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INTRODUCTION 

Frost heave is a ground-freezing phenomenon which has always 

been a problem for highway engineers o When severe enough , localized 

areas develop what is commonly called "frost boils." There is 

considerable vertical movement of the road surface during winter 

freeze and spring thaw. Finally, over a peri od of years, cracking 

of the slab and uneven settlement develop g i ving the pavement very 

poor r i ding qualities o In extreme conditions complete disintegration 

of the surface can occuro 

In order for frost heaving or frost boils to develop, three 

basic conditions must exist o These are: (1) freezing temperatures 

in the soil ; (2) a reservoir of ground water sufficiently close to 

the frost line to feed the growing ice layers; (3) soil material 

having favorable characteristics for rapid movement of capillary 

water upward from t h e water table*. Since the temperature could 

not be controlled , frost heave areas have generally been corrected 

by removing the undes i rable mater i al and replac i ng it wi th a 

granular backfi ll or by loweri ng the water table . 

RESEARCH OBJECTIVE 

During the fall of 1963 the Iowa State Highway Commission 

constructed a short section of highway where an insulating material 

was placed directly below the slab . The objective of thi s test i s 

to determine i f an insulati ng material will prevent the subgrade 

*From "Soil Engi neering " by M. G. Spanglero 
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from freezing, thereby reducing the frost heave. If successful, 

this could eliminate the need to remove and replace the poor soil 

with granu lar mat erial o 

The insulati ng materi al for this tes t was furnished wi thout 

cost by the manufac t urer , Dow Chemi cal Company of Midland, Michigan . 

Therefore, no att empt was made t o c ompare the cost of i nsulat i on 

with that of granular backfill o 

MATERIAL 

The insulating materi al used i s an expanded polystyrene with 

the , trade name of Styrofoam . The phys ical properties of the type of 

Styrofoam used in this test are shown in Table 1. Its mechanical 

properties decr~ase sl i ghtly as the temperature is raised. At 160° 

F to 170° F the cellular structure collaps es. However, the material 

i s not affected adversely ·at sub-zero temperatures. 

Polystyrene, the base plastic, absorbs a negligible amount of 

moisture and the closed c e ll structure.of Styrofoam almost complete­

ly prevents the entrance of water. 

PREVI OUS TESTING 

Styrofoam has been previ ously tested by Dow Chemical Company 

under an asphalt road at their plant in Midland , Mich i gan a The 

Stat e of Minnesota a lso placed some under an asphalt road o 

CONSTRUCTI ON 

The Iowa t e st section is located on US 18 about two miles west 

2 
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of west Union. It is in a 450 ft. reconstruction area that has a 

history of frost heaving. 

The ori ginal plans call for coring out three feet of the sub­

grade and backfilling with selected granular material. The excava­

tion and backfilling was eli minated on the east 250 ft. of the 

reconstruction section. Instead, one -and one-half inches of Styro-
~ ~-

foam was placed directly below the pavement on the subgrade and in 

the shoulders at a 2:1 slope. The remaining 200 ft. was not 

changed and serves as a control section. 

The 250 ft. test area was divided into three sections. In the 

east section, 75 ft. in length, one layer of Styrofoam one and one-

half inches thick was placed . In the middle section, 100 ft. in 

length , two layers of Styrofoam , each three-fourths inch thick, were 

placed. In the west section , 75 ft . in length, one layer of Styro­

foam one and one-half inches thick was placed. In this section the 

Styrofoam was covered with four mil polyethelene. A layout of the 

test area is shown i n Figure 2. 

The test sections were instrumented to measure the temperatures 

at various locations in the slab , subgrade and shoulders. 

3 

As soon as the pavement forms were in place and the subgrade cut 

and compacted, the first group of thermocouples was installed at 

various depths in the subgrade . This was followed by the placing 

of the Styrofoam between the forms . The Styrofoam was in the form 
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of boards, 2 ft. by 8 ft. Very little trouble was encountered in 

placing them, however, t~ey were very light and could easily be 

blown away by the wind. They were fastened to the subgrade by 

wooden pegs. 

Nine inches of Portland cement concrete pavement was then 

plac ed directly on the Styrofoam. The thermocouples used to 

measure the temperature of the c onc rete pavement were held in 

position by frames during placi ng of the concrete. 

The next day , after the paving forms had been removed, the 

2:1 slope was cut on the shoulders. Styrofoam was then placed 

along the slope and the shoulder was constructed. The~mocouples 

were placed in the shoulder at various depths in the soil below 

and above the Styrofoam. 

TESTING 

The thermocouple wires terminate i n a 5 ft. by 5 ft. by 6 ft. 

building located near the r i ght of way line . This bui lding is well 

insulated and a temperature above soo F can eas i ly be maintained 

duri ng the winter months by use of two electric heaters. 

The temperatures obtained by the thermocouples are indicated 

by an automatic recording potentiometer which is capable of record­

i ng , in sequence , the temperatures i n 24 separate locations. It is 

timed so that the temperatures at the 24 locations are recorded 

once every two hours . The recorder contains two i nstrument boards 

4 
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consisting of 24 terminals each. Either board can be connected. 

making it possiple to obtain temperatures from 24 alternate locations 

if des i redo The layout of the thermocouples at Station 602+00 and 

at Station 604+50 is shown in Figures 3 and 4o The rest of the 

thermocouples are installed in a s i milar manner at Station 603+50. 

Graphs of the temperatures at various locations are shown by 
I • 

Figures 5, 6 , 7 and 80 Figure 5 g i ves the average daily air temper­

ature o Figure 6 compares the temperature above and below the Styro­

foam. Figures 7 and 8 give the temperatures at the corresponding 

locations in the control section . Figure 9 gives the freeze-thaw 

cycles in both the Styrofoam section and the control section. One 

cycle was counted when the temperature of the slab or subgrade 

dropped from 33° F to 310 For lower and returned to at least 33° F. 

A profile of the slab was taken in December 1963 , February 1964 

and May 19640 This is tabulated in Table 2. Moisture samples of 

the subgrade and shoulder were taken in Apr i l 1964. The results are 

tabulated in Table 3. These results have very little significance. 

The subgrade i n the control section consists of 3 fto of granular 

backfill whi ch normally has a much lower moisture content than the 

subgrade under the Styrofoam o 

CONCLUSIONS 

This past winter was fa i rly mild for Iowa. There were no extend­

ed periods of sub-zero temperatures except for a ten-day period in 
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December 1963. However, it is quite evident that Styrofoam or a 

similar insulating material is very effective in protecting the sub­

grade from freezing temperatureso 

During the December cold period when the air temperature 

reached -26° F, the temperature one inch above the Styrofoam was 

-15° F and one inch below the Styrofoam was 34° F. Temperatures in 

the correspondi ng locations in the control section were -1° F and 

3° Fo The insulation did increase the number of freeze-thaw cycles 

~y 80 percent. Whether this is detrimental or not remains to be 

seen. 

Because of the dry fall and winter very little frost heave 

occurred. However, the profile indicates that the movement was 

four ttmes as great in the area outside the test section compared 

with the Styrofoam area. Even the movement in the granular backfill 

section was slightly greater than in the Styrofoam section. 

FUTURE TESTING 

The recording of temperatures will continue throughout the 

summer and winter until next spring (1965) o It is hoped the coming 

winter will provide a more severe test than was experienced in the 

past winter. 

6 
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Photo 1: I nstal~in0 the fi rs t thermoc ouple 
wi res. 
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Photo 2: Placing l½" Styrofoam. on the Sub~rad~ . 

I 

Photo 3: 1•Tooden pegs used to fas ten the 
Styrofoa~ to the Subgrade. 
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Photo 4: Two layers o r 3/ '1.-" St.yro f oani on the 
subgrade. 

Photo 5: Concrete bein9 placed on the Styrofoam. 

s 
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Photo 6 : Cu t ting- the 2 :1 Sho u l der S lope f o r 
the Sty rof oam . 

Photo 7 : S tyr ofaa;:n bein~· placed on the 2: l 
S lope in the Shoulder . 

10 
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Ph .::> to 8 : Ho u sing- f or the te:-nperature 
record ing device. 

Photo 9: Interior of temperature recording 
instal lation. Recording potentio­
:meter above, two electrical heaters 
b elow . 
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Table 1 12 

Physical Properties of Styrofoam Scorbord SM 

ASTM 
Test Method 1 11 Thick 2 11 Thick 

Density , #/ft . 3 
Tens i le Strength, psi . 
Ultimate Elongation , % 
Tensile Modulus, psi . 
Compr essive Strength 

a t 5% Deforma t i on , ps i . 
Compress i ve Modulus , psi . 
Fle xur al Strength , ps i . 
Deflection at Break, in. 
Flexural Modulus, psi. 
Shear Strangth, psi. 
Shear Modulus, psi. 

Dl623- 59T 
Dl 623-59T 
Dl 623- 59T 
D 621-5-9T 

Dl621-59T 
C203-58 
C203-58 
C203-58 
C273-53 
C273-53 

2 . 7 
56 
2.3 
2490 
31 

876 
96 
0 . 57 
3830 
42 

2 . 3 
52 
2.5 
1990 
48 

1900 
114 
0 . 62 
2750 
25 
652 

1 . Tensile properties were obtained at a crosshead speed of 0.05"/ 
min. for l" specimens and at 0.1"/min . for 2 11 specimens, using 
respectively l" and 2 11 jaw span . 

2 . Compressive properties were obtained at a crosshead speed of 
· 0 . l '/fnin. / l" of specimen thickness . 

3 . Flexural properties obtai ned a t a crosshea d speed of 0 . 5"/min. 
for 1 11 specimens and 1. 0"/min . f or 2 11 speci mens 1.,1sing a 10" span. 

4. Shea r properties obtai ned a t;. 0 . 05 "/min. crosshea d speed. 
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Table 2 13 

- CENTERLINE PROFILE ELEVATION 

I 
Dec . Feb. May Dec. Feb r May 

I St a . 1963 1964 1964 Sta . 1963 1964 1964 

600+00 99 . 87 99 . 93 99 . 83 603 +00 01 . 92 01 . 95 01 . 93 

I Begin Granula r 
+ 33 Backfi l l +20 0 2 .12 02 . 14 02.11 
+40 99 . 99 00.05 99 . 97 +40 02.28 02 . 30 02 . 28 

I +60 00 . 15 00 .17 00 . 12 +60 02. 44 02 . 46 02.44 
+80 00 ·• 32 00 . 35 00 .31 +80 02 . 58 02 . 60 02.58 

I 601+00 00 . 49 00.51 00 . 48 604+00 02.73 02.74 02.73 
+20 00 . 63 00.64 00 . 62 +20 02.85 02 . 87 02.86 
+40 00 . 79 00 . 80 00.78 +40 03.00 03 . 02 03 . 00 

I +60 00.93 00 . 95 00 . 92 +60 03 . 16 03.18 03 . 17 
+80 01 . 09 01 . 13 01 . 08 +80 03.34 03.37 03.34 

I 602+00 01 . 23 01 . 27 01 . 24 +85 End Styrofoam 
+20 01.36 01.39 01 . 36 605+00 03.56 03.66 03.55 
+33 End Granular +20 03 .. 73 03 . 83 03.72 

I Begin Styrofoam 
+40 01 . 47 01 . 48 01 . 47 +40 03 . 92 03 . 99 03.90 
+60 01 . 62 01.64 01.62 606+00 04.50 04.58 04.49 

I +80 01.76 01.78 01 . 77 

I 
I 

Average Change per Section 

Section Dec. to Feb . Feb . to May 

I Granular 
Backfill +0 . 028 ° -0 . 038 ' 

I Styrofoam +0.020 ' -0 . 018 ' 

I Outs i de 
Test Section +0.082' - 0 . 096 ' 

I 
I 
I 
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6 ft. Lt. of CL 
Under Slab 

Table 3 

SUBGRADE MOISTURE . CONTENT 

US 18 F-172(4) Fayette County 

HR-87 April 1964 

Sta. 601+00 (No Styrofoam) 
6 ft. Rt. of CL 

Under Slab 
14 ft. Rt. of CL 

In Shoulder 

14 

Depth (In.) % Moisture Depth (In.) % Moisture Depth (In.) % Moisture 
0- 6 5.7 
6-12 4.6 

12-18 4.5 
18-21½ 5.1 

(*) 1-3/4 II Silty Clay 

0- 6 5.7 
6-12 5.7 

12-18 4.9 
18-24 4.9 

- 4¼" 

Sta. 

0-6 4.7 
6-12 

12-18 

Gravel 

602+00 
0- 6 
6-12 

12-18 

(No 

5.1 
4.2 

Styrofoam) 
5.8 
5.9 
5.4 

Sta. 603+50 (Styrofoam only) 

0- 6 21.0 
6-12 10.0* 

12-18 6.0 
18-21 5.7 
21-27 6.1 
27-33 7.3 
33-35 8.5 

0- 6 14.0 
6-12 8.0 

12-18 5.6 
18-22 5.3 
22-28 5.3 
28-34 5.9 
34-40 8.5 
40-43 13.9 

6 ft . Rt. of CL (Under Styrofoam) 14 ft. Rt. of CL (In Shoulder) 
Depth (Inches) % Moisture Depth (Inches) % Moisture 

0- 6 10.0 0- 6 17.3 
6-12 15.0 6-12 18.5 

12-18 16.2 12-18 11.9 

0- 6 
6 .... 12 

12-18 
18-20½ 

18-19 10.4 
19-25 
25-31 
31-37 
37-41 

Sta. 604+50 (Styrofoam only) 
12.9 o- 6 
17.9 
19.5 
17.3 

6-12 
12-16 
16-22 
22-28 
28-34 
34-37 

14.1 
17.1 
20.4 
18.5 

19.2 
16.9 
17.4 
16.4 
13.7 
13.6 
13.2 
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Sta. 

Sta. 

Sta. 

Sta . 

15 

Table 3 (cont'd.) 

602+50 (Styrofoam and 4 mil polyethylene} 
6 fto Rt. of CL (Under Styrofoam) 
Depth (Inches) % Moi sture 

0- 6 1 0 . 4 
6-12 14.4 

12-18 15.2 

602+90 (Styrofoam and 4 mil polyethylene) 

o- 6 14 . 6 
6-12 16.7 

12-18 16.4 
18-20 04 14.2 

603+90 (Styrofoam only) 

0- 6 14.6 
6-12 17.2 

12-18 15 . 7 

604+20 (Styrofoam only} 

0- 6 14 . 8 
6-12 19 . 2 

12-18 18 . 7 
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