
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. { 
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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 
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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-



53 

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 


