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BITUMINOUS TREATMENT OF SANDY SOIL 
ROADS IN NEBRASKA 

Reported by PAUL F. CRITZ, Highway Engineer, Public Roads Administration and 

C. M. DUFF, Testing Engineer, Nebraska Department of Roads and Irrigation 

O PROVIDE all- 
weather road surfaces 
in sparsely populated 

areas where the existing 
roads were very unsatis- 
factory and where natural 
road - building materials, 
other than sand, were not 
available, the Nebraska De- 
partment of Public Works, 
in 1928, began to experi- 
ment with bituminous 
mixed - in - place construc- 
tion, using the sandy soil 
of the existing road and 
liquid asphaltic materials. 

The area for which a 
suitable type of construc- 
tion, was sought is known 
locally as the ‘‘sand-hill 
region.” It les in the 
north central portion of 
the State and occupies 
nearly one-fourth of the 
State’sarea. The mileage 
of the State highway sys- 
tem within this area and 
the population per square 
mile are much less than 
in other parts of the State. 
Agriculture is the only in- 
dustry, with stock-raising 
and hay-growing the chief 
occupations. Few rail- 
roads traverse this terri- 
tory and practically all 
products are carried over 
considerable distances by 
highway to reach markets 
or shipping points. 

As may be inferred from 
the name commonly ap- 

In 1928 the State of Nebraska began te study methods 
whereby the sandy soil roads in the sparsely settled 
areas of the State might be permanently improved and 
maintained at a cost reasonably commensurate with the 
traffic carried. 

The bituminous mixed-in-place method of treatment 
offered possibilities. The first experiments showed 
promise but also indicated the necessity for obtaining 
definite information on the details of construction and 
on the performance of various combinations of bitu- 
minous materials and sand. 

Slow-curing asphaltic materials of the type then 
being used with graded aggregate as well as medium- 
curing materials were tried out experimentally to 
determine their relative merits as binders for the poorly 
graded sand. Neither material alone was _ particu- 
larly satisfactory at first. 

The slow-curing material did not provide the bond 
required for stability and it became necessary to 
increase the mechanical stability of the sand by the 
addition to fine inert soil which served as a filler. 
This modification of the original mixture produced 
adequate stability that was relatively independent of 
the bituminous material in that it was not greatly 
affected by changes in temperature. 

The medium-curing asphaltic material was relatively 
slow in developing its ultimate binding property. 
During the early life of the experimental road, the 
sections containing this material had stability ade- 
quate for moving traffic but not for static loads. The 
upper portion of the mixture developed a crust as the 
volatile portion of the asphaltic material decreased 
but volatile material below the surface was dissipated 
very slowly. As a result this portion remained some- 
what plastic and readily susceptible to deformation 
under load. This condition resulted in extensive 
surface cracking that gave the sections an unsightly 
appearance but did not seriously impair their service- 
ability. In time, the viscosity of the bituminous 
material increased as did the stability of the mixture 
so that surface cracking stopped. 

The experiment provided information not only on 
possible methods of improving the sandy soil roads 
but also on the manner in which construction should 
be carried out. Most of this information developed 
by the experiment has already been incorporated in 
the State’s specifications. 

more heavily traveled 
roads were surfaced with 
clay upon which a fairly 
thin layer of gravel, which 
also had to be shipped in, 
was placed as a wearing 
course. Gravel deposits 
occur in areas bordering 
the sand-hill region but 
most of the surfacing 
gravel had to be imported. 

The resulting surface, 
as would be expected, was 
very dusty in dry weather 
and the rather thin cover- 
ing of gravel was not al- 
ways effective in prevent- 
ing slipperiness in contin- 
ued wet weather. It was 
superior to the sandy road 
it replaced only because it 
was passable throughout 
the year. Not only was 
the cost of this type of 
construction relatively 
high, but it added little 
in the way of permanent 
improvement. Mainte- 
nance costs were likewise 
high in view of the fact 
that maintenance served 
merely to keep the road 
usable and in no sense 
could be considered better- 
ment work such as often 
results from routine main- 
tenance. 

The average mainte- 
nance cost of a gravel road 
typical of roads in the sand- 
hill region and adjoiming 
the experimental road to 

plied to this region, the sand-hill territory is rolling 
country. The soil is natural sand overlaid with a very 
light covering of humus which supports the growth of 
prairie hay. While most of the sand in this area is of 
considerable depth, some deposits of silty clay of low 
plasticity occur not only in the lower areas and along 
stream beds, but in considerable quantities elsewhere. 
However, this material, in comparison with the clays 
generally being used in 1928 as binders for sand and 
gravel surfaced roads, was not considered to be a 
satisfactory binder because of its low plasticity. Its 
successful use as a filler in bituminous mixtures came as 
a later development. 

The sandy roads in this area were very difficult to 
travel over except in wet weather; and as the territory 
in which they lie receives very little rainfall, they were 
highly unsatisfactory most of the time. Prior to the 
start of bituminous construction in this area, the 

427907—41—_1 

be described herein was $280 per mile annually for a 
period of 9 years.! In addition to surface maintenance, 
this sum included the cost of snow control and removal, 
maintenance of right-of-way, equipment repairs and 
depreciation, and ‘administration. Of this total cost 
per mile, approximately 33 percent was required for 
the replacement of the sand-gravel surfacing material 
and 33 percent for blading and di rageging the surface. 
In other words, an annual expenditure of $186 per mile 
was required to maintain the surface as constructed but 
without permanent improvement. 

It was realized that the construction and maintenance 
of this type of surface was not economical; consequently, 
treatment of this character was limited to the most 
heavily traveled roads where a surface passable the 
year around was imperative. Less heavily traveled 

1 Annual Maintenance Expenditure Reports of the Nebraska Department of Roads 
and Irrigation, 1932-1940. 
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roads and those that were not so sandy were left un- 
surfaced. 

Where the roads were composed only of sand and the 
traffic was light, prairie hay was sometimes spread on 
the surface. This rather novel method of maintenance 
made the road passable, but it introduced a fire hazard 
and at best was only a temporary expedient as the hay 
quickly ground up under traffic or was blown away by 
the wind. 

It was apparent that a change in procedure was neces- 
sary in order to provide a more satisfactory all-weather 
surface at less cost and to obtain some degree of 
permanent gain. 

EARLY STABILIZATION EXPERIMENTS SHOWED PROMISE 

The first attempt to stabilize the sandy soil roads in 
the sand-hill region was made in September, 1928, and 
involved the construction of a bituminous mat com- 
posed of the sandy soil in the road and a liquid asphaltic 
material designated at that time as a fuel oi] containing 
78 percent of asphalt of 100 penetration. This experi- 
mental section was approximately % mile in length and 
was constructed by the road-mix method. The mat was 
4 inches thick, contained 3% gallons of oil per square 
yard, and cost approximately 60 cents per square yard. 

The results of the experiment were quite promising 
and although the cost appeared relatively high in rela- 
tion to the volume of traffic, it was thought that the 
reduction in maintenance costs and the provision of an 
all-weather surface would make this type of construc- 
tion adaptable to the sand-hill region. 

The following summer, another experimental section 
was constructed néar the first and was similar to it 
except that the 4-mch mat was constructed in two 2- 
inch layers instead of full depth in one operation as on 
the first section. The bituminous materials used on 
the second section were supplied by two refineries and, 
although both materials met the same specifications, 
the resulting bitumimous mats were quite different in 
their characteristics. 

One mat crusted on the surface and set up so that it 
could not be worked with a blade grader, while the other 
remained soft and could easily be manipulated with the 
blade. The bituminous material used in the former 
contained an appreciable amount of volatile material 
that was soon dissipated so that the mixture eventually 
contained a fairly viscous binder. The other oil did 
not have this volatile portion; consequently the mixture 
did not harden appreciably and remained poorly bonded. 
It was readily displaced by steel tires and by livestock 
and after a period of time began to dust under traffic. 

Because of the difference in behavior shown by the 
bituminous materials used on this section, and on other 
sections being constructed at the same time, it was 
felt advisable to obtain more information on the advan- 
tages and limitations of different liquid asphaltic mate- 
rials before initiating an extensive program of bituminous 
construction in the sand-hill region. 

To obtain such information, a cooperative experi- 
mental road was constructed by the Nebraska 
Department of Roads and Irrigation and the United 
States Public Roads Administration (then the Bureau 
of Public Roads). This experimental road was con- 
structed in Holt County, Nebraska, during 1929 and 
1930, is located on U. S. Highway 281, and is 9% miles 
inlength. It begins at a point approximately 4% miles 
south of O’Neill, and extends southward to the south 
fork of the Elkhorn River. 
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This experimental road is located near the eastern 
fringe of the sand-hill region and for the most part passes 
through territory that is characteristic of that region. 
The terrain adjacent to the north 4 miles is relatively 
flat and the soil is sufficiently fertile to produce crops 
of prairie hay in commercial quantities. The south 5% 
miles of the road pass through typical sand-hill country 
where the terrain is rolling and the soil is very sandy and 
so light that only vegetation suited to cattle grazing is 
found. The nature of the country through which the 
road passes is shown in many of the photographs 
illustrating the construction of the road. 

Prior to beginning the bituminous construction the 
road had been brought to grade using the soil adjacent 
to it. This material on the north 3% miles and on the 
south 1,600 feet contained some clay and black silty 
loam, but on the remainder of the road it was practically 
all sand. Bituminous construction extended from Sep- 
tember to November 1929, and from June to October 
1930. The experimental road consists of 10 sections, 
nine of which are 1 mile in length and one is mile in 
length. They are numbered consecutively from the 
north end where the stationing starts. 

Three asphaltic materials were used in constructing 
the sections. One, designated as a 94+ road-oil 
cut-back, was a liquid asphalt containing approximately 
95 percent of asphalt of 100 penetration, to which kero- 
sene had been added to lower its viscosity. The second 
material, designated as 60-70 road oil, was a slow-curing 
asphaltic oil containing 60 to 70 percent of asphalt of 
100 penetration. The third material, designated as a 
100-120 cut-back, was an asphalt having a penetration 
of 100 to 120, cut back with kerosene. 

Each section, excepting No. 10, was subdivided into 
two parts designated A and B. The aggregate in the 
bituminous mats on the A sections was the soil found in 
the road, but to all B sections limestone dust was added 
as a filler, 

BITUMINOUS MATS CONSTRUCTED IN TWO 2-INCH LAYERS 

The location, description, and cost of constructing 
the experimental sections are given in table 1. The 
analysis of the sandy soil in the top 4 inches taken from 
various locations on the road is given in table 2, and 
that of the subgrade on the north 3% miles is given 
in table 38. The subgrade on the south 6 miles was 
sand excepting the south 1,600 feet of the road which 
was built on a fill and contained some silty loam. 
The analyses of the bituminous materials used in the 
sections are given in table 4 and the composition of, 
and results of physical tests on, the resulting mixtures 
are given in table 5. 

The bituminous mats were constructed by the mixed- 
in-place. method. They were built in two 2-inch 
layers, 21 feet wide and contained approximately 4 
gallons of bituminous material per square yard (2 gal- 
lons per square yard in each 2-inch layer). 

Scarifying was not required as the road soil could 
be manipulated easily with blades. Prior to applying 
the bituminous material sufficient soil to form the top 
2-inch layer was windrowed to the shoulders. The 
bituminous material for the bottom 2-inch layer was 
then applied in %-gallon increments by means of pres- 
sure distributors pulled by crawler-type tractors. 
Following each application of bitumen the mixture 
was turned with a disk. After the total amount of 
bitumen had been applied to a_ half-mile section, 
tractor-drawn blade graders mixed the aggregate and 
soil until a uniform mixture was obtained. 
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TABLE 1.—-Location, composition, and cost of the experimental sections 

Location Composition Cost per square yard 

Bituminous material 

SS SDS 2 SS Se gala e ie let (a a aie wie Dust per + 
: ‘ P 2 | Manipu- Section Stations Area Quantity au Bitumen! Dust Geto rns Total 

Type per square yt } } 
yard | 

Sq. yd. Gallons Pounds | Cents | Cents Cents | Cents 
ON a Ae ee SIA Oleg. wae OR We a SS BG Mie pieee 7. 90 46. 59 
RLY eieee nese oe setae 237 to 264_____- 4.12 9. 89 40. 05 6. 30 7.90 54. 25 
pees Sen nae 264 to 290_____- Sey fel oe op Une eae! : 7. 90 45. 03 
Aca le ee ae ee 290 to 316+65_ 3. 99 10. 07 38. 78 6. 30 7.90 52. 98 
ft hae ae 316+90 to 344_ 3. 86 : Or. De eee 7. 90 45. 42 
eh, A ie eee 344 to 370_____- 3. 94 9.95 38. 30 6.30 | 7.90 | 52. 50 

ilies 6 2 7 aie Seas 370 to 397_____- 6, 300 | 100-120 penetration asphalt, cut back with kerosene 3. 96 38.49 |__ | 7. 90 45.39 
ast & Sees a ae 397 to 423______ 6: 06742 aes ote ee eee ee Se ee) 29 a ee ee Se ee Be 4. 06 10. 00 38. 46 6. 30 7. 90 52. 66 
Di. eee ee oe Se 423 to 450______ 6, B00 222 Ghote. - ae Ss ee ee oe sae 405. oo” . SO S70 es 7. 90 47, 27 
iene = 32 ee sie 450 to 476______ 6, 067 WUuch 2. Bitte. 2 Ue a eee oe eee See 3. 93 9, 99 38. 20 6. 30 7.90 52. 40 
i Bee ee 476 to 503_____- 6, S00 diese (NED coe. eet, # aoe Ss i Me ot rae es 3.91 aoc. 35. 01 wae 7.90 42.91 
(lope ee ee See 503 to 527_____- By 600 ils ae 2 ye Cee: OE Eee ae ed OS Sa ee ee ee ee 4.11 10. 36 39. 95 6. 30 7.90 54. 15 

if Wa eae ee 527 to 554______ Be SOU se OULT ONT OF ten eee eee ee ee eS. ee ed ayes! fe 36. 74 : 7. 90 44. 64 
Cie ee ee 554 to 581______ 6, 300 |_..-- CG pees meee ee a Se ee Se ns 3. 86 10. 03 37. 52 6. 30 7.90 51. 72 
Hab es Orta 9 See BSL TO O0ia es aR Lay? yee yea i En ow eels A436. |. Seeteneet 40 38. je 7.90 50. 28 

aijed 2 aoe hae 607 to 634______ 6, 300 | 100-120 penctration asphalt, cut back with kerosene 3. 83 9.97 46. 04 6. 30 7.90 60. 24 
Lees ea 634 to 660______ 6,067 |e. 2 1G eens ee eee Ee es OE ee 4.11 we 49. 40 |_ 2 ee? 7.90 57. 3( 

OD See Sees ss. 660 to 687+-15_ 6,335) jo - 2. (OY \a? Lee ye AOE aa Se ak ee ln a cee 4, 04 10. 01 48. 56 6. 30 7.90 62. 76 
eto ee 100'$6:, 72622 228 6,027) |= ole kee Se eh as eee ee ae ee ee rT Sa hee eee 48° 50 |sa = seeae 7. 90 56. 46 

1 Deduct 44 feet for bridge. 
2 Bridge from station 316+65 to 316+90. Deduct 75 feet for bridge. 
3 Station equation: 687+15=700+00. 
4 Deduct 17 feet for bridge. 

TABLE 2.— Mechanical analysis of sandy soil used in the bitumi- | Taste 4.—Analyses of bituminous materials used in construction 
nous mats 

: 100-120 penetra- 
F ? Maxi- | Mini- | Aver- 94+ road oil cut) ¢9 79 road oil; |tion asphalt cut 
ao mum | mum | age back with Kero- | sections 7A, 7B, | back with kero- 

—_—— Analy 2 sy eae ee ; and 8A sene; sections 4, 5, 
TNE pe 6, 8B, 9, and 10 

Percent | Percent | Percent i 
Passing 4-inch sieve, retained on No, 10______-_-_-------- 0.4 0 0.2 
Passing No. 10 sieve, retained on No. 20.-_.-___----__---- 3.6 ai 1.4 Range |Aver.| Range |Aver.| Range |Aver. 
ie ae 20 sieve, A tea on SB 30-425 Ean a : ae 2.5 2 Psi ime np 
assing No. 30 sieve, retained on No. 40_-__- Lee ; 4 10.4 

Passing No. 40 sieve, retained on No. 50.______- 24.5] 11.8 16.3 | Specific gravity at 25° C_____ 0. 990-0. 995] 0. 993]0. 966-0. 982) 0. 9730. 971-0. 985} 0.979 
Passing No. 50 sieve, retained on No. 80__-_-.---___-- 45.7 32.6 38. 2 Flash point, open cup_-° C 77-105 94 133-166| 142 76-93 S4 
Passing No. 80 sieve, retained on No. 100____________- 15.7 8.3 13.8 Specific viscosity, Engler, at 
Passing No. 100 sieve, retained on No. 200.--...-_-___-_-- 19.7 7.0 12.9 E(\s Cla eer A a __| 74.0-90.3] 79.1) 45.5-66.2| 52.0] 45.7-91.7| 65.8 
Passing NO; 200 sieves. at cesosseeeen etc oe 235") os 9.6 1.0 4.3 Loss, 50 grams, 5 hours 

ies? (io a percent._| 13.1-14.3/ 13.7| 4.46.0] 5.2} 14.5-17.4] 15.9 

pacha prea ae 90-110) 100 23-30| 26 83-158] 111 . e Cc S== = = I~ LOS 

TaBLE 3.—Analyses of subgrade soils on the north 344 miles of the | toss, 20 grams, Paine: 4 ye 
experimental road ; 163° C__...._..._percent._| 17.7-18.8| 18.3)  6.2-8.1| 7.1] 20.7-23.9| 22.3 

Residue, float at 50° C. 
res = 2 7 a oe a a SOCONdS de [ns ae | eee 27-37 eo es San ee 
< < joa mQ <4 ae) ea < Residue, penetration at 
3 ‘a an Oy ee. e os me Spo Cee eee Pe. IGE AL sive. Gees eee 76-185] 111 
8 8 8 g = 8 n § 8 =f 8 Soluble in carbon disulphide 
B3/S3/53/58/sS8|e8/83/ 38 percent .| 99.6-100| 99.8] 99.8-100} 99.9] 99.7-99.9] 99.8 
$36 |30]/3e/329| 39] es] a5|/ 38 Bitumen insoluble in 86° B. 
eb icae ape uate ele eet naphtha____.___percent ___| 16.1-19.5| 18.0] 11.4-14.1] 12.5] 13.9-22.2] 19.1 
Ro | So S~ BM | Salaun] 5 | Lo Residue of 100 penetration j i = 
Sa/8a|/Sa}/8o|/8e/5a)/83] 8a percent. - 77-79 78| 62.8-65.5] 64.4 74-78 76 
of | of | of | oy os os On| or al 
a a ip rey a, ry rH ra = 

ele je le | ja |e |g 
Repel oo Meee et al. be la with which the mixing operation was performed. 

eee Upon completion of this operation, the mixture was 

Coarse sand, 2.0 to 0.25 mm. ee wee spread and the sand that had been previously wind- 

Re a eter ae OL at Hl rowed to the sides was bladed in and spread uniformly. 

ae es i Pee ical ny. i8 44) 40 | Additional bituminous material was applied and mixing 
it, 0. . erdnyeed - ‘ : é : ge a has : 

Clay, smaller than 0.005 mm, By Gl aape heen Ree mer carried on in the same manner as in the construction of 

ere iat a ; clea: the bottom 2 inches. A considerable amount of manip- 
? ‘ € 5 fh ” . ° . ur: . . ¥ 

Seis ge cme pS, et eee Se ih * | ulation was required in mixing the top portion to insure 
ests \ z FY e . 

40 sieve: | », | thorough coating of all sand particles and to eliminate 

his itta Face “6 | pockets of uncoated material between the two layers. 
AS pais. = All equipment, except the crawler-type tractors, cut 

ig bsle:' sh ys hs i 2 a . x a. . 5 

Centrifuge moistureequive-| | | 4| +1 @| «| as| 21 deeply into the sand. It was found advisable me peer 
Fao cae head oe kk Sen ee : : 

Field moisture equivalent | 14] 19| 20] 19] 19] 38] 22) 21, | a drag between the rear wheels and the spray bars o 

Soil group.--..---------------- -3| A-3| A-3| A-3| A-3| A-2/ A-2/ A2/ th, distributor to climinate the ruts formed by the 
ee ee en 

wheels and to provide a smooth surface for applying 

the bitumen. The wheels of the steel-tired blade 

graders cut into the sand and frequently, when the 

mixing operation was practically completed, uncoated 

The amount of manipulation required to produce a 

uniform, well-mixed mat varied considerably, depending 

upon the air temperature and the promptness and care 
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Taste 5.—Analyses and tests of bituminous mixtures sampled at intervals subsequent to construction 

Approximate percentages 

Identification Composition by weight Seema mix. | Hubbard-Field stability’ at 77° F. 
tures ? 

Sec- 38 Soot P is, | (Sen oes Po PSheos tion f| POE Ss || Tesi © eo a ese aie 

Dat 2 Weg PHS | SB 28) SS S88) 2 Si eA ct ot |e eaiaee 
ate ; j [S) ° 

Sainpied HOtHi One s1sbien sl ae gS a3 a3 as a3 as Ee a A s | q q A = g 
SB /g50) Ba lea | Ba aa | Be lea Wee eae | ele Gull | Smears mien 
=| a4 3 ce ° oO aq aq ° uo) 
fy I Bee nies teed eee | eam oie) ay see aay Wien e Se Nes) cares Slee ance ee 

Teddpe || Jeger, || Tear, || Vetus, | Telen|| Tekh || Tekan, || ete | Teter, || Jetat 
Sept. 1930 | 214--25_.__-.._-2.2| 6:9 0 2.7 PE SS ese eo Lea ela allasedalls decane 

J=Anl4 Auigs 1933) | 214-2522 eee) G50) li 27 4.1 FOU L2a alo le: Ol edi lesg im ied OF Ole Gara: 
Oei Los bn e142). eee ones 7.0 0 2.5 3.4 6.6 | 12.6 | 20.4 | 10.5 | 16.0 12.0 
Sept. 1930 | 2514-75... .L1l-22._| 6.5) 0 Ba | Seb |) Shr | ew |) Se es fae | Ses |) 5 

1=B Auge 1938 1 bl ose ea eel a cauh ee 4.0 Dek 8.00) 132058) 10.5) ised) 8a 
lOct 1935) | 26110 en ae 7.3 sil 4.4 4.5 Tao Loe 4ai|) 2000) 9.3 | 138.4 |12.5 
Sept. 1930 2715-00 kee eee ae 5. 6 0 222; 2.8 Oo Ta 7 eo2. 8) ed 2ou load hare 

2-A yar! 1933002722. eee ee ee ELS rel 2583 A | | EP Oe |) EEO) Gy 
Oak, Wey Me oe 6.7] 0 Dee) Sx || hSe | AS |) BT |) RO) BES Hi7 
Sept. 1930 | 804--50_-_--.-- —_- 6.4 0 lel 1.5 6.8) |) LLG o ols ONL TGr tons tesa. 860-930 

2-B joe Tet ROGER MER We esc 671 0 15:| O10 | sed eo sit U0, BERS. 1607 dates 
(SCDt. 19305) 826222 a nee eee 16.0 0 eG) 1.2 4.3 Ce) |), BOG 22 | TO) 20) GIO) a 390 

SAA abel 0Sbi | 1) Seana 2 ee Meal 7. SU CO [7 | 1.3)| 3.3) 7.8} 20,5 44.3 | 2278 113.01 32.] 143°) 64 le_2 |e 013, SOB SON Mi ose |. ee eee ee 
[Sept 19300) G02: eee ae eer eee veal 0 201 2.0 6.8 ON7 |) 27.6 Ler OR V7 08 lors 1, 640 

S= Bal Aliow3on) BO0seae eee = eee ane et ee .6 1.4 4.1 4823 VB LOO MULE: 37 a 6S. O22 ee ese sel O26 eS Zalle Ss bom |e OO 2a erent menre 
lOct. 1935 |_-__- Neg coe ART 9.3| 0 £3| £8| 44 | 10:2| 30.6 | 11.6 | 15.1 115.7 | 18| 39 | 67 | 68 |..-_.|3,022 |2.414 |1,750 | 812 | 1045 |.22 
Oct. 91930) | 53802e= ss eee en es ‘pe? 0 it Devil PEE? || WAPI BURG | TORY iy lees a niles) 1, 120 

RCD Och M1080 | B80 ek oe. ek ie 8.4] 0 ‘o] 20). S| 11,1) 30,4 | 11,0 | 456-1158 | 321030 |m- tL. oe 1s) S36qls, 0cs) me ee 
Gyan, RO] Wie 2 ee 5.8] 0 Tet) TBE esi) TAG) PO | WE |) TS | he 530 

4-5 (Oct! Og! Mae eS Gy os 72| 0 | 1.9} &1 | 6:4 | 12971 80.2 | 11, 40) 17 25] 0.71 B41) 48 toe |) lene. ls a0s tT, 562.|e. aaeleee een 
OeCts 10305 43) anes) O20 0 iyi 1.8 ToS (1253 8202) | 1A oe) Gs 820 740 

5-A OCHO S br RAS Ge ee ewer eee a G59 0 1.4 3.5 72 | 138564593252] LOS 16.45 | 810) 1 26 |e SS SO ee eas men AO Ae LEG SS TLS CSS neers | eee | eae 
5-B (Ocha L030) 464. see ree 4.7 0 a0) 1.2 7.3 | 14,2 | 36.4 | 15.0 | 16.1) 46 320 
droe) |KO Vere TRB pe ee Se Se 4.9| 0 .9}] 2.0] 5.0] 10.9 | 32.2] 13.2] 21.1] 9.8 | 20] 81) 48] 48] 87 |3, 462 |1, 940 |1, 288 |1, 248 |1, 343 |--_____ 

Nl Octee 9300 R480 ear sere Areas 4.6 0 8 1.9 8.3 | 14.0 7.4) 15.3 | 146] 31 320 
6-2 bee 12% 4 409) Glee as oe oo 4.8] 0 1} 28] 635 | 13.9'| 37.8.1 11.8 |1634.6.01 93 | 300) 42!| 48 1.25.18 O44 p Gng)| e803) en 25n) eo mmen lamer 

eta 9808 Pole sesame. eee 4.5 0 1.3 1.9 SON 1sr4a S6nbm Word OLoe on ene 310 
Ga cA oe O3o0|( Dose eee ee 4.5 0 2.0 4.6 77 | 18.5 | 37%) | 1283) | 15,0) || 2071) "39"|" 67 | (69h 8655 6725S 656 oS Lat sooneecOUN ae 

OO) RE YSS || eof ee es ee ae ate) 0 2.3 3.8 7.0: | 132% W842) 1 ALZ | U6 LN Go4 AGT 43) 47. ee ee ee SS OD NE (GSA e i Oi || beeen | ee ee | eee 
7A Sept. 1930 | Average ofsection | 4.9 | 0 76 2.3) 8A | 14, DI eS628) | 48 i] VAS Q ID ef Se ee eet 1) eS) eae) ea ies CO) 
i: voor POS5Rl ots 2c e= see ee 4.7 0 1.4 PPidl HS Pensey a Ula el Pease t otal A GP Of Ne SS eS a Sea ile Pacteyelil eta) (BINCOMle I ie “7fe(0) || aft 

Sept. 1930 | Average of section_| 4.7 0 1,2 Bg?) emacs es (ol eel Une a? a en: Sk Ho eal eA tefl Se ee S eee SO Ort KO @ye dh OY. ene <= 
(FASS Pb es, RBI Glove a ee 4.3 ail ip al 3. 0 65.4} 12.9 1 874) WDAO PIA | S55 ee ee | ee LOU Osler OOLel OO nme m eee 

OctMeLOSSmINS 73 ae ee es 4.8] 0 1.1) 27) 63S) 1306) [PSS 70) LOO L420 Ol 7, |e eee ee Sees |e NE O94 a ol0n tose 010m son a 
g-A Sept. 1930 | Average‘of section 5.4 0 ia | 1.6 TB) | 14.3, | 89.2) FS, Py aT eh a ee ee tO) (ee) TG) 

{en OSHS pO ae see ea yas. 0 1.0 2.0 6.3] W269 | S756. \-10.9' | 453" | 10s Sines | ee | ee OSa eS 50s OS ai lms ie a 
8-B vou 1930 | Average of section.| 3.9] 0 1.2] 1.9] 7.9 | 14.1 | 39.4 | 15.4 | 13.9 | 2.3 140 

Oct LOSbe MO23e—.- ss2e eee 4.8 0 the ih 2.5 5.81) 1351 |) 38.3 I 138.00) 16.68) 4.8 ce 260 Sessa) SaSie 668 See ee2N23 Re ero Oe | ee Gn mn Som | eee eee 
9-A fOct. 1980 | Average ofsection | 5.7] 0 125) SOS CuGs| bro) S4On mor Oa et onde | aa 140 

Sal OG LOSomIn Oe eee sees ee wel Ga 0 9 1.9 4.7 | 10.8 | 3404.) A206 |) 19.908 25: SLs 67 |e se ee Se ae 27 Sa ee ee | ee | 
jOct. 1930 | Average ofsection_| 4.7 0 1.4 1.9 | FB | 12s De) BAS NV Ae Bs Sei Wie ee a a a ee he | ee | ne | 230 

9- Bai. Aig, 1988) (Gfo---- 4.9 0 ef 3.8 CERO) WEA SS |) BTS Ik WERT ee 2 I PATE 49 75 81 80 71 |1, 800 769 456 394 331) | poeeee 
loct. LOS Dal MOisess sae eee ee NS 0 pal Devt 4.2 13; 9) B38 | ESAs 1698632 29 46 53 53 51 |2, 768 |1, 618 772 658 6332 Seee aes 

10 |{Oct. 1930 | Average of section. | 6.0) 0 Ly Deep) 4250 S58 yy F2O4s Be Ne 2.0 gy 2 oS ae eee |e ee [se | eee | ee | en | ee | ee | 860 
NOcta Oem |tnigaue = ee ees TEV 0 aif 1.3 3.0 8.5 | 30.3 | 11.5 | 21.4 115.8 45 59 52 SS zeaee 3-208 12, OG2a 1, Goa Ty 25a eee eee 

1 Water-free. 
2 Calculated from the average losses at 163° C. of 20-gram samples of the original 

bituminous materials and the loss in weight of loose mixtures cured to approximately 
constant weight at 163° C. AJ! caleulations made on a water-free basis. 

3 Tests on mixtures sampled in 1930 were made on specimens molded in the labora- 
tory from the loose mixtures. ‘Tests on mixtures sampled in 1933 and 1935 were made 
on 2-inch specimens cored from the sections and cut into 1-inch layers for the Hubbard- 
Field test. 

sand was brought up by the wheels, necessitating addi- 
tional manipulation. On one section 250 passes of the 
blade were required to complete the mixing operation. 

Laboratory experiments had indicated the advisa- 
bility of adding a filler to increase the stability of the 
poorly graded sand and it was decided to try commercial 
limestone filler for this purpose. Approximately 10 
pounds per square yard of this filler were added to the 
south 4 mile of each section, designated as section B. 
Filler was applied with drill-type spreaders of the type 
commonly used in applying agricultural limestone. 
When the 5 pounds per square yard of filler to be used 
in a 2-inch layer had been spread, it was disked with 
the sand until the mixture appeared to be uniform. 
The bituminous material was then applied and con- 
struction carried out in the same manner as on the 
sections to which the filler had not been added. No ad- 
ditional mixing was required on account of the filler. 

After the top layer had been mixed, it was spread 
and allowed to compact under traffic. Some light 
blading was done during the compacting period but the 
surface was not rolled. 

4 Stability of sample of top 2 inches=1,000 pounds. 
5 Stability of sample of bottom 3 inches=400 pounds. 
6 Too soft to form specimens for testing. 

Construction began at the north end nearest O’Neiil 
where the filler and oil were received by rail. Equip- 
ment, trucks, distributors, and a small volume of other 
traffic passed over the sections as they were completed. 
Such traffic was encouraged to use the entire road width 
so that compaction, while relatively light, was fairly 
uniform except at the edges. 

Figures 1, 2, and 3, illustrate various conditions and 
steps in the construction. Figure 1—A is a view of 
section 3A, near the north end and shows the condition 
of the soil and surface before bituminous construction 
began. Figure 1—B shows the sand that was to be 
used in the top 2 inches windrowed at the sides and 
the exposed surface of the bottom 2 inches ready to 
receive the bitumen. Figure 1-C shows the bitumen 
being applied to half the width of the road. Between 
the rear wheels and spray bars is a drag held by chains 
fastened to the front axle. The distributor wheels 
cut into the sand, especially on the lower 2 inches but 
the drag filled the ruts just ahead of the spray of bitu- 
men. Immediately following an application of bitu- 
men, a disk such as is shown in figure 1-D made a 
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Ficurb 1.—APPEARANCE OF THE ROAD BEFORE AND DURING 
CONSTRUCTION OF THE BirumMiINous Surracge. A, PorTION 
or SEcTION 3A BEFORE BiTuMINOUS TREATMENT. B, Sanp 
FOR THE Tor 2 INcHES WINDROWED AT THE SipzEs. C, 
Biruminous MareriAL BEING APPLIED AT THE RATE OF 4 
GALLON PER SQUARE YARD, JD, PRE-MIXING OF SAND AND 
BrruMEN wirH A Disk Harrow. E, Untrorm Mrxine Was 
DIFFICULT WITH THE OLp EQUIPMENT AVAILABLE. 
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FIGURE 2.—APPEARANCE OF THE SURFACE DURING CONSTRUC- 
TION. A, Blade GRapDER SPREADING THE Top 2 INCHES OF 
THE SURFACE; THE REMAINING WINDROWS CoNTAIN MATE- 
RIAL FOR THE SHOULDERS. B, THe EQuirpMENT Usep Was 
ILL-SUITED TO PERFORM THE WoRK REQUIRED OF IT. OC, IN 
CoLtp oR Coot WHATHER THE Mixture Was Too Ropy tro 
Mix WELL AND Was PickED up BY THE WHEELS. D, 
SPREADING LimEsTONE Dust witH A DRILL-TYPE SPREADER. 

round trip over the area just covered. Figure 1—K 
shows the bottom 2 inches being mixed. The light 
areas within the side limits of the mixture are uncoated 
sand brought to the surface by the grader wheels. This 
might occur at any stage of the mixing process; and if 
it occurred when the mixing operation was nearly com- 
pleted, a considerable amount of additional manipula- 
tion became necessary. 

Figure 2—A shows the top 2 inches being spread for 
compaction by traffic. Figures 2—-B and 2-C are other 
views of the mixing operation and show the type of 
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FicurE 3.—A Portion oF SEcTION 6B BEFORE, AFTER, AND 
DURING CoNnsTRUCTION. A, THIS PORTION OF THE ROAD 
Hap To BE RESTORED TO GRADE TWICE BEFORE THE SURFACE 
Was Mrxep. B, Same ARBA SHOWN IN A AFTER THE Mat 
Was COMPLETED AND THE SHOULDERS AND SitoprEes Hap 
BEEN SEEDED AND COVERED witH Hay To PREVENT WATER 
AND WIND ERosion. C, ConstrucTING THE Mat THRovuGH 
TYPICAL SAND-HILL COUNTRY. 

equipment used. The cup-shaped rims of the steel 
wheels shown in figure 2-B were presumed to prevent 
side slip but were not effective in this respect. The 
difficulty in attempting to road-mix in cold weather 
is illustrated in figure 2-C. The mixture was very 
ropy and could not be mixed. The sticky mixture 
adhered to the wheels, making the blade difficult to 
handle and hard to pull. 

WIND-SHIFTED SAND INTERFERED WITH CONSTRUCTION 
OPERATIONS 

The limestone dust used on the B sections was spread 
with the spreader illustrated in figure 2-D. When 
applying dust to the bottom 2 inches, a tractor was 
needed to pull the spreader, but on the top 2 inches a 
truck was satisfactory most of the time. Figures 3—A, 
3-B, and 3-C are photographs taken at stations 506 
and 507. Figures 3—-A and 3-B show the same area 
before and after bituminous construction. The cut 
shown in figure 3—A had to be brought back to grade 
twice before the bituminous mat was built. Wind- 
borne sand built up some portions and the windremoved 
sand from other portions so that no advantage was 
gained by bringing the surface to grade very far ahead 
of construction. Figure 3-B shows the same area 
after the bituminous surface was constructed. The 
shoulders and slopes have been covered with prairie 
hay to reduce wind and water erosion. 

Figure 3-C is a view looking south from station 506 
and shows typical sand-hill country. The trails par- 
alleling the new road on both sides were used in pref- 
erence to the old sand road. Figure 4, shows the most 
prevalent type of traffic, other than automobiles, that 
used the road. The gross load of this wagon was 
8,430 pounds and was carried on wheels with 4-inch 
steel rims. The front wheels carried 410 pounds per 
inch width of tire and the rear wheels carried 644 
pounds. Although the day on which the photograph 
was taken was warm and the cut-back section on which 
the vehicle traveled was not well compacted, the wheels 
while moving did not cut into the surface. They did 
mark the surface definitely but the marks were later 
ironed out by other traffic. Traffic such as_ that 
illustrated is fairly heavy during marketing season and, 
as the shipping point is O’Neill, all loaded vehicles 
traveled in the same direction and used the same side 
of the road. This concentration of relatively heavy 
traffic had no noticeable effect on the road surface. 

Figure 4.—Loapbs or THIS CHARACTER MApDE UP THE BULK OF 
THE TRAFFIC, OTHER THAN Motor VEHICLES, THAT USED 
THE ROAD. 

Construction of bituminous mats by the mixed-in- 
place method is common practice at the present time 
and is not considered especially difficult where a 
reasonably substantial base is available and equipment 
adapted to the purpose is used. However, for the 
conditions existing on this road, as shown by the fore- 
going photographs, construction was not as simple as 
might be inferred. Two factors, especially, added 
considerably to construction difficulties. One that was 
present constantly was the problem of mixing the 
extremely loose sand to a given depth when the material 
that had to serve as a base was an indefinite depth of 
the same loose material. 

The other factor was wind-drifted sand. So exten- 
sive was this movement at times that considerable work 
was required to restore the road grade immediately 
ahead of bituminous construction. During the mixing 
operation, especially when a section was only partially 
mixed, work had to be stopped when drifting became 
especially bad. Application of the limestone filler 
also was delayed at times because of the wind. When 
the bituminous mixture was being spread, drifting sand 
was sometimes deposited on it in sufficient amounts as to 
make some remixing necessary. 

After a cut-back section had been laid down and had 
received even a small amount of compaction, drifting 
sand did not remain on the surface but was carried 
across it. Figure 5—A shows sand drifting across a cut- 
back section. It will be noted that where the surface 
has been made smooth by pneumatic tires, the sand is 
not intercepted but is filling the depressions made by 

| 
| 
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the tractor cleats and also has covered the edges. On 
the road-oil sections the moving sand was more trouble- 
some as it remained on the surface in considerable 
amounts and at one time, as illustrated in figure 5—B, 
nearly filled the side ditch and completely covered a 
2-foot strip of the oiled-sand mat. It has become com- 
mon practice more recently to use ordinary snow fence 
to control the drifting of sand in bad areas, not only as 
an aid during construction operations but also as a 
protective measure for the finished road. 

Figure 5.—A, Sanp Drirrine Across a Curt-BACK SECTION. 
Toe Winp Was Biowine TowarRD THE CAMERA AND AT A 
Sticht ANGLE TO THE CENTERLINE OF THE Roap. B, 
Drirrep Sanp oN a Loos, Roap-or SEcTION. THE 
Spape Marks THE Ricut Epcr or tHe Biruminous Mart. 

The experimental road was constructed by contract 
except that the limestone dust was handled on a force- 
account basis. The unit costs of the various items con- 
tained in the contract were as follows: 

Cents per 
gallon 

Daa erOSdsOil Cut-Dacks applied as. as. 22a se eo ee 9. 72 
HU SAUD AGROL Wp pled. eee ols nies oe Se eS 2 ee Oe 
100-120 penetration asphalt cut-back, applied !________- 9. 72 
100-120 penetration asphalt cut-back, applied 2_________ 12. 02 

Cents per 
sq. yd. 

Manipulating bitumen and aggregate__._______________- 7. 90 
Limestone dust in place (average cost) §______________- 6. 30 

! Used on seetions 4, 5, and 6. 
2 Used on sections 8B, 9, and 10. 
3 Actual cost to contractor plus 15 percent profit. 

SECTIONS VARIED IN APPEARANCE AND PROPERTIES 

The costs of the different sections, based on the above 
unit costs, are given in table 1. These are merely the 
costs to the State and give no indication of the actual 
total cost of the experimental road. 

As might be expected, the mats in which the cut-backs 
and slow-curing materials were used differed consider- 

FicuRe 6.—TuHE Surraces OF Cut-BAck SECTIONS CRACKED 
LONGITUDINALLY; A, DURING COMPACTION, AND B, AS THE 
SurRFacE AGED. 

ably in appearance and properties. The cut-back sec- 
tions compacted under traffic and, except at the edges, 
very quickly acquired the color and appearance of a 
sheet asphalt pavement. The surface was dense and 
fairly smooth although the transverse profile of some 
of the sections was not especially uniform. The road-oil 
sections, on the other hand, remained in a loose condi- 
tion and, while their surfaces compacted some under 
traffic, they did not attain any bond or acquire a smooth 
transverse profile. The mixture was readily displaced 
by traffic until the advent of cool weather when, because 
of the increased viscosity of the bitumen, temporary 
stability and bond were obtained. 

Surface cracking was not observed on the road-oil 
sections but was very pronounced on the cut-back sec- 
tions. Here fine longitudinal cracks appeared almost 
as soon as a section was subjected to traffic and became 
more extensive as the surface gradually developed a thin 
crust. Marks of steel-tired traffic, made while the 
surface was still soft, became cracks as the crust formed. 
Most of these cracks were extremely narrow and of no 
considerable depth. They did not affect the riding 
quality of the surface but did give it an unsightly ap- 
pearance. For some time, as the sections increased in 
age, the cracks increased in number, but not greatly in 
size or depth, and they did not heal under traffic in 
spite of extended warm weather. 

Loss of volatile material in the cut-back asphalt 
resulted in the formation of a surface crust that pre- 
vented the escape of the volatile material remaining in 
the mixture below it. Consequently, the mixture re- 
tained its original plasticity and moved under traffic, 
causing the thin surface crust to crack. 

Figure 6—A illustrates the character of surface crack- 
ing that developed during the compacting period and 
immediately thereafter. Figure 6—B shows the extent 
to which cracking developed after a time in service. 
It should be noted, however, that while the cracking 
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Fiaure 7.—TuHe Roap-oit SEcTIONS REMAINED IN A LOOSE 
Conpition Except 1In Cotp WeratHerR. AFTER FINE SOIL 
FinueR Was ADDED THE Mixture CoMPACTED AND BECAME 
STABLE. 

may be considered excessive, raveling was practically 
negligible. The pieces of surface crust, although de- 
tached from the adjoining surface, adhered to the more 
plastic mixture immediately below the surface and con- 
sequently were but rarely displaced by traffic. 

Since the bituminous material in the road-oil sections 
7A, 7B and 8A contained practically no volatile mate- 
rial that would be lost at normal temperatures, little 
permanent change in viscosity occurred except that 
caused by weathering. Consequently, with the return 
of warm weather in the spring following construction, 
the sections containing the road oil gradually softened 
and lost the bond they had during cooler weather. 
They were soon in the same loose, uncompacted state 
in which they had been immediately after construction. 
When in this condition, illustrated in figure 7, travel 
was difficult and traffic followed a single lane until the 
ruts that were formed extended below the bottom of the 
mat and travel became almost impossible. It was 
realized that some modification of the road-oil sections 
was necessary in order to increase their stability suffi- 
ciently to carry traffic in warm weather. 

The first attempt to stabilize these sections was made 
in 1931 by adding sand to a 500-foot portion of section 
8A. This did decrease the richness of the mixture but 
as the only sand available was similar to that already 
in the mixture, practically no increase in stability was 
obtained. Consequently, it was decided to experiment 
by changing the grading of the aggregate to obtain more 
frictional resistance by the addition of finely graded 
material. Commercial filler was deemed too expensive 
so it was decided to try soil as a filler. 

Tests were made on clays from several pits whose 
soils had low plasticity indexes. The material selected 
was taken from a pit near the south end of the experi- 
mental road. It was not processed in the pit and con- 
siderable difficulty was experienced in breaking down 
the soil lumps during the mixing operation. Approxi- 
mately 20 percent of filler by weight was added to the 
oiled sand of section 8A. This experiment gave quite 
satisfactory results in that sufficient stability was 
obtained to carry the traffic. The remainder of the 
road-oil sections rutted badly during the summer of 
1931 and had to be bladed and dragged repeatedly. 
With the return of warm weather in 1932, a repetition 

of this unsatisfactory condition was apparent so it was 
decided to add soil filler to all sections of the experi- 
mental road that contained road oil. From the experi- 
ence gained in 1931, a different filler was selected. This 
material was a silty clay soil found in the bottom of an 
old clay surfacing pit about 8 miles south of the south 

end of the experimental road. This filler had the 
following characteristics: 

Mechanical analysis: Percent 
Lora Sone, OAS KO) OMUsy Waiee se 20 
Silt.050586020500 a prin eee ee ee ee ee 66 
Clay-psmial erat ies 0 (0c piri eee ee 14 
Colloidsmsmall crac lng O50 Oar eee 6 

Tests of material passing No. 40 sieve: 
\BiCe [bre mlnuoawh rents Sih DAR te ee i Sa Ne ae eee ree 25 
Plasticity index saan ee a oe ee ae 2 
Shrinkage limite. 25 9 ee 3. eee 20 
Shrinkage Tatio2. 22. St. See ee eee ibe? 
Centrifuge moisture equivalent____________________ 20 
Hieldmmoistureqequiiv.e en tare. ea =e eee 30 

This material was disked, pulverized, and windrowed 
in the pit. It was placed on the road in two applica- 
tions. The first application was mixed with the lower 
half of the oiled sand which was exposed by windrowing 
the top half of the mat. The second application of 
filler was mixed with the top half of the oiled sand. 
A total of 42 pounds of filler per square yard was used. 

FILLER MATERIAL CONSIDERABLY INCREASED STABILITY 

The results obtained were quite satisfactory. The 
surface did not crust as much as that of the cut-back 
sections did, and traffie marked it somewhat. Sufficient 
stability was developed, however, to meet the demands 
of traffic. In table 5 are given the Hubbard-Field 
stability test results on cores taken in 1933 and 1935. 
It will be noted that considerable stability, as measured 
by this method, had resulted from the addition of the 
filler, since the mixtures sampled immediately after 
construction had practically no stability. Moreover 
the stability thus obtained not only was apparently 
adequate in warm weather but also, as shown by the 
curves in figure 8, was much less affected by temperature 
changes than was the stability of the original mixture. 

After the soil filler was added, the road-oil sections 
remained in good condition for 5 years andrequired 
practically no surface maintenance. Figure 9-A, a 
view taken in October 1935, shows the typical condition 
of these three sections during this period, which is in 
marked contrast to their early appearance, as shown in 
figure 7. 

Some dusting of the surface and pot-holing began to 
appear in 1937. Cracking also appeared in the outer 
wheel lanes, caused primarily by lack of shoulder 
support. This condition is shown in figure 9-B. The 
sections were surface-treated in May 1938 with 0.3 
gallon of RC-2 cut-back* and 35 pounds of pit-run 
gravel per square yard. This treatment was bene- 
ficial in eliminating the previous defects. Maintenance 
through the spring of 1940 was practically negligible. 
The cost of maintaining, reconstructing, and surface- 
treating these sections is given in table 6. 

In passing, it is interesting to note that the plan of 
adding mineral filler to increase the stability of road-oil 
sections was later used by the State on other road-oil- 
sand roads when it became necessary to increase their 
stability. Fillers were also used on all oiled sand roads 

2 Cut-back materials containing kerosene and naphthas had been used prior to the 
construction of this road but they varied considerably in composition and in their 
curing properties. About 1932, however, such materials were standardized on the 
basis of composition and rate of curing into medium-curing (MC) and rapid-curing 
(RC) materials having definite properties. Fach class was further divided into 
several grades on the basis of viscosity. Thus, an RC-2 material is a rapid-curing, 
cut-back material having a Furol viscosity of 200 to 400 at 122° F. The MC-2, for 
example, is a mediuin-curing cut-back of the kerosene type having a Furol viscosity 
of 150 to 250 at 140° F. 

‘The use of specific designations such as MC-2 or RC-2, therefore, is taken to refer 
to materials meeting the standard specifications for such definite materials, whereas 
the use of such general terms as cut-backs refers to the general type of materials such 
as were used in the construction of this road. 
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Figure 8.—Errecr or TEMPERATURE ON THE STABILITY OF 
LABORATORY Mo.LpED SPECIMENS OF RoOAD-OIL SECTIONS 
7A, 7B, AND 8A. 

constructed in 1932 and later, when stability tests indi- 
cated that filler was necessary. 

TABLE 6.—Cost of maintaining the bituminous surfaces from Nov. 
1, 1931, to Jan. 1, 1940, exclusive of equipment, depreciation 
and administration costs 

Section Type of maintenance Total cost Adie 

Recon- | Surface Si fe e $ Per Per Per Per 
No. Type Routine sp es es section | sq. yd.| sq. yd.| mile 

Dollars | Dollars | Dollars | Dollars | Cents | Cents | Dollars 
Aree ce Cut- ears TH2) |e sea 180 342 5. 63 0. 69 85 
Ee eee 5 dose 60. tee 180 240 3. 81 47 58 
CA sh 2 ee Nance C0e = eee (td eS 180 274 4. 52 . 55 68 
Le ray be ood pee acy fitch S88 2300 Ae 199 429 7.01 . 86 106 
Oh ee ae aes COS = eee yap oe eee 219 311 5.06 . 62 76 
Spas ee2dGs.0 5 153 213 248 614 10.12 1, 24 153 
CG Grae os, LO Cod seen, 70 294 237 601 9. 54 37 144 
Ase ene, Skchh ees! f BG jes 180 215 3. 54 43 53 
1. Pe es & es Cals Speed Yl [Eee 180 217 3.44 .42 52 
nae a eal |e a Wore a [ee a 180 213 3. 52 -43 53 
CAN mee eee 11 Ocean et AG eee =o 180 225 3.57 . 44 54 
CBee eee Se (iN ee ae e Mh ee aes 180 229 4.09 . 50 62 

7A___.--| Road oil 1154 370 180 704 | 11.17 1.37 169 
Gay aS eae oleae 1133 370 180 683 10. 84 Tao 164 
BAe eee ee 1210 370 180 760 12. 53 1,53 188 

SB oe Cut-back___- 49 |e 220 260 4.13 - 51 63 
Ye SS Cee Pk ee ee, 210 237 3. 91 48 59 
9B Bee CLO 35 1k fl eee 220 278 4.39 . 54 67 
Oa orate Cy Ag ES ee 210 277 4. 60 . 56 69 

1 Includes cost of blading during the first 2 years before these sections were stabilized. 

Cut-back sections 1A, 1B, and 2A were completed 
in 1929. Section 2B was partially constructed in 1929 
and was completed in 1930, as were the remaining cut- 
back sections. There was no apparent difference in 
appearance or early service behavior between the 
sections with limestone dust and those without, or 
between those containing the cut-back made with 94+ 
road oil and the ones containing the 100-120 penetration 
asphalt cut-back. 

Very shortly after construction, however, there ap- 
peared a condition on section 1A that was strictly local 
and that was not duplicated elsewhere on the experi- 
mental road. On approximately the south 100 feet of 
section 1A, the surface cracked extensively. The 
cracks opened to a considerable width and small areas 
bounded by such cracks displaced under traffic. What 
appeared to be pure viscous bitumen emerged through 
some of the cracks and spread over the surface in small 
pools. During the 1930 construction period, sections 1A, 
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Fiaure 9.—Roap-o1t SECTION AFTER ADDITION OF FINE SOIL 
Fitter. A, Note VEGETATION COVERING THE SHOULDERS 
AND Stops; B, Cracking APPEARED IN THE OUTER WHEEL 
LANE, AND RouGungss, Dustina, AND Pot-HOLING DEVELOPED. 

1B, 2A, and 2B were plowed, remixed, and relaid to 
obtain a more satisfactory cross-section. This work was 
done in September, and very shortly thereafter move- 
ment of bitumen to the surface again began on the south 
end of section 1A. As an experiment, a small portion of 
the area thus affected was torn up and remixed by hand. 
No materials were added and the mixture was relaid 
and hand tamped. This method of repair was success- 
ful, as the area reworked remained free from cracking 
and no bleeding or exuding of bitumen occurred. Fig- 
ure 10—A, a view of this area 3 years after reworking, 
shows the stable area and also the adjacent areas 
through which bitumen continued to exude, 

The subgrade under the south end of section 1A has 
high capillary and moisture retentive properties. 
Prior to construction of the bituminous mat traffic 
mired down in this area, which was a virtual swamp 
bog despite the fact that the soil contained consider- 
able sand. A supply of moisture was continuously 
available and apparently was pumped to the surface of 
the base by a vibrating effect produced by traffic. Ap- 
parently, the hydrostatic pressure and the moisture 
vapor pressure during warm weather were sufficient to 
force the bitumen to flow out through the cracks in the 
mat. 

CUT-BACK SECTIONS SUFFICIENTLY STABLE FOR MOVING VEHICLES 

The cut-back sections remained in a satisfactory 
condition during the first winter but, with the advent 
of warm weather the following year, they softened some 
since the viscosity of the bituminous material natur- 
ally decreased as the air temperature increased. How- 
ever, some permanent increase in viscosity had been 
obtained through the loss of some of the volatile mate- 
rial and consequently these sections increased in stability 
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Fiagure 10.—Puacrs WHERE SurRFACE FamLuRE OCCURRED. 
A, THE RECTANGULAR PORTION IN THE CENTER WaAs REMIXED 
AND TAMPED BY HAND; SHiny AREAS ARE Poo.ts or BITUMEN. 
B, Break-up CauseD BY UNTREATED Sanp Lyinc BETWEEN 
Upper AND Lowir PorRTIONS oF THE Mart. 

independently of atmospheric conditions. At all tem- 
peratures they were sufficiently stable to carry moving 
traffic without detriment, but vehicles standing on the 
surface for any length of time in warm weather sank 
into the mat. The surface crust increased in thickness 
very slowly, due to the relatively slow rate at which the 
volatile material was dissipated. 
By September 1932, section 3B had become unsatis- 

factory. The north end was very rough and the south 
end, apparently becoming rich and unstable, had 
shoved and cracked. The north end lies on a fill com- 
posed of mucky, silty loam which rests on soil of the 
same type. The south end of the section lies on a low 
sand fill. The entire section was scarified and remixed 
in September 1932. No bituminous material was added 
to either portion, but filler such as had been used in 
stabilizing sections 7A, 7B and SA, was added to the 
south portion in the amount of 10 to 15 pounds per 
square yard. Remixing and aeration of the cut-back 
was beneficial but, on the north portion where the un- 
satisfactory condition was due primarily to the base 
material, this benefit was temporary. 

The addition of filler to the south end of the section, 
together with the aeration of the cut-back, increased the 
stability of the mat considerably. The surface cracks 
present before remixing did not reappear and 1 year later 
this part of the section was in good condition, whereas 
the north portion, in the spring of 1933, had settled and 
was again rough and badly cracked. 

At the time section 3B was reworked, the north two- 
thirds of section 4A was scarified and remixed to elimi- 
nate the badly cracked, checked, and rough condition of 
the surface. Four-tenths gallon of road oil per square 
yard was added in the remixing process. One year later 
this area was in good condition. The number of cracks 

in evidence was considerably less than before remixing 
and the mat showed no tendency to ravel. The south 
one-third of this section, which was not remixed, was 
badly surface cracked at this time. 

In the spring of 1933, a part of section 3A near the 
north end again began to fail. On a 165-foot portion 
about 700 feet from the north end the mat began to 
break and settle into the mucky soil of the fill. As the 
cause of the failure lay in the base and subgrade rather 
than in the bituminous mat, an attempt was made to 
develop stability by constructing a drainage system in 
the fill, A French drain 2 feet wide by 2 feet deep was 
installed under the center of the road with two laterals to 
each side. Coarse material ranging in size from 1 to 
5 inches was placed in the trenches. The fill was then 
restored to grade and cross section, after which the 
bituminous mat was remixed with 2.4 gallons of road 
oil per square yard and relaid. This drain was an 
effective remedy and after 7 years is still operating. 
Some displacement of the mat has occurred for about 
200 feet from each end of the drained portion, indicating 
that an extension of the drains would have been 
beneficial. 

With the exception of the work done on sections 
3B and 4A in 1932 and 1933, the cut-back sections 
required little attention up to the fall of 1935. Little 
change in appearance occurred except that the number 
of cracks increased, adding to the unsightliness of the 
surface. The amount of raveling that occurred was 
practically negligible and there was a gradual increase 
in the stability of the mixture. As shown by the re- 
sults of tests on cores taken in October 1935, the mix- 
ture below the surface had acquired considerable sta- 
bility (table 5). 

Maintenance of the surface prior to 1935, excepting 
the work described, consisted mainly of routine patch- 
ing to fill depressions caused by standing vehicles, re- 
pair of raveled areas, and small replacements where the 
mat broke. In practically all of these small break-ups 
it was observed that the part of the mat that broke 
was very thin and that untreated sand lay between it 
and the mat below it. Figure 10-B shows several 
areas that failed from this cause, which was a con- 
struction defect. 

Maintenance of other portions of the right-of-way 
consisted of seeding the slopes and shoulders and 
spreading hay on them to induce the growth of vege- 
tation and prevent wind and water erosion. During 
the fall of 1934 the shoulders and slopes were rebuilt 
and surfaced with clay in the sandy sections, 5B to 9B 
inclusive, and a part of section 10. Work of this 
character ordinarily constitutes a greater part of the 
total maintenance required in the sand-hill area than 
does the actual maintenance of the road surface. 

SEVERAL CUT-BACK SECTIONS GIVEN SURFACE TREATMENTS 

In an attempt to seal the surface cracks, smooth the 
surface, and at the same time reduce the likelihood of 
raveling, several of the cut-back sections were given a 
seal treatment early in October 1935. The treatment 
was applied for a width of 18 feet and consisted of ap- 
proximately 0.25 gallon of medium-curing cut-back 
asphalt (MC-2), and 30 pounds of unscreened sand- 
gravel cover per square yard. The bitumen and aggre- 
gate were not mixed but the completed surface was 
rolled with a pulled roller. The treatment was applied 
on the west half of the south 100 feet of section 3A 
(9-foot width) and to all of sections 3B, 4A, 8B, 9A, 9B 
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and 10, all of which are cut-back sections. It was also 
applied to the south 100 feet of section 8A, which is « 
road-oil section. 

When inspected later in October, the treatment was 
still relatively soft and it had not bonded with the 
surface crust of the old mat. Cool weather had ap- 
parently prevented the cut-back from softening the 
old mat and producing a bond and had also prevented 
sufficient loss of the volatile portion of the cut-back to 
develop stability. The treatment was easily marked 
by horses’ hoofs and it had picked up somewhat under 
traffic. 

The MC material was used in an unsuccessful attempt 
to obtain some surface penetration. The earlier be- 
havior of the treatment would probably have been 
more satisfactory had a rapid-curing material been 

-used, such as was used later on other sections. How- 
ever, the seal containing the MC material gradually 
stiffened and eventually assumed the same appearance 
as that of the sections on which an RC material was used 
in constructing a seal treatment later. 

The unscreened sand-gravel used as the cover mate- 
rial contained some relatively large pebbles that were 
embedded by rolling, as was some of the finer ageregate, 
Aggregate not held by the bitumen was whipped to the 
sides by traffic. Figures 11-A and 11—B are typical 
views of the surface treatment taken late in October. 

In July 1937 a surface treatment was applied to the 
south 800 feet of section 2B and to all of section 3A. 
This treatment consisted of an application of 0.32 
gallon of RC-2 asphalt and a cover of 35 pounds of 
pit-run gravel per square yard. A similar treatment 
was applied i in May 1988 to all the sections of the experi- 
mental road that had not been previously treated. 

As might be expected from the method of applying 
the treatments without manipulating the bitumen and 
cover, the resulting surfaces were not uniform in 
appearance generally. More bitumen and cover were 
held in the depressed areas, obviously, than on the 
higher areas. The cracks were sealed but they were 
covered only in the depressed areas where the surface 
treatment mat was of appreciable thickness. Figure 
11-C is a view of the surface of section 9A 3 years after 
it was surface treated and is typical of the surface 
texture obtained by the treatments. 

Aside from these treatments, surface maintenance 
requirements have been very light and have consisted 
almost entirely of patching to eliminate small depres- 
sions. The cost of constructing, maintaining, and 
re-treating the various cut-back sections is given in 
table 6. 

As stated earlier, the main purpose of this experiment 
was to develop information on the use of various types 
of liquid asphaltic materials with poorly graded sand. 
It was expected that additional information on con- 
struction methods would be obtained that would be 
of value in formulating a program of bituminous con- 
struction suitable for the sand-hill region. The experi- 
mental road not only yielded direct information of 
considerable value but also indicated a number of 
phases of design and construction that required solution 
before a detailed plan of construction could be developed 
that would utilize local materials to the fullest extent 
and most economically. 

Such information as was developed by the experi- 
ment was put to practical use in later construction 
work and in initiating research studies which the experi- 
ment indicated were necessary. Obviously most of the 

Fieure 11.—A, Cur-sBack SrctTion AFTER R8-TREATMENT. 
THe Grass Liner Marks THE EDGE OF THE ORIGINAL BitTu- 
MINOUS Mar AND THE ARROW MARKS THE EDGE OF THE 
RE-TREATMENT. LoosE MavertaAL NEAR THE Epares Has 
BEEN WHIPPED TO THE SipEs By TRAFFIC. B, APPEARANCE 
OF THE SURFACE IMMEDIATELY AFTER Re-TREATMENT. OC, 
APPEARANCE OF SECTION 9A 3 YEARS AFTER SURFACE TREAT- 
MENT. THE Dark SrrRip Is THE AREA BETWEEN WHEEL 
TRACKS AND IS SLIGHTLY RAISED. 

information developed by an experiment of this charac- 
ter can be used long before a report covering its history 
for any extended period can be published. However, 
since current specifications are based largely upon 
experience gained in previous construction and on 
closely nbseraad experiments such as herein described, 
a discussion of the information obtained on this experi- 
ment and its part in the development of present-day 
methods of construction should prove of interest. 

SEVERAL IMPORTANT FACTS REVEALED BY EXPERIMENT 

In addition to emphasizing the necessity for using 
efficient equipment and for providing adequate super- 
vision and control that are so essential in the low-c ah 
types of construction, the experiment brought out : 
number of facts relative to design and Seater 
the more important of which were as follows: 

1. The stability obtained with the cut-back asphalt 
was considerably greater than that obtained with the 
slow-curing road oil but neither material provided 
satisfactory stability with the natural blow-sand. 

2. Lack of stability resulted in excessive surface 
cracking of the cut-back sections and caused the road- 
oil sections to remain in a loose, uncompacted state. 

3. Loss of volatile material in the cut-back mixture 
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at the immediate surface caused the formation of a 
thin, hard surface crust but the mixture below the 
surface, retaining such volatile material, remained 
plastic and moved under traffic, thereby causing the 
surface crust to crack. 

4. Extended manipulation did not remove sufficien 
volatile material from the cut-back sections to make 
them stable. The addition of filler material was much 
more effective than continued or extended manipulation. 

5. The lack of mechanical stability of the blow-sand 
was not compensated for by the cut-back asphalt while 
it retained the volatile diluent or by the slow-curing oil 
which had little cementing value. 

6. The presence of the relatively small percentage of 
commercial filler added to alternate sections could not 
be detected by visual inspection, on the basis of service 
behavior, or by analysis of the finished mixture. The 
filler naturally contained in the blow-sand varied con- 
siderably and, in many instances, was greater than the 
amount of commercial filler added. 

7. The addition of a considerable amount of soil filler 
was effective in imparting satisfactory stability to the 
road-oil sections as well as to the cut-back asphalt 
section to which it was added. 

8. The addition of soil filler to one of the cut-back 
sections was of apparently greater benefit than was 
remixing to increase stability and eliminate surface 
cracking. 

9. Failure to eliminate the volatile portion of the 
cut-back asphalt prevented the formation of the 
expected cementitious residue. Had a more rapid- 
curing material been used, it would have lost a greater 
amount of volatile matter during the manipulation and 
would therefore have provided greater stability. 

10. The desirability of mechanical compaction for 
greater immediate stability was indicated, although self- 
propelled rollers of the type then available did not ap- 
pear suited to the conditions existing on the road. 

11. Inefficient equipment added to the difficulty of 
construction. The narrow, steel-tired equipment, non- 
flexible in operation, prevented rapid and successful 
prosecution of the work. The need for equipment 
designed for the various operations required was very 
evident. 

During construction as well as in the early life of the 
experimental road it was quite apparent that definite 
information was highly desirable on a number of factors, 
the most important of which were as follows: 

1. The stability required for satisfactory service 
behavior. 

2. The relation between the grading of the aggregate 
and the amount of bitumen required. 

3. The relation between the character and grading of 
the aggregate and the type and character of the 
bitumen. 

4. The character and amount of filler required. 
5. Effect of compaction and amount required. 
6. Essentials of construction procedure. 
It will be observed that all of these factors, except 

possibly the last enumerated, directly affect that pro- 
perty of pavements referred to as stability which, for 
the purpose of this discussion, will be taken to mean the 
resistance of the bituminous mat to displacement 
under static and moving loads as measured by the 
Hubbard-Field stability test method. 

That there was need to determine what stability is 
required for static and moving loads is very definitely 
indicated by the service behavior of the different 
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experimental sections and by reference to the stability 
test results on mixtures (table 5). 

It has been noted that, in their early life, the road-oil 
sections were unable to carry any load without dis- 
placement and that they had little or no stability as 
measured by the Hubbard-Field method of test. The 
cut-back sections, on the other hand, had considerable 
stability as measured by the laboratory test method and 
in service they carried moving traffic, although with 
some resulting deformation. Standing vehicles, as 
mentioned before, sank into the mat in warm weather. 
In 1932, however, soil filler was mixed with the road-oil 
sections and the resulting mats became entirely stable, 
so far as concerned their ability to carry traffic, and have 
so remained. The cut-back sections during this period 
did increase somewhat in stability as their plasticity 
decreased, but such increase was slow, whereas the 
road-oil sections attained a high resistance to displace- 
ment almost immediately after the soil filler was 
added. 

The data in table 5 show that the stability, as 
measured by the Hubbard-Field test, is decidedly lower 
for the road-oil than for the cut-back sections. Ap- 
parently the mechanical stability afforded by the soil 
filler, although it failed to produce a mixture having a 
high Hubbard-Field stability, was of greater benefit 
than that developed by the cut-back asphalt binder. 
The former, having practically no plasticity, was not 
affected by temperature changes or by the amount or 
rate of application of load. The cut-back mixtures, 
however, could be expected to retain some degree of 
plasticity for an indefinite period and consequently 
would be more susceptible to deformation under load. 
The amount of such deformation would, moreover, be 
affected by the temperature and the amount and rate 
at which the load was applied. It is apparent, there- 
fore, that a laboratory stability test alone cannot serve 
as a probable service indicator for the comparison of mix- 
tures having such fundamentally different characteristics. 

AMOUNT OF BITUMEN LESS IMPORTANT THAN AMOUNT OF 
VOLATILE MATERIAL RETAINED . 

In this experiment no attempt was made to determine 
the effect of the percentage of bitumen used. Approxi- 
mately 4 gallons of bituminous material per square 
yard were applied on each section. The variations in 
bitumen content shown by extraction tests are due 
somewhat to unavoidable variations in applying the 
bitumen but primarily to variations in depth of the 
mixture. The resulting variation in bitumen content 
was not apparent in the behavior of the various sections 
nor does there seem to be any relation between the 
bitumen content and corresponding stability. This 
might be attributed to the fact that all of the sand 
mixtures, strictly speaking, were rather open and that 
small variations in bitumen content were therefore not 
important. Although the amount passing the No. 200 
sieve varied from about 2 to 16 percent, the higher 
amount was only approximately half of that which 
would be contained in a densely graded material having 
the maximum size of this. sand. Had the mineral 
aggregate been more densely graded, it is probable that 
the variation in bitumen content would have been 
reflected in the behavior of the section. So far as 
concerns this road, it is apparent that the amount of 
bituminous material the mixtures contained was of 
less importance than was the percentage of volatile 
material it retained. 
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The most important characteristic of the blow-sand 
comprising the aggregate portion of the bituminous 
mixture was its lack of inherent stability because of 
poor grading. It was known that had the grading of 
the aggregate been improved increased stability would 
have been obtained and less dependence upon the 
bituminous material would have been required. Ma- 
terials deemed satisfactory at that time for blending to 
obtain an improvement in grading were not available; 
consequently, the bituminous materials were tried out 
experimentally to determine to what extent they would 
furnish the required stability. 

As was shown by the service behavior of both the 
cut-back asphalt and the road-oil sections, neither ma- 
terial provided sufficient stability with the natural 
blow-sand for two reasons. One was the retention of 
a large percentage of volatile material, and the other 
was the unsatisfactory grading of the aggregate. 

It will be recalled that sections 1A, 1B, and 2A, which 
are cut-back sections, were completed in the fall of 
1929 and that they were torn up and remixed in Sep- 
tember 1930 when the remaining sections were being 
built. Remixing of these three sections did not greatly 
increase their stability nor did it prevent surface 
cracking later. It might be assumed that a certain 
amount of the volatile portion of the bitumen was dissi- 
pated in the mixing operation, although reference to 
table 5 indicates that the percentage retained was rela- 
tively high. In contrast to this behavior was the be- 
havior of section 3B, also a cut-back section, after it 
was remixed in September 1932 and filler was added to 
a portion of it. As before mentioned, the portion 
that contained the added soil filler developed con- 
siderable stability and the surface cracking that had 
previously been so pronounced did not reappear so 
extensively. The other portion of this section, which 
was remixed but to which soil filler was not added, was 
not permanently benefited by the remixing operation. 
Evidently sufficient volatile material was not elimi- 
nated in the latter case, whereas the addition of the 
filler in the first case compensated for the presence of 
the volatile material by providing a mechanical sta- 
bility of the aggregate or by causing an increase in the 
apparent viscosity of the bitumen. 

ADEQUACY OF FILLER DEPENDS UPON MANY FACTORS 

Although the cut-back material was of the character 
now designated as medium-curing, it is apparent that 
the diluent, which was of the kerosene type, contained 
a certain percentage of heavy ends that were nonvolatile 
at ordinary atmospheric temperatures. This non- 
volatile fraction was evidently present in sufficient 
quantities to prevent the formation of a binder of 
sufficient cementitiousness. Had the diluent been more 
highly and completely volatile, it would have been 
dissipated by the manipulation and a more viscous 
residue would have been obtained. The more volatile 
type of material was not used since it was believed that 
too rapid a loss of diluent would make such material 
unsuitable for the road-mix method of construction. 
Moreover, from lack of experience, it was expected 
that in the mixing operation most of the diluent in the 
kerosene cut-back would be eliminated and that the 
desired viscous residue would be obtained. Con- 
sequently the specifications did not provide for addi- 
tional manipulation to eliminate the volatile material or 
designate what percentage of it should be eliminated 
before the mixture was spread for compaction. 
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The original plan of the experiment was to attempt to 
develop a stable mat by providing the stability required 
solely by means of bituminous materials irrespective of 
the grading of the blow-sand. It was recognized that 
the grading was poor and that it would be improved by 
the addition of coarser material or filler, both of which 
would be expensive. Coarse material was not to be 
found in the vicinity and filler material, at that time 
considered synonymous with commercial ground lime- 
stone, would be very expensive. However, asa result of 
preliminary laboratory experiments with mixtures of 
blow-sand, cut-back asphalt, and limestone filler, it was 
felt that the addition of some filler was justified. It has 
already been shown that the small amount of filler thus 
used was not effective but that the addition of con- 
siderable amounts of soil filler produced satisfactory 
results where 1t was used in 1932. 

Because of these satisfactory results, the plan of 
adding soil filler was used not only on other sections 
where the oil-sand mat was lacking in stability but on 
new construction later. The material used as a filler 
in 1932 on the experimental road was a silty clay whose 
analysis has been given. It was selected primarily 
because it contained a high percentage of very fine 
material, could be pulverized fairly easily, and because 
it was the only such material near at hand. It was not 
selected because of its characteristics as determined by 
routine laboratory tests for soils, since the importance 
of such characteristics was not recognized at that time. 
On other road construction where the addition of filler 
seemed advisable, the material was selected on approxi- 
mately the same basis, that is, upon its fineness and low 
cementing value. It was soon noted, however, that 
variable results were being obtained that were not 
indicated by a cursory examination of the apparently 
acceptable materials. 

No great amount of any one material was available 
at any one location and it was realized that a method 
would have to be developed for evaluating the merits of 
a considerable variety of materials as fillers if uni- 
formly satisfactory results were to be obtained without 
greatly increasing the cost of construction. This led 
to a laboratory study of a variety of finely divided 
materials that might serve as fillers and included soils 
of low plasticity, limestone dust, silica dust, volcanic 
ash, loess, and waste lime from sugar refineries. 

Since the filler was probably the most important 
constituent of the mixture, effort was made not only 
to develop methods of comparing one material with 
another, but also for determining the amount of various 
fillers required to provide stability for given conditions 
and the corresponding percentages of bituminous 
materials to use with such fillers. 

Formulas for proportioning in use in other States 
were tried out in Nebraska after modifying them to 
suit Nebraska conditions. In all of these formulas the 
percentage of material passing the No. 200 sieve has 
the greatest effect on the bitumen content required. 
Where a plentiful supply of crushed rock and stone 
dust is available at reasonable cost, as is the case in 
many States, a simple formula whose application is 
practically State-wide is adequate. In Nebraska, how- 
ever, where no great supply of any one kind of material 
that might serve as a filler is available, the problem was 
more complicated in that it became necessary to develop 
by laboratory research certain tests by which suitable 
filler coefficients could be established for use in the 
formula. 
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In determining the suitability or the comparative 
value of a material as a filler, its void-filling capacity as 
well as its properties as measured by the tests ordinarily 
employed in soil analyses was determined. The amount 
of bitumen required for any given filler was termed the 
S factor and was determined by consideration of a 
number of properties of the material. It was found 
that the characteristics that most greatly affected the 
percentage of oil required were (a), the fineness of the 
portion of aggregate passing the No. 200 sieve, (b) the 
absorptive capacity and surface condition of the par- 
ticles and (c), the specific gravity of the material. 

The method of determining the suitability of mate- 
rials as fillers and of determining the S factors of 
materials considered as suitable is given elsewhere * in 
detail. 

Essentially the method is as follows: Routine soil 
tests are used to measure such properties as particle 
size, bulk specific gravity, volume change, plasticity, 
and cohesion or cementation. The latter test indicates 
the ease with which a material can be pulverized. The 
stabilizing action of the filler or fillers is then deter- 
mined by observing the effect of the filler in changing 
the viscosity of the oil. By laboratory experimenting 
it was found that the consistency of the filler-bitumen 
mixture measured by the Furol viscosity and float test 
methods brought out very definitely the differences 
between fillers and indicated their relative stabilizing 
effect. The combination of filler and bitumen neces- 
sary to produce a mixture having a float of 1,000 
seconds at 100° F., determined by the A. S. T. M. 
method (shghtly modified) was arbitrarily termed the 
filler-bitumen ratio and from this ratio the S factor was 
then calculated. 

RESULTS OF LABORATORY RESEARCH USED TO OBTAIN 

BETTER MIXTURES 

Information obtained by laboratory research, and 
applied to field construction, resulted in the gradual 
accumulation of data and information that made it 
possible to establish definitely the proper proportioning 
for bituminous mixtures. Obviously the greatest con- 
sideration was given to the filler material and its effect 
upon the quantity of bitumen required and conversely 
the amount of filler required with a given type of bitu- 
men for satisfactory service behavior. 

In contrast to the sketchy preliminary work and out- 
lined plan of the experimental road, the method of pro- 
cedure now used in sand-oil construction includes a 
survey of the materials available, a laboratory study 
of those materials, and a detailed method of construc- 
tion. A survey is made of the material on the road 
and of deposits of fine material that may prove satis- 
factory as a filler. In the laboratory such materials 
are tested in experimental mixtures. The S factor, 
previously mentioned, is then determined for the filler 
or fillers. 

The amount of a given filler required with a given 
bituminous material is determined in the laboratory 
by a modified Hubbard-Field stability test. Trial 
mixtures containing different amounts of filler are pre- 
pared and aerated until 50 percent of the volatile por- 
tion of the bituminous material is removed. Briquets 
2 inches by 4 inches are formed with this partially cured 
mixture and then tested for stability. A stability of 
1,200 pounds at 77° F. formerly appeared adequate 

3 The Selection and Use of Mineral Fillers for Low-Cost Roads, by R. E. Bollen, 
Proceedings of the January 1937 meeting, Association of Asphalt Paving Technolo- 
gists. 

but it has more recently become necessary to raise this 
requirement to 1,800 pounds. Concentration of traffic 
in definite lanes after the center stripe was painted on 
the surface resulted in a gradual deformation of the 
bituminous mat and the sandy subgrade in many 
locations. In addition, the gradual loss of moisture 
in the sand subgrade during the drought years has 
lessened its supporting strength. For these reasons, it 
became necessary to increase the strength of the 
bituminous mat and consequently the stability require- 
ment was raised from 1,200 to 1,800 pounds. 

Since the designated stability can be obtained by a 
number of combinations of different fillers and a given 
bituminous material, the actual selection of the mate- 
rial can be made on the basis of economy. 

In actual practice, the amounts of bituminous mate- 
rial and of filler are stated as master ranges in the speci- 
fications with the added requirement that the exact 
percentages for a given project shall be designated by 
the engineer. These exact percentages are determined 
in the laboratory, as previously discussed, and the 
information thus developed is supplied to the field 
engineer for his guidance during construction. To 
illustrate the application of this procedure, the speci- 
fications require that 3.3 to 3.9 gallons of bituminous 
material shall be used per square yard for a bituminous 
sand mix 5 inches thick. The percentages of filler 
required with different types of bituminous materials 
are as follows: 

Percent passing 
Type of bitumen: No. 200 sieve 

Slow-curing sq iidsas—p lic, a 10 to 30 
Medium-curing liquid asphalt 22.04.2002. 22 eee 5 to 25 
Rapid-curing aig i dies le | ta 5 to 20 
Emulsifie@iasphialt [2 22. = ae ee 2\to: 15 

The actual amount of a given filler or fillers and the 
bitumen coefficients or S factors for each are determined 
on the basis of laboratory stability and float tests as 
previously described. Having determined this, the 
total bitumen requirement is based upon the following 
formula developed through laboratory study and field 
experience: 

P=AG (0.02a)+-0.046+ 0.06c+ Sd 
when P=percent by weight of bitumen in the mix; 

a=percent by weight of aggregate retained on 
the No. 50 sieve; 

b=percent by weight of aggregate passing the 
No. 50 and retained on the No. 100 sieve; 

c=percent by weight of aggregate passing the 
No. 100 and retained on the No. 200 sieve; 

d=percent by weight of material passing the 
No. 200 sieve, which amount has been es- 
tablished in the laboratory ; 

A=an absorption factor for the aggregate as 
determined in the laboratory; 

(=a specific gravity factor based on the rela- 
tion of the gravity of the aggregate to 
2.62; and 

S=filler factor determined in the laboratory as 
previously described. 

COMPACTION DURING CONSTRUCTION DEEMED ADVISABLE 

On the experimental sections the bituminous mixtures 
were spread for compaction by traffic without mechan- 
ical rolling. It was felt that the types of rollers then 
available would not be satisfactory for the conditions 
existing and that satisfactory consolidation would 
eventually be obtained by traffic. Pulled rollers of the 
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type now available, especially the multiple-wheeled, 
pneumatic-tired type, could probably have been used 
advantageously for obtaining greater initial density and 
correspondingly increased stability. However, the vol- 
atile material in the cut-back would have been trapped 
by the rolling and the actual viscosity of the bituminous 
material would have been unchanged. Consequently 
it cannot be definitely stated that rolling would have 
entirely prevented the movement and surface cracking 
that occurred. 

For the purpose of obtaining information on the 
relation between density and stability, as well as other 
information, 2-inch cores were taken from each section 
in 1935. Asample consisted of 4 to 6 cores taken for the 
full depth of the pavement. The composition and the 
stability of the mixtures as taken from the road are 
given in table 5, while tests to determine density and 
stability obtained by other methods of compaction are 
given in table 7. The data given in table 7 were 
obtained in all cases from tests on mixtures obtained 
by coring the pavement. 

The field cores were cut into specimens 1 inch high 
and the stability of each specimen was determined. 
Laboratory remolded specimens were afterwards made 
in standard Hubbard-Field molds in two ways, that is 
(a), by the routine method of applying a load of 3 ,000 
pounds per square inch and (b), by applying a load 
sufficient to form a specimen having the same density 
that the material had in the road. All specimens were 
tested by the standard Hubbard-Field method of test. 

The data obtained in this study of the mixtures show 
that, with few exceptions, the density and stability 
obtained by the standard Hubbard-Field method of 
test are considerably lower than those of the specimens 
compacted in service by traffic, and that the Hubbard- 
Field stability obtained on laboratory-prepared speci- 
mens molded by direct compression to the density of 
the field specimens is likewise considerably lower than 
that of the field specimens. The average stability 
obtained by the routine method of forming laboratory 
specimens was only 52 percent of that actually obtained 
in service while laboratory-made specimens having the 
same density as the field specimens had, on the average, 
only 65 percent of their stability. To obtain labor atory 
specimens having the same density as the field speci- 
mens, a series of specimens was molded to densities 
above and below the densities of the field specimens 
and, although these data are not included in table 7, 
it was observed that the stability increased as the density 
increased for a given mixture, that is, for any single 
1-inch layer of material. It will be observed, however, 
by reference to table 7 that no relationship. exists be- 
tween density and stability of different 1-inch layers of 
the same core or of one sample as compared with 
another. 

Apparently the stability depends less upon the actual 
density than upon the manner in which the density is 
obtained. The compaction obtained in service by traffic 
was therefore more beneficial than that which resulted 
from direct compression even though the density ob- 
tained by both methods was the same, which would 
indicate that the method of compaction was more 
important than the amount. 

These test results seem to indicate that compaction 
with a device similar to the multiple-wheel, pneumatic- 
tired roller, which compacts with a kneading action 
similar to that of traffic, would probably have been 
beneficial in producing greater initial stability. 

TABLE 7.—Stabilities and densities of mixtures sampled in 1985 

94+ CUT-BACK SECTIONS 

tee Standard lab- Specimens 
ssn oat | oratory molded | molded to field 

Section | Field f ‘ . : specimens density 
No. No: l-inch layer - 2 eee he oe 

Densi- | Stabili-| Densi- Stabili-) Densi- | Stabili- 
ORE Pa ea | ee ty | ty ty 

Pounds | Pounds Pounds 
\(Top inch 2. 122 | | 2,776 2.020 | 1,184 2. 122 2, 150 

LA > | 20 inch ee 2. 089 800 1. 992 324 | 2.089 | 890 
ao 3d inch_____- 2. 087 947 1. 964 363 | 2.088 1, 210 

4th inch____- 2. 074 1, 182 1. 968 587 | 2.074 1, 310 

Top inch___- 2.175 2 tal 2. 079 1, 265 2.175 | 2,100 
IB__.-- 4 2 inch__ 2.110 | 1,160 | 2.051 562 | 2.110 | 960 

3d inch_._--- 2. O80 1, 110 2. 025 670 2. 080 | 940 
Top inch____ 2. 067 S, 7Or 1. 960 1,686 | 2.067 2, 470 

DA 8 2d inch _-.. 2. 047 1, 938 1.990 | 1,064 | 2.047} 1,350 
pee Ssonineh: =. 2. 043 1, 798 1.976 | 1,052 2.043 | 1, 530 

4th inech___ 1. 983 2, 398 1, 935 1, 960 1, 983 | 2, 200 

Top inch___- 2) 225 3, 046 2. 107 1, 670 2, 225 2, 840 
2d inchs os) 2:'050 2, 330 2. 005 1,300 | 2.050 1, 830 

2B 9 |,3d inch___ 1. 986 1, 512 2.010 | 1,248 1. 986 970 
\/4th inch__ 2.000 | 1,092} 2.035} 1,010} 2.000 800 
bthindh ss: 1. 976 827 2.014 | 960 | 1.977 | 630 
Top inch_- 2.021 | 3,826] 1.956 | 1,658 | 2.021 2, 230 

3A 10 (2 ais We 1. 978 1,350 | 1.952 | 815 1. 978 780 
Sd anch es 2. 001 1, 233 1, 949 758 | 2.001 | 930 
Top inch_- 1.911 3, 022 2.010 2, 940 1, 911 2, 120 

2d inch__ 1.916 | 2,414 | 2.001 | 2,445 | 1.916 1, 700 
3B_- 11 |43d inch_____- 1.938 | 1,750) 2.043 | 1,850} 1,938 | 1,190 

4th inch. 1. 936 812 2.014 | 1,173} 1,936 | 660 
5th inch__ 1. 905 945 : p 

100-120 CUT-BACK SECTIONS 

208 18 (ae inch__ 2.005 3, 336 2.023 |* 2, 270 2.005 2, 000 
nts. 2d inch 1. 938 3, 008 1. 997 2, 514 1. 938 1, 840 

4B 12 ee op ineh__ 2. 069 3, 308 1. 965 1, 352 2. 069 2, 370 
ae 2d inch_ 2. 038 1, 562 1. 960 850 | 2.038 1, 400 

Top inch__ 2.013 4, 254 1, 923 1, 510 2. 013 2, 420 
GAL 19 {3 inch__ 1.979 1, 918 1. 928 808 1. 979 1, 140 

3d inch 1. 950 1, O84 1. 922 694 1. 950 725 
Top inch__ 1. 946 3, 462 1. 882 1, 244 1.946 |} 1,700 
Sahin ches a= Se oY 1, 940 1. 887 808 1. 922 | 1, 060 

bBo 13 |43d inch__ 1. 904 1, 288 1. 888 682 | 1.904 | 730 
4th inch__ A ae 1. 908 1, 248 1. 885 715 | 1.908 | 740 
5th ineh__ 1. 861 1, 343 1. 877 882 1, 861 680 
Top inch__ 1. 926 3, 044 1. 840 874 1.926 | 1, 670 

GA. .6 20: | 2d inch____.- 1, 893 1, 658 1. 837 545 1. 893 830 
Sdanch eens 1. 875 803 1. 824 360 1. 875 570 
Top inch__ 1, 995 3, 292 1. 861 | 802 TeQOb) 1 © 22.175 

Ge 14 |42d inch__ 1. 946 1, 684 1, 862 535 1.946 | 1, 090 

| 3d inch_-_-_-- 1. 942 945 1. 858 420 1. 942 | 840 

60-70 ROAD OIL SECTIONS 

9 ie EES . : 

|(Tcp inch--.. 2.001 1, 288 1. 926 | 421 2.001 | 970 
7A 5 |J2d inch __---- 1.976 | 1,080 | 1.927 405 | 1.976 | 650 
pate ayelshayelay, ots 1 1.967 | 1,013 | 1.921 368 | 1.967 570 

| 4thinch_______] 1.9389 780 1. 931 447 1. 939 | 460 
Top inch__ 1.992 | 1,224 | 1.929 422 | 1.992 | 710 
2d inch____ 1. 996 1, 220 1. 922 356 1. 996 | 640 

7B Soj,od anche sa 1. 977 1, 228 1. 931 398 | 1.977 | 580 

4th inch__---- 1.947 | 1,016] 1.928 366 | 1.947 | 410 
5th inehi2-- 2a 1061 855 1. 920 259 1. 951 320 
Top inch___- 1.915 1,108 1. 895 426 | 1.915 | 500 

8A 91 |J2d inch._.----.| 1.902 850 | 1.884 362 | 1.902 | 370 
saga 3d inch ____- 1. 896 882 | 1.884 362 | 1.896 | 380 

4th inch_____._| 1.870 787 1. 910 470 | 1.870 340 

100-120 CUT-BACK SECTIONS 

Top inch____ 1. 934 2, 238 1. 842 670 1. 934 1, 350 
8B 15 20 neh eee 1.887 1, 516 1. 833 472 1. 887 780 

eD $d inch, -...- _| 1.869 706 1. 824 349 1. 869 470 
4th inch_____ _| 1.875 535 1, 824 267 1. 875 425 

OA 29 toe. inch-=3= 1. 949 2, 774 1. 887 898 1. 949 1, 330 
a on Since se 1. 934 1, 278 1, 882 512 1, 934 670 

Top inch _| 1.980 2, 768 1.891 790 1. 980 1, 625 
2d: inchs =...) 1. 920) | 1,618 1. 866 518 1. 920 | 825 

9B 16 3d inch_. _.| 1.906 772 1. 861 356 1. 906 570 
aaa 4th inch...-2< 1. 892 658 1. 859 317} 1.892 480) 

is} alg hovel see 1. 865 633 1. 849 292 | 1.865 370 

eihingh) 2-2: 1. 892 673 1. 864 339 1. 892 500 
Topinch_____-| 1.987 3, 288 1. 977 1, 57 1. 987 1, 740 

10 17 Dd iniohoes 2a 1. 997 2, 062 1. 983 1, 134 1. 997 1,170 

3d inch__-- 1. 959 1, 654 1. 948 978 1. 959 1, 000 
4th inch 1. 862 1, 283 1. 915 977 1. 862 660 

| 

The specifications governing the construction of the 
experimental sections, due to a lack of experience, were 
necessarily very indefinite. Practically no restrictions 
were placed upon the equipment to be used nor was the 

| procedure to be followed definitely prescribed. The 
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descriptions already given, as well as some of the photo- 
eraphs, best illustrate the procedure permitted under 

the specifications. 

IMPROVED EQUIPMENT AND DESIGN MAKE DEFINITE 

CONSTRUCTION PROCEDURE POSSIBLE 

Concurrently with the increase in knowledge of the 
properties of bituminous mixtures came the realization 

that old-fashioned, makeshift equipment not only was 

inefficient, but its use prevented the practical application 
of information gained by research in the laboratory. 
Obviously the ability to design satisfactory mixtures 
with a variety of materials served no useful purpose 
unless such design could be accurately produced by the 
construction operations. 

Fortunately, with the increase in volume of low-cost 
road building, improvements have been made in the 
types of equipment in use and in the development of 
new equipment. Large-size pneumatic tires have re- 
placed the narrow steel tires on blade machines; 
mechanical shifting has replaced hand shifting; and 
units having greatly increased power have made possible 
almost absolute control over the mixing operation. 
On the experimental sections it was practically im- 
possible to control the depth of mixing, as the steel-tired 
wheels sank through the mix. With the blade machines 
available at the present time, mixing to a given depth 
is no longer such a difficult task even on loosely bonded 
bases such as existed on the experimental road. Mixing 
at the present time, moreover, is not confined to blade 
machines or to stationary mixing plants, but can be 
done on the road with traveling mixers. These ma- 
chines pick up the untreated material from the roadway, 
passit through the mixing chamber where it is accurately 
proportioned and mixed with the bitumen, and then 
deposit the mixture on the road for spreading by blade 
machines or it may be delivered directly to mechanical 
spreaders and finishers. 

Self-propelled smooth rollers, formerly the only type 
available, were not considered suitable for use on work 
such as herein described, but the need for some initial 
compaction was felt. As a substitute for self-propelled 
rollers, pulled types of rollers were tried. Although 
such rollers had smooth continuous surfaces, they were 
a decided improvement over the old type. Perhaps, 
however, the greatest improvement was the develop- 
ment of the pneumatic-tired, multiple-wheel roller. 
Such rollers appear to simulate the action of traffic and 
provide the kneading movement that is so beneficial 
but which is not readily obtained with smooth rollers, 
except to a limited extent on hot mixtures. 

With the foregoing equipment available for use, it 
becomes possible not only to construct a road having 
the properties designed for it but to permit the use of 
different methods of construction to accomplish a 
given purpose. On the experimental road a 4-inch mat 
was to be constructed. With the equipment then avail- 
able this almost automatically implied the two-course 
construction that was specified. The difficulties en- 
countered in construction with the equipment used and 
for the conditions existing on the road have already 
been indicated. With present-day equipment a similar 
procedure would have been no great problem. Blade 

mixing could be accomplished to the complete depth 
in one operation or, if desired, two-course mixing could 
readily be done. The use of traveling mixers now avail- 
able would insure a uniform mixture both as to depth 
and composition. 

During the course of construction it appeared that 
less difficulty in mixing would be encountered if the 
bitumen content in the lower 2 inches were held some- 
what lower than that of the upper portion. This 
would have resulted in the formation of a leaner course 
that would have been less plastic, thereby affording 
somewhat greater support for the equipment while 
mixing the top 2 inches. The small amount of bitumen 
withheld from the lower 2 inches could have been placed 
in the top half to enrich it and delay weathering. In 
addition to improving the method of construction this 
procedure would have limited probable movement to 
the upper 2 inches and might have decreased the 
cracking caused by such movement. The specifications, 
however, did not provide for the alternate use of such 
procedure. 

In contrast to the necessarily incomplete specifications 
that governed the construction of the experimental 
road, present-day construction of bituminous-sand 
surface courses is more definitely described by current 
specifications. 

The equipment that is to be used must meet the 
approval of the engineer and be satisfactory for the 
purpose to be served. The composition of the mixture 
is specified definitely and the exact bitumen content 
to be used within those limits is set by the laboratory 
and based upon a study of the materials to be used. 

Alternate methods of mixing are permitted, including 
blade mixing and travel-plant mixing. 

The condition of the mixture immediately prior to 
spreading for compaction is also controlled by limiting 
the moisture content and by requiring that it shall have 
a specified stability. 

The results being obtained by the procedure followed 
in Nebraska are very satisfactory and illustrate what 
can be accomplished by laboratory research and field 
application of the results of such research. Neither 
field studies nor laboratory research alone would have 
made possible the definite results being obtained at the 
present time. And in this respect the experimental 
road herein described was of considerable value not 
only because of the direct information it developed but 
also because it definitely exposed many of the problems 
that required a solution before a successful and economi- 
cal plan could be developed for bituminous construction 
with sandy soils. 

It is of additional interest to note that the information 
developed by this experiment was gained at a net saving 
in maintenance rather than at a somewhat increased 
cost which may frequently result and which is normally 
justified in experimental construction. The data given 
in table 6 show that the surface maintenance of the 
experimental road cost $92 per mile annually, which is 
in marked contrast to the $186 per mile annual cost of 
the sand-gravel surfaced road adjacent to it. This isa 
definite saving in addition to such intangible benefits 
as conserving material and providing a superior day- 
to-day riding surface. 
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EFFECT OF CARBON BLACK ON THE 
STRENGTH OF MORTAR 

BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION 

Reported by D. O. WOOLF, Materials Engineer 

O IMPROVE the appearance of concrete pave- 
ment and to reduce the glare from the road due to 
bright sunshine, a small amount of black colloidal 

pigment may be added to 
the concrete. In suitable 
amounts this pigment gives 
a deep black color to the 
concrete. 

On different paving proj- 
ects, amounts of pigment 
varying from 1 to 3 pounds 
per sack of cement have 
been used, with the larger 
amount the more com- 
mon. Inarecentspecifica- 
tion for concrete pavement 
the following requirements 
for carbon black appear: 

Emulsified carbon black 
shall be a uniform colloidal 
dispersion of standard carbon 
gas black in a liquid medium. At least 25 percent by weight 
of the commercial product shall be carbon black. The product 
shall be free from lampblack, mineral black, silicas, asbestine, 
tale, bone black, or other fillers. Emulsified carbon black shall 
contain no substance which can adversely affect the strength, 
durability, or appearance of concretes or mortars when used in 
the concentration specified. 

Emulsified carbon black shall be so finely processed and 
dispersed that when one part of the product is stirred into 10 
parts of tap water, the resulting liquid shall, upon standing 
without agitation for 72 hours, remain uniformly colored from 
top to bottom. 

Carbon black is described ! as a fluffy, black pigment 
produced by burning natural gas in a supply of air in- 
sufficient for complete combustion and collecting the 
liberated carbon on a metal surface by actual contact 
of the flame on the surface. Carbon black, also called 
channel black or gas black, is entirely different in phys- 
ical characteristics from lampblack. The latter is gray 
in contrast to the deep black of carbon black. Lamp- 
black usually is prepared by burning byproducts from 
the distillation of coal, petroleum, tar, and vegetable 
oils and, as it is somewhat soluble in ether, its presence 
in pigment can be determined. Mineral black is pre- 
pared by grinding and heating slate, shale, coal, or 
similar materials. Bone black is produced by calcining 
animal bones. Both mineral black and bone black con- 
tain mineral impurities that may be detected by the 
ash left after ignition. 

Acceptance tests of carbon black usually include a 
mortar strength test to determine if the material has 
any deleterious effect on the strength. In this test the 
strength of mortar containing carbon black in the amount 
specified for the project is compared with the strength 
of an uncolored mortar made with the same cement and 
sand, and mixed with the same amount of water. 
Carbon black is added to the mixture in the form of an 
emulsion. The water in the carbon black emulsion 
is usually considered to be 75 percent by weight of the 
emulsion and the mixing water used is corrected accord- 

1 The Condensed Chemical Dictionary, Second Edition, 1930. The Chemical 
Catalog Co. Inc., New York, N. Y. 

of the mortar. 

A small amount of black colloidal pigment may be 
added to portland cement concrete to improve its 
appearance and to reduce glare. 
pigment generally used. 

To determine the effect of carbon black on the 
strength of concrete at ages up to 1 year, a series of 
tests including both tension briquets and 2-inch cubes 
for compressive strength tests was made. 

The results of these tests indicated that to an age of 
1 year, none of the samples of emulsified carbon black 
tested caused any important reduction in the strength 

The tensile strength test appears to be 
preferable for use in determining the quality of samples 
of carbon black, and a strength ratio of 90 percent 
appears to be a suitable minimum value in such tests. 

ingly. Tests are usually made at ages of 7 and 28 days. 
To determine the effect of carbon black on the strength 

at greater ages, a series of tests including both tension 
briquets and 2-inch cubes 
for compressive strength 
tests was made. Four 
samples of carbon black 
representing the product 
of three manufacturers 
were obtained for these 
tests. The colored mor- 
tars contained 3 pounds 
of carbon black per sack 
of cement, and correction 
was made in the amount 
of mixing water for the 
water contained in the 
emulsion. The _ tensile 
strength specimens were 
made using a 1:3 mix 
with standard Ottawa 

sand and the usual stiff consistency employed in cement 
testing. The compressive strength specimens were 
made using a 1: 3.2 mix with Ottawa sand having a 
fineness modulus of 2.40; and a water-cement ratio of 
0.6 by weight was used. This produced a mortar with 
a plastic to slightly wet consistency. Both types of 
test. specimens were prepared on each of 3 days for 
testing at ages of 28, 60, 90, and 365 days. After re- 
moval from the molds at an age of 24 hours, all speci- 
mens were cured in running water until tested. 

The results of these tests are given in table 1. Each 
value for the three rounds is the average for at least 
three specimens. Average values for the three rounds 
are plotted in figure 1. 

In the compression tests the strength showed a 
marked increase from 28 to 60 days, followed by a steady 
decrease. The strengths at an age of 1 year were greater, 
however, than those at the initial test of 28 days. 
Some of the tension specimens showed a slight increase 
in strength from an age of 28 days to ages of 60 or 90 
days but, in general, there was little change in strength 
during that period. At an age of 1 year the tensile 
strength was slightly less than that at 28 days. Some 
of the reduction in strength noted for all specimens at 
an age of 1 year was probably due to solution of a por- 
tion of the cement by the running storage water. 

Carbon black is the 

TENSION TEST GAVE BEST INDICATION OF EFFECT OF CARBON 

BLACK ON STRENGTH 

At ages to and including 90 days the mortar contain- 
ing carbon black sample No. 1 had higher strengths, 
both tensile and compressive, than any of the other 
samples. At an age of 1 year the mortars containing 
samples 2 and 3 had tensile and compressive strengths 
equal to or higher than that for sample No. 1. Samples 
2 and 3, which were produced by the same manufac- 
turer, showed about the same strength with the excep- 
tion of the compressive strength at 28 days. Sample 

2A.8.T. M. Standard Method CO 77-39, section 13. 
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6,000 ———$—— 600 apo TABLE 2.—Compressive and tensile strength of mortars containing 
is ess carbon black expressed as a percentage of the strength of plain 
5 xz mortars, at various ages 
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== oS 
aed ES Strength ratio 
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Se 4 oo Age, days — —— Sim 
no Fe A 
Lene Be iy Compression Tension 
eS ae 
ass Kes = =o at a aa a ae 
Se & Percent Percent 

3000 1__ DR ert ES SR Ree eee ee aed eee Ee 115 101 
fe 60. Cement ce sare MS Age ek Ae ed 113 99 
feo 2. 90 okie ie ee eee Cnt Pee Onn 113 97 
25 ae 365 Bias ca coe te RE oc be an Ae 118 94 
& | a 
He co 

we 100 S & 100 
ae wb adversely affect the strength of the mortar or concrete). 
iw Bz The word “adversely” might be taken to mean that 
a. tJ . . . . 

S 80 eae ee there must be no reduction in strength. However, it is 
= SL ey aires ae cans customary to recognize some tolerance due to unavoid- 

OWITHOUT CARBON BLACK +SAMPLE| ASAMPLE2 oSAMPLE3 x SAMPLE 4 able errors in laboratory technique as a result of which 
Figure 1.—StrrenetH or Mortar Conraininc 3 PERCENT 

CarBon Brack AND Ratio oF AVERAGE STRENGTH OF 
CotorEp Mortars To STRENGTH OF PLAIN Mortar. 

No. 4”gave the lowest strengths at some ages, and 
strengths about the average for the remainder of the 
testing periods. In general there is little choice with 
respect to tensile or compressive strengths between 
mortars containing the four samples of carbon black. 

The ratio between the average compressive strength 
of the mortars containing carbon black and that of the 
plain mortar showed little change with increase in age. 
That for tensile strength showed a slight decrease with 
increase in age. The values of the ratio for compression 
and tension are given in table 2. Of the two methods 
of test it is believed that the tension test is the more 
critical, and that it may furnish a more nearly correct 
indication of the effect of carbon black on strength. 

No method has yet been established to use in inter- 
preting the requirement quoted above (that the emulsi- 
fied carbon black shall contain no substance which can 

presumably identical sets of specimens may show some- 
what different test results. Reference to the literature 
shows that sand tested under A. A. S. H. O. Standard 
Method T71-38 is usually required to have a strength 
ratio of at least 90 percent. A strength ratio of 90 
percent is also required for water proposed for use in 
concrete when tested under A. A. S. H. O. Standard 
Method T35-35. With these two specifications as ex- 
amples, the use of the same strength ratio with the ten- 
sile strength test might be considered suitable for the 
acceptance of samples of carbon black proposed for use 
in concrete. All of the samples tested in this investi- 
gation meet this suggested requirement at all ages. 

The results of these tests indicate that to an age of 
1 year, none of the samples of emulsified carbon black 
included in this investigation caused any important re- 
duction in the strength of mortar. The tensile strength 
test appears to be preferable for use in determining the 
quality of samples of carbon black, and a strength ratio 
of 90 percent appears to be a suitable minimum value 
in such tests. 

TasLE 1.— Effect of carbon black on strength of mortar 

Compressive strength 
Carbon black sample 

number Round 
28 days 60 days 

Lb. per sq. in. | Lb. per sq. in. 
: A ee te 4, 050 4, 675 
Pie os 1 te Vere 3, 960 4, 760 

None-_--___-.------------- SRR: Sk 2 ST yell 4) 245 5, 090 
AVOTACOSS eos ose eee 4, 085 4, 840 
| ee a ee ST 4, 900 5, 390 

1 25 ee ee ee, ae 5, 060 5, 925 
BSE SESS eS Se Por Seat pees yo 4, 910 5, 720 

IVOL EEO 2a eeese eee ee eee 4,955 5, 680 
[ERIE AEA BOOT Gt Sita ENE 4, 520 5, 380 

2 ee ee ee 4, 680 5, 250 
Spgs Socio regs a Se Bp ene A Rape eee ee 2 ae a 5, 060 5, 635 

SAVOY AGO: sere ees Seema: See 4, 755 5, 420 
eee hem: Caer ae 4, 105 5, 155 

Pe 2 EI Se Bw Sk 4, 660 5, 460 
GPS ah ee iat eh GS 1 DOERR ska Se Ser 4, 140 5, 360 

Average_-__- 4, 300 5, 325 
oP eee: 4, 525 5, 220 

4 Laat RL ee 4, 980 5, 395 
Sige Sent SBS Ss pie eee 4, 835 5, 720 

Average______- ae 4, 780 5, 445 
All blacksSvee ss nee WAV Ol AL OL eee oe eee © 4, 700 5, 470 

1 Specimens broken at 90 days. 

Tensile strength 

90 days 1 year 28 days 60 days 90 days 1 year 

Lb. per sq.in.| Lb. per sq.in.| Lb. per sq.in.| Lb. per sg.in.| Lb. per sq.in.| Lb. per sq.in. 
460 485 480 4 , 650 (1) 35 

4,395 3, 830 435 500 480 455 
5, 135 4,740 470 440 490 460 
4,730 4, 285 455 475 485 450 
5, 280 1 465 455 510 420 
5,475 4, 845 490 500 500 415 
5, 730 5, 190 465 495 470 445 
5, 495 5,020 475 485 495 425 
5, 470 () 485 470 460 435 
5, 270 4, 805 455 470 475 430 
5, 290 5, 435 460 465 465 400 
5, 345 5, 120 465 470 465 420 
5, 440 (1) 455 465 450 430 
5, 210 5, 175 470 465 475 430 
5, 260 5, 270 455 435 420 410 
5, 305 5, 220 460 455 450 425 
5, 255 () 425 445 455 435 
5, 165 4, 855 460 475 480 435 
5, 450 4,945 445 505 465 415 
5, 290 4, 900 445 475 465 430 
5, 360 5, 065 460 470 470 425 



December 1941 

TWENTIETH ANNIVERSARY OF FEDERAL 
HIGHWAY ACT 

November 9, 1941, marked the twentieth anniversary 
of passage Of the Federal Highway Act. During these 
20 years the Federal-aid highway system created by the 
act has been steadily improved to serve a rapidly in- 
creasing volume of motor-vehicle traffic. 

Pictures on the cover page vividly illustrate the evolu- 
tion of a Federal-aid highway in Rhode Island. The 
top picture shows Nooseneck Hill Road in 1912, 4 years 
before Federal highway aid was initiated. (In 1912 
there were 9 thousand registered motor vehicles in 
Rhode Island, 1 million in the entire country.) 

PUBLIC ROADS 233 

The middle picture shows the same section of road in 
1923, after it had been improved as a Federal-aid project 
by the construction of two 9-foot lanes of concrete. (In 
1923 there were 76 thousand registered motor vehicles in 
Rhode Island, 15 million in the entire country.) 

The bottom picture shows Nooseneck Hill Road in 
1941, after it had been widened to four lanes and resur- 
faced as a Federal-aid project. The new surface con- 
sists of 25 feet of bituminous macadam flanked by 
11-foot lanes of concrete and 10-foot bituminous shoul- 
ders. (In 1940 there were 190 thousand registered 
motor-vehicles in Rhode Island, 32 million in the entire 
country.) 



PUBLIG:ROADS Vol. 22, No. 10 234 

36
6°
 

39
2°
39
 

Ot 

226° 

666 

*1 

306'L32 
T9L* o
k
 *
2
 gle*ss0't 

6r
2*
 

66
s 

*£
¢ 

gye's2o't 

l
e
s
*
s
e
l
*
2
 

HG
L*
LL
e*
t 

q8e199e1 1 T°6GL°T 

992° 
Tz0"< 

6¢3'1L2eS 

O2T* 
69% 

6rl*TL0%¢ 

Q° Zo 

366' 

e262 

26
5°

 
35
9*
%e
l 9
7
2
6
0
6
"
 

29
9°
SS
S 

01
9'
6S
3 

906
" 

9
¢
 

G
3
o
'
¢
s
e
t
e
 

€
H
S
*
C
O
l
T
 

OU
T 

1s
t 

T9
8*
9S
S°
G 

93
0‘
 

Le
tt
e 

g* lene Oth s22*T T 

93t°323°¢ o002* 

stl 

gnt*2o*t 

355°136 

163° 6S2*T 

6 

60
T‘
 

49
3 

gl
e*
te
l$
 

003*Sz9$ 

9
6
T
 

ET
 

T
8
 

00
0*
32
6"
T 

Te
l*
Sl
t*
t 

O Q 

HOL* ToL $2 
6GT* TTL 

20° 693" 

22
9°
 

T2
9*

T bl
g*
ti
e*
? 

e
e
 

26
6"
 

3S
2°
T$
 

e220 oo 

ROT tthe *e 

foetal 

S1
3*
S2
eS
*e
t 

9S
3°

O8
h'

h 
o
O
 

LG
6*
tg
0*
2 

€4
3%
ee
k 

g6n'sG6"s 

e2e*g0b2 

SSSNiee 
“
S
H
I
 

t
h
 

cb
oe
*9
e0
 

13
n'
cl
e2
*o
t 
+2

0°
¢S

3 
9*
3S
6"
6 

1o
l2
e*
os
l*
 

co
t*
ee
et
e 

TO 100'T 249°82Z0'T 

S.LOa 

“fOUud GAWWVAD -OUd YOU ATAV 

“TIVAYV 

SANNA 

JO AONV TVS 

Pry [ezapeg 

NOILONULSNOO YOA CAAOCUddIV 

S
L
O
U
f
O
u
d
d
 

A
V
M
H
O
S
I
H
 

C
G
I
V
-
T
V
a
d
d
a
t
 

A
O
 

SO
A.

LV
.L

S 

P
R
O
 
C
A
A
S
 

+13°Otl*e 
BSr* 

HOS *2 

GG
4°
1S
S%
2 

th
e’
 

3l
3*

s 

Le
S*
 

bo
T*

T 
OT
S*
31
S°
T 

OLS
* 
T
H
I
 

S
$
 

Gs
o*
Le
s*
a¢
 

PIV [e29p9a ee 

NOILONULSNOO UFadNnn 

vo uN 
* 
WN 
aM 

. 
at 
i 

PAO OF O F- OW MO 
. 

Hh Oat 
AO 

363°606*/ TT 

TOUOLT 803*OnT 

thL* sth 

oory 
Oyleng 
T
e
w
 

BiquINnjoD 
Jo PLYsiqd 

TlH 1H T 

Aigo 

ge 

096‘631°T 

Burms04 A
 

UISUOOST AA 
BIUIDALA 

S
O
M
A
 

S
I
°
S
h
l
 

66
9°
Ge
l*
T 

g2
6°
S9
S 

UO W
U
T
Y
S
S
 AA
 BIUTS 
ILA 

q
u
o
u
L
a
 A
 

OO
L*
9S
B 

T2
S*
9r
n6
°9
 

q
i
n
 

s
B
x
o
]
 

aassouua 

ge3‘olo*t 
6
8
°
9
8
 

asia 

9G
e'
ss
n'
e 

ce
O%
e 

Lye* 463 
Tlo*Sb6T*T 

O00* 

TOS 

*F 

go¢*all*t QTT*9EL*T 

BOXBC 
WINES 

BUI[OIBD 
YINOS 

puvjs] epoyy 

B
r
u
w
a
]
A
s
u
u
e
g
 

u
0
s
2
1
0
 

B
M
I
O
Y
B
L
y
O
 

hes TOt*Sel tT 

Ts¢*lo2e*t 
3 

OO 

gln* 

oss 

Lg2*Hlt*t #63°9GL'T 

262*239 

peices 20% LhT*¢ TOT Ltth*2Z 

orgO 

BwOyBC 

YON 

BUI[OIBD 

ION 

OGO 9 

Get*eH6 +LS*snt*2 

yAOK MINT 

OOrxoy, 

MONT 

Aasiag¢ 

MAN 

ioc 362°020"2 

£GG*TLE*T 

aarysdurepyy 
M
O
N
T
 

B
P
B
A
O
N
T
 

BYSBIGON, 

TLO"ESe*T 
BSn*SLE*T tho 

*ESL°T 

TL
9*

T3
T%

e 
Ga
S*
f0
0'
h 

B3
0'
h2
S*
¢ 

BuEyUOy] 
LINOsstTAL 

1ddtsstsstVq 

OIh*Les"t 
| Jeg*2ge*¢ 
TOS*SIT*T bh OOH T 299° H2S"T 

T
o
b
 

@
)
 

68
0°
96
2°
T 

OI
r'
 

61
6%
2 

G9
e*
 

Te
k*

T 
02
0*
 

19
S 

G
L
O
*
2
0
9
*
 

T
$
 

PIV 
[Tez9pet 

T
i
L
k
9
9
o
 G0S*26S'9 

TeS*9nk*e (yeep 

1S2*Sle 

3 

Let 

T62%e 

q92°lly*s To
n 

la
l 
l3
S*
ee
e*
<$
 

38
02
 

[8
30
.1
 

po
ye
mn
sy
 

U
V
A
A
 
T
V
O
S
I
d
 
L
N
A
W
A
N
S
 
O
N
T
N
d
 
d
a
A
L
a
T
d
W
o
o
 

V
6
}
 
O
€
 
A
H
A
N
A
A
O
N
 

H
O
 
S
V
 

BO
SA

UU
TI

AL
 

we
st

qo
rA

 
sy

le
sn

yo
us

sn
yy

 

p
u
s
 
A
r
e
y
)
 

SUTeyAL 
BUBISINO'T 

A
y
o
n
j
u
s
y
 

sususy BAO] 

BuBIpul 

srouttil oqepl 

BIB1I03H) BpHoLy SIBABIIC ynoQoauU0Z Opel0joD 

U.S. GOVERNMENT PRINTING OFFICE: 1941 



22
k"

 
10

0%
 

HI
 

6S
2e
*0
23
"S
 

6g
f*
6l
9*
OT
 

Le
s*

 
s
a
i
l
 

St
 

B
e
 

e
v
r
a
 

61
0°
 

6£
2*

 
6T

 

I
s
 

29
S*

 
6r
2 

O2
T*

gl
 

6l
2°

T 
a
a
a
h
 

6°
 

t2
6*
6¢
 

e
s
e
 

ri
 

7 
C
H
E
 

6
2
6
°
 

O
e
 

One 
T
T
S
 

3°
3T
 

OS
2*

SS
T 

n
e
g
 

t 
G3
3 

62
1 

fe
 

oo
r 

*L
¢ 

ai
r 

*9
l 

N
e
 

€H
l*
9S
l 

el
r'
so
l*
t 

o*
st
 

T2
c*
l6
¢ 

Le
9*

¢b
l 

0S
2*
 

0
0
 

9°
91
 

3
 

30
0°
 

19
2 

€3
3°
31
S 

9°
6 

G2
9'

SO
T 

0S
2e
*T
t2
 

a
e
e
t
a
!
 

: 
r 

BH
T 

H
I
S
 

H
S
S
 

3 
5 

GO
T'
SO
T 

$9
0*

T0
e 

; 
0
S
3
*
 

2S¢
 

S*
t 

G2
S*

 
62

 
06

0°
 

66
 

1K
 

Qn
2*
TL
T 

go
b‘
 

Hl
¢ 

(a
E 

S3
n*
SS
T 

¢*
 

OE
 

BI
UT

BI
TA

 
6&
o0
'¢
 

Ur
 

lS
e*

¢e
 

HI
S 

9h
 

3
°
 

61
2°
 

6S
 

0
2
 

* 
O8
T 

Sa
l 

60
T*

3T
 

Th
e'

ge
 

br
eg

te
r 

tt
 

O
t
)
 

(
|
 

w
o
e
s
 

eG
e"

25
 

6
2
 

“G
BR

 
GR
 

BL
S 

Hs
 

O
1
T
 

|
 

On
e*
Ee
T 

LE
!f
*g
nt
*t
 

g°
ee
 

00
0*

bL
T 

00
0*
 

69
£ 

e
c
o
 

BI
T*

9S
h 

T
r
e
 

*
 

60
0*

T 
T
r
l
 

Tr
e*

 
le

e 
ol

2*
nO

n 
eG

 
£9

n'
S6

 
92

6"
 

06
1 

G*
3n
 

|
 

09
6 

*S
TL

 
o2

L*
 

Oc
a 

t 
6°
0t
 

61
3°
S9
I 

D
E
S
 

‘O
bH

 
S*

HI
T 

00
9*
LH
O"
T 

OL
R 

E
A
T
 

T 
; 

ce
ot

t 
F
a
e
y
r
 

o*
St
 

90
0"
 

st
 

W
O
R
E
 

Wn
og

 
Le
9*
S9
T 

2°
ot

 
te

e*
hT

2 
006

* 
6
¢
S
 

6°
hh

 
a
i
t
 

*O
lT
 

BU
TO

IB
D 

IN
OS

 
02
2e
*9
S 

L6
nt

l 
Ho
n 

TT
 

g°
2 

0S
* 

TI
T 

te
sa

 
a 0
 

e
a
e
 

Hs 
3
5
k
 

H
O
L
S
 

O
L
 

B
3
G
*
t
L
 

O 
O
L
T
*
 

c
r
s
 

98
H"
 

9
0
L
*
T
 

1
3
S
 

0
0
h
 

wr
uB
a|
 

As
uu
eg
 

n9
0°
ST
L 

oc
1 

00
0*
3T
 

23
r*

 
Of

 
S*
32
 

He
c*
 

L
t
 

T1
9*
 

6S
h 

B°
Th
 

He
k*

 
er
e 

Sa
or

en
ie

: 
Or

S*
¢e

l 
1°
°9
 

Te
g*
l 

nn
 

98
l*

lr
Z 

t°
3 

GI
S 

*6
¢ 

en
s 

* hl
 

2°
oT
 

Ha
e'

LL
t 

< 
18

2 
°S
08
 

I
h
 

|
 

O8
0°
ES
 

a
 

‘S
OT
 

t
c
 

og
e*
 

es
t 

O
r
 

e
n
u
e
 

C
O
R
 

o
r
l
 

ol
s 

o
m
o
 

T0
6'
S3
r 

[o
re

 
09
3*
¢6
l 

0S
0*

 
30
8 

%¢
 

Hi
nt
? 

t
e
 

35
5°

 
92
 

wo
xe
d 

Y
O
N
 

g2
e'

9S
e 

0°
s 

00
0*

02
 

02
8"
 

69
 

O°
 

Sh
 

Ae
 

HS
E 

LLS
* 

34
9 

2°
¢e
2 

|
 

Of
T*

er
t 

Ke
ng

 
l
a
d
e
 

Od
 

am
t 

00
6"
 

6
6
2
 

F
E
T
 

yy 
O
L
S
 

*
 

T
t
 

0
5
5
°
 

6
6
h
 

ev
ui
ve
 

HT
6*

 
e
S
 

B
o
e
 

6 
+ 

O° 
TLS 

Y
O
K
 

MO
N 

T
n
z
i
é
 

2°
02
 

29
9*
¢e
e 

g1
0°
1S
¢ 

9°
 

et
 

gl
L*

6S
e 

o
e
 

e
e
 

r
e
 

Ge
e 

*e
GE

 
3°

T 
| 

SS
n*
th
 

o1
e*
23
 

T°
9T
 

01
9*
 

to
f 

22
h'
 

39
6 

6°
 

06
S"
 

1S
T 

o9
2*

fo
0 

So
me
s 

o
l
s
"
 

t
6
 

o
a
 

H
e
e
 

G
6
 

Te
t 

*t
te

 
U
h
 

O
E
R
 

S
L
 

t
 

aa
ry
sd
ur
ey
y 

Ma
ny

 
B
E
T
’
 

S*
h 

06
2*

6L
 

36
3°
36
 

6°
OT
 

e1
0'
O2
eT
 

€£
S*

O9
T 

g°
Ll
t 

96
r°

SE
T 

G1
3*
9S
T 

wo
ee

eN
 

Tl
9*

 
0c

 
o°
l¢
 

BL
S*

Lh
 

|
 

1S
1°

S6
 

9°
29
 

66
6°

 
28
2 

g9
12

*2
6S

 
L°
¢z
 

22
2‘

 
gi
t 

HI
E 

*1
¢2

% 
v 

pa
ri

s:
 

Ol
e 

1y
S 

Z
I
T
 

| 
G
T
 

Of
 

Te 
il

al
eO

.s
s 

TE
AS
E 

AL
E 

LE
T 

C
O
I
 

Th
e 

OC
H 

BU
BU
OL
AL
 

$6
0'
9S
S 

S*
 

2h
 

g
l
o
 

OS
T 

ge
o 

ll
e 

a
l
s
 

L1
¢0
*¢
6¢
 

et
2*

12
3 

3°
 

OT
E 

ap
p 

so
so
sd
) 

61
9‘
 

32
 

T
S
 

00
2*
 

T
e
 

00
6'
02
0'
T 

O°
 

ch
 

bh
o 

* 
O
L
 

19
3°

96
3 

+6
0°
10
9 

p
p
s
 

On
 

f
e
t
 

3
°
 

b
E
 

a
e
:
 

Of
L*
BT
h 

o
r
e
 

OS
L*

61
9 

Ge
s"

eG
e 

Tt
 

39
6*
02
eT
*T
 

mo
sa

uu
ry

yl
 

T'
ST

T 
o°
¢e
 

Gg
 

* 
ol
l‘
og
g 

a°
l¢

 
0
6
°
 

36
h 

09
3°

L6
6 

B9
T*
EH
9 

p
a
d
d
e
d
 

te
la
! 

EL
E 

* 
19
k 

T°
OT
 

TL
E 

* 
He

e 
30

9'
hL

9 
63
Ll
*6
LT
 

gT
T*

 
c
e
 

[ 
q 

; 
pu

n 
Ar
ey
 

To
n'

6 
n°
 

nI
l*

2 
0S

3°
91

 
62
S 

‘S
T 

36
0'

Ll
e 

oo
l*

s¢
 

o
n
 

gO
T*

 
En
t 

S*
Te
 

T9
L*

3S
1 

29
£ 

* 
63

2 
og

o*
l 

O9
T*
 

hI
 

sr
e'
ss
s 

er
as

 
“G
Er
*o
rt
. 

| 
H
o
T
 

O
0
3
 

HR
T 

B1
9 

cs
s 

o
s
s
 

19
S*

2S
¢ 

e
a
e
 

o
T
 

A 
o
s
e
 

s
i
t
e
t
 

HO
S"

 
6
6
S
 

=
 

Ay
on

qu
ay

 
Bi
B"
 

Co
S 

Le
le
 

Lo
t'

3S
e 

NO
L 

9
S
 

9°
 

¢9
l*
2l
o'
t 

T*
T2

o%
e 

e
e
 

r
e
y
 

e
e
e
 

L3
¢*

 
an
t 

h
i
n
a
 

p
 

9n
9'

 
HS
T 

g°
¢l
 

|
 

9¢
3"
HO
2 

8G
2°
9C
h 

3 
3S
e°
Co
l 

25
2"

 
hB

e 
*H
2T
 

26
2"

 
|
 

6L
2*
30
S 

I 
82

3 
*
b
b
S
 

qT
 

6 
e
e
n
 

6 
O
S
H
 

LE
T 

wu
ui
pu
l 

€1
S*

et
e 

L°
lt
 

| 
00

9*
hL

 
00

1 
*S
ST
 

0°
39

 
of
s*
<r
g 

09
9'

L3
2*

T 
e°
st
 

G
+
2
e
h
 

21
0°
ES
3 

sr
ou

rt
tl

 
ol
9*
 

Lt
t 

T°
OT
 

TT
6*
06
 

21
96

81
 

TH
T 

la
¢*
sl
 

03
9°
 

L2
T 

9°
ST
t 

fo
ne
 

GE
T 

96
14

2 
pes

t: 
TO
O"
 

S3
9 

75
 

[
 

93
0°

TS
E 

E
L
T
 

9
G
 

5 
39

°9
9 

9°
0S
 

60
2°
5 

OT
R 

ch
 

wi
Bi

09
5 

€3
*e

t2
 

T
e
 

64
3 

* 2
9
 

36
L*

yt
l 

is
k 

T9
£ 

"S
22

 
Z2

l*
oS

r 
S
P
H
O
L
 

€t
*O

9T
 

6°
¢ 

LI
gt
l¢
 

¢1
3*
20
1 

€*
2T

 
2e
t*
Se
t 

CH
O 

nL
le

 
49

2°
ST

 
66
6°
 

TE
 

e
a
r
n
 

8n
9°

9L
 

& 
ke
 

; 
3h
 

=
 

Tt
 

-
 

e
e
 

1
 

A
E
S
 

S
R
S
A
 

" yr
og

oo
uu

0D
 

39
% 

* 
br

e 
ba

p 
go
S*
e2
 

20
9 

*h
 

tn
e 

gt
el
 

*6
2T

 
°0
2 

HET
 

tZ
 

20
0*

0S
T 

CE
SN

CI
UE

Y 
96
2°
 

10
K 

6°
TL

 
a
L
 

‘o
ol
 

OS
*O

LT
*T

 
O*

hT
 

On
e 

"O
SE
 

06
6*

 
23

6 
H
S
 

9
5
5
1
9
 

|
 

in
l 

h
o
 

|
 

9s
" 

ost
 

Te
 

OS
T 

B
9
6
°
T
O
L
 

9%
et
 

HH
S"

 
e0
e 

68
0°
 

80
h 

su
su
ny
ay
 

11
S‘

 
3°
9 

B1
n'
 

oS
 

Te
l*
ge
t 

90
0'

SO
T 

2S
S*

 
kT

 
o
c
c
 

20
2'
83
 

Cr
e 

* Te
t 

wu
oz

ir
y 

H1
O*
 

Sn
es

 
1°

9 
Og
e*
 

T2
1$

 
66
2*
SS
e¢
 

6°
1S

 
On

E 
*9
0S
$ 

2S
¢*

13
6$

 
3°
S¢
 

39
6 

*2
en
$ 

G0
0'

 
sh
3$
 

s
a
b
e
 

N/
 

“f
O%

d 
C
A
R
V
E
S
 

o
u
 

| 
Pr
y 

re
z9
pe
g 

P
a
e
s
 

so
ln
 

Pr
y 

Te
x9
po
g 

=
n
 

Pr
y 

Tm
z9
pe
a 

Pe
ap

eo
ni

en
 

“
O
U
d
 

U
O
d
 

A
T
A
V
 

l
 

~“
TI

VA
YV

 
S
A
N
N
A
 

J
O
 

A
O
N
V
 

I
V
a
 

N
O
L
L
O
N
U
L
S
N
O
O
 

Y
O
A
 

G
A
A
O
U
d
d
V
 

N
O
I
L
L
O
N
U
L
S
N
O
O
 

Y
A
G
N
N
n
 

U
V
A
I
A
 

T
V
O
S
I
A
 

L
N
A
W
A
N
D
 

O
N
M
N
G
 

G
a
A
L
A
T
d
W
O
o
o
 

17
6}
 

O
F
 

Y
W
H
A
W
A
A
O
N
 

HA
O 

S
V
 

S
L
O
U
f
O
u
U
d
 

G
V
O
U
A
 

W
A
C
A
A
T
 

A
O
 

A
U
V
A
G
N
O
O
A
S
 

C
I
V
-
T
V
A
A
d
A
A
 

A
O
 

SN
.L

V.
LS

 



S
H
S
 

TH
e 

* 62
 

Ze
n 

|
 

te
 

|
 

9S
 

6l
t*
Ol
3s
*o
 

G0
2*

0S
e"

 
TT
 

B2
T 

F
o
9
 

|
 

o
v
e
 

|
 

a
 

£3
t*

 
se
 

£
S
*
 

66
3"

 
6E
 

09
2 

o
c
 

f
a
e
 

| 6
 

u
y
 

€1
 

99
S°

93
8S

*¢
T 

ST
V.

LO
L 

SO
L 

ss
 

O
b
S
*
b
 

6
6
°
 

O
S
T
 

b.
 

Of
r 

O
2
9
 

O
Z
 

0c
9 

x0 
o
o
p
y
 

Op
ta

ng
 

306
" 

08 
2 

|
 

Sc
ge

et
z 

ol
t*

yt
2 

2 
|
 

go
st

at
r 

nl
S*

26
u 

wiau
myen

 
70

 
Be
ss
a 

G3
°G
 

w
e
e
 

l
e
 

€T
e'
 

be
 

e
t
s
 

29
n'

T 
ce

tt
e 

c6
1t
2 

S
O
N
 

het 
gt

rs
 

9k
e"
G 

it
 

q 
S
e
e
r
]
 

g 
OS

T 
lL
 

TS
T 

1
1
h
 

Bu
yu

ro
s 

A
 

Ge
et

os
i'

t 
G
e
 

bh
 

OR
T 

bh
 

Cl
ai
m 

nty
 

GS
T 

‘S
eg

 
19
3°
9e
2 

61
 

T 
24

0°
 

HS
T 

of
e 

*2
gT

 
ci
se
 

ga
nd

a 
S9

3‘
 

OT
S 

of
l*
3 

of
l‘
 

oi 
alig

e 
23

6°
 

23
6°

 
4S

 
9 

¢ 
On
g*
 

The
 

o9
2*
 

Lh
e 

UI
OT
EA
. 

38
2.

 
AA
 

61
6 

6T
b"

 
T 

T 
05

9 
0&
9 

T 
T 

qh
 

E
t
h
 

"S
S 

wo
ys
uT
Ys
E 

AA
 

Gr
2*

2e
Ls

 
T 

TH
S*

 
ot
 

TH
S 

eh
 

A
S
 

HS)
 

ST
S‘

 
3S

) 
Gl
y 

sl
l 

2 
26
22
6 

26
2*
 

26
 

SI
UE
BI
EA
 

g9
2°
9 

2 
06
0'
 

£6
2 

69
8°

 
Ze

e 
11

9*
3T

 
€3

9°
8T

 
: 

a 
oh 

eel
s 

G2
0°
69
 

20
°6
9 

TT
 

T 
He

r 
HZ
 

te
n 

t
l
 

qT
 

Z| 
a
 

GG
3"
 

hh
 

w
a
 

33
0°

98
2°

T 
T 

€*
GO
T 

Oh
h 

SO
T 

Oc
me

mt
eS

ig
2 

Su
r 

G2
9"

tG
3"

T 
8 

£1
9*
g0
L 

go
l*
Lt
L 

oo
ss
au
ue
 

y 
a
 

LL
L 

T 
1S

3°
¢9

T 
TG

s*
¢ 

8 
£9

0*
2s

T*
T 

€9
0*
2s
T*
T 

Con
 

at 
2S
t'
9T
e 

On
e 

$8
22
 

ae
 

00
2"
 

Th
 

00
2e
*T
h 

et
 

g*
t 

en
g 

6S
9 

9 
OT

 
TH

L 
S
O
L
 

EH
l*
 

GO
L 

Bj
0¥
Bq
 

YI
NE

g 
l
n
!
 

£6
9 

T 
99
2°
 

HS
T 

On
b*

l3
e 

S 
€ 

4S
 

gl
2e

*o
re

 
gl

g*
en

t 
et

 
2 

B1
9'

SL
T 

SH
B 

TZ
T 

wu
TI
OT
) 

WI
NE
S 

Te
n'

9L
t 

GG
9'

°¢
 

9°
¢ 

T 
Tr

e'
So

2 
Th
e 

'S
02
 

E
T
E
 

Do
n 

TS
E 

*
T
 

t 
Ge

t 
Ho
n 

TO
S 

"3
9h

 
02

 
61
6"
 

<4
B 

gk
 

ns
a"

t 
T 

48
0 

"0
68

 
21

9*
06

8 
pr

uw
aA

su
ua

g 
TO
T*
hT
2 

T 
gt
o"
 

LT
 

gg
l*
26
t 

T 
LE
T*
<T
 

LE
T*
<t
 

€ 
t 

GG
2*
Gc
¢ 

9£
S*

 
6T

H 
en
ee
zO
 

at
et

ec
t'

t 
¢ 

on
l 

th
e 

T6
l 

‘2
0 

G 
:
 

60
6'
6¢
3 

61
C'

¢ 
02
 

T 
33

0°
SH

T 
eo
8 

a
i
 

ce
e 

6°
53

 
a
 

OS
E 

99
H 

TL
6*
L2
 

iq
 

T 
09
S*
OT
3*
e 

el
t 

T6
g*

2 
e 

T 
iS

 
HO
T*
O6
8 

2e
0*
T 

or
o 

2
4
!
 

ot
e 

2 
O2
T*
<e
2 

p
e
a
s
e
 

g 
£
1
 

13
S 

03
0'
00
9 

tt
 

c
o
r
e
r
 

26
f*
L 

LT
 

p
o
r
 

eC
 

W
O
N
 

Lo
n‘
 

et
l 

¢ 
¢2
2'
92
¢ 

£2
2"

 
ge
t 

o
e
s
 

B
O
T
 

One 
93
6 

en
e 

Co
 

le
ne
e 

r
e
e
 

G2
9 

'9
¢ 

ay 
ae 

O
o
t
 

ic
h 

co
mm

a 
8e

*H
OH

 
Sn
9*
e0
S 

Tit
i 

Lum
en 

ln
ic

ew
Oc

Si
ve

 
9n
9*
L9
9%
2 

oT
 

f2
 

lc
 

sa
t 

ra
or
ec
 

l
t
 

yI
OX
 

MA
N 

Qh
T 

en
e 

T 
¢ 

39
0'

 
26
2 

£O
T*

 
G2
 

T 
S
r
y
 

en
e 

*3
9 

Va
ee

a 
hi
e 

TL
ES
 

LH
S 

T
e
a
c
 

elect
 

GS
 

*2
0¢

 
o
a
k
s
 

T
e
t
e
 

4
 

Q 
€4
l*
S6
6 

i
 

€ 
|
 

08
 

‘E
l 

a
e
 

or
i.

 
e
e
k
 

+ 
{9

n*
3 

gn
’ 

3 
T 

2 
TE
T*
ET
e 

9S
n*
6T
e 

¢ 
Ge
 

iL
 

9
°
 

TH
T 

aa
1y

sd
uB

E]
 

MO
N]
 

6°
36

 
6 

+t
h9
*9
2 

#t
h9

*9
2 

2 
|
 

8h
'9

S 
HB

h'
9S

 
2 

|
 

os
S*
6t
t 

c
s
 

6I
t 

_b
eB

se
N 

60
2"

 
60
T 

L 
a6
h'
92
 

B
e
 

€2
 

|
 

60
0*

08
T'

T 
60
0'
08
T'
T 

gt
 

|
 

1 
|
 

26
'1

ST
 

68
1S

T 
Bb 

0
0
9
"
 

Th
 

Ga
nt
t 

a
c
 

T 
TH
3'
S6
 

T
H
s
S
6
 

|
|
 

@ 
HO
O"
 

BE
T 

a
 

go
t 

vu
uj
uO
W 

66
3°
SL
O*
T 

2 
2 

925
‘ 

3
6
2
 

G
a
t
 

ef
t 

ro
 

9 
To
S*
19
r*
T 

Te
6*

22
6'

t 
2 

Z0
L*
Oe
T 

20
L*
02
T 

s
 

DR
ON

TI
N 

no
l 

t2
et

 
L 

i 
02
°2
6 

B0
2'
 

26
 

Oe 
|
 

LS 
ES 

60
t'

ST
s 

60
1*
ST
s 

Te
al
 

2 
GL
l2
* 

60
2 

Gl
2e

*6
02

 
a
i
 

OR
I 

AS
O 

ml
 

ic
 

HO
L*
2O
T 

p
o
n
i
e
s
 

t 
9 

|
 

LE
S*

EO
T'

T 
If

S*
£O

Tr
t 

T 
ean

 
lit

 
G
S
o
"
e
s
t
 

=—t
i“<

«é‘
L«#

OOL
E 

S
P
B
 

F 
wy

os
au

Ur
y 

Ge
l*

39
9 

Te
 

T 
42
6*
 

Le
t 

HT
 

aS
¢ 

A
E
S
 

ei
 

GO
S*

LE
T*

T 
Go
S*
1e
T*
t 

Le
ie
t 

21
S"

 
g6

E 
21

S 
‘
6
 

p
o
s
a
l
 

£0
6'
31
3 

i 
a 

©
 

he 
19
¢*
19
L 

Lo
g*
lo
l 

e
G
 

65
5°
CL
1 

P
e
t
e
 

I 
26

2°
 

ee
e 

2E
L 

8 2n
e 

S
e
 

T
T
S
 

*G
0e
 

T 
Go
r*
t6
 

Se
g"
 

ht
e 

t 
¢ 

“6
S1

°S
39

 
2*

98
9 

3 
@ 

@ 
t
h
 

OS
S 

*
 

Te
h 

7 
pu

p 
Ar
ey
y 

gl
S*

eS
t 

¢ 
03
9°
3 

03
9*

3 
eg
 

g2
0*

£9
¢ 

gg
0*
<9
t 

= 
e
i
!
 

3r
L‘
00
9 

¢ 
4 

|
 

2G
1 

ol
y 

6t
6"

LL
 

3 
_|
 

Sg
t*
¢6
s 

Gs
t*

6 
66
 

pa
ds
 

06
"S
t 

S
|
 

DR
AB
 

RA
S 

T2
6*

32
 

w
t
 

cae
 

icy
 

0
6
"
 

TH
s 

ob
 

TH
s 

T 
9 

£9
3"

 
88

9 
Ay

pr
qU

Ty
 

Te
*t
l3
 

€l
 

¢e
l*

€s
t 

£6
2e
* 

Le
e 

T 
3 

g9
¢*

el
g 

£3
9°
 

e
e
 

£ 
2 

TS
£°
9S
 

Se
su
sy
 

Of
 

*6
TT
 

49
 

00
8'

Sr
e2

 
63
" 

LH
e 

Ge
 

Wao 
ans

 
e
e
e
 

£4
6 

01
ST

 
h
e
 

Ate
 

Or
S*
OT
2 

ei
ne

 
S
p
e
e
 

i
 

i 
T 

98
e*

9c
e 

G
6
6
 

tk
e 

ae
 

fue
 

ie
 

g1
6*

0S
1 

on
t 

co
l 

3 
|
 

T 
To

o'
e1

T 
; 

Bu
BI
pU
y 

9
5
1
°
 

6+S'T
 

9oF
 

Tt 
T 

46
9"
 

HO
H 

rn
g 

* fe
r 

si
e 

ie 
OR
 

|
 

R
R
R
 

Tr
 

ce
 

le
cg
ii
ud
 

tl
 

TL
H*
 

OS
T 

Sr
ou

nI
TT

 
go
n 

09
2 

¢ 
21
29
 

Z1
2"

9 
t 

|r 
ai

e:
 

Lt
ée
 

G1
6'
S2
e 

2 
ae

6'
Lt

 
pi

d:
 

T
A
G
 

aS
 

la
 

1s
 

[
 

£8
" 

TS
B 

TS
T"
 

1S
3 

he
 

fv
 

9 
TH
9*
T9
0'
T 

TH
OT
 

T
O
O
T
 

i 
it

 
9 

HZ
0"

CO
H 

BI
10

95
 

G6
9'
06
S 

61
 

T2
o*

¢0
e 

23
0*
£0
2 

S 
8 

€6S
 

*b
el
 

EL
L 

te
l 

GT
 

Tl
o*

26
 

Bp
Ho
ld
 

39
 

nl
 

; 
e
k
e
 

TH
e 

HO
S 

#6
9'

26
9 

T 
GE

T*
h6

 
|
 

GE
T 

H6 
I 

os
s 

i
r
e
t
 

99
S 

*2
S¢

 
1 

On
l 

ee
e 

HL
E*
Tk
e 

T 
91

9*
09

 
et

l*
t9

 
|
 

Fa
 

S
t
H
 

yn
on

oa
uU

0D
 

Gr
o'

 
Lh

 
I 

BI
T"
 

ho
 

B1
1‘
 

no
 

9 
98
10
65
 

98
1"

 
06

S 
op

er
oj

o)
 

63
L*
 

12
41
 

36
0'

3T
 

26
0'
ST
 

[i
t 

3 
10
8"
 

6g
0'

T 
f
o
r
e
 

2 
2 

e
e
 

*G
Ih
 

ee
 

ae
s 

*b
0L
 

7 
t
o
b
*
 

T
t
 

Lo
e*
 

T
s
 

T 
5 

“6
S0
°S
TS
” 

O
T
l
T
S
 

T 
a
e
z
t
T
O
T
 

su
su
By
ry
 

86
9°

 
HO
T 

GG
e*
st
 

GS
e°

et
 

2 
T 

46
" 

00
£ 

60
¢ 

En
OZ

EL
VA

 
00

1 
*b

el
$ 

me 
|G
 

Go
e*
HS
t¢
 

Go
et

nS
ts

 
Ter 

EC
 

Mkg
 

ea
l 

“a
ne

s 
a
e
 

e
e
 

Cu
el

uc
 

96
s"
 

os
t 

ra
mo
s 

e
n
e
r
o
 

e
a
e
 

“2
80
9 

29| 
pa

ca
] 

R
C
I
 

|
 

S
L
O
a
r
o
u
d
 

=7
22
70
4,
 

“
u
n
g
 

p
o
r
e
s
 

s 
30
, 

“
B
a
g
.
 

p
o
w
e
r
s
 

s 
18

30
, 

T
y
e
e
 

“
B
a
n
g
.
 

a
o
e
 

2 

c
a
e
 

|Si
o|'

tea
’| 

ce
o 

|
 

MR
S 

|
 

Ra
ki
n 

Gi
t 

d
e
 

e
t
 

Mr
 

yie
ete

cen
) 

ed
e)
 

ag
a 

avi
s 

40
 

FO
NV

'I
VE

 
Wa
dI
Ww
aA
N 

w
a
g
W
a
N
 

wa
dW

aN
n 

N
O
I
L
O
N
U
L
S
N
O
O
 

Y
O
d
 

G
A
A
O
U
d
d
V
 

N
O
L
L
O
O
Q
U
L
S
N
O
O
 

Y
F
a
N
n
 

17
V¥

6}
 

O
€
 

H
A
H
A
W
A
A
O
N
 

AH
O 

S
V
 

U
V
A
A
 

T
v
O
s
i
d
 

L
N
A
W
A
N
D
 

O
N
A
N
 

d
a
L
a
T
d
w
o
o
 

S
L
O
U
L
O
d
d
 

O
N
I
S
S
O
A
)
 

A
G
V
A
S
 

G
I
V
-
T
V
A
A
G
A
A
 

A
O
 

SA
.L
V.
LS
 






