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CONSTRUCTION AND PERFORMANCE
OF MEMBRANE ENCAPSULATED
SOIL LAYERS IN ALASKA

North Smith

INTRODUCTION at Anchorage were used for c lassi f icat ion , ( Om-
pact ion , freezing and ( alifornia Hearing rauo

During the past 20 years , many reports~ ’ “ “ (CUR) testing ‘C lassification , ( ompa( tion , treei-
have been published on membrane encap- ing and CUR tests were ( ondu( ted on disturbed
sulated soil layer (MISt) construction tech- samp les of the Fairbanks s i l t  used in the It
niques, waterproofing materials and traffic Wainwrig ht ME SI. section , the resu lts art’
testing. A brief description of the MESL concept presented in Appendix 13 l’rev ious laboratory
is given in Appendix A. The results of these freeze test data obtained by other investiga-
studies were summarized in a MESI Users tors ’ are also included where appropiate.
Manual” written by the U.S. Army Engineer Laboratory soil freezing rates as low as those
Waterways E xperiment Station and published by expected in nature or lower are generally used to
the U.S. Department of Transportation . give the most t r itica l conditions for fro st-heave
However , MISt use in cold environments was testing ,
sti ll under investigation when this manual was
published. Ilmendorf MB silty clay

In 1970, CRREL constructed an expedient The grain siz e distribution curve and soil
MESL road section in central Alaska to evaluate classif i ation data for the encapsulated Elmen-
extreme cold environment effects on MESI per- dorf AFB silty ( lay are shown in Figure 1. Corn-
formance. ’4 T he results of that field study, paction curves and CUR test results obtained
laboratory studies on soils,’ membrane and before freezing and after dosed-system free’;
adhesive materials,” and subsequent interim ing and thawing of the lay are s hown in Figure
resu lts from two more test sections in 2.t The influences of molding water content ,
A las ka,” “ led to a CRREL position paper ’° for compactive effort and degree’ of saturation on
interim guidance on MESL use in cold regions. heave during closed-system laboratory freezing

T his report presents the results of field tests of the clay with and without lime stabilization
conducted on two permanent MESL road test are s hown in Figure 3’ . 1 he relationships be-
sections constructed by CRREL in 1973 at An- tween heave and after-thaw CUR for the clay
chorage and Fairbanks, Alaska. In addition, it with compactive eiforts CF-26 and ( F-55 are
presents discussion on the construction tech- shown in Figure 4”
niques and the results of more extensive Although little heave (0-3 mm) occurred at
laboratory soil testing related to these field water contents between ± 2% of optimum for
tests.

Closed-sys tem freezing indicat es the absence of the flow of
f ree wate , to the sample during testing. The open-system

LABORATORY STUDIES freezing test us conducted with a constant supply of water (at
40°fl maintained at the base of the soul sample through a
porous medium during the f reezing ycle.General tCE 12, CI 26 and CI 55 are Corps of Ing ineers designated

Disturbed samples of the I lmendorf AF B silty compact ive efforts of 12 .000, 26,000 and 55,000 ft-lb/f t ’  (0 57 .
clay used in the MESL section on Elmendorf AFB 1 24 and 263 MN-m/m ’). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2 uS Sid Sieve No)
the clay (Fig. 3), the after-thaw CBR decreased 00 r’~~~~~~

- ,—

dramatically with small increases in total heave
(Fig. 4). Figure 3a shows that the total heave of 

- 80
the clay increased significantly with increased t•
compactive effort for a given water content.
This can be translated into a significant increase 60

in the potential for roughness of the pavement
and subsequent weakening of it during thaw. -

Thaw-weakening can cause pavement failures
resulting in expensive repair costs.

Fairbanks silt 
20

The grain size distribution curve and soil 0 s .- ’ -1~’.- -’classification data for Fairbanks silt are shown in 0 
Gro,n Si ze , mm

Fi gure 5. Moisture content relationships with 
ML , L.L -28 . NP . G 2 7 4

density and CBR values on unfrozen laboratory
samples are presented in Figure 6. Note the dif- Figure 5. Typical gra dation
ference (especially at the low compactive effort) curve for Fairb anks silt.

kq/ m’ lb/ft 3

20 3 I 3
1900

‘s See legend se/ow
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Figure 6. Soi l compaction and CBR curves for Fairbanks silt.
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6-in. (O.1S-m)-diam and b-in. (0.15-m)-high CUR
Co~~ent molds modified wit h tapered Lucite inserts to

I IAtdZncvem.nt of Heaw~1 minimize edge restraint on heave. The maximum
524 - 6 .

~ 
- - - JJ. - Ori( N!tght heave occurred in a samp le with 100% satura-

I ~ ~°“‘~~• tion after the sampit was compacted at 18%- I J water content. T his heave was a minimal 8 mm,
- - or 5% of the original sample height; however,

12 - [ the after-thaw CUR value was essentially nil, in-

- 
I dicating high moisture migration to the top of

- - the sample.
A more extensive laboratory testing program

1B 8 - , was undertaken at CRREL to examine the rela-
tionships of molding water content and degree

- of saturation with total heave and after-thaw
2 - - CUR values during closed-system freezing of the

‘ - silt. The complete results of these tests are con-
- [-‘ ta m ed in Appendix B. Figures 8-11 are graphs

• J - developed to show these relationships. (The
4-tguf, ozer~ Lorer solid lines in the graphs are merely anticipated

o - c ~~ I trends, not empirica l curves.) Figures 8 and 9
Wat er Content ( percent dry w ?) relate total heave of the silt with molding water

content and degree of saturation, respectively.
Figure 7. Water content versus depth for As was seen in Figure 3a for the Elmendorf Clay.
saturated Fairbanks silt ,  the total heave for the silt also is greater for in-

creased compactive effort , especially at the
higher water contents (Fig. 8). Likewise, as for the

between the optimum water content of the silt clay (Fig. 3b). the total heave for the silt is nearly
for maximum density and maximum CBR va lues, a constant amount for a given degree of satura-
Earlier investigative results of a closed-system tion regardless of compact ive effort (Fig, 9). At a
laboratory freeze test on an undisturbed degree of saturation of 70%, the total heave for
subgrade sample of 100% saturate d Fairbanks the samples is a relatively insignificant 3% of
silt at a freezing rate of 0.25 in /day (6.4 mm/day) the original 6-in sample height.
are reported in reference 1. These results showed Figure 10 shows that the after-thaw CUR value
that total heave occurred in about 12 days and for the silt with high moisture content is greatest
amounted to 15.1% of the original 6-in, for the CE-12 compactive effort. The maximum
(1 52-mm) sample height, or 23 mm. The moisture after-thaw CUR value for the silt occurs at a
redistribution in the sample after freezing rang- moisture content below the optimum water con-
ed from 6.8% in the bottom unfrozen zone to tent (OWC) for maximum dry density for all corn-
45% in the top inch (25.4 mm) as compared with pactive efforts as is true for the samples that
a uniformly distributed 26.8% before freezing were unsoaked and never frozen (Fig. 6). The
(Fig. 7). T he prefreeze moisture content of the maximum increases in after-thaw CUR values
sample was determined from companion dis- gained by compacting at below optimum
turbed samples. The dry density of the sample moisture contents are about 8, 9 and 1 for the
was 97 lb/ft 1 (1553.8 kg/rn’), the void ratio was CE-12, CE-26 and CE-55 compactive efforts ,
0.717, and 40% by weight of the sample was respectively. However, if the in-Situ soil were
finer than 0.02 mm, No strength tests were dried to a moisture content of 12%, gains in
reported in these studies after-thaw CUR values of about 11 and 24 would

Several closed-system laboratory freezing be realized by compacting at the CE-26 and
tests at a freezing rate of 0.25 (0 0.75 in /day (6.4 CE-55 compactive efforts , respectively, rather
and 19.2 mm/day) and subsequent CBR tests on than by compacting at the CE-12 compactive ef-
thawed samples of Fairbanks silt were con- fort. Figure 11 shows the drastic decrease in
ducted by Peyton et al.’ in conjunction wit h soil after-thaw CUR values of the silt at saturation
stabilization tests. T he samples were compacted levels above 70% for the CE-26 and CE-55 corn-
at an effort of 56,000 ft-lb/ft’ (2.68 MN-m/m ’) in pactive efforts.S



-
~~~~ 

. -

~~~~~ 

‘ I ?
— A L I ~~~~~~i I I I I I & I

0 0 0

.1 ~ L .  ~ ~ I ~, ~0

SAO*$4 IOIO.(

~~~~~ ~ ~~~~~~~~~~~ 1 T ’ ~~~
’ T~~~ ts r 1’ t ~~~~~~ ~

I !
e l I
3

i S J
,

~~~~ 

, ,

~~~~~ 

.9

I I I I I I I I I I L~~ . I ,j I
0 0 0

I I I I I I J. . I I

8 ~~ ° ° °
enoow IDIOt

- . .: .. 
. 

~
~.



fr EHff~ ’
’

• e

’ 1 I 

~~~~~~~~~~~~~~~~~ 
H

(0) Aft er Psyton . • CE-55
— e
~ C I I ~‘~‘~“~““5 I

•4 0 ’ 
I I I I 

4 0 ’  •~~ -

cET
:.

:s
ss%
~N.T...,n 2: : CE-26

20 - ~~~~~~~~~~~~~~~~ 20 e~~~~~~ o~T -
CE-12 e ..P 

CE-IS ~~—.-- -

C I I I I I I I I I
8 0 2 4 16 18 40 50 60 70 0

Molding Woter Content (%) Degree of Soturotson (S)

Figure I I .  After -thaw CUR values versus degree
Figure 10. After - thaw CUR values versus water con- of saturation for Fairbanks silt closed-system
tent for Fairban ks silt closed-system freezing, freezing.

FIELD STUDIES (2259 kg/rn’) at a moisture content of 3.4%. The
soil material at that location was a relatively dry

Elmendorf AFS MESL silty fine gray sand.
In June 1973. a 300-ft (91 .4-rn) portion of an ex- Hot asphalt emulsion (Asphalt Institute

isting unpaved, gravel-surfaced road was cx- Designation CRS-2) was sprayed onto the
cavated to a depth of approxImately 2.5 ft (0.76 subgrade by a distributor at a temperature of
m) and a width of 20 ft (6.10 m), utilizing military 140°F (60°C) and an application rate of 0.3
equipment and operators (Fig. 12). The subgrade gal./yd’ (1.36 liters/rn’) (Fig. 14 and 15). This
was shaped with a grader and compacted with a serves as a sealant under the bottom membrane
13-wheel, 9-ton (8165-kg) rubber-tired wobbly- in the event of a puncture during construction of
wheeled roller. The finished subgrade is shown the MESL section and is very helpful in holding
in Figure 13. Moisture contents in the subgrade the membrane in place during windy conditions.
at two locations and at depths of 3. 3, 5 and 6 ft The bottom membrane, 6-mil (0.0254-mm)-thick
(0.9,0.9,1.5, and 1.8 m) were 17.5. 21.8, 34,0 and polyethylene, was placed in 100-ft (30.5-rn)
26.6%. respectIvely. The ground water table was lengths with 1-ft 0.3-m) overlapping transverse
about 5 ft (1.5 m) below the top of the subgrade. joints and In wk~Ths sufficient to provide a 2-ft
Subgrade soils ranged from coarse to fine gray (0.6-rn) overlapping longitudinal joint with the
sand with brown clay at near-saturated moisture top membrane.
contents at the greater depths. A field density An initial 1-ft (0.3-rn) layer of silty clay was
test run on the subgrade surface after compac- placed on the bottom membrane with front-end
tion Indicated a dry unit weight of 141 lb/fV loaders from the end and down the middle of the

7
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section to provide a trave l surface for the rate that was used on the subgrade, 0 .1 gal ./yd’
scraper pans to complete the operation (Fig. 16 (1.36 liters/rn’), before placement of the top
and 17). A road grader and sheep’s-foot roller membrane~ T he top membrane was made of
were used for spreading and compacting the fill nonwoven polypropylene fibers needle-punched
(Fig. 18 and 19). Two additional layers resulted in on a polyester scrim, available in 300-ft (30.5-m)
a total fi ll depth of 2.5 ft (0.76 m). The final corn- rolls, 15.5-ft (4.7-rn) wide, with a unit weight of .1
paction of the fill before placement of the top to S oz/yd’ (0.07 to 0.12kg/ rn’). Two lanes of the
membrane was accomplished with a wobbly- membrane with a 1-ft (0.3-rn) longitudinal lap
w heeled rubber-tired roller (Fig. 20 and 21). joint at the centerline provided sufficient width

Field CUR, soil moisture and density tests were to make the lapped oints with the bottom mens-
conducted on the surface and about mid-depth brane at the roadway shoulder line. Another ap-
of the fill at two locations immediately follow- plication of asphalt emulsion (at the same ap-
ing final compaction. The results are given in plication rate) was sprayed on top of the top
Table I T he averages of six CUR values on the membrane after the bottom membrane was told’
M St. sur face and six at mid-depth have 18.0 and ed up over the ends of the fill to make a sealed
16 3%, respective ly. The averages of four dry joint with the top membrane.
densities and moisture contents at each of the About 2 in. (51 mm) of clean sand was spread
same depths were 111.2 lb/ft1 (1782 kg/rn’) at as a blotting and cushioning layer on the
164% moisture content and 105.2 lb/f t’ (1686 emulsion-coated top membrane before plat ing a
kg/rn’) at 15.4% moisture content. T he average 6 to 8-in. (0.15 to 0.20-rn) gravel wearing surf ace
moisture contents were below optimum and the of the previously excavated and stockpiled
average densities were 102 and 98% of the CE-12 roadbed material . Final grading and compacting
compaction va lues at those moisture contents, of the gravel surface with a road grader and the
The moisture contents represented 82% and wobbly-wheeled roller were accomplished after
65% of complete saturation. Iwo strings of ther- the shoulders of the road and parallel drainage
mocouples were installed tn the MISI. fill and ditches were shaped and graded. The finished

• the underlying subgrade as shown in Figure 22. road is shown in Figure 23.
The string for the undisturbed location readings Following the first winter freeze , in 1973-74 .
was insta lled in an auger hole beside the road soil temperature measurements indicated that
and the instrumentation shelter was set up over frost had penetrated through the section to a
it for protection against vandalism, depth of nearly 4.5 ft (1.37 m) into the underlying

T he surface of the fill was then sprinkled light- subgrade (Fig. 24). The average freezing rate dur-
ly with water to prevent balling of the asphalt ing the 1973-74 winter was estimated from the
emulsion in the dry surface dust. Asphalt emul- ground temperature readings and average air
sion was sprayed onto the surface at the same temperatures (Fig. 24 and 25) to be about (1 S in

Table I. Field test results, Elmendorf AFB MESL fill.

0.2-In. C8 #t WIfr r Wrr Dry
Depth f r om (%) ~-ontent densIg~ densit

3
p

surfeq.e Positions (%) (lb/ft ) (I~~ t )
S, ocitlon (In.) 2 ~ I 2 I 2 2

1 0 23 tO 24 16.0 17.8 131 130 113 110
l20981t (20$2I (18101 117621

17 13 8 18 14. ) 14 .3 123 1) 9  108 104
(0.43)’ 119701 119061 (17301 116661

2 0 IS 13 2) 16.1 13.9 126 131 109 113
(20)81 (2098( (17461 (1810(

15 20 IS 20 15.7 17,3 121 122 103 104
(0.38) (19381 (19541 (16821 (1666 1

•( )n~.
f (J kg/ rn3.
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(12.7 mm)/day. However, this included the treez• Subsequent soil samplings of the MESE for
ing of the high moisture content subgrade soils. moisture determinations, also shown in Figure
From the soil temperature profiles for 24 March 26. Indicate a slight moisture increase
and 1 April (Fig. 24), the thawing rate for the top throughout and a major increase at station
8 in. (0.2 m) of MESL soil was calculated at about 0+75 in March 1975 and at station 1 +00 in Oc-
0.9 in. (22.9 mmYday. This is probably a more tober 1976. It is believed that the top membrane
realistic value for the freezing rate also in the was inadvertently damaged at station 0+75 in
ME SI. soil alone, since the air cooling and warm- April 1974, resulting in moisture infiltration that
ing rates at the beginning and ending of the is slowly migrating laterally from the point of en-
freeze/thaw season were nearly equal (Fig. 25). trance.

Three field CBR tests were run on the top Moisture infiltration during the spring runoff
membrane on 1 April 1974 when the top 9 in. through the uncoated polyethylene along the
(0.23 m) of the MESL was thawed. The 0.2-in, vertical sides of the MESI could be the cause of
(5.1-mm) penetration CBR values at stations the slight moisture increase throughout the sec-
0+ 75, 1+50 and 2+25. 4 ft (1.22 m) left of tion w here no membrane damage was apparent.
centerline, were 20.7, 17.9 and 15.9%. respec- This infiltration might be caused by very small
tively. The average of these three values, 18.2%. blow holes that are inherent in the manufactur-
is the same as the average va lue for the surface ing process of polyethylene films.
CB* values at the time of construction shown in Several density determinations made on soil
Table I. Soil core samples were taken at stations cores obtained in March 1975, presented in
1+50 and 2+25 for moisture determinations. Table II, show no increase in density from the
The results are plotted in Figure 26. An attempt construction values in Table I.
at coring at station 0+75 was abandoned
because of ponding water on the membrane
beneath the gravel surface.

Mos~ture Cont ent , S cm In 
Moistur e Content , ~~ cm in 

MOISIUr. Content, S
cm 
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F igure 26. Soil moisture profiles, Elmendorf AF B MESL.

14



4.4 

~~~~~ .‘~

Table H Elmendorf AFB MESL in situ densities and mm) of s m d  was spread on the top membrarn
-, belore placement of an 8-in (0 20-m)-thu k rivermo~tIwe conienu. gravel surfacing.

All wnpies contained ~ mc mmiii pebbles, light copper-constantan thermocouples were
installed wit hin the MI SI.. at t he locationsDry unit Moister. 4oeprn ~~~~ ~~~~~ 
shown in Table IV to monitor fri e zing and thaw

St~1ion (lej (lb/ f r3) ing. Four heat-i low meters were also installed
wit hin the Mi SI, however , meaningful data were

0’75 I t~ 4 (0.02 to 0. 10)’ 115 .8 I t85S It 25.0 not obtained from them

~ 
Temperature profiles of the MISI. during the

16 to 21 (0,41 to 033) 96.7 (15491 23.8 first winter freeze-thaw cyc le are shown in
1.48 10 to I) (0.25 to 0.33) 108 .8 1 1743 J 14.8 Figures 27 and 28. lioth the freezing and thawing

rates were approximately 1.5 in /day (38 1

~ jm~ 
mm/day) for that freeze-t haw cycle. The relative-
ly high rates are attributed to the low moisture
content and low density of t he’ silt.

In-situ soil moisture content profiles are
• presented in Figure 29. Samples obtained in the

Ft. Wainwrighi MISt frozen state (Marc h 1975 and 1976) had moisture
In September 197 3, a nominal 2 5-ft (0.76-rn)- ‘ontents indicating uniform moisture distribu-

thick silt MESI road test section , 20 ft (6.1 m) tion (no migration toward the top or freeze-front
wide by lix) ft (30.5 m) long, was constructed in- during freezing). The in-situ densities shown in
to an existing unpaved gravel-surtaced road. The 1 able V are for frozen samples taken in March
method of construction was essentially the same 1975 and average slightly higher than the two
as described previously, however, the membrane measured at the time of construction (probably
material was different. A nylon-mesh reinforced because of traffic compaction).

• two-ply polyethylene was used for both bottom
and top membranes these two features were
considered necessary for a permanent long-term
instal lation, since manufacturers ’ represen- Table Ill. Moisture contents of Ft Wainwright MESLtatives reported that polyethylene film has some fill ~~~ constructed
pin-holes when produced. The bottom mem- -

brane was a continuous sheet, 40 ft (12.2 m)wide Molstur~• by 100 ft (30 5 m) long, and the’ top sheet was 32 Depth content
ft (9.8 m) wide by lOt) ft (30.5 m) long. T he (in.) (%)
asphalt emulsion was sprayed on the compacted 

010 4 (0 10010) ’ 15 2subgrade and finished MiSt till at an applica- 410 8 (0,1 to 0.20) 14,4• tion rate of 0.5 gal. vd~ (2.27 litersfm~) before Sto l2(0 2 *o 0 30) 1 3.8
placement of the membrane. 12 to16(O.3 to 0.41) 12.8

• 
.. The silt was compacted in 4 to 5-in. (0.10 to 16 to 20 (0.41 to 0.51) 16.1

0.1.3-rn) layers by about it) passes of an 8-ton 
~~~~~~~~~~~~~~~~~~~~ ~~(7257- kg) wobbly-wheeled rubber-tired roller. __________________________

Two density tests run on the top of the MISt fill • ( ) m.
indicated in situ dry-weight densities of 88.4 and
86.7 lb/ft 1 (14)6 and 1389 kg/ rn’) at a moisture Table IV. Thermoco~qmIe locatlom,Ft Wajnin-j~i~content of 13.2% for both tests. These densities MESL.
represented 85 and 84% of the laboratory corn-
paction va lues for the CE-12 compactive effort Stati~~O#2 s St~fion 0+ 75
at the 13.2% moisture content , w hich is about No. Depth (it) No. - Depi* (f t)
3% below the optimum moisture content of 

1 265 (08))’ $ 3.00 (091)16.4%. Two CI3R tests , also run on top of t he 2 1.90 (0:58) 6 2.25 (0:69)
• MISI. fill, indicated in-situ CI3R values of 7 and • 3 115 (0.35) 7 130 (0.46)

10%. T he moisture contents of each silt layer 4 0.25 (0.08) $ 0.50 (0,15)
are given in Table Ill. Approximate ly 3 in. (76.2 • ( ) m,
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Table V. In-situ densities, Ft. Wainwright MESI . TRAIIIC USE
Ma rch 1975.

Ilmendorf A18 Mist.
i),’plh j ) , p ~ j j~~ I his Ml 5~i ‘~t ’( 1.otl is liii ,itt ’ti Iii .1 gr ,,~~ ’l 10,14)

(‘H .) /bjtt~__________ — usl’t) as an ,u t ’s s  ro,i(l to ,m sand ,iit il t u( su it
0 to 2 (0O %o 0.05)’ ‘IL) 1459) f (~~)( I4)s% p~( ,inij ,m 5% ci()(I(’(j ret rt’ ,ltIoIhII ar t ’ .i 1 he
2 to S .’. ~0.05 100. 14) 90.5 (1450) t~ ~~~~~ 

t t  ,‘hit It”. util.i ,ng the r u,itl i . . ~~ ‘ Ilillil
14 to 16 (0. 36 to 0.4 ) )  88. 5 (14)81 nhiflill,kt”. to 10 (on (9070- kg)  (lt,l1Il) I rut s ‘\t It”l 6 t u  18 (0 . 4 1 100 .48) 90.5 (1 450 )

______________________________________________________ L)I)’ .(IU( (It ),) II) 1111)1’ 197 1 .iti ~i t )t ’ t or t ’  %‘, Il1(t’t

m. tIt’t ’/t ’UIl . illOil’ than 41k) lt).i(ls (It 
~‘‘i ’ 

suit and
+ ( )  ~~~~~ saint s ’rt’ hauled uc t ’i tht’ ro.mrl , Ill addition .

- . 
~~
“ .

I sg urt ’ U’ St iOt~ (JUrnfJ adi,it t’fl( (0 1 Itrit ’nthir l  1 F 8 Mi SL.

-. ...~~ ~‘!

~~~ 
‘T t~~~~~~UF 1r -Ht~~ .

~~~~~~~~~~~~~~~~~ _ I_ 4

Figure .11. Ponding snowmelt on I Imendort ~t! 8 MI ~L (north iess , upper.
south view, lower) .
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Figure L! Soil core sampling. I !rnendor t ‘51 H Mt St. Marc h 7 9’ ~

several thousand passes of mixed vehicular traf- PERFORMANCE OBSERVATIONS
tic were made over the road. During the winter-
time the dump trucks hauling sand for sanding Ilmendorf MB MISt.
the streets and parking lots on the base use the This test section has maintained its integrity
road. However, the more critical loading periods and only slightly increased in moisture content ,
are during and after spring thaw , The open area except at one location where meitwater entered
adjacent to the road is used as a snow dump dur- after an attempt was made to conduct a soil
ing snow removal operations on the base sampling operation. The moisture content pro-
throughout the winter (Fig. 30). This results in tiles obtained from frozen core clay samples
considerable water ponding ir, the parallel indicate that no moisture migration occurred
ditches and on the road surface during spring because of the relatively low degree of sa ura-
breakup (Fig. 31). Figure 32, a photograph ta ken tion. Field CBR values during the spring thaw
during the soil coring operation of March 1975. were the same as the prefreeze values during
shows a typical closeup of the surface spring construction. In-situ densities remained essen-
meitwater conditions. tially the same as when the test section was con-

structed.
Ft. Wainwright MISt

This MESI section is located in a gravel road Ft. Wainwright MISt
used daily by dumpster and garbage trucks. Dur- This test section has shown no signs of
ing the wintertime the road is heavily trafficked distress. The very low original moisture content

• by passenger cars driven to and from the Birch has been maintained and the moisture profile in
Hill Ski Area. Since construction of the ME SI, the section in the frozen state has remained
the Army has used the road as a haul road for uniform. A slightly higher dry density obtained
construction equipment and as an access road from frozen core sampling is attributed to traffic
to the sanitary landfill; Alyeska Pipeline Service compaction.
Company also has used it to move pipe and
equipment for pipeline construction (Fig. 33).
T he road surface has been sprayed with used CONCLUSIONS
engine oil to stabilize the river gravel and con-
trol dust, Springtime snowmelt conditions (Fig. Ilmendoef MB MISt
34) are not nearly as severe on this section as on The Elmendorf silty clay at an average
the Elmendorf AFB section. moisture content of about 16% and an average

dry density of about 111 lb/ft1 (1778 kg/rn’) has 
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c losed-system freezing in the MISt section at a during freezing (Fig. 8). Too much compaction
• ~ maintained a uniform moisture profile during and still have little moisture migration (heaving)

• freezing rate estimated at approximately 1.0 in. effort, which is generally a rare occurrence,
(22.9 mmWday. The percentage of moisture could cause a moisture migration problem with
saturation for the above moisture and density MESL construction and should be avoided if a
conditions is about 80%, w hich corresponds to a lower density and higher moisture content mate-
relatively low total heave (Fig. 3b). rial provides adequate strength (Figs. 6 and 10).

T he prefreeze and after-thaw CBR values for The degree of saturation, w hich is lower at a
the Elmendorf silty clay were essentially the given moisture content for lower densities, is the
same, with an average value of 18.2%. With an important factor when considering moisture mi-
8- to 10-in (0.18 to 0.25-rn) sand and gravel sur- gration (heaving) during freezing (Fig. 9). A multi-
face layer, the MESI with a CBR value in the layered MESI. with the wetter (at or slightly
range of 10 to 24% withstood low-density, light’ above optimum moisture content) and less
vehicular traffic and occasional heavy truck dense layer as a subbase separated by a horizon-
traffic with minimal surface maintenance. tal cutoff membrane from a dryer, more dense

• T he near-vertical sides of the ME SI, w hich are top layer couhd save considerably on material
• very difficult to spray adequately with asphalt, drying and compaction costs.

are a potential source of a long-term moisture in- Additional field tests with higher density soils
crease because of very small blowholes in the are needed to determine moisture content and
6-mil polyethylene inherent in the manufactur- redistribution, heave, freezing rates and post-
ing process. A two-layer polyethylene provides thaw strength relationships and to verify lab-
better protection against this problem. oratory results.

Ft. Walnwrlght MISt
T he Fairbanks silt at an average moisture con- LITERATURE CITED

tent of about 14% and an average dry density of I Arctic Construction and Frost Effe cts Laboratory (1958)
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APPENDIX A. THE MESL CONCEPT

I inc’.graincd soils c ofl1fJ~
)( t(’(l .11 or shUhtly soil ,sn he Plated by end-dumping or by dump-

below optImum uloisture onti’nts s .in provide ing tro u t the sides with front-end loaders . 1 he
adequate’ bearing strengths (or usu’ ,is strut tural (-onipleted soil e’rnbanknwnt is sprayed w ith
layers in pavements and embankment’., f low asph.ilt emulsion before placement of the (0))
ever , if the’ moisture ontent increase”. ,ctt .’r soil membrane I he top membrane is also sprayed
compaction there’ is a dramatn loss iii bt’artng with asphalt emulsion and c overed with a thin
strength. The MISt ‘oni’ept is a method for layer of c lean sand to blot the asphalt and to
maintaining the moisture ontent of the soil at provide added protection against pun ture by
the’ desired level by e’ncapsulattng the soil in the paving materials and equipment.
waterproof nie’mbranes t hat prevt’nt wate r in- Stni. i’ the Ml St ( oncept had not previously

• filtration he’e’n field tested in free,ing and thawing condi.
T he’ prepared subgrade is sprayed with an lions, the’ potential pr obl ems of heaving and

asphalt emulsion before the’ bottom membrane’ thaw-weakening and their efte’c Is on the me’m-
of polyethylene is laid This provide’s added brane’ arid sealed 501n1s integritis’s had to he
waterproofing pmter tiofi in the event of merit- evalu,ite’d
bran.’ puncture and t at  ilitates membrane pIa i’
mt’nt during windy ondilions. The first layer ot
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APPENDIX B: CLASSIFICATION, COMPACTION, FREEZING AND
CBR TEST RESULTS FOR FAI RBANKS SILT

Table BI. Standard compaction and CBR tests.

Water Dry Degree of
Sample Compaction content unit wt. Void saturation CBR

no. effort (%) (lb/ fr ’3) ratio (%) (%)

• 34 CE.55 5.7 102.3 0.69 22.9 253
S CE-55 7.7 108.7 039 (88.2) 30,7
6 CE-55 8.6 112 .3 034 44,2 84.0
9 CE-55 9.2 114.0 032 (92.8) 46.2
24 CE.55 9.2 114.4 0.51 49.9 86.7
10 CE-5S 103 112.8 0.53 5&6 75.7
20 CE.55 11.2 115 .0 030 (~‘90) 50.2
25 CE-55 11.4 115 .3 0.50 63.3 78.3
13 CE-5S 12.3 113,8 0.52 65.7 65.0
31 CE-55 12.9 1123 0.54 66.6 54.6
16 CE.55 13.0 116.0 0.49 73.5 70.7
26 CE-55 13.7 ills 0.55 69.5 22,3
27 CE-S5 14.4 110.3 037 70.3 13.3
22 CE-55 15.7 109.1 038 74.4 7.7
30 CE-55 18.1 104.1 0.65 77.0 4.0
33 CE~26 6.9 103.0 0.68 28.2 27,5
8 CE-26 9.4 107.6 0.61 429 38.3

11 CE.26 10.3 109.4 038 49.2(86.4) 27.6
19 CE-26 11.3 109.0 0.59 56.7 43.1
14 CE-26 12.0 110.5 0.56 58.9(82.0) 34.7
15 CE-26 13.3 109.6 038 63.8 42.0
4 CE-26 14.2 110.0 037 68.8(77.6) 29.1

CE-26 15.7 109.3 038 74.8 22.3
23 CE.26 17.0 106.3 0.63 75.2 4.2
29 CE-26 18.8 102.6 0.68 760 23
32 CE.12 9.8 99.2 0.74 36.6 15.3
21 CE-fl 11.3 102.4 0.69 453(~’8S) 10.0
12 CE-12 12.4 101.9 0.70 49.3 18.7
17 CE-12 12.9 106.8 0.62 57.8(~.85) 13.7

3 CE-12 14.5 103.8 0.66 60.4 19.1
2 CE-12 15.3 105.4 0.64 66.2(79.6) 14.3
7 CE-12 16.7 105.2 0.64 71,9 14.9

18 CE.12 173 104.9 0.65 74.8 9.3
28 CE-12 19.9 99.8 0.73 75.3 13

Note: Figures in parentheses are values of soaked samples.

25 
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Table BII. Fr.sze-thaw CBR tests.

Water Dry De~ ee of Type Freeze Total C8R (U)
Sample Compaction content unit wt. Void saturation freeze thaw heave I-In. Complete

no. effort (U) (lb/fr 3) ratio ~X) thaw cycles (in.) thaw thaw

FBS-1 C.12 17.0 105.8 043 74.3 Closed 1 0.188 — 10.4
FBS.2 C-12 17.0 105.6 0.64 73.9 Closed 1 0.200 — —

FBS-3 C-12 14.2 104.0 0.66 59.4 Closed 1 0.166 — —
FBS4 C-12 14.2 104.8 0.65 60.6 Closed 1 0.200 — 20.9
FBS-19 C.12 16.0 106.2 0.63 70,6 Closed 3 (0.184,0.072,0.039) — —

FBS.20 C-12 16.0 105.3 0.64 69.1 Closed 3 (0.195 ,0.105,0,010) 13.4 136
FBS-2 3 C’12 16.4 104,9 0,45 ~9S Open 1 4.~ — —
FBS.24 C-12 16.2 106.2 0.63 “95 Open 1 4.8 — —
FBS4S C-12 9.8 101.9 0.70 39.0 Closed 1 .0.004 — —

FBS.46 C’12 9.6 100.7 0.72 37.1 Closed 1 .0.004 19.9 16.3
FBS-4 7 C’12 12.0 101.2 0,7 1 47.0 Closed 1 .0.003 — —

FBS.4* C-fl 12.1 102.9 0.68 49.3 Closed 1 .0.005 18.1 16.2
FBS-51 C-12 12.6 105.2 0.64 54.3 Closed 1 0.006 — —
FBS-52 C-fl 12,3 105,2 0,64 53.0 Closed 1 0.001 13.9 25.0
FBS.59 C-fl 17.7 106.2 0.63 78.1 Closed 1 0.234 — —
FBS4O C-12 17.6 106.2 0.63 77.7 Closed 1 0.286 3.4 11.3

FBS-5 CE-26 14.4 108.6 0,59 67.4 Closed 1 0.255 — —

F854 CE-26 14.4 109,2 0.58 68.4 Closed 1 0.264 — 23.8
FBS.7 CE-26 123 107.5 0.61 57,0 Closed 1 0.079 — 25.3
FBS 8 CE.26 13.1 107.0 0.62 59.0 Closed 1 0.083 — —
FBS.17 CE.26 14.6 111.7 0.55 73.9 Closed 3 (0.262,0.104,0.093) — —
FBS.11 CE-26 14.7 - 110.8 036 72.7 Closed 3 (0.212 ,0.087,0.080) 27.5 26.8
FBS-31 CE.26 16.2 110.2 037 78.9 Closed 1 0.315 — —

FBS-32 CE.26 16,1 109,9 0.57 77.9 Closed 1 0.238 11.5 15.3
FBS.33 CE.26 17.1 107.5 0.61 77.9 Closed 1 0.366 — —

FBS-34 CE.26 17.2 106.5 0.62 76.5 Closed 1 0.230 6.7 2.3
FBS.35 CE-26 11.8 103.9 0.66 783 Closed 1 0.282 — —
FBS-36 CE-26 11.6 103.1 0.6$ 76.2 Closed 1 0.317 5.3 2.1
FBS.4 1 CE-26 10.2 101.9 0.59 4*1 Closed 1 -0.002 — —

FBS.42 CE-26 10.1 109,4 038 48.2 Closed 1 0.001 39.3 41.7
FBS43 CE-26 10.9 107.7 0.60 49.9 Closed 1 -0.003 — —
FBS-44 CE-26 103 103.4 0.59 50.3 Closed 1 0 34.0 32.2
FBS-49 CE-26 13.5 109.0 039 63.8 Closed 1 0.085 — —
FBS-50 CE-26 13.4 109.9 0.57 64.8 Closed 1 0.055 36.0 27.3
FBS-5S CE-26 15,0 110,2 0.57 73.1 Closed 1 0.167 — —
FBS.56 CE-26 14.9 111.1 036 74.3 Closed 1 0.200 21.3 16.7

FBS-9 CE.5S 11,2 113.6 032 59,5 Closed 1 0.0*9 — —
FBS.10 CE-5S 10.9 113.8 0.52 51.2 Closed 1 0.027 — 56.9
FBS-11 CE-SS 9.2 112.0 0.54 46.9 Closed 1 -0.003 —

FBS.12 CE-55 9.2 112.2 034 47.1 Closed 1 -0 005 — 53.3
FBS’13 CE-iS 11.5 113.4 0,52 60.8 Closed 3 (0.001,.0.003,-0.00S) —

FBS-14 CE.S5 11.6 113.6 0.52 61.6 Closed 3 (0.015,.0.O01,-0.004) 36.0 44.8
FBS.1S CE.5S 9.6 112,9 0.5-3 50.1 Closed 3 (-0.004,-0.007,.0.00S) —

FBS.16 CE-Si 9.8 112.3 0.54 50.3 Closed 3 (.0.004,.0004,.0,005) 49.3 51.6
FRS.21 CE-Si 11.6 111.1 036 “95 Open 1 5.4 —

FBS.22 CE.i5 11.5 1113 0.55 “95 Open 1 5.2 —

FBS-25 CE-iS 14.1 115.2 0,50 78.0 Closed 1 0.150 —

FBS.26 CE.S5 14.3 113.6 0.52 75.9 Closed 1 0.166 13.0 25.0
FBS-27 CE-iS 16.1 110.0 0.57 78.0 Closed 1 0.260 —

FBS-2$ CE-Si 16.0 108.2 0.60 74.2 Closed 1 0.323 6.5 5.6
FBS.29 CE-S5 12.6 113.6 0.52 66.9 Closed 1 0.024 —

FSS-30 CE.S5 12.2 113,4 032 643 Closed 1 0.037 58.0 49.0
FBS.37 CE-55 13.5 114.1 0.51 74.0 Closed 1 0.132 —

FSS-31 CE-Si 12.9 115.3 0.50 71.6 Closed 1 0.169 453 44.7
F8S 39 CE-iS 15.2 112.1 0,54 77.7 Closed 1 0.193 —

FBS~40 CE’55 15.2 113.4 0.52 80.3 Closed 1 0.224 19.1 20.3
FBS-53 CE-Si 17.2 108.0 0.60 79.3 Closed 1 0.348 —

FSS S4 CE’SS 17.4 107.1 0.61 78.5 Closed 1 0.314 2.1 4.3
FIS.57 CE~5S 13.6 105.3 0.64 *0.1 Closed 1 0347 —

FBS.5$ CE-Si 18.5 105.5 0.64 80.3 Closed 1 0.450 . 0.9 3.0_

Note: F~ uNs In parenthuis ai~ for each freeze cycl e. 26
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Table Bill. Frost susceptibility test data — Fairbanks silt.

Water content çlmen ht.
Dry Saturation Before Aftir Beta,, After Heav, rate

Simple Compaction unit rat, ratio test test test test Heave Average 3.~~ ’ amz.
no. effort (lb/ ft ’3) (U) (U) (U) (In,) (In.) (U) (mm/day) (mm/day)

FBS-21 CE-55 111.1 95 19,0 66.2 6.0 11.4 90.0 160 24FBS.22 CE-Si 1113 95 18.9 61.0 6.0 11.2 86.7 -

FBS.23 CE-12 104.9 95 22.2 64.4 6.0 10.5 75.0
FBS.24 CE-12 106.2 95 21.5 66,4 6.0 10.8 80.0 ‘ -

Table BIV. Frost susceptibility dassification.

Average rate of heave
(mm/day)

0-0,5 Ns~~~tbls
0,3—1.0
1.0—2.0 Low
2.0-4.0 MedIum
4.0—8.0
>1.0 Vary h*

27
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U.S. Cold Regions Research and Engineering Laboratory;
Springfield, Va.: available from National Technical In-
formation Service, 1979.
v, 32 p., illus.; 27 cm. ( CRREL Report 79—16. )
Prepared for Directorate of Military Programs, Office,

Chief of Engineers by Corps of Engineers, U.S. Army
Cold Regions Research and Engineering Laboratory under
DA Project 4A76273QAT42.
Bibliography: p. 21.
1. Anchorage, Alaska. 2. Cold environments. 3. Port

Wainwright, Alaska. 4. Membranes. 5. MESL—meinbrane
encapsulated soil layer. 6. Polyethylene. 7. Soil
moisture migration. I. United States. Army. Corps of
Engineers. II. Army Cold Regions Research and Engi-
neering Laboratory, Hanover, N.H. III. Series: CRREL
Report 79—16.

*U.$. SOVI~~NM E N T  PN~NTING OPPICI~ 1571 001-SCS/lIO

A


