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Evaluation of the U.S. Army Corps of Engineer Gradient Ratio Test for Geotextile 
Performance 

Etude de I'essai du rapport de gradient du Corps des Ingenieurs de I'US Army pour 
I'evaluation des geotextlles 

Gradient Ratio tes ting, following U. S. Army Corps of 
Engineer tes t procedures, was conducted on six geotex
tiles (four woven, two nonwoven) to evaluate their clog
ging potential. Gap-graded test soil mixtures of ASTM 
C-190 Ottawa Sand and Vicksburg Bilt loess were used to 
simulate worst-caa~ 50il behavior. Gradient Ratio 
values were found to increase slowly with inereasing 
soi1 silt content until a value of approximately 3 was 
obtained, and then increase rapid1y with further small 
increases in soil silt content. The Corps of Engineer 
maximum aeceptable test value of 3.0 was thus confirmed 
by the testing program. Geotextl1e EOS was not found to 
relate to geotextile clogging resistance, but woven 
geotextile percent open area was found to be direetly 
related to geotextile clogging resistanee. 

BACKGROUND INFORMATION 

Conventional soil used in filters, drains, and 
erosion control to protect existing cohesionless soil 
from water-caused interna 1 piping or external erosion 
must satisfy two criteria to be effectlve (~): 

a. The protective (filter, drain, etc.) soil void 
space. must be small enough to prevent piping of exist
ing (protected) soll into or through the filter, and 

b. The protective soil must be more permeable than 
the protected soil, such that hydraulic head loss and 
seepage forees in the protective soil will be relatively 
small. 

Any geotextile used as a substitute for one or more 
granular layers in a conventiona1 protective soil system 
must satisfy these same eriteria. Geotextile openings 
must be small enough to prevent piping or erosion of the 
protected soil, but the geotextile must maintain a 
higher permeability than the protected soil. If the 
geotextile clogs, it may no longer satisfy the higher 
permeability criterion. 

In 1972, C. C. Calhoun, Jr., of the U. S. Army 
Corps of Engineers studied in-service geotextl1e piping 
and clogging potential by measuring head loss at various 
points through a laboratory-simulated soil-geotextile 
system (2). The apparatu9 used by Calhoun consisted of 
eonstant-head permeameters, each with 8 piezometers, as 
shown in Figure 1. Piezometer No. 1 measured the tail
water or standpipe elevation, Piezometer Nos. 2-7 meas
ured hydraulic head at loeations inside the soil, and 
Piezometer No. 8 measured the eonstant head reservoir 

L'essai du "rapport de gradient", selon la procedure 
du Corps des Ingenieurs de l' US Army, a ete fait sur six 
geotextiles (quatre tisses, deux nontisses) pour evaluer 
1eur tendance au colmatage. Des melanges a granulometrie 
discontinue de sable d'Ottawa (ASTM C-190) et de silt de 
Vicksburg ont ete utilises pour simu1er les pires 
conditions. On a trouve que les valeurs du rapport de 
gradient augmentaient lentement, avee l' accroissement de 
1a teneur en silt, jusqu' a une valeur de 3 et ensuite 
augmentaient rapidement. La valeur maximale de 3 
aceeptee par le Corps des Ingenieurs se trouve ainsi 
conflrmee. La dimension des ouvertures du geotexti1e 
n' apparatt pas reliee a la resis tance au colmatage, mais 
l' aire relative des ouvertures de tisses apparatt 
directement reliee a la resistance au colmatage. 

elevation. Soils used by Calhoun were se1ected to pro
vide a worst case condition for internal soil piping and 
fines migration. Uniform Ottawa 20-30 Sand (ASTM C-190) 
was used as the coarse fraetion, with a low plasticity 
Vicksburg, Mississippi, silt loess as the fine fraction. 
The Ottawa Sand, with 015 of 0.6 mm, eould not be 
used as a protecti ve filter for the Vicksburg 10ess, 
with DB5 of 0.06 mm, because the 015/085 
Ratio of 10 exceeds acceptable limits of 4 to 5 (1). 
Resulting sand-silt soil mixtures thus had maximum po
tential for internal fines migration and allowed evalua
tion of fabrie performance under worst case eonditions. 
The Corps testing was initiated to determine geotextile 
performance requirements for critical use appl1cations 
under severe hydraulie loadings. 

As a result of Calhoun' s work, the Corps es tab
lished a piping/erosion loss criterion based on fabric 
Equivalent Opening Size (EOS), the U. S. Bureau of Stan
dards sieve size of the Os geotextile openings, and a 
elogging/head loss criterion based on geotextile percent 
open area .. 

Later (1977) research conducted by the Corps using 
Calhoun's apparatus established a direct measure of geo
textile c10gging potential, called the Gradient Ratio 
(CR), de f ined (for tests run with the Cslhoun apparatus) 
a8 the hydrauUc gradient through the lower 25 mm (1 
in . ) of soU pl us geotextlle divided by the hydraul1c 
gradient througb the ad j ac:ent 50 mm (2 i n.) of soil 
[berween 25 mm (1 1n.) sad 75 mm (3 1n . ) above the geo
textile]. Gradi ent Ratio values exceed.ing 3 were found 
to signify exeessive geotextile clogging, and a limiting 
value of 3.0 was established by Corps geotextile 
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acceptance specifications (3), for testing with the 
soil, geotextile, and hydrauf1c conditions of interest. 

TESTlNG PROGRAM 

FROM CONSTANT DISCH~~ 
HEAD RESERVOIR\ STAND JJ

PIPE 

The testing pro gram was designed to evaluate the 
comparative hydraulie performance of geotextiles, with 
primary emphasis on geotextile clogglng potential. Six 
geotextiles, representing the basic types of standard 
geotextiles on the market, were used in the test pro
gram. Geotextile trade names, characteristics, and 
relevant proper ti es are given in Table 1. 

The EOS of each geotextile was determined using the 
glass bead sieving procedure given in Corps of Engineer 
Specification CW-022lS (3). Successively coarser beads 
were sieved until sr. or less by weight passed the cloth. 
The EOS is the "retained on" size of that bead diameter, 
expressed as a U. S. Bureau of Standards sieve number. 
Percent open area of the woven geotextiles was deter
mined by projecting each geotextile image onto a screen, 
tracing the open area outlines, and taking the ratio of 
the area of the openlngs to the total geotextile area, 
expressed in percent. Apreeise percent open area value 
eannot be obtained for nonwoven geotextiles. 

BLEED 

100 MM OR 
LARGER 
DIA. LUCITE 
CYLINDER ----..IoJ 

SOlL 

GEOTEXTILE 

* PIEZOMETER 
NUMBER 

In order to compare geotextile clogging resistance 
using accepted Corps of Engineer criteria, four units of 
the Calhoun test apparatus (Figure 1) were constructed 
for the test program. Gap-graded ASTM C-190 Ottawa sand 
and Vicksburg silt loess test soil mixtures of 0%, Sr., 
10%, 1S%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, and aO% 
silt by weight were prepared. 

The Das of tested soUs corresponded to a U. S. 
Bureau of Standards sieve number between 20 and 30. All 
geotextiles satisfied both the original 1972 Calhoun and 
current Corps of Engineer piping criterion, which speci
fies that the EOS of a geotextile most be less than the 
Das size of the soil it protects. 

Four Calhoun-type test units (Figure 2) were used 
to evaluate clogging potential of the six ge~.t.~xHt._~s ~ 
with increasing soil silt content, osing recomkenäe~ 
Corps of Engineer GR test procedures (~). Four repli
eates of each per cent soil-geotextile type system were 
tested. Soil mixtures were tremmied in dry and placed 
to 100-mm (4-in.) thiekness. Each unit was then slowly 
filled from the bottom with ordinary tap water, to mini
mize soil disturbance. 

Figure 1. Cross-section detail of U. S. Army Corps of 
Engineer Gradient Ratio test permeameter. 

The outflow standpipe elevation remained constant 
for all geotexti1es at each silt percentage and was 
changed with silt percentage. Hydraulic gradients used 
were those necessary to obtain enough flow for rapid (S 
min) soil-geotextile system permeability determinations, 
ranging from near unity (1) at low silt percentages to 
over 10 at high silt percentages. Similar operating 
gradients were used by Calhoun (~) to maximize silt 
migration and geotextile silt loading. Piezometer 
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Geotextiles 
Tested 

Typar 3401 

Bidim C-34 

Mirafi SOOX 

Poly-Filter X 

Nicolon 70/20 

Poly-Filter GB 

TABLE 1. PROPERTIES OF GEOTEXTILES USED IN TEST PROGRAM 

Manufacturer 
E.I. DuPont de 
Nemours & Co., Inc. 

Mon.anto Textiles Co. 

Celanese Corporation 

Carthage Mills 

Nicolon Corpora ti on 

Carthage Mills 

Description 
Gray, nonwoven heat-bonded 
polypropylene continuous 
filament 
Gray, nonwoven mechanically 
entangled (needle-punched) 
polyester continuous filament 
Off-white, woven poly
propylene slit film 
Black, woven polypropylene 
monofilament 
Black, woven polypropylene 
monofilament 
Black, woven polypropylene 
monofilament 

EOS 
(US Bureau of 

Standards Sieve No.) 
70-100 

70 

70-100 

70 

70 

40 

% Open 
Area 

~ 

1 

s 

20 

30 
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Figur e 2. Four Ca l houn-type permeameters used in Gradient Ratio t est program . 

readings were taken every 15 min until they stabilized 
(l hr-2 hr) and flow rate measurements "ere recorded 
periodically. The GR was determined after 24 hr of 
testing (~). 

After testing, soU sampies "ere taken from each 
test unit, over intervals of 0 mm-6 mm (0 in.-0.25 in.), 
6 mm-25 mm (0.25 in.-l in.), 25 mm-50 mm (1 in.-2 in.), 
and 50 mm-75 mm (2 in.-3 in.) above the geotextile, and 
the final silt percentage distribution determined. 

TEST RESULTS AND EVALUATION 

The test system GR, defined previously, was used to 
quantitatively evaluate geotextile performance at each 
soil-silt content. Corps of Engineer Specification No. 
CW-02215 allows a maximum Gradient Ratio of 3.0. 

Gradient Ratio values for each soil-geotextile com
bination were computed as the average of four individual 
tests and are plotted ve~.l'?s6hpercent silt in Figure 3. 
The various geotextiles exceed~a the maximum GR of 3.0 
at the follo"ing silt percentages: 

GeotextUe 

Mirafi 500X 
Typar 3401 
Bidim C-34 
Poly-Filter X 
Nicolon 70/20 
Poly-FU ter GB 

Maximum Allowable Soil 
Silt Percentage (GR < 3.0) 

0% (Clean Sand) 
0.5% 

16.5% 
25% 
60% 

Could not clog, maximum 
GR = 1.1 at 80% silt 

Revie" of the various test data indicated that : 

a. Except for the slit-film Mirafi 500X, "hich 
exceeded an allowable GR of 3.0 at 0% silt, and the 30% 
open area woven monofUament Poly-Filter GB, which did 
not exceed the maximum allowable GR of 3.0 at the 
highest silt percentage tested, the remaining four geo
textiles showed a small increase in GR "ith increasing 
percent silt content until a GR of 3.0 "as exc"eeded, 
followed by an extremely rapid increase in GR with fair
ly small further increases in silt percentage. These 
findings tend to confirm the 11mlting GR of 3.0 used by 
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Figure 3. Gradient Ratio as a fuuctiou of soil silt couteut for geotextiles tested. 

the U. S. Army Corps of Engineers a8 the boundary 
between the minimal soil-geotextile system clogging snd 
high sOil-geotextile system clogging. 

b. For all geotextiles, once a GR of 3.0 was 
exeeeded, an order of magnitude or more reduction in 
system beginning of test and end of test Darey perme
ability was noted to oeeur, indieating that the clogged 
geotextile had beeome the least permeable part of the 
SOil-geot~xtile system. 

,>,\.' 
e. nce a GR of 3.0 was exeeeded, notieeable 

amounts of silt were found deposited on or in all 8eo-
. b :\ .. . -. textiles. Ilowev~r, despi te the gsp-graded nature of the 

r ~r. I ,lJ ! C,!lhoun test soUs I s1gn1f1c:ant changes in 8011, sUt 
.1.0 .) .. , 'I:. content wen [ound to oeeut only tn the 6 ",m (0.25 1n.) 
L.~ < ' " 'l'lr"- abo"" ehe geotextHe, incz:-easins aligh'tly (2%-~% sil.t) 
, • ; ""S I ' I for the Hirafi ~Oox and Typ_sr 3'\Ot , ~ otext.iles, snd 
" L..)..).. ' decreas1ng a1?proxitt>8tely the sa",e omdun for all other 

!~.J ~"'')..r. 
", .. ,- "- '(' )"i 
\l .. J~.- \f.L--t ..... _~f ... 1 

'lil~~:lI' J.,~,! 
.. I v 

b v-'1' ,"~ 
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geoteKtJ.les tested, with the percenrsge of silt lass 
remaining essentially constant, even st hlgher test aLlt 
percentages . For all ssmpies snd all 8i1t percentsges 
where silt loss occ~rced , lOBS (noted through dlscolora
tlon of test water) occ~rred only during the initial 10 
min-15 min of thc test, wlth the major1ty of loss oeeur
ring In the first 5 min. When the GR was less than or 
equal co 3 . 0. a aUght (less thsn One order of magni
tude) increase Ln soll-geotextHe ·syste,m permeabili ty 
was noted to aCcompany the soll oas. It is believed 
these data tend to indireetly eonfirm the formation of a 
"mini-graded filter" in the soil immediately behind the 
geotextile, as originally suggested by Calhoun (~). 

d. For the n~n~?~'l.~" needle-punched geotextile 
(Bidim C-34), flow ocC:urted thr9"gll~e needle-punched 
EOS 70 holes even when the fen~ttkerportion of the 
geotextile became clogged with silt. 

100 

e. The three monofilament woven geotextiles had 
the best clogging resistanee among the six geotextiles 
tested, and clogging resistanee inereased with incresse 
in woven fabric percent open area, substsntiating 
Calhoun' s original Corps of Engineer eonelusions (2). 
Based on test data for the woven geotextiles, the si lt 
pereentage which eaused a GR of 3.0 is plotted versus 
woven geotextile percent open ares in Figure 4. This 
Figure may be used to estimste the minimum woven geotex
tile percent open area required for acceptable clogging 
resistanee at the various silt percentages noted, snd 
for the criticsl/severe eonditions the GR test is 
designed to simulate. 

f. For the geotextiles tested, geotextile EOS was 
found to have no relations hip to geotextile clogging 
behavior. 

CONCLUSIONS 

Based on the test program eonducted and discussed 
herein, it may be concluded that: 

a. The 1977 U. S. Army Corps of Engineer Gradient 
Ratio test is an acceptable method to evaluate and qusn
tify clogging potential of geotextiles. Geotextiles 
definitely should not be used in severe/eritieal design 
applieations where the soil-geotextile system Gradient 
Ratio exceeds 3.0. 

b. All tested geotextiles satisfied both the 1972 
snd 1977 U. S. Army Corps of Engineer EOS piping crite
ria, and minimal soil piping was noted for any soil
geotextile eombination. 

e. Geotextile EOS was found to 
ship to geotextile elogging behavior. 
percent open area was almost direetly 
tile clogging potential. 

have no reistion
Woven geotextile 

related to geotex-
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Figure 4. Woven geotextile pereent open area VB. pereent silt to develop Gradient Ratio of 3.0 
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