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TAR SURFACE. TREATMENT OF 
LOW COST ROADS 

Report of a Cooperative Study by the Bureau of Public Roads and Representatives of the Tar Industry 

ECAUSE of the extensive application of surface 
treatment to the construction of low cost roads 
and the need for obtaining additional information 

on this subject, representatives of the tar industry and 
the Bureau of Public Roads have recently made a 
field and laboratory study, in North Carolina, of 
surface-treated roads on which tar was used. The 
particular type of treatment investigated consists 
essentially of the application of a light tar to the 
untreated road or prepared base, followed by an appli- 
cation of hot tar with a cover of mineral aggregate. 
A third application of tar, sometimes called the seal, 

Later, more viscous tars applied hot were used. It 
was found that these hot tars produced a more durable 
surface on clean, hard bases but would not penetrate 
any existing dust film on the road. Because of lack 
of bond with the base, the road surfaces often corru- 
gated badly or were picked up by traffic. 

In order to obtain the advantages of both materials, 
the double surface treatment was developed, in which 
cold application tar was used as a prime and hot appli- 
cation tar for the second coat. In this way a wearing 
surface of greater thickness and stability was developed, 
which did not pick up under traffic but remained plastic 

A Tar-TREATED SURFACE IN GooD CONDITION 

is applied with a mineral aggregate cover after the 
surface has been subjected to traffic for a period of time. 
This method of treatment is designed to provide a 
wear-resisting surface which will adequately protect 
the base from deterioration and which can be eco- 
nomically maintained in a satisfactory condition. 

The development of the double surface treatment as 
practiced in North Carolina resulted from early experi- 
ments in which a light tar was used on gravel or ma- 
cadam bases. These tar-treated surfaces were very 
satisfactory for some time, as the tar penetrated into 
the road, allaying the dust and producing temporarily 
a bonded surface. However, under summer conditions, 
these surfaces disintegrated under traffic, and only by 
repeated re-treatments could the road surface be kept 
in good condition. 

160764—33—1 

and smooth under a wide range of weather conditions. 
Later, this same method of surface treatment was 
applied to topsoil and sand-clay surfaces. 

This report embraces a detailed study of 19 projects 
in North Carolina, where approximately 1,200 miles of 
this form of treatment have been built on many different 
kinds of bases and under varying subgrade conditions. 
Inspection of a considerable mileage of this type of 
construction indicated that these projects were repre- 
sentative of North Carolina conditions. They were 
situated in the Atlantic coastal section, the Piedmont 
section, and the mountainous section in the western 
part of the State and were selected to cover a wide 
range of soil and climatic conditions as well as methods 
and materials of construction. 

The detailed study of each project included an inspec- 
tion to determine the appearance, condition, and riding 

1 
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qualities of the surface. Samples of bituminous mat, 
base, and subgrade representative of typical conditions 
were taken for analysis. For the purpose of this report 
the term “mat” is intended to describe the mixture of 
bituminous material and mineral aggregate immediately 
above the base. Information relative to details of con- 
struction, the type of maintenance employed and the 
amount of traffic carried was furnished by the State 
Highway Commission. Laboratory analyses of the bitu- 
minous mats were made and base material and subgrade 
samples were tested for grading and soil classification. 

RESULTS OF SURVEY PROVE ADEQUACY OF TAR TREATMENT; 
IMPORTANCE OF SOIL STUDIES STRESSED 

As a result of this survey the following conclusions 
seem warranted: 

1. Surface treatment provides a satisfactory low- 
cost wearing surface on several types of base. 

2. Surface treatment has the advantage over the 
thicker surface mats in that it is more pliable and can, 
therefore, adjust itself to the movement on a flexible 
base with a minimum amount of cracking. 

3. New roads or base construction should be sub- 
jected to traffic for some time before being surface- 
treated, in order to produce adequate compaction and 
to determine the suitability of the base for surface treat- 
ment. Compaction under traffic is valuable as a 
means of detecting an excess of plasticity in the base, a 
condition which should be corrected. 

4. In order to avoid failures in surface treatments 
resulting from unstable bases, research should be di- 
rected toward finding a means of reducing the plastic 
properties of the clay present, particularly in the natural 
soils. 

5. A priming application is desirable as a final prepa- 
ration of the base, not only to stabilize and waterproof 
the top but also to insure a bond between the base and 
the surface mat. 

6. Tar of light consistency, because of its excellent 
penetrating and binding properties, makes a very satis- 
factory prime or stabilizing material. 

7. Hot application tars are more satisfactory for the 
second application; medium and heavy cold application 
tars have many advantages in seal and re-treatment 
work. 

8. A tough aggregate should be used as cover ma- 
terial in order to reduce crushing under traffic to a mini- 
mum so that the original texture of the surface and the 
stability of the mat may be retained. 

9. Very fine sand or roadside material should not be 
used for blotting purposes because it has a tendency to 
produce either a brittle or an unstable surface. 

10. A seal application is highly desirable as the final 
step in insuring a dense and waterproof surface. 

11. Cold application tar is preferable to hot applica- 
tion tar in re-treatment work because it permits drag- 
ging and blading of the cover stone to produce a 
smoother surface. The finished road shows less tend- 
ency to bleed and is likely to retain its original texture 
for a longer time. 

12. The principal requirement of bases for surface 
treatment is that they shall neither soften nor undergo 
appreciable change in volume with current changes of 
climatic or ground moisture conditions. 

13. Soil tests serve to disclose those characteristics 
of the base material which materially affect the perform- 
ance of surface treatments. In this connection the 
mechanical analysis is of assistance but by itself is not | puszic Roaps, yol. 12, No.5, July, 1931, p. 131. 

adequate for distinguishing good from poor base 
materials. 

14. Determining the suitability of base soils accord- 
ing to their physical characteristics instead of by rule of 
thumb methods may show that the natural road soil, 
either alone or in some combination with other local 
soils, will serve as well or better than the more expensive 
base materials of recognized value. 

15. A content of clay binder as low as 5 per cent has 
proved satisfactory in surface-treated bases. How- 
ever, clays with capillary and cohesive properties as 
high as those of average or ‘‘statistical’’ soils! and 
shrinkage properties considerably lower, may not prove 
detrimental in base mixtures even when present in 
amounts as great as 20 per cent. More than 10 per 
cent of highly plastic clay and all cases of highly 
micaceous material should be regarded with suspicion. 

16. Some method of correcting unsatisfactory base 
material may often prove desirable. Fine sand is 
used satisfactorily as an admixture to reduce clay 
content. Coarse material has not much value for this 
purpose and may be used to better advantage as a top 
course. The best method and material to use in stabi- 
lizing a soil will depend upon the character of the partic- 
ular soil or base material. Often a thin top course of 
suitable material will increase the stability of the base 
sufficiently. In other cases, it may be advantageous to 
use a tar primer or to mix tar into the base. 

VARIOUS BASES USED FOR SURFACE TREATMENT 

The essential requirements of bases for surface treat- 
ment are that they shall carry the load imposed upon 
them and shall remain stable irrespective of moisture 
conditions without undergoing any change sufficient to 
injure the surface treatment. Among the more impor- 
tant materials used in base construction are the local 
topsoils, sand clay, sand-clay-gravel, shell rock, and 
various crushed materials. In North Carolina, top- 
soil and sand-clay, because of their greater prevalence, 
have been used more extensively than other materials 

| in this type of construction. 
The bases which were used on the sections discussed 

in this report were, with one exception, originally 
constructed to serve as topsoil, sand-clay, or sand-clay- 
eravel roads. The exception was a base of sand-clay- 
eravel built to be surface-treated immediately. 

The topsoil and sand-clay used for surfacing consisted 
of a mixture of sand and clay either obtained from local 
deposits or produced by incorporating sand or clay with 
the natural soil. The surfaces were usually built with a 
compacted thickness of 6 to 9 inches at the center and 
feather-edged to the full width of the roadway. 

The gravel surfacing material was a mixture of gravel, 
sand, and clay binder obtained largely from pits or 
stream beds. It was hauled to the roadway, spread, 
bladed, and compacted under traffic. The cross section 
was either of uniform thickness for a definite width or 
tapered to the full width of the roadway. The com- 
pacted thickness of the course ranged from 4 to 10 
inches, depending on the character of the subsoil. 

In the mountainous areas where subsoil and moisture 
conditions were unusually bad a subbase, made up of 
hammer-broken field stone, approximately 6 inches 
thick, was built before the construction of the gravel 
course. Projects 13, 14, and 15 were of this type. 

1 The significance of the term ‘statistical soils” is discussed on p. 15. See also 
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CONDITIONING THE ROAD FOR SURFACE TREATMENT 

Before applying the surface treatment it was generally 
necessary to do considerable work in the preparation of 
the base. The particular method followed and amount 
of work required depended on its condition. 

If the base course was of sufficient thickness and 
composed of satisfactory materials the preparation 
generally consisted of light blading or dragging to 
obtain a smooth, uniform surface. If the thickness 
was insufficient new material was added and worked 
into the base course to produce a uniform andcompacted 
condition of the surface. 

LOOSE AGGREGATE BLADED UNI- 
FORMLY AND READY FOR APPLICA- 
TION OF PRIMER 

A layer of crushed stone screenings was applied to the 
surface of the south portion of project 19, prior to sur- 
face treatment, to reduce the plastic condition of the 
topsoil road. 

On projects 4 and 5, where a loose and nonuniform 
condition of the topsoil and sand-clay existed, the soils 
were stabilized previous to treatment by road- -mixing 
the soil with tar to form a compacted mat 2 to 3 inches 
in thickness. 

With the exception of project 15, the bases were 
subjected to traffic for a considerable time prior to 
surface treatment. The compaction and bond obtained 

LOOSE AGGREGATE ON SURFACE OF 
BASE DISTRIBUTED AND ROLLED 
IN PREPARATION FOR APPLICA- 
TION OF PRIMER 

FiguRE 1.—Sanp-GRAVEL Bases READY FOR SURFACE TREATMENT 

Where the material contained excess clay, fine sand 
was often added to reduce the clay content. Coarse 
material, such as gravel or crushed stone, was also 
used in some cases to improve the condition of the 
base. When so used it was generally applied as a thin 
surface course rather than being incorporated into the 
base material. If the surface was loose because of 
insufficient or unsatisfactory binder material, as was 
the case when comparatively clean sand-gravel was 
used in the base course, a somewhat heavier applica- 
tion of tar primer was used. 

On project 12, where the untreated surface cracked 
excessively in dry weather and was slippery in wet 
weather, a %-inch layer of creek sand was mixed into 
the top 4 inches of the road surface to reduce the plastic 
properties of the topsoil and to provide a more stable 
base for the subsequent surface treatment. 

On the sand-clay portion of project 18 a layer of 
crushed stone 2% inches to 1 inch in size, was rolled into 
the surface to Pabiline its loose, unbonded condition. 

depended upon their time in service and the character of 
the materials used in their construction. 

Immediately prior to surface treatment the bases 
were generally dragged or bladed lightly to ob- 
tain a smooth uniform surface. On those projects 
where the surface was well bonded it was swept. 
If the surface was loose, as on the projects where 
relatively clean sand-gravel was used, the loose ma- 
terial was spread uniformly over the surface before 
priming. 

Table 1 gives the mechanical analysis of sand-clay- 
gravel materials taken from the base courses of a 
number of projects, determined by the method com- 
monly used in studying materials to be used for base 
construction. It is evident, however, that this method 
does not provide sufficient information, as it does not 
distinguish between silt and clay nor does it indicate 
the character of the clay. 

Tables 2 and 3 give more definite and complete in- 
formation on the properties of the various materials 
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TaBLE 1.—Mechanical analysis of material taken from the base courses of a number of typical sand-clay-gravel roads which have been 
surface-treated 

Laboratory Number. s-: -2-- . oso eee soca eee eemmereeaes 
Project number 
Hole.number:= - 2s hesi2. end sec caone de nen ee saad ena eee 

Total retained on— 
3-inch screen 
2)6-inchl Screen. = 2-0 once cas eee ee anne see eee 
2-inch screen 
14-inch screen 

6206 
1 
35 

134 -inchiscreen 255 56 -S e o e eee 0 
J-inch screen. 22.25 Se oe ee ee eee 2 
34-inch Screeits Sat 3 Ss eae eee ee eee ee eee 4 
2h ANICHCSCTOON — 2s = Seek oe ee ee ee ee ee 6 
a INCH -SCREOM aes ee a ee ee ee ne ae ee 14 
No. 10 sieve 27 
No. 20 sieve 43 
No. 30 sieve 49 
No. 40 sieve 58 
No. 50 sieve 66 
No. 80 sieve 73 
No. 100 sieve 75 
INO 3200 Sig V0 soe ce ee ee ee ee ee ee 82 

Percentage of original sample over 14 inch._.______________-- 14 
Percentage of original sample under 14 inch__-_____-__-___--- 86 
Percentage of silt and clay (by washing) _.-..-____------_--- 18.1 
Condition of bituminous surface December, 1931_..--------- Good 

11 

13 

14 

15 

16 

| Project No. 

1 Base corrugations not removed before surface treating. 

TaBLE 2.—Analyses of base and subgrade materials on projects having sand-clay-gravel base 

Identification, location, and description of sample 

6063 
2 
10 

Per cent| Per cent 

6064 6060 6061 
2 Il 7 
12 7 8 

Per cent |Per cent 

Een s Sih se 0 0 
Sey. Se ee 4 3 

es ee 4 3 
0 7 8 
3 13 11 
9 17 14 

ie 22, 21 
27 29 29 
37 40 42 
4] 45 49 
47 51 57 
52 56 64 
61 62 2 
67 Goulseeseese 
75 66 79 
17 22 21 
83 78 79 

24.4 33. 6 2252, 
Cracked. | Good. | Good. 

16.0 
Good. 

Mechanical analysis 

Particles smaller than 
2 millimeters, per cent 

Coarse sand ! 
| Fine sand 2 

Hk Ww So & Oo 

55 

m pt | Clay ! 

he em 

on ao 

ee > CO 

ow wood 

23 

Laboratory I 
No. a 

for} 

Sg 
| 543 

5H 
. Q La 
° ro e 
Z a I 
Ser ee . 
(=) 

| «a a cH 

36 | S-6369 |_...__-- 4jineches nicks. sess= aes 24 
Bon HO 206N beeeeee= 3% AChE ae ee Season eee 30 

e i4cinches:thickssesess- seo 
35 |-------- 8-6194 {i inches below surface__------ } a 
10 | S-6063 |___.___- 3 pines deus ee ge eee ees 30 

oS 4yo unohes thick2s-sess0 see 
10 |---=---= 8-6057 {a2 inches below surface____-- } : 
12 | S-6064 |.--.._.- 5 ings es i eee sr ao tk 26 

QHNeCHOSs biG Ks. a= anes eee 
12 |-=------ S-6059 e inches below surface__._.__- } 6 
7 18-6060 (222 2a Sanches Thicke esse eee 30 
1g ee S-6054 | 614 inches below surface____-- a 
Su S-GOGis ema 414 inches thick_____.-_..___- 34 
Gill Aa eho 8-6055 | 6 inches below surface____-_-- 0 
9S =6062)\- 42 8 34 inches thick Aashce 3 ft Seer 32 

Sunchesithickss.= === eee 
9 |-------- 58-6056 ( inches below surface__-.---- } 2 

23 | S-6203 |__..____ 414 inches thick_______-_____-_ 71 
28) | soe 8-6173 | 614 inches below surface-_--_-- 1 
18 | S-6196 |-.-.-__- Sanches hick sass a= seen 66 

ty 

18 eee ee So ae Broken stone 6 inches thick___|__..__|---_|----|----|---- 
BG pO we S-6170 | 13 inches below surface____-_- 0 

19) 1, S-6197% |. 222 4 inchesithick= 22222222022 = 45 

Loupe eal eae Broken stone 6 inches thick___|..___- 
LONE Sau e es §-6171 | Under 6-inch stone base_____- 32 
2155-6199 eases oe 4 inches thick = ses anaeen 38 
21 eS eee 2 Broken stone 6 inches thick___|_-____ 
VA rae one, S-6200 | Under 6-inch stone base_____- 55 

20 | S-6198 |____-__. (2oinches thick= a= ose aaeae eee 53 
20s| sooner S-6172 | 84% inches below surface___--- 0 
22) )S=6200 |ss eee Zunch es thicksass==sssee sens 58 
22), ses S-6202 | 13 inches below surface___---- 44 

12.0 to 0.25 millimeter. 
2 0.25 to 0.05 millimeter. 

wo MS | Colloids 5 

wee 

onrHen 

bo wow 

anon © 

18 

Per cent|Per cent 

6062 6203 6196 6197 
7 11 13 14 
9 23 18 19 

Per cent| Per cent 
10 9 0 
19 16 45 

0 23 23 61 
8 28 26 57 
8 82 30 60 

12 37 33 63 
a2 42 39 68 
15 49 45 73 
20 58 54 cde 
27 66 65 80 
39 75) 7883 82 
41 79 79 83 
44 84 84 84 
48 89 89 86 
59 94 94 89 
61 95 95 90 
70 97 97 93 
20 58 54 77 
80 AG 46 23 

30. 0 2.4 6.9 
Wavy. a Wavy.! | Slightly 

7 wavy.! 

Physical characteristics of 
material passing No. 40 

30.05 to 0.005 millimeter. 
4 Smaller than 0.005 millimeter. 

sieve 

Mois- 
Shrink- ture 

age equiva- 
lent Soil group 

cal 
oO 

2 | 
Bla g 
oa | 5 SS 
BsiS/8)e/8)] 
EISlElS lel 
| A O | & 

34} 19) 18 | 1.8 | 17 
32} 15) 20) 8 

17 3} 15 1.9 17 

PY AL ISS aD ae ai 

LOS VOWS ashes 

82/98 7 IS | 18 

JP ON Wea ke oy 

48 | 28 | 18 | 1.7 | 30 
CL e2On elaine oe 
12 OP AE ak day Mn) 
46 | 24] 1611.8 | 34 
18 4) 1811.8] 11 

22) 5145 GNP ieSeatS. note eA=o plastic esas saan 

21} 0 | 28 | 1.5 | 10 | 259] A-3 highly micaceous__.-- 
Be |) ls | Ol | Te P| ia || Agta 
23 0 | 29 | 1.5 (2198 sl IN 3 eee eee ewes mares 

wa 28 | 6 | 241.6 | 27/31 | A-2 plastic: highly mi. 
caceous. 

25 WN PLEN TG oi Te (6G ee Saree ea ee 

“9 | 44111133 [1.437 | 40 | A- “5 highly micaceous_ ai) 
ABD KE 22 KOS tlc A—2 2. ein ee ee 

26| 7 | 23} 1.7 | 23 25 | A-2 plastic; appreciable’ 
mica, 

19 | 0 | 23] 1.7} 13] 19 | A-2slightly micaceous-___-- 
SS at PLO 2G al © Bint 8 alles ee Ne 7 eee nan 
22 OP 24 EL Gi On|: 2 Tailed 3 eee Le eae ne 
25 | O | 29] 1.5 | 17 | 27 | A-2 highly micaceous--~--- 

6199 6198 6201 
15 16 16 
21 20 22 

Per cent |Per cent|Per cent); Per cent 
7 ONS eee 

12 5 0 
19 22 14 
36 29 28 
39 32 30 
44 41 32 
51 46 39 
57 52 45 
65 57 52 
18 62 58 
80 67 63 
83 69 65 
86 42 68 
88 74 72 
90 79 80 
91 81 82 
93 86 88 
65 57 52 
35 43 48 
a 13.9 Ss 

Good. Goud” Slightly 
cracked 

Condition of wearing sur- 
face, December, 1931 

Badly cracked. 
Good. 

Do. 

Cracked. 

Good. 

Do. 

Wavy. 

Good. 

Wavy; base corrugations 
not removed before treat- 
ment. 

Slightly wavy; base corru- 
gations not removed be- 
fore treatment. 

Good. 

Good. 

Slightly cracked. 

5 Smaller than 0.001 millimeter. 
6 No shrinkage. Soil swelled. 
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TABLE 3,—Analyses of base and subgrade materials on projects having topsoil or sand-clay base 

TOPSOIL BASE PROJECTS 
ee ee eB ee ee a ee ee ee ee 

Identification, location, and description of sample Mechanical analysis 
Physical characteristics of 

material passing No. 40 
sieve 

N 

: Mois- 
Laboratory No. a posi ee yen Shrink- | ture 

aq millimeters, per cen age | equiva- Condi i 
= : ondition of wearing sur- 
m lent Soil group face, December, 1931 

= = ia | eee ener 
Pal. sg l 

$ Pelee ke 2 eee ere lea Z\o| - 2 gH| a| = alae ce ee 
8 | 4 & S | 9/4 = WSR Sas B= | 
sig/ 3 | 2 Sel eislbislalelaleiais 
B | 3 ss Bo| Sota | se | ota | a pad 2 le 

ine Mag Q n Se |OIRIaslol/OlsltatIAl] a |/O] ese 

1 | S-6043 |..-..... M@inehes) thickees: ss. sees ee ONO SON LLe SOME AL AeR TN Os oO: italeeval|| Onl Si lAa iene = = eee Les 
tN sea oem — 6 qniches thick, 1014 inches below | 4 | 32 | 24 | 21 | 23 | 16 | 98 | 13 | 17 1.8 | 21 | 20| A-2 DigshlGsse eee. eee ed | + 

surface, 
4 2|$-6045 |__._____ Vinchthiok t-te ees 3446 | 260 (O49) cet te Wesel 161 1S ae ibd Wade ge oe lg 

3 | Pa eae S-6046 | 514 inches below surface_---.---- aha OR I SPOR NITE I x) Nomtaall oat! Orel mlaaall ZU Bisse eye ee bee bois Bi DORSY Sue Bagi ed: 
3 | S-6047 |_.---.-- Grolinches(thicks=- os seee eee Obi Sia 40s LAO ee oe LOM LO: | aaSrhin fale l OMe Aaooce on some eee See Good 
3, | eee S-6048 | 244 none thick overlying sand | 3 | 40 | 30 | 14] 16] 11 | 21} 8 | 18] 1.8] 15] 18] A-2plastic_____.._..______ 

soil, 
4 | S-6049 |_______. 18 Inches thick 222 = 22222--cc--- LOROAR 22) Loree he Sele ha meine eta ne Cet Nach oA pees. ee se ene eee Do. 
5 | S-6050 |__-.-_-. PAN RO OCS AM eee ee AN DUG LS Vea tr MeL OL OO eSullmun lelaee llsallG) WeA2 DIAStIG ase == sean ce Do. 

Cah hay Pe S-6051 | 8 inches below surface_....--_--- ASS eleconie 20a ime Gne Aone Gale Zulia be oon los: Aq deeeraas acaeeae eee see 
a SELF eS Sye inches) thick sss ee seeenen oe PA id eed Nese) | SFM Ht Boal RS a) hag Heed |beeese Tlf ar ee a Ue pel ol fi | Set WR Soe eS ea eae Do, 
(a}ill Ee ee ae S-6053 | 10 inches below SUTIACOn ese SE E26 SLO San og: Ay NCO) poe to ead. abel A-foceos occ meeee eee. 2. 
14pS-OlGDuieas ee. 6 inches thick_.- ON RON Sone 2O PA Bullae Bal 14s pele lees (een) On eA=2 plasthiguas= ass .en saa. Rough and wavy. 

8 33 | S-6190 |.-.-_-_- 644 inches thick__ 0 | 33} 21 | 29) 17} 11) 20} 5] 19, 1.91} 18] 19 | A-2 highly micaceous-_-.---.} Badly cracked. 
bi [ee oe $-6205 | 544 inches thick_____--- DOU ALUN oie 2a MASCOT Ie UL olan leave le2o | oielle Aca, DISStiCeemeene ses eee. 
BOL Sees ae. S-6191 | 13 inches below surface ON 26; Koln QS (Sule 4 waeOo) le2oul elegy hesiiod | Aca/ateameecreree 
TSH 20L66) pen osees 7 inches thick__--_----- 13 | 34 | 30 | 22) 14) 8/14] 3] 15] 1.9] 14] 14 | A-2 plastic. Good. 

9 LOA See es S-6167 | 844 inches below surface__ ORS 2. 260) 445345 OOF LON ey WeSz |) 300 | Amveueenee 
16 | S-6168 |___-____ @inches thickwee—  cmses see 0 | 47 | 22] 17) 14] 10] 18} 4] 17] 1.8] 18] 16 | A-2 plastic... -| Slightly cracked. 
1G); ease So S-6169 | 734 inches below surface___.__.-- O25. 23 2320918 Al Ot VO ey W290 28) | A—7e acess. 5 z. 
24 | S-6174 |___._._- S inches hicks 25hee- ==" ccacns OO EZialoo up LOM LOo Mies |e Oars Si meLOn Neds SiteOn| eal) AZ lLASTLC sa = aa= eer eee Good. 
ie eee S-6175 | 9 inches below surface_..-.------ 1 | 14 | 33 | 33 | 20 | 12 | 46] 13 | 40 | 1.3 | 38 | 45 | A-5 highly micaceous- ---- 

10 },25 | S-6176 {___..__- bls inches thickwese sess so eeee 23 | 18 | 27 | 82 | 23 | 13 | 34 | 12} 25] 1.6 | 27 | 29 | A-4 eyproelable mica and | Cracked. 
; gravel. 

Paya eee. =o eee S-6204 | 6 inches below surface._-_-.----- 0 | 14) 51 | 17 | 18 | 14} 42 | 12 | 86 | 1.4] 25 | 41 | A-5 highly micaceous-.-.-- 
SUR o-OL8G Ie sane ane Ue COS UGC Ke eee nese am ee CUO nesta LOM Ge COR On eaeiet bale le One faleLOu| eA ASti Cues eae see Good 

12) 180) |= 22 S-6188 | 8 inches below surface_..-.------ 2} 25 | 26 | 19 | 30 | 24 | 46 | 19 | 29} 1.5 | 28 | 36 | A-S highly micaceous- --_- 
SL S-6187> |bas- ss organ chesithick: 22 sees s.2na-=— A Aeoo. P20 yee 24a 4s 390 16. Qoutedecss les Onl Aer plastics 2o- =- 5 eee Slightly cracked, 
ey pe oe S-6189 | 6 inches below surface_-_-------- 0} 32 | 33 | 23) 12) 8] 53 | O| 47] 1.2] 34] 55 | A-5 highly micaceous- .--_- 

17 . S-6184 }___..._- Oinches thick seo -csnas sas = Opiroon Rooulelsaletontlos lS, |r Os LOceteOn lel 7ahel Gy eA-2 DlAShl Chee 4 o=—s—ce = meee Good 
20) sneaoe es S-6185 | 11 inches below surface__-------- Oia teen Sul Sie Sane oon ln edaleoo mie Om, So: |e oOu lel 7 om eee ee 2 eee ae 

18 ier D-OLSOu Pessoa se! Amnches thick. -- 27 == == -==--- Op 25) SOTO 26 17 20N) LOM Qe ee Wes: | 24 A-2 plasticns 222ne - 22 8_ ae a Rutted. 
2 een S-6181 | 434 inches below Surface... 2.22 0 | 22 | 41 | 20 | 17} 13 | 40 | 12 | 36 | 1.4 | 24] 39 | A-5 highly micaceous- ---- 

19 is S682) | aes 22 Ginches'thieks222_2-Se2e2 2. OF PSE O26cMSweAb Sara LO lwlda desaiecorte0sleAq-2 MlastiCue ses. ssnenoee Good 
te) | en Sees S-6183 | 7 inches below surface___-----.-- 0] 1/4 38 | 30} 31 | 22] 56 | 22] 32] 1.5140] 46) A-5 highly micaceous----_- 

' | 

SAND-CLAY BASE PROJECTS 

2 ie Les-O058 eeee ee = 2ye inches)\thick2 ce 22" le lesesose TCLOM CCD a LOMO. rte eS al OL atyielango ite Spiess WWAKsanseeonoe oe ee Bee oe Good. 
3 ie B-6195; See. 2-2 Gg inches unicks= nee wee ane eae OF PCOUP2ZON Reale Lo: ON 28 LO a LG) S98) lls dS A—2iplasticss2222-—------—— Pitted. 

1 35\e sewers S-6164 | 7 moh thicks3 inches) below: | SO e250) 33632) 10)( 9 4 P1650} BO te 7 12! 12) || AD Soe eee ee ee oS 
surface. 

5 Vea S=6102)|Secaee LOVeinchesiphickwe sees eee Oe S55n PL 2a ee calecone a eco lnden lees || lw) 240 woSn eA, Plastionses=ssaeaaea.. Good 
34) |Beoeeee at S-6193 | 1214 inches below surface_______- O68 16 PGs 1d: | OM LSale las: eo te eo ees ape ee ae eee 
260 S-Gliie\an- ses == 4 ae thick. Stone veneer} 0/ 56] 20] 10 | 14] 10) 23} 7] 19] 1.7] 20 | 21 | A-2 plastic, some mica--_-_- Do. 

added. 
Teal esse S-6178 | 314 aneae thick 644inches below | 0 | 36 | 23 | 13 | 28 | 20 | 46 | 22 | 26} 1.6 | 31 | 33 | A-7 appreciable mica-_-__-- 

surface. 
26 | eee S-6179 | 10 inches below surface_...------ 0 | 31 | 45 | 10 | 14] 10 | 34] 0} 38] 1.3] 19 | 86 | A-2 some mica____---__--- 

| 

1 2.0 to 0.25 millimeter. 20.25 to 0.05 millimeter. 

used as bases on these projects, and similar informa- 
tion regarding the subgrade soils. Table 2 gives the 
mechanical analyses and also the results of the physical 
tests performed on samples taken from the sand-clay- 
gravel projects. Table 3 gives corresponding data on 
samples taken from the topsoil and sand-clay projects. 
The significance of these test results in determining the 
suitability of the materials is discussed subsequently in 
this report. 

CONSTRUCTION OF THE SURFACE TREATMENT: 

A’prime coat is the initial application of a tar having 
low viscosity to the original untreated road surface for 
the purpose of hardening and moistureproofing the upper 
portion of the existing road. It produces a dust-free 
surface to which the subsequent application of more 
viscous tars will readily adhere. 

In cases where the base was well bonded the surface 
was swept to remove dust and other objectionable 
material, prior to the application of the primer. Where 

3 0.05 to 0.005 millimeter. 4 Smaller than 0.005 millimeter. 5 Smaller than 0,001 millimeter. 

the surface of the base was loose sweeping was omitted 
and the loose material was spread uniformly and some- 
times rolled. Figure 1 shows two examples of such a 
surface ready for priming. The two upper views of 
Figure 2 illustrate the excellent surface which can be 
obtained by proper prime treatment of a loose base. 
The material used as a primer was a cold application 
tar, generally having a specific viscosity * of 8 to 13 at 
40° C. However, 13-to-18 and 18-to-25 viscosity tars 
were used where the surfaces were open or loose. The 
amount of primer used on most projects was a third of 
a gallon; on others as much as 0.4 or 0.5 gallon was 
used. On projects 4 and 5, where the tar priming 
material was used to construct a mixed base; 1.2 and 
1.5 gallons were used. The kinds and amounts of tar 
primer used on the various projects are given in Table 4, 
and typical specifications and test values are given in 
Table 5. 

2 Unless otherwise specified, statements regarding viscosity refer to the specific 
viscosity (Engler) at 40° C. 
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TaBLE 5.—Typical specification and test values for the priming materials used 

Graded: (20 85 5 Le ee MO=1 Mon TC-3 1 TC-4 2 

Specification Analyses Specification Analyses Specification Analyses Specification Analyses 

Specificigravity at 772 Ee 222-22 eee eee 1.10 to 1.18 1.13 to 1.17 1,10 to 1.18 1.14 to 1.15 1,10 to 1.18 1.13 to 1.15 1.10 to 1.18 
Waters Mencent.2 sae ee ee ee 2.0 0.5 to 2.0 2.0 1.1to1.7 e2..0) 1.5 to 2.0 2.0 |- 
Free carbon, per cent..---------- ate 2 to 10 2.1 to 6. 2 2 to 10 1.6 to 4.5 2 to 10 2.1 to 3.0 2 to 10 |_ 
Specific viscosity, Engler, 40° C___-- -_--__- 8 to 13 9.3 to 14,8 13 to 18 13.1 to 17.9 18 to 25 18.9 to 24.7 25 to 35 
Total distillate by weight, per cent: 

Towis0S C22 ee eee 5.0 0.3 to 4, 2 5.0 1.1t0 1.8 5.0 1.3 to 2.8 5; 0\)| So eee eee 
ao BO0% Crest eee ee LATS 2c 40.0 25.8 to 37.4 35. 0 23.9 to 29.8 35. 0 24,8 to 31.4 40, Q' \-t -22eocees 

Softening point of residue,3 ° C____________- 465 50. 0 to 64.5 465 58. 0 to 60, 0 65 51.5 to 64. 0 66) 2 eee 

1 This grade was used in the mixed base treatment on project 4. 
2 This grade was used in the mixed base treatment on project 5. 
3 Cube-in-water method. 
4 Specification limit was 60 prior to 1928 and 65 for 1928 and after. 

During cool weather the primer was heated to a 
temperature of 100° to 150° F. as an aid in obtaining 
better penetration into the base. During warm 
weather it was applied at a temperature of 80° to 100° 
F. Whenever possible, traffic was prevented from 
passing over the primed base for a period of 24 to 48 
hours. In some cases it was necessary to prime half 
of the base at a time. The lower photograph of Figure 
2 is typical of the appearance of a primed base prior to 
the second application of tar material. 

SECOND APPLICATION OF TAR 

The next step in the construction of the surface- 
treated wearing surface is an application of a more 
viscous tar material, the function of which is to combine 
with the mineral aggregate cover to produce a thin well- 
bonded tar mat which will adhere to the primed base, 
and provide a wear-resistant and waterproof surface. 

The material generally used was a hot application 
tar, heated to a temperature of 160° to 200° F. It 
was distributed after thorough penetration of the prime, 
in a single application at the rate of a third to a half 
gallon per square yard. 

A cold application tar was used as a second applica- 
tion on project 13, where the long haul made it more 
convenient to use this grade of material. On projects 
4 and 5 the type of tar used in the construction of the 
mixed bases was also employed for the second appli- 
cation or seal. : 

The kinds and amounts of second application hot 
tars (TH-1) materials, used on the various projects 
are given in Table 4 and typical specifications and 
test values in Table 6. 

TABLE 6.—Typical specifications and test values of the hot tar 
materials used 

Specification Analyses 

VW ater ss = c= J Sees A er he eee ae eas ; None. None. 

PIOAG ESL Abiolri@s, SECONdS2s= seat aan eee { 2 op 4 oe ' 107 ie ae 

Distillation by weight, per cent: 
Total to— 

T(DetOreratoypanoynsyinetyeis 4 eh dS 1 0.0 to 0.7 
Z3HcKC-4 NOt MMOLE Gaal tee os ae ee ek 10 0.5 to 9.1 
ZiOWOrenOt MOrore hai see eee eee eee 15 8.2 to 17.4 
300° C., not more than_-_____- Ss re een 25 LeiabOeono 

Residue, by weight, per cent, not less than__________ 70.) Jae ey ee 
Specific gravity of total distillate at 25° C., not less 

lett ae 3: ee ee oe Serer eae e ee e, ( L034) caseee ee oe eee 
Softening point of residue’ °C., not more than________ 75 53. 3 to 73.0 
Total bitumen soluble in CS, per cent__.-__________ 82 to 95 83. 9 to 92, 7 

! Specification limits used up to and including 1927. 
? Specification limits used after 1927. 
8 Cube-in-water method. 

APPLICATION OF COVER MATERIAL 

Following the second application of tar a cover of 
aggregate was applied in sufficient quantity to combine 

Test values on T'C-4 materials not available. 

with the tar material to form a stable, nonskid, and 
wear-resistant mat. 

The cover material was crushed granite or limestone 
of various gradations. On the majority of the projects 
it was 1 to % inch in size; on others it was 1% to % 
inch, % to % inch, and % to % inch. The amount of 
cover ranged from 35 to 50 pounds per square yard. 
Spreading was done by hand or with mechanical 
spreaders. Hand spotting and broom dragging followed 
spreading. The surface was then rolled, generally with 
a 5-ton roller, until the stone was thoroughly seated 
in the tar. The amount of rolling depended to some 
extent on the toughness of the cover material. The 
kind and quantities of cover used are given in Table 4. 
The following mechanical analyses are typical of the 
grading of the larger sized cover materials. 

Passing 1% inch, retained on 1 inch, per cent_______- 11 4 
Passing 1 inch, retained on % inch, per cent_________ 63 28 
Passing % inch, retained on ¥% inch, per cent______-__ Pas) BY 
Passing 14 inch, retained on 4% inch, per cent________- ys!) 
Passing 4 inchs percent lest a ee eee eo eeL Uf 

he 2 Nek a ae a nl eM Na We Tk 100 100 

SEAL TREATMENTS APPLIED AFTER SOME MONTHS OF 
COMPACTION BY TRAFFIC 

A seal treatment is generally applied to the surface 
at some interval following the original construction in 
order to further waterproof, bond, and smooth the 
surface. 
A seal treatment was applied, with one exception, to 

all the sections studied. The interval between the 
original treatment and the seal varied from three 
months to a year. A cold-application tar of either 18 
to 25, 25 to 35, or 35 to 50 viscosity was used, except 
on project 8, where a hot-application tar was used. 
Both granite and limestone were used as cover material. 
The size was generally % to % inch, although on a few 
of the older projects 1 or 1% to % inch material was 
used. The larger size was used in order to thicken the 
mat as well as to obtain a more effective early smooth- 
ing of the surface. The amounts and kind of material 
used are given in Table 4. Typical specifications and 
test results of the cold-application tars used for the 
second application on project 13 and those used in the 
seal treatments are given in Table 7. 

Some of the older projects have received re-treat- 
ments. The materials and quantities used were sim- 
ilar to those used in the seal treatments except that on 
the more recent work there has been a tendency to use 
cold-application tar of a higher viscosity. Details of 
these re-treatments also are given in Table 4. 

Mechanical operations common to surface treatment, 
seal, and re-treatment work are illustrated in Figure 3. 



March, 1933 

SATISFACTORY SURFACE 
TREATMENT ON PROJECT 11, 
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TABLE 7.—Typical specification and test values of the cold application tars used in the second application, seal, and re-treatment 

Gigilosee oe cela, ce yes aA os oe TC-3 | TC-4 TC-5 TC-6 

Used Tipuetie cee eee Seal Seal Seal and retreatment Second application 1 

i ae Specification | Analyses Specification Analyses Specification Analyses Specification Analyses 

rileyad hal NAC RAR ee eee amo 1,10 to 1.18 aly 1.10 to 1.18 1.13 to.1. 16 1.10 to 1.18 1.15 to 1. 18 1.10 to 1.18 1.16 to 1.17 
ent a Hee dee Oe Se age 2.0 1.0 2.0 0.9 to 1.9 2.0 0.8 to1.9 2.0 1.5 to 1.9 
Freé Carbon, per cent... -- 6. .e 2 CORON emeee ee 2 to 10 3.9 to 4.3 2 to 10 1.8 to 6.5 2 COMO: | Ges rs eee 
Specific viscosity, Engler 402 Ose. seeeeeee LS OL25 "| sees 25 to 35 26.1 to 34.3 35 to 50 35.0 to 48. 4 50 to 65 56. 6 to 62. 0 
Total distillate by wei nt, per cent: 
Sonn 100 ae pies Cae al se 5.0 7 5.0 0.3 to 1.6 5.0 0.3 to 2.0 5.0 0.2 

TO S00° CG ee es 5 t eee a 35. 0 35. 0, 40. 0 25. 0 to 29.0 40. 0 20.8 to 28. 0 40.0 Oa vO hess 
Softening point of residue ?, ° C_______-__--_- Dp | ee 65 50. 0 to 61.5 65 42. 0 to 62.0 65 59. 0 to 62. 0 

1 Used on project 13 only. 

DISCUSSION OF THE PROJECTS STUDIED 

The cost of surface treatment, exclusive of the seal, 
of the projects studied ranged from about $1,500 to 

700 per mile of 18-foot w idth, depending largely upon 
mae availability of materials. Patrol maintenance cost 
from about $200 to $300 per mile per year, and seal and 
re-treatments from about $1,050 to $1,250 per mile. 

ROUGHNESS INDICATOR USED TO GAGE RIDING QUALITIES 
OF SURFACES 

The surface roughness of the projects as indicated by 
roughness indicator * readings varied considerably, not 
only between projects but between various portions of 
the same project. Readings were taken in June and 
December, 1931, with a roughness indicator installed on 
a Chevrolet sedan operated with 35 pounds tire pressure 
and at a speed of 25 miles per hour. 

The results given in Table 8 show that lower readings 
were obtained in December than in June. This differ- 
ence was probably due in large part to the greater resist- 
ance to movement at low temperatures of the hydraulic 
shock absorbers with which the car was equipped. 

TABLE 8.—Roughness indicator readings taken on the projects 
studied 

mee reiee Average roughness 
}» it cove Farag factor per mile 

Broient material used eine 
ees traffic | June, | Decem- 

f 1931 ber, 1931 

Vehicles 
Inches per day 

Le: So ee ee = ote! 34 to 3 620 51 46 
a: 34 to 36 540 87 54 
SB: 34 to 46 660 86 94 
Ree pe SRE oO Cone! Oa 1 to %& 360 122 80 

5- arc 4 to 38 | 620 130) see 2 eee 
6_ | 4 to 3% 360 78 55 
7 ie 44 to 36 170 79 59 

f 34to% |) 2k . £ Ba na nn onan nn nena enaenn nen nest 194 tg oe If 7500 102 83 
Ho2 ee TSS Nee 1 to 34 600 95 68 
10 BEDE De ale ge 2 SEs = Ate the || 34 to 36 610 67 59 

If 1 to 38 |) : ee 
AL ---- eet cy ig = zit 134 to 3% If ie iD 73 
125 -| 34 to 38 160 79 54 
13 AER ERAS aes 100 LaOn oes as 

14__ ai 34 to 38 150 159 oes ee 
15- | 34 to 3% 110 132 | Seer ares 

if 58 to 38 { ‘ : 6 12 “8 d rs ‘ 16.4 sa ee eee Ho - 11 to 8 | 400 128 98 
1) ERE Wd enh eed ye Fe I to 38 480) les PA sere ee 
18.225 Se 3 eee te eee eee ee 1 to 38 220 109 130 
19. = ee eee 1 to 38 220 129 92 

1 Re-treatment. 2 Estimate. 

Experience with the roughness indicator has shown 
that the small surface irregularities obtained with a 
coarse stone cover tend to increase the readings, fi: 

though the riding qualities of the road may not be 
affected. The instrument is sensitive to very small axle 
displacements and will measure roughness due to surface 
texture in addition to that due to the general contour of 
the road surface. In other words, its readings are a 

? This device was de sonloeil in PUBLIC Ro ADS, vol. 7, No. 7, September, 1926, 

2 Cube-in-water method. 

measure of the relative total roughness of the surface 
tested. Differences in the measurements which may be 
due to differences in cover material are not necessarily 
indicative of significant differences in riding quality. 

A study of the values olven by the roughness indi- 
cator on the projects where 3 to % inch cover was used 
in the seal treatments as Sernred with those on which 
1 to % inch cover was used show considerably greater 
arene for the larger aggregate. Six projects on 
which the smaller sizes ageregate was used gave an 
average reading per mile of 74 in June and 54 in De- 
cember as against corresponding averages of 114 and 92 
on four projects having the 1 to a inch aggregate. 
While this difference may not be due entirely. to size of 
cover material, it is probable that this factor has had 
some influence. 

Readings taken for comparison durant February, 
1932, on “the newly constructed Mount Vernon Me- 
morial Highway, which is considered to have somewhat 
better than average smoothness, were as follows 

(a) Bituminous concrete on clay-bound gravel base, 
ib 
(b) Bituminous concrete on reinforced concrete base, 

59. 

(c) Sheet asphalt on plain cement concrete base, 49. 

8 

SERVICE GIVEN BY TREATMENTS GENERALLY SATISFACTORY 

The service behavior of the treatment was, in general, 
satisfactory although there was considerable variation 
not only between the various projects but between por- 
tions of an individual project. 

The type of failure occurring most frequently on the 
projects was a cracking of the mat, usually confined to 
small local areas. This type of failure occurred over 
bases and subgrades having high plastic properties and 
seemed more pronounced on projects in the coastal area, 
where poorer drainage conditions no doubt tended to 
increase the plasticity of the subgrade and base mate- 
rials. Light re-treatments were generally successful in 
repairing areas where failures of this sort occurred. 
Figure 4, A is a typical illustration of such a failure. 
Detailed discussion of the base and subgrade ma- 

terials, their effect on the behavior of the surface treat- 
ment and a description of tests for their control is given 
later in this report. (See pp. 14 to 20.) 

The value of applying a tar primer previous to sur- 
face treatment has been demonstrated by these studies. 
The major functions of a primer are to ‘bind, stabilize, 
and waterproof the top portion of the base and to 
develop a surface to which the superimposed mat will 
adhere. Examination of samples taken from the road 
showed that the primed base and the tar-treated mat 
were very firmly bonded and that the thickness ofthe 
wearing surface was increased by the depth of the tar- 
penetrated base. The depth of penetration varied 
considerably, because of the different types of base 
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inaterial treated, ranging from %-inch on the well 
bonded topsoil and sand-clay bases to 1 inch or more on 
the more open gravel bases. The depth of penetration 
on the latter type of base was limited largely by the | 
amount ana consistency of the tar used. 

HOT TAR PREFERABLE FOR SECOND APPLICATION 

This study indicates that for surface treatments of 
this type the use of a hot tar for the second application 
gives better results than are obtained by the use of a 
cold tar. Under certain conditions there is a tendency 
for the cold application tar to penetrate into the primed 
base rather than to remain on the surface. When this 
occurs the cover stone is either pressed into the softened 
base or whipped off by traffic. This condition developed 
on projects 4 and 5 where the bases were of the mixed 
prime type. The cold tar used as second application 
material on these two projects penetrated into the mixed 
base and softened the top portion so that the cover 
stone was pressed into the base. 
some shoving and loss of cover material on both proj- 
ects. Figure 4, B illustrates this condition as it occurred 
on project 5. Laboratory examination of the mat on 
project 5 showed the top portion of the mixed base to be 
generally richer than the lower portion. <A sainple 
extracted from the base course in one location which is 
believed to be fairly representative of this project 
showed 7.4 per cent of bitumen in the top portion as 
compared with 4.0 per cent in the bottom portion. 

On the majority of the projects studied hot tar was 
used for the second application. The hot tar gave 
satisfactory surfaces even where the base, as in project 

As a result there was | 

| 

11, was loose and open, or where the base was not so well | 
compacted by traffic as was the condition on project 15. 
The greater viscosity of the hot tar prevents its pene- 
tration into the base and thereby provides a thicker 
film to hold the cover stone. Its greater adhesiveness 
adds immediate stability to the surface and little cover 
materialislost. It gives amore resilient surface than the 
cold application material. This property is especially 
desirable in treatments applied to flexible bases and also 
in regions where climatic conditions are unfavorable. 

COLD APPLICATION TAR ADVANTAGEOUS FOR SEAL TREATMENT 

The seal treatment is the final step in the construction 
of surface treatments of the type studied. It serves 
to close up the open texture and adds life and some 
additional road metal to the surface. Later re-treat- 
ments, similar to the seal treatment, are applied as 
maintenance measures, in order that the life and riding 
qualities of the road surface may be retained. 

The materials used in the seal treatments and in the 
re-treatments were essentially of the same type. On 
the more recent work the tendency was to use a cold 
application of higher consistency than that of the tars 
formerly used. On the projects studied, the most 
viscous tar applied was the TC—5 having a specific vis- 
cosity of 35 to 50 at 40° C. Heavier grades, however, are 
now coming into use, particularly for re-treatment work. 

Two important advantages in the use of cold applica- 
tion material over hot tar in these re-treatments are: | 
(1) A more uniform texture of the surface is obtained, 
and (2) the cover aggregate can be readily dragged to 
give a smooth surface. Cold application tars also coat 
the cover material with a thinner film; and this condi- 
tion tends to reduce subsequent bleeding and the forma- 
tion of fat spots. 

Hot tar was used in the seal and re-treatments on 
project 8 where the base was particularly plastic. 

| To overcome this condition it was desirable to provide 
a thicker and more resilient surface than is ordinarily 
needed. In cases of excessive plasticity the use of hot 
tar is beneficial, as it prevents the disintegration of 
the surface by movement in the base course. 

ANALYSIS MADE OF SAMPLES TAKEN FROM TEST HOLES 

Samples of the surface mats were taken from a large 
number of test holes on the projects studied. The 
percentage and consistency of the bitumen extracted, 
and the grading of the mineral aggregates are givenin 
Table 9. It was possible in many cases to make a clean 
separation of the tar mat and the tar-primed base; so 
that the analyses, extractions, and gradings could be 
made on each portion of the surface treatment. Where 
no satisfactory separation could be made, the entire 
thickness of the surface treatment was analyzed as one 
sample, : 

In the examination of the separated mats and primed 
bases, it was found that the percentage of bitumen ex- 
tracted from the mats varied from 4.3 to 7.8, with an 
average of 5.8 per cent. That extracted from the 
primed bases varied from 2.8 to 6.3 per cent with an 
average of 4.8 per cent. In the cases where the entire 
thickness of the surface treatment was analyzed as one 
sample the percentage of extracted bitumen ranged 
from 3.3 to 6.9 per cent with an average of 4.6 per cent. 

| CONSISTENCY OF EXTRACTED BITUMENS DETERMINED BY FLOAT 
TEST AT 50° C. 

While the consistencies of the extracted bitumens 
from the different projects covered a considerable range, 
it is of interest to note two points: (1) That, as would 
be expected, the consistency of the bitumen from the 
tar mats is much higher than that extracted from the 
primed bases; and (2) that the priming tar has stiffened 
considerably, as is shown by the float test results on 
the extracted bitumen. The float test at 50° C. was 
used as a measure of consistency. The thin fluid prim- 
ing tar developed a consistency, as measured by this 
test, of 19 to 88 seconds, with an average of 59 seconds. 
These figures indicate a definitely higher consistency 
than that of the original material, which had a specific 
viscosity of not more than 18 at 40° C. The bitumens 
extracted from the tar mats had float test values of 
from 86 to 214, with an average of 134. 

It should be recognized that the percentage of ex- 
tracted bitumen does not give the exact amount of tar 
present in the road surface at the time of analysis. On 
extracting a tar aggregate, the free carbon present in 
the tar is left in the mineral aggregate and the true 
tar content is always greater than the value given by 
the extracted bitumen, the magnitude of the error de- 
pending on the amount of free carbon in the tar and 
on the amount of tar which can not be extracted. 

The consistency of the extracted bitumen represents 
the approximate consistency of the carbon-free con- 
stituents of the tar existing in the road surface at the 
time of the survey, except as the consistency may be 
affected by the slight loss of volatile materials occurring 
in the extraction process. This bitumen was recovered 
under a laboratory technique as careful as possible, and 
it is believed that there has been no undue hardening 
due to the procedure used. It is felt that the values 
as reported are reasonably accurate and comparable. 
The float test determination is well adapted to the test- 
ing of tars since it is little influenced by the presence 
of inert matter such as free carbon. Therefore, it is 
felt that the float-test values at 50° C. on the extracted 



12 PUBTTCeEROADS Vol. 14, No.1 

TABLE 9.—Analysis of the bituminous mats and primed bases 
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1 Conditions where samples were taken. 

bitumens, representing the pure bitumens of the tars, 
may be considered as comparable to the consistency of 
the tars in the road surfaces at the time of extraction 
even though the free carbon is lacking. 

NO UNDUE HARDENING OF TAR MATS SHOWN 

If the consistencies of the extracted bitumen as given 
by the float test at 50° C. are compared with the specific 
viscosity or float test at 32° C. on the material at the 
time of construction it will be evident that consider- 
able hardening has taken place. While it is no doubt 
true that the tar on the top surface of the road exposed 
to light and oxidation may be quite hard, the con- 
sistency of the tar extracted throughout the entire mass 
of the surface mat did not indicate in general any detri- 
mental hardening on those projects which used a hot 
tar for the second application and a lighter cold tar for 
seal. In the float test at 50° C. the resultant tar ex- 
tracted from the wearing suface, not including the 
primed base, gave results ranging from 86 to 214 
seconds. In general the older projects showed higher 
float test values at 50° C., indicating the effect of longer 
weathering in hardening the bituminous material. On 
only one project was the consistency of the extracted 
bitumen greater than the consistency requirement for 
tar materials which are generally used in the initial 
construction of penetration macadam. This fact would 
seem to indicate that the tar in the mats at the time of 
the survey was still live and plastic. 

2 Base corrugations not removed before treating. 

CRUSHING OF COVER MATERIAL INDICATED BY ANALYSIS 

The gradings of the aggregates extracted from the 
bituminous mats showed considerable crushing of the 
cover material to have occurred. It will be observed in 
Table 9 that the percentages passing the \-inch screen 
and the No. 200 sieve are relatively high, compared with 
the typical grading of the cover stone used on the major- 
ity of the projects. ’ 

The preponderance of coarse aggregate on project 18, 
as shown by the grading of sample No. 36161, may be 
explained by the fact that on one portion of this project 
the base was covered with coarse stone before the appli- 
cation of the surface treatment. Sample No. 36165 is 
the sand-clay portion which did not receive the stone 
veneer treatment. 

On only a few projects was it possible to obtain 
samples of the mat separated from the primed base. 
The cases where such samples were obtained offer a 
means of estimating the extent to which crushing of the 
cover material occurred. Granite was used on projects 
2,6, and 7; and samples taken from these projects gave 
percentages passing the 44-inch screen ranging from 50.0 
to 66.2, with an average of 58.7. The two samples 
taken from projects 14 and 16, on which limestone was 
used as a cover material, gave percentages of 36.9 
and 36.7, respectively. From these limited data it is 
evident that there was considerable crushing of both 
materials, although the limestone was apparently 
more resistent than the granite. 
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ABOVE: DISTRIBUTOR APPLYING HOT AP- 
PLICATION TAR TO THE PRIMED BASE 

ABOVE: DRAGGING COVER MATERIAL WITH 
A WIRE BROOM DRAG FOLLOWING 
SPREADING OF STONE COVER. THIS 
OPERATION SHOULD ALWAYS BE USED 
TO IMPROVE THE RIDING QUALITIES OF 
THE SURFACE 

Figure 2.— 

There was little indication of detrimental effects 
due to the crushing of the cover material. It should be 
noted, however, that the projects studied were of 
relatively recent construction. It is believed that ex- 
cessive crushing of cover material will eventually 
affect the stability of the surface and that, with due 
regard to economy, tough, durable stone should be used 
in surface treatment and re-treatment work. Both the 
granite and the limestone were considered satisfactory as 
cover materials; and yet, judging by the crushing which 
occurred, it is obvious that a more resistent. stone 
should be used if a satisfactory surface is to be retained 
without too frequent re-treatment. 

In some cases the cover stone was spread by hand 
and in others by mechanical spreaders. Under average 
conditions considerably better results can be obtained 
by the latter method and, whenever practicable, 

BELOW: APPLYING MINERAL AGGREGATE 
WITH MECHANICAL SPREADERS  RE- 
SULTS IN A MORE UNIFORM DISTRI- 
BUTION THAN BROADCASTING WITH 
HAND SHOVELS 

BELOW: ROLLING THE SURFACE TO PRE- 
VENT DISPLACEMENT AND LOSS UNDER 
TRAFFIC 

MECHANICAL OPERATIONS IN SURFACE TREATMENT WORK 

mechanical spreaders should be required. In order to 
insure a uniform texture and a smooth riding surface 
it is essential that hand spotting and brooming be 
required when hot application tars are used, and ‘that 
dragging be required in the case of cold applications. 

RESULTS OF SOIL TESTS INTERPRETED 

The theory of stability of soil mixtures was discussed 
in the publication Reports on Subgrade Soil Studies,* 
page 38. In this discussion the soil is represented as 
consisting of large aggregate and mortar, just as are 
mixed bituminous and concrete paving materials, the 
function of the large aggregate being to furnish strength 
and hardness to the road slab and that of the mortar 
to bind the large aggregate particles into a stable mass. 

4 Reprint of PUBLIC ROADS, vol. 12, Nos. 4, 5, 7, and 8, June, July, September, and 
October, 1931. 
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The large aggregate, which is that fraction of the soil 
retained on the No. 10 sieve, should be hard and tough 
enough to resist cr ushing under traffic and can be pres- 
ent in amounts up to at least 50 per cent of the total 
soil mixture. The soil mortar consists of a clay binder, 
a silt filler, and a sand-fine ageregate. The character 
and proportions of these materials must be such that— 

(a) They have the cohesion required to bind the 
particles of both coarse and fine aggregate together 
adequately ; 

(b) They do not shrink in amounts sufficient either 
to crack the road slab or to cause the occurrence of 
small fissures between particles of aggregate, which 
may facilitate the entrance of water into the interior 
of the slab; 

(c) They do not swell on wetting an amount sufficient 
to push the particles of aggregate out of the positions 
which they have assumed during the consolidation of 
the surfacing material. 

As a matter of fact the same soil colloids which fur- 
nish the cohesion also cause volume change and soften- 
ing in the presence of water. In practice, therefore, the 
object i is to obtain the highest cohesion possible without 
jeopardizing the integrity of the slab structure by detri- 
mental volume change or softening of the binder clay. 

QUALITY OF CLAY BINDERS INDICATED BY PLASTIC AND 
CAPILLARY PROPERTIES 

In untreated roads the binder should be capable of 
expanding an amount just sufficient to close the surface 
pores, thus preventing the water from penetrating and 
softening the interior of the road surface. When the 
expansion of the binder exceeds that required to close 
the sand pores, the sand grains are likely to become 
unseated, reducing the stability of the mixture. When 
the binder does not expand sufficiently to close the sand 
pores, water may enter and soften the road surface. 
It follows that the amount of binder required to pro- 
duce a stable mixture depends upon the expansion 
properties of the binder. Binders which are only 
slightly expansive may be used in an amount sufficient 
to fill the pores of the sand almost completely. As the 
expansive properties of the binder become greater, the 
amount used without danger of unseating the sand 
grains must of necessity become smaller and smaller. 

Of two soils which have an equal tendency to shrink 
or expand the one having the greater cohesion should 
be the better binder. Of two soils having equal cohe- 
sion, that having the less tendency to shrink or expand 
should be the better binder, since a greater amount 
of it can be used than of the more expansive soil. 

The facts outlined above may be summarized in the 
statement that the suitability of a clay binder is de- 
pendent on its cohesive, expansive, and shrinkage 
properties. The cohesion of soils is related to their 
plasticity; the shrinkage and expansion of soils depend 
upon the capillary properties. It follows that the 
character of soil mortars may be determined in the 
laboratory by constants which throw light on the plastic 
and capillary properties of the clay binders. These 
constants are the liquid limit, plastic limit, plasticity 
index, shrinkage limit, shrinkage ratio, centrifuge 
moisture equivalent, and field moisture equivalent. 

SUBGRADE SOIL CONSTANTS DEFINED 

Complete information on the significance of these 
constants, their use in practice, and their determination 

| 

has been published in Pusric Roans and is contained 
in Reports on Subgrade Soil Studies, referred to above. 

In the present discussion the description of the soil 
constants is limited to that required for an understand- 
ing of their use in the work covered by this report. 
(1) Liquid limit.—The liquid limit is defined as the 

moisture content of the soil at which small shocks will 
just cause it to flow. It is the maximum moisture 
content of plastic soils when in the plastic state, and 
is indicative of the maximum capillary capacity of all 
soils, plastic or nonplastic. At the liquid limit the 
cohesion is practically equal to zero. 

(2) Plastic limit.—The plastic limit is defined as the 
minimum moisture content at which the soil can exist 
in the plastic state. 

(3) Plasticity index.—The plasticity index is the 
difference between the liquid and plastic limits. It is 
an expression of the range of moisture contents through 
which plastic soils remain plastic and consequently 
cohesive. The plasticity index, in other words, indi- 
cates the amount of water, in excess of that repr esented 
by the plastic limit, which must be added in order to 
reduce the cohesion of the soil to practically zero, its 
state at the liquid limit. It may, therefore, be 
considered as a qualitative measure of the cohesive 
property of the soil. 

(4) Shrinkage limit—F¥or practical purposes the 
shrinkage limit is the maximum moisture content of 
the soil ‘when it has attained the minimum volume dur- 
ing the drying process. It indicates elastic properties 
of “soils, high ‘values indicating high elasticity. 

The shrinkage limit indicates minimum porosity 
produced by maximum capillary pressure due to 
evaporation. A high shrinkage limit indicates high 
porosity under maximum capillary pressure. | Shrink- 
age limits of 30 or more are characteristic of elastic 
soils. 

In binders elasticity is not detrimental since the 
important quality of binders is cohesion and not sup- 
porting power. The shrinkage limit, however, has an 
important bearing on the qualities of binders, ‘because 
of its relation to the field moisture equivalent. The 
more nearly the shrinkage limit approaches the 
field moisture equivalent the less the volume change 
of the soil under field conditions. A shrinkage 
limit equal to or greater than the field moisture equiv- 
alent indicates no volume change under field conditions. 

(5) Shrinkage ratio.—When a soil loses moisture by 
evaporation above the shrinkage limit it shrinks 
proportionately to the amount of moisture loss. The 
shrinkage ratio expresses the percentage of soil shrink- 
age in terms of the percentage of moisture loss. Thus, 
a ‘shrinkage ratio of 1.8 signifies that above the shrinkage 
limit a loss of moisture equal to 1 per cent of the weight 
of the dry soil will cause the soil mass to shrink 1.8 per 
cent of the volume of the dry soil. 

(6) Centrifuge moisture equivalent—The centrifuge 
moisture equivalent is defined as the percentage of 
water retained by the soil when compressed by a 
centrifugal force equal to 1,000 times the force of gravity 
for one hour. 

Generally, except in certain silt soils and in soils 
which waterlog, the centrifuge moisture equivalent is 
less than the liquid limit. "The centrifuge moisture 
equivalent indicates the affinity of a soil for water as a 
result of its capillary properties. The lower the centri- 
fuge moisture equivalent of a soil, the less is its ability 
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to take up moisture by capillarity. For soils with equal 
liquid limits, the less the centrifuge moisture equivalent 
the less is the ability of the wet soil to take up capillary 
moisture and the lower will be the capillary rise. 

Centrifuge moisture equivalents which exceed liquid 
limits without water-logging indicate extremely high 
capillarity. Centrifuge moisture equivalents with 
water-logging indicate impermeability caused by gluey 
colloids. 

Field moisture equivalent—The field moisture equiv- 
alent is defined as the amount of water which a soil will 
absorb when its moisture content is gradually increased 
by adding water. As water is added to a soil powder, 
cohesive or glue-like properties are developed and 
continue to increase until a certain amount of moisture, 
depending upon the character of the soil, is absorbed, 
and a maximum cohesion is developed. With the 
increasing cohesion the soil grains are more and more 
restrained from separating. Moisture can enter the 
soil only by separating the particles; and when the 
cohesive force exceeds the capillary force tending to 
cause the separation, no more moisture can enter “and 
the field moisture equivalent is reached. This constant 
is, therefore, an index of the cohesive properties of the 
soil. 

The addition of moisture in excess of the field moisture 
equivalent, by means of manipulation, reduces the 

_ cohesion until the liquid limit is reached, at which the 
cohesive properties virtually disappear. The field 
moisture equivalents of expansive soils which have no 
cohesion are equal to the liquid limits. 

If the liquid limit is greater than the field moisture 
equivalent the following relations hold true: The greater 
the difference between field moisture equivalent and 
liquid limit, the greater is the plasticity of the soil, the 
ereater is the resistance of damp soil to the entrance of 
capillary moisture, and the less is the tendency of the 
soil to expand in the presence of moisture. 

CONSTANTS OF AVERAGE OR STATISTICAL SOILS USED AS BASIS 
OF COMPARISON 

These constants serve to furnish information on the 
three important properties of binder clays, their cohe- 
sion, their water-retentive or expansive properties, and 
their shrinkage properties. They do not give quanti- 
tative measurements of cohesion, shrinkage, and ex- 
pansion. Their value lies in the fact that the magni- 
tudes of the constants and their quantitative relations 
to one another are associated with the characteristics 
of soil groups whose properties have become known 
qualitatively through their performance in service. 

To facilitate the use of the constants it is necessary 
to have— 

(a) A basis of comparison by means of which it is 
possible to obtain some quantitative conception of the 
degree to which these three properties are present in a 
binder clay; 

(b) A knowledge of the relations between soil per- 
formance and the presence of these properties in dif- 
ferent degrees. 

The basis used for comparison is the set of relation- 
ships which was found to exist between the average 
clay contents and the average soil constants of more 
than 5,000 soilsamples. An “average” or “‘statistical”’ 
soil may be defined as a hypothetical soil having con- 
stants conforming to these averages. Table 10 gives 
the soil constants of statistical soils for varying per- 
centages of clay. 

TABLE 10.—Soil constants of statistical soils 

| Moisture equiva- | 

Percent- Liquid | Plastic- | Shrink- ee oe cand | 
age of limit lity index| ,28° | 
clay “| limit | Centri-| pic | 

| fuge . 

Per cent | Per cent | | Per cent | Per cent | Per cent 
1 13. | 0 in | 9 9 
2 14 0 17 10 10 
3 14 0 Lina 10 10 

4 15 La 17 18 | 1] 
5 15 1 WC 11 Mie} 

10 18 3 16 13 | 14 
15 23 6 16 ie | 19 
20 28 9 15 20 22 
25 35) | 13 15 25 26 | 
30 42 18 14 | 30 29 
35 49 22 14 35 31 
40 56 26 13 | 40 34 
45 62 30 13, | 45 35 

50 69 34 12 50 37 
5b | 76 39 | 12 55 | 39 
60 83 43 12 60 41 
65 90 48 il 65 42 
70 97 52 11 | 70 44 
75 104 56 11 75 46 
80 111 61 10 80 47 
85 118 65 10 85 48 

90 125 69 10 | 90 50 | 
95 132 74 9 95 | 51 | 

100 139 78 9 100 | §2 

- 

In this table we find that the average or statistical 
soil having a clay content of 50 per cent has physical 
constants as follow: 

TGCS ee eae pay oe ee eee) eee ee 69 
Plast cltiyetinc Cx eater see eee eee ree 34 
plousbolidafersMneiNa a 3 Ae ee Oe 1:2 
polanebaligyegey aH KON! SPs ot Sette ae ee eye 2 
Centrifuge moisture equivalent____________-_ 50 
Field moisture equivalent_._.......-_-_---- 37 

Comparisons may be made with soils having the 
same clay content but different constants. A soil with 
a similar clay content but with a higher plasticity 
index, say 45, is suggestive of clay more active than the 
average with respect to plasticity, volume change, etc., 
the higher plastic properties being due mainly to the 
presence of gluey colloids. Likewise, a soil with a 
similar clay content but with a lower centrifuge mois- 
ture equivalent, say 40, suggests a clay of lower water 
retentive properties than the average. 

STATISTICAL RATIOS USED TO EXPRESS RELATION OF ACTUAL TO 
STATISTICAL SOILS 

It is convenient in practice to express the relation- 
ships of constants of a given soil to those of the average 
soil as a ratio termed the average or statistical ratio. 
Thus the average ratio of the plasticity index of 45, 

- 45 : 
referred to above, is 3q? OF 1.32, and the average ratio of 

3 
the centrifuge moisture equivalent of 40, also referred 

to above, is =r 80) 
50 

In the case of natural soils, in which the active por- 
tion of the soil tested comprises a large part of the 
entire soil sample, the soil constants as such are usually 
capable of indicating clearly the soil characteristics. 
In graded mixtures, however, the clay binder may be 
but a small fraction of the portion of the soil tested. 
In such cases the use of the ratios to supplement the 
constants may be required in order to disclose the char- 
acter of the clay. 

Without these average ratios it would be necessary 
to perform the very painstaking and costly operations 
of separating the clay contents from the soil samples 

5 The average shrinkage ratio is obtained by substituting the average specific 
gravity of soils, 2.65, and the statistical shrinkage limit (Table 10) in the formula: 

100 Xspecifie gravity 

100-++shrinkage limit Xspecific gravity 
Shrinkage ratio= 
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and testing them separately in order to determine the 
character of the clay. Since a knowledge of the 
mechanical analysis without a knowledge of the char- 
acter of the clay binder is inadequate to determine the 
efficiency of the soil for use either as road surfaces or 
as bases for surface-treated roads, the importance of 
the average ratios will be readily understood. 

GROUP CLASSIFICATION OF SOILS SERVES AS KEY TO 
PERFORMANCE 

Because of the fact that the presence of certain soil 
constituents indicates the important soil properties, it 
has been found possible to arrange the various soils in 
groups which are indicative of their performance. The 
characteristics of the uniform soil groups are discussed 
in the following paragraphs.® 

Growp A-1.—Well-graded material, coarse and fine, 
excellent binder. Highly stable under wheel loads, 
irrespective of moisture conditions. Functions satis- 
factorily when surface-treated or when used as a base 
for a relatively thin wearing course. 

Group A—2.—Coarse and fine materials, improper grad- 
ing or inferior binder. Highly stable when fairly dry. 
The more plastic soils of this group are likely to soften at 
high water content caused either by rains or by capillary 
rise fromsaturated lowerstrata when an impervious cover 
prevents evaporation from the top layer, or to become 
loose and dusty in long continued dry weather. 

Group A-3.—Coarse material only, no_ binder. 
Lacks stability under wheel loads but is unaffected by 
moisture conditions. Not likely to heave because of 
frost or to shrink or expand in appreciable amount. 
Furnishes excellent support for flexible surfaces and 
also for relatively thin rigid pavements. 

Group A-4.—Silt soil without coarse material, and 
with no appreciable amount of sticky colloidal clay. 
Has a tendency to absorb water very readily in quan- 
tities sufficient to cause rapid loss of stability even 
when not manipulated. When dry or damp, presents a 
firm riding surface which rebounds but very little upon 
removal of load. Likely to cause cracking in rigid 
pavements as a result of frost heaving, and failure in 
flexible pavements because of low supporting value. 

Group A-5.—Similar to Group A-4, but furnishes 
highly elastic supporting surfaces with appreciable 
rebound upon removal of load even when dry. Elastic 
properties interfere with proper compaction of macadam 
during construction and with retention of good bond 
afterwards. 

Group A-6.—Clay soil without coarse material. In 
stiff or soft plastic state absorbs additional water only if 
manipulated. May then change to liquid state and work 
up into the interstices of macadams or cause failure due 
to sliding in high fills. Furnishes firm support essential 
in properly compacting macadams only at stiff consis- 
tency. Deformations occur slowly and removal of load 

_ causes very little rebound. Shrinkage properties com- 
bined with alternate wetting and drying under field con- 
ditions are likely to cause cracking in rigid pavements. 

Group A-7.—Similar to Group A-6, but at certain 
moisture contents deforms quickly under load and 
rebounds appreciably upon removal of load, as do soils 
of Group A—5. Alternate wetting and drying under 
field conditions leads to even more detrimental volume 
changes than in the case of Group A-6 subgrades. May 
cause concrete pavements to crack before setting and to 
crack and fault afterwards. May contain lime or 
associated chemicals productive of flocculation in soils. 

6 See Reports on Subgrade Soil Studies, pp. 17 to 49. 

As the characteristics of the mortar change from those 
of the A-1 subgrade, the mortar may become an A-2 
material of one of several varieties. Increase in sand 
content, for instance, would produce a friable variety 
approaching the A—3 material; increase in clay content 
would produce a plastic variety approaching the A-6 or 
A-7 materials; and increase in the silt content would 
produce a highly capillary variety approaching the A—4 
or A—5 material. 

Without surface treatment the A-1 material should 
prove satisfactory on both wet and dry subgrades; the 
plastic A-2 may serve well on dry subgrades; the fri- 
able fairly well on wet subgrades; and the capillary 
variety is likely to fail in either case. The cohesionless 
A-3 and the highly elastic A-5 soils are unsuited for 
road surfaces. The A-4, the A-6, and the A-7 soils 
are likely to be satisfactory as untreated road surfaces 
only in dry weather. 

EFFECTS OF SURFACE TREATMENTS DISCUSSED 

Bituminous surface treatments provide (a) cohesion 
which serves to bind the top particles of the base to- 
gether, (6) a mat which resists abrasion and protects the 
base from the suction, thrust, or other shocks produced 
by traffic, and (c) an impervious top which prevents 
the entrance of surface water into the base and the 
evaporation of capillary moisture from the base. 

The wear-resistant mat and the cohesive action of 
the bituminous surface treatment are beneficial for 
bases comprised of all groups of soils. 

The ability of surface treatments to prevent surface 
water from entering the soil bases is especially advan- 
tageous to those group A-6 and A-—7 soils which are so 
impervious that capillary moisture can not enter from 
below in detrimental amounts. Under such conditions, 
these soils make excellent bases for surface treatments. 

The increase of capillary moisture in the soil slab due to 
the prevention of evaporation may have several impor- 
tant effects: (a) It may soften the more plastic varieties 
of clay binder and thus make unstable the soil slabs which 
contain the amounts of this type of clay required for stable 
untreated surfaces; (6) it may provide additional cohesion 
for holding together the grains of over-sanded mixtures 
which become very loose in dry weather when untreated ; 
(c) it may cause loss of stability in bases composed of the 
highly capillary varieties of A—4 soils. 

It is thus evident that the amount of clay necessary 
to bind an untreated road may be excessive if the road 
is treated, the rise of capillary moisture causing the base 
to soften and fail. The occurrence of failures over plas- 
tic bases and subgrades on some of the projects covered 
by this study is attributable to this phenomenon. 

The present tendency is to use less clay in new con- 
struction and, on previously untreated roads to modify 
the plasticity of the mortar by the addition of granular . 
material or by some other suitable means, prior to 
application of the surface treatment. 

Materials belonging to the various soil groups may be 
used successfully as bases for surface treatment under 
the following conditions: A-1 materials on dry or 
moderately wet subgrades; plastic and capillary A-—2 
materials on dry subgrades and friable A—2 materials 
on both wet and dry subgrades; well drained A-4, ma- 
terials not subjected to frost action and certain imper- 
vious varieties of the A-6 and A-7 suberade materials. 
A-1 materials on very wet subgrades and A-2 plastic 
and capillary materials on either very wet or moderately 
wet subgrades are likely to prove troublesome because 
of softening of the clay binder. 
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Because it increases the capillary moisture content, 
and because this in turn produces additional cohesion, 
a surface treatment may not only stabilize the surface 
of a soil road, but may also, in the case of materials 
having but little cohesion, exercise a stablizing benefit 
throughout the entire depth of the road base and a part 
of the subgrade beneath. This fact explains why many 
materials, “not suited for soil roads without treatment, 
perform satisfactorily when surface-treated. 

The grading of the soils which contained kaolin as the 
clay binder and which were found to furnish highly 
stable untreated road surfaces in Georgia was as follows: 

Material retained on the No. 10 sieve, not more than about 
50 per cent; the soil mortar, that fraction passing the No. 10 
sieve, consisting of clay, 5 to 10 per cent; silt, 10 to 20 per cent; 
total’ sand, 70 to 85 per cent; and coarse sand, 45 to 60 per 
cent. Average effective size approximately 0.01 millimeter and 
uniformity coefficient greater than 15. 

Figure 4.—EXAMPLES OF SuRFACE TEXTURE ON TaR-TREATED PROJECTS 

A, CHARACTERISTIC FAILURE ON SAND-CLAY-GRAVEL BASE OF 
HiegH PLASTICITY UNDER UNFAVORABLE DRAINAGE CoN- 
DITIONS 

B, Surrace Conpition TypicaL oF THE Two Mixep Bass 
Prosects, 4 aND 5, WHERE Cotp Tar MateRiIats TC-3 anp 
4 WmrE USED FORSECOND APPLICATION. PHOTO SHOWS COVER 
StonE EMBEDDED IN THE SOFTENED PRIMED BasE RATHER 
THan Beinac Heutp By a Tar FItm 

KAOLIN REPRESENTATIVE OF GOOD BINDER CLAYS 

It will be readily understood that the two important 
requirements of binder clay, to wit, appreciable co- 
hesion and no detrimental volume "change, are the 
requirements also of good pottery clay. The cohesion 
is required to hold the molded pieces together during 
the burning and the absence of volume change is 
required to prevent cracking of the heated pieces. It 
is, therefore, not surprising to learn that kaolin (hydrous 
silicate of aluminum), an excellent China or porcelain 
clay, seems to satisfy both the practical and theoretical 
requirements of good binder clay, according to experi- 
ence with untreated topsoil roads in Georgia. 

C anp D, Prossct 8, ILLUSTRATING THE Erect or Mica IN 
THE Base. Basz MartTerRiaAts IDENTICAL IN CHARACTER 
Excerpt ror THE Mica PRESENT. Figure C REPRESENTS 
THE SURFACE WHOSE BASE CONTAINED AN APPRECIABLE 
Amount oF Mica AND Figure D tHE SurRFACE WHOSE BASE 
was FREE FROM MIcA 

E, Prosect 7, Hote 7. Goopv Surracr CONDITIONS OVER 
A-7 Sort UNDER FAVORABLE DRAINAGE CONDITIONS 

The character of kaolin when compared with that of 
other soils is disclosed by its statistical ratios, which are 
as follows: 

iquidtimitze ..o- oe. ee ee eee wa ee 1 Wye 
iblasticvtyelndex sass ee es Se 1. 00 
SMTINKS SevliMn] tes ees ee ore eee ee cee 2.77 
Centrifuge moisture equivalent___-._------ 1. 23 
Field moisture equivalent..._._..-_..------- 1. 06 

Table 11, which contains the ratios of a limited num- 
ber of typical soils, assists in revealing the significance 
of the ratios of kaolin binders. From these values it 
can be seen that the liquid limit of kaolin, like that of 
the A-6 and A~7 clays, is equal approximately to that 
of the statistical soils. It is apparent that kaolin will 
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Tapp 11.—Ratios of test constants of typical soils to those of 
statistical sozls 

Ratio to statistical soil 

paves mae 
Soi iva rac aul Ste lpia nr Tee eras 

Liquid fi bee LS NP ehOUD 
Limit) gee ase 

index | limit C : 
entri- Field 
fuge ; 

lorida) Gand =. as == ee eas ON 734 eee 0. 94 0. 45 1.45 A-3 
Califormia'sandi--ss-.= == sees LAS | aes eee 1.00 . 30 1.70 A-3 
New Hampshire silt__-____------ SO eee ee 1. 67 .79 - 96 A-4 
IMUISSOUTI SII Gseees oe eee ee . 84 0. 67 eal 1. 07 1. 04 A-4 
Oregon silt = see eee 1. 82 1. 60 2. 06 2.25 2. 06 A-5 
IMarylandsilite 22-55 seesoe eee 2.71 2, 21 6. 71 2. 94 3. 57 A-5 
Mir inis Clay sasese=e= aaa eae 1.08 151 1.10 2. 04 . 67 A-6 
TOXaS ClAY 228 aoe eee 1.12 1.48 . 92 1. 88 . 81 A-6 
Minnesota gumbo-.....-.-------- 1.05 1.31 iol 1. 40 dro! A-7 
MuSSsISSip piiclayisseee aoe eee 1.00 1, 34 . 90 1.43 eal A-7 

not lose stability until it takes up as much moisture as 
that required to soften the fine-grained cohesive soils. 

The typical silts listed in Table 11 have plasticity 
index ratios less than the liquid limit ratios, while the 
clays have plasticity index ratios greater than the 
liquid limit ratios. This fact indicates that clays have 
relatively much greater cohesion than silts. The plas- 
ticity index ratio of kaolin, however, just about equals 
the liquid limit ratio. It follows that the cohesive 
properties of kaolin are somewhat greater than those 
of silts but not as great as those of the clays and gumbos. 

With this moderately high cohesion, kaolin has an 
exceptionally high shrinkage limit ratio which, com- 
bined with the low field moisture equivalent ratio, sug- 
gests negligible shrinkage properties. Its centrifuge 
ratio of 1.23 indicates water retentive properties 
smaller than those of the A-5, A-6, and A-7 soils. 

STATISTICAL RATIOS EXPLAIN PERFORMANCE OF MATERIALS 
USED ON PROJECTS 

Tables 12 and 13 give the statistical ratios of the 
materials used as subgrades and bases on the various 
projects studied. The clay contents used in these 

tables are based upon that portion of the sample pass- 
ing the No. 40 sieve, which is the portion used in deter- 
mining the soil constants. These clay contents are 
important only in determining the statistical ratios, and 
should not be confused with those given in Tables 2 
and 3, which are the true clay contents of the soil mortar 
(material passing the No. 10 sieve). ie 
An examination of Tables 12 and 13 will help to 

explain the behavior of the surface-treated roads 
observed in the survey. It should be borne in mind 
that the properties of good binders are represented by 
those of kaolin; and that bituminous surface treatments 
permit a much wider range in soil properties than is 
practicable in untreated roads. 

According to these tables seven base samples have 
relatively high plasticity index ratios (greater than 1, 
that of kaolin). They are 6369 and 6206, project 1; 
6064 and 6063, project 2; 6195, project 3; 6062, project 
7; and 6197, project 14. 

With the high plasticity indices, 5 of these samples, 
6369, 6064, 6195, 6206, and 6063, have field moisture 
equivalent ratios less than 1.06, that of kaolin. Three 
of these 5 samples, 6369, 6064, and 6195, were taken 
from portions of roads which had developed defects. 
The clay contents’ of samples 6369 and 6064, were, 
respectively, 21 and 22 per cent, while the clay content 
of the third sample, 6195, was 13 per cent. The surface 
defect in project 3 (base sample 6195) is pitting, and 
this may be due to the character of the surface treat- 
ment rather than to the characteristics of the base 
material. The clay contents of the 2 surfaces repre- 
sentative of good results—samples 6063 and 6206— 
were, respectively, 14 and 15 per cent. 

Samples 6062 and 6197, which also had high plas- 
ticity indices, were taken from sections reported as 
having wavy surfaces. Field moisture equivalent ratios 
ereater than 1.06, that of kaolin, indicate that these 
soils have relatively high moisture absorptive properties. 

7 Clay contents of soil mortar, that fraction passing No. 10 sieve, Tables 2 and 3. 

TaBLe 12.—Ratios of test constants of soils tested to those of statistical soils having the same percentage of clay on projects having sand- 
clay-gravel base 

Identification Ratios to statistical soil having same percentage of clay 

Centri- Field ie : 
Proj- | Labora- rata A Clay Liquid Plastic |Shrinkage ie moisture Condition of wearing surface 
ect tory No Course Coneantn limit index limit Enos we equiva- 
No. | No. ratio ratio ratio sa ete lent 

PatiG ratio 

; ‘ Per cent 
| S-6369 36 (Base. 2 Alea sees eee nee 26 0. 94 1. 36 1. 20 0. 65 0.88 | Badly cracked. 

1 |; 53-6206 ot} {2 See Ones eee ee 23 1. 00 1. 36 1. 33 . 78 1.00 | Good. 
| ‘See194il! a35 1" Enberades 1. oe ane area 15 174 50 2,94 1.00 84 
| S-6063 AUG fl BY NSY pends Ses Sp ee Ey 22 97 } 1. 30 IPA . 86 1. 04 Do. 

> |) 80087." S10) ‘Bubgrade. c8asc tate eae 16 .79 0 a8 47 . 90 
a S-6064 12." Bases 23 eee eee 27 . 89 1. 20 1.21 . 67 .81 | Cracked. 

S-6059 V7 | aSab Hope eyoleh ee as ees 1é 95 0 21.31 . 50 1. 25 
S-6060 \, BaSGiaa ke seers ek eee ee 46 ~ 16 . 90 1. 388 . 65 .75 | Good. 
S-6054 fe] SUDSTACCS es. Se ae a ener 49 . 90. . 85 2.58 . 69 1.14 

7 S-6061 8 DASE Sea a Nee eee 20 . 43 222 21.93 . 60 . 50 Do. 
S-6055 8o/"Subgrades2 22-5" === saan 44 ols . 83 1. 23 HE . 91 
S-6062 OU Bases saenwe 11 - 95 1.33 1.13 .79 1.13 | Wavy. 
S-6056 9 Subgrade_____ 27 . 76 93 1.14 TO tS 

11 f S-6203 23 ASO eee ee 6 1.31 0 21.665 . 83 2.08 | Good. 
\ S-6173 23 | Subgrade_-____ 32 75 79 1. 50 . 88 . 83 

130) 0196) Sy eB asobeeseeseeenee 8 1.35 0 Jie ral . 58 2.15 |\Wavy, base corrugations not removed before treat- 
\ 5-6170 18 ipeuberade iss =. sean 19 1. 04 Ses 1. 60 1, 42 1.41 ment. 

14 |f S-6197 19) BASO 25222 ee ee ee see 12 1, 25 1.75 21.50 1. 00 1.50 |\Slightly wavy, base corrugations not removed before 
\ S-6171 19) ‘Subgradec: as. a ees ed 31 1. 02 61 2. 36 1.19 1.38 } treatment. 

15 { S-6199 210) SBESO22.2— es eae ere eee 10 1. 44 OF e as ee 1. 69 2.00 | Good. 
S-6200 210|(Subgrade sess soe eee 21 . 90 . 78 1.53 1.10 1. 09 
S-6198 20) BOSO. ee ee ae eee eee 13 . 90 0 21.44 . 87 1.12 Do. 

16 S-6172 205: Suberadcue: os esse oeenr oceen ee 31 1. 00 1. 06 1. 86 1.19 1.14 
S-6201 224) DaSOre = ocean vee Ane eee ae 10 IL pe 0 21.50 ie 1.50 | Slightly cracked. 
S-6202 225 “SUDETAdCS eee ae ae ee eee 11 1. 382 0 21.81 1.21 1.80 

1 Based on mechanical analysis of material passing No. 40 sieve. 
* Soils which have no significant shrinkage limit. Shrinkage limit computed for purpose of comparison. 
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TABLE 13.—Ratios of test constants of soils tested to those of statistical soils having the same percentage of clay on projects having topsoil 
or sand-clay base 

TOPSOIL BASE PROJECTS 

Identification Ratios to statistical soil having same percentage of clay : 

| Centri- Field 

Proj- ] Liquid Plastic | Shrink fuge mgs ar Conditi f i f Labora- | Hole ay Aoki Sel! Sorink~ isture sture ondition of wearing surface 
ect aes! No. No. Course ets ,| limit index | age limit | MOStUTe | equiva- 
No. . ; ratio ratio ratio eat a lent 

ratio ratio 

Per cent 
S-6043 LOW ESCu. oes Joes 22 ot ene ase 12 0. 80 0 21,25 0. 36 1.12 | Lean. 
S-6044 ar SUberaAde. cee eee ae eee 29 .70 81 Pl at SA 

4 S-6045 Halt BOSE Stoo eee eee tees 17 . 64 43 1. 00 sys .75 | Spongy and cracked. 
S-6046 Za esu bere doles ss= ae ees ee 40 .88 . 85 2. 08 1.00 1. 06 
S-6047 pill ort eee 4 See ees Oe he be Se a 11 .74 0 21.19 . 50 1.00 | Good. 
ook eubezate pte Sc Rie Oe ee 21 ie . 89 1, 20 Al as 
Ss 3 @S022. £22 2 ee oe eee SA = 22 . 50 - 50 . 87 . 00 fOr Do. 
S-6050 Dy) oa OC oa ae, Pe eee a 28 -d51 . 50 1. 21 . 64 Hay Do. 

6 |, S-6051 OMS TLD STAC One meneeer ses 29 1.05 1.00 2.07 Ni 1.21 
S-6052 OSB ASOle es eae neat a mes 23. .41 18 . 93 100 . 50 Do. 
S-6053 Os Sulberades=. eee een hee 39 .87 . 80 Pd 1M) . 90 1.09 
S-6165 14 DaSOp i ee eee ae iy¢ . 76 alii 1. 06 1.00 .95 | Rough and wavy. 

8 S-6190 iE I ae 6 ope aS Slee eee a= Bee 23 . 63 45 1, 27 .78 .79 | Badly cracked. 
S-6205 GOMOD STAC Oa ae aaa eee eee ee 25 ThE . 85 1. 67 . 92 . 81 
S-6191 7a | ae (6 ahs Pee eat ST pees oe 29 alts} 1. 44 1. 64 I ey! 1.21 
ite LOS BaSé. seats Soo eee nee. 17 . 56 . 43 2.94 .78 .70 | Good, 
S-6167 LOM OUDSTAC Oke oe ae ee eee 48 . 78 . 82 1.58 5 TE 1. 05 

$ S-6168 LO MBASC Rte tse ES eee ee 19 . 67 . 50 1.18 . 68 .73 | Slightly cracked. 
S-6169 LGveSib grades sense meee es ewe 34 . 87 1. 00 1. 36 Rieti] . 90 
S-6174 PAH STM 3 CNS ot ea BES SO. DE eee ee 20 . 86 . 89 1.27 1. 00 .95 | Good. 

10 S-6175 AS OTA G Ok ie ae oe eee meme ee 21 1. 59 1. 44 2.67 1.81 1. 96 
S-6176 ASS, BASS sme © einen ee ee pee PRE 26 . 94 .86 1. 67 1. 04 1.12 | Cracked. 
S-6204 = Suberad Gees see PA See. 19 1. 56 1.50 2. 40 132 1.86 
S-6186 SOA BSC ee oe ree ees epee Ceres 19 . 70 . 50 1.00 . 89 .86 | Good. 

12 S-6188 SOM MOD ET AC Coe iee Ss eee ee eee 34 . 98 . 90 2. 07 . 82 1.16 
S-6187 Cullis bs SO eee eee eee eee 30 . 93 . 89 1. 64 . 93 1.03 | Slightly cracked. 
S-6189 SLL ESUDETAGG see eee aes sees Le 14 2.41 0 2. 94 2.13 3. 06 

17 S-6184 DOE Bias. 9s aetpeiyee tes Oo en ee 19 67 Pyite 1 OF . 89 lS) i GrOOds 
‘ S-6185 COM SUD STA Ones ae oe eee oe F8 45 . 85 . 80 1. 92 bao 1. 03 

18 { S-6180 ATS AGC Sea aes, ee ew ee eee Lee 29 mo) - 63 1. 50 .97 .86 | Rutted. 
S-6181 DNS UL STAG Ctentae See en ace ee rere 19 1. 48 1. 50 2. 40 1. 26 1 eras 

19 { S-6182 ZOE DSO mee eee eee? Seer seen ea - 30 64 . 56 1. 21 Ai .69 | Good, 
S-6183 2S SUD gta Os an = eee ee san 382 127 1. 16 2, 29 1. 25 P53 

SAND-CLAY BASE PROJECTS 

Per cent 
2) S-6058 aA |) gl a telcl ee. 2 0 EA a pa An BO 16 0. 75 0 i Meal 0. 47 0. 90 tood, 
3 { S-6195 WIRE AD ep 42 ACG C0) Senens, ae ee eee ee 19 . 85 1.25 1. 07 . 68 .82 , Pitted. 

S-6164 UES |) Shoda NOS. ee oe no 11 . 84 0 125 . 86 . 80 
S-6192 BALIEB ASC Stee eee Be ee ee 38 . 74 210 LEST . 63 -85 | Good. 

PN S-61Go Nn woes), Subpradess oes seack an cea 15 65 0 ha 29 +89 
S-6177 VASWiihl Sy Uk So ee RES ee ee es 19 . 85 | 88 127 1.05 . 95 Do. 

18 |, S-6178 26 WS UDETACL Cees ames ee eee eee 34 . 98 1.05 1. 86 91 1. 06 
lso 6179 7 Se ae LO} appt tae ee ee a 16 1. 48 ( 22.38 112 1. 89 

1 Based on mechanical analysis of material passing No. 40 sieve. 
2 Soils which have no significant shrinkage limit. 

Their clay contents were, respectively, 9 and 11 per 
cent. 

The high field moisture equivalent ratios (greater 
than 1.06) of base samples 6203, project 11; 6196, 
project 13; 6199, project 15; 6201 and 6198, project 16; 
and 6043, project 4, combined with plasticity indices of 
Zero suggest the presence of detrimental expansive 
properties due in part to the absence of cohesion. 
These samples have clay contents of 11 per cent or 
less. However, three of the six surfaces represented 
by these samples are reported as being in good condition. 

Seven subgrade samples (Nos. 6054, project 7; 6171, 
project 14; 6175 and 6204, project 10; 6189, project 12; 
6181, project 18; and 61838, project 19) listed as A-5 
soils, indicated potential elastic properties high enough 
to cause their shrinkage limits to exceed 30. 

In the case of samples 6183 and 6054 the relatively 
high plasticity indices of 22 and 29, respectively, 
indicate cohesive properties tending to reduce the 
elasticity of the material in service. It is interesting 
to note that the road surfaces laid on the subgrades 
from which these two samples were taken remained in 
good condition. The road surfaces laid on four of the 
five subgrades represented by the other A—5 soil samples 
referred to developed defects. 

There is nothing in the test results on base samples 
6045, project 4; 6165 and 6190, project 8 and 6168, 

Shrinkage limit computed for purposes of comparison. 

project 9, to account for the defects developed by the 
surfaces represented by these samples. 

The data regarding the desirable properties of soil 
mortars and subgrade soils is not comprehensive 
enough to permit the drawing of hard and fast speci- 
fications. Added to the information which has been 
previously collected regarding these matters, the pre- 
ceding discussion becomes quite indicative. The fol- 
lowing is suggested for bases to be surface treated: 

1. Binder clays having high plasticity, indicated by 
plasticity index ratios greater than 1, with normal 
expansive properties, indicated by field moisture equiva- 
lent ratios less than 1.06, should not be present in base 
mortars in amounts exceeding 20 per cent. 

2. Highly expansive clay binders indicated by field 
moisture equivalent ratios greater than 1.06 are likely 
to prove troublesome, whether the plasticity is high or 
low. 

3. The less plastic subgrades of the A—5 groups are 
likely to prove troublesome in surface-treated roads. 

4. Binder clays having plasticity index ratios of 1.00 
r less and field moisture equivalent ratios not exceed- 
ne 1.06 can be used in varying amounts successfully. 

For example, as is shown in Table 2, sand-clay-gravels 
with clay up to 15 per cent functioned well with surface 
treatments, whereas those on which the treatments 
cracked contained slightly more than 20 per cent. 
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The excellent performance of the base represented by 
sample 6060, project 7, with 36 per cent of clay, may 
have been due more to good drainage conditions than 
to good grading of soil material. In this connection, 
however, it should be recalled that when enough fine 
material is present to make A~7 soils impervious, they 
lose stability primarily as a result of water entering 
from the top. Consequently, as illustrated by the 
Minnesota gumbos, they are stabilized by surface 
treatments preventing the entrance of water from above. 
Itis, therefore, possible that soils with either a very large 
or very small amount of clay may function well when 
surface-treated, whereas, a soil containing a moderate 
amount may cause softening and loss of stability. 
A number of the sand-clay-gravel base projects were 

built of river-washed material containing only from 4 
to 13 per cent of clay. The surfaces on these projects 
were generally in better condition than those built on 
bases having considerably larger percentages of clay 
binder. The river-bed sand-clay-gravel contained a 
high percentage of material larger than 2 millimeters, 
as much as 71 per cent in one instances, and exceeding 
50 per cent in 4 cases. 

The sand-clay and topsoil bases which are shown in 
Table 3 to have given good service had clay contents 
varying from 9 to 26 per cent. The clay contents of 
the faulty bases varied from 12 to 26 per cent. It is 
thus apparent that the clay content alone is not a 
criterion of the service value of the base materials. 

PROPERTIES OF SUBGRADE AND BASE MATERIALS IMPORTANT 
IN SURFACE TREATMENT 

It is evident from the foregoing discussion that the 
behavior of surface treatments depends upon the 
character of the base and subgrade materials. The 
suitability of the underlying material is largely depend- 
ent upon the character and quantity of the binder. 
The suitability of an untreated road as a base, or new 
base construction for surface treatment, is often indi- 
cated by its behavior under traffic. An untreated 
surface which tends to ravel in dry weather will prob- 
ably be more satisfactory after treatment than one 
which remains well bonded. ‘This is contrary to early 
opinions on this subject; but experience has shown 
that where a given clay is used as a binder a less amount 
is desirable in bases for surface treatment than is 
required for an unsurfaced road of the same material. 
The clay required for stability in the latter tends to 
become plastic after surface treatment, because the 
surface mat prevents evaporation and causes the base 
to yield under traffic; and this leads to weakening and 
failure of the mat. 

The maximum amount of clay binder permissible in 
the base depends largely upon the fine materials and 
particularly on the character of the clay itself. Be- 
cause of the presence in base materials of certain soil 
constituents which determine to a large extent the 
behavior of the base, it is possible to apply soil analysis 
not only to the subgrade soils but to the base course 
material as well. 

Unsatisfactory base materials were used on several 
of the projects studied, with resulting failure of the 
surface. In some cases also the constructed base 
courses were composed of materials inferior to the 
natural soil in the road. Analyses of the materials 
before construction would not only have prevented the 
use of this unsatisfactory material but would have 

brought out the possibility of using the natural soil or 
would have indicated the best method of treating it 
to make it satisfactory. 

For example, sand admixtures are likely to prove 
beneficial to base materials when highly plastic clay 
with a plasticity index ratio greater than 1.00 is present 
in amounts exceeding 20 per cent. This same type of 
clay, in moderate amounts, may prove beneficial in 
stabilizing elastic bases which have little or no plasticity 
and have field moisture equivalent ratios greater than 
1.00 The same type of clay may be advantageously 
used in considerable amounts to stabilize highly 
elastic A-5 soils. 

ADAPTABILITY OF VARIOUS SOIL GROUPS FOR SURFACE 
TREATMENT SUMMARIZED 

The performance which may in general be expected 
from soils of the various uniform groups, when used as 
bases for surface treatment, is outlined in the following 
paragraphs: 

Group A-1.—Materials would be highly satisfactory 
but are seldom encountered. There is also the possi- 
bility of softening on very wet subgrades. 

Group A-2.—Materials range from friable to plastic. 
The less plastic materials are satisfactory. The more 
plastic materials are unsatisfactory, except under dry 
conditions, but are often used. The presence of 
micaceous materials tends to decrease greatly the sta- 
bility of the base material. Some suitable treatment 
for reducing the plasticity of the material or stabilizing 
bases having the more plastic characteristics should be 
applied. <A large percentage of the bases studied come 
under this group. 

Group A-8.—Materials are highly satisfactory for 
surface treatment. In the construction of a bitumi- 
nous mat on this material a large amount of primer 
will probably be necessary to stabilize the surface of 
the base. The sand-gravel materials obtained from 
runs and river beds and used on some of the projects, 
such as project 11 and parts of projects 13 and 16, 
are of this group, as are the topsoils used on project 4 
and part of project 6. 

Group A-4.—Material is not satisfactory for surface 
treatment except under favorable moisture conditions. 
Since material is deficient in sand, stabilizing by mixing 
a fairly light tar with it, or laying a thin surface cover 
of coarse graded aggregate, would probably be more 
practicable than adding a large amount of sand or 
other fine granular materials, which would be required 
as an admixture. The topsoil on part of project 10 is 
of this class. This material was not given any special 
treatment and the surface mat has developed some 
cracks. 

Group A-§.—Materials may not be satisfactory for 
surface treatment because of detrimental elasticity. 
Stabilizing by mixing a light tar with the surface would 
probably be as satisfactory as employing a thick top 
course of stone or other suitable material. 

Groups A-6 and A-7.—Materials generally lose 
stability as a result of water entering from above. 
Surface treatments which prevent this entrance of 
moisture produce fairly satisfactory results. A thin 
top course of sand added to the surface would greatly 
improve the material for surface treatment. ‘The A-7 
soil, found extensively in the Piedmont area, is a light 
red-colored material. The base material on part of 
project 7 is of this type. 

O 
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