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LOCATION AND GENERAL DESCRIPTION OF PROJECT

The concrete pavement project selected for the tests des-
crived in this report is located in the Santa Clara River
Valley, Venture County, about 20 miles inland from the Pacific
Ocean on a section designated as ViI-Ven,LA-79-C,A, The ele-
vation 1s from 875 to 900 feet above sea level. The geography
of the surrounding country is such that the project is subjected
to wide ranges of climatic conditlons, not only from season to
seagon and from day to day but also during different portlons
of the same day.

The highway constructed under Contract 27XC7-P extends
from the northeast end of the bridge over Piru Creek, to 2
short distence east of the Los Angeles County line. Concrete
pavement was placed from Station 370465 5o the County Line at
Station 665+68.69, with the exceptlon of & small area near
Station 597+85, where a branch of the Southern Pacifie Railroad
crosses the highway. The net length of concrete pavement is
£0,859,97 feet (5.85+ miles).

There are duplicate sets of experimental sections; con-
sisting of seven different types of construction and designated
as Sections "ia" to "7a" and "1b" to typ?, pespectively. In
order to avold a break in the middle of an experimental
section at the rallroad crossing near Station 597+25, the
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positions of Sections 3b and 4b were reversed and the portion
of the pavement between Station 596+51,5 and Station 598+24,7
wag not included ln the test sections, Ag constructed, the
total length of the 14 test sections amounts to 29,676.,7 fh..
The locations and length of the different sections, their.
dates of comstruction, jolnt spacing and other physieal char-
acteristics are shown in Table 1,

The test pavement was designed, constructed and tested in
acecordance with the recommendations contained in the Public
Roands Adminlstration memorandum of May, 1940, entitled 15ug-
gested Program of Observations for the Cooperative fnvestiga-
tion of Joint Spacing in Concrete Pavements.," (Appendix A),

The test sections were.constructed in October, 1941, ‘but
allowing time for initial cracking at the contraction joints
as per request of the P,R.A, the first measurements were nobt
made until Pebruery, 1942, As this 1s & relatively long time
test this initisl report was delayed until after the two-year
measurements of February, 1944, were available,

OBJECT

The tests are designed to furnish information on ths
desirable spacing of transverse expansaion jolnts in concrete
pavements and the amount of expansion space required per unit
of pavement length as well as a study of the efficieney &f
dummy contraction joints, with and without dowels or other
devlcea for load transfer.

LABORATORY TESTS BY P, Ry A, IN WASHINGTON, D.C,

It was consldered impractical to make the measurements
of the stress deformations in the concrete necessary for the
determination of joint efficiency, upon pavements bearing
traffis, It was, therefore, proposed %o study the action of
transverse. dummy joints in full size pavement slabs that
would not ¥e subjected to traffic and that this part of the
study would be carried on at the laboratory of the Publle
Roads Administration in Washington, DiCs

CALIFORNIA TESTS

lQ Selecfion of Project

A veoview of the proposed highway on Route %9 in Ventura
County between Piru Creek and Ls A4 County line disclosed that
ample material of uniform quality was availsbie for ﬁhe cona
strustion of s blanket of selected subgrade material under &
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Portlsnd -coment concrebte pavement of sultable thickness for the
purposes of the experiment and that grades and curvature were
not of a nature to prejudice the results, )

Therefore, no other concrete pavement job of sufficient
magnitude and possessing the other attributes essential to the
tast being in immediete prospect closer %o Sacramento, 1t was
declded to conduct the experiment on the Ventura project,

Pa - Pavemant Cross-Secction

In the following discussion the term SECTION.is used to
denote a length of pavement of a certain design, SUBSECTION
is used to denote a part of a section between two expansion
joints while the torm SLAB refers to an unbroken short unlt
of pavement between two contractlon joints or between an ex-
pansion and a contraction jolint,.

With the exgeption of Sections 7a and 7b the pavement has
s 9'.7U.9" oposs section, Sections 7a and 7b are uniformly 8"

- thick.

. 3, Expansion Joints

A11 expansion joints wera filled with 3/4" thiek redwood
strips. (See Table 20 for test datas)

.44 -Contraction Joints

Contraction joints were of the grooved dummy type and the
spacing in the unreinforced sections was 15 feot, Spacing of
contraction jolnts on the reinforced sections, Sections 6a and

8b, was 80 feetb,

5, Reinforcement

Sectiong 6a and 6b were reinforeed with wire mesh consist-
ing of mats 10'-6" wide by 16 feet long with #4 gage transverse
wires at 12" centers and %O gage longitudinal wires at 6"
eenters except the outer four wires on each side which werse
#00 gage wires at 6" centers,

The remaining sections were unreinforced.

64 Deseription of Sectlions

For location and complete description of sections asee
Pigs. 1 to 4 and Appendlx As
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PROGRAM OF OBSERVATIONS AND TESTS

The program of observatlons and tests prepared by the
Public Roads Administretion (Appendix A) was followed, This
program was augmented, however, by measurements of (1) Temp-
erature gradient within the slab (Figs, 30, 31, and 32),

{2) WModulus of elasticity of the Concrete {Appendix C), 4
(3) Coefficient of subgrade friction (Appendix D), (4) Overall
movement of one liane of Seetion 1b, (5) Subgrade factor “k
{Eppendlx E), and (8) Roughhess measurements with the "Profil-
ograph" (Apperdix F),

GENERAL

Grading and other preliminary operations were begun 1in
1940 and conkinued to early September, 1941, A4ctual placing
of concrete in the right or south lans began on September 20,
1941, end was completed on October 9, Paving of the left or
north lane began October 10, and ended on October 29,

The Materials and Research Department made no speclal ob-
servations during the construction of the south lane nor were
any of the gauge or level points lnstalled in that lane.
However, in sccordance with the suggestions of the Surveys and
Plans Department (Memorandum of September 10, 1940, Appendix 4)
facilities for the speclal tests presviously referred to were
installed in the south lane during construction, These speclal
installations were as follows:

l, Thermocounlos. for use with Micromax temperature
recorders were placed in the subgrade and in the
pavement concrete at Station 656+90 during con-
creting operations, Temperatures within and be-
low the slab were recorded durlng the hardening
and curing of the concrete (Fig. 30) and at sub-
seq?ent seasonal measurement periods (Figs. 31 and
32

2, Six detached pavement slabs, 15 ft. in lengthfor
determination of subgrade friction. These slabs
were separated from the adjoining pavement at each
end by 4" x 9" removable timbors, set on edge, and
were located as follows:

Sta, 46B8+61 to 468476
469+81 to 469+96
471+01 to 471+16
861+22 to 661437
861+67 Lo 661482
662+40 to 662+55

See Appendix D for detail description of teat
results,
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3. Concrete disks for determination of Westergaards
tgt (subgrade factor), Twelve disks were instelled
between Ste, 406482 and 410+12, See Appendix B
for description of procedure and test resultse

With the exceptior of the omission of the dowells and
trensverse baps at the dummy joints of Sections la to 4o and
1b to 4b of the north (left) lane, the structural detalls of
both lanes were identical throughout (Figs, 1 to 4)y

OBSERVATIONS AND TEST DATA

Throughout the paving of the north lane, represcentatives
of the Materials and Research Department kept detalled records
of construction procedure. Subsequent measurements have been
made at periodical intervals as outlined in the P.R.A. momo-
rondum {Appendix A) which outlined various obsorvations and
measurements to be made during and subsequent to construction,
The various items are herein discussed in the order and lden-
tificetion in which they occur in that momorandum,

A. « PRELIMINARY DATA

1, Contract specifications, ebcCe,
Wot inciluded with this report,

24, FPlans, Complete plans are not included but
- toples of sheets showlng the location of the pro-
ject, arrangement of teat sections end typlcal
pavement sections are included as part of
Appendix A, as well as 1n Figs., 1 to 4 of thls
reports

3, Soil Survey Data

" The dete pedquested under Item 3 of the June 1940
P.B.A.,memorandum and the supplemental memoran-«
dum of August, 1940 will be found in the Distriect
Engincer's Final Report and in the Materials Re-
port compiled by Mr., R, J. Hllan, Materlals
Engineer, District VIT fAppendix B),, Laditional
data, complled as routine soil survey procedure
on highway construction in California is also
included in Mr. Allan's report,

4, Source and Type of Materials
a ement ype LI Low & ®ali) from the Monolith
Portland Cement Company Plant at Monelith, Call-
fornia, was used throughout, The cement was shipped
to the job in secks, by pail or truck. See Table 21
for tests of ccement used in the projests




S

i}

{b) Concrete Aggregates were furnished by the
Congolidated Rock Vompany from the plant of the

City Hock Company near Roscoe, San Fernando Valley,:
Ios Angeles County, sxcept for a small amount of
blending sand whilch came, from the Consolidated Rock
Company'!s plant at Roscoes See Tables 18 o2nd 19 for
aggregate testsd

The vendor (The City Rock Company) changed the
screens in the plant in order to provide material
graded to comply with the specliflcatlions for this
project and samples taken from time to time ilndi-
cated good uniformity. The flne aggregate, however,
was ¢lose to the lower speclification 1imit with
respect to the amount passing the No. 30 sieve ahd

a few ssmples were sl ightly below the limit,s After
the flrst few days of paving on the south lane & part
of the concrete sand in each batch, equivalent to

5% by welght of the total aggregate batch, was
replaced with a finer blending sand obtalned from -
the Rostoe Plant of the Consolidated Rock Company.

(c) Water for mixing concrets, ocuring, etc., was
heuled In tank trucks from an irrigation well on
the nearby Newhall Ranch. A sample from this well
was tested and found to be gatisfactory for use in
concrete.

(@) steel Reinforoing Bars, Dowels, etcy were fur-

nished by tho Ceco steel Products Corporation of
Los Angeles. Seo Table 22 for tests.

{a) Corrugated Metal Culverts wers furnished by the
United Concrete Pipe Company of Los Angeless All

culverts wore fabricated from pretestod materials

(f) Redwood Expansion Jolnt Filler Strips were sup-
plied by the Union Lumber Company of Fort Bragg,
California. The jolnt materlal did not comply with
the original contract specifications which required

a maximum dry welght per cubic foot of not over 20
pounds and & co mpresslve reslatance of not more than
000 pounds per square inch at half the original
hicknessi

As these original specifications were found im-
practicable they were chanved after the contraet
was awarded to a maximum welght of 25 pounds per
cus Pts and 1500 pounds per sq. Iin. compressive
resistance (see change order No. 45698). See
TPable 20 for tests on job samples.
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{g) The Joint Seal Compound was a mixture of

20-30 alrblown and SG~-86 liguid asphalts. Toests
showed a melting point of 154° ¥, end a.penetretion
of 29 at 77° ¥., indicsting a gatisfactory materisl,

Forms for Concrete Test Specimens. 6"x6"x34" Beam
Forms which had been used on X-Stan-4-A were hauled
by truck to this project and used throughout the
construction of the north lasne, In each test sec=
tion the end of one beam form was blocked off for

a beam 6" x &" x 20" for ghipment to the laboratery
of tha P ublic Roads Administration, Details of
fabrication, curing, etec., are discussed under
Section C.

Dalily Weather Reports Including Record of Temperature
Rainfall, etc. ' ' i

Wone of the local observation statlions were near
shough to the projeot to have similar climatic condl-
tions. Therefore, arrangements were made to secure
rainfall data (Tsbles 2 and 2a) from the Camulos
Ranch rain geuges This gauge is located on the south
side of the project in the vicinlty of Station 460,
The rainfall data covers the perlod from 7 A.M, the
preceding day to 7 A.M, the day the rainfall is
recorded,

Thermometers

Temporature records were obtalned by means of a
8-point "Micromax" recorder, supplemented by Weston
811 metal dial type thermometera. Detalled descrilpe
tion of the Micromex and the thermometers, as well
&s of their use, will be fo und in Sectlons B and C.

Thermomsters of tha type described by the Public
Roads Administration were provided, but were not
used during the construction period except for oc-
caslonal check purposes,

Mixtures, Slump, Yields, etec.

A1l mix data wil 1 be found in Teble 16.

Construction Eouipment

Ses Table 23.

Batching Procedurs

The batchlng plant was orected near Sta, 550+00,

The flow of aggregates into the weighlng box was
automatically controlled by an electrleally oparated
Kron scale,
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After the aggregates for each batch were pro-
porticned in the wclgh box, they were dropped
into a batch hopper and carried by means of an
inclined belt conveyor to a lecading hopper, then
dgmped inte the trucks for transportation to the
MLXOT o

Cement for each batch was emptied by hand from the
sacks lnto a cement hopper. As soon as about helf
of the aggregates were on the belt conveyor, the
cement was allowed to flow from the cement hopper
Into the batch box. The cement blocked the flow of
the balance of the aggregates until it was all on
the belt, then the aggregate flow resumed.

The blending sand was proportloned by hsnd and dumped
through a small hopper onto the other aggregates on
the belt shortly before they reached the loadlng bin.

The nae of more than one type of flhe aggrsgate had
not beon antlclpated when the plant was bullt and no
provision had besn mads for more than one sand bln.

B. - DAILY CBSERVATIONS DURING CONSTRUCTION

Weathsr, Temperature, stc.

The data for the temperature chsrts (Figs. 30,

31, and 32) were obtained with a 6-point mlcromax
recorder using Iron-Constantan thermocouples

placed at the center of the pavement lane at
slevations as foliowg: Polnt No, 1, in the sub-
grade 6 inches below the base of the concreteo slab;
Polnt Nos. 2, in the bottom 1 inech, Point No. 3,

in the center, and Point No. 4, In the top 1 inch
of the concrete slab, Point Wo. 5, alr temperaturs,
Point No, 6, wet bulb temperature. The wet bulb

and alr temperature were measured under a sun shield
attached to ths recordsr box about 3 feet above the
ground, Tho wet bulb temperature was sgscured by
replacing the wet bulb thermometer of a Masons
hygrometer with a thermocouple and depending on

the natural clreculation of the air for the evaporation
of water from the hygrometer wick. The wet bulb
temperaturses are not plotted on the graphs, but were
nzed to calculate per cent relative humidlty.

Thormocouples in the first gset werse installed in the
south lans at Station 656480 at 1:00 P.M., October 9,
1941, and readings recorded for 48 hours (Fig. 32) .




s P
Thermocouplas in the second set were inatalled
in the north lane at Station 418400 at 10:00 A.M.

October 15, 1941 and readings agaln recorded for
48 hours (Fig. 32).

Thermocouples 1ln the thlrd set were installed

in the north lane at Station 484457 to record

the pavement and alr temperatures during the flnal
pouring and curing operatlons (Flga. 30 snd 31).

Tt was orlginally plamned to place a set of
thermocouples in both the 9"=7"-9" and 8% uniform
thickness slabs early in the morning to determine
the offect of time of day on the temperature condt-
tions of the pavement slab, but thls was abandoned
when the weather became unsettled with a substantial
lessening of the differential in air temperature
botween night snd day condltlons, The Thermocouples
at Station 484+57 are used for obtainlng the tem-
peratures when the dally, seasonal, and permanent
readings are made (Fig. 31).

Sunshine with occasional clouds prevalled from
October 10th to 18th during the pouring of test
sections la to 6a and s portlon of 7a.

Light rain and clouds with occasional sunshlne
prevailed from October 19 to October 25, during the
pouring of test sections 7a, lb, 2p, 3b, 4b, and a
portion of Bbe. WNo concrete was placed on October
26th and 27th.

sunshine with occasional clouds agaln prevalled
when the conecrete was poured ln test sectionsg 5b,
6h, end Tb.

Table 2 shows rainfall data from September 1, to
October 31, 1941, In addition, a partial record
of temperature and humidlty has been included in
Tables 3 to 15 inclusive.

Considerable variation was noted In temperaturae,
wind veloclty and humidity on different parts of
the project. A wet-dry bulb thermometer was in=
stalled under the overhang of thc trallsr water
tank attached to the mixer and temperatures were
rocorded from time to time while the mixer was 1In
operation. The alr temperatures and the relatlve
humidity values thus obtalned are included In the
"Dally Construction Records,” (Tables 3 to 15).
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Hours of Work Wlth Statlonlng

A close record was kept of time at which concrets was
mixed and placed at each station as well =25 of any
delays, etc., at intermediate polnts. This record, as
well as the record of the number of batches, volume of
pavement slab, starting snd qultting time for ths mlxer,
the net operating time, etc., are shown in Tables 3 to
15, TFilgures 42 to 84 incluslve show the time of placlng
the concrete plotted graphlcally agalnst the dlstance
coversed, so as to show at a glance the statloning, rate
of progress, occurrencse and duration of delays, etc.

Detalls of Concrete ¥Yixes

The average combined gradings for each day's mix, welghts
per batch for each size of ageregate, etc., are shown

in Table 16. The weight of water added at the mlxer at
each polnt where a change in amount occurred is shown

ln Tables 3 to 15,

As mentioned previously, a few of the delly control sam-
ples of the fine aggregate showed a gradlng slightly
bolow the specification limlts. In order %o correct this
deficilency, as well as in the hope of affecting a possi-
ble reduction in the amount of bleedlng, spproximately
250 pounds of blendlng sand (5% of tobal sgeregate welght)
was used to raplace an equivalent amount of the concrete
sand in each batch.

The change from 37% to 32% concrete send plus B% blending
sand was filrst mede on October 6th at Station 573+69 in
the south lane. On October 9, the blendlng sand was
omitted and replaced with regular conerete send betwesn
Stations 641473 and 652+00 after which the use of the
blended sand was resumed, Except for the above chanhges
in sand, only minor varistlons in the proportionling of
the aggregates were made throughout the paving of both
lanes, Daily quantities, sliumps, ylelds, etc., arc also
shown in Tables 3 to 1b6.

Concrete Temperatures

As a supplement to the temperature records shown on Flg-
ures 30, 31, and 32 notations were made of the temperaturs
of ths freshly deposited concrete at various tlmes during
each day's work. Simllar observations were made at the
time of final floating. The placing and final float tem-
peratures are shown on each ¢f the Dally Construction
Records {Taebles & to 15). '

In addition special thermometer wells, designed to accommo-
date the Weston dial type thermometers were lnstalled in
the fresh concrete, two feet from the left outside edge of
the pavement at the followlng statlons:
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418402 Concrete placed at 9:54 A.M.

434+5"7 7:R5 U
484+57 2:45 P,M.
486429 6;10 AW,
511+87 6125 AWM,
545462 12515 P.¥M,
581405 €353 A.M,
829400 6:30 AN,

Each lnstallatlon consisted of two thermometers, one

indicating the tempoerature of the top 2 Ilnchss of the
pavement:, the other the temperaturse 4-1/2 inches to .

6-1/2 inches below the surface. A record of the tem=
peratures thus obtained will be found in Table 17.

Time Intervals Between P lacement, Finishlne,
Curing, Ete.

Records were kept of the time at which concrete was
poured at each Section. Similsr records were kept for
successive operations, (Flgures 42 to 54 inclusive).

The spreading snd tamping of the fresh concrete followed
the mixing time so0 closely (within 2 to 5 minutes) that
no attempt hes been made to show a graph for tamping time.

Additional data, including boundaries of test sectlions,
location of test points, points at which test specimens
wore fabricated, the relative strength of test speclmens,
ete., are shown on the same charts.

Condition of SBubgrade, Etc.

Detalled information on embankment subgrade and subbase
conditlons are reported by the District Engineer and by
R. J. Allan, District Materials Engr. (Appendlx B). The
subgrade moisture and denslty data shown on the flgures
sccompanying the Allan report have been summarized in
Table 42.

() Embankment

The roadway excavation and natural soll 1in the £111 foun-
dations for the most part conslsted of a loamy soll with
varying amounts of sand and silt, This material was
classified as A-4, A-6, and A-7 under the USPRA method

of classification. The California bearing ratlo varled
from 3% to 40% at 0.1" penetratlon on the compacted and
soaked material, with the greater portion of the material
falling in the range of 3% to 5% bearing rstlo.

The top 12 inches of the natural soll were compacted to
at least 90% relative compaction, except for a few
scattered locations as shown on the Standard Scll Pro-
file Sheets, (Appendix B). 1In the few cases where an
excoss of moisture was present the relative comrpaction

dropped slightly below 90%7.
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Subgrede density decterminations consisted esson-
tially In ascertaining the dry welght of the
compacted material in a unit volume of the subgrade.
They were made by excavating e holo, approximately
6" in diametor, in the compactsd subgrade to the
desired depth, collceting and weighing all the
materlal removed from the hole, determining its

dry welght and measuring the volume of the hole
from which 1% was romoved.

Clean, dry sand was used to determine the volume

of the holes and the "sand-volume apparatus,"
developed by the Materisls and Research Department
end shown diagrammatically in Pig. 34, was amployed
to insure a uniform density for all desterminations.

Pacruge the subgrade conslisted of clean sand and
gravel, a flat ateel platc with a 6" hole in the
center wag placed on the ground before excavation

was started In order to prevent sloughing of the
material around the top of the hole. Thils plate

also furnished a firm bass for the cone and pre-
vented 1lts edges from sinking into the sand (Fig. 33).

The hole was dug by hand and all the excavated
material was placed In a contalner and 1ts dry
wolght determined.

The sand velums apparatus, consisting of a
"Measuring Cone" approximately 11" in diameter at
the large end, an "Overflow Vesssel" and a "Regulat-
ing Punnel," wag placed over the hole as shown in
the right hand sketch of Flg. 34.

A known welght of a sand of which the unlt weight
had been previously determined, was poured through
the "Regulating Funnel! into the hole until 1t
overflowed at the top of the "Measuring Cone."

The overflow was replaced in the origlnal contalner,
the residue weighed and the weight of sand 1n the
hole and ths "cone" determined by difference. From
this was deducted the previously determined weight
reguired to f111 the cone and the hole in the plate,
the balance being the weight of the sand in the hole,

The ratio of dry welght of the soll removed from

the hole to the welght of standard sand recuired to
i1l it, multiplied by the known unlt welght of thse
sand, gave the unlt dry welght of the soil in place..
Fig. 33 shows the various stages of thls operation.
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The imported embankment material eonslsted of a grav-
elly sand mixture secured from & channel change in the
Santa Clara River. This gravelly sand classified as
Ai~2 under USPRA method of eclassification, The
california bearing ratio ranged from & low of 30% to

o high of 112§ at 041" penetration, with an average of
57%¢ This material was placed in the embankment at &
reletive compaction of 90% or better,

The materlal in the top &% of the subgrade wes glven
special handling to insure & uniform material for the
bose immedlately under the concrete pavement. This
material was placed in 4 or more approximately equal
windrows end mixed by blading from one side of the
road to the other. Grading analyses of the gamples
taken across the rosadway section, at various loca-
tiona; prior o compaction, show & maxinmum variation
of 2% on the 100 mesh screen ord less than 10% veria-
tion on any of the coarser sizes, The relative
pompactions ranged from a low of 94% to & high of
102% with an average of 97%, This material had an
average California bearing ratio of 57% ot Ou1"
penetration and had a USPRA A-2 classifications

The selected subgrade material contalned some WOArse
particles grading up to 3 or 4 inches in dismeters
These coarse particles tended to drag for 2 short
distance under the cutting edge of the Lewls gubgrader
cousing holes or grooves In the finlshed subgrades
These depressions ri1led with concrete when the pave-
mont was placed end as & result the bottom of the
concrete contains numerous small projections into the
subgrade (Figs 5)»

Inetallation of Joints, Etcy

meble Y shows the location of the expansion joints at
each end of the varilous test sootions and the spaeing
of the intervening expansion and dummy jolntse

Three-quarter inch redwood boards were yged in the &X~-
pansion joints throughout the project and no instanées
of poor alignment or lack of support were noticed. A
gllight vertical displacement of the boards ocecurred
in a few instances dquring the placing of concrete in
the Nos, 6 sectionss

111l dowels in the tost sections wore painted and
thoroughly greased and provided with capse All the
ecaps wero in place when the concrete was pourede

The allgnment, both vertical and horizontal of all
expansion joint dowels was good but some trouble weas
experienced in keeping the dummy Joint dowels of
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Sections 5a, 5b, 6a, and 6b in proper alignment,
However, by hand placing concrete around the dowel
supports and by exercising special care in dumping
the concrcte from the hopper near the joints, most
of the trouble was eliminated. In a few Instances
the transverse horizontal steél at these dummy Jjoints
was sccldentally bent enough to be 1/4" to 1/2" out of
1ine at the center of the lanc, put the longltudinal
aligrment at the dowels was not affected, Moasure-
ments made after floating operations hed been completed
showed & few ilnstances where the dummy joint dowels
wore as muioch as 1/8" (vertically) out of alignment
with the surface of the pavement, but in most ecases,
g?ey were within 1/1i6", or less, of the proper posi-
Ofs

8., Tle Bars

Although the povement was conatructed in two lanes of
equal width no tie bars were used acroas the center
joint, The steel sids forms left a smooth surface on
the inner edge of the concrete slab on the south lane
throughout most of the project, ALl rough spots

or honeycomb which did occur were plastered with
cement mortar to & smooth finish before tho concrete
for the second, or north, lane wasg poured«

9, Depth of Dummy Joints

The depth of the groove for dummy joints was deter-
mined at frequent intervals for at least three

points in a jolnt (near each edge and the center of
the slab), Measurements were made after the concrete
had begun to harden and before the groove was filled
with esphalt. The depths varled from 2-1/8 inehes

%o 2-5/8 inches and averaged approximately 2-1/2
inchess

'10. Depth of Longitudinal Center Joint

The longltudinal center joint was & cohtaet jolnt
throughout the project (See "8" above)s The use of
the cdging tools left a groove z/4 inch to 1-1/2
inches deep. No regular series of depth measurc-
ments were madey

11, Lppearance of Concrete, Btca

The concrete was homogencous in appearance through~

out the job and 1%s workasbllity was good except for

a few short intervals when & slight tendency towards
harshneoss was notlceabloa
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The slump averaged 1-1/2 inches with an extreme range
of 3/4 ineh * minimum snd 3 inches meximum, In

most of the tests, howsver, the slump varied between
1-1/4 inches and 2 inchess

Neither an exccess nor a deficiency of mortar was
noticeabley and, although oceasionally a small
gmount of pea gravel worked to the surface during
finishing operations, no segregation was observed.

Some bleeding was noticeable throughout the job.
LAt times 1t was barely perceptible but was gen-
erally pronounced slthough never excessive., No
washing away of any cement was observeds There
was very little; if any,difference in the amount
of bleeding between the portions of the pavement
where blending send was used and those in whilch
the unblended sand was used,

The time required for the hardening of the freshly
placed concrete varied conasiderably with changes
in temperature, humidity, etc,

Ag soon e&s the conerete had hardened enough to
permit wealking on the surface, the expanslion and
weakened place joints were r£i1lled with the asphaltlie
crack filler, Hencey, the time required for initial
hardening at any location may be determined from
Figures 42 to 54, inclusive except Figures 48, 49
and 51) by observing the time interval betwesn the
lines indicating the respectlve times of placing
and joint filling, On October 20, 21, and 24th
(Figures 48, 49, and 51) rain interfered with nor-
mal operations and mede 1t necessary to £111 the
joints as soon as they were formed instead of
waiting until initial hardening hnd occurred.

Hence for each of the three days mentloned the
joint f£illing times subsequent to noon are from

30 minutes to 4 hours earlier than the time of
inltial hardening.

The frequent changes in the amount of water added

ot the mixer to each bateh (Tables 3 to 15) were
made necessary by changes in the moisture content

of the filne aggregate, by variations in the atmos-
pheric temperature, by humidity, and by fluctuations
in the direction and velocity of the wind.
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The froshly mlxed concrote was dumped from the
traveling hopper of the mixer directly onto the
subgrado, and immediately spread and screeded to
the proper depth by a Blaw-Knox paving spreader.

A Takewood concrate tamper was operated lmmedlately
behind the spreader and the entire operatlon of
placing, spreadling and temping was completed in a
few minutes.

Tn the reinforced sections, 6a and 6b, the concrete
for the lower 4-1/2" of the slab was spread by hand
for a short distange ahead of the mixer, afiter whilch
the stesl mats were placed snd then the upper half of
the concrete was spread in the usual manner.

Exclusive of delays due to breakdowns, ete., the
normal rate of pouring, as may be noted from
Figures 42 to 54 was approximately 330 to 340 lineal
fest of pavement (1l feet wide) per hour, averagling
very close to one batch per minute, with a minlmum
mixing period of 45 seconds.

Finlshing

Floating and finlshing was done with a Johnson
mechanical finisher. As a rule, from 100 to 500
feet of pavement was finlished at a time,

The time intervals between placling and finishling the
goncrete, as may be noted for each day (Figures 42

to 54) varled from ons to slx hours, dependling upon
weather conditions and the behavior of the concrete.

On the last trip of the finishlng machine over a glven
stretch of pavement, a strip of canvas wes dragged
bohind the finilsher to produce the desired surface
Ltexture.

Tmmediately behind the tamplng machine, pleces of

flat steel, 1/4" x 2" x 10'-11", were placed on adge
in the fresh concrete at the locatlon of each dummy
joint so that the top of the steel was 1/4% to 3/8"
below the surface of tho concrete. As soon as the
finishing machine had made its lest pass, the steel
was removed and the groove of the joint was finlshed
with a dummy joint tool, consisting of a long handled
wooden float 4" x 24" with a metal Mo geroas the
conter. The vertlcal leg of tho "T" oxtended approxl-
mately 2-1/2" below the face of the floatb, The top
edges of the Jolnt wero then finilshed with an ordinary

1/4" radius edging tool.
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A similer float with a double center llp which .
fitted on cach side of the redwood boards was used
to form the grooves at cxpansion joints. A speclal
double edglng tool was used to finish the surface

on sach side of the oxpansion joint in one operationy
The longltudinal edges were flnlshed by meoans of

1/2" radlus edging tools. All smooth norizontal
surfaces left by the edglng tools were brushed
immediately after completion of the edging.

Occasionally the Johnson flnisher worked a little
mortar to the edgse of the pavemcnt but, as a rule,
thare was nelther an excess nor a deficiency. In a
few lnstances a 1little mortar from the edge had to be
pdded to a rough spot in finlshing a transverse joint.

After the concrete had hardened enough to permit
walking upon 1t and the jolnts had been filled, a steel
shod cutting float was pulled by hend across the sur-
face of the slab to cut off any irregularities. The
hardened stecl cutting edge of the float was ad just«~
able to meintain a true aligmment (Fige 10).

On October 20, 21, and 24th, rain interfered with
normal finishing operations, oxpoclally with respect
to dummy joints and the use of the cut float,

Pstween Station 516400 and 518+00 the dummy jolnts

had been finlshed but not filled when the ralin

started. Some breakdown of the concrete edges at the
joints occurred before the asphalt could be pouraed.
Botwoen Station 518+00 and the end of the day's work
(11-20-41) at Station B27+60, all dummy joints wore
filled with asphalt tmmedinately after they wore formed,
thereby avoiding most of the breakdown.

on October £1, rain again mnde 1t necessary to fill
tho jelnts from atation B36400 to Statlon E65+20
immodlatsly after they were grooved. Thase joints
were cleaned out on tho following day and refilled.

On the 24th a sudden and very heavy downpour cccurred
while the joints from Station 585+00 to 584400 wore
opech and considerable breakdown of the edges occurred.
Botwoen Stations 594400 snd 604+38 the stoel was gt1ll
in the concrete when the rain started and the jolints
wera finished after thc shower was overy However, the
rain had washad sufflciont free mortar from the surface
to interfere to soms extent with the proper finishing
of the edgces.
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The fresh pevement surface was somewhat affected
by the rainfall, especlally between Stations
£16+00 snd 527460, and betwcen Stations 590400 and
806+50., The latter portion had just been float
finished whsen the hard shower of the 24th ocecurred
and considerable of ths surface mortar was washed
away .

No bump cutting was done between Statlons 511440

and 555+20 bocause of the slow settlng due to the

rain on October 20 snd 21lst. An attempt to use the
cut float on the day following the placineg of the con-
crate was unsuccessful. On the 24th, the cut float
romoved only locsa clean sand on the sectlon betwoen
Statlons 590400 and 596+50.

Expansion joints were carefully installed and the
rodwood joint fillers were kept ln good alignment.
Tn a few instances, however, the boards moved vertl-
eally a 1little during the finishing of the concrete
bringing the top of the board sven with, or slightly
above, the pavemcnt surface, The jolnts with high
boards wero loft unsesled until the concrete had
cured, then the boards were trimmed to the proper
depth and the jolnts seasled. It 1ls probable, howsver,
that concrete Filled the space underneanth the ralsed
jolnt fillers. These imperfect exnanslon jolnts are
located 2t the followlng points:

Station 498+17, Sectlon éa
i 500457 " Sa
" 641472 n &b

13. Curing Detnlls

Curing was by an carth cover kept molst by sprinkling
for eight days. The dirt was spread by hand immedlately
behind the bump cutting operations, as mey be noted on
Pigures 42 to 54 except for those days on which raln
rctarded the hardening of the concrete. On those
occasions the cover was applled the following morning
but the pavement had been kept damp by raln a1l night.

The carth cover varled from 1/8 to 1 inch or more in
thickness with an average of about 1/2 inch. It was
moistoned at frequent intervals by means of a watery
dlstributor equipped with an extension slde spray bar.
Applicatlons were frequont enough to prevent complste
drying of the cover at any time. At the end of the
eight-day curing perlod the earth cover was removed
with & motor gradel.
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Oparation of Construction Equipment

The varlous items of construction eguipmont were
opsretecd in the customary menneor, The operators welre
compotent snd skillful, sspecially the operator of
the mixer. During the paving of the north lz2ne,

¥r. Johnson, who developed the Johnson finlshing
machine, was cmployed on the project as an agslistant
to the Resident Tnglnoer and oporated the finishopr
most of the time.

The same equipment, snd, to = large extent, theo same
workmen were used throughout the paving operations,
Delays due to breakdowns scourred occesionally but
were not serious snd scldom resulted 1n an extconslvo
dolays The occurronce and oxtent of delays mey be
noted on Figures 42 to 54.

Romoval of Forms and Condition of the Bdges of tho
Concrata.

As n general rule, the asldc forms were romoved about
24 hours aftor pouring the concrote. The outslide oFf
exposcd edge of thc north lane was good throughout
with no honeycomb except for two small areas at
atatlon 476+87 and at Statlon 487+45, respectively,
FProm Station 370475 to 401400 froquent rough or
noneycombed spots were noted on the inner (north) edgo
of the south lane. The hand placlng of some concrote
against the forms was started at 401+00 and only ono
or two small honeycowb spots were noted on ths rest of
the north edge of the south lane.

when, at the start of oach morning's work, the
tamping and finishing machines were moved bnck over
the previous day's partially herdened concrete, the
flanges of the outside wheeols caused some damage toO
tho top 2 inchos of the outer cdge of the concrete
slab., This damage was not serious, usually amounting
to a spalling of the top 2 inchses of the edge for a
width of 1/4 inch to 1/2 inch over the last 20 fcob
of each dsy's work. Other then the above, all edges
wore in excellent condltlon.

Joint Sealing Operation

A1l joints wero sealed with an sasphaltic jolnt
sonling compound composed of 607 SC-6 snd 40% air
blown asphalt, The compound was heatod until fluid,
thon poured by hand from cones into the joints.

Between Statlons 536+00 =nd 555+20 the fillling was
imporfect because of the raln and all jolnts were
cleaned and repoured the following daya
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A1l sealing operetlons were carefully dons. OSome
joint compound was removed by trafflc during the
sonstruction period but all such spots were re-
soaled by the contractor.

17, FPlcturos 11lustrating 11 construction phases, of
th% pioj?ct aro inoluded with this roport (Fipurss
5 to 154

¢ - TEST SPECIMEMS, BTC.

Test speclmens wereo fabricated each day on which
concrete was poured, Occasionally the test portions
of two oxperimcnitel sectlons were constructed on the
same day and, on thosc cccasions, a set of test specl-
mons was mado for each experimentel soction. As the
first sectlon of the north lane £o be eonstructed

(1s) required three construction deys & sst of tost
specimens was mado esach day. All other experimental
gooctlions have but one set of specimsns cache

A sot of speclmens normally consisted of onoc beanm
s" x 6" x 20", three boams g" x 6" x 34", and three
cylinders 6" x 12", all specimens of each set being
fabricated at the same tlmo. On Section la, no

" x 6" x 20" boams were made on the first two days;
the 8% x 8" x 20" beam for this test section belng
fabricated on the third day onlys

The concrote for cach sat of tsst speoclimens was
obtained from several batches immediertely after they
hnd been deposited on the roadbod in front of the
spreading machino.

The test concreie was shovelled from the roadbed
into = wheelbarrow and screened through a 13" square
mosh screen to remove the largoer sizes of coarsc
apgrogates A portion of tho samplo was used for

tho siump test snd tho romainder was placed in the
molds according to the vespectlve standard methods
for thne fabrlcation of pboems end cyllnders.

One partial exception to the above proceduroc pcourred
in the oase of gcction 3bs In ordcr to provide auf fl-
cient spocimens for tosts at various ages, additional
peams and cyllnders, 21 of cach,; were made when the
job routine test specimons wore fabricated. TFor thils
purpose ong batch of concrote was dumped on the
shouldaer, instead of the pevement, and all spocclimens
were made from the one batche
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At the end of 24 hours curing in the forms undcr

wet burlap, the test beams were placed on the pavement
slab at the polnt of fabrication, covering with wet
sand or burlap, and olven the semo curing treatment

ns the conorete in the pavemont. The 6" x 12
cylinders weroe cnast ln tin molds and sealed with

tight fitting covers lmmedlately after fabricatlion,

Tdentificatlon numbers were stamped in each boam by
means of stocl dles as soon ss the fresh concrete
was hard enough to retaln the impression of the dle,
Similar numbors werc sbamped in the bottoms of the
6" x 12" cylinder cans bafore thoy wore filled,

4t the dosignrted times test speclmens were disposcd
ng follows:

The 6" x 6" x 20" beams were shipped to the P.R,A,,
washington, D.Ce for the determination of volume
change and modulus of elasticity, One of these
beams was made For cach test section, a total of

14 beams. At the end of the curing period, cach
beam was pleced in a storageo plle ncar the Resldont
Engincerts offlca untll time for shipment. On
November 18, 1941, tho 1dentificaticn numbers were
stencilod in black palnt on the gides of the P.R.A.
beams {Flg. 13) then the beams were packed {sur-
rounded by sawdust) in individual wooden boxas and
shipped, by freolght, to the Public Roands Adminlstra-
tion lLaboratory, Arlington Fxporimental Farm, Rosslyn,
Virginia.

The 6" x 6" x 34" beams werc cured as desecribed
above until they werc from four to seven days old,
then packed in wot sand 1n a truck and hauled to tho
Materials »nd Research Depavtmont at Sacramento,

The &" x 12" cyllnders were shipped to Sacrsmento
at the snme tims as the corresponding beams.

In addition to the special test specimens mentioned
nbove, the Resldont Engineer fabricated the customary
dally control specimcns, two cylinders, and threc
beems, each day that concrote was poured, The
cyllinders were shipped to Sacrsmento for routlne com=
prossion tests (10 day and 28 day.) One of the routine
job control boams was brokon in the fleld by means of
a portable hydrsullc beam testing machine (center

point loading) at each of the following agos: 8,

14, and 28 deys (Seec Tablo 25 for test results).
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When the conerete in sach of the experimental
acotions (north lane) was 21 days old, cores

were cut for 28 day compressive strengsth tests.
In most 1lnstances tho cores wero cut at the
locations from which the concrots for test spoci-
mens had been obtained.

A similar set of covres was cut from the south lano

in order to obtaln a comparison of concrete strengths
between the two lenes of the pnvement. Some of
these cores from the south lane wore older than 28
dnys (29 to 38 days old) whoen tested. Corresponding
sets of cores hsve since been cut from the two lenes
when the pavemeont was two years ¢lda.

mor tests of all specimens sco Tables 24 to 27,

while the 28 day tests indicated 2 greater strength
for the concrete without the blending ssand, the
two-year cores indicate thet the pavomeont concrete
in which the blending sand was uscd now cguals or
oxcosds the compressive streungth of unblsnded sand
concrate.

The resson for the supcriority of the concrete with
the unblonded sand at tho early sges may be due in
part to the hlgher temperatures prevalllng during the
first part of tho construction snd curlng periocd.

The most plauaible explanstion however s the fact
that the CzS content of the cement averaged somao-

what lower on the latter part of the projoct than

the first part (Table 21) .

Samples of Mnaterials

In accordance with instructions, samples of the

fine and coarsa agerofFetes end of ccment wore

shipped to Public Eoeds Administration Laboratory
vashington, D.C. and to the Portland Cemcnt Assocla-
tion ln Chicago, Ths coarse agersgates were obt»ined
from a composite of thoe delly scrcen test samples,
while the fine agerogates and the cement are compo=-
sites from the stockpiles of matorisl used on the
project. The c0AYSE rrorogates wWorc scresned to the
alzes used in the job.

Measurement Polnts, Benchmarks, Temperature

We}.}.s! ELGe

Points for moasurement of joint oponings and
closings, wells for measurement of slab tempore=
turcs, clevation points =nd permenent bench marks
were installed as covered in the tsuggested Program
of Observations for Cooparative Invogtigation of
Joint Spacing in Concrete Pavements.’ (Appendix A).
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Several sets of temperature wells for use with
Weston Dial Type Thermometers were installed at
the locations previously listed in Section "B,
Each of these installations consisted of & brass
plate anchored in the fresh concrete by means of
two small rods. Two short 1/2 inch brass plugs
werc screwed Into holss near the center of the
plate and rods of approximately the same dlameter
as the stems of the Weston Thermometers were brazed
into the plugs. One rod reached 2-1/4 inches below
the surface and the other 6-1/4 inches bolow. The
rods were greased when the assembly was set in the
soft concrcte, After the concrete had begun to
harden the plugs were unscrewcd and removed and
thermometers inserted into the holes left by the
rods, After the temperature obsorvations were
pompleted the plugs were replaced in order to
maintain the wells in good condition for future
us8,

The location of the wells and concrete temperatures
noted at oach point are recorded in Table 174°

Complete records of the various detalls were kept
in field boocks which are available for references ’

PERFORMANCE AND MEASUREMENTS SUBSEQUENT TO CONSTRUCTION

le JOINT WIDTH MEASUREMENTS

Seasonal, deily and permanent joint measuremonts to date
are shown 1n Tables 28 to 34 and Figs. 17 to 29,

The locetion of the joint width chenge measurement points
and level points are likewise shown on the sketches at the base
of Tables 28 to 34 as well as in Flgs. 35 to 4l.

A study of the figures is illuminating as it is possible
to, at a glance, observe the pavement expension and contrac-
tion fluxustions with the seasons as well as with the temper-

ature variations.

£11 joint width changes are based on the original jJjolnt
width measurements in February, 1942 and therefore show the
expansion or shrinkage of the concrete from that datum.

(a) Secasonal Changes.

The maximum shrinkage of the concrete and hence
largest joint opening at the woakened planes in
1043 occurred in November for all 116 weakened
piene joints in the soven test sections, At the
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all elevation points in February, 19

(b)

{e)
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time of the first measurements in 1942 the greatest
shrinkage was in November for the great majority,
89 out of 116 joints. In only 15 cases was the
shrinkage greater in February than in November,

Measurements at the same 116 contraction joints
showed the greatest concrete expansion in May for

87 joints and in August for 14, The remaining 15
joints showed the same expansion in May as in August.
On the other hand, the expansion joints measured the
greatest expansion in August in 22 out of 23 cases,
although tho greatost shrinkage was 1n November as
in the case of the weskened plane joints,

Dally Changes

The greatecst daily fluxuation occurred in reinforced
Sec. 6b where the cxpansion joints were spaced 120
ft. with one intermediate weakened plane, the movew
ment asmounting to as much as 0,12" at the expansion
joints end 0,07" at the weakened planes in hugust

as compared with 0,06" and 0,04" for spacing of 120'
with weakensdplanes .every 15 feet in the unrein-
forced sectlons,

Tn the case of the 405 and 810' expansion jolnt
spacing the daily fluxuation at the expansion joint
was the same as with the 60! specing (0.08") but
only 0,04" at the weakened planesy

Permanent Changes

The permanent changes at the woeakened planes are
negligible to date amounting in all cases to less
than onc one hundredths of an ineh., The changes at
the oxpansgion joints have been somewhati greater
although in no case over 0,03" subsequent to August,
1942, The permanent change from the original con-
struction however is somewhat greatcr amountlng to
as mueh as 0,14" in the case of the 60' spaced '
expansion jolnts; 0.16" to 0,20" for the 120" spaced
joints and 0,25" for the 405Y and 810! spacing.

ELEVATION MEASUREMENTS

Lovels were taken at the elevation polnts in October, 1941
and again in February, 1943.,

Tables 35 to 41 and Figs. 35 to 41 show the relation of

43 to the original eleva~

tions of October 1941, -
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For the most part there was little change during the
first year and four months, the differential usually being
substantially less than a tenth of an ineh,; notwithstanding
the fact that fills up to as great as five to’ ten feet are
included within the limits of the tost points.

In a few cases, however, definite settlement hes taken
place; in one case (Sec. 28) amounting to as much as 0,045t
or over O.b6%,

Tt 1s intended to take another set of level readings in

hugust of this year (1944) when the construction will be
approximately three years old,

3, CRACK SURVEY

. A trehsverse crack developed in the north lane in experi-
mental Section 3b at Sta, 617425 before the pavement was
epened to traffic in November, 1941; No further cracks had
developed at the time of the last inspection in February, 1944
when the pavement had been in sepvice for two years: The in-
spection at that date revealed an occasional occurrence  of
glight surface spalling of the south edge of the north lane
along the contact with the south lane.

4%, GENERAL CONDITION SURVEY

With the exception of the spalling (whiech is unimportant
to date) the surface of the conerete, at the end of two years
of service, showed practically no change from its appearance
when first opened to traffic, A1l test sectlons were in
excellent condition.

5, TEMPERATURE GRADIENT WITHIN THE STAB

gee Filgures 30, 31, and 32,

8. ' MODULUS OF ELASTICITY OF CONCRETE

Ses Appendix C,

v, GOEFFICIENT OF SUBGRADE FRICTION

See Appendix D,




8, OVERALL MOVEMENT OF ONE LANE OF SECTION 1b,

Concrete monuments for transit points were placed on each
side of the pavement one foot below the ground surface, three
feet out from the edge, and one foot back from each end of
sectlon 1b for use as reference polnits to determine overall
movement at the ends of this one mile long toest sectlion. .
Copper tack transit polints in lead were placed in the top of
each monument and in the center of each pavement lane. These
points were set in line January 14, 1942, -

The following tabulation shows the increase in length at
each end of eech lane of Sectlon 1b from January 14, 1942 to

February 8, 1944s

‘ OVERLLL CHANGE IN LENGTH SECTION 1b
Statl o Fnd (Sta, 510+76.7 | E. End (St2,568+27,9)
on Right; Tene ! Lefl Lane Right Lane Left Lane

1-14-42 o) 0 o 0
11-18-42 4403 +.17" +.10" +.08"
8-4-43 +.08" +.20M +,08" L1
11-16-43 +.04% +.20% +.10" +.12Y
2-8-44 +.,00" +,20% +,08" +.08"

9, SUBGRLDE FACTOR et

See Appendix E.
10, ROUGHNESS MEASUREMENTS

See Appehdix P,
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special field and laboratory tests relating to the determlna-
tion of Subgrade k values, subgrade friction, concrete modulus
of elasticity and temperature gradient and pavement roughness
measurements and the compiling of reports thereon, was the
responsibility of the Materials and Research Engineels.

Messrs, Barton and Beatty were primarily responsible for
socuring all field data relating to the concrete pavement and
complling and analyzing the data at Sacramento.

All work was done under the general direction of Director
of Public Works C. H. Purcell and State Highway Engineer
6. T, McCoy and in ccoperatlion with the representatives of
the Publie Roads Administration.




TABLES

2 and 2a

3 to 16

16
17
18
19
20
21
22
23
24

25
26
27

28
35
42

to 54
to 41

INDEX TO TABLES

Summary of Test Sections - Location and Design.

Rainfall During and Subsequent to Construction
Perilod,

Daily Gonstructlon Record,

Concrote Batch Weights and Aggregete Gradings,
Concreteo Pavement Temperatures During Curing Perilod,
Fine Aggregate Testa,

Coarse Aggregate Tests,

Redwood Expansion Joint Filler Strip Tests,

Coment Tests,

Reinforced Steel Teats,

List of Constructlon Equipments.

Special Concrete Tests (Beams and Cylinders)
North Lane.

Routine Field Cylinder and Core Tesats,
Summary of all Cylinder and Beam Teats,

Comparison of Concrete Strengths with and without
Blending Sand,

Changes in Joint Widths - July, 1942 to Date,
Pavement Levels,

Subgrade Denslty Tests,




Table 1

#6°83+89G U8 ¢ 0BV0LE "BAS - 8 LC+18G DUB L' LLYGLG B35 U99R3aq OS[y ¥+ |
guTu0}I8lE UT sucfysnbe Jo 3ISTI 99§

2 01+899 T . *89%G99
SeoT+oco| 27O | u8-u8-u8| o | © o1 o |oet | ta/ss01 ww“mm“wm 9 6TeT|F.S0sg0g| Ok
6*88+8%9 BEETH = v
‘25+2p9|  oagm | uBTub™ubl 6 6 09 6 | ozt Mw“m“mﬁ,ﬁ¢\mw\oﬁ xg02¢T L. 99,8391 a-9
uo! auoy B=0 Lm0 & 1%/82/01 . GT3e¥orl _
N | w8-uk-uS| 6 8 ST 6 | 031 Hw“m\oa Ta/ca/ot| O 008 g-ggrszg| 78
suoy| osuoy 35— e . 17/8/01 | 1#/98/01 | y5-gonz |3 027 L39| g-
- Sl uSTutTub] ¥} O | ST 6 | SO% | vy/u/01|15/v2/01|*2 9988 | e pateeg| TF
. STo+
ouon| ouoy | .6-ui-ub| ¥ 0 st 6 | ozt | 19/9/0T|T9/ve/0T|%e 0BT | L0000 | €Y
suoj| ouoy 6=1 =18 1%/9/01|1%/%3/0T| . 66783 -
wbTud~ub 4 0 ST 6 018 1%/2/0T | 1v/238/0T 1°039T 6°83+89¢ g-3
cqotTee . \ TY/2/CT[15/82,/CT Ml
g70z4T8G|  SUOR | wBul-ub| ¥ 0 o1 6 | osas | 1%/2/01|1%/18/01|*5° %83g| pus g-1
L ev*ers 1%/1/01 | 19/03/01 L7 LIAS TS
SUON! QucCy -.8- T¥/03/0T ] .50 LT LLYETS -
i w8-uB-u8| O C ST 0 | 08T | T%/T/0T|13/g170t| € 8¢t g soroos| V74
Fagd ~ - * + -
M[FWQQE sxy | wOub-ub| 6 6 09 & | ozt Mwmwmmw T5/81/0T| S*02¢T m.mm+mmw -9
“L5t06% AT
L2 suoy 8 o T1%/0¢/6 | 1v/81/01| o 2 LiTe67 -
M.WMHWMW 3 ud=ud=yb 8 6 =2 6 021 Mv\mm\m ._”uw\b.ﬂ\O.m g*'0321L 8°91+08¥% ¥-S
o - . - o
prog+osy| UK | wBmuk=u6| ¥ | O | oI 6 | oar | 9/63/6[tv/ut/0T| seo0at |3 3100 v-v
8°GT+9SH R ) 1v/63/6 1°9T+89%
8 vLi6%T =202 e
. auoy 81 - 1%7/26/8|1¥7/91/0T| aen.or|B PLTEER] o
AN £AA %1 4 WSTulTu) P O] O | ST 6 | 918 | ty/cays|ir/er/on] ° 9%t o setegy| T
. 1%/82/6|Tv/S1/0T 2 FatEaYy
SUON SUON | .8-ui4=u68| % ) g1 6 0828 03 |T¥/¥T/0T| 1°6438 pue V-1
1%/03/6|1%/0T/0T 2°QLr0LE L
usemiad | 19935 |SSOWIITYL] 8uw| aus] sTemog| 3eo4 ausT ousT 7504 |8U0;a3835] 'ON
P33800T |ZUTOI0J| jusmsasd| 0% *ON -oedg| gJo+con| a9wdiz YInosg UFJION uj ussmlag | = 19sg
S3utoq ~UL8y | U0T40ag { STaIMCT *ON . SquTor TCT 3oNA38U0] y3euey| peredo1| 3897
383 3s04an STULOP Aummryy uotsuedxy Jo easg
d-40XL3 39813007 PE100 ‘ON ydIsesey (T) 0-08¢ "a° V2 5-BL-USA-LIA
SNOILOHS ISEL JO XUVKNAS
1 TISVL




Table 2

TABLE 2
RAINFALL DURING PAVEMENT GONSTRUCTION PERIOD
i__XI.._LI-V'en“---._T’?__9-»’3 _F‘.A._P. 380-C (é) =Res. 00194 Cont. 27XC7-P
Data compiled from records of the Camulos Ranch for a rain gauge
located just south of the highway near Station 460. Observation

period extends from 7:00 A.M, of previous day to 7:00 A.M. of the
date shown,

September 1941 October 1041

Day Rain- Pavement Placed # Day Rein- Pavement Flaced
of fall | During Qbserv.Perlod of fall | During Observ,Period
Month In. From To Month | In, | Lane From To

South| 485+12 | 502+9%

" 1502+09 | 527488
" 1527,88 | 553+886
T 1553486 | 575+69

" 1573469 | 597430
W 597,62 | 622+562
W [g22+52 | 641+73
T 1641473 | 665+69
North|270+65 | 388400

[l [
=0
#Q======

el e Lt L L L

SR i 1O [ O 40| (0 ~T {Gs |0 || TR (1D

12 i 0.17
13 il
14
15 North|388+00 |407+49
16 16 12407449 [4314+20
17 17 i [431,20 | 459447
18 [ 18 T 1459447 | 484497
19 19 T [484+97 [511+40
20 20 0.08
21 21 0.04 | " |511+40 [527+60
22 . 22 0.45 W I527460 | 956+20
23 - 23 - 0.16 W 1555+20 | 580+70
24 — ® Bouth | 370+65 | 286495 || 24 0.19
25 g n 386,95 | 405470 || 256 0.04 " 580+73 |604+38
26 o w 205+70 |427+30 §| 26 T [B04+38 |628+68
27 - ; 427430 | 450445 eg 8'22

o 450+45 [459+92 || 2 .
SS = 29 ' 506468 |6556+55

30 " 459+92 |485+12 “ 30 T 655+35 |665+469
31

Note: The rainfall between 1:00 and 3:00 P.M. on 10/20/41 was
much heavier at the location where concrete was being placed (Sta.
523 to 527) than it was in the vicinity of the rain geuge, a&ppProx-

tmately 11 miles away.
y* 6onstruction shown one day later than actual date of

placement to conform to observation period noted above.
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Table 18

TABLE 18
TESTS OF FINE AGGRECGATES
USED IN TIE CONCRETE PAVEMENT ON

vVII-Ven,LA-79-C FAP 380-C (1) Research .001%4 Contract No. R27XC7-P

Sample Number 8659 8681
Field Sample No. 5Q=1=-A 29
Materials donecrete Sand Blending Sand
Sampled Fron Stockpile Stockplle
Source City Rock Co. Pit, Roscoe plant,
Tujunga Wash Tujunga Wash
J Manufacturer City Rock Co. Consolidated Rock Co.
Date Sampled 8-26~41 G-30-41
Sampled By J. Fleharty E. H. Dewing
Sieve Sizes
#h 100 100
8 87 58
Grading 16 68 92
Analysis 30 L3 86
50 21 69
Passing 100 6 30
200 2 8
270 {Wash)} 1 6
Age 7 Days 28 Days 7 Days 28Days
Mortar Strength
1:2 by Volume |Ottewa Sand L170 5570
(Compressive) ;. sana 4520 6503
Ratio (%) 108.4 113.2
Soundness Test
Na250; Per cent loss 3.0 1.7
Specific Gravity 2.69 2.69
Colorimetric Test Satisfactory Satisfectory

Petrological Classification

biotite, hornblende, and megnetite in the ‘fine sizes.

#8681 Granitic fragments, quartz, feldspars, with smalil amounts
hornblende, and megnetite.

#8659 Granitic rock fragments, quartz and feldspars ¢chiefly, with some

of mica,




Source

Tujunga Wash

Tujunge Wash

Tujunga Wash

Tujungsa Wash

Table 19
TABLE 19
TESTS OF COARSE AGGREGATES
USED IN THE CONCRETE PAVEMENT ON
VIii-Ven,LA-79-C FAP 380-C(1) Research ,0019) Contract No. 27XC7-P
Size #1 #2 #3
Sample No. 60061 60062 600€3 60064,
Field Sample No. 101-4 102 201~4 301-A
Sampled From Stockpile Stockpile Stockpile Stockplle

Manufecturer City Rock Co. [City Rock Co. [City Kock Co. City Rock Co.
Date Sampled 8-26-L1 8-26-41 8-26-41 8-26-L1
Sampled By . J. Fleharty J, Fleharty Jd. Fleharty J. Tleharty
Size
3" 100 1CC
235" 96 100
Grading =" 01 27
Anelysis 13" 17 21 120
i 1 2 58 100
Passing 3/4" 0 1 10 G7
° 3787 0 5 35
71, 1 3
i8 2
Soundness Test
NapS0), % Loss 6.1 5.2
L.A. Rattler 100-Rev. 10.4 7.8 g.L
% Loss 500 Rev. 40.0 35.8 3%.2
Specific Gravity 2.62 2.70 2.71
Absorption 1.0 0.7 0.7
Petrological Chiefly eranitic rock and gneiss
Classification

Samples of each type of aggregate we
by the manufacturer for th

is project (VII-Ven,La-

ve obtained from a special stockpile, built up
79-C,4).

“. - Ti e



Table

20

TABLE 20
TESTS OF REDWOOD EXPANSION JOINT FILLER STRIPS

VII-Ven,LA-79-C,A FAP 380~C (1) Res. 001%4  Contract 27XC7P

Inspection Certificate No. 16730 17184
Dated 9-21-41 10-24=-41
Date of Inspection 7=15=41 7-15-41

No. of Pleces 225 11
Dimensions 1rx8nxl2t-On Inx8nxl2'-0"

_——————

Manufacturer Union Lumber Co., Fort Bragg, Calif.

TEST RESULTS

———— |

Specimen Welght load in Lbs. per Sg. In.
Number Lbs., per Cu. Ft. Regquired to Compress to
Oven Dry 1/2 origiral thickness
1 22.48 1230
2 26.02 2650
3 20,09 95k
[ 23.70 1707
5 19.51 906
6 22.52 1070
7 20.40 1236
8 21.20 1320
9 23.55 1510
10 22.28 5.9
11 20.12 1292
12 24,10 1427
13 . 22,20 1655
14 21.08 1095
15 22.74 2086
Average 22.13 1408

The original specifications set up 20 lbs. per cu. ft. as the
maximum ovendry weight and not more than 1000 1lbs, per square
ineh compressive resistance at one half the original thickness,
Under proposal for change #35698, dated September 8, 1941, these
1imits were changed to 25 lbs. per cu. ft. and 1500 lbs., per sq.
in., respectively.
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Table 22

TESTS

TaBLE 22

ON REINFORCING STEEL, DOWEL STEEL, AND WIRE MESH

USED IN THE CONCLETE PAVEMENT ON

VII-Ven,LA~79-C,4A F.AP. 380-C{1) Researzh 00194 Contract No, R7XC7-P
Lot Date *weight Heat
Ttem Shape No. Shipped Lbs. No.
Reinforcing Steel Square deformed 17128 7-31=41 11,835 15328
" " " " 17128 7-31-41 23,318 2E63
" " " " 5167 8-13-41 379 2E63
" " " " 17142 8-28-41 924 3124
Dowel Steel Plain round 171284 7-31=41 18,000 1E97
Wire Mesh #o, #oo, #u 171284 7-31-41 L, 704 -—--

TEST RESULTS

The following physical tests were witnessed by 2 representative of the Division of
Highways at the Los Angeles Plant of the Bethlehem Steel Company. The results of chemical
analyses were taken from the Stesel Company's records.

Steel To Be Used For Reinforecing Bars Pavement Dowels
Heat No. 15328 2E63 E1l2L Specif 1897 Specif.
Test Cut From iv5q., Def.|3i" Sq.Def. 3" Sq.Def. | Limits|3/4"P1,Rd. |Limlts
Original Dimensions L 501x.500" | .500x.4987.500x.525" | ASTM |.751 Diam. | ASTM
Area in Square Inches 2505 + 2450 .2625 15-3G 4430 16~35

] ¥ 0830 10580 1314%0 24750
3 yiela Testing Machine 1083 5 LS 5
* re
& TOIE hs. per Sq. In. | 43230 | sauso 13770 o MR | ssaro MM
o Testing Machine | 15440 14580 15570 | L0670
3 Ultimate 5},000 "
Min.
;”?Strength Lbs. per Sq. In. | 61640 60160 59320 |ns“00 | 91800 [gf 1550
[* N
Inches 2.10 2.25 2.30 1.6C
Elongation
Per Cent 26.2 28,1 28.7 24..0 20,0 i8.0
Fracture ic ie 2c 3/ue
Bend Test [8):9 0K 0K QK
Carbon .15 1 i3
Chemical Manganese 40 .64 L8 .65
Analyses o
Phosphorus 011 L0132 W1 L0005 W5
Sulphur LOL3 LOLS .chu .05
Date Tested 7-31-41 7-31-41 €-28-41 3-13-41
hsccepted or Rejected Accepted | Accepted Accepted Aeecepted




Table 23

TABLE 23
CONSTRUCTION EQUIPMENT

VII-Ven,LA-79-C,A F.A.P, 380-C(1) Res. 00194 Contract 27XC7~P
Number Item Conditlon
FOR SUBGRADE PREPARATION
1 Caterplillar Tractor, R.D. & Good
1 Maintalner (Motor grader), Caterplllar #12 Diesel, equlpped Good
with a 12 fi, blade
1 Lewis Subgrader, stendard, 11 ft. width Good
16,000 | lin. ft, of steel side forms, "L" section, 9" high Good
FOR BATCHING AND PROPORTIONING CONCRETE AGGREGATES, CEMENT, ETC.
1 Batching plant of frame construction, deslgned and built by Satisfactory for
the Contractor, and comprising elevated bins for aggregates, the purpose
8 weigh box, a batch hopper, scale housing, cement storage
platform, ete.
1 Kron Springless Scale, menufactured by the Kron Co., Bridge-
port, Conn,, serlal No. 23122, capsecity 10,000 lbs., Good
electrically operated for automatic control of discherge gates
from storage blns,
1 Belt conveyor, designed and built by Contractor. Powered by
Hercules motor, Model XB5, Engine No. 689101, Somewhat Falr
troublesome in operation.
1 Generator, Internatlonel-Palmer, gasoline-slectrile, model
U8-20-3P-12, serial No. 201549, 25KVA, 220-440 volts, Z20KW, New
1200 RPM, 3 phase, 60 cycle
1 Clamshell c¢rene, Northwest, 1-1/2 cu, yd. cepacity, model Falirly Good
no, 6, serlal no. 431§
FOR MIXING, PLACING AND FINISHING CONCRETE
1 Paving Mixer, Multl-Foote, model 34-E, serial No., 48022 Good, almost new
1 Paving Spreader, Blew Knox, model 0XC5, serial No. 3034 " " "
1 Concrete Tamper, Lakewood, Type C, serlal No 32x001 Fairly good
1 Johnson Finisher, manufsctured by Msdsen Iron Works, 1p1 a
Powered by Ford 6-8 motor. ©Not the latest model. Falrly goo
1 Trailer Water Tank for use with Paver. 1500 gal. capeclty Good
1 Flet bed truck, Chevrolet, 1-1/2 ton capaclity Good
7 Dump trucks, Ford, 3 cu.yd. capacity. Each equlpped with an Fairly good

T I T =

extra gate 1ln the dump body to permit the handling of two
batches of concrete aggregates, etc. per trip

Welking edger 10" x 6" x 1/2"
gt x 6" x 3/4"
o x 7t x 3/4"

Walking edger
Walking edger
Walking edger 12" x 7" x 1-1/2"

Dummy jolnt tools, set in wood, 4" x 24", long handles
Cutting float, steel shod, wooden back, 16 ft. long

" " " " guraluminum back, 16 ft. long




TABLE 24
RESULTS OF TESTS ON SPECIAL BEAMS AND CYLINDERS AND ON CORES
FROM THE CONCRETE PLACED IN THE PAVELENT OF THE NORTH LANE
YI1I-Ven,LA-T78C,A F.A.P. 380-(1) Research 00194 Contract No, 27xCY-P
Date Beams and Modulus of Elasticity [Flexurall Compressive Strength in Lbs. per Squ.ln.
Test |Concrete) C¥linders yalues shown are for "E" x 10~% [strength| 5 X1E"| Beam
sect.| Placed [gooo | prom Sonice Compr. i, of R.| Cyl. | Ends Gores
No. (1941) 0. station 10 Days:- 28 Days 28 Days [Beams at] at Average From 28 2
Syl, Beams Cyl, Beams cyl, £8 Da. |28 pa,| 28 Da,| Station | Days Years
+ 3710 4080 5960
1A-1 4,15 4.11 4.88 4.63 3427 642 3320 4660 376490 | 4030
385+00 372495 5380
1a-2 to 4.19 4,00 4,98 4,57 2,86 616 3400 4550 378490 | 4760
10/10 385+10 384495 | 4710 7065
14-3 4,17 4,03 4,87 4,48 3420 572 3400 4700 385H5 4810 8750
laverage for Day 4,17 4,05 4,78 4,56 3,11 610 3370 4640 4630 6925
la 1h-5 400+40 3,97 4,02 4,68 4,57 3440 572 3740 4510 400420 4890
1A-6 to 4,24 3.92 4,54 4,49 3420 608 4030 4270 400+40 | 4760 8940
10714 | 1547 400+70 4,06 3,79 4.3L 4.55 3,14 607 3610 4600 400465 | 4810
lverage for Day 4,09 3,91 4481 4,54 3425 596 3860 446C 4750 6940
1A-9 419+00 4,16 4,00 4.63 4,72 3.14 568 3040 4670 419410 4540
10/15 1la-10 to 4,04 4,07 4,51 4.78 2,62 626 3180 4930 4294430 | 3980 6L254
1A-11 4194560 3493 4408 4461 4,86 2.96 581 3180 5180 419445 4240 710
\verage for Day 4,04 4,05 4,58 4,77 2,91 598 3120 4930 4250 6820
Average for Section la 4,10 4,00 4,62 4,68 3,09 600 3450 4680 4560 8925
2A-1 438+85 4417 4,18 4,88 4,83 3,08 598 $380 4640 438+30 4690 63904
2a 10/16 | 2A-8 to 4.18 3,89 4,91 4,63 3427 564 3800 4640 4358+50 4310 7430
ZA=3 438+75 4441 4,10 4495 4,87 3,14 658 3740 4730 438+65 3660 7145
Average for Section 2a 4425 4,08 4491 4.68 3,16 537 3570 4670 4230 g9gn
DA~-L1 452+25 4,00 4,10 4,96 4.68 3.08 864 2800 4730 452+30 4400 7006
Za 10/16 | 3a-2 to 3,96 4,03 4,85 4,695 24T6 652 3060 4600 452445 4390 125
BhA=3 452475 4,08 4,10 4,79 4,69 2,88 636 2280 4780 452461 4030 7125
Average for Section 3a 44,01 4,08 4,87 4.87 2,90 651 29050 4700 4270 085
4A-1 473435 4,33 4,80 4,94 5403 2,86 &858 3130 4930 473+351 4700 8095
4a 10/17 4A-8 to 4432 4,39 4,92 4,86 3.14 733 3280 4930 47354+46 4290 8280
44=3 AT5+T5 4433 4,32 4,94 4,90 2,96 &02 3540 4960 47571 | 4590 T230
Average for Section 4a 4,32 4,40 4493 4,93 2499 664 3320 4940 4530 T80
S5A-1 487430 4,71 4.26 4.89 4.84 3,14 596 5360 6010 437448 4660 6615
Sa 10/18 54-8 to 4479 4,18 4,93 4,70 3,08 624 3580 4720 487+73 4290 8285
5a-3 488+25 4,61 4,22 4,98 4,80 3.87 591 3750 4960 487493 4330 1575
Average for Section Sz 4,70 4,22 4,93 4,78 3,18 804 3560 4890 44350 T490
Gh=1 499470 4,61 4448 4,86 5,082 3,48 680 3520 4880 499475 | 4470 7180
sa 10/10 GA=2 to 4,40 4,88 4,89 4,87 B.l4 654 3890 4980 499493 4420 T8EQ
6A+3 500425 4.58 4,33 4.96 4,86 2,86 704 3410 4980 SCO4+15 4450 6975
sverage for Section 6a 4,53 4,34 4,90 4,92 3,19 673 3510 4980 4460 e85
Th-1 513+15 4,58 3.92 4,96 4,74 2,91 672 3290 4520 513483 | 4130 6920
10/20 | 7a-2 %o 4,40 3499 41,96 4,95 34,80 682 3340 4720 514403 4220 7500
Ta Ta-3 514485 4,53 3.95 4,96 4478 2496 610 3580 4710 514+18 3880 7300
Average for Seetion 7a 4,50 3.9% 4,96 4.73 3,07 655 3340 4640 4080 7240
Aver, For Sections la to 7a, inell 4,34 4,15 4,87 4491 3,08 835 3830 4780 4380 7260
1B-1 544475 4,37 4,08 4455 4,83 662 3350 4970 544475 | 3870 7210
1b 10/21 1B-2 1o 3.87 4,04 4,94 4.88 838 5260 4850 544495 3790 TRES
1B-3 545485 4,17 4418 4,71 5,00 504 3130 4940 545420 4110 7550
Averaze for Section 1b 4,14 4,09 [NE) 4,90 655 3250 4920 B920 1330
2B-1 574450 4,08 3.94 4,70 £.70 659 3000 4320 574+65% | 3890 6580
10/88 ZB-8 to 4.08 3.89 4.82 4,71 682 3060 4230 574+78 | 3910 7676
#b 2B=3 575+00 4,17 3.82 4,78 4,74 633 2860 4630 574456 4410 7130
Average for Section 2b 4.11 3,98 4,78 4,78 658 2980 4390 4070 TL50
3B-1 4.49 4,30 4,81 4,93 656 3580 281.0 gigﬂig gggg 'Etg
21 3B-2 BL6+2! 4,52 4.16 4.83 4.89 658 3620 990 az 8
3p | 10/25 33-3 S ase | 4.4s | alss | 4.90 376 3460 | 4950 | 616418 | 3760 | 71230
Average for Section 3b 4,55 4,30 4.8%8 4,82 663 3530 4920 4040 6995
- 4.64 4.27 4.8% 4,93 &78 3280 4640 592485 | 3560 7835
10/34 :g-é 5912’.—;25 4.26 4,19 5.07 4:88 660 3340 4850 592+60 4430 7175
4 4B-3 592+75 4,04 4.43 4,98 5,10 684 3280 5090 592+70 4370 6495
Average [or Section 4b 4,41 4.30 4,99 4.97 674 3290 4860 4180 TL70
. 00 4,18 3,863 4.68 4,42 550 R720 4090 635+10 3580 6800
lo/28 gg-% 63% 4,45 3. 25 4,71 4,39 566 2660 4040 635+15 3680 TLRS
5b 5B-3 835+25 4,45 3.76 4,71 4,59 814 2520 4150 £35+25 3590 6795
tverage for Section &b 4,36 3.68 4a47 577 4090 3620 6905
4-+00 . 4,62 677 4780 544100 | 4790 6905
wes |onp | s 2| i 467 662 2450 | 644415 | 4780 | es25
sb 5B-3 | 644+25 | 3.9 4.68 542 1490 | 544425 | 4510 | 8906
average for Section 6b 4,57 3.88 4.88 4,65 860 3330 4550 4680 §910
i}
woree |BR TR | 45| 88 ) LaF | 1S AR A
o TB-3 861+25 4.35 5,80 4.85 4,60 860 5480 4370 §61+31 3890 7130
Average for Section ™ 4.33 3,80 4.95 4,63 631 3410 4480 3900 6625
4120 7010
Aver. for Sections 1b to Tb, inclf 4.35 4,00 4.82 4,89 643 3200 4600 1
8 1135
Aver. for all Sections 4,35 4,08 4,85 4.90 639 BB7Q 4690 4240
Aver, Wt. per cu. ft. Cylinders 150§, Beams 152#, Cores 1544,
d Research Department
hown on this Table were fabricated by a representative of the Materials an
mTEngeﬁﬁgea?g Eﬁiﬁgﬁieswim the suggestions contsined in the Public Roads Administration memorandum of May 1940.
% Speeimens lA-1, 1a-2, and lh-3 ware 14 days old when tested.
tod
w# Test Cylinder 6B=3 disappeared during the euring per . o
# Contained a large rock with a smootn, flat surface at an angie of approximately 45° with the axis of the core which
may have reduced the breaking strength.
+4 Modulus of Blasticity in Compression was deternined at 1000 1bs, per square inch.




Table 25

TABLE 25
RRSULTS OF TESTS ON ROUTINE FIELD SPECIMENS AND ON CORES
FROM THE CONCRETE PLACED IN THE PAVEMENT CF BOTH LANES

VII-Ven,LA-79-C,A F.A.P, 380-C(1) Research 00194 Contract No, Z27XCT7=?
Date Fine Flexursl Strength Compregsive Strength
Test | Aggroagate Beams Cylinders
Concrete
Bection ) ea station| 4 Total Mix |With Center Loading 6" x 12" Gores
Ro, (1041) Cone, |Blend.| 8 14 28 i0 28 28  Days 2 Years
gand | Sand | Days | Days | Days | Days Days Each ] Aver. Each I Aver.
SOUTH LANE
9/23 | 71450 37 0 6oa | 7s8 | a9 | 2470 | seso | BiEY | 4ses
1n 9/24 | s96400 | &7 0 615 | 706 | seo | 2sa0 | ma1s | 2780 | 4a10 gee | ere0
o/es | 413410 | 37 o se3 | 745 | 873 | =e0s | 3086
28 a/26 | 437400 | 37 o 681 | e51 | ssz | 2755 | 4135 | 2530 | s7s0 foz2 | ems
3a o/2% | 457450 | 37 ) 2020 | 8110 | 2299 | san0 [ 5330 | es00
e 9/20 | 471s90 | 37 0 760 | 614 | ez | 3473 | 4330 | heeg | 8560 7290 | esss
8a o/30 | 487450 | 37 0 8870 | 5195 | voag | 7748
oa | /50 | 19500 | 37 | o | 728 | 6os | 788 | 2665 | 3615 | caag | 5115 | oama | 6785
e | 10,1 | 815975 | 37 | © | 605 | 51s | es4 | 2920 | 4310 | Somg | 5380 | nias | 6635
Average Sections lea to 7a 660 656 801 2755 3890 5160 5150 &770 8770
N 10/2 541450 | 37 0 436 | 566 | 733 zaso | 3140 iggg 4630 gggg 5915
10/3 | 588400 | 37 0 610 | 694 | 631 | 2355 | 3505
2o [ 10/6 | 584445 | 32 5 458 | 457 | s91 | =470 | 2870 j}“ég 4360 g:;g 5985
3v | 10/7 | 611450 | 32 5 aa7 | 610 | so7 | 2355 | ss1s | 550 | aves 5920|6190
4 | 10/6 | sozems | 32 5 S0%0 | asoo | EE55 |eees
50 | 10/8 | 632.75 | 3% 5 526 | 584 | 516 | 2850 | 3780 ggg? 5750 | naag | 7410
&b 10/9 644450 37 0 ggg 48985 gggg 6660
40Ll0
7 | 12/9 | 652485 | B2 5 70 | 6oL | 553 | 1940 | 2860 g%g 5819 | 2900 |s925
Avevage Seetions 1b o 7b sto | se0 | sos | 2385 | 3a10 | 4690 | 4690 | eze0 | &B6c
Averags for South Lane 595 625 710 2595 3685 4930 4690 6565 6565
NORTH LANE
To/10 | 380+00 | 32 5 a7a | 557 | 453 | 1770 | 2785 4630 6926
10 |10/14 | 400425 | =2 5 599 | 549 | sa1 | 2380 | 3300 4750 6940
10/15 | al9+s0 | 32 5 205 | 494 | e47 | 2420 | 3825 - 4250 - 6920
28 |10/15 | 438450 | 32 5 N 4220 - 6990
za |10/16 | 446450 | 32 5 185 | 494 | 546 | 2135 | 3280 = 4270 = 7088
4a [10/17 | 47as80 | 32 5 578 1965 | 080 5 4530 - 7860
5 |10/18 | 487478 | 32 | S . 2450 S | 790
6a 110718 | 499455 | 32 5 3 4450 4 7286
7a |10/18 | 506475 | 32 5 40z | 52¢ | 511 | 1888 | 2155 & 4080 g 7240
Average Sectlons la to 72 497 517 546 2055 3195 ] 4360 ] 7260
o [tz | series [ 22 5 200 | 519 | se2 | 2100 | 3605 E 3920 g 7330
To/21 | 547478 | 32 s 287 | 409 | 578 | 21es | 3420 s 5
20 |1o/2e | 569425 | 32 5 266 | 439 | 666 | 1780 | 2075 g 4070 El 7130
o 10/25 | 616450 | 32 5 486 568 4040 5995
10725 | 624475 | 32 3 210 | a0z | 672 | 1795 | 3040
a6 l10/24 | 596425 | 32 5. | 466 | asz | sez | 1855 | 3160 4120 7170
5o |10/28 | 638400 | 32 5 a7z | 4as | 458 | 1695 | 3040 2820 6905
éb  {10/28 644+15 32 5 4890 6910
70 |10/29 | é66s00 | 32 5 343 | 490 1910 | 3345 3900 6625
Aversge Sections 1b to 7b 421 443 541 1850 3210 4120 7010
Average for North Lane a50 | 4sc | 543 | 1045 | 3208 4240 7138
Average Wt. cu. fh. 150 154

The beams and cylinders shown on this table were fabricated by the Resident Enginesr snd his assistants as

part of the routine conatruction control.

The flexural strengths were on g"x8"x34" beams tested In the fteld on & porteble machine with center polnt

lording. All cyllnders and cores were tasted al Sgeremento.




Table 26

VII-Ven,LA~79-C

AVERAGE CONCRETE TESTS SUMMARISED BY LANES

FAP 380-C (1)

TABLE 26

Ressalrch 00194

Contract 27XC7-P

Tost Flexural Strength Compressive Strength
e
at 28 Days Cyl. at 28 Days Cores
Section
North South North South 28 Days 2 Years
No. Lane Lane Lane Lane
North South North South
peciald Field | Fleld |Special’] Field | Fiera | °n¢ |Lene |lLeme | leme
la 600 580 8Ly 3450 3285 3875| 4560 4905 6925 6160
2a 597 842 3570 4135 4220 4750 6590 6515
3a 651 546 2950 3280 3310 | 270 55,10 7085 6500
?: 861 762 :ggg 3060 4330 bzig 2560 7860 6855
3 43 165 | 7490 | 7745
ba 673 788 3510 3615 4450 5115 7225 6785
Ta 655 511 654 3340 3155 4,310 L080 5380 72L0 6835
1b 635 550 682 3250 | 3515 3320 3920 | 4630 | 7330 | 591
2b 658 566 551 2980 3075 3670 4070 4,300 7136 5265
76 [N 570 557 3530 3040 3515 ALOLO L765 6995 6150
Lb 573 5673 32590 3160 1120 15900 7170 8415
5h 577 L,58 516 2630 3040 3790 3620 5750 6505 7410
6b 660 3330 4,690 4695 6910 6660
7o 5631 553 3410 3345 2850 3500 3810 6625 5G25
Average
lSect;i 635 546 801 3530 3165 3860 | 4360 5150 7260 6770
g = a
Average
lgect:]b 64,3 541 605 3200 3210 3410 4120 4690 7010 6360
Average
For 639 543 710 3370 3205 3685} 4240 4930 7135 6565
Project
Average Weight per cu. ft. 150# 154#

*Pegts shown in columns marked "speclal" were on
representatives of the Materials
The special beams were tested by

"Center Loadlng".

and Research Depar
»Third Point lLoading."”

specimens fabricated in the field by
tment and tested in Sacramento.
Field specimens tested by
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VII-Ven,LA-79-C,A

_——

TABLE 27

F.AP. 380-C(1)

Res. 00

164

COMPARISON OF TEST RESULTS ON SPECIMENS FROM CONCRETE WITH
AND wITHOUT THE USE OF BLENDING SAND IN THE FINE AGGREGATE

Cont. 27XC7-F

Flexural 3trength Compressive Strength
Field Speclmens Cylinders Cores
g 28 10 Day 28 Day 28 2
Day Day Field Field Special Day Year
WITHOUT BLENDING SAND
612 8Lk 2740 3875 4905 6160
681 842 2755 4135 L750 6515
2020 3110 5410 6500
760 792 3473 4330 5560 6855
5195 7745
728 788 2665 3615 5115 6785
606 651, 2920 £310 5380 6835
610 682 2340 3320 4630 5915
L6G5 6650
es
666 767 2700 3815 I 5070 6665
WwITH BLENDING SAND

L59 591 24,70 3670 L360 5965
L87 597 2355 3515 4765 6190
4,900 6445
526 516 2850 3760 5750 7410
470 553 1940 2850 381¢ 5925
523 580 2190 3285 3450 L 560 6925
3570 4220 6690
L83 546 2135 3280 2950 4270 7085
578 1665 3060 3320 4530 7860
3560 4430 7490
3510 L4L50 7225
L0O2 511 1855 3155 3340 LO&O 72L0
LL8 550 2115 3515 3250 3920 7330
L6 566 1780 3075 2680 4070 7130
453 570 1795 3040 3530 LO4LO 6995
L66 563 1255 3160 3228 %%28 g%gg

1l 3040 2 2
372 458 95 5330 1,660 £910
343 1910 3345 3410 3600 6625

Averages )
461 550 2050 3255 2370 L340 6940
—

Tests shown in
fabricated in the
Research Dept. an

the column marked "Speclal”

field by representatives of
4 tested in Sacramento.

were on specimens
the Materials and
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Table 30

TABLE 30
EXPERIMENTAL CONCRETE PAVEMENT
VII-Ven-79-C Between Piru Creek and Los Angeles CGo. Lire
Contract 2¥XCT-P = Constructed Set. 16, 1941
CHANGES IN JOINT WIDTHS - INCHES
SECTION 3a - NORTH LANE

SEASONAL

Joint Numbers

Age |Starting | Air|Conc{Rel,|
Date Days| Time T.] T. [Hum. 1 2 4 8 ) 10 iz 14 15 17 19 21 23 28 27 28 55

B-19-42 | 125| 1:45 PM | 72 | 64 | 38 } 5,1004 5.022|5.068|5.080(4.992|5.048(5.041 {5,070 |5.069(5.118|5.109|5.026 |4.998]| 5.040| 4.965|5.080!5.018&.

5642 | 215) 1:26 PM | 75 | 89 | 38 | =.160 | -.004|-.014|-.006|=-,006 |-+ 007 |-eQL) [~. 008 | =, 006 |~sQLL|~4007| =4 006 |~. 010 -. 010 -. Q02| -,180|-.166
8-12-42 | 295; 1:35 PM | 93 (108 | 39 | -.208 | +,003|-,003|-,005(-,007|-.008|~.010|~.006|-.005(=.011|=,005|=,006}=,003]| -.002(+.005|~.226|+,211
11-17-42 | 393 2:55 PM | 68 | 68 | 46 | -,140 | +.038|+.020|+.010|+. 008 |+.0058}+.004 |+, 005 |-+, 010 [+.008 | F. 008 |+, 009 { -+, OLO| -+, 019 | +,035 |-, 178 |-. 1528

50 aM | 78 | 82 | 87 ] -.134 | +.034{+.016|+.009 [+.008 [+, 006 |, 004 |+, 006 |+, 006 |+, 006 [+, 007 {+, 006 |+, 006 | +, 015 [+, 050 |-, 170 |-, 148
40 PM | 86 | 95 | 42 -,208 | .000{-.005|-.006|«,007|~.009|~,005|~,006|~,008|-,011|-,008[-,012-,013

45 PX | 90 (106 | 47 | -.233 |+.007| .Q00[-,005!-,004|-,005(-,008|-,005 |-,005}=,007|«,004]-,005|-,004
QO PM | TL| 83 | 27| -.150 | +.048|+,032 |+.026 |+.02L |+.020|+.0L13 [+, 0Ll {+.021 |+.015 |+.019{+.019 |+.017(+.03L |+.043 [-.198[-.168

s15 PM | 63 } 59 | 69 | -,157 |+.035(+,017|+,012}+,009 |+.008 |+,003 |+.,003 |+.011 {+.006 | +.007 {+.004 | +,007|+,016 | +,081 |-. 206 | =, 171

2-19-43 | 485|311
§-11-43 | 587|i2
B 4-43 | 652[ 1
1
1

Nl-16-43 [ 756
2- 844 | 840

% Original joint #idth measurements

DAILY

Age | starting Aly {one. Rel. Jolnt Numbers
Date Days Time Temp. Tenp. Huom.
ALL PE| AM Bu A gﬂ AN PH 1 2 8 14 15 2l a7 28

2-19-42 | 125|7:50{3:20 | 34 |13 | 45| 69 | 81| 22 | -.032|~,086{-.026(-.019{-.024|-.086(-.019]-,039
5-87-42 | 2le|6:10/2:25 | 58 |87 | 73| 90 | 51| 26 | ~+068|-,041}-.028]|-.026|-,01%(.032|w,039]..063
8-12-42 | 293|7:00}2:20 | &1 |29 | 7ve|105 | 89| 29 | -.060).,039}-.089(-.02L |-.035(-.024|-.036] -, 050
11.18-42 | 393|8:05{2:;00 | 68 |64 | 62| 65 | 94 | 84 | -+004|-,006]-.005|~.004 [-.005(~,008|-,004]-,004

as a5 | 55| 76 | 86| g2 | -+9%2 | 025|-.023(-.018|-.083|-.024]..085( -, 020
56|86 | 59 [104 | 60| 40 | -+082|-,044|-,028]-,023|-,026]|-,029(-.038|-.072
6090 | 82(|108 | 93| 41 | -+082 |- 046(-.084|~.033|~.033(=,033|~.045| =075
g2 |71 | 61| 63 | 50| 27 |-.005|<,008|w,007|~.009]|-.007|-,007|-.004|..003

40 |63 | 43| 59 | 83| 69 | -.022 |-,018]|-,016|=.022|-.013|-.018|-.014|~.0LE

2-18-43 | 484|8:20
6-11-43 | 567|6:65
8« 543 | 65216:10
11-17-45 | T67{7:35

2-8-44 840 (8125

PERMANENT

Joint Numbers
Age |starting | Air|ConcyRel.
Date Days| Time Tef T. |Hum. 11 12 13 14 15 16 17 1s

8-13-42 | 296 2120 Pu | 89 |103 | 39 |5.080% 5.028(5,030(5.064(5,063 (5,030(5,109|5,010
8- 5-43 | £53| 1:40 PM | 90 |105 | 40 |+.002 | +,005(+,004{+.001| -, Q08 |+, 008 |-+ 004 {+.003

+ Original joint width measurements
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TABLE 32
EXPERIMENTAL CONCRETE PAVEMENT
VITI.Ven~79-t; Between #iru Creek and Los Angeles Co. Line
Qontract 27XC7-P - Gonstructed Oct. 18, 1841
ClAGES IH JOINT AIDTIHS ~ INCHES
SECTION Sa - TORTH LANE

SEBASONAL

Table 32

Joint Numbers

Age |starting | Air{ConciRel, T
Dats Days| Time Te| T |Hum, 9 10 11 1z 13 14 15 16 17 25 26 aT 28 ] 30 31 a2 33
a-la-42 | 124|12:50 pu | 67 | 52 | 41 {5.0844 5,005(5.060|5.093|6,116]5.074 [5,055]5,076|5.046] 5,039 5.048]5.072| 5.056/5.052|5,0497 5,049 |5.058 15,023
5-26-42 | 213| 2:55 PM | 61 | 91 | 38 | -,137 | +,00L{=.003|-.012]-,012]-.006|-.008]~,008 =132 =009 «,008]| »,006|=,006 [+,003(=,0028]|-,005 |=.143
B-12-42 | 293| 2;10 PM | 93 |105 | 43 § -.159 | +.006| .000|-,009|~,010]-.003(+.C0L}-,003 =151 =,004] Q00| -.Q01|-.008|+,001 | 4,002 |+,003 - ,166
11-17-42 | 30| z:o pu | 88 | 71 | 56 ] -.102 | +.030| +.017|+. 009 |+, 005+, 010 |+, 029} +,0L1| =, 061f -, €95+, 015{-. 003 [+, 011|+. 0RO [+, 017 +.0L2[+., 018 |-, 11%
2-19-43 | 483| 1:30 pu | 81 | 68 | 248 -.102 | +.024|+,011|+,001{~,008]+,00L [+.,008}+,005| ~. 066[ =4 096(+,005[+. 012 |+, 005|+4 011 |+, OLLi +, 004 | +,0L1 -, 114
5-11-43 | S565| 1:15 PM | &7 97 26 | -.150 | 4.008| -,003(-,0L0]-.015]-.008]| ,00C;~,007|=~,108]~.170| -,006 }+.002|+,004| =, 004~ ,C0L] ~,001 | ~,003 |-, 165
8- 4-4% | 650| B:20 pM | 90 |109 | 4w §-.16a | +.0L8|+.009|~.005{-.007] .000|+.008|43001|-,128] -,167|+.002)+,0C4|+, 002 [+.002]+. 0031 +.006|+.007 | -. 183
11-16-43 | 54| 1:35 PM | 74 | 64 | 29 ] -.112 | +.045|+,055|+,080{+,0L6|+.083 | +.,089| +.082| =, 071} =, 099+, 089 |+, 028 [+, 024 |+, 034 +,0278+,016|+,025 |-,118
2. 8.44} o3a| 2:20 Pu | 87 | &2 | 94 |-.117} +.035|+.023|--, 013 ]|+, 003+, 006 |+.020( +.012| -, 061 -,105|+,016]+,0L6|+, 015(+.0R3|+. 016} +.011 | +.0L4|-. 129
# Originel joint width meaguremnents
DAILY
Age | Starting Alr conc. Rel. Joint Numbers
Date Days Timo Temp. Temg. Hum,
AM | PH A AETPH 9 10 11 12 3 14 15 16 pi s
5-27-43 | B4 |(6;25(0:35] 59| 86| 73| 90| 52|28 { -.057(-+037]|-.038|-.040|-.086|-,0361-,033}-,057
8-13-42 | 294 (7:05/2:35 1 61| 91| 79(103 | 89| 33 9| -+ 030 29 | =s ORE 1 =4 033
11-18-42 | 392 |8;15(|2:15 57| 68| 68| 65 | 100 | B4 ~s 002,006
2-19-43 | 483 (8:30|3;20 | 45| 83| 55f 78 | 93 [ 23 -.025
S-11-43 | 566 |7:05|3:85 56| 87| 691104 &6 | 39 31 =.038
8-5-43 | 651 |6:20[3:10 | 80| 90| 831108 | 93| 41 037 5|-.035
11-17-43 | 755 |7:45|1:35 61) 74| 61] 64 58| 29 Q07| = 2005|4007 | = 007 | -, 009 006
8-8-44 838 (2320|835 | 39 57| 43| 68| 98| 94 | »,018]|-,013|~.007|-.012)-.0L5|-.016 -,012|-,015
PERMANENT
Joint Mumbers
Age |Starting | AirjConciRel
Dase Days| Time T T. |Hum.| 9 10 1 12 13 14 15 16 17
8.18-42 | 203| 2:35 Py | 9L | 203 | 33 § 4,871+ 6.068|5,060} 5.085{5.105 5.,070|5.056(85,06914.934
8. 5-42 | 851} 1145 pu | 90 |106 | 40 § -.012 | +.005]+,004)+.003]{+.003| +,008 -+, 005 | +4 007 | =. 024
& Original joint width measurements
&
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Table 33

TABLE 33
EXPERIMENTAL CONCRMTE PAVEMENT
VI1I=-Ven-79-C Between Piru Creek and Los Angeles Co. Line
Contract 27XC7-P - Constructed Oct. 28, 1941
SECTION 6b - NORTH LANE

SEASONAL

Joint Numbers

Age [Starting | Alr|Conc{Rel.
Date Days| Time Te{ T [Hum, 1 2 31. 4 5 [} 7 8 9 10 11

2.18.42 | 112| 4:35 pM | 62 | 62 | 20 [ 5.073% 5.113( 5.077|5,085|5.071|5.063|5.080|5.101}5.075| 5.076|5.053

6-27-42 | 204(12:30 PM | 83 86 | BL | =.086 | =.006{ ~s073| =007 |-4079|-4006{-4086|~,008[{~,079] =, 011|~,101
8-12-42 | 283| 3:05 PM | 93 (208 | 39 || =.128 | -.,005(-,108[-,008|-,107|-,007|~,125|=,005|=,115{-.008(=,123
11-18-42 | 381|11:50 aM | 60 | &3 | 89 |+.015 | +.067|+.023|+.062|+.01L|-+,056 |+.0L1(+,069 [+.008|+.062|+.,005

2-19-43 | 474] 2:20 PM | 82 | 72 | 88 || -,038 | +.034|-,025(|+.0081-,035|+,009|~,035|+,019}~-,034|+,018(-,041
5-11-43 | 555{11:20 AM | 83 | 85 | 32| -.086 | +,017|~,070| .000]|=.076(-.,003]|=,072|~,003(-,070(~,002]-,079
8- 4-43 | 640 3:25 PM | 90 (110 | 47 {-.135 [+.080|~,116(=.001|=,113|=,008=,125|-~400L|~-,120(-,002]-,130
11-16-43 | 754 2:25 Pu | 76 | 66 | 22 [|-+.0L9 | +.099|+.085(+.081 |+.021 |+.072|+. 026 [+, 083 {+.016[+.089(+.011

2- 8-44 | 838| 4:26 PM | 57 | &8 | 71 [|+.006 |+,068|+,007|+.078 |+.005|+.048 [+.004 [+.065]-.005| 4,031 |+.016

# Original joint width measurements

DAILY
Age Starting Alr conce. Rel. Joint Numbers
Date Days Time Tenp. Temp. Hum.
AM] PM AM] P | AM[ PM | AM| PM 3 4 =] 6 T

2.19-42 | 113|s8:30)4;05 | 31|72 | 45| 71 | 89 =8 | -.094| ~,073{-,083]|-.073|-.065
5.27-42 | 204(6:50(3:10 | 60| 83 | 78] 92 | 58] 31 ~.112 »,064(-,111] -.062]| ~.121
81242 | 283|7:35|3:06 | 62| 90 | 7¢|105 | 89| 32 || «.098] -.054|-.088{~.053|-.095
11-18-42 | 381(8:40(2:40 | 87| 62 | 62| 65 {100 89 -.,008|-.011(=,011|~,010|~-,012

2.18-45 | 473|8:55|2:20 | 47|82 | 85| 72 | 86| 22 | -.050|«.051{~.053}-.050|-.052
5-11-43 | 855{7:30|3:55 | 56| 90 | 69105 | 65| 4L || -.108|-.063]-.108)-,094(-,118
8e5-43 641|6:35|3:45 | 64{ 90 | 81108 | 92} 41 | ~.110|-.074(-.111]-,069{-.122
11-17-43 | 756|8:05|2:25 | 59| 76 | 61| 68 | 57|22 | -.013|-.016(-.012(-.015]-.018

2. 8-44 | 83819:10|4:25 | 48|57 | 43| 62 | 85| 7L | -.038)-.039}-,042]-,041 -.040

PERMANENT

Joint Numbers

Age |Starting | alr{ConcyRel,
Date Days Time T.| T. |Hume g 8 7

8.12-42 | 283| 3:05 PM | 93 [108 | 39 [4.964w 5.056 4,957 ]
8- 5-43 | 641| 2:00 rM | 90 [107 40 ||-.002 | +,005 | +.011

0 # Original joint width measurements 8
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TABLE 34
EXPERIMENTAL CONCRETE FaVEMENT
VII-VYen-79-C Between Piru Greek and Los Angcles Co. Lane

Contract £Y%XG7-F « Constructed Octo. 29, 1841

CHANGES IN JOIVT VIDTJS = INCHES

SECTION Tb - HCRTA LAKE

Table 34

SEASONAL
Joint Juubers
° Age |Starting | Alr|Cone}Rel
Date Days| rime T.| T, [Hum ] 1c 1 iz 13 14 15 15 17 25 26 a7 28 29 30 1 38 33
2-19-42 11z| 2:20 PM | &8 59 | R3 4 5.079|5.045|5.086 |5, C61|5.095/5,092]|5.080| 5,052 5.,20] 5.057| 5,084 | 5.024(5,0258,5,018|5.068| 5.041|5.036
5-27-42 | 203| 1:15 PM | 83 § &7 | 3l +.001) ,000| .000]-,001|-,00L|+,008|+.002)-.138]-.076|+.005]|-.025(-. 008 -.003] -.001 | -. 03] +.003| -.094
' 8-12-42 262] 3:20 PM 92 1108 | 38 +.004 +. 004 (+,003 |4+, 001 |+. 005 +. Q0T [+.008] -, 292]| -, 104| +,008| ,000|~,001|~, 001} +,002(+,00]1] +,007] -.124
11-18-4% 380[12:05 PM | 60 &3 94 +.033] +.033 [+.088 [+.027 |+, 089 |+.033 [ +.036 | -, 105 | - . 039 +, 034 |+, 026 |+, 026 |+, 0831+, 018 |41 . 024| +.036 |-, CB0
2-18-43 | 472| 2:30 PM | 8L | 74 | 24 4. 315[-+.C11 |+.007 |+. 007+, 007 |+, 010+,013] -.119 [-. 066 - . CL6 |+, 006 |+. 006 [+. 004 +, 004 |+,008 |-+, 0165 -. 065
5-11-43 9541 O AM | 84 | 87 39 +.007|+.005 |+, 004 [+,003{+,008| .000J+.007|-.145|-.082|+,088|~,080| 000} ,000|+.C08[+,006|+,011|-,063
8-4-43 639 H P | 90 (110 | 47 +,010[+,010i+,007 |+,008|+.008|+.007 {+.,011(-.200|-.149|+,011 04 [=.001[+,005 |+, 006([+.0L5|-.127
11.16-43 | T43| 2:40 PM | 75 | &7 24 +o 046 |+, 048 [+,033 |+, 30|+, 86 |+,0421+, 47| - 186 |« uBS] . (44 |+, 030 |+. +.032|+.526 |+. 040+, 045 (- . 054
2-8-44 GR7| 4:35 PM | 57 | 68 | 82 +,033|+,033 |+, 080 [+.0L4 +,0L7|+,028+,030|-.127 |- ,058|+.038)+.016 |+.0RL [+.020 |+. 018 [+. 36| +. (34| - . 064
% Original joint width measurensnts
DAILY
Age | Starting Alp Cone, Rel. Joant Mumbsers
Date Day4d ime Temp. Tenp, Hum,
aM | P AMT PM | AM| PM | AM§ P 9 10 11 12 13 14 15 18 17
2-19-42 | 113 [8:40|2:20 | 32|68 | 44| 68 | 791 23 -.03L | -.085 | -,03L | -,027 | -,030 | -.026 | -.017} -.082 ~.003
5.87.42 | 204 [7:05|3:16 | 55|83 | 72| 92 | 59 &8 || -.045 [ -.032 | «.034 | -.035 | -.028 | -,038 [ -,0%4 [ -, L35 | -,085
8-13-42 | 283 [*:40[3:10 | 63|90 | T9|105 | 8932 -.046 | -,021 §-,08% | -,028| -.(36 | -.088 | -.027 | -.uR7 | -.048
h 11-18-42 | 381 [8:45|2:40 58 | 63 | 62| 65 | 94 { 84 -.004 | -,006 | -,005 | -.007 | =-.Q0% | -.009 | -,007 | ~,009 | ~,003
2-18-43 | 473j9;00|2:30 | 49|81 | 54| 74 | 85124 | -.022 | -.0L8 | -.02L | -.0126| -.017 [ -.048 ) -.080) -.021 | -,019
5-12-43 | 5557:35(4:00 | &0 | 87 891106 | 53 147 § -.032 | -.032 [«.030 [ -.029} -.0R6 | -,030 | -.089 | -, 027 § -, 064
&-5-43 640 {6:40[3:45 | 64 |80 | 81108 | 90 | 41 -.057 [-.039 | -,038 | -,034 [ ~,05) | -, 037 | -,036 | -..37 | -.065
31-17-43 | 74448:10(2:40 | 62|75 | 82| 67 | 54 |24 | -.006 | -,006 | -.004 | -.006 § =.007 [ -.004 | -.008 | -.006 | -. 006
B-8-44 827 [9:20]4:35 45 | 57 45362 | 86 |52 | -.003 | -.0L0 |-.01) | -.008]| -.029 [-,010] -,015{-.002 | -,010
PERUANENT
Age |Starting Air|Conc{Rel Joint Numbers
Date Days| Time T.| T, [Hum, 4 10 1 12 13 14 15 18 17
g-12-42 | 282t 3:10 PN | 90 105 | 32 [4,970¢|5.089]5.050|5.037| 5.052|5,100(5,100|5,068 4.850
8.5-43 640| 2:05 py | 80 [107 | 41 |-.006 |+,001{+.Q086|+,006]+.017|+,003|+.001)+.005 +,011
- Oraginal joint width measurezents
. o
~ ] o
b=} ¥
+ &
8 8
0 2
: o
600"
= TT 5 T TTT ;;( )::c )::c lx ;; x o X< xbx wp wpeo xie o XX X xp xjx ]
P, %
J_ ] 3 5 7 3 73 27 25 3 33 ED) T 39 3

xJoint width change measurement points

+Elevation Points

T
int MNumbers
Join deakened Plane Jeints

Expansiop Jolnts




EXPERIMENTAL PAVEMENT LEVELS Table 35

SECTION 1b VII-Ven-79-C
Polnt A Point B Point ¢
Joint| Elev.Ft. | DIff.Ft,. | Elev.Ft. [ DIff.Ft. | Elev.Ft. | Diff.Ft.
No. Oct.194] | Feb.1943 | 0ct.1941 | Feb.1943 | Oct.1941 | Feb,1943
21 754,089 -.005 754,091 -.006 754.148 -.008
22 754,210 «.002 754,211 -.001
23 754,334 ~.002 754,338 ~-. 002
24 754.458 ~.004 754,461 ~.,004
25 754,573 -.004 754,877 -.004
26 754.698 -.005 754,694 -.004
27 754.806 -, 002 754,810 -,.001
28 754.927 -.004 754,930 -.,004
29 765,042 ~.004 755,048 -.004 755,106 -.002
30 755,158 -.002 755,162 -.001
31 755,291 +,002 755,291 +,003
32 756,398 =003 755,402 -.005
33 755.513 -.004 755.517 -.002
34 755.639 -,008 755.642 -.008
35 755.743 -.008 755,746 -, 007
36 755,867 -.008 755.858 -.008
37 755,967 -.007 755,970 -.006 756.035 =, 007
38 756,098 -.005 756.099 -.005
39 756,235 -, 005 756,237 =.006
40 756.353 -.004 756.356 -.004
41 756, 469 -.009 756,472 -.009
42 756,592 -,018 756,594 -.017
43 756,711 -.016 756,711 -.015
44 756.830 -.011 756,833 -.010 756,891 -.009
45 758,944 -.003 756.944 -.003
46 757,071 -.0Q01 757.073 . 000
47 757.180 +.,002 75%7.183 +.002
48 757.297 +,001 757.299 +.,002
49 757,401 +,001 787,408 +.002
50 757. 500 +,004 757,502 +.004
51 757.610 +,001 757,611 +,001
52 757.719 +,001 757.720 +,001 757.770 +.001
53 757.823 -.001 757.822 . 000
54 757.923 . 000 757.928 -.002
55 758,017 -.002 758,020 -.001
56 758.117 -. Q02 758.116 « 000
57 758,204 -.001 758.209 -, 002
58 758,312 -.008 758.314 “= o007
59 758,404 -,0058 758.403 -.005
60 758,488 -.002 758,420 -.004 768,536 -,00%7
61 7580583 "‘0003 7580586 --004
Oct. 30, 1941 Feb. 18, 1943
Temp. Concrete Concrete
°F Air | Top | Center| Bottom | Alr| Top Center | Bottom
Start 58 52 53 54 80 75 70 64
Finish | 77 70 66 61 74 81 76 69




EXPERIMENTAL PAVEMENT LEVELS

SECTION Z2a

Table 36

VII=-Ven=79=C

Point A Point B Point C
Joint| Elev. Ft. |Diff. Ft. Elev. Ft. DIiff, Ft, Elev., Ft. ; Diff. Ft.
No. Oct. 1941 | Feb. 1943 Oct. 1941 |Feb. 1943 Oct. 1941 | Feb. 1945
i 687.886 -.045 687.886 -.043 687.837 -.047
2 887.796 -.042 687.732 -.042
3 887.706 -.037 687.704 -.038
4 887.627 -.032 687.626 -.033
5 687,559 -.033 687.557 -, 033
<] §87.512 -.035 687.509 -.034
7 887,467 -, 031 687,487 -.031
8 687. 440 =.030 687.438 -.030
9 887.415 -,031 687.416 -.031
10 687,403 -.029 687,404 - . 030
11 687.406 -,032 887.4086 -.032
12 £87.4056 -.034 687,407 -.038 687.412 =-.039
13 687,410 ~.039 687,412 ~.039
14 687.439 -.032 687,448 ~.036
18 687.481 -.033 687,434 =-.033
15 687,534 -.033 687,534 -.032
17 687. 580 -.027 687.583 ~.0826
18 687.639 -.028 687.839 -.02g
19 687.703 -.032 687,705 -.032
20 687,762 -.033 887,763 -.034
21 687.847 -.036 887.846 -,035
22 887.930 -.038 687,833 -.035
23 688,040 -.038 688,040 -.035 688.093 -.035
24 688.149 -.032 688.153 ~.029
25 688.279 -.028 688,278 -.0828
26 688,411 -.022 688,418 -.023
27 688, 557 =-.020 688, 561 -,019
28 688,709 -.0l8 688.714 -,017
29 688.869 -,018 688.874 -.0186
30 689.039 -.017 689.042 -.014
31 689,220 -.015 689,225 -.,014
32 689,413 -.015 689.4158 -.015 689, 526 -.018
33 689,619 -.017 689.625 ~.017
34 689,829 -, 020 685.832 -,020
35 690,052 -.016 690,061 -,016
36 690.289 -.015 690,293 -.014
37 690.530 -.Q1l5 690,559 -.017
38 690,778 -.016 690,733 -.014
39 891,045 «,C15 690,04¢ -.018
40 691.312 -,016 691.320 ~.016
41 691, 583 -.017 691,593 =-.015
42 691.872 -.0186 691.881 -.015
43 692,181 =-,015 692.189 -,016 692.332 - 017
44 692,492 -.017 832.801 -.017
45 692.809 -.016 692,818 -.016
48 693,157 -,015 693.167 -, 014
47 693,504 -.013 693.514 -.014
48 693.859 -.010 693,869 -.011
42 694,212 -.011 6904.222 -.011
50 694.580 -.010 694. 590 -,011
51 694.965 -.012 694.G74 -.012
52 €95,351 -.012 595,360 -.géé
695,754 -.011 695.763 - )
gi 696.159 -,011 696.173 -.012 696,379 -.015
58 696.577 -.013 866,582 -.010
Qot. 28, 1941 Feb., 17, 1943
Temp. Concrete Copncre
No. Ar Top Center Bottom Alr Top Center Bottom
Start 68 61 59 58 47 51 52 55
Finish 72 71 &9 66 64 62 58 55




EXPRRIMENTAL PAVEMENT LEVELS

Teble 37

SECTION 3a VII-Ven-79-C
Point A Point B Tolnt G
Joint| Elev, Ft. [Diff, Ft, BElev. Ft. | DIff. Ft. Elev. Ft. | Diff. Ft.
No. Oct. 1841 jFeb. 1943 Oct. 1941 | Peb. 1943 Oct. 1941 | Feb. 1943
1 717,447 +.006 717,455 +.006 717.594 +.003
2 T17.927 +,004 T17.737 +,003
3 718,022 +.002 718,029 +.003
4 718,303 +,001 718,308 +,002
<] 718.5956 +,004 718,604 +,002
6 718.871 +.002 718.877 +,002
7 719.145 +.001 719,153 » 000 .
8 719,423 +.001 719,429 +,001
9 719.682 +,002 719.691 +.,001
10 719,947 +,001 719.956 Q00
11 720.215 ~. 002 720.222 -, 002
12 720, 470 .00 720,475 +,001 720,594 +.001
13 720,719 +.001 720.727 -.C01
14 720.967 000 720.973 +,003
15 721.220 000 721,227 +.001
16 721,459 +,002 721 .463 +.005
b 721,700 +,0056 721,707 +,004
18 721,839 +.004 721.24%7 +.004
19 722.173 +,003 722.179 +,002
20 TE24+403 +.004 722.409 +.003
21 722,634 +,002 722,642 +.001
22 722,885 +,002 722,862 +.,001
23 723.074 +.001 723.079 +,001 723.182 +.,004
24 T725.202 +,002 723,299 +,001
25 723,507 -.C01 723,513 +.001
26 723.714 +,001 723.723 +,003
27 723,931 .000 723,935 -.001
28 724,130 -,002 724,133 -, 001
29 724,333 -,001 724,335 » 000
30 724.587 .000 724.533 Q00
31 724,706 +,002 724.714 Q00
32 724.905 +,003 724.912 +.001 726,004 -.001
33 725,101 +.001 725,105 +,001
34 725.275 +,001 725.280 -.001
35 725,456 -.001 725,462 «,001
56 725,835 +,001 725,645 -.002
37 725.813 .00 725,819 .000
38 725.979 «,001 725,986 ~,001
39 726,134 -.003 726.138 -.002
40 726,295 =-.001 726,300 . Q00
41 726,440 -.001 726, 449 -.001
42 726,596 +.,001 728.602 -.001
43 726,747 «,003 726,753 +,001 726,828 . 000
44 726.896 +,002 726,900 +.002
45 727.045 +,001 727.045 +,002
46 727.184 +.003 727.189 +,003
47 727,329 +,002 727,553 +,002
48 727 . 487 +.,002 7274470 +,002
49 7274603 +,002 727.608 +,002
50 727.756 +.002 727.759 +,001
51 727.863 +,002 727 .869 +,003
52 727,989 +,003 727.?96 +.g8§
728.109 +,002 728.113 +.
gi 728,234 000 728,256 +,003 728.301 .000
56 728.365 +,004 728,370 +.,001
Qat. 28 & 29, 1941 Feb. 17, 1943
Temp. Concrete Concrete
No. Alr Top Center Bottom Air Top Center Bottom
1 69 66 67 64 61 59
Oizerga gg 22 72 69 Finish Jolnt 27
Cet. 29 58 &3 53 54 Start Joint 28
Finish | 71 60 58 57 69 | 78 74 67




EXPERIMENTAL PAVEMENT LEVELS

Table 38

SECTION 4= Vii-Ven-79-{
Point A Pcint B Point ¢
Joint| Elev.Ft.| Diff.Pt.| Elev.Ft. | Diff.Ft.| Elev.Ft.| Diffr.Ft.
No. Oct.1941| Feb.1943| Qct.,1941 | Feb.1943| Cct.164)| Feb.1943
1 731.289 +,008 731.284 +.006
2 731.143 +.011 731,139 +.010
3 731,002 +,112 730,997 +.113
4 730.852 +.014 730.84%7 +.,015
5 730,696 +.014 730.690 +.015
6 730.527 +.017 730.525 +.,016
7 7304360 +,01%2 730.357 +.011
8 730.194 +.011 730.182 +,012
9 730,020 +.013 730,014 +,011
10 729.836 +,015 725.834 +.012
11 729.850 +.012 729 .649 +.,010
12 729.469 -.0058 729.463 -.004
13 729.284 -,009 729,279 ~.008
14 729.094 -.0086 720.090 -.007
15 728,909 +.,002 728,904 +,001
16 728.705 +,007 728,705 +.007
17 728,508 +,0056 728.503 +.006 728.404 +,001
18 728.297 +,006 728,295 +,004 728.191 +.,001
19 728.077 +.,002 728,075 000 727.967 -.003
20 727.855 -.001 _7e27.852 000 727.745 -.00b
21 727.630 =-,001 727.628 +.002 727.523 -, 003
22 727,405 +.001 727.398 +.002 727.294 +.004
23 727.184 -.003 727.179 -.006 727.069 -.00%7
24 726.94% .000 726.938 - 0082 726,828 -.007
25 726,710 +,001 726,699 +,002
286 726,460 -.004 726.456 -.,003
27 726.215 ~.001 726.210 ~-.003
28 725,968 -.003 725,963 -.003
29 725,720 -,003 725.708 ~.002
30 725,473 -.001 725.465 -.001
31 725.221 -.0056 725.216 -+ 005
32 724,971 -.010 724,966 -.010
33 724.725 -,010 724,717 -,011
34 724,473 - 006 724,473 -.008
35 724,237 +,001 724.2351 .000
36 723.977 +.001 723.972 +000
37 723,738 -, 004 723,729 -.005
33 723. 488 000 723, 484 -.003
39 723.248 -.010 725.246 -.011
40 723,021 ~-.014 723.019 ~.018
41 722,804 -.018 T22.79¢ -.019
. Cct, 29, 1941 Feb. 18, 1943
Temp. Concrete Concrete
o Atr | Top [Center | Bottom | Air| Top | Center | Bottom
Start 71 80 858 57 47 54 54 87
Finish! 78 74 71 66 54 &7 56 57




EXPERIMENTAL PAVEMENT LEVELS Table 39

SECTION 5a ViI-Ven-79-C
Point A Point B Point C
Joint| Elev.Ft. | Diff,.Ft.| Elev.Ft. | Diff.Ft. | Elev.Ft.[ Diff.Ft.
No. 0ct.194]1 | Feb,1943 | Oct.1941 ! Feb,1943 | Oct.1941| Feb.1943
1 720.605 -.002 720,617 +.001
2 720.752 +.,007 720.76C +.005
3 720.893 +,011 720.898 +,008
4 721.066 +,008 721.070 +.,008
o 721.253 +,007 721.240 +.008
6 721.413 +.,010 721,421 +,.,008
7 721.602 +.011 721,607 +.011
8 721,780 +.010 721,786 +.,010
9 721.972 +.010 721.978 +.008
10 722.173 +,007 722.180 +.005
11 722.383 +.0086 722.390 +.007
12 722.5989 +.,006 722,604 +,006
13 722.823 +,005 722.827 +.005
14 723,055 -.002 723.060 « 000
15 723.299 -.001 725,304 +.,001
16 ‘723,540 -.001 723,548 -,001
17 723,785 -.002 723.795 - 003 723,909 -. 002
18 724.028 -.001 724,035 -.002 724,156 -.003
19 724.280 -.002 724,287 -.001 724,410 -, 003
20 724.535 -, 003 724,542 «000 724.675 -, 003
21 724.800 +,002 724.807 +,002 724,933 -.001
22 725,067 »000 725,072 +,002 725,203 -.001
23 725,335 -.003 7285.340 +000 725,469 =-.0056
24 725,603 -,002 725.615 =-.003 725,752 -.008
25 725,880 -.003 725.893 -.004
26 726,171 -.005 726,178 -, 006
27 726,458 -.008 726,467 =-.00¢
28 726,736 -.014 726,746 -.0l18
29 727.011 -.012 727.023 -.014
30 727,286 -.014 727.296 -.014
31 727.568 -.012 727.575 -.012
32 T27.847 -.014 727.856 -.014
33 728,138 ~-.027 728.148 -.028
34 728.418 -,018 728,427 -.,019
35 728,689 -.024 728.694 -, 024
36 728,959 «, 030 728,962 -.029
37 729.245 -.024 729,248 -.024
38 729.516 -.017 7294525 -.018
39 729.803 -.017 729.809 -.016
40 730,079 -.014 730.089 -.014
41 750,356 -.019 730,365 -.020
Oct. 29, 1941 Feb. 18, 1943
Temp. Conerete Conerete
eF Air | Top | Center | Bottom | Air Top | Center | Bottom
Start 76 74 72 67 69 64 6l 59
Finigsh| 71 73 72 68 78 73 87 64




EXPERIMENTAL PAVEMENT LEVELS Table 40

SECTION 6b \ VII-Ven-79=-C
Point A Point B Point C

Joint| Elev.Ft. | Diff.Ft.|{ Elev.Ft. | Diff.Ft. | Elev.Ft. | Diff.Ft,

No. Oct.1941 | Feb.l943| Oct.1941 | FPeb.1943 | Oct.1941 | Feb.1943
1 842.055 +.014 842.0562 +.,016 842,135 +.014
2 842.2589 +.013 842.258 +.014 842.412 +,0156
3 842.608 +,023 842,614 +.023 842.833 +,013
4 843.062 +.013 843.073 +,013 843,317 -.002
5} 843,574 +,009 843.579 +,010 843,826 +,007
8 844.074 +,008 844.078 +,008 844,334 +.005
7 844,595 +,012 844,599 +,013 844.849 +,013
8 845,122 +.015 845.133 +.014 845,382 +,007
9 845,639 +.006 845.647 +,000 845.879 +,004
10 846,141 +.,014 846,142 +.014 846,408 +,011

11 846.669 +,011 846.670 +.014

cct, 30, 1941 Feb, 18, 1943

Temp. Concrete Concrete
oF Air | Top [Center | Bottom | Alr | Top |Center | Bottom

Start | 78 74 70 64 53 &6 56 57
Finish| 80 77 74 67 60 &6 56 Ly




EXPERIMENTAL PAVEMENT LEVELS

Table 4i

SECTION 7o VIii-Ven=-79=-C
Point A Point B ) Peolnt C
Joint| Elev.Ft.| Diff.Ft.]| Elev.Ft. ] Diff.Ft.| Elev.Ft.| Diff.Ft.
No. Oct.1941 | Feb.1943] Oct.1941 | Feb.,1943| Oct.1941| Feb.1943
1 852.846 -.011 852,848 -,010
2 852,973 -,010 852.973 -.010
3 853.112 -.011 853,117 -.011
4 8535.242 -.002 853.247 =-.002
5 853.370 +.,001 853,371 +,001
6 853.493 +.007 8563.498 +.007
7 853.613 +,002 853.617 +.002
8 853. 749 “0004 853.750 -.004
9 853.874 =-. 003 853.879 .000
10 854,013 -.003 854.017 -,002
11 854.146 -.004 854,148 -.004
i2 854,274 -.0086 854.272 =-.006
13 854, 402 -.004 854,409 ~.006
14 854,539 =,007 854, 540 =-.007
15 854,859 =-.007 854,670 -, 007
16 854.807 ~.008 854.814 -,008
17 854,936 -,010 854,941 -.007 854.999 -,009
18 855.064 =-.007 856,072 -.007 855.128 -,009
19 855.189 -.004 855.194 -.006 855,262 -.009
20 855.323 =-.005 855,329 - 007 855.378 -.008
21 855,446 -.008 855, 449 -.010 855,511 -.013
22 855,574 -.011 856,574 -.,012 855,631 ~.014
23 855,691 -.013 855,702 ~.012 855,765 -,012
24 855.818 ~.012 855,823 -.010 855.890 -.013
26 855.934 -.012 855.946 -.009
26 856.071 -.008 856,072 -,008
27 856,198 -.008 856.208 ~. 008
28 856,358 -,027 856,346 -+ 008
29 856,466 -.008 856.475 -.00%
30 856,605 -.008 856.612 -,00g
31 856,731 -, 004 856,737 -,003
32 856.847 ~.004 856,857 =-,003
33 856,985 -,004 856,990 =-.003
34 8857.094 ~-.004 857,104 -.004
35 857.211 -.004 857.219 -,004
36 857.327 -.002 857,327 -, 002
37 857.424 -.003 857.429 -.004
38 857.527 -.004 857.533 -.008&
39 857.633 -.005 857,636 -, 003
40 857.715 ~.003 857.713 -.005
41 857.803 -.008 857.805 -.004
Oct. 30, 1941 Feb. 19, 1945
Temp. Concrete Concrete
°F AMr| Top| Center | Bottom | Alr | Top Center| Bottom
Start 80 r 74 867 71 61 59 59
Finish| 76 75 74 70 B2 77 73 67




Tab1e4'A2

RZSULES OF SUBGR.ADE DENSITY TESTS
VIT-Ven,LA-79-C,A F.A.P, 330-C(1) Research Qul94 Contract No. R7XC7-F
North Lane
.
No. Station | Sample or -9 ov - 18" on - gu o - 1gv
No. Station Sample
A Lbs/ b4 Lbs/ No. £ Lbs/ 4 Lbs/
sfoist. Cu. Ft. Moist. Cu. Ft. Moist. Cu. Ft. Molst, cn., Ft,
376+00 C444 28 130.0 3.8 13C.4 B76+00 C420 5.0 125.0 4,4 .
358400 443 3.3 | 13605 £z | 12sle . ’ 12401
391+00 C446 4.1 122.4 3.9 i27.0 381+20 C42) 4,7 121.2 4.9 124.1
1a 427H00 C447 3.7 129.7 4.1 131.3 407+H00 c4ze 3,7 120.6 4.7 126,3
408-+00 G423 4,0 123.4 3.8 129.90
408185 C434 4.0 119.5 4.2 129,1
409+85 C435 4.8 120.3 4,5 124.7
417+50 c448 5.5 129.3 4.5 128.4 417450 c426 5.5 120.4 5.3 125.6
Section Averzge 3.9 127.6 4.1 129,56 4.5 121.5 4.5 125,1
4.24+00 G449 3.1 124.86 4.4 125.0
42700 G480 4.0 120.6 4.6 123,2
430+00 €451 4,5 120.1 4.5 127,2
2 433400 c452 4,2 135.6 4.5 129.0 435+00 C427 6.0 121.1 5.3 126.9
8 438430 C453 6.3 125.8 4.5 126.8
43900 C454 6.9 1238.4 T+3 128.8
Section Average 4.8 126,0 4.9 126,7 6.0 121.1 5,3 126.9
443400 455 8,3 121,82 6.8 123.0
445+00 G456 4.1 126, 4.9 28.1
446+50 c4sT 3.0 120.9 5.8 121.6 446+50 c428 5.9 187.% 4,9 134,1
44914850 c458 4.4 122,6 4.8 131.3
452+50 c459 4.2 124.9 4.7 131.3
3a 455450 €460 4.2 128.9 4.1 132.5
461400 Cd462 4.8 126.6 5,3 131.8 461400 c429 6.8 126.3 6,7 130,8
464400 G463 5.8 17,1 4,6 123.1
467+00 c464d 4,8 112.6 5.9 1l24.2
Section Average 4.6 1£2.9 5.0 127.4 6.4 127.0 5.8 132,5
470400 G465 4.8 183,1 4,7 i27.0
472+30 C466 3.7 120.4 4.7 126.6
48 416+00 C467 4.7 126.3 4,3 188,9 476+00 ¢430 5.9 129,3 6.1 123.8
479400 C4s8 3.6 137.6 5.6 129,2
Section Average 4.5 124.4 4,3 128.2 5.9 129.3 8.1 128.8
488+00 C469 5.8 121.3 4,8 132,4
485+00 C470 4,7 126,9 3.9 131.8
5a 488+00 c4Tl 4,1 129.4 3.9 131.2
491+00 c472 4.1 185.2 4.8 135.3 491400 C431 5.4 126,8 5,4 131,2
Saction Average 4.7 126,0 4.3 132.6 S.d 126.8 5.4 13l.2
&2 506450 | G473 6,5 116.5 8.2 118.8 S05+50 G432 5.8 119.0 6,1 123,28
Ta | No Samples
Average Sections la to T 4.8 123.9 4.8 127.2 5.6 124,1 5.6 128,1
SEU+H S G474 4,8 121.3 8.1 119.3 LN G433 4,9 123.8 9.0 L121.6
5E3+50 c475 4.8 122.2 8.8 181.3
526450 c476 4,0 120.8 6.5 120.8
SEG+50 c477 &.1 L87.u 6.4 124,86
532460 c478 4.5 124,28 4,8 12l.3
555+60 c479 4,8 123.2 8.6 124.5 IGHE0 Cadd 5.5 127,08 7.7 1z4.2
538+50 480 4.6 128.2 6.9 123.7
541+5. Cc4Bl 4.6 120,6 5.8 188.3
ib 544430 c4sz 4.6 126.3 5.3 129.8
547456 483 5.5 126,.4 5.8 132.1
551400 cded 4.7 124.5 S.5 1z8.0 56)+00 C435 8.3 120.2 7.1 131.3
554+00 485 4.9 127.6 5.8 126.3
557+C0 G486 Tl 13..8 5.8 125.7
560+00 c4a7 5.7 121.=2 8.3 132.2
562+00 c4a8 T.0 131.8 8,0 133.7
566+00 c489 T8 1l27.6 1.2 132,3 566+0C G436 5.2 187.4 4.7 132.8
Section Average 5,4 185, 6.4 186.3 6.3 124.5 6.5 129.4
569+00 c490 11,0 127.1 10,5 14C.4
56T400% G491 Teb, 118.8 6.7 128.3
2b 577400 C437 3.3 124.3 4.6 188.7
S580+80C ¢498 T 123.1 G4 130,7 .
Section Average 8,7 123.3 TaT 135.1 3.3 124,32 4,6 1z28,7
4b 592400 C493 3.7 127.1 S.d 131.2 592+00 €438 4.6 125.1 4.3 157.4
804+00 C494 647 12:.7 5.8 127.7 804+00 G439 5,1 187,.2 4.4 25,9
3n 618450 ¢495 7.1 122,4 8,0 124.,9 §18+50 ¢440 6.9 124,86 8.,C 148.6
Section Average 6.9 188.6 6.9 126.3 8.C 125.9 5,2 125.8
5b 633450 C704 1.8 114.5 8.8 12le4 635+50 c441 6.4 123.1 TS l2z.¢8
6431400 4956 6.5 126.6 6.8 130.4
644400 Cas7 6.8 13%.¢C 5.9 .
&b 547100 c498 4.5 124.4 5,7 1lzz.2 847400 c442 5.4 125.4 5.8 125.8
550+00 499 6.4 118.1 4.9 1329
Section Average GaL 125.5 5.8 128.3 5.4 125.4 5,8 125,8
653+00 C700 5,7 126.4 5.8 127.3
656100 G701 5.2 122.8 5.6 131.8
659+00 GTo8 5.6 126.3 5.8 1z21.9
b 6562+00 C703 5.2 124.C 6.5 1z28.1 662+00 G443 &7 126,5 4.0 129.5
B865+H00 C705 6.0 124,1 8.3 124.5
Section Average 5.5 1z24.7% 6.1 128.7 4,7 126.5 4.0 129.5
Average Sections 1b te 7b 6.5 123.3 6.7 127.6 5.2 125.0 5.4 127,1
Average Entire Project 8.7 183.6 9.8 127,4 S.4 124.6 5.6 127.6
3 Equation in stationing occurs near this point,
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Figure 4k
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Figure Q

TYPICAL CONDITIONS OF SUBGRADE

VII-Ven,LA-72=C,A F.A.P. 380-C (1} Research 00184 Contract No. 27XC7-P

Typlcal Rough Subgrade
Roughneas Csused by large rocks under Lewls subgrader
Statlion 514450, Sect. 7a Station 518450 Sect, 7a

Note expansion joint filler,no dowels

Typical good subgrade with negligible roughness
Sta. 660+00 (Appr.) Sect. 7b Sta. 485:97, Sect. SA
Note compaction test ln progress Note the reinforcing steel
L]

for weakened plane jolnts,

also the expansion joint in

the background.




Figure (5

VII-Ven,LA~-79=-C,A F.A.P. 380-C (1)

EXPANSION AND WEAKENED PLANE JOINTS

Research 00194 Gontract No. 27XC7-P

Expansion Joint Filler with

Metal Pouring Guard in place

Expansion Joint Filler braced to
form the joint at the ond of a day's

pour

Redwood Expansion Joint Filler

without dowels, Sects. 7a & 7b

Dowels and Reinforcing Steel for

Weakened Plane Joint, Sects. 5a & 5b




Flgure 7

|

EXPANSION JOINT DETAILS

VII-Ven,LA-79-C,A F.A.P. 380-C (1) Research 00194 Contract No. R7XC7-T

Expansion Joint at Statlon 483477
Redwood Joint Filler and Dowel Steel in Place

Expansion Jolnt at Station 483+77

Alignment end Detalils




Figure 8

MIXING AND PLACING CONCRETE

VII-Ven,LA-79-C,A F.A.P, 380=C (1) Research 00194 Contract No. 27XC7-P

Dumping a Batch of Aggregates and Mixing the Concrete
Cement into the Mixer Hopper Spreading, Tamping ard Preparing a

Dunmy Joint in the Background

Spreading and Tamping Concrete

Dumping Mixed Conecrete on the

Subgreade Note the placing of some concrete by

hand against the side forms.




Figure S;

PLACING CONCRETE OW REINFORCED SECTIONS, 6a AND 6B

V1I=-Ven,LA-79~C,A F.A.P. 380-C (1) Research 00194 Contract No. 27XC7-P

Placing Wire Mesh Reinforcement Dumping Upper Layer of Concrete

over Lower Layer of Concrete

Placing, Spreading and Tamplng Concrete in Upper Layer




Flgure 1()

MECHANTCAT FINISHING AWD BUMP CUTTING

VII-Ven,LA=79=C,A F.A.P. 380-C (1) Research 00194 Contract No. 27XC7-P

Mechanieal PFinisher (Jochnson Float) Mechanleal Finisher {(Johnson Float}
Preliminary Pass Final Pass

?Bump Cutting"




Flgure 11

VII=Ven,LA=-79-C,A F.A.P. 380-

FINISHING JOINTS

5 (1) Research 00154 Contract No. 27XC7-P

Removing Steel from Weakened

Plane Joint

Floatlng an Expansion Jolnt

Finilshed Weakened Plane Joint

"punmy Joint"

Finished Expansion Jolnt




Fizgure 12

TNSTALLATION OF GAUGE POINTS

VII-Ven,LA-79-C,A F.A.P. 380-C (1) Ressarch 00194 Gontract No. 27XC7-P

Template Used for Placing Chalk Removing Chalk with Carblde Tlpped

in Fresh Concrete at Gauge Polnts Drill

Grouting Gauge Polnts 1n FPlace




Figure 1 8

PREPARATION OF TEST SPECIMENS
AND
TYPICAL 6" x 6" x 20" BEAMS FOR P.k.A., LABORATORY

VII-Ven,LA=-79-C,A F.A.P. 380=C (1) Research 00194 Contract No. 27X¢7-P

Screening Out Larger Slzes of Hock Sample of Concrete Ready for Fabrica-
(Over 1-1/2" in =size) tion of Test Specimens. Partition for
6" x 6" x 20" not yet in place in the

form.

Typical 6" x 6" x 20" Beam Ready for Shipment to

P. R. A. Laboratory for Volume Change Tests




Flgure 1‘;

PREPARING SPECIAL SET OF TEST SPECIMENS

VII-Ven,LA-79-C,A F.ALP, 380~C (1) Research 00194 Contract No. 27XC7~P

Dumping the Concrete Concrete Dumped, Ready for Use

Pabricating Test Beams

Slunp Test
Note the partition for the &"xaMx20"

besm to be shipped to P.R.A. Labora-

tory




~

(“\

Flguro 1 5

VII-Ven,LA~79-C,A

SPECIAL THERMOMETER INSTALIATIONS

F.A.P. 380-C (1) Research 00194 Contract No., 27XC7=-P

CRACKING AT WEAKENED PLANE JOINTS

AND

Sta. 561455,

Typical Cracking at Weskened Plane Joints, South Lane

Sect.

1p Sta., 564495, Sect. 1lb

Sta.

Close-up of Crack shown above

561+95

Weston Dial Type Thermometers

Installed in Freshly Flaced Concrets
Paveriant for Measurement of Tempera=-

ture during hardening period.
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AVERAGE COMPRESSIVE AND TTEXURAL STRENGIHS, CYLINDERS,

P,
Py

CORES, BEAMS

VII-Ven,LA-79-C,A Constructed 1941 Cont. 27XC7«P
Experimental Sections
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Joint Closing {Pavement Expansion) - inches

Fig. 17,
Sec. 1b.
Ventura County Experimental Concrete Pavement
Change in Joint Widihs
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Fig. 18,

Pavement Temperature Change - Degrees Fahrenheit

Sec. 2a.
~
Ventura County Experimental Concrete Pavement
Change in Joint Widths
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Joint Closing (Pavement Expansion) - inches

Fig. 19.
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Ventura County Experimental Concrete Pavement
Change in Joint Widths
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Joint Closing (Pavement Expansion) - inches

Fig. 20.

Sec. 5a.
Ventura GCounty Experimental Concrete Pavement
Change in Joint Widths
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Joint Glosing (Pavement Expansion) - Inches

Fig. 21.

Sec. 6b.
Ventura County Experimental Concrete Pavement
Change in Joint Widths
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Joint Closing (Pavement Expansion) - Inches

Fig. 22.
Sec. 7b.

Ventura County Experimental Concrete Pavement
Change in Joint Widths
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Joint Closing (Pavement Expansion) - inches

/—Joim Opening (Pavement Contracfion) - Inches

Fig. 23.
Sec. 1 b.(1)

Ventura County Experimental Concrete Pavement
Change in Joint Widths
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Fig. 23 a.
Sec. i b, (2)

Ventura County Experimental Concrete Pavement
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Fig. 24.
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Fig. 24 q.
Sec. 2 a.(2).
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Fig. 26.
Sec. 4 0.

Ventura County Experimental Concrete Pavement

Change in Joint Widths
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Fig. 27.

: Sec. 5a.
Ventura County Experimental Concrete Pavement
Change in Joint Widths
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Fig. 28,
Sec.6b.

Ventura County Experimental Concrete Pavement

Change in Joint Widths
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Fig. 29.
Sec.7b.

Ventura County Experimental Concrete Pavement

Change in Joint Widths
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Daily Temperature Records
VIi-Ven-79-C  Station 484 + 57
9"-7" 9" Slab Thickness

Fig. g1

North Lane
° February (942 February 1943 February 1944
o¢ H=—=4M. B A 12 uet be—ano B oy 19, ow i e 8 ou O
80 Ty &
AL /1s
70 el X NN, VK
1 R /I."‘
o '/
0 e TN SETNRE
P. o - 4\// l\.‘\:\ -.‘l
50 ¥ o1 AV roW A
My 1]
a0 f \ ! \‘f \ 4"$
el / Yl
MG
3c
L—O.IT" Ruinfml——vl
7AM 7AM
May 1942
Nnok—an 26 op AM—%I__—vP —d b AM U
~ /
100 . N X
l: \‘ b " [
00 l‘i." /] "'I ] Legend
15/ [E " = = = =(]) - Sybgrade 6" below concrete slab
I "& oY "“ﬂ',. v —mm w =(Z) - Bottom 1" of concrate slab
80 A ' :\ 4+ :’/ vevewee=(P -Center of concrete slab
/ \\\‘ f —— @) -Top I" ot concrete slab
70 Ny —F) -Air
\ & All time shown is Pocific War Time
60 \
50
August 1942 August 1243
1pok=— 12 oy a3 pmo et eapote AN =B PM.
/N ’
1o ,/::‘ - £ {
I k /, vl . 1}
100 l' ~ I "./ ‘
I‘ * . Jr‘/ / i 9 !
AN A o 1
90 Y Y ~ T 1 ; ,‘=\ X3 S
s Sk
80 \ \?’)‘ N @2‘, o
\ | P/ \| [M
TN S
60 ™
e/
50
November 1942 November 1943
50 aM—M_pM 4 B oM ke ‘E__pw, PR 1
70 oo A
F}h{.—“* 57 2 ) oy
7 X - ek e 0] ‘3
60 ES
50 e

L—O.T" Rainfall—~
7AM. TAWM




Fig. h32

Daily Temperature Records
Vil-Ven-79-C
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SUBGRADE COMPACTION TESTS

VIT=Ven,LA-79~C,A F.A,P, 380«C (1) Resesrch 00194 Contract No. 27XC7-P
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Ventura County Experimental Goncrete Pavement
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Fig. 36

Ventura Gounty Experimental Concrete Pavement
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Fig. 37

Ventura County Experimental Goncrete Pavement
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Fig. 38

Ventura County Experimental Concrete Pavement
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Ventura County Experimental Concrete Pavement
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Venturo County Experimental Goncrete Pavement
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Ventura County E xperimental Concrete Pavement
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APPENDIX A

P.R.,A, and Californla Division of Highways Memoranda Deseribing
Project -and Outlining Procedure and Tests,

v - - .

MEMORANDUM

September 10, 1940
VII-Ven-79-C

Mr, T. E, Stanton:

-Reference is made to the concrete pavement experi-
ment proposed for construction between Plru Creek snd the Los
Angeles County Line on Road VII-Vens79-C, Under date of
September 10, 1940, you are belng forwarded a proposed schedule
of test and observafional procedure submitted by the Publls
Roads Administration, wherein 1is set forth the various datas
which they belleve should be accumulated with respect to the
experimental installation,

In addition to éhe information listed by the Federal
Roads Administration, 1t has been the opinion of this Depart-
ment that certain sﬁpplemental information would be of extreme
value in later correlation of the test results, We should llke
very mch to have-your reactions on this subject! as well as &
rough estimate of the probsble extra cést involved in obtalning
this supplemental data,

Following 1= a 1ist of the proposed supplemental

procedure?:

1, A 24-hour record of the temperature gradient
within the slab, obtained during the early part
of the curing intervel and repeated upon several




tr

-2 -

selected days during the following year. (Note=-

1t 1s our belief that the abeove information wlll
make possible an accurate estimate of the probeble
internal stresses occuring in the pavement slabs
during the early pericd of its 1life when it 1s most
susceptible to the destructive effects of such
stresses).

2, Accurate determination of the modulus of
elasticity of the concrete produced on the
project; obtained elther from test cylinders
or test beams at the ages of 7, 28, 90, 180
and 365 days, (Note: - We belleve this infor-
mation will get us important data upon the
variatione of the modulus of elasticity at
various critical ages in the concrete's life.

3, Determination of the coefficient of sub-
rade friction under actual job conditions.
Note: - See Public Roads Vol. 16, No, 8y

Oct., 1935, Pg, 156).

4, Determination of Westergaards K", or sub-
grade factor, (Note: - Thls is a most important
factor in Westergaards mathematical analysis of
pavement stresses, and 1t would be very desir~
able to obtain data upon what the value is for
this particular subgrade lnasmuch as it will
represent about average California conditions).

5., Determination of resistance to compression

of the expansion joint flller material used., If
1t is declded to use a type likely %o be effected
by temperature, it should be tested for this
property within the entire temperature range
1ikely to be encountered in service.

With reference to Item No. 4, the determination of
Westergaards factor "K' for the subgrade, we have been unable
to find anywhere in the literature any suggested means for

determining this factor prior to placing the concrete. How-

ever, two methods have been suggested, one by Mr, R. Robertson

Rowe of the Bridge Department, end the other worked out by per-

sonnel in this office. Nelther of these methods has been put %o

s practical test, and it 1s intended to present both of the

methods for your examination and eriticism in the hope that &
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Figure 2-4
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simple\and efficient means of cobtaining this factér can be
worked out for use on this project,

We belleve the sbove supplementary tests are all
pertinent to the problem being investigated, and, as stated
s¥ove, we would be pleased to have your reaction with respect

thereto,

(Signed) Fred Grumm
Engineer, Surveys and Plans




OUTLINE OF PROPOSED EXPERIMENTAL ggﬁgaE%gi ooy
PAVEMENT CONSTRUCTION
ON
ROAD VII-VEN~79-C
BETWEEN PIRU CREEK AND LOS ANGELES C¢0. LINE
Objac%
The purpose of thlas proposed experimental work ls tg
study the desirable spacing of transverse expansion jolnts
in coneorete pavements and the amount of expansion space required
per unlt of pavement length and to study the efficlency of
dummy contractlon Jolnts with and without dowels or other
devices for the transfer of load,
Frocedure

Efficiency of Dummy Contraction Joints

Tt has been found to be impractical to make the measure-
ments of the stress deformations in the concrete necessary to the
determination of joint efflciency upon pavements bearing trafflc.
Tt 1s therefore propesed to study the action of transverse dummy
joints in full size pavement slabs that will not be suljected to
traffic,

This study will be carried on at the laboratories of the
Public Roads tdministration,

Detall of Proposed Experliment

1, Selection of Project.

4 review of the proposed highwey between Piru Creek and
L. As Co, line, Road VII-Ven-79-C, disclosed that ample mabterial
of unlform quallty was available for the cdonstructlon of =
blanket under the pavement of sultable thickness for the purpcses
of the experiment sand that grades and curvatureiwere not of &

nature to prejudice the results pbtalneds
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No other cancrete pavement Job of sufficient magni-
tude and possessing the other attributes essential to the test
being in immediate prospect, 1t was declded to conduct the
experiment thereon,

2. Cross-Secticn

With the exqeption of Sectlion #7a and 7b the proposed
pavement will conslst of two lanes each eleven feet in width
and 9%-7"-9% in cress-section, (See Fig, 1 and 2), It is pro-
posed to construct Sections %#7a and 7b in two eleven foot lanes
uniformly 8% in thickness,

The follmwing characteristics ef the concrete entering
Into the construction of the pavement sre %a be studied:

Modulus of Elasticity

Compressive Strength

Flexural Strength
These tests will be performed in such a sequence that thelr msg-~
nitudes may be plotted against time to provide = curve to aid
in the analysis of the subsequent performence of the pavement,

It 1s proposed to include a rigid concrete specifica-
tion In %the special provisions to insure %the utmost practical
unlformlty in the concrete entering into the pavement,

4, Ezxpanslon Joints

All expension joints are to consist of 3/4" redwood
boards, composed of redwood welghing not to exceed 20 1b, per

cu. 't.

#In the followlng discussion the term SECTION 13 used to denote
e length of pavement of & certain design, SUBSECTION 1s used to
denote a part of a sectlon between two expansion jolnts whille
the term SLAB refers to & unit of psavement length between twg
contraction joints or between an expanslion and & contraction

Joint,
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5. Contraction Joints

Contraction joints are to be of the grooved dummy type
end the spacing in the unreinforced sesctions is to be 15 feets:
Spaclng of contractlon jointé on the relnforced sections, Sectlon
6a and 6b, 1is fo be 6C ft.

6; Reinforcement

Sections 6a and 6b are to be reinforced with wire mesh
consisting of mats 10'-6" wide by 16 feet long with #4 gage trans-
verse wires at 12" centers and #0 gage longitudinal wires at 6"
centers except the outer four wires on each side which will be
#00 gage wires at 6" centers, - See Figure 2.

The remaining sectlons are not reinforced.

Description of Sections

See Figure 3 attached.

PROGRAM OF OBSERVATION

It is proposed to adopt the following Program of Obser-
vations prepared by the Public Roads Administration and to augment
14 with messurements of the temperature gradient within the slab,
the modulus of elasticity of the concrete produced on the project,
the coefficient of subgrade friction, the resistance te compres-
sion of the expansion jolnt materlal, the overall movement of

one lane of Section 1b and 1f possible the value of the subgreade

factor "k".




June,. 1940
OBSERVATIONS AND MEASUREMENTS ON PROPOSED

EXPERIMENTAL CONCRETE PAVEMENT CONSTRUCTION

This outline covers the suggested preliminary and daily
observations during the construction of the experimental con-
crete pavement projects, Complete detalls for the measure«
ment of seasonal changes snd permanent chenges in width of
joints, elevation measurements and crack surveys ere covered
in a separate outline entitled: "Suggested Program of Observa-
tions for the Cooperative Investigation of Joint Spacing in

Concrete Pavements" and in the drawings which accompany 1t.

PRELIMINARY AND DAILY OBSERVATIONS DURING CONSTRUCTION

A. Preliminary Data:

1. Obtain specifications, including specilal provisions
and proposal for project with unit prices bid,

2, Obtein complete set of plans, showing all cross
sections, plece, profile pavement detalls and all
sheets showing standard and special designs.

3, Get data from soil survey of site, tied into gstation-
ing on plan and profile sheets,

4, Get date on source and type of all materials, inelud-
tng cement, coerse aggregate, fine aggregate, joint
materials, steel for dowels, tle bars, mesh reln-
forcement, etc., and also results of scceptance
tests,

5, Arrange for forms for beoums, faecilities for curing,

transporting end testing. See under ot for -




-
instructions on number of beams to be made, how
they are to be cured,. shipped and tested.

6.. Arrange to recelve delly reports from nearest U. S..
Weather Bureau Office. These to inelude record of
temperatures, rainfall,. etce.

T¢ Equlp yourself wlth necesséry thermometers, camersa
eand accessories, record beooks, tape measures, fold~
ing seales and counters, 8t least two thermometers
should be avallsble with a spare to replace breaksage.

8., Arrange to receive data on mlxtures used,. slump tests,
yield tests and other data which the resident engineer
or the regular inspectors on the job may have.

9, IList and describe all construction equipment snd report

i%s condition,

B, Dally Observations:

1, Record full data on weather:
Temperature
Sunshine or clouds
Wind direction and relatlve intenslty

2, Record hours of work with stationing.

3. Record details of concrete mixture as received for
resident engineer and inspector, with stationing of
eny major chengos..

4. Take and record temperature of concrete at time of
final finish. At that time concrete should be plastic
enough to permit the insertion of & thermometer into

the slab approximately one-half way to the subgrade,
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A nole in the slab shall be made by means of a pin,
If this is founq impractical, the measurement shall
be made earlier and the circumstances recorded. The
practice in baking temperature readings should remaln
unchanged throughout the project. More detalled tem-
peratures of the pavement slab during the hardening
period should be taken at least three points on eacﬁ
project. Following the initiel readings outlined
above, subsequent temperatures shall be observed and
recorded at periods of approximately three hours until

the maximum tempersture of the slab has been reached,

One of these ﬁoints should represent pavement placed

during the morning, one near midday and one 1in the’
midafternoon:

Record time interval between placement of concrete,
final Finishing and initlel ouring.

Report conditions of subgrade, changes in type of
soll, condition in respect to meisture content; and

composltlion,

Observe clasely installation of ell jolints, record-
ing theilr stationing; Especially note whether they
are properly aligned and supported and record staﬁidﬁ;
ing of any in which there 1s doubt as to accurate
alignment and firm support; Observe and record poin§=~
ing and greasing of dowels where used end use or

omission of caps {sleeves to provide expansion spacels




8.

10.

11,

12,

13.

14.

e
If road 1s bullt half at o time, observe and recerd
stralghtening of tle bars, Was there breakege? Were
bars satlsfactorily straightened?
Where poured type dummy groove transverse joints are
used, measure and record depths of dummy joint &t
three places. If premolded strip of bituminous felt
or sheet metal 1s used, cbserve and record width of
strip and depth of insertion,
Make same measurements and observations on longltu-
dinal dummy center joint 1f used, measuring depth
about every 10 feets
Observe snd record appearesnce of concrets, 1lts workae-
bility, siump, excess or deflelency of morter, tendency
to segregate, %tendency to bleed, time required to
harden and eny unusual feestures which may appear.
Observe and report details of finlshing operatlons,
including time interval after mixing of concrete,
Observe and report on edging of the joints, the
radius of the edger used, and whether there 1s an
aceunubtion of morsar or if any concrete or mortar
must be a2dded to properly finish the joints,
Observe and report full detalls of curing, especlally
how soon it starts and how continuously the covering
1s kept wet., How long continued?
Report on operating of econstructlon equlpment and
skill or lack of skill on part of workmena Report eny
changes in equipment that may take place, describing

new equipment.
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15,

16.'

17,

Tesf

-
Observe removal of forms and edges of concrete follow-
ing removal, Record condition,
Observe and report on joint sealing operations,
Materials used and care with which work is done. -
Take sufficient pictures, properly identifled, to

illustrate all phases of the project,

Specimeng, Plugs and Temperatureg Wells:

2

Specimens for volume change and modulus of elasticity.
1 beam 6" x 8" x 20" or longer from each section of
the project (13 specimens from project with a normal
number of sections listed in "Outline of Proposed
Experimental Concrete Pavement Construction," dated
February, 1940)., These specimens shall be cured

one day in the forms under wet burlap and for six
deys in wet sand or wet earth. The specimens shall
be cast from concrete which is typical of that used
throughout the section and shall be from the approx-
smate center of the sectlon., Each beam shall be
marked with black paint indilecating the sectlon from
which it was cast and the date casty These beams,
after curing, shall be held until all the beams of
this type are ready for shipment when they shall all
be shipped together, by freight, to the laboratory

of the Public Roads Administration, Arlingﬁon Experi-

ment Farm, Rosslyn, Virginia,

Throe test beams 6" x 6" x 36" shall be cast each
day, These beams shall be made and tested as pres-

cribed in AASHO Method T-97-37 tstandard Method of

A
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Making Flexure Tests of Concrete, Using a Simple
Beam with Third Point Loading," exeept that the con-
crete shall be taken from that being used on the
projects The beams for each day shall be made at
about noon. They shall be cured one day in the
forms under wet burlap and for six days in wet sand
or wet earths They shall be saturatsed before
testing at 28 dayss These beams will be tested in
the laboratory of the State Highway Department and
should be shipped to the Laboratory st the end of
the 7-day field curing period, where they will be
stored in a molst room or -under molst curing in the
laboratory until time of test. ZEach beam shall have
marked upon 1%, in black paint, the date casts Com~
pression tests will be made on the broken ends of the
same beams by the 4.8.T7.M. Standard Method of Test
(AsS.T.M, Designation C 116-39),
Samples of Materlals:
The following semples of materialsshall be sent to
the Laboratory of the Public Roads Adminlstration,
Arlington Experiment Farm, Rosslyn, Virginia,
securely bagged and tsgged to identify them with the
projects

Cement -~ 1 sack

Fine Aggregate ~~ 1t least 50 pounds

Conrse Lggregate -~ AL least 100 pounds
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Great care shall be exercised to see that the samples
gubmitted are truly representatlive of those used on
the project. Special provisions on these experimental
projgcts will require that materisls from the same
soufce be used throughoub the jobs If, In sﬁite of
these provisions, & chenge is made in the source of
any of the materials, addltional samples of the new
materials will be submlitted, If the coarse aggregate
{s divided into two or more sizes, & total of 100
pounds of the coarse aggregate shall bve submltted in
geparate samples, in approximately the same proborr
tion as used aon the job, Samples, similar in every
respect, shall also be sent to the Research Leboratory,
Poptlaﬁd Cement Associshion, 33 West grand Avenue,
ChicagoOe

Points: bench marks, temperature wells, etc, Points
for measurement of joint opening end ciosing, wells
for measurement of temperature of slab, elevation
points gnd permanent pench mark and schedule for
measurements are covered in complete.detail as oub=~
1ined in the accompanying tSuggested Program of Ob~-
servations for the Cooperative investigation of Joint

Spacing in Concrete Pavements“ and accompanying

drawings,




SUGCESTED PROGRAM OF OBSERVATIONS
COOPERATIVE INVESTIGATION OF JOINT SPACING

TN CONCRETE PAVEMENTS

As a part of this research 1t is desirable to meke &
further study of the structural efficiency of weakened plane
joints as measured Dy the ability to control critical stresses
caused by loads acting near the joints, It would be difficuls
and perhaps impracticable to make this study on pavements that
are under traffic and for this reason it has been decided %O
make this part of the investigation at the lavoratories of the
Public Roads Administration. This particular study will com-
prise a determination of the efficiency of this type of joint
by means of stress measurements made on full-size pavement slabs
of concrete containing different sizes end types of aggregates
and having various controlled widths of opening in the joints
being tested. With the information obtained from these tests,
1t should be possible to make a reasonably accurate estimate of
the efficiency of jolnts of the same type in service under field
conditions, providing the changes {n widths which occur 1n
service are known.

The changes in widths that occur in the joints of con-
crete pavements may be of 2 daily, 8 sessonal or a permanent
nature and the magnitude of the changes will depend upon both
the spacing of the joints and upon the arrangement of the ex-
pansion and contraction joints as well s upon those fsctors
that determine the volume change charscteristics of the concrete
itself: Therefore, in this suggested program of observations,
measurements of the daily, seasonal and permanent changes in
widths are schedules for a number of representative joints in
the sections included in these experimental pavements.

In ecertain studies of the surface irregularities of
concrete pavements that have been made, 1t has been noted that
there 1s sometlmes a tendency for short slabs to become slightly
t1lted on the subgrsade, resulting in increased surface roughness
at the jolnts. There is evidence to indicate that this tilting
action in short pasvement slabs may be controlled through the use
of dowels at joints or by the action of aggregate interlock at
eracks and weakened plene joints, ir the cracks or weakened plane
joints are maintained in = relatively tightly closed condition.

The effect of the use of Vvery short slabs on the-riding
qualitles of concretes psvements and the effects of the various
other design detalls that might have an influence on the general
smoothness of the pavement surface have never been thoroughly
investigated., 1t 1s desirable that additional date be obtained
and for this purpose a geries of level measurements, to be made
on certain representative parts of each section, has beeon in-
cluded in the suggested program.
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Instrumcntation. The suggested method of measurement of the
chengcs in the widths of the joints i1s shown in drawing No. 405.
This method has been used by the Public Roads Adminlstration and
has proved to be simple end guite satisfactory. The gage points
should be set in the longitudinal uxis of the pavement, It is
not possible to set these points satisfactorily in the greoen
concrete at the time the pavement is being laid. The vernler
calipers recommendcd for msasuring the changes in widths of the
joints rcad directly to one-thousendth of an inch.

A method of meesuring thc average temperature of a con-
crete pavement with a mercury thermometer 1s elso shown on draw-
ing No. 405. This method has been compsred with s thermocouple
installsation and found to give an indication of the averags tom-
perature of e concrete pavement sleb sufficiently accurate for
the purposes of this lnvestigation. The well in which the ther-
momcter is placed should be at ¢ dlstence of approximatecly 2
foet from the cdges of the pavement. In the case of a thickened-
edge pavoment, 1t should be placed insidc of the point ot which
the edge thickening begins, The type of thermometer shown on
the drawing is rcecommended becausc it permlts the scale to be
read without removing the thermometer from the well. The ther-
mometer should remein in the pevement for not less than 10 min-
utes ofter completing the tnstsllation, before a resding is
made. The thermometer well should be in 2o clean and reasonably
dry condltion when used.

The elevation mcasurcments may be made with o good
cnglneers' level iF sufficient number of substantlal bench marks
are placed along the right of way so that 1t will bhe unneccssary
to carry the levels over long distances, A suggested bench merk
instsllabion is shown on drawing No. 405. The bench marks should
be pleced on undisturbed ground at thec slde of the road where
they will not bce disturbed. Short cerriage bolts set in the
pavement in the manner shown on drawing No. 405 are recommended
for level points. The clevations should be mezsured to one-
thousandth of ¢ foot., This may be very tedious if the use of
n target is attempted dbut 1t cen be done with considerable rap-
idity if o spot level 1s placed on the leveling rod, so that the
rod can be held vertically permitting elevations to be resd to
one-thoussndth of 2 foot by interpolation., Tho spot level .
should be of good gradc, such as Dietzen No. 6514, or thc equlv-
olent.

A schedule of the observotions recommended for the
different sectlons of a given projcct 1s described below. Thls
schedule is considered to be the minimum that will give the
desired information.

Tn the following discusslon, the term SECTION 1s used
to denote » length of pavement of 2 particular design, SUBSECTION
18 used to denote that part of & section botween two sxpension
joints, while the term SLAB refers to @ unit of paYement length
between two contractlon joints or betwoen an cxpanions snd a

contreetion jolnt.




Seetion 1. Messurements of the seesonal changes in widths of
the joints should be made ab the first controction joint from
cerch end of the section, at alternate joints thereafter for a
distence of spproximately 200 feet from erch end and at every
fourth joint for o dlstonce of approximately 800 feet in the
centrol pert of the section. Mensurements of the dally changes
1n widths of the joints on this section should be made at the
First contraction joint from eoch end, ot joints epproxlmetely
100 end 200 fset from esch end ond at two joints in the central
part of the section. Mensurements of the permenent changes 1n
widths of the joints should be made at sucecessive joints for o
distance of approximately 100 fect in the central part of the
section. Level messurements should be mede on sach sidc of each
successive joint over r dlstence of approximately 600 fect in
the centrel part of the section and at the center of six slabs
within this crea.

Scoction 2. A subsection, prefercbly the central ons, should be
seleotod. Messurements of the secosonal chenges in the widths

of the joints should be made at the expansion joint, at the first
contreetion joint on each end of the subsection and at alternote
contrretion jolnts over the remsinder of the length of the sub-
scction. Mensurements of the daily changes in widths of the
joints should be made ot the expansion jolnt, 2t the first con-
troction joint on each end of the subscction, at joints epprox~
{mately 100 snd 200 fect from erch end rnd at two joints in the
centrel part of the subsoction., Meagurecments of the permenent
changes in widths of the joints should be made st the expansion
joint and first contraction joint on one end of the subscction
and at alternate joints thereafter to within 50 fect of the center
of the subsection., From this peint each successive joint, for

n totel distence of 100 fect, should be mensured. Level meosure-
ments should be made on cach side of each successive expansion
and contraction joint over the full length of one subsection and
~t the center of each of the six slabs Included within the sub-
section.

gsetion 3. Two subsections should be selected within the central
portion of the section. Measurements of the seasonal changes

in widths of the joints should be mede at the three gxpsnsion
joints, et the first contrection joint on ecch end of one sub-
section and ot every sccond joint over the remainder of the length
of this subsection. Messurements of the daily chnnges in widths
of the jolnts should be mede at the expansion joint cnd.first
contraction joint on each end of one subsection and £t joints
approximately 100 and 200 fect from erch end of thls srme gsub=
scction, Mensurements of the permanent changes in widths of

the joints should be madec 2% successive joints for o distonce

of approximately 100 feet in the central part of one subsection.
Level messurements should be made on cnch aide of efch successive
expansion rnd contrrction joint over the full length of.two
subsections £nd at the center of each of the six slabs included

within these two aubsections.
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Scction 4. Five subscctions should be sclected in the centrol
part of this scetlon., leersurements of the sesasonel changes in
widths of the jolnts should be mode at coch successive exponsion
cnd contrection joint over the full length of two of these sub-
scetions., Level mersuremonts should be mede ot cach successive
cxpansion end contrretion joint over the full length of the

five subsections rnd slso &t the center of ench slab Included in
onc subsecction.

Section 5. The mersurements of the sensonel changes in widths
of the Joints ~nd the level monsurements should be madce on thls
scetion in the scme monner as described for Section 4. Mersure-
mecnts of the daily and permanent chonges in widths of tho joints
should be made 2t ssch successlve expansion cnd contrcetlon
joint over the full length of one subsecction.

Scction 6. Five subsections should be selected in the central
pert of this section., Measurcments of the sensonal changes in
widths of the joints should be made 2t cach successive exponsion
and contraction joint over the full length of these flve sub-
sections. Mersurements of the daily changes in widths of the
joints should be made ¢t each succcssive exponsion and contrac-
tion joint over the full length of two subsections, while mensure-
ments of the permanent chanzes in wldths of the joints should

vc made ot esch joint over the entire length of one subsection.
Level mensurcments should be mede on each side of each expangion
snd contraction joint and at the center of each slab over the
full length of the five subsections,

Scetion 7. The scheduls for thls sectlon should be the seme °s8
Thet described for Section 5.

In this progrsm, it is not intended theat the obsecrvr-
tions should be duplicsted on more thon onc lane of the pavement
or on more than one sectlon of the same type.

Tt is desirable thet the portions of each scotlon,
solected for the mensurcments, be locatcd on o relatively level
port of the grode where the degrec of horilzontel curvature is =
minimum snd where the depth of embankment does not excecd ap-
proximstely four feect. Uniform cxposurc to sunlight is desirable

for those sections that arc selected for the meoaurements,

The locations of thc joints ond of the points on the
different sectlons of the pavement at which 1%t 1s necessary to
insert gage points and level points In the concrete, together
with the recommended locations of the tempersature wells and
bench marks needed for this schedule of observotions, are sghown
on drewing No. 406. It will be noted thot only the joints
within the selected arers where mccsurecments are to be made are
numbered on the drawings snd thet these numbers run consecu-
tively, As shown on the legend, the small crosses &t the joints
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indicate the polnts at which points z2rec to be placed for the
measurements of the changes in width of the joints, while the
small solid circles indiccte the points at which the changes

in slevation are to be mecsured, When referring to the level
points in notecs, those on the two sides of the jolnt should be
distinguished by the letters A and B added to the jolnt number,
while the points ot the center of slabs should be designated by
the letter C 2dded to the number of the joint preceding it. The
exect location of these polnts on the slobs ond the method of
numbering them is shown on the key plen ot the bottom of the
drawlng.

The polnts for mcrsuring the chenges in widths of the
joints rnd the elcvations arc shown in different lancs of the
ovement on the dreawing. This wos done for clarity. There is
no resson why both sets of points should not be placed in the
same lane, provided they cre sepcorated by - sufficlent dlstonce
to prevent interference.

Ag indicuted on the drowing, a temperature well snd
bench mark should be placed in each scction near the center of
the ares on which the rendings are being made. As mentloned
previously, thesc bench mcrks should be loecnted on undisturbed
ground at the sidc of the rocnd at o point wherec there will be
Tittle likelihood of thelr being disturbed., It may be deslrcble
in certnin crses to use more than one bench mork to & scctlon.

A list of the joints in each scction at which mecsure-
ments are to be made in tho study of the sesgonel, daily and
permanent changes in widths and the points at which elevation
date are to be obtrined is given in table lo.

It igs cstimated that it will reguire approximately
threec hours to make one complete sct of measursments at those
joints ot which seasonal measurements of the changes in widths
of the joints are to be medc and approximnctely one hour erch
to make r set of measurements at the jointe where the daily and
the permonent changes are to be observed. It will probably re-
quire one or two days to moke r complete set of level measure-
ments but this is not ¢ serious mntter since only o few sets
of these observetions ere scheduled.

MEASUREMENT OF THE SEASONAL CHAKGES IN JOINT WIDTH

It is deslrable that four sets of obgervations be maede
during the year to study the seasonal changes 1n Wld?h of the
joints. The most suitable periods for thesec are: Winter --
January or February; Spring -- April or May; OSumer -- July
or August; Fall - Octoboer or November.

The different sets of aeasurcments of the seasonal
changes 1n widths of the joints should be mode on days that are
typierl of the sesson they represent and in @ period of the day
during which the teamperature of the conecrete remains fairly
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constant for o sufficient length of time to complete the observa-
tions. The perlods during which the pavement temperature 1s

most stzble are in the morning before tho pavement is exposed

to the sun and in the afternoon between 12:00 snd 4:00 P.M. Tho
four sets of seasoncl mensurements should each be mede at the
same period of the day.

VEASUREMENT OF THE DAILY CHANGES IN JOINT WIDTH

It is necessary to make two sets of measurements %o
determine the changes 1n widths of the joints which are caused
by the dally temperature cycle. The number of joints at which
these messurements are to be maede has been reduced sufficlently
to permit a set of observations to be completed on all of the
sections before appreciable changes occur in the temperature of
the concrete. The first set should be made in the meorning
before the psvement has been exposed to the sun. The second
set should be made between 5.00 and 3:00 P.M, when the tempera-
ture of the concrete is at o maximum for the day.

The deily chenges in the widths of the joints ghould
be determined for each season of the year, within approximately
one week of the time that the corresponding set of seasonal
observations was made. In a1l casecs the observations should be
made on o clear day when the pavement 1s in a condition normal
for the season of the yecar.

The average temperature of the concrete should be
measured in eoach section at the time the measurements of tho
secngonal and daily changes in widths of the jolnts arc being
mede.,

MEASUREMENT OF PERMANENT CHANGES IN JOINT WIDTH

To measure the permanent changes in width of the joints,
it is necessary to eliminzte in some manncr the differences 1n
the lengths of the slabs that are ccuscd by variations in the
moisturc and temperature condition of the pavement., The effect
of molisture variations changos slowly in an snnual cycle end
may be climinated by making thc different scts of obgcrvatlons
at approximatcly the same time ecch year. The differences in
sleb length ceused DY temperature varintions cennot be ¢limin-
ated entirely but every offort should be made to make the
mensurements on coch scetion a t 2 time whon the average paves-
mont temperature is the some.

Only one set of measurcments 1s required each year and
ghe most sultable period 1is midsummer, between the first of July
and the middle of August, when the joints tend %o be closed
dguring the hot part of the day. DPuring this period the moisture
condition of the pavement remains fairly constant except during
snd for r short time aftcr roinfall.
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The firat sct of measurements should be made approx-
imetely one year from the time the pavement waos constructed. A
clear day that hes been preceded by at least one clear dey during
which the psvement has been exposed to the sun should be sel-
ected for the observatlions.- The average temperature of each
section should be determined at the time the measurements are
being made on the section. Since 1t will be necessary to repesat
these measurements in subsequent years at the same temperature
that obtained when the flrst set was made, 1t 1a important that
~the first set be made on = day thet is normal for the season,

Studles of the changes in widths of joints in concrete
pavements made by the Public Roads Adminlstration, over e long
period of tims, have shown that the magnitude of the seasonal
and dally changes in widths do not vary from year tc year except
where cracking in the pavement has occurred, Permanent or
residual changes In the widths of the jolnts may contlnue over
a long period of tlme, however, under certesin conditions. There
appears to be no reeson, therefore, for continuing the messure-
ments of the daily and sessonal changes in widths of the jeints
for more than a yeer or two. The studles of the permsnent changes
in width of the joints should be continued for o period of sev-
eral years, however,

LEVEL MEASUREMENTS

Since the first set of level observations 1s to serve
as o base to indicate the normal elevations of the different
points on the pavement, 1t is desirable that the observations
should be made as soon as possible after the pavement was laild
and before the subgrade is frozen or in an abnormal molsture
condition.

The second set of elevation measurements =hould be made
in the winter to determine how nearly the original alignment of
the different sections of the pavement 1s maintalned under winfer

condl tions.

The third set of observations should be made after the
pavement is several years old, et 2 time when the subgrade is in

a normal summer condition.

CRACK SURVEYS

An intensive crack survey should be made when the pave-
ment is from four to six weeks old to record any cracks which
might have occurred durlng and following the curing period. After
this, 1t 1s desirsble that crack surveys should be made twice a
year over & perilod of two or three years, These crazck surveys
should be made in the late spring before the beglmming of the hot
westher and in the fall before the beglnning of the cold weather.




GENERAL CONDITION SURVEYS

A survey of the general condition of the pavement
should be made once a year, praferably in the fall, In this
Euivgy speclal ettention should be given to the condition of the

oLnts.

Adequgte informatlion concerning the compressive and
transverse bending strength of the concrete in these experi-
mental pavements should be obtsined, Laboratory tests on special
specimens should be made to determine the elastic and volume
change characterlstics of the concrets used in each project,

SUMMARY OF
TEST PROGRAM FOR THE FIRST YEAR AFTER THE
CONSTRUCTION OF THE PAVEMENT

Seasonal Changes in Widths of Joints.

FPour sets of measurements should be made to determine the
magnltude of the seasonsal chenges in the widths of the jolnts.

Winter -~ Januabry or February
Spring -~ April or May

Summer -- July or August

Fall -- October or November

Daily Changes in Widths of Joints.

Measurements should be made of the dally changes in the
widths of the Joints on selected days at each of the four seasons

of the year,

Permanent Changes in Widths of Joints.

A set of measurements should be made at the various joints
selected for studying the permanent changes In width. Since
this set will be used as a basis for comparison with future date,
the observations should be delayed until cracks have occurred
2t all the weakened plane jolnts. It 1s recommended that this
set of measurements be made during the first summer following

the construction of ths pavement.

Elevation Measurements.

Ons set of level observatlons should be made to establlish
the original elevatlions of the selected polnts on the different
sections of the pavement.




Crack Surveys.

Crack surveys should be made at the end of the curing
period and in the late spring end 211,

General Conditlon Survey.

A survey should be made of the general condltlon of the
pavement in the fall approximately one year after the laying
of the pavement. .




TABLE lea

SCHEDULE OF JOINTS AND POINTS AT WHICH MREASUREMENTS SHOULD
BE MADE - CONTRACTION JOINT SPACING - 15 FEET

. Changes 1n Joint Widths
Sect. Joint Numbers i
No. Seascnal Daily Permanent
1 1, 3, 6, 7, 9, 11, 13, {1, 7, 13, 39,38, 39, 40, 41, 42,
15, 19, 23, 27, 31, 35,{43, 69, 75, 43, 44
39, 43, 47, 51, 55, 59,[81
63, 67, 69, 71, 73, 75
77, 79, Bl L
28 8 7
2 1, 2, 4, 8, 8, 10, 12, |1, 2, 8, 14, |1, 2, 4, &, 8, 10,
14, 16, 18, 20, 22, 24,)26, 30, 42, 12, 14, 16, 18, 20,
26, 28, 30, 32, 34, 36,48, 54, 55 22, 24, 25, 26, 27,
o8, 40, 42, 44, 46, 48, 28, 29, 30, 31, 32
50, 652, 54, 55
29 10 21
3 i, 2, 4, 6, 8, 10, 12, {1, 2, 8, 14, {11, 12, 13, 14, 15,
14, 15, 17, 19, 21, 23,{15, 21, 27, 16, 17, 18
25, 27, £8, 55 28
17 8 a8
4 9, lo, 11, 12, 13, 14,
i5, 16, 17, 25, 26, 27,
28, 29, 30, 31, 32, 33
18 0 Q
5 9, 10, 11, 12, 13, 14, |92, 10, 11, g, 10, 11, 12, 13,
15, 18, 17, 25, 26, 27,|12, 13, 14, |14, 15, 16, 17
28, 29, 30, 31, 32, 33 |15, 16, 17
18 ] ¢)
6 {1, 2, 3,4,5 6,7, 8,3, 4,5, 6, 7[5, 6, 7
9, 10, 11
11 5 )
7 9, 10, 11, 12, 13, 14 ¢, 10, 11 9, 10, 11, 12, 13,
15, 18, 17, 25, 26, 27,}12, 13, 14, 14, 15, 16, 17
28, 29, 30, 31, 32, 33 |15, 16, 17
. ) g
st sy o iy e ———
Total | 139 E 49 87
Changes in Elevations
Section
No. Point Numbers Number of Points
1 From 21A to 61B 88
2 From 1A to 55B 116
3 From 1A to 585B 118
4 From 1A to 41B 90
5 FProm 1A to 418 90
3] From 1A to 11B 1 32
7 From 1A to 41B *ii 90
{Total Ti 622




APPENDIX B

August 1940,

SOILS SURVEY AND MEASUREMENTS OF MOISTURE AND DENSITY
IN FINISHED SUBGRADE ON PROPOSED EXPERIMENTAL
CONCRETE PAVEMENT CONSTRUCTION,

These instructions, concerning the information on subgrade
soils that is desired in connection with the construction of
the experimental concrete pavements, are supplemental to the
outline "Observations end Measurements on Proposed Bxperi-
mental Conerete Pavement Construction" dated June, 1940,

In the above~menticned outline, the soil survey of the
slte 1s listed in Paragraph 3 under "A., Preliminary Data,
In meking this survey it is suggested that A.A.S.H.0. Method
T 86-36, "Standard Methods of Surveying and éampling'Soils for
Use in Place on Subgrades for Highways" be followed in detail,

Paregreph 6 under "B, Dally Observations" deseribes in
general terms the desired daily information regarding subgrade
conditions. It will be desirable to meke determinations of
both moistufe and density and the followlng procedure is
suggested: ‘

Subgrade soil density and moisture tests should be made at
intervals of approximately 300 feet after the fine grading has
been completed and immedlately ahead of paving operations,

The samples may be taken with a 4-inch or 6-inch post
auger unless the scll contalns appreclable percentaées of stone
or gravel, In the latter case, a hole may be dug with a pieck

and shovel,
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Two test holes should be bored at each location, the flrst
one 9 inches in depth and the second one 18 inches. All of the
soil from each hole should be saved in pans or other containers
and handled In such manner as fo prevent loss of soil and, to
the extent practicable, loss of moisture. All the soil taken
from each hole shall be welghed and the weight recorded, After
weighing, the entire sample shall be thoroughly mixed and a
representative sample taken for the determination of the mois-
ture content, Each molsture sample shall be of sufficient size
to nearly fill a 6+« or 8- ocunce ointment can, The soll shall be
placed in the can, the 114 shall be put on securely, and the
joint between the 1id and the can sealed with adheslve tape notb
less than 1/2 inch in width,

The object of this procedure is to avoid the loss of molsture
from the soll in transit from the subgrade to the laboratory,
Other methods which will accomplish the same purpose may be used,

After the soil has been welghed and the moisture sample taken,
the volume of the hole for each of the depths shall be determined,
This may be done by obtaining the welght of sand or heavy oil of
known weight per cublic foot required to £111 the hole and using
these date to calculate the volume of the hole. The volume of
bored holes may also be obtained by using g rubver bag, atteched
to a ecalibrated conteiner snd filled with water to the proper
elevation for reading, The volume of the ribber in the hole
must be taken into account when using this method,’

After the molsture sample is received in the field or State
Laboratory, the tape shall be removed and the sample, can and

11d welghed as received and the weight recorded, The sample,
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can and 1id, shall then be dried in an oven at 105 C. to
constant weight, The soil shall then be removed from the can
and the weight of the can end 1id recorded. From these data
the percentsge of molsture based on the basls of the weight

of dry soil can be calculated,




Appendix B {Cont.)

GRADING PROBLEMS AND EMBANKMENT AND SUBGRADE
CONSTRUCTION DETAILS AND SOIL TESTS.

Extracts from the Dist. Engr's, Final Report,

Roadway Excavation, Channel Change Excavatlon
and Roadway Embankment

Roadway excavation between the beginning of the project
{Sta, 370465) and Sta. 622, also between Sta, 638 and the end
of the project (Sta, 44+58) was comparatively light, consist-
ing of shallow cuts through cultivated orchards and flelds end
along the existing travelled road, Embankment quantitles wlth-
in these sectlons exceeded excavation quantities, Excavation
was made with tractor-drawn scrapers,

Excavation between Sta, 622 and Sta, 638 consisted of heavy
cuts, ranging up to 100 feet 1n helght, and comprised approxli-
mately one-half of the total roasdway excavatlon, Portions of
these cuts, sufficient to complete adjacent fills, were excavated
with bulldozers and tractor-drawn scrapers. The balance, totall-
ing apvroximately 30,000 cuble yards, was excavated witﬁ a power
shovel and heuled in‘Fuclid bottom dump “Trak-Truks" to complete
roadway embankments between Sta. 465 and Sta. 597. The material
encountered was silty clay loam snd soft slilty shale. No blast-
ing wes required for the shovel work and only = small amount of
ripping was required for the tractor work,

The start of roadway excavation operations was delayed
vecause of heavy rains beginning about the middlie of January,
1941, and continuing at frequent interveals to the latter pert
of March, Only a small amount of pioneering work was done during

this time and no embankments were placeds Scraper operations
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were started March 24, and shovel operations were started March
27, By March 31 approximately 8,000 ¢u. ydsi had been placed
in embankments from Sta., 540 to Stae 550, Sta. 594 to Sta: 597,
and Sta, 628 to Sta, 630; Due to the high molsture content of
the materisl proper compaction édould not be obtained and the
contractor elected to discontinue grading operations until
weoather and ground condltions were more favorable.

Rain and ¢loudy weather continued until the middle of April
and the ground did not dry out sufficiently to permit grading
until the middle of May, Work was resumed on May 1l4; but 4iffi-
culties were ensountered in obtaining satisfactory compaction in
£411 foundation areas, Excavation operations were not resumed
untll May 21 Again difficultles were encountered in compacting
material from roadway excavation. Delays hampered grading oper-
atione until the middle of Junes From that time on; operations
proceeded without serious delay but progress was slow because of
insufficient compacting equipment to6 handle maximum shovel and
scraper productions’ The contractor had on the job only suffic-
ient spreading sand rolling equipment to handle production from
elther the power shovel or the scraper fleet, Rather then obtain
additional rollers and tampers, the contractor elected to work
the scrapers during a morning shift and the shovel during an
afternoon shift, using the same rolling equipment for the morning
end the afternoon shift, At times 1t wes necessary to operate the
rélling equipment a third shift to properly compact materiel that
hed been placed during the other %twco shifts,

The material enecuntered in f1ill foundation areas and in road-

way excavatlon was,; with a few exceptions, & poorly graded soil

S S —
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having a2 high silt and clay content with properties that rend-
ered 1t extremely difficult to secure a uniform molsture
contents It was also found that these scils did not compact
readily with equipment and methods in general use,

After .repeated unsuccessful attempts on the part of the
contractor to get uniform molsture content and satisfactory
compaction, with methods he contended were prescribed by the
provisions of the contract, demonstrations were carried out on
several small areas to determine methods that would obtain de-
slred results, It was found that uniform moisture content
could be obteined only by adding water in small amounts and
scarifying or cultivating after each addition of water during
spreading operations and the further asddition of water in small
amounts during rolling operations. It was also demonstrated that
with the material in the condltion resulting from these operations
not less than twenty passes; with the sheep-foot tampsrs belng
used, were required to obtain the specified relative compactlon,
This amount of rolling required twlice the numbser of rollers spec-
ified 28 the minimum number of rollers under contract specifica-
tionse: -

By mutual consent, after conferencesbetween the contractor and
district representatives, 1t wss verbslly sagreed that the procedure
of scerifying and rolling with double the minimum rolling equip-
ment would be accepted as giving specified compaction. This
procedure was followed on fills constructed wilth materials hauled
in "BEuclids" and, with a few exceptions, a relative compaction of

'90% or over was obtalned,.:
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The contractor found that the method of scarifying and
double rolling did not work out economically for scraper work
end material excavated and hauled by scrapers was compacted by
spreading in thinner layers and watering in small amounts during
rolling operatlions in order to thoroughly mix the water in the
soil, Proper routing of loaded and unleaded scrapers was in-
sisted upon and after a proper routine had been established,
satlsfactory compaction was obtained,

Under Proposal for Change Nos 47369 the contract speciflca-
tions were modified to the extent that embankments could be |
placed on the natural ground of fill foundation areas after
rolling for one hour with one roller unit for each 150 cu. ydss
for one foot of depth and without further treatment of the nate
ural ground; In a number of ihstances less than 90% relative
compaction was obtained in natursl solls, When the fill was less
thaen three feet in helght sufficient natural soll was removed %o
provide for a f1ll of three feet and the entire £111 constructed
of sandy material obtained from channel change excavation,

Rosdway excavation guantities were insuffleient to complets
the required embankments and the deficiency in quantity was made
up by importing material from channel change excavation, The
most suitable material encountered in the channel change was re-
gserved for selected material In the upper six inches of the
subgrade; material slightly less sultable was used as a subgrade

blenket beneath this six-inech layer. The least sultable mater-

1al was used to complete the lower portions of the embankments.
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Excavation was made with a Northwest crane on crawler
tracks equipped with a fifty-foot boom and & 1% Cu. Yd, drag-
line bucket, Hauling was done with Buclid bottom dump “Trak-
Truks! of 13 Cu. Yd, capaclty and 4% Cu. Yd. dump trucks.
Material was spread on the grade with bulldozers and power
graders. Due to the sandy nature of the material, rollers or
sheep~foot tampers were of little or no advantage. Thelr use
was discontinued after 1t was demonsitrated that relative com-
pactions of 95% and higher were being obtained by watering and
routing hauling equlpment over all parts of the fill,

The portions of fills completed with channel chenge excava-
tion and the thieckness of subgrade blanket are shown on the
Standard Soil Burvey sheets attached to this reporti.

In lleu of placing and mixing selected material for the upper
six-inch layer of the roadbed in four windrows as specified in
the Special Provisions, the procedure of placing and mixing was
modified by Proposal for Change No. 46921, Selected material
wes placed in four or more layers, each layer being spread uni-
formly before placing the next layer, After sufficlent material
had been placed in these layers in a compacted volume equal to
the upper six inches of the roadbed, it was mixed by blading it
across the roadbed in successive windrows with power graders.
The size of the windrows being handled was increased and the
work expedited by the use of tractors to tow the power graders.
A constant check was kept on the screen analysis of materials
in the borrow pit and on the grade to assurse uniformity of

moteriasl. Screen analyses of the blended material from samples




—Be

taken from the completed subgrade 2re shown on the Standard

Soil Burvey sheets attached to this report, They show that a
very uniform meterial was obtained for the entire length of

the project. #l1ll of the materlal placed in fhe upper six

inches of the subgrade is classified as gravelly sand by grain
size classification and rs A-2 soil by U.S.P,R.A, classification,

Water Control & Compaction

Grading operations were started during the rainy season when
surface solls were saturated from contlinuous fains and the mols-
ture contenﬁ was too high to permlt maximum compaction., The
specified relative compsction could not be obtained in the nat-
ural soil in f111 foundation areas, and in the shallow cuts
extending over ﬁhe greater portion of the project excavation was
not deep enough to reach the drier subsoils which would have per-
mltted blending with the wet surface solls. After placing 5125
Cu, Ydse in the f111 between Sta. 594 and Sta, 597 and 1825 Cu,
Yds, in the fill between Sta, 628 and Sta, 630 of soll that
conteined 18% to 25% molsture grading operations were dlscon-
tinued until more favorable weafher condifions prevailed, Ths
relative compaction in thess f1lls was less than the 90% spec-
1fied in the contract asnd the fills were removed and reconstruc-
ted.

Prior to June 1, 1941, relative compaction of natural soils
in £111 foundation ereas and for materials placed in embankments
wes based on an optimum unit weight determined by mesns of the
laboratory method of compaction as described in Section 6,

article (&), Test No, 7, of the Standard Specifications,
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Considerable difficulty was experlenced in compacting embank-
ments to the required 90% relative compaction 1f the moisture
-content did not slightly exceed the maximum allowsble as
indleated by the test data, It was found that grester unit
weight could be more easily obtalined in the embankment if the
moisture content wes slightly in excess of the optimum moisture
content for maximum compaction as found by the laboratory
method,

Comparctive tests were made on typlcal solls throughout the
projeet, using both the laboratory method and the field method
described in Section 5,7112 of the Construction Manual, and
results of these tests indieated that optimum unit welghts by
the field method averaged 2% to 3% less than that obtained by
the laboratory method, Unit welghts of materials in the embénk-
ments was 90% or more as sompared to the optimum by the field
method, but 2% to 3% less than 90% by the laboratory method,

On embankments of c¢layey soll, placed subsequent to June l!
1941, relative compaction was determined by the field method of
compaction and with a few exceptions satisfactory compaction was
obtaineé, On clayey embankments placed prior to this time,
relatiée compaction results were reealoulated to meke the records
| eonsiatent,

The water cpntained in excavated material varied over s wide
range within a given cut during a given dayts operation, Mueh of
the grading was done during the hot summer weather and evap-~
oration of wester on the grade was heavy and variable due to the

necesslty of applylng water in small amounts and In numerous
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applications to insure proper mixing and wniformity, Applica-
tion of the proper amount of weter required oconstant checking
and the exercise of considerable Judgment.
The moisture content of embankments made with 8ilty clay soils
‘from roadway excavation ranged from 12% to 18% with sn average
of approximately 15%. A great majority of the tests show a molse
‘ture content within 1% or 2% of the aversge, In the few instances
where less than $0% relative compaction was obtained, the mois-
ture content 1s low,.
The molsture content in embankments made with the sandy gravel
“'from channel chenge excavation, ranged from 5% to 9% with an
average of approximately 8%, The molsture content was much higher
" than this at the time the material was being compacted but com-
paction samples were token as mueh os a full day efter the
material had been placed and much of the water had drained oub.
Since conclusions to be made from observations and test data
are to be based on comparisons of the efficieney of the various
joint spacings and dowel arrangements, unlformity of subgrade
and pavement were of prime importance and every effort was made
" to secure this uniformity.
Uniformity of subgrade materisl was obtained by selecting
and blending material for the upper six inches of the roadbed as
previously described under Channel Change Excavatlon and Embank-
mentsy The materisl used was a gravelly sand with a compara-
tively low cementing value and did not compact readily under a
sheepfoot tamper or conventional rollery However, under econ-

tinued use by publie tralffic and the contractor's eguipment
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this material became well cemented snd reached a very high
density., When subgrade operations were started the roadbed
had reached thls condition of high density for the entire
length of the projects The subgrade wes scarified only three
to four inches deep, or just sufficient to remove the toarser
rock and provide for shaping the subgrade and still retain the
density that had been obtained from traffic,

Samples taken from the subgrsde immediately ahead of paving

operations show densities ranging from 120 1lbs, to 130 lbss

per cuble foota.,




Appendix B (Cont.)
FINAL MATERIALS REPORT
Experimental Paving Project
VIi-Ven,LA-79-C,A
Contract 27XC7-P
By R. J. 4llen, District Materials Englneer
‘ Feb, 6, 1942.
Instructions for the proposed construction, pro-
gram of observations, solls survey, ete, were prepared by the

Public Roads hdministration, The instructions pertaining to the
soll survey were dated August 1940,

Standard Soil Survey Sheets

On the attached soll survey sheets are shown twe
g0il profiles. The upper profile i1s diagrammatic, showing the
grade as a straight line 2nd showing the detells of the solls
to depths of from 3 %o 4' below the pavement. The lower proflle
shows the profile and grade line plotted to true elevations.
This is on a smaller scale and shows only the samples and tests
below the srea covered in the detalled disgrammatic proflle,.
These sre mainly relstive compaction tests.

: The various layers of soil are shown on both pro-
files, In some cases where a part of the rosdway was on fill
and part ln cut, the toe of the £111 has been shown on the pro=
file. as o dotted line, The solls sabove this line are those of
the £111 rather than the original ground, This method hes been
used only where the fill represents the greater part of the scolls
under the pavement sectilon, Numerous cross-gsections are also
shown on the soll survey sheets %o clarify these cases where
conditions could not be well shown on 2 profilies

Three types of samples are shown by different
symbols indicated 1in the legend on the sheets, These types are
eg follows:

1., Molsture and Density Samples

These were teken in the top 9% and top 18¥ respec=-
tively of the subgrade as required by the outline of procedure
of the U, S, Public Roads Administratlon dated August 1940,
These samples sre indicated by two <olid lines approximately ,O05"
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apart, Actuallyﬁ each sample wes %aken in two parts by borlng
adjecent holes 9% and 18" in depth., In order to show these on
the proflle the two samPles heve been given one number and shown
as MA" for the upper 9" and "A&B" for the fuil 18", The mols-
tures osnd densities are shown at the side of the sample, The
outline of procedure of the U, S, Public Roads Admintstration
mensioned sbove,stated that these tests should be made at approx-
imately 300! intervals immedlately shead of paving operations,

In Mr. Stanton's letter of iugust 26 and his teletype of Oct, 10,
this was interpretated to mean that these tests should be made at
3001 intervals, only in portions of the north lane where refere
ence polnts were to be set in the pavement, for measurements of
expansion and changes in elevations, Between these sections the
tests were made at approximately 1500' intervals; they were also
mede at 1500!' intervals in the south lane throughout the jobe
Where these samples were taken at 300' intervals it was not posw
gible in all cases to take them directly in front of the mlxer
becsuse of the considerable time necessary for esch test. There-~
fore some of the density determinations were made about 15001
shead of the paving operations, but in these cases an additional
sample was taken in the top 8" directly ahead of the mixer in
order to determine the moisture content immedlately before the
conerete was placed,

2. Relative Compactlon Tests,

These are shown in solld black lines with the
moisture and density, in place, on the right side of the line
and the relative compaction on the left., Because of the great
number of these samples whileh were taken, there was not suffi-
cient room on the sheets to tebulate test date end it was there~
fore decided to show them in the sbove desceribed manner, A
considereble number of relative compaction tests are not shown
on the soll profile for the reason that they were in side hill
£11ls which could not be shown. Other relative compaction tests
were omitted because of lack of space to show them, as in the
case fill between Statlions 628 end 630,

%3, Samples upon which complete tests were mede,

These are shown by dotted lines approximately
0,1" apart, The detalled test dats, including grading analysis,
relative compaction, bearing value, 1kquid limit, plastielty
index, and U.S.P.R.A. classificetion, are tobulated on the ugper
portion of the soll survey sheet. The bearing values at 0.1
penetration after soaking, the molsture and density in place,
and the relative compaction, are algo shown sdjacent to the
samples on the profile, These samples were taken at approxi-
mately 1500' lntervals in eech soll layer or at more fregquent
intervals where necesssry to show changes in type or guality.
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. The following is a summary of the tests of various
types whieh were made during the construction of this project:
Relative Compaction Tests 4504«
Grading Analysis on Channel Borrow:

Preliminary 200
Contrel Tests 150

Moisture and Density Tests of Subgrade 170

Complete 801l Tests, inecluding
Grading Analysis, Relatlive Compae-
tion, Bearing Value, Expansion,
Ligquid Limit, Plasticlity Index;
and U.8.P,R.A. classification 115

Aggregate Tests:

Grading fnalyses 115
Rattler Tests 19
Specific Gravity 21
Colorimetric 9

These aggregate tests do not include tests made at the Sacramento
Laboratory or dally tests made by the Resident Englneer at the
hatching plant.

Compaction of Embankments,

The greater part of the roadwey excavation and of
the natural soils in the fill foundatlions consisted of silty
clay loam whlch was very difficult to compact, Because of the
excesalvely heavy rainfall durlng the winter of 1940-41 the
moisture content of mueh of this material was sbove the amount
et which 90% relative compaction could be secured, This added
to the compaction difficuliies since it was necessary in such
cases to reduce the molsture content of the soll before 1% could
be compacted. At certaln locatlons it was impossible, because
of capillary rise of underground water, to rsduce the moiasture
content of the £ill foundatlon meterisl sufficiently to permit
90% relative oompaction in the top foot as required by the
Standard Specifications. In thess locations the following pro-
cedure wag authorized by Central Office:

If the fill wes more than 3! in helght, the orlg-
tnal ground was rolled at the rate of one hour, with a standard
8' sheepsfoot roller; for each 150 cu, yds. of material in the
top foot; this being the minimum amount of rolling permitted by
the Standard Specifications, 1, on the other hand; the fill
wos less than 3f in height, the top foot of the original ground
wos removed and replaced with sandy materisl from the channel
vorrow which could be compacted to & relative compaction of 90%s
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In cases where particuler difficulty was encoun-
tered in compacting clayey soils, even though the moisture con-
tent was such that 90% Reletive Compection wes possible, if 90%
Relatlive Compaction was not atteined after double the minimum
amount of rolling permitted w3 the Standard Speclfications, the
£fills were accepted as being satisfactory, This procedure wsas
authorized by Central Office. There were very few instances
where 90% was not sttained after double rolling.

The relative compaction tests made on the clayey
moterial were basged upon the compacted denslty of the material
ag obtained by the standard field method as authorized under
Section 5,711 of the 1938 Construction Manual,

In general, relative compaction tests were made
at approximately 1! to 2' vertieal intervals in each fill and
1f the compaction was found to be less than 90%, except in the
cases mentioned above, further rolling or, where necessary,
scarifying and re-rolling were required, Since many of the tests
were near the borderline and since the necesslty for rescarifylng
and recompacting the meterial depended upon the results of the
tests, great care was taken to secure sccurscy in theso results,
In practically all cases three samples of the materliael were com~
pacted by the fleld method in order to determine the optimum
moisture and meximum density for each sample, All weighing
operations end volume moesurements were mede wlth an accureacy
which would insure an error of considerably less than 1% relative
compacticon.

The compaction tests shown on the soll survey
sheet reprcsent only a porilon of the tests which were made, , A
greet number of tests were vold because the material was later
recompacted, .in which cases only the letest semple was shown on
the soil survey sheet, Also, & number of tests were taken in
side hill fills which de not show on the soll survey profile,

Subgrade

The suecess of the pavement experiment dépends to
a large extent on the uniformity of the subgrade., For this
reason the speciel provisions required that the upper 6% of the
subgrade material be blonded to secure uniformity, by placing
the material in four aspproximately equal windrows, blading the
windrows together, and turning the material four times by
blading from one side of thc road to the other, This procecdure
was modified by a proposal for ohange %o the extent that the
materials were piaced in four or more layers rather than in four

windrows,,

The materlal used for the subgrode was secured
from the channcl change which was constructed in the Santa Clara
River., In order to determlne the portion of the channel change
which was most uniform in quolity, approximotely 200 tests were
mede on soll tube samples which were taken %o depths of sbout
4" at verious places within the 1limits of the proposed channel




excavations During the excavation of this materlal and the
placing of it on the roadbed, approximoately 120 additional
grading analyses were made o determine the distribution of the
material in the various layers to glve the greantest possible
unlformity. After the layers had been mixed on the roadved, 33
samples were taken transversely across the full width of the
subgrade: The attached grading cha?t shows the exceptional
uniformity of the subgrade es lndicated by these 33 samples,
The extreme limits of gradlng of the best 25 of these samples
showed a wvariation of only 2% on the 100 mesh and not more than
10% on any of the coarser sizes., The grading enalyses of the
finished subgrade samples, shown on the soll survey sheet in
this layer, show slightly finer grading and slightly grester
variation in grading than the 35 tests which were taken prior
to compactlion of the subgrede. This difference was apparently
due to breakdown of particles caused by compaction operations
and to the considersble amount of trafflec to which portions of
this layer were subjectsd bsefore the pevement was pleced,

Concrete Aggregates

The concrete aggregrtes were sscured from sources
in the San Fernando Volley which usually show borderlline results
in the Rattler test: It wes therefore decided to stockplle
these sggregetes and test each of the stockplles before re-
lensing them for use on the project: Speclal care wos also
taken to secure ss uniform grading as possible at the plent,

Stockpiles were first tested st the Roscee plant

of the Consolidated Rock Products Company and some of these

were used for concrete structures., Before paving operations
started, however, the Consolidated Rock Company found that 1t
would be impossible to supply sufficient aggregates for this
project becsuse af orders for Nationel Defense work. They
accordingly made arrangements wlth the City Rock Compeny to
furnish all of the paving sggregates from their Sunland plant
end arranged to reimburse the State, through the Constractor,
for testing which had been done on the Roscoe aggregates.

The City Rock Company changed their plant screens
in order to produce the State specification sizes and thelr
product as 2 whole was very uniform in quellty. The sand,
however, was on the lower limit of the greding specifications
on the 30 mesh sileve, occasional samples showing deficlency of
1 to 2% 1in meterisl passing this sleve, Ifter paving operations
were under way, instructions were received from the Construetion
Department to use a blending sand in order to bring this size
within the specification limits, The blending sond was secured
from the Roscoe plant of the Consolldated Rock Company.

In the sompling of these rggregate stockpliles,
samples were taken from 2s many as five different locations on
the stockpile and were grerded sepsrately in order to indicete
the variation to haPexpected, In order t0o secure more repre-
sentative results on the grading of the coersec aggregates, the
grading anelyses were run on samples welghing from 2007 to 500 lbs.
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APPENDIX C
Ventura Experimental Pavement

Tests Comparing Dynsmic (Sonic) and Compression

Modulus of Elasticity, Modulus of Rupture and

Compressive Strengths of Concrete from the Ventura

Experimental Pavement.
SYNCPSIS

This discussion relates to tests designed pri-
marlly to compare modulus of elasticity determinations
by the éynamic and compression methods,

Dynamic E tests were made on both 8"x6"x34" beams
and 6"x12" cylinders; whereas, the secant stress-strain
determinations were made on the cylinders only, -

o There was a close correlation at all ages (4 days
a to one year) between the dynamic E determinations on
both beams and eylinders, but the secant E averaged
considerably less than the dynamic.
The desirability of further studles 1s indicated to

determine the relationship betwsen the two methods.

As stated, the primary purpose of the tests described in this
report was to determine the relation, if any, between the modulus
of Plasticity by the Dynamic (Sonilc) and Compression methods.

As far as possible, all factors related to mix and fabrica-
tions were kept constant. Thus all speclal test specimens
{elghteen 8"x12" cylinders and eighteen 6"x6"x34" beams) were
fabricated from the same batch of concrete mixed in the fileld in
a standard paving mixer during regular paving operations, The
water-cement ratio and sliump were therefore constant, as well as

the cement and aggregates.
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Although the detall data relates to only one set of
specimens and one set of circumstances, and therefore may not
necessarlly be susceptible of general appllcation, they are of
interest as indicative of results to be expected with similar
combinations of materials and construction procedure and there-
fore have some value in supplementing previously published data.

Under the conditions of test described, 'the secant com~
pressive moéulus at 1000# was found to range from 62% of the
dynamic modulus at 28 days to 75% or 76% at later perlods. It
was apparently possible to as accurately measure the dynamic
modulus of the 6"x12" cylinder as of the 6"x6"x34" beams,
although the frequency of the cylinders was of such an order as
to be at or close to the measurable limit, The frequency of
resonance of specimens 6 inches in dlameter and less than 12
inches long was too high to be measured wlth satisfactory
accuracy with the equipment available. Therefore, if it 1is
desired to make dynamic E determinations on cylindrical spec-
imens, 1t is necessary either for the length to be greater than
£wice\the diameter; or to use equipment with adeguate sgnsitivity
in the high-frequency range, It is of interest to know, how-
ever, that where large numbers of g"x12" cylinders are fabri-
cated for compressive strength tests, it 1s practicable to make
dynamic E determinations on this type specimep, provided the
ratio of the diameter to length is not greater than 0.5,

The results of the tests on the three pylinders and three
beams in each set tested to destruction at each of six test

periods 1is evidence of the degree of uniformity as between the

different specimens (Table I-C and Fig. 1-C),
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The secant B at 1000 n.s.i. was determined on all unbroken
specimens at each tost period from 28 days on, and up to 2000
p.s.l, at 3 months, 6 months and one year, The results at the
later period may, therefore, have been influenced by the earlier
tests on the same specimens and this factor should be taken
into conslderation in evaluating these results and in any sim-
ilar studies, However, the load application was continuous and
there was Immediate release as soon as the maximum load was
reached, There was, therafore, 1ittle time for plastic flow to
take pnlace and the figures do not indicate any appreciable in-
crcase at later ages in the By of speclmens similarly tested at
carlier ages.

The secant B of the 6"x12" cylinders was found to be sub-
stantially the same at 1000 p.s.i. as at 25% of tho compressive
strength for all ages from 28 days on (Table II-C),

In making the dyﬁamic T determinations, the correction
factor T described by Obert and Duvall in thelr paper published
by A.S.T.M, in 19411 was applied; T correction curve 4, Figure 1
belng used., Curve 4, which applles dlrcctly to prisms, was used
for 6"x128" cylinders by entering the chart a2t an abselssa value
which is 2/4/3 times the actual ratlo of diameter to length,

gure 1-C of this report shows how closely the dynamic E
of the cylinders (after correction} agrecd with the simllar
determination on the beams,

1Leonard Obert and Wilbur I. Duvall, "Discusslon of Dynamic
Methods of Testing Concrete with Suggestions for Standardiz-
ation," Proccedings Am. Soc. Test. Mat'ls., Vol, 41, Pg. 1053

{1941).
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Other Tests

e e e e

Similar determinations were made at 28 days on speclmens
fabricated throughout the life of the project.-
Forty-eight cylinders and beams fabrlcatsd durlng this
period tested as follows at 28 days:
Dynamic % (6"x12") cylinders 4,800,000
" o (e"x6"x34" ) beams 4,900,000

Compressive Eg (1000#) Cyls. 3,000,000 = 62% Dynamic

Comnressive Strength (Cyls) 3870 DSl
n " {Coreas) 4240 M
Modulus of Rupture 639 b

5,00 sacks of cement per cuble yard.‘

It is of interest to note the close agresement of all Dynamle
and Compressive ¥ determinations on these job specimens with
similar determinations on the esightcen eylinder speclmens from
the single batch from which the speclal set of test specimens
was fabricated.

As will be noted, the conerets on this project, which son-
tained five sacks of cement per cubic yard, dld not develop
particularly high compressive strength at 28 days, but by
three months well exceeded 5000 p.s,i. and by one year sub-
stantially exceeded 6000 p.s.l. The navement core strengths
(cores cut just prior to test) were as follows:

51 cores at 28 days tested 4240 p.s.i, in compression

48 " " 2 years " 7135 " " "

No coreg were tested at one year and there were no cylinders

avallable for test at ftwo years,
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Relation Between Dynamic E and Compression Eg

T C. Powersl, by averaging the stress-strain measure-
ments on opposlte sides of 6"x12" cylinders obtained initial
tangeht E values which checked fairly close with the dynamic
E determinations made on companion 5"x5"x18" bars, At the
same time, Powers shows a somewhat lower secant E at 1000 p.s.li.
than the Dynamic E of an unloaded specimen. The results of the
teats described in this paper check Powers' determinations.

While in the California series all "stress-strain" measure-
ments were made on only one position of the specimens, which
were then broken for compressive strength, subsequent tests
at the four quarter points of 6"x12" cylinders from several
recent concrete projects do not show on the average any great
‘dilscrepancy between the measurements for the different poéitions
of the compressometer,

Goncluéion

The tests described herein indicate some definite relation-
ship between dynamlc and compressive Eg values. It appears that
under conditions similar to those in the tests described In this
report, the 28 days secant E at 1000 p.ssi, averages approx-
1ﬁately'62 per cent of the Dynamic E at the same age.

Further studies indicate that this factor is influenced by .
type and quantity of cement as well as by the water-cement ratio,
gréding and type of nggregates, etc., for which reasons the de-

- sirability of further studles is apparent if any comparison of

this nature has any value.

‘7. G Powerg, "Measuring Young's Modulus of Elasticity by Means
of gSonic Vibrations," Proceedings Am. Soc, Testing Materials,
Vol. 38, Part II, Pg. 460 (1938).
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4 days
0 ¢
28‘ R

3 months

[} "

122 "

TABLE II-C

COMPARISON OF DYNAMIC AND SWCANT E

AT ALL PERIODS (6" x 12" CYLINDERS)

g'atégg%réégzzel%oo Dynamic g;ﬁpé.E':CoﬁpéSEr.%
Comp3tre| DeSel, CoFREese
2,260,000|1,190,000 |4,460,000 34 1210
2,600,000 2,310,000 |4,447,000 .52 2080
3,080,000 |3,060,000 {4,900,000 .62 3610
3,830,000 |3,890,000 5,380,000 .72 5210
4,410,000 |4,580,000 |6,030,000 .76 6010
4,650,000 [4,660,000 |6,210,000 15 1 6570

# 5 fack Concrete,.




TABIE III-C
Data Relating to Concrete Materials

and Concrete Design and Construction,
Ventura Test Project.

(2) Aggregates:

1, Pine ~« Granltic rock fragments, quartz and
feldspars chlefly, with some bilotite,
hornblende and magnetite in the fine
slzes, BSpecific Gravity 2.70,

24 Coarse - Chiefly granitie and gnelss. Spscifie
T Gravity 2.70.

(b) Cement:

Type II - 90.8% passing 325 mesh - Specific surface
1610,

CzhA 6.,0% - Cz3 32.0%
The low C3A and CxS combined with the
relatively low specific surface probably
accounts for the comparatively low 28
day strength.
(c) Concrete:

Five sacks cement per cublc yard.

Water-cement ratio by welght 0.,6. Slump 13",

Coricrete mix by welight: 132.73:3.66

The meximum slze of coarse aggregate in the mlx -

was 23" to 3", but in fabricating test specimens,

all particles over 13" were removeds

Average Wt. Concrete: Cyls. 150#; beams 152#; Cores 15444




Fig. I-C
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Fig.l-C. Comparison of Compressive Strength, Modulus of Rupture, and Modulus
of Elasticity (Compressive and Sonic) Tests on Concrete from a Concrete
Paving Project in Ventura County, California.

Tests made on a special set of 36 specimens (eighteen 6"x12" cylinders and eighteen
&'x6"x34" beams) from a single batch of concrete. See Toble | for detail test data.




LPPENDIX D

Subgrade Frictlon

Measurements of subgrade frictlon were-made on full
slzed pavement sisbs, The test slabs were separated from the
adjoining slabs at each end by 4" x 10" redwood block spacers,
placed during normal paving operatlions, These redwood spacers
were subsequently removed, leaving 2 4" clear opening at each
end. of the test slabs. The inside edge of the slab was in
contact with the adjacent slob of the other lane and the outside
edge was in contact with the shoulder material.

Thrusting force to movse the sisb was supplled by com=
pressed air through a 4" M"goft suction hose" placed in the 4"
opening at the end of the slab end attached to 2 controlled
vgriable pressure source. Wood shims were used to reduce the
width of the opening to within the calibrated range of the
hosé.l(Fig. 1-D),

The slab was first moved east slightly more than 0s10"
5y epplying pressure ghrough the hose at the west end of the
gleb, It was then moved west approximately 0,20" by applying
pressure through the hose at the east end of the slab, The
displacemeﬁt was measured with fmes disls attached to adjacent
siabs at the opposlte end to which the pressure was applled.
The slab wes then moved alternetely enst and west in approx-
imate 0,20" movements until the force required beceme constant.
This preliminary gseries of displacement movements was made to
put the subgrade in somewhat the same condition as might be
expected under a pavement after & number, of movements resulting

from moisture and temperature eycles,
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The slob was then dlsplaced east and 0,05" from the
original position so that any subsequent movements would lle
well within the range covered by the prelimlnery movements.

The subgrade friction test was started from this point. 4n
increment of pressure sufficienﬁ to displace the slab approx-
imately 0,010 eastward was applied slowly and held constant
until 81l displacement had ceased: *fter recording this pres-
sure end displacement en additional pressure increment was
applied slowly for & total displacement of asbout 0.020" and
held constant until all forward displacement hed ceased. The
pressufe increments were repeated until & total displacement of
about 0.050" was obtsained, The pressure was then slowly de-
creased by the same unitas used to obitain the forward dlsplace-
ment, The pressure at each decrement was held constent until
a1l movement hed ceased and the recovery measured.

Pressure was then applied to move the slab in the re-
verse or west directlon and dlsplacement increments read as
deseribed for the gast directlon, Complete pressure and dls-
placement measurements east snd west were secured for successlve
slob displacements of approximately 0,05, 0.,075" and 04 100",
The increments of pressure were selected so that sbout 5 sets
of 1ntermediate readings were seccured for each over all displece-
ment in each dlrection. See Pig, 2-D for the pressure-
displocements curves.

The subgrade frictlion on the fuill-sized concrete slabs
jnereased for inereased increments of displecement (Fig. 2-D).
The average velue of the thrusting force to move the 8" uniform

thickness slab for o distance of 0,025 inches was asbout 40% of
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the slab welght, The average .value for & movement of 0,050
inches increased to about 80% of slsb welght and to about 110%
pf the slab weight for & movement of 0,10 inches,

The average thrusting force for the dlsplacement of
the OY-7".9" glab for = distance of 0.025 inches was about 45%,
The average value for a movement of 0,050 inches incresased to
about 90% of slab welght ernd to about 130% of slsb weight for

a movement of 0,100 lnches,.




Figure 1«D
SUBRGRADE FRICTION TESTS

VII-Ven,LA«79-C,A Research 00194 Contract No. 27XC7-P

Close-up of Ames Dilals and Pressure Hose




Fig.2-D
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APPENDIX E

"y (Westergaard) Determinations
On the Ventura Experimental Pavement

Measurements were made by four different methods to secure
information concerning Westergaard's modulus of subgrade re-
action "k."

(1) A dilaphragm method and (2) a plunger method made on
the subgrade after 1t had been prepared for the paving oper-
ations as outlined in Assti State Highway Englbeer Grumm's
memorandum of October 10, 1940 (copy attached), (3) on full

pavement thiclmess concrete dises of 12", 18%; 24" and z6"

dlameter constructed on the subgrade during paving operations
and (4) measurements of the deflection at the center of full
slzed concrete siabs (11! x 15').,

1, DIAPHRAGM METHOD

For "k determinations by the diaphragm method the
finished subgrade was leveled off with & layer of sand approx-
imately one-half inch thick, The diaphragm was then placed on
this leveling course end carefully rotated to insure an 1lntim-
ate contact without bulging or sagging in the center, af'ter
which it was loaded with a sand supercharge to provide & unit
weight equal to the unit weight of a 7" concrete slaba (Flg: 1-E)s

A load, measured with a dynamome tery; was applled to P
(Figs. 1~E and 4-E) and hegd for 5 minutes at which time the
movement of P was read on the Ames dials. An average of the
readings on 3 dials was used to compensate for any sccentricity
in loading, The load was then released for flve minutes and

the dials read agaln, These cycles of applying and releasing
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the load were repeated until the difference in deformation
between no load and full load lncrsment remained cohstant for
two or more appllications of the load (Fig, 8-E)s .A Becond
and larger load was then applied teo P and the same cycle of
readings recorded as for the first load, - The successive loads
were applied to P in 1lncrements up to a point at which fhe
deflection of P approached the elastic limilt of the diaphragm.
2. PLUNGER METHOD,

The procedure outlined in Grumm's memorandum was followed.
Due to eonstruction difficulties it was impossible %o hold the
welght of D {Fig. 2-E) to 10 lbs. and G to 0.4¥ pounds. These
perts were counterbalenced as shown in Figure 5-E to bring the
weights of the parts in contact with the subgrade to the de-
sired value,

The subgrade was leveled off wilth a straight edge taking
care to disturb 1t the least amount possible,- The equipment
was then set up using a loaded truck to anchor. the hydraulic
jack for applying pressure to Re¢ A dynamometer instead of &
spring scale was used to measure pressure P. . A load of 1000
pounds was first applied slowly at R keeping P adjusted so
that E remained statlonary. This load was applied for S minutes
and the value of M and P recorded.  The load was then released
slowly, still keeping E stationary,and left released for &
minutes, again-recording the value of M, The loading cycles
were repested until the difference between no load and load
condltion values of M remained constant for 2 or more applica-

tions of the load (Fige 8-E)e -
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3. _CONCIRTE DISCS

(a) Design. Circular forms made of 16 gauge galvanized
iron 53" high and 12", 18", 24" and 36" inside diameter were
placed on the subgrade just prior to paving operations. The
forms conslsted of two concentric rings, the smaller ring having
the requlred diameter of the concrete disc, and thce larger ring
being 4 inches greater in dlameter, thus leaving a 2" clear
space between the rings. A splder was plsced in the smaller
ring to hold the form to a circular shape while bltuminous
plant-mix was firmly tamped in the space between the two rings.
The forms were placed on the subgrade with the top one and one-
half inches below header grade, They were sufficiently rigid
to maintain their shape whilec placing concrete by hand inside
and eround the forms just shead of the concrete placing oper-
atlons (Fig, 6-E) and allowing normal spreading and finishing
operations to proceed without interruption. The conerete above
the plant-mix was removed from between the rings and the edges
finished with a trowel after the concrete had hardened to the
finishing stage.

(b) Location. Twelve discs, three of each size, were cast

in the south lane in the center of alternate 15' slabs, at the

following locations:

12 18" 24M et
Diameter piameter Diameter Diameter
Station 406+81 407+11 407+41 407+71
" 408+01 408+31 408+861 409+91

w 409+21 409+51 409481 410+11
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{¢) Test Procedure, The load was applied to the 12"

diameter concrete disc by means of a hydraulic jack placed
Betiveen the frame of a loaded truck and a 12" diameter x 7/8"
thick steel plate resting on the concrete,. This steel plate
was set in a thin plaster of paris paste to insure full bearing
between the plate and the concrete dise, - Penetration was
measured at the quarter points with four Ames dials attached
to arms spaced equal distances from the center and resting on
the adjacent concrete sleb (Fig, 7-E),

The load was applled to the dise and hold for a period of
5 minutes, The dials were then rcad and the load released for
§ nminutes after which the dials were reread to determine the
elastic rebound. The loading cycles were repeated until the
di1fference in tho dial readings between the load and no load
conditions remained the same for at least two loadlng ecycles
(Figs- 9~E)s

The load was then lncroased and held for five minutes, the
dials read and the load agaln released for 5 minutess The losd
cyeles were again repeated as for the first load increment until
the difference in the dial readings between the load and no load
conditions remained the same for at least 2 loading cyclese.

The increments of loads were repeated untll a load was
reachcd equal to the capacity of the loading equipmenti..-

The 18" diameter concrete discs were capped with 7/8% thick
18" diameter steel plates as described for the 12" diameter
concrete dise, . The 12" diameter steel plates were then centered
over the 18" plates., The load cycles and penetration measure-

ments (Fig, 10-E) were then made in the same mannor’ &3 for the
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12" diameter disc,

The 24" diameter discs were capped with a pyramid of 7/8"
thick 24", 18" and 12" diameter steel plates, The load cycles
and penetration measurements were then made (Fig., 11-E) in the
same manner ag described for the 12" diameter disc.

The same steel plate set-up was used for the tests on the
36" dlameter concrete dilscs as on the 24" discs. This left
a 6" ring of concrete on the outside of the pyramid of steel
plates.. The load cyclesg and penetration measurements were
then made (Fige 11-E) in the manner described for the 12"
diameter disc.

4, DEPLECTION OF FULL STIZE SLABS.

3" pipe couplings fitted with a 3" pipe nipple were grouted
into 6" core holes cut in the center of 15' slabs (Fig. 13-E)..
The couplings were placed in the alternate slabs between those
containing the concrete discs,., A hole extendlng 5% feet below
the top of the pavement was made with a soil sampler through
the center of the pipe coupling. A 5-foot length of 1" thin
wall condult, to serve as a casing, was then pushed to the
bottom of the sampler hole. A 6%-foot length of 1/2" plipe,
topped with a 1/2" x 3/4" bushing and a 3/4" brass cap, was
then driven through the oon&uit extending from approximately
one inch above the base of the 3" pipe nipple to 1 feet below
the casing., A 3/4" brass cap was then drilled and tapped for
a 1/4" threade

The center of a 3" countersunk pipe cap was drilled and
tapped for a standard 1/8" pipe thread, A collar threaded

for 1/8" pipe thread was soldered to the case of a 1/10,000
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inch Ames dial, - The dial was attached to the pipe cap with a
4" length of 1/8" stendard pipe. A short length of 1/4"
threaded rod was screwed into the 3/4" cap on the reference
rod snd extending inside the 1/8" pipe# contacting the stem
on the dlal (Fig, 13-E), The disl atbtached to the pavement
through the 3" coupling measured the vertical movement cf the
pavement and with roference to the rod anchored 5% feet below
the surface of the pavementq«

The load was applied to the pavement slab adjacent to the
couplings through a 12" dieameter steel plate cushioned on the
concrete with a 1/2" thick celotex gaskets "The dlal was read
through a2 peephole cut in & plece of 7% pipe welded %o the
steel plate for supporting the hydraulic jacky

An I-beam frame was placed on the slab under test, and &
water tenk backed up to each endy with the rear wheels resting
on the adjacent slabs., Jeacks were piaced between each corner
of the I-beam frame end the frame on the tank trucks, with
sufficient pressure being applled to these jacks to just keep
the frame in contact with the pavement so that it would not
shift when a load was applied through a hydraulic jack to the

pavement slab under tests

DISCUSSION OF RESULTS

l,. Diaphragm Method:

Westergaaprd's Modulus of subgrade reaction k" calculated
from data secured wilth the diaphragm method are shown in Table

No., 1-E and Figure 8-E. The values shown as k(1) werse

#y 1/8" standard pipe has an intcrnal dlameter of 0,269" or
large enough to accomedate 2 quarter~inch rode
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calculated from dats secured on the first appllcation of load
for each loading serics. The values shown as k (2) are from
data sceured on the last application of load for each loading
serios.

The first serles of loadings indicate values of k (1)
loss than half of the k (2) values. This may be due, at least
in part, to rearrangement and consolidatlion in the sand levellng
course., The value of k& (1) and k (2) secured for thc highcr
load valucs egree very closely. However, the results by this
method are in general much higher than those obtained by the
conventional method,

2. Plunger Method:

The k (1) values for the first load applied to the plunger
are extremely low in comparison with the k {2) values. As 1n
the diaphragm method this may be duc, at least in part, to
rearrangement and consolldation of the sand leveling coursce
This mothod also ylelds results which arc somewhat higher than
those obtained by the conventional meothod .

3. Concrcte Dises:

M yaluecs obtalned from the conerete discs are shown in
Tebles No, 2-F and Figures 9-E to 12-E, inclusives

The average of the k (1) and k (2) valuegs for all the loads
for cach diameter from Table No. 2.F are as follows:

12" dia. 18" dia. 24" dia, 36" dla.

2080 1580 1190 780

k (1)
k (2) 2470 1860 1370 avo

The k(1) valuecs are somcwhat lower than the k{(2) valucs

although the dilfferencc is not as pronounced as those obtained




=
with cither the diaphragm or the plunger methodss This may he
due, In part, to the fact thet the discs werc cast dircctly on
the subgrade while the othor methods required a sand leveling
course,
The values of k(1) and k(2) varicd approximately as the
sgquare root of the area lnvolved in the tcests

4y Pull~size slabs:

k" values based on the measured load deflection character-
istlcs of a full-sized concretc slab were obtained by substituting
in Westorgaard's formula for Case 11 loadings Polssons ratio was
taken at 0,16+ The thickness of the slab was 7" and the com-
pressive secant modulus of elasticlty at 28 days 3,500,000 at
1000 pe8el., as shown on Tablc No, 3-E.




SUBGRADE "k" (WESTERGAARD)

Determined By
DIAPHRAGM AND PLUNGER METHODS

Table 1~E

of load,

:Total Total Total
3tation ZLoad ®(1) |k(2) |[Lead | k(1) x(2) Load k(1) {k(2)
:
DIAPHRAGM METHOD
407+71 | 100 1740 | 3900 170 7230 | 7230
390+00 120 625 | 1840 300 3900 | 4650
Average 1180 | 2870 5565 | 5940
PLUNGER METHOD
408+61 1000 390 ] 3350 #2000 1430 | 5580 4000 208012860
410400 1000 830 | 3560 || 2000 1180 { 3140 4000 153014100
Average t 5810 3450 1310 | 4360 1810|3840
;
k(1) Slope of load deformation curve for first application
of loads
k(2) Slope of load deformetion curve for last application




SUBGRADE "k" (WESTERGAARD)

Tabl

e 2-B

DETERMINED FROM DEFORMATION OF CONCRETE DISCS

12" Diameter

Load | Load Load
Sta. p.s.ie k(1) ik(2)lloss. i) k(1)1k(2)] Dosad k(l}ik(2)
i
i 408481 20.4 | 1670(2380| 84.2( 134012580
1 408401 8.6 21803 1720 66,0 327013600 79.8 296012960
409+21 12.6 1400 1390 40,0 222012500 83,7 18602330
Aver, 10.6 17801 1760 38.8 239012830 82,6 20580(2610
é Grand Average all loads kgl)‘z 5080 k{(2)z 2470
i s wowiiecrs e M
18" Diameter
i 1
407+11 16.9 1540|1880 I 36.3 173011810
408431 16.9 1410} 1880 & 36,5 173012130
408451 18.1 139011650 37.H 163011700
Aver. | 17.3 1450]1500ﬁ 36.7 | 1700|1910
}
Grand Average all loads k{1) = 1580 k(2) = 1860
proes RS S rras T TR I s,
24" Diamscter e
407441 202 1440 14401 42.0 1450|1620 64,1 1250|1380
408461 20,5 1280} 1470 42,4 1210 {1460 84,6 1220 (1340
409481 20.8 1040 1500; 427 1090 [1220 64.8 670 11080
Aver. 20.5 1250 1400!! 43.4 125011430 64.5 1050 11.270
l.
| Grend Avorage 211 loads k(1) = 1190 x(2) = 1370
|——-;. ppee T me— s WW e ST T =T =
f
i 56" Diameter
‘ i .
Tl 1s.4 | 7meo| seo| 23,2 | 7so |ssof '33.01 TG} BOO
| 208i91| 13,6 | w20| 850} 23,4 | 750|870 33,21 1750 1.790
i 410+11 1347 280 8604y 2345 780 | 870 33,3 720 { 790
i Aver. 13.6 830 8901 2344 760 1 890 3342 w50 | 820
‘grand Average all loads k(1) = 780 x(2) = 870 o

3

k(1) = Slope of load deformation curve for first application
of load,
k{(2) = Slope of load deformstlon curve for 1lost application

of load,




Teble 3-E

SUBGRADE "k" {WESTERGAARD)
CENTER LOADING - FULL SIZE SLAB

Total "g" for Total " for
Station | Load #Bg=3,5x106 Load Eg=3,5x106
408+16 7900 2640 10800 2270
408+76 " 1310 " 1230
409436 " 1650 " 1730
409+96 R 1370 " 13570
Average 1750 1850

k(1) = x{(2) for full size slab,

Eg = Tha compressive secant E at 28 days.
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Fig. 2-E
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Fig. 3-E
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Vii-Ven-79-C

LOAD- DEFLECTION MEASUREMENTS

DIAPHRAGM METHOD FIG. 4-E

PLUNGER METHOD

FIG. 5-E

Fig.




Vii-Ven-79-C

CONSTRUCTION OF CONCRETE DISCS

Forms placed on subgrade. Placing concrete around form.

Concrete disc in finished concrete.

Blaw-Knox Spreader approaching form.

FigB=E




LOAD - DEFLEGTION MEASUREMENTS
ON CONCRETE DISCS

18" dia. Disc

36" dia. Disc Loading Frame

VII-Ven-79-C




FIg. S~ E

Load in Pounds per Sq. In.

Load in Pounds

LOAD-DEFLECTION CURVES
Diaphragm Method

Vil-Ven-79C

300 . 300 I /
Station 407+ 7I. Station 390 + 00 /
200} — 200 -K=4650  —
1 70—
K'=7230 /
W'=3900 / ¥=7230
/ 120
100 100}, —
K=625
0 020 0 010 020 030
Deflection in Inches
Plunger Method
4000 I ,
Station 408 +62 22080 'l
3000 — h —
!
!
lkl=
2000 _ 5580 ,, ) ’I
sk 1/
nho Lt | f
K=390 / " I '
; | ] |
1
0 0.5 1.0 1.5
4000 T
Station 410+00 |
| —
3000~ 'W= 1530 I
[} !
2000 |k|="80 "1 , |I=3I4o ’I J’ lf
"=3660~ 7 1 /! ! A
1000 K630, ] if i1 , YO
1Y
i / / / |'
0 0.5 1.0 1.5

Déflection in Inches




Fig. O-E
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Fig.lO~E

Load Applied in Pounds per Square Inch
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COPY

MEMORANDUM

200,461
September 5, 1941

Mr, Grumm:

Roference 1s made to the attached memorandum from
Mr, Stanton relative to proposed methods of determining the
subgrade factor "k" used in Westergasrds formula for the
design of Portland cement concretc pavements sugegested for
trial upon the cxperimental project betwecen Piru Creek and
the Los Angeles County Linec, road VII-Ven-79-C,

The method recommended by Mr. Stanton consisting of
the measurement of the penotration of circular dlses into the
subgrade under loads of varying magnitude has been followed in
a number of instances in attompts to ascertain the factor gt
While this method has the advantage of being quite simple, I
am somewhat doubtful that the desired data can be obtalned in
this manner,

Westergaard, in developing hls formula, made the
assumption that the subgrade acts as an elastic body. Since
all subgrades are not the same he included in the formula a
factor which he designated as_"k" expressed in pounds per
squere ineh per inch or 1b/ind,

Note thet this is the same expression as for the
modulus of elastlcity of any solid. In other words the
subgrade modulus "k" is merely the modulus of elasticity of
the particular subgrade under consideration, Bearing this
in mind the objectlon to the load-penetration method becomes

more apparent l.cs

If a load is superimposed on a flat plane composed
of an clastlic substance a helmet shaped deprcssion is developed
and the modulus of clasticity of the substance is approximately
equal to the weight of the 1oad in 1lbs. divided by the volumeo
of the depression in inches (see attached sketch)s It is
obvious that the arca cover whioch the load is imposed times the
penetration bcars no definite relationship to the helmet shaped
depression produced and is thereforc quite uscless in determin-
ing the subgrade factor. Nonetheless, scomething of value may
be learnsd from the load-penetration tests as proposed by Mre
Stanton and it 1s recommended that they be conducted as he

suggests..

Also proposed are electric gage deflection measure-
ments in the center of standard pavement slabs %o be used in
checking the subgrade factor procured by other methods.




Mr, Grumm ~ 2o Fu2-41

Bince it 1s intended %o ascertain the modulus of elasticity
of the concrete entering into the pavement, this method can
be used to determine "k" with a fair degree of certainty

wlthin the range indicated from the various samples teosted,

It is essential that some simple reliable method
to determine the magnitude of "k" in the subgrades we arec
constructing Be developed if our Portland cement concrcte
pavoments are to be designed upon a ratiocnal basis, For
this reason it is felt that the methods proposed by this
department in the memorandum to Stanton of October 10, 1940
should %¢ given a ¥rial in spite of what appear te be prac-
tical difficulties in connection with their use, Both are
theoretically capable of determining the modulus of elas-
ticity of a truly elastic substance and praoctical
difficultics have a way of often solving themselves when a
method or device 1s put to actual tess,

{Signed) N.C.M,

NCM:VD
cec: NCM
FJG




CoOPY
MEMORANDUM

August 27, 1941

SURJECT: VII-Ven-79-C
Subgrede factor "kM

Fo Jo¢ Grumm:

" Referring to proposcd determination of subgrade facton
k" on the concrete pavement experimentcl project betwecen
Piru Crecok and the Los Angeles County Line on road VII-Ven-
79-0, Contract No, 27XC7-P, FAP 380-C, considerable study of
the literaturc on the subject has bcen made along with the
two detalled methods of testing suggested in your memoran-
dum of October 10, 1940,

The Division of Tests of the Publlc Roads Administration
made o pather oxtensive serics of tests in connsction with
their Arlington experimental work using besring plates rang-
ing from 2% to 84" in diameter, The loads required to obtain
various increments of vertical displacement ranging from (005
to 05 of an inch were detcrmined for most of the sizes of
bearing plates ("Public Roads", October, 1935) ,

Mr, Frank Sheets of the Portland Coment Association re-
commended a load test on a 3' diameter bearing plate during
the scason of the year when the subgrade 1ls in its weakest
condition for determination of subgrade coefficlent Ut and
thickness of Portland Cement concrcte pavement required
(Engincering News Record, January 17, 1935),

It is our conclusion that it will be best to attempt to
detcrmine subgrade factor """ by making load tests somewhat
similer to those performed by the Public Roads Administratlon.
Tt is specifically recommended that the load tests be made on
circular bearing plates 12", 18", 24" and 36" in diameter and
that the boaring disks be cast in the center of concrete slabs’
in the south lane during construction. It would appear desir-
able to provide for three repcat tests for cach slze of loaded
arca meking o total of 12 instellations, Each bearing plate
can roadily be poured as & separate part of the concrete pave-
ment by installing two galvanized metal forma, the out one
4" larger in dlametcr than the inner onc, The opening between
the bearing slab and the surrounding concrete will be filled
with bituminous materinl and sealed so that the load tests
may be repeated &t any subsequent period desirecd as the sub-
grade and gubsoll takes up additional moisture through capil-
lary or other asctlon. Casting the test sleb in this manner
will automatically provide a normal pavement surcharge on the
surroundling arct.
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It is also proposed that couplings for slectric gauge
deflection measurements be installed in the center of the
standard pavement slabs betwocen the lead test slabs, . Under
this procedure, it will be possible to determine the contor
deflection of regular dimenslion slabs to compare with the
load test data on clrcular segments of smaller area,. Mols-
ture content of the subgrade at the tlme the tests are moade
will be determined by soampling through the opening between
the circular test slabs and the surrounding concrete.

While methods, 1 and 2, outlined 1ln your memorandum of
October 10, 1940f mey be promising for the determination of
subgrade factor "k" 1t appears that they both incorporate
some objectionablec features,

(1) So far as we know neither moethod has been previously
used and, therefore, the results might not bo recognized by
the Public Roads Administration and othor agencles unless they
were chocked against some other methods previously useds

(2) Both methods propose loading a relatively small area
and in case of #2 without a surcharge comparable to the welght
of a concrete slab over the surrounding ground.

(3) The plunger method, #2; proposes loading an area 5t
to 6" in diametcr. The reaction under this size of load area
would be influenced largely by the matorial in the upper &"
of the subgrade whereas =z concrete pavement slab under heavy
truck equipment transmits the load to a much larger arca,
therefore, bringing into play tho resistance of the subgrade
and subsoll to & depth of 24" or moro,

Even though it appoars that valld objections might be
raised regarding cither method 1 or 2, I realize, of course,
that sufficlent work has not been done on this subject to
substantiate any procedure of load test now in use in deter-
mining the necessary thickness of the concrete pavement and
we have no objection to trying both of the me thods, 1f you a0
desire, All load tests made on subgrade before or during
construction have in common the one objection that they may
not ropresent the action of the subgrade in its natural con-
aition after it has become weakened by taking tho wmoisture
comparablc to that which usually maintains 6 or 7 years after
the pavement has been rlaceds The method of loading herein
rocommonded is advantageous in that the deflection rcsults
can be repeated & fow years subsequent to congtruction.

Plonge advise whether you concur with our recommendation
regarding the loading tosts and installation of couplings for
defloction measurements in the center of the adjacent slabs.,.

T, E. Stanton
Materisls & Research Engineor

OdP :mm




corY MEMORANDTUM

October 10, 1940,
VII-Ven-79-C

Mr. T. E., Stanton:

Reference is made to our memorandum of
September 10, 1940, relative to the concrete pavement experi-
ment proposed for construction between Piru Creek and the
Los Angeles County Line on Road VII-Ven-79-§,

Presented herewith for your consideration are
the two suggested methods for the determination of the value
of the subgrade factor "k" (Westergaard) prior to the con-
struction of the pavement slab, referred to therein,

1y Diaphragm Method.

In = homogeneous slab, a concentrated load
acting at a point a considerable distanse from the edges has
but slight influence beyond a dlstance of 8 times the radius
of relative stiffness "1" from the point of loading.* From
this 1t 1s ressoned that a circular dlaphragm with & radius
equal to 8 "1" is of sufficient size for the purpose of
determining "k by measurement of deflection. With the class
of concrete and type of subgrade usually encountered 1n
Celifornia, "1' averages approximately 30" and to be effective
a test slab of concrete would have to be 40 feet in dlameters,

With a given subgrade factor, the radiuns of
relative stiffness "1" of a concrete slab seven inches thick
and having modulus of elasticity of 4{OOO,DOO,18 approximately

fifteen htimes as great as the radius of relative stiffness




TES . =2 10-10-40.
of a 12 gauge steel plate., It is therefore theoretically
possible to construct a device for the determination of
the subgrade factor "k" utilizing as 1ts basic principle
the ratio of load to deflection ocecurring in a relatively
small steel diaphragm superimposed upon'the subgrade,

A diaphragm such as shown on Figure 1
attached, thirty-six inches in diameter 1s large enough to

5 and over,

record values of "k" of 100 1lbs. per in.
At any point in a slab located at any dis-

tance greater than 8"1" from the nearest edge,

x » 12 (1-U2) (§532

EhS
Assuming the diaphragm to have the following
characteriatics:
Poissons ratio "u' = 0,25
Modulus of Elasticity "E" = 29,000,000

Thickness "n" s 0.0991 inches

the subgrade factor "k" = pe
160,000 4e

Care should be exercised to see that the dlaphragm
i8 not loaded to such an extent that the resultant deforma-
tion exceeds 1ts elastlec limit.

2, Plunger Method

Tests have shown that pressure under bearing blocks
or footings placed on compressible goils have parasbolic dis-

tribution, the maximum pressure oceurring at the center, The

#Computation of Stresses in Concrote Roads, H. N. Westergaard,
Procecedings of the Fifth Annual Meeting of the Highway Research

Board,
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following described test utllizes this principle for the
determination of “k",

Referring to Figure 2 and Figure 5. .

D 1is a section of 5" pipe, capped at top and
plugged at bottom, with cap and plug able to resist axial
load equal to rear axle load - say 16,000 lbs,.. Bore plug
to 1" 4 and hone to 1-1/32" 4. Tap plug for Ames dial E.
Cut pipe walls for 3 lever apertures and peephole by E. Weld
pin lug F (for 1/4" pin).

G is a 1" (true) diameter plunger with shelf for
Ames dial E, 1/8" pin for lower beam, and ball end at top of
rod..

H is & thrust rod with socket at bottom and pin
(1/4™) at tope.

J is the lever beam, pinned to fulcrum F and power
H with force applied by turning wing nut P on machine screw,
power being measured by spring balance Q end mechanical
advantage (10),. Hold down obtained by deformed eye-bolt,

K is the deflecting beam, fixed by ground welght L
and 1/8" pin, actuated by movement of G, and deflecting doubly
at Ames dial M on ground weight N. Left half of K should be
heavier than right half, to avoid effect of pin playe.

Jack 1s hydraulic, with calibrated gauge R, and
16,000 lbs,. capacltys.

Welght of D should be about iG 1bs., equivalent to

pavement load. Also G should weigh O.4 lbs.¥®,
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QOperation

Set up as shown and describoed.

Apply a smell jack pressure, turning wing nut P to
keep Ames dial E at initial setting. Read R, Q, and M,

With E constant, plunger and pipe have moved down~
ward same distance (0,5M) with plunger pressure of 10 Q and

average intensity 40 Q.
By

Westergaard's k should be

Q

:ﬁlg

- .8.9....@ b P
o lbs./ in

Q

.5 M

The effect of the comprcssion of the gurrounding
ring will be to reduce (and perhaps nullify) (1) lateral
movement below the plunger, (2) punching shear resistance of
the soll, and (3) effect of Polsson's ratios.

To expedite set-up, a mat-template 42 x 30 could be
made with holes and match marks for D, L, N, and Qe -

Investigations conducted by As T Goldbeck and
M, J. Bussard, U, S. Bureau of Public Roads and A, Bljls,
rolative to the supporting value of soil as influenced by
the bearing area indicate that e would be approximately
proportional to the square root of the area involved. This,
together with the extreme delicacy of the deflection measurc-
ments from which "k" is determined introduces complications

that may prove these methods impractlcal,

(Signed) Fred Grumm
Engineer, Surveys and FPlans




COPY
MEMORANDUM
September 5, 1941
200,46

Mr. Stanton:

Reference is made to your memorandum of August 27,
1941, relative to proposed methods for the determination of
the subgrade factor "k" used in the Westergaard formula for
the design of Portland cement concrete pavements suggested for
trial upon the experimental project between Piru Creek and
the Los Angeles County Line, road VII-Ven-79-C.

As expressed in the attached memorandum by Mr.
McCorkle, we are not convinced that the measurement of
vertical displacements of circular discs under various loads
can be utilized to correctly ascertain Wt However, as you
point out in your memorandum, insufficient work has been done
1n this field to rulo out investigation of any method prom-
ising a solution of the problem, and we therefore concur in
your recommecndation that load tests be made on clreular
bearing plates 12", 18%; 24" and 36" in diameter in the
manner outlinedd

Tn view of the intention that modulus of elasticlity
determinations be made of the concrete cntering into this
pavement, your proposal to make electric gage deflections in
the center of standard slabs 1s considered most excellenti
Ordinarily this is not e particularly satisfactory means for
determining "k" because of the jmportant part the assumed

modulus of elasticity of the concrete has.in the formula for

its solution.




'I‘,.E&Sl "'2"‘ 9‘5-4}.

On the Mer-4<A experiment, deflectlions were meas-
ured in the center of the sleb to one-thousandth of an inch
(0.001")s Later, when computations for gt were attempted
it was found that a much greater degree of accuracy is
necessary if this method is to be used, For this purpose it
is ocssentlel that the deflection measurement be accurate to
one ten-thousandth of an inch (0.,0001"),

On the same experiment most of the deflection
moasurements were obtained when the load was imposed through
truck wheels equidistant from the point. This procedure
greatly complicates computations of e and it is therefor
suggested that 1n the proposed experiment the deflection
measurements be obtained at the point of the aprlication of
load, If possible, the slab should not be subjected to any
other significant loading at the time the measurcments are
taken. Possibly & truck with sufficlient wheel base to
straadle the lane could be used to supply the loads The
exercise of sufficient care in thls work should provide us
with a valuable yardstick with which tc compare the results
obtained by other proposed means,’

Tt is rocommended that the two methods proposed in
my memorandum of October 10, 1940, be given a practical test

to determine if they are feaslble for the purpose intended,

(Signed) Fred Grumm
Enginecr, Surveys and Plans
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LPPENDIX F

ROUGHNESS MEASUREMENTS WITH THE PROFILOGRLPH

4n instrument, termed = “Profilograph," designed by
Senlor Physical Testing Englneer F. W. Hveem and built in the
Materials and Research Department Machlins Shop, was used to
measure changes 1n profile and roughnegs of the concrete pave-
ment at different times of the day and st different periods,

The "profilograph" 1s supported on 16 wheels, arranged
in a staggered pattern so thet the body of the machine moves,

&8 nearly as posslble, in an even plane which corresponds to the
general plane of the bavement surface,

An additionnl wheel, free to move vertically, follows
the contour of the pavement and, through a series of levers, ete,,
records the irregularities of the contour on & continuous graph,
The respective horizontal and vertical sceles on the graph sre
such as to make the actual contour of the pavement surface
readily apparent.

By means of this instrument seasonal or daily changes
in surface contour may be observed, recorded asnd compared,
Typienl examples of such graphs for portions of the Ventura
experimental pavement are shown on Figures 2«F to 5-F, inclusive,
These graphs illustrate very clearly the tendency of concrete
slebs to curl upward at the joints under certain conditions of
temperature and molsture content,

It is of interest to note the differcnce in curvature

betweon morning and afterncon in werm weather and the decreased

curvature in the damp eool weather of the rainy season,
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Such profilograph records afford an excellent visual
demonstration of the features which affect the riding qualitiles
of concrete surfrces ns influenced by the temperatures and
moisture contents of the pavement slabs as well as by construc-
tion deficiencles.

Complete profilograph records were made on nll test
sectlions but are not included with this report because of space
requirements, The records are avallable, however, for com-

parative reports following future messurement periods,
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