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Experience with Flexible Pavements in Maryland 
A L L A N L E E , R e s e a r c h Engineer 
Maryland State Roads Commiss ion 

T h i s report i s concerned principal ly with the h is tor ica l development of the 
design and construction of flexible pavements in Maryland and with the s t r u c 
tura l adequacy of pavements built according to the provisions of the method 
of design currently in use. 

T h i s method uti l izes C B R values of the subgrade so i l as a bas i s of deter
mining the thickness of subbase mater ia l necessary as an interfacial layer 
on the subgrade beneath either of two standard sections. One of the standard 
sections i s for traff ic of 2, 000 vehicles or more per day and consists of 10 
Inches of macadam base and 3^? inches of asphaltic concrete; the other i s 
for traff ic l e s s than 2,000 vehicles per day and consists of 8 Inches of mac 
adam base and 2 inches of asphaltic concrete. 

The serv ice behavior of the majority of pavements built m the state during 
the past s evera l y e a r s using the method has been satisfactory. 

D E S I G N 

• T H E design method followed in connection with flexible pavements In Maryland i s not 
unique, but rather has been developed by evolution and investigation of current r e s e a r c h . 
It makes use of the C B R test as a means of determining the overa l l thickness of pavement. 

In common with many states, Maryland built many mi les of flexible pavement during 
the early days of i ts State Roads Commiss ion. Due to the availability of suitable aggre
gate over a large portion of the state, these ear ly pavements were constructed of 5 Inches 
of waterbound macadam, highly crowned. T h i s of course was a section based on judg
ment, and one can hardly say that any rational design entered into the picture. They 
were good roads for their day, however, and pictures of ear ly macadam road building 
in Maryland have found their way Into highway texts and Publ ic Roads mura l s . 

With the increase in the intensity of traf f ic , and weight of motor trucks , it became 
apparent that a heavier section, and one whose surface was more resistant to abrasion 
and ravel l ing was needed. Again based on judgment, a section of 8 inches total thick
ness came into use. T h i s consisted of the same 5-inch layer of waterbound macadam, 
with a 3- inch layer of bituminous penetration macadam placed on top. The surface of 
the penetration macadam was double sealed. T h i s section came to be regarded as the 
standard for flexible-type construction, and was used until the late 1930's. During this 
period Maryland, along with many other states, began making detailed so i l investiga
tions and reports for each project. T h i s work was under the direction of the Mater ia l s 
Divis ion and i s r e f e r r e d to in more detail later in this paper. After the advent of the 
detailed sol i Investigations, the pract ice of placing selected granular subbase mater ia l 
beneath the standard section, where conditions indicated it necessary , was adopted. 

The World War n y e a r s , c losely following the period previously mentioned, brought 
pract ical ly a l l highway construction to a halt, part icular ly after the mi l i tary a c c e s s 
road program was completed. However, r e s e a r c h in flexible pavement design was 
greatly accelerated during this period. 

In common, with the engineers of most highway departments, Maryland used this 
s lack period to look into its pract ices in many f ie lds , and the f ie ld of f lexible pavement 
design and construction was rea l i zed to be one needing close attention. The work of the 
Corps of Engineers , the Bureau of Public Roads, the C i v i l Aeronautics Administration, 
the Bureau of Y a r d s and Docks, and others, was careful ly considered. It seemed r e a 
sonable to begin the bas ic study by an evaluation of some of the same fundamentals which 
most other states have considered. These fundamental elements are load, a r e a of con
tact, distribution, and bearing capacity of the subgrade. Review of the development 
l i terature in this f ie ld led us to consider the following assumptions: (1) e l l ipt ical con
tact areas of single and dual t i res ; (2) a 1:1 distribution of the load to the subgrade m a 
ter ia l ; (3) an equivalent uniform pres sure equal to half the maximum bearing capacity 

1 



CALIFORNIA BEARING RATIO (GBR) PER CENT(%) 

to 
l i j 
X 
o 

CO 
CO 
UJ 

o 
I 
I-
o 
UJ 
I-

o 
o 
_ J 

? 
o 
I-
o 
UJ 
QC 

o 
UJ 

0 

2 

4 

. 6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

3 2 

34 

36 

2 3 4 5 6 78S MO 20 3 0 40 50 6 07 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

1 y 
1 1 / / 

. - i - — X y 
1 _ 
1 "J 
1 
1 
1 
1 
1 r 

» ^ / 

y 

INTER-RELATIONSHIP BETWEEN CBR VALUES AND BEARING 
VALUES.(ALL ARE VERY APPROXIMATE) 

10 50 60 20^ 30 40 
I I I I 

BEARING VALUE LBS.PER SQ.INCH 
I I I I I I I I 

4 5 6 7 8 9 10 20 30 40 50 6070 
CBR IN PERCENT (%) 

F i g u i e 1. F l e x i b l e pavement - design c h a r t . 



T A B L E 1 

D E F L E C T I O N D A T A S U M M A R Y 

22, 400-Pound R e a r Axle Load (Deflection Values in . 001 Inches) 

T i m e Deflection 
Route 
Number 

of test 
1955 

Wheel 
Patha 

No. 
T e s t s Mean 

Standard 
Deviation*^ R e m a r k s 

US 40 W 

Spring 
OWP 
IWP 
BWP 

269 
276 
545 

32 
22 
27 

15 
10 

F a l l 
OWP 
IWP 
B W P 

276 
278 
554 

25 
18 
21 

-

US 240 

Spring 
OWP 
IWP 
B W P 

148 
148 
296 

44 
37 
40 

18 
15 

F a l l 
OWP 
IWP 
B W P 

159 
158 
317 

32 
28 
30 

US 40 E 

Spring 
OWP 
IWP 
B W P 

138 
138 
276 

70 
67 
69 

28 
24 

Stage construction 
Surface treatment only. 

F a l l 
OWP 
IWP 
B W P 

138 
136 
274 

26 
25 
25 _ 

A C surface course placed in 
late summer and f a l l of 1955. 

Note: Deflection values are for outer lane only. 

a OWP - Outer wheel path. 
IWP - Inner wheel path. 
B W P - Both wheel paths combined. 

^ 68 percent of test values fa l l within + one standard deviation of the mean. 

of the subgrade; and (4) the maximum bearing capacities of various subgrade mater ia l s . 
It was definitely rea l ized that heavy axle load was going to be one of the major points 

of consideration in Maryland. About 15 y e a r s ago legislation was enacted i n Maryland 
which allowed the gross weight of a single axle to go up to 22,400 pounds. Subsequent 
legislation has provided another c l a s s of c a r r i e r s to be included in the category of "Dump 
Service Regis trat ion." T h i s legislation provides for a gross weight of not more than 
40,000 pounds for two-axle vehicles , nor more than 65, 000 pounds for three- or more 
axle vehicles . These registrations are issued to dump trucks hauling loose mater ia l in 
bulk. Vehic les so reg is tered may be operated within a radius of not more than 40 mi l e s 
of the point of pick up. Considering the many quarr ies and sources of bank run gravel , 
e t c . , within the state, and the allowable 40-mile radius , it can be seen that a very con
siderable portion of the state highway system can be subjected to the loads f rom this 
c l a s s of registration. According to the T r a f f i c Divis ion of the Commiss ion the r e a r 
axles of many of these dump trucks c a r r y a load between 28, 000 and 31, 000 pounds. 
In addition to the consideration of axle loads, Maryland's geographical position places 
it along the heavy trucking routes of the E a s t e r n Seaboard region and the high volume of 
truck traf f ic must necessar i ly be a prime consideration in the selection of the flexible 



a'-0'STABILI2ED SHOULDER | 
20-0" 

SLOPE yz" I'y 
4- COMPACTED SCREENINGS 

DRAIN TO BE CONSTRUCTED IN LOW AREAS 4* 

IZ-O'LANE 

SLOPE W M V PROFILE GRADE LINE7 

ig:g!Ti{gBg}!;gs5as?iyf!!!:ss"" 
4'PENETRATION MACADAM 

4'MACADAM BASE 

4"MACADAM BASE 
ysCBEENINGS I C O M P A C T E D T 

Figure 2. P a r t i a l typical section of improvement. US 40, west of 
Frederick toward Hagerstown. 

section for any route. It has been noted that some r e s e a r c h studies have been made 
concerning the number of load repetitions required to produce fa i lure in flexible pave
ments of var ious depths. However, no rational b a s i s has been found for relat ing these 
two factors . Consequently, Maryland's considerations along this line a r e s t i l l pretty 
much a matter of prac t i ca l judgment. 

The effect of impact loads on flexible pavement i s also a subject which commands 
no uniform thought. While i t has been observed that maximum pavement deflections 
usually occur at low speed, it nevertheless seems reasonable to include at least a s m a l l 
allowance for impact effect. The Maryland Roads Commiss ion selected a value of 10 
percent of the static load. T h i s factor applied to the axle loads previously noted gives 
wheel loads of 12,300 pounds for ordinary c a r r i e r s and 16, 500 pounds for the dump 
truck c lass i f icat ion, considering 30,000 pounds as an average r e a r axle load in this 
category. 

Although f r o s t penetration v a r i e s appreciably throughout the state, s evere winters 
can cause a penetration of such depth that it must be considered a significant factor in 
the design of pavements. F r o s t conditions in the central and western regions are some
t imes quite severe . An average annual penetration of 24 inches occurs in the western 
portion of the state, with a maximum of 36 inches occurr ing in this region during severe 
winters. A report published some y e a r s ago, moreover, indicates that the remaining 
portions of Maryland may be subject to maximum depths of fros t penetration varying 
between 18 and 35 inches. 

The development of pavement thickness formulas based on the f i r s t three of the a s 
sumptions mentioned e a r l i e r have been published previously. The formulas used were 
presented in a paper entitled "The Problem of F lex ib le Pavement Des ign ," by A. T . 
Goldbeck, published in the Crushed Stone Journal , June, 1948. 

A formula for the thickness of flexible structure necessary to support a load on dual 
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Figure 3. P a r t i a l typical section of improvement. Standard mac
adam section for t r a f f i c counts of 2,000 or more vehicles per day. 
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Figure 4. P a r t i a l typical section of improTement. Standard mac
adam section for t r a f f i c counts up to 2,000 vehicles per day. 

t i res i s given in this ar t ic le as follows: 

T = V ^ + C B 

Where B = 

C 

2S + IT ( L i + Lg) 

P k 2SL1 
Mir - L i La 

where A = a r e a of equivalent uniform subgrade pres sure 
P = wheel load 
U = equivalent uniform pres sure over a r e a A 
M = maximum subgrade pres sure and also the bearing value of the 

subgrade 
S = center to center spacing of dual t i res 
L i = half major ax is of t ire contact area 
L2 = half minor ax is of t ire contact a r e a 

k = ^ assumed to be = 2 

or assuming k = 2, and L i = 2L2 
B = 2S + 3 IT La 

2 P _ 
Mir 

4SL2 - 2L2 

Many subgrade bearing values were thus Investigated, but for purposes of i l l u s t r a 
tion the example here i s l imited to one very low value, namely 10 ps i . Using this value 
for the 12,300-pound wheel load, an overal l s tructure thickness of about 19 inches i s 
indicated. If the bearing value of the subbase i s assumed as 25 p s i . , the combined 
thickness of the base and surfacing layers would be Indicated as about 10 Inches. Con
sidering the heavier wheel load of 16, 500 pounds and using appropriately larger t i r e s , 
for the same bearing values previously mentioned, an overal l thickness of about 22 Inches 
IS indicated, and a combined base and surfacing course thickness of about the same, or 
10 inches. 

After a thorough study of the problem, the conclusion was reached that insofar a s 
total thicknesses were concerned, the C B R curves as originally developed from the work 
done in Cal i fornia would suit the present purpose admirably. (See F igure 1) We did 
not feel satisf ied, however, with the depth of macadam base and asphaltic concrete s u r 
face Indicated by these curves for the very heavy loads to which our highway system i s 
subjected. Naturally we had a reason for this concern. Our experience over a long 
period indicated that the former generally used section of 5-lnch waterbound and 3-lnch 
penetration macadam had not been entirely satisfactory under heavy traf f i c , even though, 
in many cases , the subgrade conditions were good. Prac t i ca l ly a l l of our heavily used 
macadam roads had required rehabilitation through the y e a r s , and many of them cored 
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for investigation have shown combined thick
nesses of original macadam, and rehabi l i 
tation courses of 12 inches and more. 

The f i r s t high type flexible pavement 
project scheduled in the post war period 
was along US 40 west of F r e d e r i c k , M a r y 
land in the western portion of the state. 
T h i s I S a route subjected to heavy trucking, 
the possibil ity of the operation of dump truck 
vehicles i s present, and frost conditions 
can be quite severe. After a thorough con
sideration of the detailed investigation noted 
e a r l i e r , a very substantial section was s e 
lected for the pavement on this route. The 
load bearing components a s shown in F igure 
2 were a s follows: two 4 inch l a y e r s of 
waterbound macadam, one 4 inch layer of 
penetration macadam and 3 inches of a s -
phaltic concrete, placed in two courses . 
The two courses of asphaltic concrete con
s is ted of 1)2 inch binder and lYg inch s u r 
facing. The pavement along this section of 
US 40 has been very closely observed d u r 
ing the 10 y e a r s which it has been in s e r 
v ice . L a t e r in this paper we wi l l comment 
in detail concerning the performance and 
the maintenance costs of this pavement. In 
general i ts performance has been so good 
that we considered it reasonable to use this 

design as a guide for later flexible pave
ments. 

Severa l y e a r s after the completion of 
the US 40 project noted above, the state 
embarked on its f i r s t post war a c c e l e r 
ated highway building program. At p r e s 
ent it IS engaged in an even larger con
struction and reconstruction program which 
covers a 12 year period that began Janu
ary 1, 1954. The conclusion was reached 
that it would be advantageous to develop 
standard sections for flexible pavements, 
for cases where our economic studies 
indicated that this type should be built. We 
knew, however, it would be necessary in 
many cases to supplement such standard 
sections with selected subbase mater ia l , 
the thickness of which would be determined 
by our mater ia l s division from their studies 
of the prevai l ing so i l s . The use of a stan
dard section supplemented by varying thick
nesses of subbase has been described in 
one of the Highway R e s e a r c h Board publi
cations dealing with flexible pavements as 
an inverted method of design. A l l of the 
data gathered during the s lack period of 
World War n , and our experience with the 
U S 40 pavement was careful ly considered. 
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After additional study and evaluation participated in by engineers of our d is tr ic ts , and 
the construction, maintenance, materials , and design divisions, we selected the follow
ing two standard sections: 

(a) F o r highways carry ing 2,000 or more vehicles per day, a 
10 inch macadam base course plus 3^2 inches of asphaltic con
crete surfac ing placed in two courses , a 2 inch binder and a 
l/g inch surfacing course. (See F igure 3) 

(b) F o r highways carry ing l e s s than 2,000 vehicles per day, 
an 8 inch macadam base course , plus 2 inches of asphaltic 
concrete placed in two courses , a leveling course of an av
erage thickness of inch and a iy» inch surfacing course. 
(See F igure 4) 

It i s pertinent to elaborate a bit on the detailed soi l survey and analysis which has 
been mentioned previously. Borings are made at an average spacing of 300 feet center 
to center on the right, left and/or centerline of the project. In cut sections they are 
c a r r i e d to a mimmum depth of 3 feet below subgrade. In a l l a r e a s they are made to a 
minimum depth of 3 feet below the original ground surface. In f i l l s at least one boring 
i s c a r r i e d to a depth below the original surface equal to the height of f i l l . Borings 
c loser than 300 feet center to center a r e made if nonuniform conditions preva i l . B o r 
ing equipment includes hand augers, gasoline powered augers, and jeep mounted d r i l l s . 
Additional f ie ld data pertaining to rock conditions, water conditions, and swamp com-
ditions a r e recorded. Complete gradations by s ieve and hydrometer methods a r e de
termined in the laboratory. The following tests are also run as a routine procedure: 
f ie ld moisture equivalent, liquid l imit , plast ic l imit , shrinkage l imit , and Proctor 
compaction. Californing Bear ing Ratio T e s t s are conducted on selected samples on a l l 
representative so i l types encountered on the project. The report f rom the mater ia ls 
division to the design division outlines in detail the resul ts of the soi l survey and analy
s i s and recommends the thickness of subbase'in conformity with the C B R values of the 
subgrade so i l s encountered. 

The present design procedure has now been followed for approximately the last s ix 
y e a r s . While this period i s relatively short for a long range evaluation, we fee l that we 
have been obtaining very good resu l t s . I n the section of this paper dealing with the p e r 
formance of flexible pavements, we wi l l d i scuss this point m more detail. Also in the 
section dealing with construction, we wi l l comment on the possibil ity of Introducing ad
ditional types of construction for flexible bases . 

C O N S T R U C T I O N 

We do not intend, nor consider it pertinent, to give any long and detailed descriptions 
of complete sequences of flexible pavement construction. We wi l l l imit ourse lves to a 
few comments on macadam construction. 

Considered f r o m the h is tor ica l standpoint, we have already mentioned that Maryland 
built a considerable mileage of macadam roads in the early y e a r s of this century, and 
that for their day they were excellent, enduring the rigorous weather conditions of a l l 
portions of the state. Our advisory engineer, who e:q>erience spans the period 1910 to 
the present, has shed some Interesting light on this e a r l y period. Crowns were high, 
the pavement slope being 2̂ inch per foot for grades up to about 5 percent, and ft inch 
per foot for grades over 5 percent. Overa l l roadbed widths were 24 feet, the travel led 
way being usually 12 feet to 14 feet, except in the Bal t imore or Washington a r e a , where 
16 feet was used. The rol l ing, choking, and watering operations were very s i m i l a r to 
these same operations, if resorted to today. Of course , in those days, much use was 
made of hand labor, which cannot be afforded to the same extent today. It i s interesting 
to note that a road finished after November 1 was not accepted f r o m the contractor until 
the following construction season; also that a base was wel l compacted and acceptable if 
it gave satisfactory metal l ic "ring" when the Chief Engineer drove over it in a horse 
drawn, metal t ired conveyance; and any "mud intrusion" which showed up through the 
courses was required to be removed by the contractor and replaced with new base con
struction. 
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tions for surface drainage s tructures , etc. 

Today, pavements of the flexible type 
are built when indicated to be justif ied by 
detailed economic analyses , including f i r s t 
cost, salvage value, maintenance, interest, 
etc. T r a f f i c forecast for a period twenty 
y e a r s hence, gives a determination as to 
which of the two standard sections should 
be used. The detailed so i l bormgs, lab
oratory analys is , and report and recom
mendations f rom the Mater ia l s Divis ion 
determine the need for selected subbase 
mater ia l , and the depth to which it should 
be placed. The pre l iminary f ie ld invest i 
gation i s made as soon as the pre l iminary 
grade line has been set. T h i s f ie ld invest i 
gation and the office conference which fo l 
lows, i s an important phase of the precon-
struction period. Representatives of the 
Design and Mater ia l s Divis ions participate. 
P r e l i m i n a r y location of subdrainage, grade 
line with respect to water table.and other 
pertinent f ie ld conditions, optimum loca-
are set at this phase of development. 

Considerable use i s made of a 2 inch compacted layer of stone screenings between 
the subgrade or subbase and the macadam base course. T h i s i s the usual insulation 
layer , and i s always used where the subbase mater ia l consists of bank-run gravel . How
ever, where a crusher run stone or crusher run s lag type of subbase i s used, the stone 
screenings course i s not considered to be necessary . 

The use of subgrade drains (so cal led shoulder drains) i s most important to this type 
of construction. The state instal ls them at 100 foot intervals , except in sumps where a 
total of 10 or 12 a r e placed 25 feet apart. 

The traditional construction methods of loose spreading, roll ing, choking, and water
ing s t i l l may be followed, according to our latest specifications. A maximum compacted 
thickness of 5 inches may be placed by this method. Recently we have allowed the use 
of vibratory compactors in the construction of macadam bases . A minimum of 5 inches 
compacted thickness, up to a maximum of 10 inches compacted thickness may be placed 
in one course by this method. 

After the compaction and dry choking by either the rol l ing or vibratory method i s a c 
complished, watering and additional applications of screenings follow until a well f i n 
ished surface i s produced. T h i s i s evident by the absence of voids, and the absence of 
an excess of loose screenings in any spots. Deviations exceeding % inch f rom the true 
transverse template must be corrected. L ikewise , longitudinal deviations greater than 
Yi inch in 10 feet must be corrected. 

Regardless of what type of compaction i s used, we are convinced that a construction 
crew and inspectors with a r e a l interest in the finished product, are absolutely necessary 
to produce top quality work. Also , hand forking, picking, and casting are just a s e s sen
t ial to obtain the best resul ts today, as was the case in the ear ly days of road construction. 

Although this type of flexible pavement construction has been standard for about 5 
years or so, we do not consider that its continued use i s mandatory, and that we cannot 
change some of its components if conditions warrant . F o r instance, some of our flexible 
pavements have been built using stage construction methods. The macadam base of a 
project recently built in this manner was surface treated and a great deal of damage resulted 
f rom the penetration of water through this temporary surface into the underlying base. 
We are now considering the use of an alternate type of section in the event a project i s 
to be built by stage construction methods. The upper layer w i l l consist of 3 inches of 
bituminous penetration macadam with a double sea l treatment a s the temporary wearing 
surface. 

We are also much interested in the plant-mixed, dense-graded aggregate base which 
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severa l of our neighboring states have used to such good advantage. Our latest spec i 
fications include this type of base construction. B r i e f l y , it consists of coarse aggregate, 
fine aggregate, ca lc ium chloride and water, plant-mixed, mechanically spread, and 
compacted with rubber t ire r o l l e r s . Although we have not built any roads of this type 
as yet, we plan to let a few pilot jobs in the near future. If the p r i c e s seem to be fav
orable and the product satisfactory, we wi l l most l ikely use more and more of it as time 
goes on. It i s quite possible that it wi l l supplant our present standard sections, at least 
in certain a r e a s of the state, where mater ia l supply conditions are favorable. 

P E R F O R M A N C E 

In evaluating the performance of various flexible pavements to determine if our 
standard sections are reasonable, we have rather careful ly considered many roads built 
throughout the state since the early 30's. Althoughlt isonly since the World War n period 
that flexible pavements in Maryland have been designed for heavy duty serv ice , we felt 
that it would be helpful and necessary to observe many examples of our ear l i e r con
struction. We have obtained very good serv ice f rom the older roads, but in almost every 
case maintenance operations have been necessary which resulted in a significant in 
crease in their total thickness. T h i s in effect i s the equivalent of stage construction, a 
process to which, as we a l l know, the flexible type of construction i s part icular ly well 
adapted. General ly speaking the 5 inch macadam base and 3 inch penetration macadam 
surfacing did not prove to be a sufficiently thick section to withstand heavy trucking 
serv ice , even though built on good subgrades. We have in mind one example of a major 
route over mountainous t erra in in the western portion of the state. Although the total 
volume of traff ic i s not unusually high, the percentage of trucks i s a good bit above the 
average found in most parts of the state. Rutting of the pavement has been pronounced, 
and before long it wi l l be in need of resurfacing. We have found that on relatively heavily 
travel led roads of the above type, rehabilitation was necessary after a period of service 
of perhaps s ix y e a r s . We have cored a number of highways of this type throughout the 
state. Some of them were built in the 30's and some in an even ear l i e r period. In 
many cases we have found 12 inches of substantial road metal, consisting of various 
combinations of waterbound macadam, penetration macadam, cold mixe% and hot mixes . 
Our evaluation of the performance of these roads has been l imited to the history of their 
behavior and the study of cores taken f r o m them. 

A s noted e a r l i e r , our experience and observation of the behavior of older pavements 
let us to select the rather substantial section for US 40 west of F r e d e r i c k . The be
havior of this road has been observed diligently, as we considered it a pilot job which 
might lead us into some standardized sections. It has now been in serv ice for close to 
10 y e a r s and its performance has been excellent. There are only two local ized areas 
where any roughness has developed and this i s quite minor. L i k e many states, we did 
not always break our maintenance costs down into the separate items of surfacing, 
shoulders, ditches, etc. However, since June, 1949 we have kept itemized records of 
maintenance costs. The records show that, for this Route 40, about 16. 5 mi les long, 
the average annual surface maintenance cost per mile for the four-year period f rom 
June 30, 1949 to June 30, 1953 was $58.00. T h i s amounts to about fio of a cent per 
square yard per annum. The selection of the standard sections which have been des
cribed ear l i e r in this paper was based, in part, on these observations. (See F i g u r e s 
5 and 6) 

Within the past year we were fortunate in being able to arrange. In cooperation with 
the Bureau of Publ ic Roads, for the conduct of two ser i e s of deflection tests on severa l 
of our modern designed flexible pavements. The f i r s t s e r i e s of tests was made early in 
the spring and the second m November. 

Three pavements were selected for the tests in the vicinity of F r e d e r i c k , Maryland: 
the ten year old project to the west on US 40; a 16 mile section of the New Washington 
National P ike pavement, US 240, to the south toward Washington; and a portion of the 
new pavement on the Bal t imore National P ike extending eastward toward Bal t imore , 12 
mi les in length. The total traff ic on US 40, both east and west of F r e d e r i c k , totals 
about 6,000 to 8, 500 vehicles per day. That along US 240 south of F r e d e r i c k totals 
some 5,000 vehicles per day, but wi l l most l ikely Increase greatly as the route i s 
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completed to the Washington, D. C . area . C o m m e r c i a l vehicles account for about 20 to 
30 percent of the total traf f ic . 

In the tests the deflection of the pavement was measured at selected points under an 
11, 200 pound moving wheel load with the Benkelman beam device. (1.) T h i s device r e 
cords the vert ica l movement of the pavement surface midway between the dual t i r e s of 
a loaded truck wheel as the load approaches and leaves a given point. Two of the beam 
devices were used simultaneously to measure the deflection under both sets of r e a r 
wheels, with the center of the outer dual wheel positioned approximately 18 inches f rom 
the pavement edge. About 20 locations were tested per mile . 

The init ial s er i e s of tests was made at a time when the condition of the subgrade was 
considered to be adverse , and the second s e r i e s at a time when the condition was con
sidered to be more favorable. The resul ts of the tests are presented in Table 1 and 
are shown graphically m F igures 7, 8^and 9. They may be summarized as follows: 

1. On a bas i s of a l l the tests, both wheel paths combined, the deflection of the pave
ment in the spring period was 26, 3^and 169 percent greater than in the fa l l for the US 
40 West, US 240 and US 40 E a s t projects respectively, (See F igure 7) The values of 26 
percent and 35 percent represent what we believe to be a more or l e s s typical decrease 
in the indicated ability of a pavement of this type to support load in the spring as com
pared to the fa l l . (2) It should be noted here that the US 40 E a s t project was built by 
stage construction methods. When the spring deflection measurements were made, only 
a surface treatment had been placed on the macadam base. T h i s , no doubt, accounts 
for the high deflections found at this time. P r i o r to making the fa l l tests, the f inal a s 
phaltic concrete surfacing had been placed, and the deflection values were considerably less , 

2. F o r the tests made in the spring period, the average deflection in the outer wheel 
path was about 4 percent greater than in the inner wheel path for the US 40 E a s t pavement, 
19 percent for the US 240 pavement and 45 percent for the US 40 West pavement. (See 
Figure 8) Comparable values for the s er i e s of tests performed in the fa l l period are 4 
percent, 14 percent and 39 percent respectively. (See F igure 9) 

3. A s shown in F igure 9, little difference m the mean deflection of the three pave
ments was found in the outer wheel path for the fa l l period of testing. In the inner wheel 
path there was not much difference in these values for the US 40 E a s t and US 240 pave
ments; that in the inner wheel path of the US 40 West pavement was, however, consider
ably l e s s , for which we have no explanation. 

4. That considerable variabil i ty exists in the indicated load supporting capacity of 
the three pavements i s shown by resul ts of a stat ist ical analys is of the spring deflection 
data. (See Table 1) F o r example, while the mean deflection of the US 40 West pavement 
in the outer wheel path was 0.032 inch, 68 percent of the total of 269 measurements 
ranged f r o m 0. 017 to 0. 047 inch. These values for the US 240 pavement are 0. 044 
inch, and 0. 026 to 0. 062 inch; for the US 40 E a s t pavement they are 0. 070 inch, and 
0. 042 to 0. 098 inch. 

The WASHO Road T e s t report contains an analys is of deflections correlated with 
satisfactory and unsatisfactory pavement performance. The conclusion of this analys is 
i s that 0.045 inch deflection i s satisfactory for w a r m weather periods, and 0. 030 inch 
i s satisfactory for cold weather. The report states that these values do not necessar i ly 
apply to other pavements, or to pavements of greater age. 

The mean deflection on one of the new roads, US 240, agrees quite wel l with these 
values, while the mean value for the older project, US 40 west of F r e d e r i c k , i s con
siderably smal l er . 

We believe that the resu l t s of the deflection tests indicate in a general way that pave
ments being built using our selected design method wil l perform satisfactori ly . 

However, the variabi l i ty in indicated load supporting capacity as shown by stat ist ical 
analysis of the deflection data i s such that we do not feel that any reduction in the pave
ment structure would be justif ied. Apparently some factor of safety i s necessary to 
ensure satisfactory performance of such flexible pavements as we have built, or are 
building in Maryland. 

It i s anticipated that we wi l l continue our studies of the performance of pavements in 
serv ice in Maryland, and that, a s more data are accumulated, we wi l l be in a better 
position to decide on the meri t s of the approach to this problem. 
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Colorado's Flexible Pavement Design Method 
R. E. LIVINGSTON, Planning and Research Engineer 
Colorado Department of Highways 

• THE opportunity to report to the Highway Research Board on the evolution of our de
sign method is one that" is appreciated by the engineering staff of the Colorado Depart
ment of Highways. Actually, the method was originally reported to the 1947 Annual 
Meeting of the Highway Research Board and was subsequently published in the Proceed
ings of that year. Any who are interested in a detail review of the method under dis
cussion have access to that publication. 

Briefly, to lead-in to the following discussion, the Colorado design method evaluates 
(a) the capabilities of the normal basement soils, to sustain loads, when they are in dif
ferent degrees of saturation; (b) the anticipated traffic volumes for a period 20 years 
hence; and (c) the damage to the pavement structure that is probable from the frost po
tential of the soils over which the pavement is to be placed. With these fundamentals 
determined on an empirical evaluation, a thickness is determined from a series of five 
curves. The curves used are shown in Figure 1. Actually, Curve A relates to very 
light volumes of traffic combined with low moisture and frost potential and Curve E is 
at the extreme of the heavy volumes combined with high moisture and frost potentiaL 

The only difference between the present design chart and the original is in the elimi
nation of a group index value which was shown on the bottom of the chart. At the time 
of the original preparation, we attempted to correlate Group Index and California Bear
ing Ratio. This proved to be groundless as a generalization, hence the elimination of 
the Group Index value from the chart. 

In addition to the elimination of the group index value from the design chart, we have 
made another major change for the soils of the A-1 and A-3 classifications. Their eval
uation, which was originally obtained by CBR method, is now determined by the stabi-
lometer equipment developed by Hveem. This change was made because we feel that 
more consistent values are developed for granular materials by the stabilometer than 
by a direct sheer test. 

Another fundamental change is also tied to the use of stabilometer values. After the 
total thickness of the pavement structure has been determined from the design chart 
(Figure 1), i t is assumed to be the "gravel equivalent" of the California design chart 
shown as Figure 2. This "gravel equivalent" is then used in combination with the Cali
fornia design chart to develop the balance of the pavement structure. As a side note, it 
should be ejqjlained that our acceptance of the Hveem stabilometer for evaluating granu
lar materials was considered for a long time before adoption. In prior years, we had 
assumed that granular materials of the same sieve analysis and having similar Atter-
berg limits were actually equal materials and could be used from a design standpoint as 
having identical characteristics. Field performance did not substantiate this assumption. 
Literally, the assumption would actually mean that crushed materials and rounded water-
washed materials would have the same amount of stability. In addition, it presumed 
that the minus 200-mesh material was always identical and that in combination with the 
granular materials i t would produce identical surfacing materials. Actually, we have 
long known that the minus 200-mesh material can vary widely in its capabilities for al
tering the performance of soil-aggregate mixtures. This is easily explained by the fact 
that the minus 200-mesh material can be anything from a rock flour or a lime stone dust 
to a highly expansive clay. The actual potential that these widely separated materials 
have to alter the performance characteristic of a mixture, of which they are a part, is 
widely recognized. 

Now to discuss the merits of the design method on the basis of our experience. Sim
ply stated, it is so far superior to what we were doing previous to 1947 that all of the 
engineering personnel of the department have accepted it without question and only dis
agree on some of the minor details regarding application. Each of us feels that a method 
which gives a definite answer to the pavement thicknesses to be used for varying condi
tions is a necessity. One which provides uniformity of application and ease of handling 
in the field is highly desirable. We don't believe that anyone in the department would 
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Figure 1. Design chart for thickness of surfacing and subbase courses. 

go back to the method where variations of 10 to 12 inches in thickness for identical op
erating conditions would be possible. On the other hand, we do not want to leave the im
pression that every ]ob planned under this design method has been a masterful success 
and that we have had no failures. 

To have a look at the procedural angle, we wil l go to a description of the method of 
carrying out a typical project. At the time the ground survey, giving center line pro
files and topography, has been plotted, a set of the preliminary plans are handed to the 
central laboratory as an automatic order to proceed to obtain the soil and material sur
veys. If heavy drilling equipment is necessary, the central laboratory is the only one 
with equipment to undertake the soil survey and they then proceed to schedule this work. 
The results of the work are submitted to the field district, in which the project is located, 
and to the Surveys and Plans Engineer who is responsible for design. If the profile is 
uniform and no deep holes are required, the soil survey information is often acquired by 
the field district As a minimum, auger holes are driven at the beginning and ends of 
cuts and in the center of the mass. In uniform profiles, the soil samples are taken at 
intervals not to exceed 1,000 feet. Intermediate samples are lifted at anytime there ap
pears to be a soil change. The depth of the borings are not less than 3 feet below the 
profile grade. This minimum has been established to insure that the soil samples ex
tend far enough into the basement soil to provide necessary data for design. 

Using the soils information from the central laboratory, which includes frost potential 
established from the soil samples; traffic data supplied by the Plannii^ and Research 
Division, from their traffic surveys; and, frost penetrations from field surveys, an 
evaluation is made which automatically selects a design curve or curves for the project. 
The use of multiple curves can and does occur because of the difference in potential for 
soaking of the pavement structure, including the basement soil. The potential for soak
ing varies for the environment changes inherent on any job. As an example, through 
cuts on flat grades are always subject, in snow country, to continuous infiltration of sur
face moisture. High f i l l s on steep grades, which drain very rapidly, provide very little 
opportunity for surface moisture infiltration. Obviously, the potential of the two condl-
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tions for soaking Is essentially different. The design curves that would be used under 
the two conditions would thus be different. 

Colorado predeslgnates pits from which the contractor is expected to obtain materials 
for use In construction of the pavement structure. The granular materials are selected 
from designated pits on the basis of Hveem criteria for subbase, base course and wear
ing course materials. 

During construction, the basement soils are moved Into a position called for In the 
design, and, if there is any apparent variation from the design presumptions, sand e-
qulvalent tests are run to find out if a change in thickness is desirable. Some correla
tion CBR's are run on the constructed foundations to assure that the design presump
tions are being carried out. Such correlation data is obtained only when the district 
personnel feel that i t is required, based on the other physical tests. 

With 8 years of experience, certain performance data have become available and a 
very brief discussion of i t wi l l be attempted at this point. Our method of rating per
formance Is related to our annual Inventory of road conditions, published as a Rural 
Sufficiency Rating Study. Special evaluations are made in 22 different test areas where 
physical data on the basement soils and on construction materials are available. The 
sufficienty rating, used in combination with this information. Is a fairly effective tool 
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Figure 2. Thickness design chart for base and/or pavement. 
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T A B L E 1 
TABUU^TION OF DATA OF 11 S E L E C T E D SITES BUILT 

USING THE DESIGN METHOD 

Struct 
Site 
No. 

Project 
No. Location 

Year 
Built 

Sufficiency Rating' 
1952 1954 Remarks 

4 FI 44 (3) Loveland Jet - Ft Collins Jet 1947 9-17-8 9-16-9 Generally good. 

5 S 0024(1) Sterling - West 1948 9-15-7 9-11-8 Foundation good, 
surface failing. 

6 S 0009(1) Sterling - East 1948 10-16-6 8-11-7 Foundation fair, 
surface failing. 

9 F 193 (3) Morrison - Conifer Jet 1948 8-13-8 4- 6-8 Unsatisfactory, sub
surface drainage 
failure. 

10 F 292 (8) Oowd - Wolcott 1948 10-19-9 9-16-8 Generally good. 

11 F 019 (1) Delta - West 1950 10-18-9 10-17-8 Generally good. 

12 F 232A(1) Grand Jet - Fruita 1948 10-17-9 10-17-9 Generally good, su
perior native material. 

14 F 001-3(2) Canon City - East 1949 10-19-9 10-19-9 Generally good. 

16 S 0002 (3) Springfield - Walsh 1948 9- 9-4 10-19-9 Foundation good, ori
ginal surface treatment 
failed, new surface 
placed 1952. 

22 F 006-1(1) Adams City - North 1948 9-10-10 9-12-8 Foundation good, road 
mix surface failing 
under heavy truck traf
fic, no stability. 

23 F 138-B & C Muddy Pass - South 1948 10-20-10 8-16-9 Project at present is 
fair, original construc
tion resurfaced in 1952. 

'The sufficiency rating in Colorado awards a par of 40 points for structure. 
10 points foundation, 20 points surface, and 10 points dramage. The figures 
can be compared to these values. 

This I S broken down to 
given in the tabulation 

to determine the adequacy of the design method. Shown in table form are the ratings 
for a number of projects designed and constructed under this method beginning in 1947. 
Ratings are shown terminating with those made in the spring and summer of 1955. 

Table 1 indicates eleven projects that were built using the described design method. 
An examination of the table indicates two projects with unsatisfactory performance rec
ords. The f i rs t project at Site 9 and located between Morrison and Conifer, Colorado, 
failed because sub-surface drainage problems were not properly cared for at the time 
of construction. At Site 23, located near Muddy Pass, the failure has been adjudged to 
have been caused by an inferior foundation materiaL 

The pit used on this project contained aggregate which was coated with a plastic ma
terial which had a definitely adverse effect when seasonal moisture permeated the foun
dation courses. This is one of the types of materials which cannot be properly evalu
ated by a simple sieve analysis in combination with Atterburg limits. The amount of 
material passing the No. 200 mesh is not sufficiently large to adversely affect the Atter
burg limit test. When the same material is subjected to a stabilometer test its true 
potential is demonstrated. The change in the des^n method previously described wil l 
eliminate to a great extent the potential for this kind of failure occurring in the future. 

Al l of the remaining nine sites built with the design method have good service rec
ords to date. There have been some demonstrated difficulties which have to do with 
wearing-course problems. As an example, in one place, a surface treatment was em
ployed which did not have sufficient durability to withstand the type of traffic that uses 
the highway. In the other three cases, a road mix wearing-course was subjected to the 
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type of beating that requires the stability of an asphaltlc concrete. In none of the dis
cussed cases was there any indication that the thickness determined by the design meth
od was inadequate nor was there any deformation to indicate lack of stability in the foun
dation courses. 

Reducing the tabular values to a description of the success or failure of the method, 
we find that 82 percent of the projects employing the method have been adjudged to have 
good performance and thus are classified as being successful. Unsatisfactory perfor
mance was exhibited in the remaining 18 percent and in the unsatisfactory areas, we 
believe that we now know the things that caused us to fa i l . 

Table 2 shows the information on eleven sites of approximately the same era of con
struction as are represented by the other projects reported constructed under the prin
ciples of the design method. Eight of the eleven sites reported and that were not de
signed according to the described design method have either been reconditioned at the 
present time or, according to our own rating, should be rebuilt The three successful 
areas are in the opinion of the writer located where the natural foundation soils are of a 
quality comparable to materials which would have been imported had a formal design 
method been used. Generally, the foundation soils on these three sites are of a sandy 
material which only needs to be confined in order to give it good bearing characteristic. 
Examining the good and bad performances on the eleven comparative sites, we find that 
the ratings would indicate that 27 percent of the projects have a satisfactory service 
record and 73 percent have an unsatisfactory record. 

I t is not to be judged that f rom this report that we have only built eleven sites to a 
TABLE 2 

A TABULATION OF DATA OF 11 SELECTED SITES BUILT JUST PRIOR TO THE ADOPTION 
OF THE FORMAL DESIGN METHOD 

Site Project 
No. No. Location 

Struct 
Year Sufficiency Rating' 
Built 19S2 1954 Remarks 

1 FAP 150-D(3) Elk Springs - Massadona 1947 6- 9-7 9-17-8 

2 F 005-2(2) Steamboat Springs - West 1949 7-11-8 8-16-8 

FAP 151-C(3) Granby - Tabernash 1946 6- 8-8 10-20-10 

Original condition became 
untenable in 1952 and the 
project was rebuilt m 1953. 
Generally unsatisfactory. 
Extensive maintenance in 1954 
and 1955, providing suitable 
sufficiency rating in 1955. 
The unsatisfactory condition 
which occurred xn 1952 has 
been picked up by a construc
tion project in 1955. 

7 S 0111(1) Holyoke - South 1948 8- 13- 3 7- 11- 6 Unsatisfactory, proposed 
for reconstruction. 

8 F 040(3) Brush - East 1947 10- 17- 7 9- 16- 7 Generally good. 
15 F 006(7) Lamar - South 1948 10- 18- 7 10- 17- 9 Present condition generally 

good. Extensive maintenance 
in 1949 for stabilization. 

17 FI 002(15) Trinidad -North 1948 10- 18- 7 10- 18- 8 Generally good. 
18 S 0013(3) Hooper - Moffat 1947 10- 18- 8 9- 16- 8 Generally good. 
19 S 0122(2) Del Norte - Northeast 1948 7- 10- 7 9- 16- 8 1952 condition required 

reconstruction in 1955. 
20 F 298(11) Pagosa Springs - East 1947 6- 3- 7 7- 13- 8 1952 condition required ex

tensive maint.in 1954, Present 
condition is only fair. 

21 F 067(6) Denver - West U. S. 6 1949 10- 15- 10 9- 15- 8 The 1952 condition had worsened 
in 1954 to require reconstruction 
in that year. 

'The sufficiency rating in Colorado awards a par of 40 points for structure. Thie is broken down to 10 points 
foundation, 20 points surface, and 10 points drainage. The figures given in the tabulatioi. can be compared to 
these values. 
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TABLE 3 

GEOMETRIC DESIGN STANDARDS FOR RURAL HIGHWAY CONSTRUCTION, COLORADO DEPARTMENT OF HIGHWAYS 

24 Hr Annual 
Avg Traffic, 

No. 
Pavement of 

Lane Roadbed 
Width Shoulder Width Design Maximum R O W Width 

Bridge and Separations 
Access Max Clear Width g 
Control Curve Design 60' Long Less Than 

Type A c d e 

5,000 - 15,000 High 4 12' 2L + 6' R - 2' 
1. Plains 10' - 4' 76'-I-Med 70 5 250' ISO' FuU 3 H-20 S-16 Each Each 
2 Rolling 8' - 4' 72'+Med 60 6 250' 150' 5 2 2 
3 RolUng 8' - 4' 72'+Med 50 6 250' ISO- 8 30' Lanes Lanes 
4 Mountainous 4' - 4' 64'+Med 40 6 250' ISO' 14 " 
Type B 
1,600 - 5,000 High 2 12' 2L + 6' R - 2' 
1 Plains 

High 
10' 44' 70 5 200' 120' Partial 3 H-20 5-16 

2 Rolluig 8' 40' 80 6 200' 120' " 5 
3. Rolling 8' 40' 50 6 200' 120' " 8 30' " " 
4 Mountainous 4' 32' 40 6 200' 120' " 14 " " 
Type C 
800 - 2,000 High Med 2 11' 2L + 6' H - 2' 
1 Plains 8' 38' 70 6 150' 120' No 3 H-20 S-16 
2 Rolling 8' 38' 80 6 ISO' 120' " 5 II 

3 Rolling 4' 30' 50 6 150' 120' " 8 30' 1 11 
4 Mountainous 4' 30' 40 6 150' 120' 14 ' " 
Type D f h 
400 - 1,000 Medium 2 n' 2L + 6' 2L 6" 
1. Plains 8' 38' 60 6 120' 80' No 5 H-20 
2 Rolling 4' 30' 50 6, 120' 80' " 8 30' " 
3 Mountainous 4' 30' 40 e' 120' 80' " 14 " 
Type E ( h 1 1 

100 - 600 Low Med 2 10' 24' 24' 
1. Plams 4' 28' 50 6 100' 60' No 8 30- H-20 
2 Rolling 4' 28' 40 6 100' 60' 14 " 
3 Mountainous 4' 28' 30 7f lOO' 60' 24 " 
Type F f h 1 1 
0 - 200 Low 2 - 24' 24' 
1 Plains - 26' - 6 80' 60' No 24 H-20 
2 Rolling - 26' - 8' 80' 60' " 24 
3 Mountainous - 22' - 8' 80' 60' 24 " 
^The ' Types ' indicated refer to details shown on Department Standard M-4-F covering typical cross-sections The traffic volumes shown are based on 
annual average traffic volumes per 24 hours Since all designs are now based on the 30th highest hour, the following reference table is given for the pur
poses of correlation ^vpra™ Equivalent 30th 0 

Highest Hour Traffic 
per Lane 

Annual Average 
24 Hr Volume 

P» M« T* 
5,000 500 400 300 
1,600 160 130 100 

800 80 65 SO 
400 40 35 25 
100 10 8 6 

0 Unless actual traffic counts give a different value, the 30th highest hour is assumed to be 16 percent of the 24 hr annual average 
traffic volume 

* AASHO classification for different types of traffic and used herein as follows 
P = Predommantly passenger traffic = 0 to 10 percent trucks having wheel loads 5,000 lb and over. 
M • Mixed traffic » 10 to 20 percent trucks having wheel loads 5,000 lb and over 
T » Predominantly truck traffic = 20 percent trucks having wheel loads 5,000 lb and over 

^High = Portland cement concrete, asphaltic concrete, or equaL 
High Medium = plant mix mats (2"-i-) 
Medium = plant mix or road mix mats (2"+). 
Low Medium = surface treatments and light road mix mats (2"-) 
Low = natural gravel, band clay, gravel or crushed rock 
When comparative estimates indicate that a higher surface type can be constructed for a cost approaching the cost of a lower surface type, the h^her type 
shall be used. 

<̂ In the case of divided highways, the larger dimension is the outside shoulder, the smaller the inside shoulder, when used. 
^Desirable width is 200 feet with full access control, and where service roads are constructed outside of the right-of-way, 
^Only with full access control, and where service roads are constructed outside of the iigit-of-way. 
' In unusual cases the minimums shown may be altered after approval by the Denver Heaoquarters. 
S For the interstate system, bridges less than 80 f t long shall have curb-to-curb width equal to the roadbed width, including shoulders and bridges 80 ft and 
over, the curb-to-curb width shall be the paved width + 6' 
^ Where the character of traffic is predominantly passei^er vehicles or other unusual conditions exist, this loading may be reduced on order of the chief 
engineer 
^Minimum bridge width on federal aid primary system shall not be less than 26' 

preconceived design standard. Actually, at the inception of the design method in 1947, 
26 areas were picked for evaluation. About one-half of the sites were currently under 
construction with the new des^n method and the others were sites that had been recently 
built which carried comparable traffic volumes and which were located in environmental 
conditions similar to the new areas of construction that had been selected. Out of the 
26 original sites, 22 are s t i l l available for examination and they have become the basis 
of information which has here been presented. The other 4 sites have either been trans
ferred off the state system, or have been rebuilt for reasons other than structural 
failure. 

Figure 1, which was previously used in exhibitii^ the design curve information, can 
be used to determine the over-all thickness of pavements on the various classifications 
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of soils. The design curves indicate that for foundations which approximate surfacing 
values, a minimum of 4 in. of a pavement structure would be employed. Actually, the 
4-in. thickness is nominal and has been established as the minimum that can be used 
with out present construction equipment to lay a uniform base and wearing course. At 
the other extreme, under the lightest type traffic and under adverse soil, frost and sat
uration conditions, a pavement of 17 in. would be employed. For the same conditions 
and under the heaviest traffic, the pavement structure would be a minimum of 10 in. 
thicker or would approximate 27 in. in total thickness. Moderate traffic would about 
split the difference and the pavement thickness would approximate 22 in. The author 
has always had a personal antipathy for the use of the terms, light traffic, medium traf
f ic , and heavy traffic. It is believed that these generalized terms should not be used in 
the presumptions used in designing a pavement structure. A heavy duty road on a trans
continental route in the far reaches of the western United States might carry as little as 
3,000 to 4,000 vehicles a day. This would be referred to as heavy traffic whereas the 
same volume in proximity to one of the big metropolitan centers of the east would be 
considered to be very light. Actually, the traffic volume must be considered, not only 
in numbers but should be related to wheel loads and repetitions of those loads by magni
tude. The performance related to that type of criterion, which would have significance, 
does not attach itself to the generalized terms spoken of above. 

In conjunction with the design method, we may use road mix bituminous pavements 
as light as 1% in. for traffic volumes of less than 500 vehicles per day. For the volumes 
between 500 and 1,500, a hot mix of not less than 2 in. is most commonly used. Above 
that volume, 3 in. of hot mix is employed and is usually placed in two iy2-in. layers. 
Any of these basic thicknesses and types may be varied for unusual conditions such as 
abnormal volumes of heavy truck loads, non-availability of desired grades of aggregate 
or other similar conditions. 

Resurfacing and reconstruction projects are handled in a manner identical to new con
struction, that is, the same soil survey and analysis of materials are made and the de
sign proceeds in a perfectly normal manner as if the road were to be newly constructed. 
The criteria for the selection of surface types and the change from one traffic category 
to another are predetermined on the basis of a set of standards which are a part of the 
department's field and office manual. Shown as Table 3 are the design criteria which 
are employed by the department. 

Discussion 
RAYMOND C. HERNER, Chief, Airport Division, Technical Development and Evalua
tion Center, Civil Aeronautics Administration, Indianapolis — Livingston's paper is of 
real value because it describes the service records of roads which have been in use long 
enough to give some indication of their ultimate behavior. In a refreshingly frank man
ner he enumerates his failures as well as his successes but does pause long enough to 
indicate some plausible reasons - outside the realm of the designer - which may account 
for the failures. This is a point much too frequently overlooked. It is common practice 
to assign all failures to inadequate design, whereas they often are caused by poor con
struction practices or control. 



Design of Flexible Pavements in Alabama 
J. L. LAND, Chief, Bureau of Materials and Tests 
Alabama State Highway Department 

We shall attempt to show how the development of soil and material evaluation 
has given our engineers criteria for designing and predicting the service val
ue of a flexible pavement over any of the ordinary soils encountered through
out the state. 

The paper wi l l concern Itself with subgrade soil evaluation, materials e-
vlauation (giving methods employed), use of soils and materials in sequence 
of the supporting value, and surface types; the design employed on two or 
more road projects over different soil tj^es and employing different base ma
terials; and a brief resume of service behavior of these projects. 

We shall attempt to abstain from entering into highly controversial subjects, 
such as special methods or apparatus. 

• THE demands for all-weather surfaced roads in the early 1930's and the shortage of 
construction funds with which to build them forced Alabama into a program of low-cost 
highways. 

Some very bad experiences were encountered in the beginning, but were soon over
come and resulted in soil evaluation, the use of local materials (soil and soil aggregates), 
and the development of an extensive yearly construction program of flexible pavement. 

The development of this program somewhat revolutionized previous methods of con
struction, in the use of soils and materials. Evaluation for each of these items was be
gun and service value established for design criteria based on calculated items, just 
as was done for all other structures. 

In the development of the low-cost road program as mentioned above, studies of soil, 
use of local materials, drainage and compaction, demonstrated that economical and sat
isfactory roads could be built in most sections of the state from local products, and that 
a high class structure could be built commensurate with current traffic needs, from 
flexible pavement. 

This program of design has been revised upward to keep pace with increased loads, 
load frequency, and Increased tire pressure, affecting both foundation courses and pave
ment. 

Our idea of flexible pavement design primarily concerns itself with an ultimate smooth, 
even, resiliant and non-skid textured surface for use of wheeled equipment, predomi
nately equipped with pneumatic tires. When properly des^ned, it absorbs load stresses 
and transmits them to the subgrade or original supporting soil in the calculated incre
ments which i t is capable of supporting, without distortion or ruptures. 

The elements that enter the problem of accomplishing the end point of design are 
many, with the most necessary being drainage, subgrade soil, foundation courses, and 
selection of surfacing or pavement, and their being properly controlled and utilized 
through construction efforts. 

Our design of flexible pavement is actually a method of evaluating subgrade soils, 
providing proper types or types of foundation media, placed in zones or strata in se
quence of their increased supporting value from subgrade to pavement, and providing a 
suitable wearing course or courses. 

We have studied and tried in a limited way most all methods of evaluation, with the 
conclusion that the best to employ are those that are reproducible and can be employed 
in an economical and satisfactory manner. The simpler and easier the method, the bet
ter the inspection and construction. 

Our current method employed for determining the working value of soils and soil ag
gregates are soil analysis, BPR soil classification and group index curves, supplemented 
by modified California Bearing Ratio Test (2000-lb static load, which most nearly con
forms to specification requirements, based upon the use of currently available construc
tion equipment). See Figures 1 and 2. 

Preliminary studies of soil occurring in the subgrade, materials available to the 
20 
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CALIFORN/A BEARING AATiO 
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Figure 1. Tentative design of foundations for f lexible pavements. 

project and traffic demands determine the foundation media and the surfacing type, and 
require: 

1. Soil Survey - See Appendix A for method. 
2. Materials Survey - See Appendix B for method. 
3. Traffic Count. 
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4. Evaluating Subgrade Soils. 
5. Evaluating Materials Available. 
6. Surfacing - See Appendix C for method. 

Our Planning Survey Division supplies us with a traffic flow map for each proposed 
project, giving the number and type of vehicles using the road, an estimate of future in
creases to be expected due to improvement, new feeder lines, and for expected increase 
in loads. 

We evaluate both soil and foundation material by the same method because these range 
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Figure 2. 
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from a soil of the worst degree to aggregates with excellent soil binder of f i l ler . 
Preference has been given to inert soils for subgrade and aggregate binders since the 

beginning, but actual measurement of their working values by test was not begun until 
the late 1930's when the writer visited the California Highway Department and became 
impressed with their CBR device for measuring shear. We started actual use of CBR 
values, or relative values derived therefrom, in 1939 in conjunction with the old Bureau 
of Public Roads classification and continued the same until the new HRB classification 
and group index curves were adopted. We Immediately began using group curves as a 
supplement to CBR values. This action enabled us to place comparative working know
ledge of soils into the hands of more engineers and inspectors than the use of CBR val
ues alone. 

It was realized in the beginning that design within Itself was of little value unless fully 
developed on construction. Consequently, every effort was made to simplify or make 
easy the design criteria, so that better understanding and cooperation could be had alike 
from Inspectors and contractors; hence, joint use of BPR and CBR curves. 

To date, little or no condusion has arisen and much common knowledge has resulted 
from our procedure of operations. 

We employ triaxial apparatus and do some check work by that method. However, the 
most of our triaxial values are on undisturbed samples, or remolded specimen at a 
specified degree of density and moisture for a definite measurement, and this is gener
ally for foundation determination of soil in situ. 

We pursue the most economical and feasible method of design for foundation courses, 
beginning with the subgrade soil and constructing subsequent layers to yield satisfactory 
value in sequence of its position in the roadbed and resulting in material of satisfactorily 
high bearing value immediately below the pavement structure. 

Armed with complete information as to the type and supporting value (based on speci
fication requirements) of the soil in the subgrade on all parts of the project length, an 
inventory and evaluation of local and manufactured materials available, and a traffic 
count with estimated service demands, we proceed with design. We are not concerned 
with freezes of more than 8 in. deep. 

With the assembled data in hand, we make a field reconnaissance and set up founda
tion thickness of layer type for the entire length of the project, for design and estimat
ing purposes, varying the total depth as required to yield a uniform carrying value for 
Its entire extent. The actual depth of foundation is based upon soils occurring in sub-
grade after grading and drainage are completed. See Figures 3 and 7. 
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Figure 3. Typical section. 
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Shoulder* vary 6' to 1^' 

h o u l d e r i - Selected Soi l 

R o r t b t J y q r i i i 36 ' ' o * * ' 

t 
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Bo se 2 wider thon povemeni 

Shoulders - Soke led So i l 

\ P m f i l i i Biade 

CD Base 8" to 12 bs required 
O Subbase 4* to 18*as required 
O Subgrade Poor to bod soil 

Figure 4. Typical section, selected so i l shoulders. 

Should the surface type be an armor course of less than 2 i n . , no consideration is 
given for its value in the structure. Should it be of high type 4, 5, or 6 in. thick, the 
total depth less 2 in. is deducted from foundation thickness. 

When practical, we employ controlled grading, but if this is not feasible, we nor
mally employ selected roadside materials (the best and most economical) for the lower 
layers of foundation courses (subbase), with each subsequent layer (from the subgrade 
up) having the proper soil constants and bearing value in sequence of its position, al
ways reserving a requisite depth of high bearing value material suitable for the intended 
purpose of a finished base. Our bases range 4 i n . , 6 i n . , 8 i n . , and 10 i n . , as re
quired to meet traffic demands, (farm-to-market, secondary or primary roads) with the 
subbase varying in depth to compensate for varying soils, thereby providing a uniform 
bearing value throughout the length of the project. 

There is a tendency for some engineers to employ materials of higher bearing values 
and use less depth for foundation courses instead of the layer type design. Our experi
ence indicates that aside from the economics involved, in so doing, one is drifting 
towards a rigid pavement design rather than pursuing the mechanics of a flexible struc
ture. Consequently, we stick to the layer method when at all possible and this is 100 
percent to date. 

The top 4 i n . , 6 i n . , 8 i n . , or 10 i n . , as the case demands, of foundation course, 
designated as base, is of a carefully selected material and ranges from a high-grade 
A-2 soil to a crushed stone sand-filled soil concrete, and includes sand-clay, topsoil, 
sand-clay gravel, sand-filled cherts and sand-filled crushed aggregate (slag or stone). 
Their CBR values range approximately from 60 to 150 standard to 35 to 150 soaked. 

When sand-clays and topsoils are employed as base (we have some 4,000 miles of 
this type, some carrying 5,000 vehicles of mixed traffic daily), roadbeds are built high 
and well drained, with shoulders of % in. slope to the foot to keep moisture content low 
and maintain the highest shear value possible (Standard CBR) in the base materials, 
during adverse weather. This is our weak base type and must have pervious shoulders. 
See Figures 4 and 5. 
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tigure 5. Typical section, base f u l l width. 
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Sheal4crs • e r y S ' l o l O ' - aa t e 44 
Mia 

Pgvtwtnt Ttrlei «Q l̂» »4l Sheel^ars «« ry e'<e » ' 

Base 2' ( f l t far t k o * 90mmtmt 

DBase- eTto 12"as required 
Subgrade- Good Soil 

Figure 6. Typical section, trench section. 

The poorer grade sand-clay gravels, poor class of chert, or either of these materials 
with poor binders requiring the same type of roadbed and drainage as sand-clays, are 
termed medium bases, and require pervious shoulders. 

The better bases are sand-filled chert, sand-clay gravels, with excellent binder or 
soil aggregate concrete made from crushed aggregate and reasonably clean sand. They 
yield feasible construction, high shear value with a small loss when saturated. These 
are the more e ŝpensive and stronger bases, and can be employed anywhere with success, 
provided a suitable subgrade is prepared as required. See Figure 6. 

When we discuss surfacing or pavement proper, we want it fully understood that: (1) 
the subgrade soil has been fully evaluated at the degree of density specified for the en
tire length of the project; (2) the subbase has been built of the materials, both as to 
quantity and quality at the optimum density, and to the section specified; and (3) the base 
course has been built of the materials specified as to quality, quantity, optimum density 
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Figure 7. 
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and section and is ready for the surfacing. 
The public demands a smooth, easy-riding and non-skid surface and we make' every 

effort to secure this effect. Some of our best results in obtaining a good riding road
way surface have come from stage construction with frequent applications of leveling 
and light plant mix surface courses of suitable gradation and bitumen content (74 in. ap
plication every 4 to 7 years). They range from surface treatment or armor courses 
(1 in. to 2 in. thick) to 4 in. or more in depth, placed in two or more courses. 

Surface treatments are aggregate courses placed inverted penetration type on a primed 
base course. The f i rs t course is made from fairly coarse aggregate as near uniform 
size as can be readily obtained, choked with a second course of smaller particles and 
covered with approximately in. of fine graded plant-mix. However, we sometimes 
place 1 in. of plant-mix directly on a primed base. 

Someone may question: "Why a prime or why the Keystone Course of aggregates?" 
Both have a very definite function in our line of reasoning since we have hot climate, 
heavy rains and employ weak bases. The prime serves to seal out moisture or prevent 
rapid evaporation and as a dowel to tie the pavement to the base, while the hot applica
tion supplements the prime in doing its work and when covered with aggregate provides 
increased stability and a rough textured surface to hold the plant-mix. 

When building the higher type of pavement, the aggregate course is usually eliminat
ed, but the prime is retained for reasons given above. Such pavements are usually di
vided into bottom and top courses in such a ratio as to facilitate the use of largest ag
gregates possible in the mix of both layers and to enable us to secure the required den
sity from a reasonable amount of rolling, thereby promoting economy, and service val
ue commensurate with expended effort. 

Our standards of design for plant-mix are the surface area method for determining 
bitumen content, sieve gradation of aggregates for uniformity, and density and stability 
for service life. 

We employ preliminary samples of materials and make pilot mixes for design. Then 
plant inspection for control on all plants making mixes, and roadway inspection for place
ment. The bitumen content is checked by extraction, the aggregate by screens, the den
sity by specific gravity method, and stability by Bruce Marshall apparatus, or other 
standard means as specified. 

We attempt to employ the simplest standard method that is reproducible for the spe
cific test, then establish relative values for that obtained by other methods when possi
ble. This line of reasoning assists us in placing workable or understandable knowledge 
in the hands of the people, who actually do the work, thereby serving as an incentive to 
build the design into the structure. 

A condensed description and table of design data for three typical projects are listed 
below, giving the main details of design employed - U. 352, F. 286 (1), and F, 120 (3). 

Project U. 352, Montgomery County, is of four-lane depressed parkway construction, 
extends over conditions which approach the lower limits of the bad soils occurring through 
the nation. It was carried through the winter of 1954-55 on construction and gives every 
indication of being a satisfactory highway. 

Project F. 286 (1), Madison County, is of four-lane depressed parkway construction, 
right through the center of the City of Huntsville, with a low grade line, requiring in
creased safety factors. 

It I S now completed and gives every indication of being a most excellent thoroughfare. 
Project F. 120 (3), Bibb County, is on a federal primary route and wi l l be subjected 

to heavy truck traffic, with quite a prospective Increase, It is of two-lane construction, 
having a 42 f t roadbed, and 24 f t pavement width respectively. The terrain it traverses 
isof a rough hilly nature, with stratified soils, rangii^ from good to poor; hence, the 
three types of soil occurring in the subgrade. The roadbed is high with the bottom course 
of the base of sandy material and very pervious. Past experience with soil types and 
materials employed indicate very satisfactory road service. 
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TABLE 1 
SUMMARY OF DESIGN 

Project: U. 352 (1) Montgomery Co 
Total cost per sq yd for subbase, base and 
surfacing - $2. 33 

Traffic: 7,800 V/D 20 percent commercial 1965 estimate 
Rainfall: 40 in. to 60 in. a year 
Depth of Freeze: 2 in. 
Terrain: Rolling coastal plain 

Station Subgrade 
Classification 

Subgrade Subbase Subbase 
CBR Type CBR 

Base Base Pavement 
Type CBR Type 

42-1-00 A A 
A-4 (3) 

7.7 Bottom 5" sand-clay 34,5 
Top 5" sand-clay 46,0 

10" clay gravel Double Bit. S. T. 
60.0 801b/SY Plant Mix 

1204-00 A-2 
A-4 (2) 14.9 

Bottom 5" sand-clay 34,5 
Top 5" sand-clay 46,0 

Double Bit, S, T. 
10" clay gravel 60.0 801b/SY Plant Mix 

184+00 A-7 
A-7-6 (15) 7.8 

Bottom 5" sand-clay 34,5 
Top 5" sand-clay 46,0 

Double Bit. S. T. 
10" clay gravel 60. 0 80Ib/SY Plant Mix 

258+00 A-7 
A-7-5 (20) 3,2 10" clay gravel 47.0 

Double Bit. S. T. 
10" clay gravel 59.1 801b/SY Plant Mix 

287+00 A-7 
A-7-6 (12) 5.0 10" clay gravel 47.0 

Double Bit, S, T, 
10" clay gravel 59,1 801b/SY Plant Mix 

Remarks: Clay gravel used as base is on sandy side. Clays in subgrade are organic type. Pavement 
thickness 2 in. Top 6 in. of subgrade, subbase and base compacted to 100 percent density 
method T-99-42, Two in, of pavement used initially to be followed in three years with a level
ing course and iVi in, of wearing course. 

ANALYSIS OF MATERIALS 

Bottom Top 
Sub- Sub- Sub- Sub- Sub- layer layer Sub-

grade grade grade grade grade subbase subbase base Base Base 
sta sta sta sta sta 42+00 to 42+00 to 258+00 to 42+00 to 258+00 to 

42+00 120+00 184+00 258+00 287+00 184+00 184+00 287+00 184+00 287+00 
Total % 
Passing 
2" 100,0 100.0 
1" 100,0 100,0 98,0 92,0 
No. 4 100,0 92,0 73,5 75.0 69.0 
No. 10 100.0 100.0 100,0 99,0 100.0 100,0 84,0 64,6 55.0 65.0 
Mail Pass. 

65.0 

10 M% 
Clay Not Not Not 78.6 55,2 12,4 15,0 24.2 14.0 16.0 
Silt Run Run Run 15.3 28,7 14,6 8,9 3,2 10.6 7,5 
40 99.7 96.6 98,7 99.1 97.0 98,3 67,5 67.7 58.7 55,3 
60 98.2 90.0 97,6 97.8 93,3 84,4 43.1 45.6 41.0 32,4 
200 51,2 44.1 87,2 93.9 83.9 27,0 23.9 27.4 24.6 23.5 
F. M. 26.3 19.4 32,0 53.5 33,8 15,8 21,2 26.3 21.5 21.5 
L . L . 29.8 21.4 47,3 65,9 41,0 19,4 26.4 27,8 28.8 28,8 
P. L. 19,4 16,9 23.7 45.8 23,0 15,6 19,4 20,9 19.4 21,4 
P. L 10,4 9,5 23,6 20.1 18.0 3,8 7,0 6.9 9.4 7.4 
S. L . 18,5 17,4 20.1 23,5 18,3 17.4 22,1 22.0 22.7 21.6 
V . C . 13,5 3.4 19.5 47,1 27,9 0,0 0,0 7,1 0.0 0.0 
L . S. 4,13 1,11 5, 77 12,19 7, 87 None None 2, 26 None None 
S. R. 1, 73 1,72 1.64 1.59 1.80 1,78 1, 68 1. 75 1.72 1,70 
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TABLE 2 
SUMMARY OF DESIGN 

Project: F . 286 (1) Madison Co 
Total cost per sq yd for subbase, base, and 
surfacing - $2.13 

Traffic: 5,000 V/D 15 percent commercial 1965 estimate 
Rainfall: 40 in. to 60 in. a year 
Depth of Freeze: 8 in. 
Terrain: Rolling river valley 

Station Subgrade Subgrade Subbase Subbase Base Pavement 
Classification CBR Type CBR Base Type CBR Type 

27+00 A-7 10' crushed limestone 137. 8 Double Bit. S.T. 
A-7-6 (10) 12.0 6" sand-clay 17.3 with sand-clay binder 801b/SY Plant Mix 

57+00 A-7 10' crushed limestone Double Bit. S.T. 
A-6 (9) 13.2 6" sand-clay 17.3 with sand-clay binder 137. 8 801b/SY Plant Mix 

92+00 A-4 10- crushed limestone Double Bit. S.T. 
A-6 (5) 11.0 6" sand-clay 17.3 with sand-clay binder 137. 8 801b/SY Plant Mix 

152+00 A-4 10' crushed limestone Double Bit. S.T. 
A-6 (9) 13.8 6" sand-clay 17.3 with sand-clay binder 137. 8 801b/SY Plant Mix 

200+00 A-7 10' crushed limestone Double Bit. S. T. 
A-7-5 (9) 12.7 6" sand-clay 17.3 with sand-clay binder 137. 8 801b/SY Plant Mix 

Remarks: High subgrade CBR values in soil are due to cherty material retained on No. 10 screen. Total 
pavement thickness 2 in. Clays in subgrade are inorganic type. Top 6 m. of subgrade, subbase 
and base compacted to 100 percent density method T-99-42. Two in. of pavement used initially to 
be followed m 3 years with a leveling course and I /2 in. of wearing course. 

ANALYSIS OF MATERIALS 

Subgrade Subgrade Subgrade Subgrade Subgrade Subbase Base 
Sta Sta Sta Sta Sta 0+00 to 0+00 to 

27+00 57+00 92+00 152+00 200+00 200+00 200+00 
Total Passing % 
2" 100.0 
1" 100.0 100.0 95.0 
No, 4 90.7 100.0 86.1 100.0 100 37.8 
No. 10 81.6 99.0 66.6 99.0 99.0 100.0 32.6 
Matl Pass. 10 M % 
Clay 66.6 57.0 58.4 63.0 56.6 12.0 . 15.0 
Silt 19.0 27.3 25.6 29.0 22.4 6.8 10.2 
Total Sand 14.4 15.7 16.0 8.0 21.0 81.2 74.8 
40 97.0 96.3 96.5 99.2 97.6 85.8 81.6 
60 94.9 93.6 94.0 98.2 95.0 40.7 50.0 
200 85.6 84.3 84.0 92.0 79.0 18.8 25.2 
Field Moisture 35.5 36.5 26.9 26.4 35.2 14.3 17.0 
Liquid Limit 44.4 39.2 35.9 35.2 42.0 17.1 16.9 
Plastic Limit 29.0 27.1 23.9 23.0 31.4 12.9 17.4 
Plasticity Index 15.4 12.1 12.0 12.2 10.6 4.2 0.0 
Shrinkage Limit 18.9 24.3 18.5 17.9 23.9 13.8 15.0 
Volume Change 28.4 19.9 15.0 15.2 18.5 0.9 3.7 
Lineal Shrinkage 8.00 5. 87 4. 55 4.61 5. 50 0.29 1. 20 
Shrinkage Ratio 1. 71 1.63 1.79 1. 79 1.64 1. 83 1.83 



29 

TABLE 3 
SUMMARY OF DESIGN 

Project: F. 120 (3) Bibb County 
Total cost per sq yd for subbase, base and 
surfacing - $1.38 

Traffic: 1,600 V/D 35 percent commercial 1965 estimate 
Rainfall: 40 in. to 60 in. a year 
Depth of Freeze: 3 in. 
Terrain: Rolling foothills 

Station Subgrade Subgrade 
Classification CBR 

Subbase 
Type 

Subbase 
CBR 

Base 
Type 

Base 
CBR 

Pavement 
Type 

230+00 A-2 
A-4 (0) 28.3 None 

Bottom 5" layer sand-clay 34.0 
Top 6" 70% chert 30% sand 88. 7 

Double Bit. S. T. 
801b/SY Plant Mix 

290+00 A-4 
A-6 (10) 7.3 6" sand-clay 32.6 

Bottom 5" layer sand-clay 21.5 
Top 6" 70% chert 30% sand 88. 7 

Double Bit. 3. T. 
801b/SY Plant Mix 

375+00 A-4 
A-4 f8) 8.3 4" sand-clay 30.7 

Bottom 5" layer sand-clay 21.5 
Top 6" 70% chert 30% sand 88. 7 

Double Bit. 3. T. 
801b/SY Plant Mix 

575+00 A-4 
A-6 (8) 7.0 6" sand-clay 34.1 

Bottom 5" layer sand-clay 21.5 
Top 6" 70% chert 30% sand 88. 7 

Double Bit. S. T. 
801b/SY Plant Mix 

Remarks: Bottom layer base used from Sta 290+00 to 575+00 is sandy. Top 6 in. of subgrade, subbase and base 
compacted to 100 percent density method T-99-42. Two in. of pavement used initially to be followed 
in 3 years with a leveling course and iVa in. of wearing course. 

ANALYSIS OF MATERIALS 

Bot Top 
Sub-
grade 

Sta 
230+00 

Sub-
grade 

Sta 
290+00 

Sub-
grade 

Sta 
375+00 

Sub-
grade 
Sta 

575+00 

Sub-
base 
Sta 

290+00 

Sub-
base 
Sta 

375+00 

Sub-
base 

Sta 
575+00 

Bot 
layer 
base 

230+00 

layer 
base 

290+00 
575+00 

layer 
base 

230+00 
575+00 

Total Passing % 
2" 100.0 
1" 88.3 
No. 4 100.0 100.0 100.0 100.0 54.1 
No. 10 100.0 100.0 100.0 100.0 99.0 99.0 100.0 99.0 99.0 43.9 
Matl Pass. 
10 M% 
Clay 20.0 Not 26.0 30.0 18.6 24.6 16.4 14.6 14.6 15.2 
Silt 19.9 Run 52.4 46.0 13.5 6.2 5.0 3.3 6.3 12.0 
Total Sand 60.1 7.2 21.6 24.0 67.9 69.2 78.6 82.1 79.3 72.8 
40 91.6 97.9 99.6 98.9 85. 8 77.2 81.5 87.3 70.0 77.8 
60 71.0 95.3 98.7 98.0 69.1 58.1 48.4 59.0 38.2 50.7 
200 39.9 92.8 78.4 76.0 32.1 30. 8 21.4 17.9 20.7 27.2 
F.M 15.0 25.2 26.0 25.8 15.7 20.8 18.9 20.4 14.7 17.1 
L. L 14.6 37.8 31.6 34.7 17.8 25.2 22.8 21.8 17.0 19.7 
P. L. 14.3 23.0 24.1 24.1 15. 6 17.1 17.9 19.5 14.8 16.7 
P. 1. 0.3 14.8 7.5 10.6 2. 2 8.1 4.9 2.3 2. 2 3.0 
S. L. 13.5 18.6 24.8 20.0 14.6 18.0 17.8 23.2 16. 7 15.6 
V C. 2.8 11.4 1.9 9.9 2.0 5.0 1. 94 0.0 0.0 2. 74 
L. S. 0.92 3. 54 0. 65 3.10 0. 66 1.62 0.65 None None 0. 89 
S R. 1. 85 1.73 1. 56 1.70 1.82 1. 79 1. 77 1.63 1. 79 1. 83 

Appendix A 
Soil Surveys 

The evaluation of subgrade soil requires surveys which provide the sampling, ana
lyzing and designating soil type and value for each 100 to 1,000 feet of roadway length, 
and establishing a soil profile from which the required thickness of foundation media is 
determined. 

Purpose of Soil Survey 
1. To predetermine by analysis of soil samples taken from the prototype, the type 

or types of soil that wi l l be encountered in the construction of a proposed highway project. 
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2. To 
subgrade 

3. To 
a manner 

4. To 

determine from (1) above the working value of the soil that w i l l occur in the 
of a highway project on each section of roadway throughout its entire length, 
determine from (1) and (2) above the disposition of soil on construction in such 
as to yield the best final results and longest road service value, 
determine from (1), (2), and (3) above the finished roadway subgrade needs 

for treatment, the quality and amounts of 
subgrade reinforcement (in addition to base 
course or pavement) that wi l l be required 
for the roadway surfacing to support ade
quately the intended traffic loads, during 
all variations of weather and moisture. or SUBOB/9D& nnreai/ii. 

Figure A. 5. To analyze the findings of operations 
(1), (2), (3), and (4) above and compile a 

report for use in making recommendations for the design of the project affected. 

Scope 
1. Soil surveys cover the examination of the soil immediately within the limits of 

proposed construction, both as to width and depth, and, to areas adjacent to the roadway 
section so far as Is necessary to obtain complete soil data for use in design. 

2. They extend to the investigation of the subgrade for each section of the entire 
project length whether cut or f i l l and furnish information as to the expected conditions 
(that wi l l be encountered on construction) of the subgrade in cuts and foundation soil 
over which the f i l l s are to be made. When an old alignment and grade is closely f o l 
lowed and surfacing has been employed, this investigation shall include both depth and 
type of surfacing and subgrade soils (see Figure A). 

3. They extend to the examination of road building material when advisable and to 
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those materials which are common to the limits of the proposed project or adjacent 
thereto. 

Sampling 
1. Employ as a guide a set of plans for the project carrying alignment, profile and 

tentative grade line. 
2. Take samples and make notes for each, being careful to record data for all types 

of soil encountered for use in the design of pavement. Record all marshy locations, 
springs, etc., that wi l l fa l l within or affect the construction limits of the project. 

3. Take samples from 2 to 5 station intervals or closer in cut sections as the case 
demands, to give complete information as to soil type or types encountered, being care
fu l to take samples from those locations that wi l l yield the information representative of 
the soil in place and submit the same to the testing laboratory. 

4. a. Take a composite sample from ground profile line or surface to a depth equal 
to the difference between the elevation of profile and grade at some location if the soil 
appears to be uniform or of small variation (see Figure B). 

b. When the soil is stratified take a representative sample of each different type 
encountered and record the zone thickness of each type. 

c. Always make borings or dig holes as the case demands, at least 12 in. below 
the proposed grade line elevation as shown on plans, if possible, and if a change in soil 
type occurs from that immediately above take a sample and record notes on those phases. 

5. Where hard-pans or other zones of impervious soils are encountered, make bor
ings or dig holes as often as is necessary to determine its slope, water table, etc., for 
use in design and on construction (see Figures B, C, and D). 

6. Fi l l out two sample information cards accurately for each sample taken, one to 
go with sample into container and the other in the envelope which is to be tied as a tag 
label on the outer side of the container. They should be identical and give complete in
formation as to location on plans, depth of soil the sample represents and carry serial 
number. For instance, if a sample hole is bored at Station 523+00 its serial number is 
23. If three zones of soil are struck, the f i rs t zone 2 feet, the second 4 and the third 
3 feet thick, then the sample cards should be numbered 23-A, 0-2 feet deep; 23-B, 2-6 
feet deep and 23-C, 6-9 feet deep. 

7. Make borings or test holes at sufficient intervals to determine soil changes, re
gardless of whether samples are taken or not. (A superfluous number of samples rep
resents waste but frequent examination of soil by eye and feel and making record of the 
same reflects alert engineering.) 

8. Record in note book the depth of soils which each sample represents and any 
other information relative to soil type or ground water that could be considered of value 
in the design or construction of the project. 

Analysis of Soil Samples 
1. The samples are sent to the testing laboratory where they are analyzed in terms 

of standard specifications and in accordance with the information supplied and data re
quested on cards accompanying the sample. 

Analytical reports are made for each sample in consecutive order as to the locations 
on the plans, etc. 

Reports 
Reports of laboratory findings or soil analysis and CBR values are made out in the 

testing laboratory office and copies of the same forwarded to parties concerned. 

References 
1. "Principles of Highway Construction as Applies to Airports, Flight Strips, and 

Other Landing Areas for Aircraf t ," Public Roads Administration, Federal Works Agen
cy, June 1943, Section IV, "Flexible Bases and Surfaces. " 

2. "Engineering Manual" - Corps of Engineers, U. S. Army, June 1942, Chapter XX. 
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Adopted from California Method of Design Based on California Bearing Ratio. 
3. "The Earth Mover and Boad Builder" by Arthur R. Smith, June 1938, to January 

1939. 
4. "Procedures for Testing Soils," by American Society for Testing Materials, 

September 1944. 
5. "Suggested Information for Determining Base Course and Roadbed Topping," 

based on 1940 research by J. F. Tribble of Alabama Highway Department. 
6. "Engineering Properties of Soil," by C. A. Hogentogler. 

Appendix B 
Material Surveys 

Specific surveys are made for sources of local materials for use in construction and 
maintenance. 

Purpose of Material Surveys 
1. To predetermine by investigations, supported by analyses of samples, the types 

of local materials available, their working values, feasibility of use and economy of em
ployment, for use in the design and construction of a given project. 

2. To determine from (1) above the working value or suitability for use of the mate
rial from each source prospected. 

3. To determiae from (1) and (2) above the feasibility of use for materials from each 
source investigated. 

4. To determine from (1), (2), and (3) above and from haul roads, etc., the econom
ical factors involved by the use of materials from each suitable source. 
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Figure A. Preliminary sampling of prospective p i t (p i lot samples) 
sand-clay. 
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Figure B. Preliminary sampling of prospective p i t - clay gravel. 

Figure C. Preliminary sampling of prospective p i t (pi lot samples) 
f loat gravel. 
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5. To select from (1), (2), (3), and (4) above the materials to be used in the design 
and construction of the project affected. 

6. To analyze from (1), (2), (3), and (4) above the economical factors involving the 
use of local materials and determine their value as compared with commercial products 
when such products become competitive. 

AMK Tiat /K/ea Jbored on ofi/troy/moftt/tf /OO' ctnyiens Ao &eAermine ouon^//u and 
uniformifu «' ai^ai/ab/e ma/sna/- Moferio/ M^-up /or uae <iAoivn in do/fad 
ou//ine, poaribi/ittf o/ obfainirtf at/tftftona/ ^irontitu ef mo/ario/ a/ /-flia 
parficu/ai- ^i/K , Auf .sarrtya/irtq on/tf joer/ormed omp/tj coner auanfi /</ 
ra<^u,red for yob ' ^ '"7 7 7 

Figure F. Sampling of pi t for quantity. 

/^o/e I - r£ST HOLES bored on approx /OO' cenfer^ to determine 
at/on/i/u and uniformiti^ of aifoi/oble /mo/eria/ A^o/eria/ seZ-cp 
for t / j e u/'ou/d he t/jai' shonvn in dotted ou/Zm^ O/her not 
economico/ for u^e because of enceaaitfe stripping to be done 
for srno// yie/d of occeptob/e n^o/eno/ 

Mo/c 2 - F/2£Q(/£/VrLy S/fMPL//VG ivi// sho^ pockety or s/rota.y o/ 
rich c/oy in o c/oy ^rove/ deposit / f /bese are rio/ /oo /orye 
one/ there is sond or sanct - oroiret cinder/uin^ t/>e c/ot^ — 
orou^t a -so^isfoctorij Sase course moter/o/ rr7eet/ng 
ret^i/ir^d specifications / - T o o y be oibtoir>ed Ay corefu/^handt-
/n^ On<y /ni}ting ir> /be o// Care rrji/sf be taken to deep 
enough into tne •soryct or Sond <^f-aye/ /o conopensa/e for-
the. ric/j c/oy A/7/^/r7^ A^ust be Tboroi/gti 

figure G. Sampling of pi t for quantity. 
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7. To determine availability of all soi^rces prospected and any special conditions 
affecting their use, such as special requests of owners, etc. 

Scope 
1. Material surveys include complete investigations of known sources and extensive 

studies for the development of new sources of the materials that can be successfully 
employed in the construction and maintenance of highway projects. They wi l l be made 

un/forrnitt^ o/ ai^ar/ajb/e /rta/erfa/ /n <^£jnero/ >TO// at/qers cannot i3e t/sed, maktnef 
ret^L/tsi^e, ^t>e df^t^fnt^ of tesf ho/es lA/i^h /ifci amct ^hoi^e/ anct fri mantf case^ the 
use of ut/ater ^umps are cs^ent/o/ Such a/eposf arc of fen frrequ/ar /rt 
dep^h and re<^utre extra care frt /ni^esh<^of/or7 for t^t/arttiii^ A^atertat ^et-~ up 
for use. in this case tvou/d that j-hoivn m dotted ouf/irje 

fefe-Z JVofer is usi/a/tt/ encountered m this fi/pe of maferio/ and must Ae faien /nfo 
consideration on ptans for d/^<^mt^ and /oad/n<^ 

t^oteS Of fen neater lat is deficient /n fine J" and and bvi// re<fuire ftie oe/dif/ort 
of such mtjteria/ to /̂•t? tJie desired t^radation 

Figure H. Sampling of pi t for quantity. 

I ho/e^ bored on ofipx tOO' cenfers to deter-mine ^i/antifif ortd 
uni/ormifij of oirai/ab/e mofenat A7aterio/ %Fef-u/3 ̂ or t/se n^rouA^ 
6e that j'/jou/rj in doffed Ouftme 

fl^/t Z Topsoif commonfi^ occurs & /o AS inches deep or>d usua/fy requires 
uu^indroinr/rt^ or ^imi/or ftarycf/in^ /or economicof foa^/n^. 

Figure I . Sampling of source for quantity. 
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be t h a t shoutn in do-fred o u t h n e 

NsteiZ-Frequently pockets o P r i c h clay and o t h e r u n d e s i r a b l e m a t e r i a l s t h a t a r e 
not 'feund o n p r e l i m i n a r y s a m p l i n g uuill shouu up i n c h e r t d e p o s i t s and must 
be avoided iwnen l o a d i n g out. 

Note:d-NatursI c h e r t is g e n e r a l l y d e f i c i e n t in uuell g raded f i n e a q 9 r e g a t e a n d 
usua l ly con ta ins an excess ive a m o u n t of* m i n u s £oo M e s h m a t e r i a l . Thi's 
defi 'eiency I's u s u a l l i ) c o r r e c t e d by t h e m i x i n g i n o f Coarse s a n d , 8 l a g , or 
l i m e s t o n e s c r e e n i n g s . 

Figure J . Sampling of p i t for quantity. 

in relation to soil surveys when feasible and advisable, and wi l l supplement the same. 
2. They are conducted in accordance with project demands and extend sufficiently to 

include soils for subbase and base courses, to paving and bridge aggregates, stabilizing 
materials either local or common to the vicinity or imported in accordance with feasi
bility of use and economy factors affecting the over-all cost of a project. 

3. They are conducted by such intensive and extensive investigation that all usable 
materials for a given project are given consideration for use. 

4. They give data on both materials suitable for use in their natural state, and those 
that can be processed satisfactorily for use either by manufacture or stabilization 
methods. 

Method of Conducting Materials Surveys 
General. 
1. Employ as a guide for location, set of plans for the project carrying alignment, 

topography, profile, proposed grade line and a large county map. 
2. Geological map of the affected area and a soil map of the county. 
3. Obtain from soil survey data, geological formation, personal observation, or 

conference with other persons, the type of materials that can be reasonably expected to 
be found in the general areas to be investigated. 

4. Compare notes with Bureau of Plans and Surveys, study soil data and arrive at a 
general conclusion as to the types of construction that wi l l be employed and the materials 
requirements for the construction or maintenance of the project studied. 

5. Armed with above suggested information and prospecting equipment, proceed with 
investigations for materials requisite to the design and construction of proposed work, 
or to the repairs on maintenance. 

Prospecting. 
1. Prospect all likely spots on the right-of-way, adjacent to the right-of-way, and in 

the general vicinity (within a reasonable haul distance) of the proposed project, for those 
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materials as mentioned in paragraphs above. 
2. Being guided by practical knowledge and common reason, take pilot samples 

from each source of material found, considered of sufficient import to be investigated 
and submit the same to the testing laboratory for substantiating data. (See Figures A 
thru E for examples of pilot samplii^ of typical deposits.) 

3. When the analyses of pilot samples are reported, complete the sampling of each 
acceptable source for quantity and quality (see Figures F thru J). 

4. Much walking and hard work are necessary for making an intensive materials 
survey. A prospector must be alert and efficient and he must keep on looking for ma
terials with a view of finding a source just 100 years beyond where he desires to turn 
around. Instances are on record where good material was found just over a hil l from 
where another prospector got tired and stopped. Riding out all roads, trails and ex
amining guUeys or natural breaks in terrain often renders many good sites. One should 
not exchange hard work and walking for the comfort of riding, if he expects to be a suc
cessful material survey man. 

References 
1. "Engineering Properties of Soil," by C. A. Hogentogler. 
2. "Geological Survey of Alabama," by Eugene A. Smith. 
3. "Soil Surveys of the Various Counties of Alabama," by the United States Depart

ment of Agriculture. 
4. "Procedure for Testing Soils," by American Society for Testing Materials, 

September 1944. 
5. "Principles of Highway Construction as Applied to Airports, Flight Strips, and 

Other Landing Areas for Aircraf t , " Public Roads Administration, Federal Works Agen
cy, June 1943, Section IV, "Flexible Bases and Surfaces." 

6. "Standard Specifications for Road and Bridge Construction," State Highway De
partment of Alabama and Other State Highway Departments Proceedings. 

7. "Soil Mechanics and Soil Stabilization," Highway Research Board, Vol. 18, Part 
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Appendix C 
Plant Mixes 

Cold 
Cold mixes yield many desirable features as to delivery, workability and placement, 

but present an ever constant problem of control for the specific purpose. 
They are most generally employed for thin applications, ^2 to 1 in. thick, and rolled 

lightly to facilitate losage of volatiles by evaporation, with the expectation of traffic 
completing density. 

The gradation can not present too dense a mix, nor can a very high stability be ex
pected immediately after placement. 

We employ some 150 to 200 thousand tons annually for retreads or light surface 
courses over surface treatment. 

Hot 
Hot mixes are employed when economy, and situation permits its usage, and their 

manufacture and placement conform as closely with conventional standards as condi
tions demand. 

Our available aggregate types are many, with specific gravities varying from 2.15 
to 2. 80, and weight from 80 to 120 pcf, respectively. 

Little or no trouble is experienced when only one type of aggregate is employed. The 
gradation curve is normally regular and smooth, unless particle shape produces an ex
cess of voids which have to be filled to produce desired density and stability (sand-
gravel). 
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When two or more aggregates are employed, having different gravities, etc., a good 
surface area or volume curve for each sieve size may appear ragged, due to this item 
being secured by weight from sieve analysis. In such cases, the only way to secure a 
true gradation curve would be to determine specific gravity for each fraction between 
control sieve sizes and make corrections. This item is not too bothersome since we 
employ density and stability as a component of design. 

To design a cure-all pavement is next to impossible. A retread over old concrete 
with a widened shoulder of flexible base is a striking example. The portion of surfac
ing over the concrete with non-yielding base wi l l wear differently from that on the flex
ible widened strip. Too, a multiple laned highway may require different densities, 
stabilities and bitumen content for each lane with regard to traffic usage. Sometimes 
the bitumen content varies as much as 1% percent between an outer and inner lane, to 
render equal service. 

To serve the purpose intended, an asphalt surfacing must be smooth, not only for 
pleasant riding but to remove impact factors. Impact is very hard on light surface ap
plications. 

Economy comes from selection of cheapest suitable aggregates, so graded as to re
quire only a reasonable amount of bitumen. The know-how to design mixes comes from 
laboratory studies, while the production of satisfactory results requires plant and place
ment control respectively, in the field. 

ALABAMA METHOD OF DETERMINING AND CONTROLLING BITUMEN CONTENT 
FOR ASPHALT PLANT MIXES 

The method of determining the bitumen content for bituminous mixes as herein below 
described is known as the surface area method and is to be used only for controlling the 
bitumen content of mixtures due to changes in gradation. The oil ratio derived by the 
method herein described must be multiplied by a factor k. The factor k to be used for 
any mix is determined after considering the shape, specific gravity, uniformity of gra
dation, and absorbtive qualities of all the mineral aggregate; the kind and specific grav
ity of the asphalt; the void content of the mix; the type and thickness of the proposed • 
pavement; the stability and shear strength of the mix; the rainfall in the vicinity of the 
project; the volume and type of traffic; the kind and quality of the base course; the 
drainage conditions; and texture required of the finished pavement. 

The method requires the use of surface area factors and a chart (Figure A) for con
verting total surface area of the combined mineral aggregate to obtain an oil ratio f i g 
ure. Figure A gives surface area factor for the seven sieve sizes which have been 
selected for determining the surface area of the combined mineral aggregate and also 
gives a curve showing the relation of surface area and oil ratio. 

The oil ratio is defined as the weight of bitumen used divided by the weight of the 
aggregate, the result being multiplied by 100. 

The oil ratio is obtained by making a sieve analysis of the mineral aggregate in the 
total mix; calculating the aggregate retained between each sized sieve; multiplying this 
by the surface area factor for each size sieve; and adding the surface area for each 
sieve to get the surface area of the mix. Table A shows how to obtain the surface area 
of the mix. 
COLUMN A gives the sieve sizes used. 
COLUMN B is tabulation of the regular sieve analysis. The % in. sieve is not 

considered for the purpose of this formula. A l l the material be
tween the % in. and No. 4 sieves are grouped together using the 
same surface area factor of 3. 2. 

COLUMN E gives the surface area factors which are used regularly for each 
fraction of the material- that passes one sieve and stays on the next. 
These figures are constant and are used for all cases. 

COLUMN F is the result of multiplying Column D by Column E. In Column F 
the decimals are neglected, the numbers being entered to the near
est whole number. 
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TABLE A 
EXAMPLE OF CALCULATION OF SURFACE AREA 

% Weight of Material Surface 
Passing Between Sieves Area Surface 

Sieve Sizes Cumulative Sieve Sizes % Factor Area 
A B C D E F 

%" 
No. 4 
No. 10 
No. 40 
No. 80 
No. 200 

100. 0 
81.1 
54.3 y 2 - 4 45.7 3.2 146 
38.2 4 - 1 0 16.1 6.4 103 
14.4 10-40 23.8 19.8 471 
5.5 40 - 80 8.9 81.5 725 
2.1 80 - 200 3.4 182.0 619 

Minus 200 2.1 615.0 1,292 
3,356 Totals 100.0 
1,292 
3,356 

CHART TOR CALCULATING BITU^iEN CONTENT OR QIL RADQ FROM SURFACE AREA 
BUREAU OF CONSTRUCTION ALABAMA STATE HIGHWAY DEPARTMENT OFFICE OF BITUMINOUS ENGINEER 

C«rv« baiad on Sp Or o f O i l o f 1 0» 
Par otfcor Bp Or tbo O i l l a t l o v l l l r t r j d l r o e t l y 

aa Sp O r a v i t i a 

Gnrva kaaod on Bp Gr o r ag i o r a 00 
Par Olhop Sp Or tho O H Hat la w i l l v a r j 

Sp Or«Tltl 
r a a l r 

O i l r a t i o obtalBod f r o a r h a r t auat ko n n l t l p l l a * 

IS IS 
Surface Area (in thousands) 

Figure A. 

In Column D, the figure 45. 7 is obtained by subtracting 54. 3 from 100. 0; 16.1 is th€ 
result of subtracting 38. 2 from 54. 3; and so on. 2.1 is all the material passing the No 
200 mesh sieve. 

The total surface area so obtained is projected on the chart as shown. In the exam
ple noted above th6 total surface area was 3̂  356, which expressed m thousandths to 
agree with the chart is 3. 356, or, to the nearest second decimal, 3. 36. The vertical 
line 3. 3 is found on the chart and six tenths of the distance between lines 3. 3 and 3.4 is 
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estimated. Opposite where this estimated line cuts the heavy diagonal line (marked 
with a hatched angle on chart) the oil ratio is read at right hand side of chart. In the 
given example i t is 5. 73, the second decimal "3" being estimated between lines 5. 7 
and 5. 8. 

After the oil ratio is so obtained it must be multiplied by the factor "k" to obtain the 
bitumen content. The factor "k" for each project wi l l be set by the state bituminous 
engineer only. The bitumen content is the percentage of bitumen of the total amount of 
mineral aggregate and may be e^^ressed as the number of pounds of bitumen per 100 
lb of mineral aggregate. 

In the example above 0. 9 was selected as the factor "k ," hence the bitumen content 
to be used in the mix is 5. 73 percent (oil ratio from Figure A) x 0. 9 or 5.16 percent 
which is the corrected oil ratio. If the mix is to be made using 2,000 lb of mineral ag
gregate per batch then the amount of asphalt to be used wi l l be 200 x 5.16 percent or 
103. 2 lb. 

If the total batch is 2,000 lb then the amount of bitumen as per content noted above 
would be 98.1 lb obtained as follows: 

wt of batch x H . " e c t e d oil ratio 

X (amt bitumen per batch) = ~rT^T~T~ = ^"'ĵ S^a^^^ = 98. l i b 
1 . corrected oil ratio 1.0516 ^" 

and the amount of aggregate to be used would be 1901. 9 lb obtained as follows: • 

y (amt of aggregate per batch) = ^ ^ ^ " / e g ^ f = = 1901. 9 lb 
J ^ oil ratio 

m— 

Discussion 
RAYMOND C. HERNER, Chief, Airport Division, Civil Aeronautics Administration, 
Indianapolis — As the ultimate test of all design theories must be found through their 
application in the field, we are indebted to all those who have taken the time and trouble 
to acquaint us with their current practices. 

Land's paper was of special interest because his organization uses two distinctly dif
ferent approaches in evaluating subgrades for determination of paving thicknesses. 
Table A of this discussion was prepared for the purpose of comparing the results of 
these two methods. It lists the group index and CBR values for each test location, the 
design thicknesses determined by each method, and the thickness of section actually 
built. Design assumptions are given in a note at the end of the table. 

Although there is a general correlation discernible between the values of CBR and 
the group index, the design thicknesses obtained from their use vary widely. The CBR 
thicknesses are the lower in all instances. In the f i r s t two projects the section actually 
constructed is very close to that obtained from the group index, with the CBR apparent
ly given little consideration. In the third project the as-built section is more nearly an 
average between the theoretical thicknesses obtained from the two methods. 

The as-built section in the f i rs t project is of uniform thickness throughout the length 
of the project despite rather extreme variations in indicated subgrade strength. In the 
third project, however, thicknesses were varied in accordance with subgrade test values. 

The above observations may indicate that the Alabama des^n method is s t i l l in a 
state of flux. They definitely suggest a strong blending of the time-honored "e^erience 
and engineering judgment" along with the two formal design methods. This is not ne
cessarily a reason for condemnation, as there st i l l are many important factors which 
have not been thoroughly evaluated in any design approach. As someone has well said 
"A formula, carefully followed, always gives the same answer, but i t may not be the 
correct one." 

Unfortunately, the projects reported upon by Land are too new for any worthwhile 
service evaluation. I t w i l l be very helpful if he follows up with a sequel to this paper a 
few years from now. 
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TABLE A 
DESIGN SUMMARIES 

Project U-352 (1) Montgomery Co 
Sta No. 42 120 184 258 287 Avg 
Group Index 3 2 15 20 12 10 
CBR 7.7 14.9 7. 8 3. 2 5.0 7.7 
Design Thickness ^ 

By G. I . 16 14 23 24 21 20 
By CBR 12 8 12 20 15 13 
As Built 20 20 20 20 20 20 

Project F-286 (1) Madison Co 
Sta No. 27 57 92 152 200 Avg 
Group Index 10 9 5 9 9 8 
CBR 12.0 13.2 11.0 13. 8 12.7 12. 5 
Design Thickness ^ 

By G. I . 20 20 17 20 20 19 
By CBR 10 10 10 10 10 10 
As Built 16 16 16 16 16 16 

Project F-120 (3) Bibb Co 
Sta No. 230 290 375 575 Avg 
Group Index 0 10 8 8 6.5 
CBR 28.3 7.3 8.3 7.0 12.7 
Design Thickness ^ 

By G.L 12 20 19 19 18 
By CBR 6 13 12 13 11 
As Built 11 17 15 17 15 

^Surfacing not considered or included. Group index design based on "Heavy Traffic" 
chart (Curve D); CBR design based on 9,000-lb wheel load. 

J. L. LAND, Closure — This paper was prepared from current material employed in 
Alabama State Highway Department school classes, for the sole purpose of this panel 
discussion. The three examples were injected to develop just such points as Herner 
has analyzed. 

It later developed that only a brief period could be allocated to this series and the 
paper resulted in a mere outline, since it would require several pages to e}q)lain the 
reason for actual set-ups employed. 

An attempt was made to explain: 
1. Usage of local materials, both as to feasibility and economy. This usage dictates 

the employment of the most suitable material available having the required structural 
value desired. Sometimes a material three times the strength required is employed in 
a particular layer of foundation course because it is readily and economically available. 

2. Al l foundations are set up in the field, on the job, taking into consideration soil, 
grade line, drainage, local materials available, sub-drainage, type of base course, and 
traffic demands. 

3. Typical sections for weak, medium and strong bases. 
Each project is considered a completely new problem within itself and all the factors 

affecting its design and construction in the field for its entire length are employed. 
Roadway pavement is designed for each five-station interval and averaged for short 

sections, taking into consideration the weakest portions of each section. Averaging of 
group indices from 0 to 10 on roadway evaluation seems unthinkable. 



Flexible Pavement Design in Washington 
R O G E R V . L E C L E R C , Senior Mater ia l s Engineer 
Washii^ton State Highway Commiss ion 

T h i s paper described the design procedure for determining the total depth of 
cover used over subgrade soi l s for flexible pavements. The design procedure 
i s based on the Hveem stabilometer test. A brief history of the use of this 
test i s given, and the various steps in the design procedure are outlined. I n 
cluded are descriptions of the preparation and testing of so i l samples , the 
analys is of test data to determine surfacing depth requirements, and the mod-
Uication of these surfacing depths where cement treated bases are used. 
Special handling of swelling so i l s i s also described. 

Copies of surfacing design curves , photographs and sketches of test equip
ment, copies of completed test data sheets, and a table of typical surfacing 
requirements for var ious c la s se s of subgrade so i l s serve as i l lustrations. 

• P R I O R to January of 1951, flexible pavement design in the Washington Department of 
Highways was based on the Cal i fornia Bearing Ratio Tes t . T h i s test was abandoned in 
favor of the Hveem stabilometer test, however, because with certa in so i l s , notably 
clayey gravels and clean sands, it was difficult, if not impossible, to obtain rel iable 
test results — resul ts which would corre late with the observed performance of these 
mater ia l s in the roadway. I n addition, the necessary time requirements of the C B R 
test l imited our testing capacity to such an extent that it was impossible to handle the 
increas ing number of samples being received f r o m our e:q)anded construction program. 

The present design procedure for flexible pavements i s essential ly that originated 
by the Cal i fornia Divis ion of Highways as outlined in the paper by Hveem and Carmany , 
"The F a c t o r s Underlying the Rational Design of Pavements" (1.). The pr inc ipal d i f fer
ences in procedure stem from certain modifications in test conditions and in factors 
used to evaluate the worth of base and pavement courses . These modifications were i n 
corporated to give f inal design f igures which are compatible with observed f ie ld condi
tions and roadway performance in the Washington highway system. 

The method of design i s based on the layer "theory" which holds that each component 
of the roadway section must have better load-supporting ability than those components 
under it , and that the surfacing or cover requirements of each must be satisf ied. The 
grading, fracture and cleanliness requirements of certa in of these surfacing components 
(crushed stone o r crushed gravel surfacing, ballast , etc) a r e controlled by spec i f i ca 
tion, and minimum cover requirements have been assigned on the bas i s of numerous 
stabilometer test data. The required surfacing depths of other select , loca l , cover 
mater ia ls are determined by stabilometer tests on representative samples submitted in 
the pre l iminary stage of the roadway design. Types and minimum thicknesses of bitu
minous pavements for use on the various c l a s s e s of highways a r e set forth in the design 
standards, having also been determined f r o m accumulated test and performance data on 
these specification mater ia l s . 

The procedure by which the total depth of surfacing (including bituminous mat) i s de
termined for any one so i l involves, f i r s t , a determination of the index of its load sup
porting ability by means of the Hveem stabilometer. T h i s index, the stabilometer " R " 
value, i s then converted to a total surfacing depth requirement through use of a traff ic 
factor, and this total depth is rev ised downward in recognition of the l imited slab action 
or stiffness of a cement treated base course if such i s used. Inasmuch as our current 
d e s ^ n standards specify the use of a cement treated base under flexible pavements on 
the three pr inc ipal c l a s s e s of highways, this downward revis ion of surfacing depths i s 
a major consideration in the design procedure. The individual steps in the design pro
cedure are described more fully in the following sections. 

Soi l Sampling and Test ing 

During the so i l survey for any location, the d i s tr ic t so i l s engineer and his crews 
determine the location and extent of each so i l type to be encountered on construction. { 

44 I 
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T h i s Includes test dri l l ing a l l cuts to and beyond proposed grade elevation. R e p r e s e n 
tative samples of each different so i l are taken and submitted to the laboratory. 

Routine tests performed on these so i l samples are: mechanical analys i s , Atterburg 

WASHINGTON 
STATE HIGHWAY COMMISSION 

DEPARTI'lENT OF HIGHWAIS 
Mater ia l s Laboratory 

To: Planning D i v i s i o n Date f-4-~S5 

From: Mater ia l s Laboratory By / I f / ^ ^ ^ 

Subject: T r a f f i c Data 

Please f u r n i s h l i s t e d t r a f f i c data f o r the folloTOUg loca t ion: 

P S .H . No. / a Sect ion CeL-fM/g^e^ tb S^eimo/Ca.<^A. 

Job No. L-ai>S S t a . L l a i i t s C8^00 rt> f94.-^oo 
Control Sect ion 3SOZ. 

Y r . APT 

Truck C l a s s i f i c a t i o n (% of ADT): 

% 2 Ajae (Exc lus ive of Pickups & Panels) ^ 

3 AxLe 

A A x l e 

5 Axle — 

6 Axle _ £ : £ -

Remarks: * /Va^e 

^iS^irsSsfeci^s « ^ k i M M S > § f hL^r^^i#i^tilESi&^ 
Figure 1. 
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WASHIHGTON 
STATE HIGHliAY COMMISSION 
DEPAHTCEtiT OF HIGHV/AYS 
Materials Laboratory 

Date 2.~Z.-S5 
EWL* COMPUTATION 

By 

*Equivaleiit 5000 l b . Wheel Loads 

P S.H. No. / 2 Section Cet^/i/At^e^ ?fe SMtt^yto/iCAtjJA. 

Sta. Limits : -to f Job No. JL-a4,S 

C.S. 3SOZ. 
T r a f f i c Data 

S J . m . 

f9SS f t 4 o 

((,00 

Truck Classif icat ion (Exclusive of Pickups & Panels) 

By Axles: 
2 Axle 
3 " 
4 " 
5 " 
6 " 

lit, i X 3,000 = 
JJi X 7,000 = k4-5' 

_OS X U.000 = / / Z 
/•5 X 21,000 = 3/£ 

^j:3 X 16,000 = 
I t e m d ) : 10 Yr. EWL/ADT 

APT AajViStqent JEPr Laa? Wjdth &; increase of ,Ti:etffia 

No. of Lanes: 2 

ADT f o r current y r . 
ADT f o r current y r . + 10 

Average ADT Z74o -i-Z =/37(0 

Average one-way ADT: ^8S 

ltein(2): Average one-i)ay ADT on heaviest lane: &83 

EHL= I temd) x ltem(2) = ^04,6 x = r 3 i , 5 a O 

Design Curve ^ 
Figure 2. 

l imi t s , moisture-density, and stabilometer " R " value. The details of the latter test 
are covered in Appendix A, Our procedure for this test differs but slightly f rom that 
used by the Cal i fornia Divis ion of Highways (1). The soi l specimen i s compacted in a 
tr iax ia l institute kneading compactor, subjected to a ver t i ca l p r e s s u r e until saturation 
i s indicated by the exudation of water, examined for swel l p r e s s u r e , and tested in the 
Hveem stabilometer. 

Evaluation of T r a f f i c 

One of the f i r s t steps in the design procedure for any part icular project i s the deter-
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mination of the maximum traff ic to which any lane of the proposed roadway w i l l be sub
jected daring the 10 years following construction. Coincident with the receipt of so i l 
samples f r o m any location the Planning Divis ion is requested to supply complete traf f ic 
information to the Mater ia ls Laboratory. The standard f o r m for this request i s shown 

C U R V E DETERMINATION: 
Equivalent SOOO lb wheel load repetif ions 

(EWL) for vonous design curves (EWL compu+ed 
(or 10 yeors traffic in one direction only) 

Curve A 0 to 200,000 
Curve & 200,000 to 600,000 
Curve C 60Q000 to 2^00,000 
Curve D lflCX),000 to 5,000,000 
Curve. E 5,000,000 te7ft000,000 

BITUMINOUS MATS 
Typa I 

Light Bituminous Surface Treatment 
Road MiK 
Bituminous Macadam less than 2^'thick 

Plant MIX 2" and thicker 
Aspholtic Concrete 2" and thicker 
bituminous Macodom ZViand thicker 

NOTE 
The above classification of bituminous 

mats does not imply equivalence in service 
between those listed under a given type The 
table IS to be used for the design of the base 
only The type and thickness of bituminous 
mat suitable for eoch project is to be 
determined from other criteria 

MINIMUM DEPTH OF CRUSHED STONE 
SURFACING UNDER BITUMINOUS MAT 

Design 
Curve 

A 
B 
C 
D 
E 

Bituminous Mot 

1" 
2'. 

VfL 
I 

r . 

NOTE 
If ballast mode from ledge rock is specified, 

the required depth of crushed stone surfacing 
shov*n in this table may be reduced by I inch 

5 lO 15 2 0 2 5 

T O T A L D E P T H O F SUHFACINS AND MAT (inchest - " S " 

STANDABD 
DESIGN CHART FOR FLEXIBLE PAVEMENTS 

• T A T B o r W A S H I N a T O N 
BKFAKTMKNT OP MiOHWAVS 

OLVMPIA WABHINOTON 

APPROVKD MAV lb , • SI 

BII ICTOrVf I 

Figure 3. 
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in Figure 1 with entries of typical values. The data supplied on this form give a c l a s s i 
fication of c o m m e r c i a l vehic les , excluding pickups and panels, according to the number 
of axles . T h i s c lass i f icat ion i s given in t erms of percent of average daily traff ic . Also 
given are data f r o m which may be calculated the average daily traff ic in the most heav
i ly traveled lane for the design period of 10 years . ^ T h i s information i s converted to 
equivalent 5 ,000- lb wheel loads ( E W L ) by means of the following conversion factors: 

Conversion Fac tor 
No. of axles per truck (No. of equivalent 5,000-lb wheel load 

repetitions per 10 y r per daily pass) 

2 3,000 
3 7,000 
4 14,000 
5 21,000 
6 16,000 

A sample calculation i s shown on the work sheet, F igure 2, using traff ic data given 
in F igure 1. The E W L thus calculated determines which of the five surfacing design 
curves i s to be used, according to the l imits shown under "Curve Determination" in the 
upper left of the Standard Design Char t for Flexible Pavements , F igure 3. 

T h e Standard Design C h a r t consists of f ive curves relating stabilometer " R " values 
to the total depth of surfacing and bituminous mat required for different traf f ic intensi
t ies . The curves were established f rom approximate design f igures obtained by C a l i 
fornia highway design formulas and adjusted to conform to established performance and 
serv ice data in the Washington highway system. 

Determination of the Surfacing Requirements for Individual Soi l Sample 

The data f r o m individual tests on the four specimens of any one sample include the 
" R " value, the exudation p r e s s u r e , and the swel l pres sure . The total amount of s u r 
facing required by " R " value considerations i s obtained f rom the standard surfacing de
sign chart for flexible pavements. F igure 3, T h i s i s cal led the "gravel equivalent." 
The depth of surfacing necessary to re s tra in the mater ia l f r o m swelling i s determined 
by weight considerations alone. An average unit weight of 144 pcf i s assigned to our 
surfacing mater ia l s , and a depth sufficient to produce pres sure equal to the swel l p r e s 
sure i s computed. This i s termed the "swel l equivalent. " 

The gravel equivalent is plotted against the swe l l equivalent. The intersection of the 
resultant curve with a diagonal line drawn through points of equivalent depths i s taken 
as the equil ibrium point where both surfacing requirements are equal. T h i s surfacing 
depth i s cal led the design depth determined by swel l . In addition, the gravel equivalent 
i s plotted against the exudation p r e s s u r e and the value at 400 p s i i s designated as the 
design surfacing depth determined by " R " value. The greater of these two f igures i s 
used as the total surfacing depth or cover requirement of the mater ia l being tested. 

A copy of one of our standard test sheets, complete with stabilometer test data and 
surfacing depth determination curves i s shown in F igure 4. 

Surfacing Depth Recommendations for Pro jec t s 

Subsequent to the so i l survey and submission of samples to the laboratory, the d i s 
tr ic t so i l s engineer prepares a soi ls profi le for the location, incorporating a l l the f ie ld 
data relative to so i l types and their extent. The soi ls prof i le , together with a f ie ld so i l s 
report i s transmitted to the laboratory. The standard outline for the f ield so i l s report 
i s given in Appendix B . 

The surfacing depth recommendations for the project are made after a study of the 
laboratory test data, the recommendations in the f ie ld report, and the in-s i tu position 
of so i l s shown on the profi le. If it i s indicated that selective placement of the better 
so i l s IS feasible , recommendations are made for such procedures with surfacing depths 

' T h e r e i s oftentimes a major difference in the directional traf f ic density on highways 
which are used to c a r r y t imber, mining or agricultural products to market. 
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being governed by the requirements of the individual soi ls . If this i s not the case , 
recommended surfacing depths for the project are based on the requirements of the 
weakest so i l which may form the subgrade. 

H F No 26 80—(Rev ) 

Job No i'-8i'5 
PS H No /z-

Section 
Sample No 10 

WASHINGTON DEPARTMENT OF HIGHWAYS 
MATERIALS LABORATORY 

S O I L S A M P L E T E S T S 

Field Description }!e.llou,-Br^oyf^ C/a.y-S/H 

Lab No S-z/"?/ 
Bin No 306 

Date Rec'd 1-4-SS 

GRADING ANALYSIS Operator CONSTANTS 
RETAINED PASSING AS USED Liqu id L u n i t Plastic L i m i t 

Sieve wt % Sieve % Size % wt Can No 
1%" 1%" WetWt 
1" 1" DryWt 

%" %" Wt H,0 

%" %" %"-#4 % HiO 

«4 too No Blows 
Pass #4 loo 10 Pass {|I4 loo , j L L 
Total 40 P L 
Est Fract 200 P I 
Date (Coarse) l-Z/ Specific Gravity HHB Class Group Index 
Date (Fine) Textural Class 

Operator 9 / ^ STABILOMETER TEST Date Z-8-SS 

90 cc Temp HsO 

Cc H.O added 
%H.O added 
IniUal % H.O 
Molding % H.O 
Molding Density 
Compactor pressure 
No blows 
Wtinmold 
Wt in mold (soaked) 
Wt of mold-
Netwt of soil 
Height 
Exudation pressure 
Swell pressure 
Drainage 
Stab J "Ph" _50« 

—lOOOjll 

Displacement "D" 
"R" value 
Gravel equivalent 
Swell equivalent 

9±4 

*0 
32/9 
3ZZ-4-

lOlS 
2.55 
2 8 0 

42 

toe 
2.S4 

1-7/2 
'/2 

4.9 
Z.t.1 

z&.o 
/eo_ 

3f4B 
3/S2. 
2/54 

994 
Z 47 
4 9 0 
31 

II 
24 
6 4 

2.75 

IS 

5.7 

96.1 
lOO 

AO. 
3H>9 
3/7-4 
a/52 
lOi 7 
2.53 
390 

13 
26 
76 

2.75 

SO 
/ 2 
7/2 

36 
4 ^ 
2/ / 
2 5 ^ 
97.6 

AO 
3li9 

99S 
2 46 

MOISTtTRE-DENSlTY (AASHO T-99-38) 

Date 
Can No 
Est % H.O 
Spec wt 1 • 
Wetwt / / o a 
Dry wt 9IS 
Wt H,0 193 
%ttO 2 / / 
Dry density 

Operator 

S60 
SS 

10 
2/ 
<,3 
2.84-
6 4 

2 6 / 2 

REQ'D SURF DEPTH By "R' / / / 2 " By Swell lOVz" 
TRAFFIC DESIGN "R" -^2 

Swell Pressure ~ psi 
c Surfacing Depth " '2 . m 

Remarks 

Lab No 5 - 2 / 9 / Bin No. 3 0 6 

25' 

20 

IS 

• /0I 

E_ 1 
I f K \ Ui -i y Br. H \ \ y \ 

\ 

/ 
/ 1 I 

/ \ / 
\ 

\ 
, 

500 

A4)0 

too 

Gravel equivalent 
WHITE COPY—Grading & Constants 
PINK COPY—Moisture-Density 
YELLOW COPY—Stebilometer 

Figure 4. 
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Modification of Surfacing Depth for Cement Treated Base 

Cement treated base consists of manufactured or processed minera l aggregates and 
Portland cement uniformly mixed, moistened, and compacted to a specif ied thickness, 
density, and roadway section. The aggregate i s usually a 1-inch minus product; the 
cement content v a r i e s generally f rom 3 to 6 percent by weight of aggregate; and the de
sign compress ive strength i s 650 p s i at 7 days. 

The standard cement treated base section consists of a 6-inch compacted depth of 
treated material . Asphaltic concrete or plant mix with a minimum thickness of 3 inch
es i s used as the pavement over this base. 

In the event that cement treated base is to be used beneath the flexible pavement the 
total surfacing depth, determined as described previously, i s revised downward accord
ing to the following formula: 

S m = S t 

Where S m = Modified surfacing depth 
S t = Tota l surfacing depth 

C = Correct ion factor 

The correct ion factor is based p r i m a r i l y on the cohesiometer values and relat ion
ships used by the Cal i fornia Divis ion of Highways, except that somewhat lower equiva
lent values are used. The modified surfacing depth for the standard cement treated 
base section and 3 inches of asphaltic concrete i s obtained f rom the curve shown in 
Figure 5. Correct ion factors used in constructing this curve are equivalent to cohes i 
ometer values of 600 for cement treated base and 250 for asphaltic concrete if the C a l i 
fornia equations and relationships are used. 

Special Design Considerations Involving Swelling Soils 

When tests on pre l iminary samples indicate that an appreciable quantity of subgrade 
soi l s on any project are subject to excess ive swel l p r e s s u r e , and when it i s apparent 
that paving construction w i l l not occur during the same season as the grading, depar
ture f rom the usual design procedure is usually recommended. T h i s i s done to prevent 
loss of subgrade compaction during the interim wet season, or to provide means for 
regaining it if it i s lost through swelling action. 

If a portion of the surfacing or cover 
courses is to be placed during the grading 
operation, the depth of this course must be 
sufficient to res tra in swel l p r e s s u r e , and 
such depths are based on the so i l tests. 
T h i s sometimes resul ts in an ultimate over
a l l surfacing depth greater than necessary. 
However, this over-design may be w a r 
ranted by other considerations such as the 
necessity of maintaining a large volume of 
construction or other traf f i c , the poss ib i l 
ity of time limitations on the working of 
materials sources , or the desirabil i ty of 
stage construction involving separate con
tracts for paving and grading. 

When only the subgrade and none of the 
surfacing is to be completed during the 
f i r s t season a density survey I s made at 
the beginning of the next construction s e a 
son. If loss of density i s evident, the top 
lifts of completed subgrades are loosened 
and recompacted before placing the s u r 
facing courses . 

/ 
< 

TOTAL SURFACING DEPTH (INCHES) 

Figure 5. Surfac ing depth reduction for 
cement treated base. 
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T A B L E 1 

T Y P I C A L T E S T V A L U E S AND S U R F A C I N G D E P T H S - WASHINGTON S O I L S 

H R B Stabilometer Tota l Surfacing Depths 
Mater ia l C l a s s " R " y a l u e s Light T r a f f i c Med T r a f f i c Heavy T r a f f i c 

in. in. in. 

Silty and sandy A-1 40 - 84 (131) 11% - 1 15 - 2% 11% - i% 
grave l s , g r a v e l 
ly s i l t s and sands 

Sands A-3 66 - 72 (11) ^% - 4 7% - 9 - 7 

Silty sands, A-2-4 30 - 79 (60) 14 - 272 18-372 2072.-5 
sands and 
gravelly si lty 
sands 

Gravel ly c lay - A - 2 - 5 45 - 79 (12) 1072 - 272 1372 - 372 lb% - 5 
sands, s i l ty 
sands, and 
sandy s i l t s 

Sandy clayey A - 2 - 6 33 - 81 (18) 1372 - l7a 17 - 3 1972 - 4 
gravel 

Grave l ly c lays A - 2 - 7 18 - 79 (19) 17 - 272 2l72 - 372 2472 - 5 
and gravelly 
sandy c lays 

Sands, s i l ty A-4 8 - 76 (89) 1972 - 3 24 - 472 2772 - 6 
sands, sandy 
s i l t s and c l a y -
sands 

Sandy s i l t s and A - 5 33 - 62 (29) 137, - 672 17 - 872 1972 - 10 
c l a y - s i l t s 

Silty clay and A - 6 5 - 47 (17) 20 - 10 25 - 13 2872 - 15 
c lay - s i l t s 

C l a y s , s i l ty and A - 7 6 - 50 (45) 1972 - 972 2472 - 12 28 - 14 
sandy c lays 

Parenthet ical numbers indicate the number of samples composing each group. 

T y p i c a l Tota l Surfacing Depth Values 

Table 1 gives a range of total surfacing depth values for various Washington soi l s 
tested according to the procedure described heretofore. The f igures are taken f r o m 
laboratory test data and represent mater ia ls tested within the last year . The range in 
" R " values f o r some so i l s may seem somewhat anomalous, but this i s probably due to 
the l imited number of samples represented. The number of samples involved in each 
range of values i s shown in parenthesis . 

Evaluation of Design Procedure 

The Hveem stabilometer test has been the basis for flexible pavement design in the 
Washington Department of Highways for nearly 5 years . It has proved to be a test that 
can be conducted on a production bas is and performed satisfactori ly and efficiently by 
laboratory technicians. 

While there i s a background of only slightly over 4 y e a r s ' experience by which to 
gauge its mer i t s , the performance data are encouraging. To date no roadway fa i lures 
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or evidences of d i s tress of major significance have occurred on sections of highways 
where surfacing depths were determined by this design procedure. In the few instan
ces of minor d i s t r e s s , a U were caused by the presence of sub-standard mater ia ls in 
the roadway section at a depth which did not provide the necessary cover as determined 
by this method of f lexible pavement design. 

The performance of pavements in the WASHO Road Tes t at Malad shows a f a i r de
gree of correlat ion between required surfacing depths and recommendations based on 
our design method. Although we do not now make any surfacing depth correct ion for 
the cohesion of the mat, the resu l t s at Malad indicate such could be used, part icular ly 
if shoulders a r e paved. O u r design procedure i s easi ly adaptable to such a modif ica
tion. 

The question of pavement deflection over res i l ient so i l s i s not considered at present 
in our flexible pavement design. The importance of that phenomenon in the performance 
of bituminous pavements was c lear ly shown at the Malad road test. Considerable data 
have also been accumulated in Cal i fornia on deflection studies (2). The integration of 
deflection, or more properly res i l i ence , with the stabilometer and swel l pres sure tests 
i s necessary for a complete and rational analys is of the load-carry ing ability of any 
subgrade so i l . The inclusion of res i l i ence tests in a routine laboratory design proce 
dure w i l l , however, require development of suitable testing machines and methods as 
we l l as cooperation among a l l highway and soi l s engineers in obtaining more data on 
the role of deflection in pavement s erv i ce and durability. 
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Appendix A 
Stabilometer Test Procedure 

Samples of so i l taken during the pre l iminary so i l survey and representing materials . 
which w i l l be used in subgrades, are received in the Mater ia l s Laboratory. The s a m 
ples are graded, and the portion passing the %-inch sieve i s used for the stabilometer 
test. F ive identical batches are then weighed out according to the grading of the %-
inch minus mater ia l , each containing sufficient mater ia l to form a compacted test spec i - . 
men 2% inches high and 4 inches in diameter. E a c h batch i s mixed with the same 
amount of water (approximately 72 to % the optimum moisture content) and the mixtures 
placed in individual plast ic bags. The bags are closed with a rubber band and remain | 
sealed overnight to allow the so i l to "temper." Following the tempering the so i l s are , 
mixed with more water and compacted in a 4- inch diameter steel mold by a tr iax ia l 
insititue kneading compactor. Figure A . The quantity of water used in the mixing i s 
such that it w i l l give a compacted so i l specimen f r o m which water w i l l be exuded by \ 
the application of a v e r t i c a l load producmg p r e s s u r e s between 100 and 600 p s i on the 
specimen. The compactive effort consists of 40 blows at a foot p r e s s u r e of 100 ps i . 

The compacted specimen is then placed on an exudation indicator cal led the Washing
ton V i s u a l Saturation Indicator, or the "peek-easy." T h i s apparatus i s merely a 1-inch 
thick piece of plexiglass mounted on a suitable framework. A pattern or target in the 
shape of a 4- inch c i r c l e with s ix equally spaced radi i i s scr ibed into a thin sheet of c l e a r 
acetate which i s placed on top of the plexiglass. A f i l t er paper and a perforated 472-
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inch diameter disc made of bronze sheet are placed on top of the target. The per fora 
tions in the bronze disc consist of twenty-four 78-inch holes in the form of a c i r c l e 3'/4 

inches in diameter. A tilted m i r r o r placed 
in the base of the framework allows the op
erator to view the piece of f i l ter paper 
through the plexiglass and the scr ibed t a r 
get on the acetate, Figure B . 

The compacted specimen in the steel 
mold is placed on the bronze disc and a 
ver t i ca l load applied to the soi l . A s the 
load increases , water is squeezed from the 
soi l and travels through the perforations, 
moistening the f i l ter paper in a c i r c u l a r 
pattern. The application of the ver t i ca l 
load is stopped when the c i r c u l a r pattern 
is continuous through ^eths of the c i r c u m 
ference, Figure C . The unit pres sure at 
which this occurs is cal led the exudation 
pres sure . The range of exudation p r e s 
sures considered satisfactory is 100 to 600 
psi . A break-away sketch of the "peek-
easy" is shown in Figure D. 

Four specimens are compacted in a 
manner s i m i l a r to that described previous
ly at moisture contents which wi l l produce 
four different exudation p r e s s u r e s within 
the specified range. This procedure p r o 
duces test specimens which have densities 
comparable to those obtained in the road
way after construction and which also have 
physical properties such that resultant s u r 
facing requirements agree with observed 

Figure A. roadway performance of the material . 

Figure B. Figure C. 
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FOLLOWER 

STAINLESS S T E E L 
MOLD (containing 
soil specin>en) 

PERFORATED DISC 

FILTER PAPER c : 

T A R G E T 

PLEXI-GLASS TOP 

MIRROR (set 
at angle to suit 
operator) 

BASE ASSEMBLY 

Figure D. Washington visual saturation indicator. 

Following the exudation pres sure determination, the test specimen, s t i l l in the steel 
mold, IS placed in a swe l l pre s sure apparatus, F i g u r e E . T h i s device consists of an 
adjustable base on which the specimen is placed, a horizontal steel proving bar support
ed by two ver t i ca l posts, and a micrometer dial indicator for measuring the deflection 
of the proving bar. A perforated c i r c u l a r plate with a ver t i ca l stem is placed on top of 
the so i l specimen and the height of the base adjusted to allow the stem to contact the 
horizontal proving bar. Water is placed on top of the so i l specimens and allowed to r e 
main there overnight. The swel l pre s sure i s measured by means of the bar deflection, 
the bar being calibrated so that a ver t i ca l deflection of 0. 0001-inch i s equivalent to a 
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swel l pres sure of 0. 04 ps i . 
After the swel l pressure has been de

termined the soi l specimen is tested in 
the Hveem stabilometer. The soi l spec i -
;nen is extruded from the mold into the 
body of the stabilometer and a lateral 
seating pressure of 5 psi applied by means 
of the displacement pump on the stabilom
eter. A ver t i ca l load i s then applied to 
the specimen at a s train rate of 0. 05 i n 
ches per minute and lateral pressure 
readings are taken at ver t i ca l loads of 
500, 1,000, and 2, 000 lb. The ver t i ca l 
load i s then reduced to 1,000 lb and the 
platen of the testing machine maintained 
at this position (not necessar i ly this load) 
while the lateral pressure is reduced to 
5 ps i by means of the displacement pump. 
The number of turns necessary to in 
crease this lateral pressure from 5 ps i 
to 100 ps i i s then measured and the figure 
recorded as the displacement, "D. " F i g 
ure F shows the stabilometer test in prog
r e s s . 

The stabilometer "R" value is ca lcu la 
ted from the above data according to the 
following formula: R = 100 

Figure E. 

100 

Figure F. 
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Where D = Displacement 
Py = V e r t i c a l pres sure (160 p s i at 2,000 lb) 
P h = Horizontal or la teral pres sure at 2,000 lb total load. 

Solution of this equation i s accomplished by means of a nomograph, Figure G , or a 
large slide rule constructed for this purpose and mounted on the testing machine used 
in the test. 

Appendix B 
Field Soil Report Form 

In an effort to aid the distr ict soi ls engineers in preparing their f ie ld reports and to 
insure adequate coverage of a l l pertinent points, the attached outline i s suggested as a 
form for f ie ld so i l s reports. Some of the topics w i l l not be applicable in many c a s e s , 
but some jobs conceivably could require a coverage of a l l of the items shown. 

In compiling the f ie ld report, it i s recommended that a l l topic headings be l i s ted and 
only those pertinent to the part icular job be discussed. Under those topics requiring 
no discuss ion, a short statement to that effect with reasons therefor should be sufficient. 

F I E L D S O I L R E P O R T - T O P I C S 

I. Genera l 

a. Description of contemplated project construction - plan views of project may be 
incorporated in so i l prof i le , if necessary , to aid in description. Photographs 
may also be attached. 

b. C l imat i c conditions - amount of ra infa l l , loca l frost conditions, etc. 
c. T r a f f i c conditions - type of t ra f f i c , contemplated volume increases , etc, - e s t i 

mate of access connection traf f ic . 
d. If resurfac ing construction, notes on possibility of grade changes. 
e. Control section involved. 
f. Status of project - when scheduled for construction, etc. 

I I . Geology and Physiography 

a. Genera l topographic features, if pertinent. 
b. History and description of condition of nearby roadway or other s tructures , if 

s i m i l a r conditions preva i l . 

I I I . Soils 

a. Br i e f summarized description of so i l profi le for the project. 
b. L i m i t s within which soi l s represented by submitted samples w i l l govern s u r f a c 

ing design, if possible. 
c. Comments on soi l s of questionable stability and general evaluation of so i l s in the 

proposed roadway. 
d. If resurfacing construction, some relation between pavement condition and sup

porting soi ls . 

I V . F i l l Foundations 

a. Comments relative to stability of foundations and dimensions of proposed f i l l s . 
b. Br i e f description of foundation profile. 
c. B r i e f description of investigational work and findings, if such work i s necessary. 
d. Location of water table. 

V . Slope Stability 

a. Description of conditions where slope stability has required investigation, and 
description of investigational work. 
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b. Comments on stable slopes in s i m i l a r mater ia l , if any. 
c. Slope erosion possibi l i t ies . 
d. Potential sl ide conditions. 

V I . Drainage and Water Conditions 

a. Comments on specia l drainage features which might reflect on so i l stability. 
b. Location of water table where pertinent. 

V n . Mater ia l s Available 

a. Source of mater ia l to be used over subgrade (selected roadway borrow, cement 
treated base aggregate, sand drain backf i l l , etc). 

b. Any spec ia l mater ia ls having to do with soi l s problems. 

V i n . Special Features 

a. Stabilization courses , specia l soi ls blending, etc. 
b. Feasibi l i ty of above. 

c. Existence of solid rock, if not covered elsewhere. 

I X . Recommendations 
a. Optimum use of so i l mater ia ls through selective placement, order of construc

tion, etc. 
b. Recommendations pertaining to any one topic may be included under that topic if 

considered more appropriate. 

HRB:0R-11 
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thousand scientists and engineers take part in the activities of the re
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Receiving funds from both public and private sources, by contribution, 
grant, or contract, the A C A D E M Y and its R E S E A R C H COUNCIL thus work 
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technology. 


