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PREFACE

This thesis, whieh is being submitted, is an attempt to arrange and .
analyse the data accumulated by the Department of Highwag}s of the State of
Oklahoma during the first ten years of the life of a Concrete Paﬁng in which
Chat was used as coarse aggregels.

The period during which ’r.h:u.s daba wes sccumulated was the ten years fron
1936 to 1946. The daba consisted of thirteen condition surveys, eleven of these
surveys were made in the peried from September, 1936 to Hay, 1941i. The twelfth
survey was made in December, 1942 and the last survey on this project was mde
during October in 1945, |

This pavenment was constructed ss a joint research project of the Bureau of
Public Roeds and the Department of Highways of the State of Gﬂahom..: Thé pri=
mary object was to determine the desirability of making concrete with both fine |
and coarse aggregate produced in the Tx.*i-.-:State areg of northesst Oldahoma, southe
sast Kensas, and southwest Missouri, when using either river sand or jig sand
from this area as fine aggregate. |

In addition to the usual construction records and supervision by the field
forces of the Construction Department, persomnel of the Materisls Laboratory was
assigned to this project and meny sdditional tests were made and many s‘pe clal

‘records woere lkept.

Before e@nstmction was si:}-arﬁecl,: the meterisls to be used were investi=
gated in the lakoratory and the verious concrebe mizes were designed.

The laborstory work and the securing df the data used in this anslysis was

; done pander Lhe direchion of Mr. Sarl R. Pteid_; VMaterials Bogineer for the Okla- '
homa Departuent of Highways.

The preliminary moterisl investigstion and mix design, as well as the

laboratory field inspection snd many of the condition surveys, was in direct
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AWALYSIS OF DATA FROM CORDITIOCH SURVEYS
OF 4 CONCRETE PAVING IN WHICH CHAT WAS
USED AS COARSE AGGREGATE

THE VALUE OF PRESERVING STATISTICAL DATA FROM ENGINEERING PROJECTS:

The Chat Concrete Pawving, which is the subject of this rveport, was Federal
Aid Project 1490, This paving was aun active research project during its first
ten years of service,

The praéticing engineer seldom has the opportunity to closely follow the
work he builds through a ten year periocd after comsbruction has ended.

It is uwnfortunate that long time observation of structures in service is
the exception rather then e standard praetice, for the plans and specifica-~
tions are only dreams until the tests of time and service can prove the»dream
came true,

The final proof of theory lays sll about us in the aging projects that
onee absorbed our interest.

Advancement in engineering is more coften sought in theory than in sta~
tiscal date, possibly because there is a tendency among engineers to consider
engineering an exact science. HMore consideration should be given to the fact
thet there are professions, which are respected and admired for their progress
and advancement, in which equations are the exception rather than the rule,

The medical profession which deals with nature, as does engineering, owes
much of its advancement to the data accumulated in its records. I1f records
could be kept of engineering cases, as the hospitsls keep them for medieal
cases, the answer to many wisolved engineering problems would be indicated to
the engineers as facls are'disclosed to the doctor by the evidence of the
records be has kept,

In an effort to adopt a medical approach to one engineering case, to ex-



amine an unusual accurulation of dats and salvage some small part of the truth
that must be contained in them, and above all, to preserve the date that it

will be gvallable for others to examine, this analysis has been made.
DESCRIPTION OF THE PROJECT:

The project from which the deta was obtained included 30,172 fest of con=
crete paving twenty feet in width, This paving is of Bates type section,
having o seven inch thiclkness with a ten inch thickened edge., The work on
this project was done by the Lewls Construction Company during the early summer
of 1936, W. Carl Browa was Resident Engineer for the Deparbtment of Highusys.

The paving which is included in this projeet was divided inte two prinei-
pal sections., The west 15,436 feet was designed as an experimental project to
determine the suitability and practical use of mine chats and crushed flint as
coarse aggregate, with river sand or jig sand as Fine aggregate,

On the experimental pert of this project, fifty-six different concrete
mixes were placed during construction.

Dbubl@‘notched non~exbruding metal shield expansion jolnts, one-half inch
in width were used. The joints were spaced gb thirty foot intervals and were
sealed with a one~half inch depth of asphaltie joint seal.

Some of the sections were built with a cne inch open textured sand cushion
beneath the paving. On these sections, longitudinal French drains were placed
along the edges of the concrete and French drain outlets were provided.

The non-esxperimental part of this project was 14,736 feet in length, and
only one type of aggregete vas used in the concrete., No sand cushion was
placed on this part of the project and no French drains were necessary.

This non-experimental part of the project has not been considered in this

analyais,.



Conerete Mixes:

The materials used in the conerste mixes were Ads Clement, Arkensas River

sand, Miemi Jig send, liami Crushed Flint, and Miawmi Chat.
Three gradings of chat and one grading of crushed flint boulders wers

used as coarse aggregete. For fine aggregete, two gradings of river sond end

one of Jig sand were used,

Iy

- project was divided ind ix principal sections by the combination of
The project was divided into sixz prineip tions by the couwbinati i

4

aggregates used in the consrete. Four cement factors were wesd for saech com-
bination of aggregates.

For the purpose of this discussion, flint boulders are con wsidered to be a
sedimentary rock from this area, dork gray to black in color, composed essen

tially of minvtely-crystelline silica. Chat is considersd to be the mabterial

found intimately mixed with the leadezince ores of the tri~stete area. Chat

closely resembles chert and is blue gray or white in ¢olovr. Jig sand is chat
finely ground to sand sizes for the purpose of extracbing the ore.

The grading SpecificationS of the aggregates syre shown in Teble No, 1«

e



TABLE NO. 1

GRADING SPECIFICATIONS FOR AGGREGATES

CRUSHED FLINT:

Pass 2-1/2% Round Screen = = = =

ass 1=1/2% Round Sereen = = = = =
Pass 1M Hound Screen = = = =~

Pase 1/4%  Round Sereen « = =~ = «

NUMEER 1 GHAT:

Pass 3/4% Bound Screen = = = = = = .

Pass 1/4% Round Sereen = = = = =
Pass Hoe 10 Sieve o = = o = o -
NUMEER 2 GHAT:

Pazs 3/4% Round Sercen = = = = =

Pass 1/4" Round Scroen = = = = =

Pass Noes 10 Sieve = = = = =~ = = ot

NUMBER, 3 CHAT

" i

a..@,.__,____hi_”lcio%

- = Hot over 5%

Not more than 107

Pass 3/4" Bownd Screen = = = = = = = = =

"

Pass 1/4" Round Screen

 Not more than 5%

JIG SAND: Fine ground mine chats, which conform to the

following speeificationss
Pags 1/4" Round Sereen = = = = =

Pass Ho, 20 Sieve o = = =« = « =

Pa 8 Noe 50 SLEVE me m o ro o = 5

Pass Hoe. 100 Siave = » = = = e =

- e R e WL o e 100%

B s s 7/

Yot more then 5%



Deseription of Concrete Mixess

On this proj.ecﬁ there were six genersl types of mixes in regard to the
type of asggregabe uged. These general types vers designated by the letters
A, B, G, Dy B, a:ad F. For each general type of ‘mix,( four difi‘.‘erént cenment
factors were used., These twenty-four mixes were varied by changes in the
water cement ratio and sand void ratio, which resulted in a totel of fifty-
six different mixes being used on this project, |

The six general types of mixes by the sggregates used weret: "A" River
Send snd Nlo. 3 chats; "B' Jig Sand and No, 3 chats; "C" River Sand and Ho, 2
chatasy "D" Jig Sand and No, 1 chét,s; "E" River Sand and No. 1 chatsy and HEw
River Band and Nos 1 chats and erushed flint rock, In each of thesé» general
types of mix, the four different cement ratios were used, Vardations of the
water cement ragtlio were in .general such as to increase the effec’c. of added
cemenﬁ.. Sand void ratios were cha@g@d frequently in each type, tul many of
the changes are minor,

The principal mix types sre shown in Table lo. 2.
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O\

1L

12

13
14
15
16

17

18
19
20

21
22
23
24

TABLE O, 2

PRINCIPAL TYPES OF CONCRETE MIXES

Hater Cement
Gals Bbls.
Station to Station Per Sack Per C. Y.

(&) River Sand and Washed & Screened Chats. Orading Wo. 3

21 4 26 to 15 4 19 6434 1.65

94 09 to 34 20 6.39 1.55

34 20 to 467 4+ 67  6.60 1.50

(B) Jig Send and Washed & Screened Chats,. Grading No. 3
LET ¥+ 67 to 461 ¥ 24 7.63 C 1.65

454 4 86 to 448 § 49 7.82 1.55
L8 ¥ A9 to 440 ¥ 87  7.83 1.50

(€) River Sand gnd We o Grading No, 2

shed & Sereened Chats

364 7L to 304 61 6.66 1.60
30~ 61  to 26418 6,77 1.55
26 + 18  to 2L 4 26 7.00 1,50

(D) Jig Sand and Washed & Screened Chats. Grading No. 1

KO 4 87 to 434 4+ 8L 7.87 1.5
434 + 81 to 428 4 39 7.9V 1.60
428 4 39 to 422 4 19 &.22 ‘ 1.55
(E) River Sand and Washed & Screened Chats, Greding HNo, 1
415 4 30 to 409+ 37 6.4 1.65
403 4 29 to 397 + 23 6,77 1.55
397 4 23 to 391 + 05 6.84 1.50

(F) River Send and Wa
Crushed Flint

391 4 05 to 384 % 99 5.7 1.65
384+ 99 to 378 + 87 5.79 1.60
1.55
1.50

shed & Screened Chats, Grading No, 1

378 + 87 to 371 4 84 5.9
371 + 84 to 366 4 67 6425



7

DISCUSSION OF CONDITION SURVEIZ:

The condition surveys, from which the data used in this analysis wag ob-
tained, were made by walking over the project.

The paving was c¢losely inspected and each crack was drawn in a note-book
and its length and leeation recorded. Hotablons were made of other festures,
such g8 the condition of the joints and pumping slabs. Some measurements were
made of the expansion and contraction of the joiunts., Surveys were madeé approx-
imgtely twice a year for the first five yeara.

Longitudinal cracking, pumping joints and cracks, and other indications
of pavement deterioration were only occasionally found on this project. The
prineipal feature observed was transverse cracking. This type of cracking was

found in varying intensity throughout the project and in practicelly all sec-

"3

tions and mixes of concrete, It is for this reason that the intensity of
transverse cracking has been used in meking this analysis.

Description of Typical Cracks:

Most of the cracks on this project are of one general type., This typical
crack is a transverse crack at the approximgte midepoint between expansion
joints at right sngles to the centerline of the pavement, These cracks way
extend either helfway or entirely across the rosdway., The history of the devel-
opnent of these cracks, as éhown by surveys ﬁade from time to tine since
completion of the project, is that they may start either at the centerline or
at the edge of the @avement. They may Iengthen either raﬁidly or slowly. Some=-
times between surveys, a new crack will develop entirely across the pavement,
Other cracks may gradually grow in length over a period of seversl years,

Where the initial crack is only in one-half of the pavement, there is a
tendency for the crack to exbtend across the cenbterline and scross the other

gide of the paviang. Somstimes both sides of the pavement will develop cracks



co

at about the same time, They may join a£ the ecenterline or be several feet
epart, When they féil to meet at the centerline, there is a tendenéy fo: each
to cross to the other side end form two complete cracks across the pavement,
As & general_thing, the eraexsvare open, sometimes as much as one~half
inch., The percentage which the number of lineal feet of this type of crack,
half or all the way across the roadway, is of the total linesl fest of erack-

ing in the various prineipal sections, is shown in the following table,

TABLE §O. 3.
FREQUENCY OF TYPICAL CRAGKS

In Section &4 75%

In Section B &9

In Section C 9R%

In Section D 61% -

In Section E 0%

Because these eracks are located in the middle third of the slab between
the joints, it seems very probable that the typieal crack on this prbjecﬁ is 2
contraction cracke
Date Used in Analysis:
The data used for this analysis consisted of the lineal feet of transverse

eracking per one thousand feet of paving ecalculated for eaeh survey and for
gach of the fifty-six sections which contain the same concrete mixe

A table containing this data follows:



Months S¢nce Previous Survey
—hge of Paving in Months-

Cendition Survey Data

Survey Fumber
Dute of

Prizeipal

Sachien  Sestlem |

O O o0 o YW W bW W W W W W e e e e

(-]

M MY Mg o e NN NN O YUY DUYEE ¥ Y O a o0 o o a o

Mix

141
12
2.1
1
32
>3
41
b2
=3
=1
52
6-1
6-2
63
&4
71
7-2
8-1
8-2
91
9-2

Lireal Yeed of

Crackiag Per 1000 Fi, of Slad

tey

1 2 b] . 13 5 [ 7 8 9 10 1 12 13
9=20=36  4=21=37 9-14=37 B8-5-38 12-12-38 5=22-39 11-10-39 S5el4-l40 1118-40 $-26-l1 11e13-M) 12-15-42  10-23-L
0 7 [ 1 5 [ 6 6 5 13 s

L o] 1% _26 0 % {1 8s 78 s
Todal Totad To¥al Todal Total Total Total Total Total Tosal Total Total Total
Per 1000! Pex 1000' Per 1060' Per 100Q%Per L000' Pep 10000 Per 1000' Pep 1000° Pep 1000 Per 1000% Per 1000 Pey 1000' Per 100¢
[} 7 75 107 107 133 200 240 240 240 293 367 427
0 0 0 » » 110 us 129 w7 1y 173 173 186
0 16 16 16 L 63 68 68 90 90 1 m 123
0 121 182 182 2bh 05 08 205 05 305 3 sk ng
0 15 ) 239 2% 239 Nne né 316 183 83 h21 421 h21
o L4 93 93 93 93 93 93 93 107 ‘107 107 102
0 0 0 0 0 0 0 0 16 16 16 56 72
0 0 0 0 0 0 0 0 0 0 0
0 [ [ 12% 148 187 187 202 202 202 23 25 270
0 ) 0 0 [} 0 [} [} 0 [} 5 5 58
0 [ 0 ° 0 0 [ [ 0 [ [ [ 5
0 0 ° * 0 [ 0 0 0 [ 0 0 63
0 ° 0 ° 0 0 [ 0 0 0 0 0 120
o ° ° . 0 60 120 239 239 239 263 263 200
0 0 0 0 0 2 7] 42 b2 a2 b2 42 83
0 0 0 0 [+] [} 0 0 0 [+] 26 39 269
| 0 0 [} o 30 b 3 30 9 69 96
0 0 0 ° 0 0 [} 0 0 0 0 29 Wy
0 2b 2k 24 24 2 2k 24 24 25 28 83 2
0 0 0 ° 0 [ 0 0 0 0 0 0 0
0 0 o ° [ 60 60 60 6 120 120 120 120
0 0 0 0 0 [} 163 163 163 163 163 163 163
[} 0 [ [ o 51 n 51 51 51 51 51 103
0 0 » | o ke 155 155 155 138 158 155 173 173
» 1% 26 366 a3 a3 a3 522 522 =2 Ay 2. 587
0 0 148 145 pLT b1 145 148 168 168 197 292 %5
0 0 0 0 164 164 164 165 164 164 164 164 164
o 0 0 0 * sh 4 sh sk 4 5k 163 163
0 0 168 168 184 184 210 210 210 210 210 210 210
° 0 67 155 155 155 155 155 218 238 285 ns ns
0 0 8  1m 147 167 206 220 220 220 220 " 2us 7
0 0 0 [} 1} 0 0 114 114 114 201 207 438
[ [} 0 0 [ 0 [ 8 64 64 64 64 129
0 0 0 0 0 [ 0 0 0 L} 0 55 55
[ [} 0 [ o [ 0 [ [} [ [} [ 14
0 [} [ 0 [} 0 o [ 0 15 27 b2 136
[ [ 0 0o . o o [ iy 88 88 88 111 177
0 0 0 0 0 [ o 0 o [ 0 [} 333
0 o - [\ [ 0 [\ 0 ° [\ 0 56 82 168
0 0 ) 0 0 0 0 0 0 0 0 ) 8
[\ [ 0 [\ 60 212 284 ka4 b2 b4 m 377 538
0 0 0 0 0 170 250 279 309 309 . w 98 o
0 [} 0 83 83 83 165 206 23 248 m m 3
0 0 0 0 0 0 110 329 329 329 29 3%
[} 0 0 0 0 [} 19 29 29 2 2 %) 60
: :: :: :,’; 3 m 2% b m mn w32 160 460
0 o 108 o 266 292 323 b ] 36 %7 400 4og bu
o 22 283 6 ns b4 m 406 hoé k27 s w7 487
o o » 23 %1 2 ks shs shs 23 627 65k 721
0 0 176 5% 55 59 667 680 680 %0 ™ 7”2 800
o 0 92 258 5% 536 603 603 603 633 72h 72k 711
0 0 8 ) 250 276 46 286 286 m 3 2%h k29
0 [} 0 246 76 76 ey Mg s bl Lis) M3 548
° 0 0 - 285 Nk nk ns m 361 421 L5y 468
= = ok 8 . 97 1us 160 219
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FUNDEMENTAL ASSUMPTIONS AND EVIDENT FACTORS:

Because of the many factors entering into the life of a pavement, it seems
that in order te indicate eny opinion developed from this date, it is necessary
to first make some assumptions in regard to the cracking of pavement. There
is much in the daba and in the grouping or arrangement of it that would not
agree with‘the following things which have been assumed,

It has been assumed that the major causes of cracking on this project aret

Density of traffic and size of loads.

vSeft spots in the subgrade.

Expansion of the pavement.

The type of subgrade soil.

Water in the subgrade.

The using or not using of a sand cushion,
| ‘Theuquality of the econcrete,

It has been assumed that the total cracking would indicate the total of
the sbove factors; also that the average craeking of groups of sections of
paving, which were similar as to mix, soil, aggregate, and other features,
would tend to eliminete the exception and would represeﬁt the condition of that
group.

There are manyvthings that enter into the progressive Cracking'of‘é pave=
ment, The condition surveys definitely show‘that eracking was not ﬁhé sane
intensity throughout the project. Therefore, eonditions that preveil unifornly
throughout the project can be of little help in determining the reasons for the
differencé in cracking. The density and ﬁype of‘ﬁraffic may be eliminated for
- this reason.

The expsnsion devices werc also a constant factor throughout the project.

The efficiency of the expansion device would be tested soon after construction



of the pavement, and cracks caused by its failure to Tunetion would reach a
maximin early in the 1ife of the pavement, probably after a fequYGles of
surmmer heat and winter cold. Onee & section had one crack across the pavement,
there woulé.be muach less tendency to craék agaln between these two expansion
joints. Though the expansion deviee has not proved to be efficient, the diff-
erence in cracking must be for other reasons.

As the joints on this projeet have been open %o water most of the tine
sinee it was construeted, the 6pen joints would also be a constant factor in
all éections and would only serve to emphasize the susceptibility of the wvarious
soils to lose stability or develop volume changes and overstress the slab,

Soft spots in the subgrade, caused by other reasons than water content,
would, in most cases, show themselves early in the 1life of the pavement, The
frequent condition surveys 4id nob diselose any localised areas of damage or
settlements of the paving, and we may assume that loose subgrade was not a
factor,

The records of this project do not indicate that ground water, such as
springs, seeps, or wet spobs in the subgrads, were found during construction,
or later, and this type of aefect need not be considered.

* The stability of a soll depends on 1ts ﬁoiature content, Rain wabter wmight
be a faector by reason of its effeect on the sbability of the different types of
soil in the subgrade; In dry weather, the difference in cracking in a geod
s0il and a pocr'soil might not be evident. It is during the périods of the
greatest rainfall théﬁ the greatest difference‘woqld be found, Besides rain
and snow,'epen_jointé and sand cushion would alse effect the guantity of moisture

entering and retained in the subgrade.



ANALYSIS OF DATA FROM THE FIRST ELEVEN CONDITION SURVEYS:

=)

When the project was sixty-five months old, an analysis was made of the
dzta conbained in the first eleven condition surveys.

An opinlon gains velue as il gets older, if the passing of itime and the
changes 1t brings continue to produce conditions that still point to the same
opinion,

It is for this reason that the following grouping of sectlons and dis-

cusgion of the tables is given as it was in the progress report made in 1942,

GROUPING OF SECTIONS BY SUBGRADE SOIL TYPES:
The grouping of the sections by the subgrade soil types divides them into

groups with a greatly different intensity of cracking.

TABIE 10, 5

AVERAGE LIHEAL‘FEET CF CRACKING PER 1000 FEET
OF PAVING FOR THE SUBGRADE SOIL TYPES

Subgfade Soil Number of‘ Avérage Lineal
Type Secbions . - Fte of Cracki
A 25 o1
gioyA 12 : 201,

A7 ‘ 19 - 325

This table shows thab thefe is a difference in‘thevcracking of the pave~
ment on thé varioﬁs types of sabgrade soil;

As was to be expected, the better‘soils have the least erackinges Since |
fhe type of subgréée soil seems to be such a large factor, future comparisons
will, as far as possible, be made between those sections having the same type

of subgrade and the same general type of concrete mix.
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SECTIORS GROUPED IU REGARD TO THE USE OF SAND CUSHIOH:
TABIE NO, 6
AVERAGE LINEAL FEET OF CRACKING IN REGARD
O OTHE USH OF SA¥D CUBHIOY
% Increase
Subgrade Type Total No. With Sand Cushion  Hibthout Sand Cushion Eﬁacking
Soil of of Ho,. of Average Ko, of Average without
Tyne Mix Sections _Sections Cracling Sectiong Crocking Cushion
A~7 C 9 6 72 3 138 25
A~ B 2 2 416 0 None -
&7 F 8 8 L7 0 Houe -
a4 A 9 6 243 3 85 183
A~/ C 3 2 R52 1 210 12
4-2 B 10 0 None 10 40 -
A2 D 10 1 27 9 49 Decrease
A-2 B 5 3 315 2 181 T4
This table gives wabher consistant results. The only exception to the

stabement that gll seclbions withoubt san

similar sections with sand cushion, is

A“g goile.
The single sectilon with sand cushio
Section Del13-1, which iz one of the nin

average cracking of 201 lineal fest per

twice as great as the

=3

without sand cushion, and is four time
The eliminstion of section D-13-1, woul

29 lineal feet.

next lowest in the

d cushion show better results than the

the group having a *D% type mix on an

on in is sechbion D=16=2.

this group
e sections without sand cushion, had an

one thousand feet of paving., This is

8

group of D' type mimes on A-2 soll
49 fool average of this group.

d give an average for this group of
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In either case, it is indicated thabt on all types of subgrade soil and
for all types of concrete mixes, the use of sand cushion incressed the average

cracking of the pavement with bubt the one exception.

THE EFFECT OF CENTER-LINE GRADES ON CRACKING:

The better drainage resulbing from steeper centerline gredes wight be in-
dicated by a decrease in cracking. The grades on this project are comparative-
ly flat and this may be the reason that such a grouping gives little informetion,

Sections Grouped by Centerline Grade:

TABLE 10. 7
CENTERLINE GRADE AND CRACKING
Cracking Pexr 10007 Genterline Grade
of Paving 0 1o 25 25 to 50 50 to 1,00 Over 1,00

0 3 1 5 1
0 to 49 o 1 4 4
50 to 99 1 0 4 0
100 %o 199 3 P 4. 0
200 to 299 1 1 4 1
300 to 399 o 0 2 4
400 to 499 1 0 5 0
500 + 1 o 3 O
TCOTAL SECTIONS 1C 5 31 ' 10

It seems that about one-third of hoth the flat grades and steep grades
have lesg thaun Tifty feet of cracks per thousand lineel feet, and thabt there
is a rather even distribution of all grades in both the good and bad sections,

As stated above, this grouping gives little information,



Sections Grouped by Typeas of fAggregate Used:

KD

TABIE N0, &

GROUPING OF SECTIONS BY AGGREGATE TYPE

Aggregate Average Aggrepate Subgrade Use of
Type Craecking Sand hats Soil Type Jand Cushion

B 40 Jig lio. 3 A2 No
b 46 Jig Fo. 1 A2 9/10 No
1/10 Yes

& 180 River Ho. 2 2/3 47 2/3 Yes
1/3 &=4 1/3 No

A 189 River o, 3 b, 2/3 Yes

: | 1/3 Wo

B 321 River o, 1 1/3 a=7 5/7 Yes
2/3 A=2 2/7 Ho

F 487 River flo. 1 and A7 Yes

Crushed Flint

When considered by aggregabte type, the sections ave separsted into groups
with remerkably different intensities of cracking;

This would indicate that the aggregate was the principal factor having an
influence on cracking, However, a further exeminaltion of the bable will show
that in this grouping we have, in & general way, also grouped the sections by
subgrade soil type and as to whether they did or did not have sand cushion.

It seems that there awe four intensities of cracking indicated in the six types

&
bt

of mix, There is abo 150 1lineal feelt difference in intensity of cracking

separabing the following combined groups of the B and D, the € and A, the E,
and the F,
In general the B-D misxes are on A=2 subgrade and did not have sand cushion,

The -4 mixes had sand cushion, the A wixes are in A-4 subgrade, and the C mixes

are, in moght cases, in A~7 soil, The E mix had sand cushion and the subgrade
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soil is mostly &-2, The mixz with the grestest cracking, which iz the type F,

e only miz in wvhich erughed

14

has an A=7 subgrade with sand cushion and is ot

flint was used as a part of the ag

the

Y

In this grouping ollowing things are indiecats

4"34
EEE

ference botween the #1, #2, and #3 chats, Jig send has given mueh bobier ree
sults then river sand, and the section using crushed flint had the greatest
cracking,
Sand Void Ratio and Average Crackingt

The sand void ratio was changed in most cases for each of the four cement
ratios used with each type of aggregate. Thers vwere slso some cases where
several send void ratios were used with the sawe cement rstio., Howeveyr, msny
of the changes were slight, and if the sand void ratio is averaged for sach type
of mix, the cracllqg and the sand void ratio do have this ?elatiomshipa The two
best types have the greatest average sand wvoid rotlo, and the two worst types
have about the least average ratio, other than the type G, which would have to
come betwsen the ¥ and F, the order of the average sand void ratio is tbé order
of the average crackin g The send void ratic used in the concrete mixes probably
effected the eracking of the pavemsnt,

The following table of mimes and average sand void ratio also seems to in-
dicate that some of Hhe nimes were under sanded.

TABLE WG, 9

CRACKING AND TEN SAWD VOID RATIO

Wi Average Average Sand
Type Cracicing Void Ratio

B 40 158

Bt L& 134,

G 180 111

A 189 130

B 321 118

i A7 110
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Cement Ratio and Water Cement Ratio:

In most cases when the cement factor was ineregsed, the water cement ratio
was deereased, The excepiions to this statement are not very numerous, nor
very great. As & chenge in cement to ineresse the guality of the concrete is -
usvally accompsnied by a lowering of the water cement ratio, they way be cone
sidered s meting together. However, other factore seem to have about eliminated
the effect of these changes.

& table follows shewing~thevavefage cracking for esach type of mix and each
cement rabtio,

TABIE O

AVERAGE CRAGKING FOR THE DIFFERENT CEMENT RATIOS

Type Cement Ratio Bbls, per Cu, ¥d.

Mix 1,65 1.60 1,55 1.50
A 238 111 294, 81
B 3 76 2 14,

© 82 349 138 238
D 88 73 s 14
E 3 181 432 400
F 465 679 507 269

For the A type mix the smallest cement ratio has the least cracking., In
the B type mix the largest cement ratio has the least cracking, and the same
is true of the C type.b In the D type mix the eracking is the same in the 1,50
and 1,60 cement ratios, Ia the E type the 1,60 cement ratio has the best
average; and in the F type mix the 1.50 coment ratio has the least cracking.
Cracking of Paving as Bffected by Ages

To consider the cracking in regard to time, the total increase in average

eracking whieh occurred in the period of time between succesding condition



surveys was used,
TABIE WO, 311

TOTAL INCEEASE IN AVERAGE CRACKING BETWEEN SURVEYS

Type Age of Paving sand the Incresse in Aversce Oracks FPey 1000 £, of Pavine
of 411 i5 26 30 36 41 48 54 60 65
Mix . YMos.  Mos, |1os, Mos, Vos,  1Mose, MNos., VYos, Mos, DJNos, UNes.
B 0. 2 0 0 o 12 % B o 0o &

‘ - ) Yax., ) :
D 0 0 0 0 ¢ 0 4 172 7 15 155
Maﬁ;q : i
A 0 402 103 301 115 258 g7 93 113 14 217
WMoz, ‘ :
€ 59 %7 640 264 A71 138 230 21 82 80 100
Hax,
E 0 9% €l 332 133 348 316 327 327 22 269
v h Mom. . 7
F C 27 749 1Tl 532 199 357 78 18 186 332
TOTAL 2 1 R o yoss ligh B0 &7 . 310 112
PROJECE 07 8 1573 2068° 1251 1045 1124 10 617 319 -:.3.41

Mixes B and D, which had the least cracking, show the craeking started

aftervabout 40 monthg, and the greatest increase was found at 4% wmonths,.

Mixes A and © sbtarted cracking at 4 and 11 months, and reached the greatest

rate of cracking at 11 and 15 months; respectively.

eracking at 11 months;

totals show that the ratsé of cracking in the T

E reached o pesk at 36 months, and ¥ ot 26 months,

Hixos F and F started

The

and F mixes increased rather

rapidly up to 26 months, and then decreased till the pavement was 60 months old,

and at the age of 65 mmntbﬁ it again increased in

This gives us in regar& to %ime,_twargeneral
] miﬁés, which started eracling at about 3 years,
are the best sections,

feet of cracks per 1000 feet of slab.

. When taken together, they

eracking.

types of cracking.

The B and

and reached a pesk in 4 years,
have an average of 43 lineal

The other four mixes gll had started

cracking not later than 11 months, and reached a peak at from 1 to 3 years.
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Rainfall and Crackings

We would expect to find some relationship between rainfall énﬁ»craaking,
If we take the average rainfall pér mmnthrfor the periods betuween surveys, as
indicating probvracted wet or dry periods, the totsl increase in the tobal
eracking on the entire project at each survey should shov a corres;;nﬂing
change, Out of the ten periods betusen éurveys, in all bubt three pericds, the
cracking increased 6? decreased g8 did the aﬂeragevrainfall, as shown by tho
following table, |

TABIE NQ; 12
_ RAINFALL AND CRACKIEG

Survey Mo, 1 2 3 4 5 6 7 & 9 10 i1

Av. Rain 3.7 2.8 3,9 4.0 2.0 29 2.9 2.7 4d 35 7.8

Ine.:in.Crackg v .
per~M, Pt : 59  874 1573 2068 12514 1045 1124 _ SlOruvél? 319 71141,

-

Rain 4+ from o } - , ‘
Prev. Survey - ¥ + i . - + = ¥

Gracks'; from » v |
Prev. Survey  + 4 4 = = § =« - 0§

-~ Review of Factors Iméieéﬁed:

vBefore going further it might be weil to briefly re=state those things that
have so far been indicated ag being factors which influence cracking, Soil type
seeng to declidedly effect the crécking. Sand cushion seems t¢ increase the
:crackiﬁg.- Iittle difference is found by use of the various coarse aggregates
with thé possible exception of crushed flint. Jig sand is as pood, or better,
than river sand. Thé larger sand void ratios give better results, We find
that the‘better~draimage caused by stéep centerline roédway gradeg does uob

seenm to be accompanied by a decrease in cracking,
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Az Tar as we can delermine, the reinfall, the soil, the sand cushidn, the

’

mix type in regafd to aggregate, and the sand vold ratio; seem to be the prine
cipal factors which influence the cracking. The entire project may be divided
into thirteen groups in which these factors which affect eracking are identieal,
except the sand void Tazie, 4s the sand void retio shows 2 much smaller affect
*than the other factors, neglecting it when grouping the sections should not
greatly alter the resulis. |
Awong the fiftywsix sections into which the individual mixes divide this

project, there are three sections in which the eracking is much greater, and
two in whiech it is much less, than any of the other sections in the group of
similar sections to which they belong.

 The cracking is excessively large in sections B=6-3, D=13-1, and G-10-2,
and it 1s very low in sections BelS«? and F-24-2. If we eliminate these Tive
sectiqﬁs and aversge the ¢racking for each of the thirteen groups of sectlouns,
the ofdefj@f‘quality as iﬁﬁica%ed by the paverment cracking would be as shown

in the following table.



GROUPS OF SRCTICHS WITH SIMIL4R FACTORS

21

Sections
Type Subgrade Use of Aversge Elimingte
Group Average of Soil Sand Sand Void ed From
Ho, Cracking Sections in Group Mixx  Type Cushion Hatieo Groups
115 BabmleR, 6-1w2e3=4, B A2 To 158 Bl
- 7"1’“‘29 9"‘1‘“‘2 :
2 27 D162 D &2 Yes 127
3 29 De13e1=2w3; l=1=2, D e No 135 D-13-1
| 15-1-2~3; 16=1 |
L85 Belele32 A by o 132
5 98 Co0leReBe, 10-1-2 & A7 Yes 126 C-10-2
6 138 Cell-le-2-1b 8 A o 138
7. 210 Cel2«l ¢ Aeh o 104
g 203 Ael-l1e2, 2-1, F1e2-3 4 Aed Yes 129
O 252 Gel2e2-3 o A Yes 106
10 315 BelTele2e3 E A2 Tes 120
11 329 Bel8-1-2 E ) No 114 Ew18-2
12 416 Em19el, 201 i Bty Yes 119
13 540  Fe2lel, 22-1-2 | |
23+1-2~3, 24=1=2 F b7 Tes 110 FeRle2

This teble seems to indicate that the groups of

seckbions give much the same

arrangenent of the factors as was found when each Tfacter was considered

separately.,

The mix types malke

includes other factors,

grouped by the mix type alones

2 rather uniform arrangement in this grouping, which

as they did in Table Vo, &, when the sections were

From this table, using the average lineal feet of tramsverse cracking per

1000 feet of paving, as an indication of the quality of the paving, the follovw



ing statements could be made

Py

The probables order of the quallity of the mixes by aggregate is B, D, €, 4,

E, F. This order is wabher clearly indicated for &ll mixes, except type 4.
The table doss not clearly indicete whebther the & mix should come before ov alter

the type € mix,

Foy this growping it is glso shown %hatﬂag a general thing, the betler
soilS whem used in the subgrede resulbed in lesg eracking of the pavement.

It can also be sald that vhen the open graded send cushion was used wader
the paving there was mowe ¢racking in the concrete.

The group wi%h he yﬁaatest sand vold patic had the lesst cracking, and in
general, as the sand ﬁDiﬂ ratio was reduced, the cracking increaseds
Discussion of th@ Eesﬁ1t$ Obbaineds

Therevare many‘@ther factore besides those which have been discussed that
enﬁervinto the 13 fe and deveriovation of a paviang. Bub even with this limited
number of causes;‘thevfiftyhﬁix type of mix, when coumbined with the factors which
have been considered, ¢an produce a very large number of possible combinabionse
The ccmbinamions‘of the variables found on thisfprojeét have been eombined, by
the use of the imtensity of transverse cracking, into thirteen groups which
eéﬁiain fif%ykﬂﬂe“of’tbe ftvu51x sections, These groups, when 1isted in the
order of their quality, as indicated by the transverse cracking, were brought
into approximete order as to the type of soil in the subgraée, the use of sand
cushion,\anﬂ'the sand vqi@ rabios It is unlikely thet this approximate order
could result from chance alone. o

0ne-is§1ated~projeet, such sg this, can furnish no definite conclusions
as t@ the value of eithef‘ﬁhe methed or the results indicated, I ean only be
said that this aaalfsis has made it something more than an even chance thab if
g sufficient number of projects woers observed and the data analyzed, some

definite facts would be obbtained.



To determine whebher the foregoing

after 1 LHO mhre

s

b became older,

made in 1942, when the seventy=-e

dition survey was made 1
three months old,

When @ table for the thirbeen grouns thabt were used
again prepared, using

following table resulis.

enalysis wonld epply

condition surveys were msdes

e
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Lo

to this project

4 survey was

ight months old, and the last cone

was ten years and

in the first analysi

ell the deta sccumulated through the ten years, the

2
wd
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GROUP OF SECTIO TH SDIILAR FAGTORS
AFTER TEN YBARS SERVICGE
‘ Secbions
Type Subgrade Use of Average Elimingle
Group Average : of Soil Sand Sand Vold ed From
No. ©Oracking Seetlons in Group. Mix  Type Cughion Ratieo = Growps

112 (B5) 12, (BO)1-2e3-4 B &2 To 158 (36)~3
(87) 1-2, (B8)1-2 | |

AR

121 (69) 1=2=3=s, (C10)1-2 ©  Aw7 Yes 126 (C10)-2
A2 o 135 (BL3)-1

@

2 130 (M3) 1-2-3,(14) 1-2,
| (15) 1~2-3,(D16) 1

4 134 (84) 1=2-3 & &=, Te 132
2 U5 ez D &2 Yes 127
9 210 (612) 1 e 4l Yo 104

g8 223 (A1) 1-2{A2) 1 L hed Yes 129
| (23) 1-2-3 |

6 226 (C11) lem2-lb & . A7 o 138

=

1 330 (E18) 12 a2 o 114 (E18)-2
9 342 (€12) 2-3

12 467 (E19) 1,(ER0) 1

]
o]
1
B
» ok
o
(&
&
[Ep8

E A7 Tes 119
10 485 (E17) 1-2-3 B a2 Yes 120
F

13 59 . (F21) 1, (F22) 1-2,

Beet7  Yes 110 (Fal)=2
(P23) 1o2~3, (F243 1-2 - -

Diseussion of Tahle No. 14
In this table the five sections vere eliminated aé in the teble of 1942,
& comparison of thé'%wc group tables discloses the following changes in
the order of’cracking.
of the. thirteen groups, nine have changed in placé. Hone of these changes

are great, Two groups, No. 5 and No. 2, have the greatest change, which is
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three places., Ho. 5 is now in second place, and No. 2 is now im the Fifth
place, The remaining seven changes ave of either one or two places.

This table ean be sald to agree with the table of 1941 in g general way.
The table of 1941 secems 1o be wore systemgbic in the grouping of mix types.
Revisieon of Table No., 1lis

There is an abundance of evidence to prove that the subgrade soil groups
of the Bureau of Public Roads have a very definite effect on paving life.

If we accept this fach it may be used as a guide in determining the merit
of evaluating a concrelte paving by the inbensity of its eracking,

Beecause the lsber surveys tend to reduce differences whieh suggested the
eliminating of five sections in the table of 1941, alsc sinee the grouping of
the subgrade soils is not as uniform in the later table, the thirteen groups
have been listed, using a1l of the fifty-six mixes in obbalning the average

cracking., This resuvlted in the following table.



GROUPS OF SDCIICNS WITH SIMILAR
FACTORS WHEN ALL SECTIONS AR

INCLUDED
Type Bubgrade Use of Average
Group Average : of Soil Sand Sand
Ho. Cracking Seetions in Group Mix Type GCushion Void Ratio
11 100 (F18) 1-2 E A2 Mo 11z
1 132 (B5) 1=2, {(B6) 1=2=3=/, B A2 Ho 158
(B7) 1=2, (B8) 1-2
3 134 (84) 1=-2=-3 Iy ) Ko 132
2 145 (D16) 2 D a2 Yoo 127
3 192 (D13) I=2-3, (D14)1-2, B L2 o 135
(15) 1-2-3, (D16) 1
7 210 (c12) 1 C Al Fio 104
8 223 (a1) 1=-2, (42) 1, & A, Yes 129
(43) 1-2=3
6 226 (C11) 1la=2-1b ¢ A7 Ho 138
5 250 (69) 1-2w3~4, (C10)1~2 € A= Yes 126
9 342 {(c12) 2-3 c Al Yes 106
12 L6T (£19) 1, ®20) 1 E A7 Yes 119
10 485 (B17) 1=2<3 E A2 Yes 120
13 560 (F21) 1, (¥22) 1-2, F A= Yes 110

(F23) I-2-3, (F24) 1=2

The thirteen groups cannot be evenly divided, but we can compare the first

six groups with the last six greups.

subgrade soils.

are in the last groups.

The including of the five seetions has lmproved the grouping in regard to

m

The

first six groups ave all A=2 or A-4 soils; all the A=7 soils

Only one &2 subgrade and one A-4 subgrade are among

the last six groups, and they have sand cushion and a rather low sand void ratic.
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lIS SOION OF TABIES 13, 14 & 15

Three different table& have been ma;@ showing the thirteen groups of
gections. Allbthree of these tables indicate that the intensity of trans?erae
cracking on this partieular project is influenced by the type of conerete mix,
the soil type of the subgrade, the sand vold relio, and whether or not a sand
cushion hag bsen used, This is also in sgreement with the tables which show
 each of these factors eonsidered ‘separately.

If we assume for'%h@~?urpase of comparing the three tables of thirteen
groups, that the table which most uniforuly arrenges the subgrade soil groups
nearest represents the facts, we can make a table for thelr comparisons

The following table shows for the soils, and also the other factors, the
percent of the total number of groups using each factor that we Tind in the best

seven groups in each of the three tables,

TABIE HO, 16

TABIE OF PERCENTAGES OF THE SEVEN BEST GROUPS
WHICH HAVE THE VARIOUS FACTORS

Average

, -~ Sand

Subgrade Soil  Sand Cushion Wix Type by Aprregate  Void
A2 A) B Ho Yes A B LI . Ratio

" Table of 1941 N o

. 5 sections . ‘ v , , . ,

j glimlnatea ! 60 50 50 80 28 - 50 100 75 100 O O 136
Tables b 5 Sections L E o ‘ _ . .
1945v ’f All ' S ' o

! _Bections ' 0 75 0. 83 17 100100 25 ‘100 330 128

The téble of T9/5; whilch includes all the fifﬁy—six sections,’ha% a
4 gresber percent of the seotions having &-2 and A4 sozls and the least peiaiilolch o
haV1ng Ar? soiles among the seven best groups, and for thls regson will bu uaed

. 1n the fcllowing discussion,
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DISCUSSION OF THE ANALYSIS OF CONDITION SURVEY DATA:

The methods used in this analysis, which consisted of the grouping of like
factors and of using averages, becomes more dependable as the number of units
averaged is increased. In many cases, averages have becn made of a small
number of uits, and for this reason should probably be given less weight then
groups with a larger number of sections,

With fifty-six sections and thirteen groups, four would be about the
number of sections in an average group. There are five groups vhich coumtain
more than four sections,

A table of these five groups has been made,

TABLE H0, 17

TABLE OF GROUPS CONTAINING MORE THAN FOUR

SECTI0NS

Number of Sulb- Use of Sand

Group Sections in Average Agoregale Mix Grade Sand Yoid
Number Group . Cracking Chats ’ Sand Type Soil  Cushion _Ratie
1 10 132 Ko. 3 Jig B 42 Ho 158

3 9 192 Ho. 1 Jig D 42 Ho 135

8 6 223 No. 3 River A Amd, Yes 129

5 6 250 No. 2 River C &=17 Yes 138
13 8 560 o, 1 River ¥ A=t Yes 110

411 types of concrete nix in regerd to aggregate are represented in this
table, except type E., From the preceding tables, the E mix can safely be
placed as the next to the last between the C and F mixes, With this addition
of the E mix, Table 17 vepresents the results of this analysis in regard to

the faectors listed in the table.
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CONCLUSICN ¢

A total of eight factors havé been cohsideraﬂ, two of theée factors, the
rainfell and the cracking in regard to time, apply to the entire‘ﬁrOject. They
were included more a8 a test of the method of apalysis then as an atbempt %o
.prove the rather widely accepted conclusions that were obbained in %hé analysis,.
First, that rainfall softeng the subgrade»and.ffequently demsges paving, and
aléo that wealnesses in a paving will become evident in the first few years of
services |

Two qther'factOfs, the centerline grade and the cement ratios, gave no
definite informstion, 8lnce the grades on this project were rather flat énd the
cenment factors were réther large, it seems likely that fhe effect of these two
factors, within the ranges of variation found on this project, are so small that
other more dominant factors determined the resulis,

The remaining factors are contained in Table 17, and the results of this
| anal&sig‘may be briefly summed as followss Forvﬁhelaggregates, it is likely
that the type of sand had more effeéf on the mix than the type of chats. The
soil type ef the subgrade is a major‘factofjv It is glso indicated that the use
% of sand cushion is a very definite factor,'and cracking is incressed by its use.
VThisfis inﬁicated more definitely in some of the obher tables than it is in
Table 17. The total eracking increases as the sand void ratio is decreased .
) Theiexceptions to this r&lefara_probably because other factors were sufficient
to ﬁorevthan,overbhalance'%he effect of the Sagd void ratio,

Today.thisvpraject is almost fourteen yearé olde In the éummer of 1949,

. the Portland Cement Associstion inspeeted the paving anﬁugave it a fating ofv
very good, | | |

To dwell so much on its defects might give the impreSSion thet this paving
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Was poor.  In spite of ité defects, it has gluays been a good road, It is one
of the heaviest traveled highways in Oklehoma, end has always had a good riding
gurface.

Becouse of a lack of soil knowledge at the time of ibs construeticﬂ, the
neavy ﬁruck_traffic of the war years caused conslderable demage from pumping
- slabs. This damege has been repaired.

The type of expansion joint used was the principal defect in the project,
bub iun spite of this defect, this chat concrete paving mst be given credit
for fourteen years of excellent service, and it can be expected to continue

giving the service it was intended to give for many years 1o come,
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