient ratio value being 3.0, or less. 

For reasons described in this report, the long-term flow (LTF) 

test is favored. The LTF test procedure is given as Appendix C. 

Finally, it should be mentioned that geotextile survivability 

against damage from installation stresses is absolutely essential 

for a properly functioning geotextile filter. As was seen in Site 

No. 60 and Site No. 78 where the geotextile was torn and punc-

tured, respectively, a failed geotextile completely defeats the 

potential functioning of the geotextile filter. However, these 

were the only two geotextile field failures that were physically 

torn, punctured, or burst. In general, it is felt that the current 

recommendations are adequate in this regard. The currently used 

FHWA geotextile survivability guidelines are reproduced in 

Table 14. 

1 Filtration tests are performance tests and cannot be performed by the 
manufacturer as they depend on specific soil and design conditions. Tests 
are to be performed by specifying agency or representative. Note that 
experience is required to obtain reproducible results in the gradient ratio 
test. 
2 Porosity requirement based on graded granular filter porosity. 



TABLE 13. Summary of analysis of geotextile filter design models based upon comparison to 

results of field exhumed studies 

(a) Permeability criteria from Table 7 

Source Reference Granular Soil Mixed Soil Fine Soil 
15 12% pass #200 13-49% pass #200 ~t50% pass #200 
Agree 	Disagree Agree 	Disagree Agree 	Disagree 

Giroud 12 15 	1 44 	2 19 	1 
FHwA - NCINS 18 14 	2 44 	2 19 	1 
FHwA-C/S 18 7 	9 43 	3 19 	1 
French 1 19 0 	9 0 	3 n/a 	n/a 
French 2 19 0 	15 25 	21 19 	1 
French 3 19 0 	7 6 	37 15 	5 

NCINS = noncritical, nonsevere conditions 
C/S = critical, severe conditions 

(b) Soil retention criteria from Table 10 

Source Reference Granular Soil Mixed Soil Fine Soil 
:5 12% pass #200 13-49% pass #200 2:50% pass #200 
Agree Disagree Agree Disagree Agree Disagree 

TF #25 20 16 0 38 2 18 1 
Giroud 12 14 1 n/a rVa n/a n/a 
FHwA (S) 18 16 0 38 2 19 0 
FHwA (D) 18 7 9 1 39 16 3 
Zitscher 21 n/a n/a 37 3 12 7 
Ogink 22 16 0 38 2 19 0 
Sweetland 23 16 0 12 28 0 19 
Rankilor 24 16 0 12 28 2 17 
Schober 14 16 0 36 4 9 10 
Fisher 25 16 0 30 10 1 8 
Luettich (S) 26 16 0 35 5 16 3 
Luettich (D) 26 15 1 34 6 1 18 
French 19 16 0 38 2 19 0 
Carroll 16 16 0 38 2 19 0 

S = steady flow conditions 
D = dynamic flow conditions 
n/a = not applicable 

(c) Excessive clogging criteria from Table 12 

Source 	 Reference Granular Soil Mixed Soil Fine Soil 
:5 12% pass #200 13-49% pass #200 ~50% pass #200 
Agree 	Disagree Agree 	Disagree Agree 	Disagree 

FHwA 	18 rVa 	n/a 33 	13* 19 	1 
Fisher 	12 n/a 	rx/a 28 	18* 19 	1 
French 	19 n/a 	n/a 24 	22* 19 	1 

*all but 2 disagreements were predicted as failures but were actually A, B or C sites in the field. 
n/a = not applicable 
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TABLE 14. AASHTO-ABC-ARBTA joint committee niffinimurn  geotextile properties recommended 
for drainage (ffitration) geotextiles 1,2 

Drainage3  

Property Class A4 Class B5  Test Method 

Grab Strength (lb) 180 80 ASTM D4632 

Elongation (%) n/a n/a ASTM D4632 

Seam Strength6  (lb) 160 70 ASTM D4632 

Puncture Strength (lb) 80 25 ASTM D4833 

Burst Strength (lb./sq. in) 290 130 ASTM D3787 

Trapezoidal Tear (lb) 50 5 ASTM D4533 

I . 	Acceptance of geotextile material shall be based on ASTM D4759. 

Contracting agency may require a letter from the supplier certifying that its geotextile meets 

specification requirements. 
Minimum; Use value in weaker principal direction. All numerical values represent nummurn 
average roll value (i.e., test results from any sampled roll in a lot shall be or exceed the 

minimum values in the Table). Stated values are for noncritical, nonsevere applications. Lot 

samples according to ASTM D4354. 
Class A drainage applications for geotextiles are where installation stresses are more severe 
than Class B applications, i.e., very coarse sharp angular aggregate is used, a heavy degree of 

compaction (>95% AASHTO T99) is specified or depth of trench is greater than 10 ft. 
Class B drainage applications are those where geotextile is used with smooth graded surfaces 

having no sharp angular projections, no sharp angular aggregate is used; compaction 

requirements are light, (<95% AASHTO T99), and trenches are less than 10 ft in depth. 

Values apply to both field and manufactured seams. 
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CHAPTER 4 

CONCLUSIONS AND SUGGESTED RESEARCH 

FIELD CONCLUSIONS 

As noted from the field exhumed findings reported in Chapter 

2 and completely documented in Appendix D, the status of 
design, construction, and performance of the various types of 

highway edge drains is quite good with the exception of prefabri~ 

cated edge drains (PGEDs). For the other types of edge drains 

examined, the incidence of nonacceptable performance, i.e., "D" 
and "F' sites, is very low. Figure 22a presents a bar chart of 

the different drainage systems where it is seen that 18 out of 34 
"D"and "F' sites were associated with PGEDs. Furthermore, 10 
nonacceptable conditions were associated with the geotextile in 

PGEDs-8 were soil retention problems and 2 were excessive 

clogging problems. This poor performance of geotextiles on 

PGEDs can be further seen in the bar chart of Figure 22b. Here 
the 10 nonacceptably performing geotextiles ("Ds" and "Fs") 
are again seen, but now contrasted to very acceptable perform-

ance on other types of drainage systems that were exhumed in 

the course of the study. When viewing the photographs of Fig-

ures 10, 11, and 12, the reason for the nonacceptable situation 
becomes clear. Without intimate contact of the geotextile to the 

upstream soil or stone base beneath the pavement, empty spaces 

beneath the pavement readily exist; see Figure 23a. In these 

voids, turbid water—probably under dynamic conditions—in-

terfaces the geotextile directly and passes through it into the 

drainage core. Depending on the gradient of the highway (hence 

the slope of the PGED), it is only a matter of time until the 
core becomes filled with settling fines and becomes excessively 

clogged. 

Of course, one option is to avoid the use of PGEDs in favor 
of some other type of highway drainage system like GWT_JDs, 

PPUDs, or GSPPs. At issue with such a strategy is cost. Installed 

costs (via a random select ion of bid prices in 10 states) shows 
PGEDs to be approximately $1.00 to $2.00 per linear foot less 
expensive than any other highway drainage system. Such a unit 

cost difference represents a very large cost savings to a state 

DOT in favor of its use of PGEDs. 

Recommended to alleviate the problem of soil loss through 

the geotextile filters of PGED is to move the system to the 
shoulder side of the trench as indicated in Figure 23b. The 
pavement side, i.e., upstream side, is now backfilled with sand 

and is water puddled into the spaces beneath the pavement, at 

the same time the water is densifying the sand backfill to achieve 

intimate contact. The geotextile on the drainage core of the 

PGED is now filtering water from within the sand backfill, 
which is well within the state of the art of both design and 

practice. 

To be recognized in this regard is that the Kentucky DOT is 

doing precisely what is recommended above. However, their  

reasoning is to avoid core bending and J-buckling, which has 

been observed in some of their exhurning studies (30,31), as 
well as, in this research study. Interestingly both objectives of 
achieving intimate contact and avoiding core distortion are met 

by the subtle move suggested in Figure 23b. 
The photographs of Figure 24 illustrate that the recommended 

concept is viable and is actually being accomplished. The upper 

photograph shows the installation equipment train. A dump truck 
leads a continuous disc excavator, which cuts a 4.0-in.-wide 

(typically) trench adjacent to the pavement and simultaneously 

loads the dump truck with the excavated soil. A pickup truck 
pulling the PGED on a "lazy Susan" deployment trailer places 
the PGED. A laborer ensures that it is upright in the trench and 
against the shoulder side of the trench. 

The lower photograph of Figure 24 illustrates the sand back-

filling operation. A dump truck discharges directly into a funnel 
shaped sand hopper, which discharges the sand into the trench. 

A water truck follows the sand hopper, puddling the sand into 
the available slot and possible voids that may be beneath the 

pavement slab. The sand hopper is shown in Figure 25. For a 
well-graded concrete sand as backfill material, an estimated 1.0 
gallon per linear foot of water is necessary (32). The recom-
mended gradation of the sand backfill is given in Table 15, after 
Raymond and Bathurst (33). 

Currently there is a task group working within ASTM Com-
mittee D35 on a draft standard entitled "Standard Practice for 
the Installation of Geocomposite Drains." When approved, this 

document should coincide with the findings of this NCHRP 

project and be readily available for general use and referencing. 

Regarding the added cost of removal of the excavated soil, 

cost of replacement sand, and the cost of required water-

puddling placement, a Kentucky contractor (32) estimates the 
increase to be $0.15 to $0.25 per linear foot. Even with the 
worst case figure, PGEDs should be significantly less expensive 

than other edge drain systems (by at least $1.00 per linear foot) 
without the incidence of soil retention and core clogging prob-

lems experienced during the field exhurning investigation of 

this study. 

LABORATORY CONCLUSIONS 

Three different types of laboratory tests on geotextile filters 

were conducted during this research project. The long-term flow 

(LTF) tests were instructive in understanding how fine silts in 

gap graded soils perform with different geotextiles. In general, 

the geotextiles allowed the silt to pass through them when of a 

low percentage, e.g., !~ 5 percent. At high percentages of silt 
(e.g., ~t 25 percent), the permeability of the silt becomes the 
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Note: Of the 10 PGED geotextile failures, 8 were due 
to initial lack of intimate contact and could be 
considered as construction related failures. 
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Figure22. Major results from field exhuming study. 

dominating factor and the flow rate is considerably decreased. 
The equilibrium flow rate in all instances must be compared to 
a site-specific flow rate to assess the adequacy of the situation. 
Intermediate situations of silt content must be laboratory mod-
eled and evaluated if they are associated with a critical or severe 
application. 

For permeating liquids with high turbidity and soils with zero 
or little silt, the turbid water decreased the permeability of the 
nonwoven geotextiles as the turbid particles were filtered from 
the water, or as they passed through the woven geotextile. Site-
specific conditions will dictate if these situations are acceptable, 
or not. 

The quest for an accelerated test method to predict the type 
of behavior just described was not successful. Two tests using 
the fine fraction of the upstream soil were developed and investi-
gated. One used slurried increments of the fines under quasi-
static conditions (the F 3  test) and the other used dynamic condi-
tions (the D-F 3  test). Both tests could illustrate the difference - 
between excessive soil loss and clogging of the geotextile, but 
neither could distinguish between field sites that performed ac-
ceptably from those that performed nonacceptably. Thus these 
two tests are not recommended for use as precursor or index 
tests to predict field behavior of geotextile filters. 
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(a) Existing location of PGED's by current placement methods 
RECOMMENDATIONS 

able with the FHWA (steady state) criterion being among the 

best. As seen in Table 12 for excessive soil clogging criteria, 

the FHWA criterion is again the best; however, for mixed soils 

in the 13 to 49 percent passing the #200 sieve range, agreement 
is poor. When viewing the disagreement further, it is seen that 

aU but two of these sites were actually acceptable in the field. 

Thus the criteria are relatively conservative. This suggests that 

the two nonacceptable field sites not properly predicted should 

be put into a severe category, which requires separate laboratory 

testing. VAiile FHWA recommends the gradient ratio test, the 

LTF test as described in Appendix C is favored. 
Other than this relatively minor detail in the overall context 

of geotextile filter design, the current FHWA guidelines as they 

appear in reference 29 are very suitable and perform well against 
the field-exhumed findings. 

(b) Recommended location of PGED's for future placement methods 

Figure 23. Existing and recommended installation methods 

for prefabricated geocomposite edge drains (PGEDs). 

DESIGN CONCLUSIONS 

The current status of design insofar as the drain component 

of a highway drainage system is quite good. Only 6 nonaccept-
able drains were observed and they were unusual situations (e.g., 

no holes in a pipe), or could be remedied by moving PGED 
products to the shoulder side of the excavation as shown in 

Figure 23b. Detailed information on the design of polymeric 
drainage cores of PGEDs is given in reference 34. 

The current status of design insofar as the geotextile filter 

component of a highway drainage system is also good. As seen 

in Table 7 for permeability criteria, a number of techniques 
are reasonable with the FHWA (noncritical/nonsevere) criterion 

being among the best. As seen in Table 10 for soil retention 
criteria, an even larger number of techniques are again reason- 

Quite clearly, excessive soil loss through PGED geotextile 
filters was the most commonly encountered field problem. The 

reconunendation for solution to this situation is shown in the 

schematic diagrams of Figure 23. In addition to hopefufly solv-
ing the soil retention problem (and subsequent clogging of the 

drainage core), this subtle change will possibly handle a few 

other problems with respect to PGEDs. Core bending and buck-

ling might be lessened, as well as the possibility of avoiding 

excessive clogging of the geotextile—the reason being that sand 

is now the upstream backfilling material and geotextiles can be 

designed with confidence in this regard. 

Regarding design methods, the currently practiced FHWA 
design models for permeability, soil retention, and nonexcessive 

clogging of geotextile filters should continue to be used. They 

are particularly appropriate for filtration using granular soils. 

Regarding design models for fine-grained soils, the FHWA 

procedures can be continued for noncritical/nonsevere applica-

tions. For critical/severe installations, laboratory tests are rec-

ommended. This study pursued LTF testing, but other tests 

might also be investigated. The hydraulic conductivity ratio test 

is one that has recently been proposed in this regard (35). 
Other than these recommendations, it can be concluded that 

within the context of this study the status of geosynthetic use 

in long-term highway drainage applications is quite good. This 

statement is made on the basis that the field-exhuming task 

actively solicited failures and it was no surprise that some were 

discovered. Understanding and eliminating the PGED failures 
from the nonacceptable sites by virtue of a modified installation 
method, brings the "Ds" and "Fs" to a very low number. Further 

elimination of foolish construction/ maintenance problems 
brings the number of nonacceptable sites down still further. 

In fact, by eliminating these two situations there are only 4 
nonacceptable sites that are encountered. Out of a total of 91 
field-exhumed sites, this is felt to be an excellent performance 

record. It is the type of confidence that a state DOT expects. It 

is felt that this type of performance speaks very well for the 

long-term performance of geosynthetics in transportation related 

drainage applications. 
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(b) Sand installation and backfilling equipment at end of equipment train according to Figure 23(b) 

Figure 24. Method of installation of prefabricated geocomposite edge drains (PGEDs) using sand backfill 

upstream of the product as installation in Figure 23b. 
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(a) Water connection being made to sand hopper for puddling delivery of backfilling sand 
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Figure 25. Photographs of a sand hopper used in the installation of prefabricated 
geoco.-nposite edge drains (PGEDs). 



TABLE 15. Recommended sieve size of sand backfill upstream of a PGED to prevent soil loss 
through the geotextile and clogging of the drainage core, after Raymond and Bathurst (33) 

U.S. Std. Opening Size Amount Passing 
Sieve Size (mm) M 

3/8 in. 9.5 100 
No. 4 4.75 100-95 
No. 8 2.36 100-80 
No. 16 1.18 85-50 
No. 30 0.60 60-25 
No. 50 0.30 30-10 
No. 100 0.15 10-2 
No. 200 0.075 2-0 
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APPENDIX A 

Summary table for field study of the 91 exhumed sites and their respective performance levels. 

Site Date of Location FHwA Highway Drain Age in Overall Const./Maint. Drain Geotextile 

No. Exhuming (City, State) Region Designation Type Years Perf. Level Condition (Stone, Core, or Pipe) Filter 
Condition Condition 

1 4/16/90 Claysville, PA 3 1-70 PGED 5 0% D (spacing) A F (retention) 

2 4/17/90 Washington, PA 3 1-70 PGED 5 15% D (spacing) A F (retention) 

3 5/15/90 Luray, OH 5 1-70 PGED 5 99% A A A 

4 5/17/90 Zainesvile, OH 5 1-70 GWUD 1.5 80% F (in shoulder) A A 

5 5/18/90 Hopewell, OH 5 1-70 PGED 2 95% B (in pavement) B (Fing) A 

6 5/18/90 Hopewell, OH 5 1-70 PGED 2 100% A A A 

7 7/24/90 Bald Knob, AR 6 RT 167 PGED 3.5 60% A B (col. orientation) D (retention) 

8 7/24/90 Bald Knob, AR 6 RT 167 PGED 3.5 70% A B (Ping) C (retention) 

9 7/25/90 Ozark, AR 6 1-40 GWUD 7 5% A A F (clogging) 

10 7/25/90 Ozark, AR 6 1-40 PGED 7 65% B (settlement) B (col. orienation) D (retention) 

11 7/31/90 Checotah, OK 6 RT 69 PGED 4.5 0% A A F (retention) 

12 7/31/90 Summit, OK 6 RT 69 PGED 4 100% A A A 

13 8/1/90 Oktaha, OK 6 RT 69 GWUD 4.5 75% A A C (retention) 

14 8/l/90 %inwright, OK 6 RT 69 GWUD 4 100% A A A 

15 8/14/90 Holland, NY I RT 16 GWUD 9 95% C (in shoulder) A B (slag precip.) 

16 8/14/90 Hamlet, NY I RT 75 GWUD 8.5 99% A A B (slag precip.) 

17 8/20/90 Goreville, IL 5 1-24 GWUD 15 99% A A B (clogging) 

18 8/22/90 Galesburg, IL 5 RT 34 PGED 5 98% A B (col. orientation) A 

19 8/23/90 Cameron, IL 5 RT 34 GECF 4 99% A n/a A 

20 8/23/90 Monmouth, IL 5 RT 34 GSPP 5 0% F (too high) A C (clogging) 

21 8/24/90 Oilfield, IL 5 RT 49 GECF 4 95% B (design) n/a A 

22 8/27/90 Moline, IL 5 RT 92 GWDF 2 95% C (no GT cover) A A 

23 8/28/90 Montrose, IL 5 1-70 PGED 4 99% A A A 

24 8/28/90 Montrose, IL 5 1-70 GSPP 7 90% B (backfill) A C (clogging) 

25 8/29/90 Monroe, IL 5 1-39 GSPP 5 n/a F (no outlet) A F (clogging) 

F~ 



Site 
No. 

Date of 
Exhuming 

Location 
(City, State) 

FHwA 
Region 

Highway 
Designation 

Drain 
Type 

Age in 
Years 

Overall 
Perf. Level 

Const./Maint. 	Drain 
Condition 	(Stone, Core, or Pipe) 

Condition 

Geotextile 
Filter 

Condition 

26 8/29/90 Freeport, IL 5 RT 20 PGED 3 99% A A A 

27 10/4/90 Blewett, WA 10 RT 97 GWUD 6 99% A A A 

28 10/4/90 Wenatchee, WA 10 RT 2 GWUD 6 .  99% A A A 

29 10/5/90 Monroe, WA 10 RT 2 GWUD 10 20% A A F (retention) 

30 10/8/90 Labam, WA 10 RT 6 GWUD 12 75% F (no GT cover) A A 

31 10/9/90 Kelso, WA 10 RT 5 GWUD 9 99% B (im damage) A B (fightweight) 

32 10/10/90 Coupeville, WA 10 FN RD GWUD 5 0% F (no outlet) B C (clogging) 

33 10/16/90 Willmar, MN 5 RT 71 GSPP 9 99% A A A 

34 10/16/90 Marshall, MN 5 RT 19 GSPP 5 98% A A A 

35 10/16/90 Marshall, MN 5 RT 19 PGED 5 99% A A A 

36 10/17/90 Jackson, MN 5 RT 71 GSPP 4 96% B (poor placement) A A 

37 10/17/90 Northrop, MN 5 RT 15 GSPP 3 99% A A A 

38 10/17/90 Truman, MN 5 RT 15 GWUD 5 95% A A A 

39 10/18/90 Albert Lea, MN 5 RT 35 GSPP 4 97% B (too deep) A A 

40 10/18/90 Austin, MN 5 190 GWUD 4 96% B (no top filter) A A 

41 10/18/90 Oronco, MN 5 RT 52 PGED 3 95% A A B (retention) 

42 10/18/90 Oronco, MN 4 RT 52 PGED 3 95% A A B (retention) 

43 12/15/90 W. Alexander, PA 3 1-70 PGED 5 85% A A C (slag clogging) 

44 7/1/91 Rock Hill, SC 4 1-77 PGED 2 100% A A A 

45 7/8/91 High Point, NC 4 1-85 PGED 4 95% B (poor placement) B Q'ing) B (retention) 

46 7/9/91 Lexington, NC 4 1-85 GWT-JD 7 80% B (poor placement) A C (clogging) 

47 7/22/91 Stanwood, MI 5 RT- 131 GECF 10 85% C (workmanship) n/a C (placement) 

48 7/26/91 Paris, MI 5 RT- 131 GSPP 6 95% A-  A C (retention) 

49 7/26/91 Paris, MI 5 RT- 131 GECF 6 50% F (workmanship) n/a F (UV degrad.) 

50 7/23/91 Famwell, MI 5 RT- 115 PGED 9 40% A F (compressed) A 

51 7/23/91 Farnwell, MI 5 RT- 115 PGED 9 98% A B (core deflective) A 

14 



Site Date of Location FHwA Highway Drain Age in Overall Const./Maint. Drain Geotextile 
No. Exhurning (City, State) Region Designation Type Yews Perf. Level Condition 	(Stone, Core, or Pipe) Filter 

Condition Condition 

52 7/25/91 Lansing, MI 5 1-69 GWUD 3 70% F (mobile cement) A A 

53 7/24/91 Portland, MI 5 1-96 GSPP 5 90% C (high outlet) A A 

54 7/30/91 Linden, MI 5 RT-23 GSPP 9 75% C (poor placement) C (deformed pipe) A 

55 7/29/91 New Boston, MI 5 1-275 GSPP 9 65% A A D (retention) 

56 7/31/91 Battle Creek, MI 5 1-94 PGED 3 95% A A A 

51 8/11/91 Wheatland, WY 8 1-25 GWUD 4 95% B (poor compaction) A A 

58 8/12/91 McFadden, WY 8 1-80 PGED 2 30% A A F (clogged) 

59 8/12/91 Rawlins, WY 8 1-80 GWUD 1 99% A A A 

60 8/14/91 Point of Rocks, WY 8 1-80 PGED 2 70% A A D (retention) 

61 8/14/91 Evanston, WY 8 1-80 GWUD 2 60% D (poor placement) A A 

62 8/16/91 Glendo, WY 8 1-25 PGED 4 99% A B (col orientation) A 

63 8/16/91 Glendo, WY 8 1-25 GWUD 3 99% A A A 

64 9/5/91 Rozet, WY 8 1-90 PGED 2 98% A A B (retention) 

65 9/5/91 Sundance, WY 8 1-90 PGED 3 99% A A A 

66 9/6/91 AW",WY 8 1-90 PGED 3 99% A A A 

67 9/9/91 Elborn, IA 7 RT-21 PPLTD 16 100% A A n/a 

68 9/9/91 Guemsy, IA 7 1-80 PPUD 10 85% A B (retention) n/a 

69 9/10/91 Moville, IA 7 RT-20 PGED 9 99% A A A 

70 9/10/91 Des Moines, TA 7 1-80 PPUD 12 90% A B (retention) n/a 

71 9/11/91 Williams, IA 7 1-35 PPUD 13 99% A A n/a 

72 9/11/91 Decatur City, IA 7 1-35 PPUD 3 99% A A n/a 

73 9/12/91 Guttenberg, IA 7 RT-52 PGED 6 97% A A B (clogging) 

74 9/13/91 DavenporL IA 7 1-80 PPUD 10 0% F (shallow) F (filled with fines) n/a 

75 9/16/91 Stanton, KY 4 RT-402 PGED 3 70% C (crack and seat) B (compressed) D (retention) 

76 9/16/91 Clay City, KY 4 Rt-402 PGED 3 75% C (crack and seat) A D (retention) 

77 9/17/91 Forest Grove, KY 4 1-75 PGED 3 95% C (trench settlement) A A 

F—.  
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Site Date of 	Location 	FHwA 	Highway 	Drain 
	

Age in 	Overall 	Const./Maint. 	Drain 	Geotextile 
No. 	Exhurning 	(City, State) 	Region 	Designation 	Type 

	
Years 	Perf. Level 	Condition 	(Stone, Core, or Pipe) 	Filter 

Condition 	Condition 

78 9/17/91 Lisletown, KY 4 1-75 PGED 2 40% 

79 9/17/91 Frankfort, KY 4 1-65 PGED 8 99% 

80 9/18/91 Franklin, KY 4 1-65 PGED 4 60% 

81 9/18/91 Franklin, KY 4 1-65 PGED 4 50% 

82 10/8/91 Springfield, PA 3 RT- I GWDF 11 65% 

83 10/8/91 Springfield, PA 3 RT-1 GWDF 11 65% 

94 2/3/92 San Juan, NM 6 1-40 PGED 4 99% 

85 2/3/92 Glen Rio, NM 6 1-40 PGED 4 95% 

86 2/5/92 Amorillo, TX 6 FH 335 GWUD 2 80% 

87 2/19/92 Lufkin, TX 6 US 59 GWUD 1,5 95% 

88 2/19/92 Diboll, TX 6 us 59 PGED 2 95% 

89 2120/92 Pleasanton, TX 6 1-37 PGED 4 75% 

90 2/24/92 Chipley, FL 4 1-10 GWUD 4 25% 

91 2/24/92 Marianna, FL 4 1-10 GWUD 3 80% 

*where 
PGED = prefabricated geocomposite edge drain 
GWUD = geotextile wrapped underdrain (stone and perforated pipe) 
PPUD = perforated pipe underdrain (no geotextile filter) 
GSPP = geotextfle socked perforated pipe 
GWDF = geotextile wall drain filter 
GECF = geotextile erosion control filter 

**also 
A = all three components (system, drain and filter) functioning as intended 
B = one component of above showing less than ideal performance 
C = more than one compound of above showing less than ideal performance 
D = one component of above showing poor performance 
F = more than one component showing poor performance, or one component showing failure 

F (trench settlement) C (sharp top edge) F (puncture) 

A A A 

C (alignment) D (column collapsed) B (clogging) 

F (folding) D (core folded) B (clogging) 

C (sod behind GT) n/a B 

C (soil behind GT) n/a B 

A A A 

A A A 

D (pipe too high) B (no outlet works) A 

A A A 

A A A 

D (PED outside of A A 
shoulder) 

C (asphalt treated F (no holes in pipe) A 
paper pipe) 

B (drain crete B (low permeable B (precipi- 
not v/perm) aggregate inside tate on 

drain) drain) 
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APPENDIXES B, C, AND D 

UNPUBLISHED MATERIAL 

Appendixes B, C, and D as contained in the research agency's 
final report are not published herein, but complete copies of 
that report, titled "Long-Term Performance of Geosynthetics in 
Drainage Applications," may be obtained on loan or for purchase 
($20.00) by writing to the Transportation Research Board, Busi-
ness Office, Box 289, Washington, DC 20055. The available 
appendixes are titled as follows: Appendix B, "Summary Table  

for Hydraulic Properties of Geotextiles and Physical Properties 
of Site Soils Found in Subgrade Beneath or Around Drain, and 
Soil Inside Drain"; Appendix C, "Standard Test Method for 
'Geotextile Filter Performance Via Long-Term Flow (LTF) 
Tests' "; and Appendix D, "Complete Documentary of 91 Field 
Sites." 



THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research Coun-
cil, which serves the National Academy of Sciences and the National Academy of Engineering. It 
evolved in 1974 from the Highway Research Board which was established in 1920. The TRB 
incorporates all former HRB activities and also performs additional functions under a broader scope 
involving all modes of transportation and the interactions of transportation with society. The Board's. 
purpose is to stimulate research concerning the nature and performance of transportation systems, 
to disseminate information that the research produces, and to encourage the application of appropriate 
research findings. The Board's program is carried out by more than 270 committees, task forces, 
and panels composed of more than 3,300 administrators, engineers, social scientists, attorneys, 
educators, and others concerned with ftwsportation; they serve without compensation. The program 
is supported by state transportation and highway departments, the modal administrations of the U.S. 
Department of Transportation, the Association of American Railroads, the National Highway Traffic 
Safety Administration, and other organizations and individuals interested in the development of 
transportation. 

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distin-
guished scholars engaged in scientific and engineering research, dedicated to the furtherance of 
science and technology and to their use for the general welfare. Upon the authority of the charter 
granted to it.  by the Congress in 1863, the Academy has a mandate that requires it to advise the 
federal government on scientific and technical matters. Dr. Bruce M. Alberts is president of the 
National Academy of Sciences. 

The National Academy of Engineering was established in 1964, under the charter of the National 
Academy of Sciences, as a parallel organization of outstanding engineers. It is autonomous in its 
administration and in the selection of its members, sharing with the National Academy of Sciences 
the responsibility for advising the federal government. The National Academy of Engineering also 
sponsors engineering programs aimed at meeting national needs, encourages education and research 
and recognizes the superior achievements of engineers. Dr. Robert M. Valite is president of the 
National Academy of Engineering. 

The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure 
the services of eminent members of appropriate professions in the examination of policy matters 
pertaining to the health of the public. The Institute acts under the responsibility given to the National 
Academy of Sciences by its congressional charter to be an adviser to the federal government and, 
upon its own initiative, to identify issues of medical care, research, and education. Dr. Kenneth I. 
Shine is president of the Institute of Medicine. 

The National Research Council was organized by the National Academy of Sciences in 1916 to 
associate the broad community of science and technology with the Academy's purpose of furthering 
knowledge and advising the federal governinent. Functioning in accordance with general policies 
determined by the Academy, the Council has become the principal operating agency of both the 
National Academy of Sciences and the National Academy of Engineering in providing services to the 
government, the public, and the scientific and engineering communities. The Council is administered 
jointly by both Academies and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. Robert M. 
VAiite are chairman and vice chairman, respectively, of the National Research Council. 
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