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August, 1953

LLOAD-CONDITION STUDIES
ROADWAY STRUCTURE AND ROADWAY CONDITION

In memoranda to Division Engineers dated May 25, 1950,
and May 10, 1951, Mr, H. S. Fairbank, Deputy Commissioner,
U.S8. Bureau of Public Roads outlined an expansion of the survey
of truck traffic volumes and weights that had been in progress
since 1942. He requested the cooperation of the States in
carrying out the expanded programl, Under this program, quarterly
truck traffic volumes and weights were to be taken at selected
locations and pavement conditions in a 1,000 or 2,000 foot
section of pavement near each selected welighing location were
to be evaluated. Information requested by the Bureau was to be
classified in the following groups:
Traffic Characteristlcs
Roadway structure

Roadway condltion
Roadway costs

[} o 6 &

o N

Data perbaining to Ttems 1 and L were assembled by the
Planning Survey Department, A1l work in connection with Ttems
2 and 3 above was assigned to the Materials and Research Depart-
ment under Work Order No, 13NN26, Approximate locations for
the test sections wers selected in advance of field crew
operations by & group of pepresentatives from the U.S.B.P.R.s
Headquarters Design Department and the Materials and Research
Department . Starting on January 22, 1951, one field orew
worked intermittently through October 15, 1952 sstablishing the
pavement gections selected for test throughout the State and

collected the data requested by the fureau. A total of 25

-
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Load-Condition Study

sections was established at, or near, 20 selected locations for
collecting truck traffic volumes and welghts,

In general, sections were 1,000 feet in length, with a
few exceptions when local conditions made it desirable to
increase or decrease the total length,

The limits of all test sections established were marked
with lath and survey markers, Letters have been sent to each
District in which test sections were established, advising the
District Engineer of the general location and specific station-
ing of the sections;, and requesting that the 1limits of the
section be marked by the Maintenance Department with culvert
markers, Culvert markers Wers o have the top four inches
painted with federal yellow paint and were to show the station
of the beginning or end of the section,

Data requested by the Bureau on test sections with port-
land cement concrete pavements differed markedly from that on
gections with asphaltic mix gsurfaces. Descriptions of field

operations have accordingly been divided inte two groups.

Portland Cement Concrete Pavements

Within the general ares selected, a section of pavement,
1,000 feet in length, was established., BExact location of
each section was made on the basis of various factors, includ-
ing uniformity of pavement; shoulders, drainage and zside slopes,

ag well as its suitability to adequate traffic control during

the time the crew wWas working.
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Load-Condition Study

A total of nine sections was established in which the
pavements were portland cement concretes,

Each section was first laid out in a "grid"™ system - each
10 foot longitudinal interval was indicated with a "+«™ mark of
white traffic lacquer., Each 50 foot point and each station
were indicated with a "+™ mark and the applicable flgures,
Exact procedure varied according to the number of lanes of
pavement involved in the sectlon. At locations in which the
pavement was the ordinary two lane roadway, each edge and the
centerline of pavement were stationed and marked at 10 foot
intervals as outlined above. Whers there were three lanes of
pavement, only one of the outer lanes was considered as com-
prising the section and both inner and outer edges of the one
lane were stationed. In the case of multi-lane divided highways,
two adjacent lanes with traffic in the same direction make up
the section and the edges and centerline of the lanes wers
stationed, The grid system was used in locating all items on
diagrams as noted below,

At each section, a comprehensive survey of the roadway
and roadaide conditions was made, Plan diagrams of the roadway
within the section limits werse prepared in the field and are
reproduced in this report. Shown graphically are all joints,
cracks, corner breaks, intersecting roads, road approaches,
culverts, bridges, side drains, shoulders, patches, subsealing
or mudjacking holes and steel pins set for levels, Noted also

are the condition of joint and crack seal, extent and class of
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Load~Condition Study

pumping, depth of faulting and asmount of spalling at cracks and
joints, and the condition of pavement and shoulders,

On sheets accompanying the diagrams are crosg-section
notes to indicate drainage conditions. Notes are recorded as
fractions, the numerator indicating the elevation of and the
denominator the distance to the point.

The Bureau memoranda requested information on ™joint and
crack openings®., It is presumed that this request refers to the
width of opening., Attempts to obtain measurements of width were
unsuccessful because of edge rounding and joint and crack seal-
ing. An alternative method of installing gage points across
each joint and crack was considered. Such an operation would be
time-consuming and costly. A large number of measurements would
be required to permit separation of the effects of moisture and
temperature variations from long time changes, Furthermore, the
data would not yield information on the total width of opening,
For these reasons no data are reported on widths of joints and
cracks,

The Bureau memoranda placed considerable emphasis on pave-
ment roughness measurements of the various sections, The
Profilograph of the Materials and Research Department was uged
to obtain these measurements.

Pictures of the Profilograph and a typical record obtained

with it are shown on Page 5.
Longitudinal profilograph records, indicating surface

roughness, curling, etc., were taken of each lane of pavement
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Load-Condition Study

in each section, These records were made with the recording
wheel as close as possible to a wheel track in each lane, All
records have'been labeled and are on file in the Sacramento
Laboratory.

In order to obtain samples of soils supporting the road-
way pavement 8" dlameter holes wers drilled in two or three
locations in each section. ®mTn-place™ denslty tests, using the
California Sand-Volume equipment modified to fit an 8" diameter
core hole, were taken to a depth of at least 12™ below the
bottom of the pavement. Materials from the "in-place™ density
tests were forwarded to the Sacramento Laboratory 1ln sealed cans
for determination of "relative density in place™ and moisture
content.

When information obtained from the various districts
indicated courses of imported material immediately below the
bottom of pavement {or cement-treated base), this material
wag sampled in one layer, 1f 10" or less in thickness, If the
imported material was indicated to be 12" or more In thickness,
it was sampled in two layers. When district information
indicated no imported material underlying the pavement or cement-
tpeated base, supporting solls were sampled in layers 5" to 8"
in thickness. A typical structural section drawn from test
hole results is included in the report for gach section.

At each section, bench marks wers established near the
ends of the section. Location and descriptions of bench marks

will be found in the individual files for the various sectlons,
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Load-Condition Study

Steel pins were placed in the pavement slabs by means of a
%Ramset® gun and levels were run Over these pins. Elevations
g0 established are for the purpose of noting any vertical move-~
ment of the slabs in the future. Levels were taken with care
by ordinary but not %yrecise" methods, Errors in c¢losure
were in excess of 0,016 foot in a few instances. The possible
error in the recorded elevation of any poinbt may approach 0,02
foot and this should be borne in mind in evaluating indicated
movements as the result of future level readings.

Photographs were taken of each sectlion as 2 whole and
individual photogyaphs were taken of some of the worst cracks

and joints in the gection,

Asphaltic Mix Surfaces

Exact location of each section was determined as for the
Portland Cement Concrete Pavement gsections.

A total of 16 sections was established in which the pave=
ments were of asphaltic mix.

Fach section was 1ald out in a grid system with each 1C
foot longitudinal interval indicated with a "4" mark of whitbe
tpaffic lacquer. FEach 50 foot longitudinal intervael and each
station were indicated with a re oand the applicable flgures.
In addition to the btraffic lacquer marking, steel pins were
placed in the pavement at 20 foot longipudinal intervals by
means of & wRamset" gun. These pins were used for elevations

and transverse profiles as noted below.
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Load-~Condition Study

In general, the longitudinal lines of pins and marks were
placed along the centerline and the edges of pavement of the
section lanes, In some sections where the pavement was abnor-
mally wide, it was necessary to place four lines of pins and
marks in the section, instead of the usual three, Where this

became necessary a line of pins and marks was placed in the

_approximate center of each lane of pavement, and along each

edge of the#travelled way., The grid system was used for locat-
ing sall items on dlagrams as noted below, as well as for ele-
vations and transverse profiles. ‘

At each test sectlon a comprehensive survey of the roadway
and roadside conditions was made, Plan dilagrams were prepared
in the field, of the roadway within the section limits, Shown
graphically on these diagrams are all intersecting roads, cul-
verts, bridgses, gide drains, shoulders, cracks, areas of
alligator cracking, areas of raveling, areas of surfacing shov-
ing or creeping, patches, shoulder and drainage conditions, and
1ocation of steel pins get for levels and transverse profiles.

Samples of underlying solls were taken in the same manner
described under the Portland Cement Concrete Pavement test
gections. A typical structural section of the roadway, drawn
from test hole results, is jnecluded in the individual report
for the section,

In the sections of asphaltic mix surfacing, the Bureau
memoranda requested that roughness measurements be made both

longitudinally (in the outer wheel track of each pavement lane)




Load-Condition Study

to show shoving of the pavement, and transversely to show lateral
flow out of the wheel tracks, The Profilograph of the Materlals
and Research Department was used for these measurements,

The determination of transverse profiles by means of a
level was considered but was abandoned in favor of an adaptatim

of the longitudinal Profilograph.,

In brief, the device consisted of a 1l foot length of 6
inch aluminum ohennel which served as a platform for the recorder
carriage. The channel was fitted with short fixed length (6"+)
legs on one side and with adjustable legs on the other., Along
one side of the channel a piece of flat steel stock was secured
to act as a gulde, while along the other side a brass rack was
secured; A small carriage was bullt of aluminum to which the
recorder from the Profilograph could be fastened; A traln of
goars was built into the carriage so that combined with the
gearing of the recorder, an approximate i:); ratio was obtained,
thus provi&ing that 3"(+) on the record equalled one foot of
pavement, An arm carrying a small rubber tired wheel was
pivoted at the forward end of the carriage and connected through
an arm to the recording pen of the Profilograph recorder, The
csnnecting arm was provided with an adjustable reduction ratio
device so that records could ve made on a 1:1, 1:2, 1:3 or 1:h
ratio.,

The two fixed length legs of the Transverse Profilograph
were equipped with nroot" which were machlined to fit over the

heads of the steel pins that were placed in the pavement at 20
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foot intervals, In the field, the fixed length legs were placed
on the pins, the channel 'was leveled by the adjustable legs and
the carriage was pushed across the pavement lane, obtaining a
graphic record of the pavement surface referred to the plane of
the channel. Familiarity with the machine led t o an increased
gpeed of operation &0 that usually all transverse profiles in a
test section were taken 1n I} to 5 hours, Pictures of the machine
and a typlcal record obtained with it are shown on Page 11.

Rench marks were established near the ends of each test
section and elevations, based either on actual or assumed bench
mark elevations, were taken on the steel pins placed in the
pavement. Comparative elévations on these pins were to be the
basis for the future comparison or original and subsequent
transverse profilograph records.

As stated with reference to rigid pavements, the recorded
elevation of any point may be in error by as much as 0,02 foot,
However, relative future movements within a distance of a few
feet as indicated by records taken with the longitudinal and
transverse Profilographs should be subject to a much smaller
degree of error.

Crogs-sections were taken over the .roadway and shoulders
and adjacent land to show drainage. cross-sectlon notes arse
included as a part of the individual report on gach gection.

Photographs were taken of the test section as & whole as

well as any particularly severe ecracks or breaks in the pave-

ment.
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Load=-Condition Study

So0ll Tests

All soil samples taken in connection with the establish-

ment of the pavement sections were forwarded to Sacramento for

testing. As requested by the Bureau, tests made on base, subbase,

and/or basement soil samples included Liquid Limit, Plastic
Limit, Mechanical Analysis (one hour hydrometer), Compaction
and Moisture Content and the calculation of "in-place™ density
and percent compaction.

Liquid Limit, Plastic Limit and Mechanical Analysis (one
hour hydrometer) tests were made in accordance with prescribed
A.8.T.M., procedures,

Compaction tests were made by the California Field or
Impact Method of Compaction, detailed in A.3.T.M. "Procedures
for Testing Soils -~ 1950", pgs, 209-211, and the California
Division of Highways Standard Specifications, January 1949, peg.
25, Relative compaction of material in place was calculated
on the basis of these tests.

The relationship between the results of the California
Mothod and A.A,S.H.0., Method T 99-49 is not censtant for all
soils. In general the density obtained by the California
method exceeds that by the A.A.S8,H.0. method by about 5 percent
on sandy type solls and about 20 percent on clay type gsoils,

Test results for solls sampled in sach pavement section

are summarized and made a part of the report for the individual

section.
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Scope of Report
This report is intended to present complete data of all

original studies relative to roadway structure and roadway con-
dition., The traces obtained with the longitudinal and transverse
Profilograph have not been reproduded for inclusion with this
report however, since they would greatly increase the bulk of

the report and would serve no useful purpose until subsequent
profiles have been taken, Profilograph records are on file in
the office of the Materials and Research Department. The extent
of future movements can be determined at any point traversed by

the Profilograph by comparison of the recordesd traces.
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LOCATION oF TEST SECTIONS

Loadometer Station

Test Sections

Location wl
Respect to

DistOCo.Rte,Seci_J

No. | Location Station Load, Station
76 Arcata I-Hum-1-T 100+00 to 110400 0.2 mi, N,
75 | Scotia I-Hum-1-E 147+00 to 157400 0.5 mi, N,
11 Ukiah I-Men~1-¢ 189465 to 199465 0.1 mi, N,
79 Weed IT-Sig-72-4 153400 to 163400 0.2 m3, N.E,;
1k Redding IT-Sha-~3-R 12+00 to 52400 Adjacent
12 Williams III=COl=?=B L80+00 to 190+ 00 0.2 mi, N,
18 | Fulton Ave, IIT-Sac~3-B 299+70 to 309400 0.1 mi, N.m,
21 | Goyote IV-SCl-2~B 690+00 to 700+00 2.0 mi, 8.
32 Greenville IV-Ala-5-p Section ™p" - Oy mi, w,
558400 to 568400
2ly | Soledad V-Mon-2-D Section "g® - 1.0 mi, N,
72400 to 82+00
2l | Soledad V-Mon-2-p 565400 to 575400 1.5 mi, 8.
26 Herndon VI-Fre-j-C 351400 to 361400 2,0 mio S.
50 | Bakersfield VI-Ker-ij-D 290+00 to 300+00 0.2 mi. N,
50 Bakersfielg VI-Ker=}j-D 330+00 to 340+00 0.8 mi, N.
Wy | Ventura VII-Ven-2-¢C 332460 to 343+50 1,7 mi, S.E,
L | Ventura VII-Ven=2mQ 388+00 to 398400 0.8 mi. S.E.
58 | Culver City VII-L,A-60%(C 25490 to 36400 0.1 mi, N,
71 | West Covina VII-L.,A-26-WCov 83+00 to 93400 Adjacent
93 Cajon VIII-SBd-31-B Section ™An o 7.0 mi, g,
411400 to 421+00
67 | Whitewater VIII-Riv=-26-C 290+00 to 300400 2.5 mi, W,
Junction
5 | Mossdale X-8,J-66-4 234400 to 24400 Adjacent
Junction
61 Oceanside XI-3.D-2-¢ 117+50 ta %27+50 0,2 m%, 3.
61. Oceanside XI=-5,.D-2=0 Section 'tpt 6.0 mi, N.
313+00 to 33§+§O s .
1 Chula Vista XI-8.D-2-R 287+50 to 298450 djacen
22 El Cajon XI-S.D=-12-¢ 299+00 to 309400 Adjacent







Research No. 00258

W,0. Number 13NN26 Loadometer Station No. 12

Road III-Col=7-B
DATA OF SECTION SELECTED FOR TEST

ROADWAY STRUCTURE

LOCATION Loadometer Station No. 12 is located 0.3 miles
north of the north city limits of Williams,
Road III-Col=7-B.
The section selescted for test 1s located approxi-
mately 1,5 miles north of the Loadometer Station,
LENGTH: The section is established between Sta. 180+ 00
and Sta. 490+00, total length - 1000 feet.
Roadway is s 2-lane highway, Section includes

both lanes.

SURFACE:
Typse: Portland cement concrete, constructed in 1931,
reinforced as noted below,
Width: 2 lanes, each 10 feet wide, total width 20
fast,
Reinfercing: A1l reinforeing steel is 1/2" squére deformed

bar. Bdges of each 10 ft, lane are reinforced
with 2 bars 20 ft. 10 in. long, gpaced 4 in.
from edges of slab and Ly in. apart vertically.
Ends of each bar are fixed at one transverse
joint and extend through the next jolnt into
12 in. metal sleeves which are fixed in the
glab,

At each transverse joint, 2 bars, 9 ft. 8 in.
long are placed on each side of the joint.

Bars are spaced lj inches horizontally from the




ROADWAY STRUCTURE

SURFACE:

Reinforcing:
{Continued)

Jointss
Spacing

and
Dowels:

Thickness:

Loadometer Station No, 12
Road TIII-Col=7-B

joint, li inches apart vertically and extend to

within 2 inches of the edges of the slab.,

A longitudinal weakened plane joint between the
lanes extends throughout the sectlon. Infor-
mation furnished by the District indicates that
tie bars, 12" x 3/4", were installed at 18 inch
centers along this longitudinal joint. Trans-
verse joints are spaced 20 feet apart. Each
3rd joint is an expénsion joint, remalnder are
weakened plane contraction joints. As noted
above, longitudinal reinforcing steel extends
through all transverse joints. Contraction
joints have no 1sad transfer devices of dowels
other than such dowel action as the steel
provides, In addition to reinforcing atesl
passing through them, the expansion joints have
o™ x 3/4" dowels spaced at 28" centers starting
32" from the edge of pavement. (3 per 10-foot
lane, )

Fach lane is of gn.7h-7.gn crosgs-section,
Transition from 9" to 7% is made in a dlstance
of 2 ft. from the edges of the slab. At areas

sampled 7" thickness of pavement was found.
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ROADWAY STRUCTURE

BASE:

Type and
Thickness:

Spll Clss-
gification:

BASEMENT SOIL:

Type:

301l Clas-
gification:

SIDE DITCH
DRAINAGE

Loadometer Station No, 12
Road III-Col-7=B

Imported sand and gravel base. Construction
plans indicate a total thickness of 12" of this
material but thicknesses found in sampling
varisd from L-3/L™ to 7",

A-2-l, and A-6

Mottled brown and blue adobe clay, very wet and
plastid., Sampled to depths of from 17-1/2" to
21" below the bot tom of pavement,

A=T-6

The section roadway is entirely in a shallow
£111. Profile grade of the roadway 1s lLevel
for all practical purposes. When constructed,
pavement sloped uniformly from right edgse down
to the left edge of pavement, Subgequent
faulting, ete,, have modified this condition
but it 18 stlll generally true.

On the left of the section, there are 1o clearly

defined side ditches. Paralleling the roadway

throughout the section, beyond the right of
way line, is a swamp area which is from 2.0 to
3,0 ft. below the elevation of the pavement .

On the right, the paved shoulder and area

beyond it slopse down from the edge of pavement
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ROADWAY STRUCTURE

SIDE DITCH
DRATNAGE:
(Continued)

ROADWAY CONDITION:

GENERAL:

SPECIAL
CONDITIONS:

% {1) Roadway
Sections

Loadometer Station No, 12
Road III-Col-7=-B

to a ditch which parallels the roadway at a
distance of 53 to 56 feet from centerline.
Diteh flow line elevation 18 3,0 to 3,5 feet
below the pavement, and drainage is towards
the north.

There are no culverts or bridges within the

section,

The pavement in the section shows a large
number of short (1.5 ft, or less 1n length)
gevere cracksg, too numerous and too short to
show graphically on the plan diagram.

In the left lane, cracks are short, severe and

parallel to centerline between Sta. 118li+00
and Sta. 490+00, end of the gection.

In the right lane, cracks are short, severe

and transverse, and are especilally noticeable

in these areas:
gstation 4,83+450 to Statlon 4,84+ 00

station 1185+50 to Station 1,85+70
station LB8T7+10 to Station 488400

As noted above, the section roadway is entirely

in & shallow fill, and pressnt pavement elevation




ROADWAY CONDITION:

SPECIAL
CONDITIONS:

(1) Roadway
Saction:
( Continued)

(2) Pumping:

(3) Paulting:

(l}) Shoulders:

{(5) Miscel-
laneous:

Loadometer Station No. 12
Road III-Col-7-B

1s from 2.0 to 3.0 ft. above that of the sur-
rounding areas,

There are no evidences of pumping throughout
the section., Pavement has warped seversly and
permanently at jolnts, but there 1s no visual
evidence that this warping has been followed by
pumping.

There is considerable faulting at joints and
cracks in various places throughout the section.
This has been indicated on the plan diagran.
Throughout the section, the longitudinal joint
between lanes shows faulting which varies from
0,17" to more than 1,00", The right (northbound
traffic) lane is lower t han the left Tane.
Throughout the section, there are asphaltlc mix
shoulders which vary in width from 4.0 to Io5
fest, Shoulders are in generally falr condition,
but there are many areas in which the mix has
rutted and cracked badly under traffilc.

Pavement throughout the secbion was subaealed

with asphalt during the winter of 1949-50.




ROADWAY CONDITION:

Loadometer Station No, 12
Road III-Col-7-B

ROUGHNESS MEASUREMENTS:

Bench Marks
and Levels:

Profilograph
Records:

Bench marks were established at the section for
use in taking cross—sections and pavement
levels.

B.M,
No, Location Description Elevation

1 60! rt, of &, Wire in top of 85,000

Sta. 479+80 R/W monument [Asaumed)
2 39,51 1, of  1/4" dlam, pin 83,119

&, Station in pipe cap

190+19,5

By means of the Profilograph, records were made
of the longitudinal profiles of each lane of
the travelled way surface. Records were made
with the recording wheel of the machine 30"
from the outer edge of each lane.

Profilograph records have been labeled and are
on file at the Materials and Research Depart-

ment for future uss.




Loadometer Sta. No. 12

TLI--Col--7=B

Ahead on line from Sta, Fauliing along longliudinel

4479+80 joint, back from Sta. 18O+

Longitudinal Cracking

+  iane. Sta, 87440 Lo

- a

gta, 487450
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TEST RESULTS SUMMARY Load. Sta, No. 12

III-Col-7-B
% Sample No, Sample Hole Locatlon Pavement Soil Samples
n Thick-|Depth below Layer Des
Fld, Lab., Station Position Type |ness |[Btm. Pav't, cription
, 6.,6' Rt., of
1 BR-1-4|51-1,029 | 180+80 centerline pcc | 7% 0 - h=-3/L" Base
sIBR-1-B|51-4030|L80+80 game PCC 7™ -3/ -103" Subbasse
3|BR=1-C|51-4031 180480 same pcc | 7™ 103" - 173" Basement
7.47 Lt. ol
i [BR=-2-4|51-4032|484+LL | centerline pcc | 7 [o - 5" Base
5iBR-2-B|51-4033 L8L+Ll same pcc | T on oL 13" Subbase
6IBR-2-0] 51=-4030.| 48L+Ll same PCC | " 13" - 21" Rasement
el £
7|BR-3~-4A 514035 1188+76 Zegtegiing PCC " on -7% Base
8[BR~3-B|51-1036[188+T76 same PCC ™ 7" - 21" Basement
L| In Place Test Data L.ab, Test Data HRB Soil Specific Gravity
i
n % Rel|Optimum |Maxlmum
o|Moist. |Density Conmp. [Molsture Denslty Classification|Pass. 4 |Ret. i
1] 6 145 10hL 7 139 A-2=) 2,65 2,68
2| 27 103 90 17 11L A=7-6 2.61
31 26 100 89 16 112 A-T=6 2,61
b 7 148 106 7 139 A-2=l 2,65 2,63
5| 27 98 89 17 111 A-T-6 2,56
6| 30 92 8Ly 18 109 A-7=6 2,59
71 9 137 100 9 137 A-2-6 2,6k 2,65
826 100 | 91 | 18 111 A-7-6 2,60

Percent Passing Atterberg Limlts

Sleve Analysis

2“4L3/u“ L8 16 30 | 50 | 200 | 270 M LL PL
100! ol | 63 |53 nn 36 | 34 12 11| 7 26 16
100 | 99 98 97 | 96 91 81 | 57 L6 20

L

i

I

&

1

2

3 100 | 99 97 95 | 51 52 21
N

5

6

.

8

100 | 92 65 | 52 I3 36 | 28 17 161 8. 26 16
100 | 99 99 99 | 99 97 97 | 54 Sl 2l
100 | 99 98 98 | 57 5l 2k

100 o | 73 |63 56 49 | 39 26 23|13 31 16
100 | 99 99 98 | 97 95 93| 62 49 22
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