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A STUDY OF METHODS OF CURING CONCRETE 
PAVEMENTS 

REPORT OF A FIELD INVESTIGATION IN TENNESSEE CONDUCTED JOINTLY BY THE TENNESSEE 
DEPARTMENT OF HIGHWAYS AND THE U. S. BUREAU OF PUBLIC ROADS 

By F.H. Jackson Senior Engineer of Tests, United States Bureau of Public Roads, and E. W. Bauman, Engineer of Materials, Tennessee Department of Highways 

HE field study of methods of curing concrete 
pavements reported herein was initiated by the 
Tennessee Department of Highways and Public 

Works for the purpose of determining the relative 
efficiency under service conditions of the various special 
curing methods which have been proposed from time to 
time as substitutes for the standard earth and water 
method. The department recognized the possibility of 
merit in these special methods, from the standpoint of ef- 
fectiveness as well as that of cost. It possessed, how- 
ever, no data as to the efficiency of any of them under 
Tennessee climaticconditions. A fieldinvestigation was 
therefore proposed to include all of the methods of cure 
to which the attention of the department had been called 
prior to July 1, 1928, as well as certain additional meth- 
ods involving the application of burlap kept saturated 
for various periods up to 96 hour with no other curing. 

The United States Bureau of Public Roads also being 
interested in the development of additional information 
relative to the various methods of curing concrete 
pavements, an agreement was entered into by the 
Tennessee department and the bureau for the coopera- 
tive conduct of the investigation reported herein. 

It was decided to conduct the experiment on a con- 
crete pavement approximately 15 miles in length, 
to be constructed on State Route No. 15, in Fayette 
County, Tenn., 20 miles east of Memphis. The loca- 
tion chosen seemed desirable because of the very uni- 
form subgrade condition (a fine silty loam) along the 
entire length of the highway. Weather Bureau records 
likewise indicated the probability of hot, dry weather 
during most of the construction season. An announce- 
ment of the cooperative project, including a description 
of the plans for conducting it, was carried in the 
November, 1928, issue of Pusiic Roaps. 

A supplemental agreement was entered into between 
the State of Tennessee and the contractor, the J. B. 
McCrary Engineering Corporation, of Atlanta, Ga., 
providing for a change in the cross-section of the slab 
from the standard 8-6-8 double parabolic section to an 
8-7-8 section with the dowel bars across the center 
joint eliminated. Expansion joint spacing was in- 
creased from 50 to 200 feet and the joint width increased 
from *% to 14 inches. It was further specified that the 
éenter strip stakes should be pulled after finishing 
operations so that each half of the pavement might 
be free to move without hindrance from the adjacent 
section. The contractor was relieved of the duty 
of curing that portion of the pavement on the south 
side of the longitudinal joint but was required to cure 
the other side (the north side) in accordance with the 
standard specifications which were in force at that time 
and which provided for the application of burlap kept wet 
for 24 hours followed by a 2-inch layer of earth kept wet 
for 10 days. The burlap was dry at the time it was ap- 
plied to the pavement and was made wet by subsequent 
sprinkling. The specifications further provided that 
the earth cover remain in place for at least 18 days. 

o0119—31——-1 

CURING METHODS LISTED 

The south side of the pavement was cured by the 
various special methods listed in Table 1. These 
were applied successively to sections approximately 
1,000 feet in length, usually one day’s run. This 
procedure permitted the repetition of most of the 
curing methods a number of times and therefore made 
it possible to observe their behavoir at various seasons 
of the year from July to December. 

Sorz ConpiTions ENCOUNTERED ON THIS PRosgnct. Notp 
EROSION CHARACTERISTICS 

TaBLeE 1.—List of curing methods employed 

| 
Num- | Total 
ber of | length, 
cycles!) feet 

Method of curing 

2, 053 
5, 007 
4, 359 

Wet burlap applied for 12 hours 
Wet burlap applied for 24 hours 
Wet burlap applied for 48 hours 
Wet burlap applied for 72 hours 
Wet burlap applied for 96 hours 
INO CULO See ne eee ay oie ede We pee SOC ee Ee lL | 
SIRE GHW Ua Gorey ove Boy OLY! tore BU LNaYeyneS eo | 
Sodium silicate: | 

ALE HISUD ePaG es: eaee wee ee ee ks 0 eek AS ee eee ee 
ERATE Da Der OUST Sia Cl Cmte rmarNe ware tte ene ee Se Ue ete ee 

Calcium chloride, surface application: 
HATENSUD ETA Ose eas we ee Sao Rene eee es ew | : 5, 265 

CO OH He Or Db 

ns rt w Jo) 

Nw bo 

© G0 RAT PApe ONLStD ZEA 6 mars: ae manne, meneame. 2 ae eens Ls) | 5 4, 481 
Hunt Process: 

arth SUPSTAdGBss acct -eeeeene ee ORONO ee Se AT. ee 4 3, 668 
CRATE DADOLAOM SUD S10 Cae ae tee nen oy nye eee ee ere ee 3 2, 824 

Barber asphalt emulsion (Curcrete): 
BATE HtSh oT AC Guu weet een Been ieee, OMe on ten, oe es 4 4, 137 
(RarspaperOulstlbonad Gime ese se ee ee es 2 ea 3 2, 760 

Headley asphalt emulsion: 
IDEN dies Mayes defo k | see ee hd i ee Se ee ee 4 3, 483 
Tara peL OUnsuL Der ade yee. mes eee om abe oe 5 ee Cee eS | 3 2, 354 

Tarvia K. P.: 
THAT CREST SECC sete eee mere ee ie Se ne Se ra 2, 1, 810 
AAT DA DCRONISU DSTA Oe ts ee Be Se ee kee eee 1 816 

Tarvia B 
Deg psktoyuilorse dee Ke feae Be Ce. VOL Soke et Be ee Sy ee eee ee 3 1, O81 
Tar paper On SUDELAGG. =e esa ae ee ee he 1 719 

POOr Ont bo CUT heen m eset eee ae ee en ree See ae ae ee ee 4 3, 318 
Omen oe ee ae ee eS er eh eee Se, She 3 2, 205 
Gaiciam chloride admixture: 

Harthy SUDGTAC CG: soe es ae ee Pere ee ee Sa eS 3 1, 053 
(Par DApelOneSUbeTAC On are a semen Oe BTN Dah ee 3 765 

74, 148 

1 Jn this column is given the number of test sections to which each type of curing 
was applied. 

2 On one section (cycle No, 2) the Sisaleraft paper was applied for 48 hours. 
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This program, it will be noted, provided a series of 
experimental sections on which it was possible to com- 
pare the concrete cured by the experimental method 
with a section across the longitudinal joint similar to 
it in every respect except that it was cured by the 
standard method. 

Each special curing treatment was applied strictly 
in accordance with specifications recommended by the 
manufacturers or sponsors of the materials employed. 
In practically all cases representatives of the several 
companies interested were present at least once during 
the application of their particular material. 

QUALITY OF CONCRETE CAREFULLY CONTROLLED 

All materials used in the concrete pavement met the 
requirements of the State specifications. One brand 
of Portland cement was used throughout the job. 
Fine and coarse aggregates were obtained from a single 
source. The results of typical tests of cement, fine 
aggregates and coarse aggregates are given in Table 2. 

TABLE 2.—Tests of materials 

1. Portland cement: 
Fineness, per cent retained on No. 200 sieve_______- 
Time of set— 

14. 0 

Initial 2 Sve, eee ee Be 5 hours, 15 minutes. 
SECT EL eee Ie hati ype, Ss eps Sal 7 hours, 25 minutes. 

DOUMCNGSS. ier ee tate ae Peat eet nee Satisfactory. 
Tensile strength, pounds per square inch— 

AG SO LCE Be 2 Eee pe igen Sie Bes ete teat ee oy ater 305 
AE DSS any ee ele eee ei to eden ee, EE ge 400 

Chemical analysis— 
Ibrosseonn WeaiauynGia, jae GSM a eee ee 0. 80 
Insoluble residue, per cent.-- ee 0. 53 
Sulphuric anhydride, per cent________________ 1. 45 
Magnesiasper con tae aren 24). eee 3. 10 

2. Fine aggregate: 
ppecilic QIAaVitN a2 a2. ee een ee eS 2. 62 
Color plates 1.02.72. Meow eee oe eet Se Lignite. 
EOSSDY Was DIN spCTC CU = mess eee nee eee Om 

. Strength ratio, per cent— 
ATS CGA ys 2.805 Se ee ee ey Ne 110 
At 28° daysoetees aes | eee pk eae eee ee ee 125 

Sieve analysis— 
Per cent 

Sieve No.— retained 

A i EN ie SS a 2 ee 2. 4 
se ee eee EM oy are heh ee ae 9. 6 
14 ee ae ee ee = ear 27. 4 
286 Shs = ee ee 2 Jue. 2 ee eee eee 66. 1 
AS Oe Des ae a ne ee ee 96. 9 
L00US 2 2 8a ee el eee 99. 6 

Fimeriess modulus. =25. 22 =e eee 3. 020 
3. Coarse aggregate: 

Speciic era vity eas s/s se eee eee ee ee 2. 58 
Per: cent of west c0: oes Se ae eee 8. 0 
SoundNesE SS So. ke So ee ee ee Satisfactory. 
Absorption, per cent 27522-su en se Sen eee 1.5 
Sieve analysis— 

Per cent 
Sieve retained 

14-inch fcc aon Oe See ea ee 6 
L-inch 2, 5) 9 2k teen a eet ale oa 42 
YL gh t(el | eee See ere Ns aE ee So ey as 60 
44-inGh.. 2 .s0th gas te ee 91 
No. 42) 28 2a. Co ee 99 

Fineness -modolis..... 2.2 eee oe eee ae ee 7. 56 

The concrete was proportioned so as to give an ex- 
pected average crushing strength of 3,500 pounds per 
square inch at 28 days and, as the result of tests, a 
water-cement ratio of 0.75 was established as the 
correct value for this particular combination of ma- 
terials. Table 3 gives the results of 28-day tests on 
field cylinders cast in connection with the routine 
control of the job with no reference to the special 
curing methods studied. Each value reported in this 
table represents the average of tests on three cylinders 

TABLE 3.—Crushing strength of concrete. Routine control tests on 
6 by 12 inch cylinders 

: Crushing Re Crushing 4 Crushing 
Date laid strength Date laid strength Date laid strength 

Pounds Pounds Pounds 
per square per square per square 

inch inch inch 
July G2ecseneae 3,010) | Atigs 22222 5eee= 4,053: ||) O Ct ateasesseees 3, 190 
Julya7 22 2——- =e 3) 104.1)| Adige 232. oosees 4ST OCta Lissa 3, 685 
Jilly: Oe sees 3; 4) 7a WeAUIGa te ee 4, 648|| (Octl6me sss 2, 826 
duly Osean 3 Se6al| AUS seb eee eee 3) 997: | MOCE gS. eee 2, 575 
Dil ye id ae Be7TSS) AoE eee 3, 6384) Oct. LOLs 2 4,491 
Niily [2a eee 3,879) AUS. See ce ses 2; GOON EO Cbs. 20 eae nem 3, 514 
sete 3;909) a TAtIS. 20. eee 3) LOZ OCts 22sseeeneee 3, 602 
Vililyeldeoee=- == 3,00 | Age sO nee ee 3)-O0de ll OCiy 2 seen 3, 256 
Jithy iG lessee 41525] SO6D tsia- see eee 3, 946 | Oth Zosseae=eee 4, 698 
Tilyel Seas 3,005; |) Sept. b2a2 a--o=e A 598: Nt OCbs 2bsceaneeee 3, 816 
vuly: 19se5ee= 3; 60041) Sein Os-2eeeeae 3; USD) OCta20 aaa seen 3, 998 
Uccall yt 20) eee eee ANTS 1 || SODice—2= sea 4,022) Oct o02seeaeeee 2, 841 
Jills 2S aes Seicvap |ll| Sra = 34a) Ochna Lae aaa 2, 854 
July 24eee eee 3) O00 SOD be klaoeeeas 34 MIN Oise ee 3, 023 
Wily bee 3, 004 I sSeptsAze-saeees SAT Mh INOva oes =e eee 3, 301 
Utiy 262 eee 3) 20) |) SODta toss oeae ae Bp. 2OS. NOV 05a =e 3, 609 
July 2ieoseeeeas 3) S05t |) SOD bed4= eee ae 4.023 NO VeGe soe 2, 162 
July nesses By SLO | OD Gal haomeees 3; (00 | NO Venfosee eee 4, 153 
July =e 4,119 ||| Sept. 18_.--_:- 3, 905 || Nov. 9.-------- 4,311 
Aig le. Lee 3,218 |) Septs 1Q22=- see 4,426 1)| INOV.0l 0S sees 3, 696 
MAIC AD 2a eee 35199 Wh Sep taelasssaes 4.000) || IN Ow 12 3, 311 
ACUSvo se. e 3,200 1, NOD tyos ene \ 4,409 || Nov. 13---- = 3, 978 
AIGA pe 3419 i Septe 242seeeee 4,057 ||| Novel42 ee Sroka 
AIRS Goo eee 3).840 Sept. 20c--- 4-2 4/865: 4) Nov, Losses 2, 827 
ATUL snl ee 3, COs Sept 20s ea eee 4, 202))|) INOV 16225 2 ee 3, 545 
(ACIGA.S eee eee 3; OOL WI) SEDEs 2iaeeo see 42159) INOVaaL == 2, 575 
‘Avew 1 O0ze oes S587 | Sepbaccesaaaeee 4/263 (NOWa2052 eee 2, 772 
Auge Ti Seeaaee 3, 180°) Sept. 2922222 =- A,O7Sal) INOVa Zien 3, 217 
ANTICS =e aeee Raat || NOXe pdt Se S524) INOW. 2, 960 
UNO ERS As SOUS sO Chntas= === ae 4,005 || Nov. 23..------ 38, 358 
PAU Cael ose ee A049 Ni Oets bse. --seaee 3,426 || Nov. 24__------ 3, 367 
AUS Geen ee ST 00ULO cia Geeatee aes 3,467) |i) INOVe 2i2ues oes 8, 539 
AMES Li eaee eae 34964 |\— OCta LO: sees 4.0100) Décnl eae 3, 613 
AUS LS eee 3) OOOM LO Cla) aeeaeemee 3.638. Decs22=ne=aee 4, 077 
Ao, 20S 3892 OCG woe ae 4, 094 | Deck 3teeeeeaes 3, 449 

It will be observed that, although the proportions, 
including water, were kept reasonably constant on this 
job, considerable variation in crushing strength re-— 
sulted, probably because of variations in curing condi- 
tions to which the field specimens were subjected. 
These variable results emphasize the difficulty of 
attempting to control uniformity of strength by means 
of tests on specimens cured under job conditions. 

CONTROL TESTS CONDUCTED THROUGHOUT 

Control test specimens were constructed in the form 
of beams 6 by 6 by 42 inches in size, permitting four 
breaks with a cantilever-type transverse testing ma- 
chine. Beams were cast in gangs of four, according to 
the procedure recommended in the report of Com- 
mittee D-4, A. S.‘T. M., Proc. 1928, vol 28) part as 
page 538. Twenty-eight beams were cast for each 
section, 12 cured as nearly as possible in the same 
manner as the standard earth and water cured section, 
12 as nearly as possible in accordance with the special 
cure being used and 4 without any curing at all. The 
four so-called ‘“‘no-cure” beams were tested in order to 
give some idea of the efficiency of both the standard 
earth and water cure and the special cures by com- 
parison of cured specimens with specimens which had 
received no artificial curing at all. In all tests of beams 
the practice was followed of making one break from a 
given beam at each of four diflerent ages; that is, 3, 7, 
14, and 28 days. This practice provided an oppor- 
tunity to study age-strength relations on individual 
specimens. ‘The results of transverse tests of concrete, 
for each test condition and for a given age, represent, 
therefore, an average of one break from each of the 12 
beams cast during that day’s run. 

The mass of transverse strength data resulting from 
these tests, some 10,000 individual beam breaks, was 
analyzed in the laboratory of the Tennessee Depart- 
ment of Highways by the method of least squares, and, 
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as the result of this analysis, a value for modulus of 
rupture of concrete for each test condition was obtained 
which is designated the ‘‘most probable average” for 
the section. This appeared to be the most accurate 
method of eliminating wild or freak individual results. 
When the curing method involved the spraying or 

painting of the material on the surface of the pavement, 
the method of curing the beams presented some diffi- 
culties. In this investigation it was the practice to 
spray or paint the surface of the beams in the specified 
manner. The forms were then stripped at the end of 
24 hours, and the four beams constituting the set were 
placed on the subgrade with tar paper between the 
beams and earth banked around the outside edges. 
This method was criticised by certain of the manufac- 
turers and as a result a special set of tests was run 
during the third cycle in which the sides of the beams 
‘were protected immediately after stripping the forms by 
means of an application of the curing material. 

CONCRETE CORES FROM EACH SECTION TESTED 

Four concrete cores were drilled from each test sec- 
tion throughout the project. Unusual difficulties 
encountered in drilling this concrete, due possibly to 
the presence of very hard flint in the coarse aggregate, 
prevented the testing of the cores at 90 days as orig- 
inally contemplated. Cores were therefore drilled at 
various ages and shipped to the central laboratory at 
Nashville, where they were cured in moist air until the 
age of one year. 

eee ser : 

BEAM In TESTING MACHINE, hate TO BE ae 

CRACK SURVEYS AND WEAR TESTS MADE 

For the first two rounds of tests crack surveys were 
made on each section at frequent intervals during the 
first 60 days. In addition, two complete crack surveys 
were made at later periods, one on December 3, 1929, 
and one on May 26, 1930. These crack surveys show 
the average length of uncracked slab for each section 
for both the standard cure and the special cure. 
A series of surface wear tests on selected sections 
was also conducted in an effort to determine how the 
curing method affected this characteristic of the 
concrete. These tests were made with apparatus 
developed by the Bureau of Public Roads and first 
described in Pusiic Roaps, July, 1929. 

DATA PRESENTED IN BOTH TABULAR AND GRAPHIC FORMS 

The data obtained from the various tests are pre- 
sented in Tables 4, 5, and 6 and Figures 1 and 2. In 
Table 4 are given the results of the strength tests 
of beams and cores. In the case of the beam tests 
values of the ‘‘most probable average’? modulus of 
rupture at each age of test (8, 7, 14, and 28 days) 

are tabulated under the heading ‘Beam strength,” for 
the specimens cured by experimental methods and the 
corresponding standard- -cure and no-cure specimens. 
These values are given for each test section or cycle in- 
cluded in the investigation. Similarly,in the case of the 
core tests, values of core strength at one year are tabu- 

lated for both research and standard cured specimens. 
In this and in subsequent tables values of the so- 

called test ratings are tabulated for both beam and 
core data. The test rating is defined as the compara- 
tive value or rating of a test result (strength, average 
slab length, etc.), expressed as the percentage which 

READY FOR APPLICATION OF CURING 
MATERIAL 

MovuLpED BEAMS, 

the value reported for the experimental cure bears to 
the corresponding value for the standard cure. In 
Table 4 an analogous rating is also given for com- 
parison of the experimental with the ‘‘no-cure”’ beams. 
For purposes of reference the date of laying each test 
cycle, the length of cycle, the total rainfall during the 

First BREAK ON BEAM SPECIMEN, OBTAINED 3 Days 
AFTER CONSTRUCTION 

10-day period following laying of the concrete, and the 
average daily temperature range during that period 
are also included in Table 4. The temper atures given 
cover the working day rather than the whole 24 hours. 
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TaBLE 5.—Results of crack surveys 

Survey of Dec. 3, 1929 Survey of May 26, 1930 

: Cycl ; Length | Average length of Average length of 
Type of research cure iin Date laid of section section Slab Si ie Slab 

: length length 

Research Standard| '®28 "| Research! Standara| ‘ting ! 
cure cure cure cure 

Feet Feet Feet Per cent Feet Feet Per cent 
Ferg oe OUTS sere iet ewe ecko» See eae ee ee BU TULLE ee Oi tcmeeee ere 1, 392 53. 6 55.7 96. 2 51.6 53. 6 96. 3 

IAIN O Vie 202 tee. 661 50. 8 60. 1 84. 6 44.1 55. 1 | 80. 0 

Sree eR tes en hh ie Se ee Fe ee rs ee ee 52.7| 57.0 92. 3 48. 9 54. 0 90. 5 

Oiler a a ee ee en neo Per Weed 1: (eas. 26 eee ce 1, 022 63.9 53.8 118.8 63.9| 53.8 118.8 
Daas On Oe s sees 1, 334 58. 0 60. 6 95. 6 58. 0 | 58. 0 100. 0 
Sa Oct 20 eae aan 285 71.2 71.2 100. 0 Mea 71.3 100. 0 
ANESODEAc4 cee caer. 671 95.9 95.9 100. 0 83,9 | 83.9 100. 0 
SHIN OWe sd ue eee Sa 778 77.8 77.8 100. 0 70.7 77.8 90. 9 
GaN Vy 24. eee ae 917 45.8 61.2 75.0 43.7 50. 9 85. 7 

ESTOS ae op ee RS see OMe, ae See i aden gett | Oe ek ee See 62.6 65.0 96. 2 60.4] 11 98. 8 

PSPET 2D RAS LOLITS sete We eS te en eg Oe ee ee A a ae aU PUM: Olin Seateness Same 1, 005 47.9 41.9 114.3 47.9 40, 2 119. 0 
Dee IUl yah tye 804 57.4 50. 2 114.3 50. 2 | 47.3 106. 2 
SNE OOD uae se eae ns 1, 008 77.5 84. 0 92.3 2,07) 77.6 92.8 
AGEN OVS Doe ee sean 824 82. 4 82.4 100. 0 82.4 74.9 110. 0 
Bil NOVa eta rae ss 718 35.9 37.8 95. 0 32.6 | 32. 6 100. 0 

SAREE Cg B= pap ak lh OE Te, Be aE a ae a SO na | =e Be eS ES OR Ll 55.9 53. 8 103. 9 52. 5 49. 5 106. 0 

STIPE Diy 21 OUTS reer aa tr amee eee A hha we Cem ee Cees IS AUIS 27 ee eee eee 1, 071 53. 6 44. 6 120. 0 46.6 | 41.2 113. 0 
PENUULYy Lose ee 1, 040 69. 3 57.8 120.9 65. 0 57.8 112.6 
BUSeD UrcOe see eee 867 61.9 57.8 107.1 57.8 54, 2 106. 6 
ADEN OVer6,75 Saeeeee ne 1,161 68. 3 64.5 105. 9 68. 3 64.5 105. 9 

BENS ED E202 (5 De econ SR ara Ee ee nas |e eee ee ee | a 62.7 55. 2 113.7 58. 3 | 53.1 109.8 

CRELTST ga RTE Fg og Oe ean PE a TP yrAtre 230 see 867 54,2 57.7 93.7 54.2| 54.2 100. 0 
: SF | a Mbe al ai ee 788 52. 5 60. 6 86. 7 52.5 60. 6 86.7 

Se SOD Deo see ee 607 60. 7 55. 2 110. 0 60. 7 46. 7 130. 0 
AWN Vail OSs ee 990 52.1 58. 2 89. 4 52. 1 55. 0 94.8 

INS ASGRS 38 25 88 op SORT ye ake Ss i BO a eee ee a ee eee eee eed cet ne ae ee | oS ee 54. 2 58.1 93. 4 54, 2 54. 2 100. 0 

INORGUER Oe en ee ee ee Se ee eee eee RAIS Of = sae aoe 695 49. 6 53. 4 92.8 43.4 53. 4 81.3 
2 eAUS. 28s ee eee 1 pel bf 48. 6 48. 6 100. 0 48.6 48. 6 100. 0 
Oo Rd iby L7 p18 10s wee 1, O87 64. 0 49.4 129. 4 63.9 49, 4 129, 4 
SAS SOD Use lee eee 1, 055 48. 0 50. 2 95. 4 48. 0 50. 2 95. 4 
rl, COR HG Te 1, 259 74. 0 74. 0 100. 0 74.0 70. 0 105.8 
6Septel3ss = he 322 46.0 29. 3 157.1 46. 0 29. 3 157, 1 
fol) MO fener eee ee eS 598 85. 4 74.8 114.3 85. 4 74.8 114.3 
SuNOVeeo eee 742 30. 9 43.7 70. 8 28. 5 41.2 69. 2 
QUININE Ove, Osos eee 649 81.1 81.1 100. 0 64.9 €1.1 80. 0 

FAS OLS @ Renee ie Eee Re SaEMNS Bafa Se BE Re ge a art ah ee le Bete SEN eee oe eS 54, 1 53.8 100. 7 51.9 53.0 97.9 

SHECI oer, 0% Maras 8 3 gee We ee Se Se ey eee LGA 20) eee eee 1, 031 41.3 44.8 92.0 36.8 43.0 85.7 
pis reat base OULS sae meee a pean Uae Bee St ee Pee eee 2a UL) eed ee es 1, 008 56. 0 56. 0 100. 0 56. 0 56. 0 100. 0 
NESS ateh dep 2) Sd cay b best ois eo ene Rue, ape Rape eae el iy ee ae a piel Syolle, Deseo 924 57.8 61.6 93. 7 54. 4 54.4 100. 0 

PARR OG On et eg OG os, EE ca Sh eG Be LD el ee | eae | Were a ee pe Oe am Pees Maa oe 50. 2 62.9 94. 9 47.0 50. 2 93. 7 

SI sili Gale nOale SUD eT AdGs owe me cee ee cee ee eee Ta July 2022 eee 823 63. 3 54. 9 115.4 54.9 54.9 100. 0 
2A Sept iGsee eee er 1, 087 40. 3 47.3 85. 2 40. 2 47.3 85.2 
SL OCt al Op a eae 305 43.6 43.6 100. 0 38. 1 33.9 112.5 

TAT VCE 2 0 ae ee ae Oe RE oie rae Mees es. Sas ee | ta ee ac SRR Ree ee ee oe ee Soe 47.1 49, 2 95.8 44.3 47.1 94.0 

Bodin silicate, Gar paper on’ subgrade._--- 22. <.---=.2---------2-.4- RDU? 20 eee ees 788 49. 2 56. 3 87.2 43. 8 49.2 88.9 
i | SA ee eee, 1, 109 44.4 55.4 80. 0 42. 6 48. 2 88. 5 

PAS CTIA © eee er ee ae re ne ee a a oe er ee ee oe | See | ee Cee ee ok 46.3 55. 8 82.9 43.1 48.7 88. 7 

Calcium chloride surface application, earth subgrade---------------- 1 Aug) 16s 22s ees 330 30. 0 33.0 90. 9 27.5 30. 0 91.6 
Di SUL Ye 20, 20s ee 1, 635 56. 4 58. 4 96. 6 mel 54.5 93. 7 
37 O Chalo cee: a! 779 86. 6 97.4 88.9 86.5 97.4 88.9 
4 \Septita sose sees 588 42.0 45, 2 92.8 39. 2 39. 2 100. 0 
Se Oct toler ee 198 66. 0 66. 0 100. 0 66. 0 66. 0 100. 0 
CuIINOVea 2s eee 891 40. 5 46.9 86. 4 37.1 42.4 | 87.5 
TAINO Ld mes cee ee ee 219 73.0 73. 0 100. 0 54. 8 73.0 75.0 
SulNioventouss aes oon, s 625 78.1 78.1 100. 0 69. 4 78.1 88.9 

TAS U OTA LG eee eee eek IRR aes oe Es we ee Cee ar ve Sh eee Sell ee oe ate we Ae Yi LE §3. 2 oles 93. 0 48.8 53.3 91.6 ~ 

Calcium chloride surface application, tar paper on subgrade____------ il ato Bee ee 1, 139 34.5 38. 0 90.9 31.6 36. 7 86. 2 
2 \\O Chad -4 oe aan 1, 178 69. 3 65. 4 105. 9 69. 3 65. 4 105. 9 
Sal Ota ole a eae 493 70. 4 70. 4 100. 0 54.8 44.8 | 122.2 
A HIN OVS oo see aes 966 48.3 46.0 105. 0 38. 6 43.9 | 88. 0 
DO WNOVs 14e5 eae 8 705 88. 1 &8. 1 100. 0 88. 2 88. 2 100. 0 

Pagcgiite st a ge eae 20 eRe a2 8! Oe Ube oho 2. me Se 52.7 53.4 98. 8 47.2 49. 8 | 94.8 

BIO DTOCOSS Oar SU DPT ACCS ose e a. | eae coe. oe ee ee ee, DP PAUE pL Qos we oo ee 1, 459 31.0 34.7 89. 4 28. 6 33. 2 | 86. 4 
De OD wien oat ee 800 26.7 38. 1 70. 0 23.5 38. 1 61.8 
SemO CTR LOS see eae 336 22.4 37.3 60. 0 22.4 37.3 | 60. 0 
4a INOS 12a es nee 1, 073 21.5 46.7 46. 0 19. 5 43.0 | 45, 5 

Lis Se Re Ue ee ity Taal cal iA De ae eee Oe a eee 38.6 66.9 23.7 37.1 63. 8 
1 

1 The slab length rating is expressed as the percentage which the average length of research-cured section bears to the corresponding average length of standard-cured 
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TaBLe 5.—Results of crack surveys—Continued 

Survey of Dec. 3, 1929 Survey of May 26, 1930 

Average length of Average length of 
7c A Length Sangs “ 

Type of research cure Se Date laid Fi beeen section oon section slat 

SS a length length 

Research |Standard| T@4M8 | Research|Standard| ting 
cure cure cure cure 

Feet Feet Feet Per cent Feet Fi Feet Per cent 

ess, te aner On SubgTad este = oan ee re ee ee ee UDP a Ae ie sees 1, 367 27.3 38. 0 72.0 24. 37.0 66. 1 
Hunt process, tar paper on subgrade------ x Scot. Wags sae ore 29.5 33.6 87.9 25.6 30.4 42 

Sl" OCs 20 ese see eae 482 48. 2 40. 2 120.0 48.2 40. 2 120. 0: 

Arveragd ais Kuen. 2 Ree Boe Oe ee | eee oS ene eee | ee ero 30.4 36.7 82.8 27.2 34.9 | 77.8 
| 

é asphe si Srihsnberade ses ae eee eee aus Mp AE: 1S ee eee 1, 016 21.6 37.6 57.4 19.6 36.3 53. 8 
pide ag eed Ut ier RU AE pl sept ii beac 1) 097 21.5 30.5 70.6 20.3 28.9; 70.4 

OW COkc ae aA ley oS 1, 003 35.8 41.8 85. 7 33.4 41.8 80.0: 
A ANOVe 10,fL0seeeseoe 1, 021 46.4 51.0 90.9 44.4 61.1 87.0 

IN VOTES so pe ae ae ae ee ee Oe ee Ee See ee re eee eee eee 28.0 38. 7 72.2 26.0 37.6 69. 2 

Barber asphalt Ision, tar Paper On Suberadesess--sse- eee ee (RASC OO Ee es -reee 1, 003 25.1 40. 1 62.5 22. 3 37.2 60. 0 
sh hs de re hg e oy Sept 1e ee 1) 063 25.9 36.7 70.7 23, 6 33.2 71.2 

ON OC Lo oae ae see 694 36. 5 49.6 73.6 34.7 49.6 70. 0 

(A VOTR OO soak Sete ere A ee oe ee ae | DO OR oe eR rere on ee 27.6 40. 6 68. 0 25. 1 37.8 66. 4 

Headley asphalt emulsion, earth subgrade__-------_-_---_-.-_-___._. TRATION oN 22 eee oe 1, 085 20.9 31.0 67.3 20.1 31.0 64.8 
2 Septs2l a eee 909 35. 0 47.8 Wood 34.9 37.8 92.4 
SO Cin) eee 1, 004 24.5 47.8 61.2 22.8 40. 2 56.8 
Ani eINO Von Glee see 485 25. 5 48.5 52. 6 24. 2 48.5 50. 0 

BA VV QU AS GS Be ee ie eases ates eg me Ne ca ae te ee | oe | Oe ec ae) 20:2 41.0 61.6 24.2 37.1 65. 2 

Headley asphalt emulsion, tar paper on subgrade__------_-.---_.___- TPAC Ce 2S se ere nee 1, 050 22.8 35. 0 65.2 20. 6 32.8 62.8 
Da teil oe be 773 38. 6 51.5 75.0 36.8 48.3 76. 2 
DUO Cl +26 sae ee ee 531 53. 1 59. 0 90. 0 37.9 59. 0 64. 2 

Uy fe) 2h: ee aS ek nee cE I ees eee ey BEN as Ce ae oe a Soll ot 31.0 43.6 flea 27.4 41.3 66.3 

Parviaa Ki. b. Carvo SUD ET AG Gre anaes ane = ne ea ee ae ee POAT eS epee Tero pia 26. 3 40.8 64. 4 24.2 39.8 60. 9 
vill Sein, Wey eee ee 259 16. 2 2300 68. 7 14.4 19.9 72, 2 

Asverage.s2<57 BD. eae PA Be Se ek ote me Wes S| 5 Ry || eae a | 24.1 37.0 65.4 2201 34.8 63.5 

WAtVIa Ks bon Cal Paper Ol Sil DLT ACC sme ae eee mere arene ene! TieAv eK 14oee eee 816 3 18. 5 40.8 45.4 17.0 37.1 | 45.8 

A VOL AR O53 oo Se ad Ae Se re ts ee Pe ec | ae ee a | SN SG 18. 5 40.8 45.4 17.0 37.1 45.8 

TaryiaB vearth subgrade ae.) oe ee ee en ee alSepts 17. eee 440 22.0 33.8 65. 0 21.0 33.8 61.9 
Tare ct ayo yl C: Wee ee se) BE 871 iW pt 26.5 66.7 15.5 24.7 62.5 
Sula Oval a eee eee 270 67.5 67.5 100. 0 67.5 54.0 125.0 

A VOragel...8. S225. 2 =i Bae, Be a Bae a ee ee © | a 24.0 34.9 68. 9 2201 32.8 67.4 

Taryia Bar Paper Oss DEA Oeeree er cs ea eet ane ee ene ee Tt Septed fesse eee 719 SES 47.9 78.9 36.0 45.0 80.0 

AV OLAS O2 Su Sera a ee eee Nt Bl A cae | ee | 37.8 47.9 78.9 36.0 45.0 80.0 

Poor earth cuter. 2. cca Bs ee oan See ee ee ee 1 || NES Giese 1, 280 55.6 45.7 121.8 47.4 41.3 114.7 
2 | Sept s822s 22 ee Up Al 70.1 74.8 93.8 Osa 74.8 93.8 
Sa OCh ao eee eee 846 86.5 86. 5 100. 0 86.5 86.5 100. 0 
AN Octal Gan eee 571 81.6 95. 2 85. 7 63.5 95. 2 66. 7 

AVOlAg 0! cuc.- ae ate Se Bk ee eee IE gee | oe | 66. 4 62. 6 106.0 59.3 59.3 100. 6 

Ponding -2 for.c0 => SS Ss ee ee ee ee ee eee 1) PATI ESO} Ob 570 40.7 43.8 92.8 38.0 43.8 86.7 
24 Pept slo ese eee. 1, 330 63.4 78. 2 80. 9 55.4 66. 5 83. 3 
Sa OCtatGs lO sesame 805 61.0 61.0 100. 0 61.0 61.0 100. 0 

AVOrage soe ao) ec ee ee ee eee (coc Seca |S. aee eee eee | 55.1 63.0 87.5 50. 1 58.0 86. 4 

Calcium chloride admixture, earth subgrade__-._--__________..______ Slt CAN Geren mene 266 29. 6 38. 0 Tins 29. 6 38.0 | 77.8 
2) Octas0yaes= a 507 63.4 50. 7 125. 0 63. 4 50. 7 125.0 
SE ON Gh eee ae 280, 35. 0 46.7 75.0 ol. 1 46.7 66.7 

AVelag@>. 258 215 Se SERS es oe ae en ere ee tel en | 42.1 45.8 92.0 | 40. 5 45.8 88.5 

Calcium chloride admixture, tar paper on subgrade__________________ 1. Ate 31 jane oe 338 37.6 42.2 88. 9 37.6 42.2 | 88. 9 
Dh Oct 3 llaseae sete 227 56. 7 56.8 100. 0 ’ 45.4 56.8 80. 0 
Sul NOVEL 4 sae aes ewes 200 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 

AWOTARO. oof — 2 ogo oe We A ae a | ee | eae 51.0 54.6 93.3 47.8 54. 6 87.5 

In Table 5 are presented the results of the crack 
surveys of December 3, 1929, and May 26, 1930. 
tabulation includes values of average length of un- 
cracked section for both research and standard cures, 

The results of 
the tests for surface hardness are tabulated in a similar 
manner in ‘Table 6, and are discussed in a subsequent 

and the corresponding test ratings. 

part of the report. 
The data presented in Tables 4 and 5 is shown in 

condensed graphic form in Figures 1 and 2. 

This 

These 

two diagrams give the date of laying each test section, 
the daily rainfall and temperature records, and the 
various test ratings, with the exception of those for 
surface hardness given in Table 6. 
ranges, which cover the working day only, are denoted 
by vertical lines, the presence of an arrow indicating 
that no minimum temperature was recorded. The 
ratings for each section or cycle are also denoted by - 
vertical lines, which appear in the following order, 
reading from left to right: 

The temperature 

——— ss 
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Modulus of rupture at 3 days. 
Modulus of rupture at 7 days. 
Modulus of rupture at 14 days. 
Modulus of rupture at 28 days. 
Crushing strength at 1 year. 
Uncracked slab length on December 3, 1929. 
Uncracked slab length on May 26, 1930. 

SIGNIFICANCE OF TEST DATA DISCUSSED 

Re Heil ad i bar 

Before the results are considered in detail, it will be 
of interest to discuss briefly the significance of the meth- 
ods of establishing the relative efficiency of the various 
cures. The beam tests were made for the purpose of 
determining the effect of the curing method upon early 
strength; that is, upon strength acquired during periods 
up to 28 days. The value of a rating based on the 
strength of molded beams depends, of course, upon the 
degree to which it can be assumed that the curing 
effect on the beam is exactly the same as the effect 
upon the road slab itself. Although every effort was 
made in this work to make the conditions of curing 
closely comparable, it must be admitted that certain of 
the curing methods, especially those which depend upon 
sealing the moisture within the concrete, probably had 
an effect upon the small beams somewhat different from 
their effect upon the pavement because of the greater 
relative surface area exposed to evaporation. As has 
been noted above, the practice of spraying only the tops 
of the beams was criticized by the sponsors of certain 
of the so-called ‘“black-surface”’ or bituminous cures. 
As a result, a number of special sets of beams were cast, 
which were sprayed on both sides and top, the sides 
being sprayed immediately after removal of the forms. 
The results of transverse tests on these beams compared 
to similar beams sprayed only on the top are given in 

TABLE 6.—Results of tests for surface hardness 

| | Depth of wear, 
| ‘thousandths of an} 

| inch | Wear 
| Cycle test 

Type of cure | No. ke rating,! 

| | Research ene: per cent 
| cure aan 

| 

Wet burlap applied for 12 hours_-_.--------------- 1 35.3 39. 3 | 90 
Wet burlap applied for 24 hours------------------ | 1 43:7| 57.0 77 
Wet burlap applied for 48 hours.--.-..-.--.------ 1 34,3 42.3 | 81 
Wet burlap applied for 72 hours------------------ 1 Sowa 47.3 | 75 
Wet burlap applied for 96 hours_----.------------ 1 43.7 | 58.7 74 
ENC CULT Oe ee ee re ee ee eee eee 1 Behe || Byes 88 

DOs 3 os nef oe eS ee nee 4 32.0 37.3 86 
Sisalkraft paper applied for 24 hours------------- 1 43.7 54. 0 81 
Sisalkraft paper applied for 48 hours------------- 2 36.0 36.0 100 
Sodium silicate, earth subgrade-----.------------- 1 25.3 PS 93 
Sodium silicate, tar paper on subgrade_---------- 2 32.7 58. 7 56 
Calcium chlor ide, surface application, ein 
SID ETAC Cm eee Oke eee een te coe eee ee 3 32.3 31.3 103 

Calcium chloride, surface application, tar paper 
ONISUDETAG Ces nee en ee eee teen ceca | 1 | 43.3 47.0 92 

Hunt process, earth subgrade--------------------| 1 29.0 30.3 96 
1D 05 = Se ee eS eae SS, 5 en ee 2 41.0 Olid. 109 
1) Ome ae fae ee een oe a eee. | 4 | 45.2 28.0 161 

Hunt process, tar paper on subgrade-_------------ 1 1 53.7 34.0 158 
Barber asphalt emulsion, earth subgrade--------- 1 46.3 32. 7 142 

1) Geen Wer ee ate eee eens 2 49.7 49.7 100 
DD) 0 Me ee ee ee Se ae ena nena 3 52.3 36.3 144 

Barber asphalt emulsion, tar paper on subgrade_- | 68.7 52. Ui 130 
Headley asphalt emulsion, earth subgrade------- 3 70.0 34.3 204 
Headley asphalt emulsion, tar paper on subgrade. 2 53.0 28.7 185 
Marvid Key P- learth subegrad@ss-.2---=---s-t sean 1 38.0 26.0 146 
Tarvia K. P., tar paper on subgrade-_-----.-.----- 1 66.0 46.0 144 
Tarvia B—earth subprade: 22-thee 202. -2552- 5 | 1 50. 0 58. 0 86 

iD Le)_ 2) ssesn, Seek ne a eS Sea ESO | 2 77.0] 56.5 136 
3 BY Ses 2 ee Oe ee ae eee 3 41.3} 39.7 104 

POOR GAT ULECIT Glee tet ete tana et ae eeenaaaacar 1 47.7 31.3 152 
POTN ees eae See se ee 1 45.7 44.3 103 

IDO). ase kt ee ae eer a Ee eee | 2 ENO Il SYA 109 
Calcium chloride admixture, earth subgrade----- | 1 34.0 38.3 89 

(Ce Sa ee ee ee ee ee eee | 2 52.3 50. 7 103 

1 The wear test rating is defined as the percentage which the depth of wear recorded 
for the research-cured side of the section bears to that recorded for the standard- 
cured side. 

30119——-31—_—2 

eLSAB Taine 7, 
with beams cured on top only 

—Strength of beams cured on sides and top compared 

Strength of 
beams cured on 
top and sides, 
pounds per 
square inch 

Strength of 
beams cured on 
top only, pounds | 
per square inch | 

Strength of 
beams cured on 
top and sides as 
a percentage of 

strength of 
beams cured on 

Type of cure top only 

Age | Days Age Days | Age Days 
| = 2 | ea 5 bes 

Sieg TAM 2841 Sil eel 4a eo8at Seay Pale 28 

Barber asphalt emulsion, | 
earbhisubgradesees esos eee 463) 543) 650) 597) 495) 538) 636) 592) 94] 101/ 102 101 

Barber asphalt emulsion, tar | 
paper on subgrade_____.-._- 430) 574 656; 615) 454) 531 583 614) 95) 108) 113 100 

Headley asphalt emulsion, 
earthisiberadesas. seen aoe 344} 592) 530) 588 #07 541! 620) 671) 87] 109} 86) 88 

Headley asphalt emulsion, tar | | 
paper on subgrade__-______-- 351) 530 683 | 782| 297) 572) 676) 745] 118 93) 101) 105 

Tarvia B, earth subgrade_-_-_-__ 283| 475, 458) 634/ 249) 428) 469) 686| 114} 111} 98) 92 

Table 7. It will be observed that the additional spray- 
ing produced no consistent effect in either direction. 

‘Tt is not believed ‘that very much weight should be 
attached to the results of the beam tests because of the 
manifest impossibility of producing a curing condition 
strictly comparable with that of the pavement. It 
seems advisable that future experiments of this char- 
acter should be conducted in the laboratory under 
standard conditions; or else that tests for strength 
should be made on specimens taken “directly from the 
full size sections. 

CORE TESTS CONSIDEKED Ug Be IMPORTANCE THAN BEAM 

The significance of the core strength data lies in the 
information which they afford relative to the influence 
of the curing methods on the ultimate strength of the 
concrete. Core tests obviously have one advantage 
over tests on molded specimens in that they are made on 
specimens cut from the actual structure. A disadvan- 
tage (common to all core tests on concrete pavements) 
lies in the fact that each individual core represents such 
a small portion of the slab, which at best is far from 
uniform in quality, that it is necessary to average a large 
number of individual tests before the results become 
truly significant. In this investigation it was possible 
to drill only four cores from each test section so that 
each result given in Table 4 represents the average of 
only four tests. The lack of a sufficient number of 
individual values from which to compute average results 
probably accounts for certain erratic and apparently 
inconsistent results appearing in the core test data. In 
spite of this, the authors are inclined to give the core 
data somewhat more weight than the beam test data 
because the specimens were actually taken from the full 
size structure and to this extent should represent the 
effect of the curing agent under actual conditions of use. 

GREATEST WEIGHT GIVEN DATA REGARDING FORMATION OF 
CRACKS 

In considering the data presented in this paper, the 
authors believe that the ereatest weight should be given 
to the amount of er acking which has developed on the 
several test sections. The primary function of any 
curing method is to retain moisture in or supply 
moisture to the concrete from the time the slab is placed 
until sufficient strength has been built up to resist 
the stresses due to contraction when the slab finally 
is allowed to dry. Failures of the curing agent to 
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function in this respect should certainly be reflected in 
increased transverse cracking, particularly at the 
early ages. It is impossible to ignore the evidence 
supplied by the behavior of the road itself; and the 
cracking which has developed, although not always 
explainable, merits careful study. In this connection 
it should be stated that most of the cracks which have 
developed to date on this road are due probably to 
temperature or moisture changes or both, rather than 
to traffic. This conclusion is based not only on the 
general appearance and distribution of the cracks, but 
also on the fact that the pavement does not carry 
very heavy traffic and, moreover, was constructed on a 
uniform subgrade, a condition which still further 
reduces the tendency to failure through overloading. 

The efficiency of the various curing methods as 
regards cracking has been studied by direct compar- 
ison of the average lengths in feet of uncracked slab 
for the various methods as well as by comparison of 
each method with the corresponding earth and water 
cured section by means of the percentage rating re- 
ferred to above. It will be recalled that every effort 
was made during the construction of the pavement to 
allow free longitudinal movement of the two sides with 
respect to each other. The test results indicate, how- 
ever, that a complete separation was not attained. 
Reference to the test data given in Table 5 will show 

MAcHINE FoR Layinc Buruap Foutows 

he # aes 

THE MIxER 

that the average spacing between cracks on those 
standard-cured sections opposite experimental sections 
which developed excessive cracking was much less than 
in those cases where only normal cracking developed on 
the research side. This matter will be discussed in some 
detail later. It is mentioned here simply to show why 
it is necessary to compare the actual average uncracked 
slab lengths for the various cures directly as well as to 
compare the length of uncracked slab for each experi- 
mental section with the corresponding standard cured 
section. Due to the practical certainty that the slabs 
were not entirely free along the longitudinal joint, the 
authors are inclined to believe that a somewhat truer 
comparison of cracking is obtained by the direct method. 

The above discussion of the significance of the various 
methods for evaluating curing efficiency represent the 
authors’ views as to how the data should be interpreted. 
The reader is of course free to interpret the test results 
in any way which seems logical to him. In order to 
pernut him to do this, the results of all of the experi- 
mental data are presented barring only certain erratic 
individual beam test results which were eliminated by 
the method of least squares. ‘ 
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CURING METHODS DISCUSSED IN DETAIL 

In order to give adequate consideration to the effect 
of weather conditions on the results of these tests, it is 
necessary to study the data obtained from each curing 
method for each cycle individually before any general 
comparisons are attempted. The first portion of this 
discussion, therefore, deals with the various experimental 
curing methods in order, with special reference to varia- 
tions in results in the different cycles for the same method 
and the possible effect of variations in temperature, 
humidity, and rainfall on the results obtained. Tables 
8 to 19, inclusive, give for each curing method a summary 
of the data presented in Tables4 and 5 and Figures 1 and 2. 

Concrete cured with wet burlap for various periods with 
no further curing.—A total of 18,810 feet of pavement 
was cured with wet burlap. This included 2 sections 
of 12-hour curing, 6 sections of 24-hour curing, 5 sec- 
tions of 48-hour curing, 4 sections of 72-hour curing, and 
4 sections of 96-hour curing. A summary of the data 
and test ratings for the sections cured in this manner is 
given in Table 8. 

The 2 sections cured with wet burlap for 12 hours had 
the burlap removed after the end of the 12-hour period, 
regardless of the time of day. Care was taken to have. 
the burlap thoroughly saturated during the entire 12 
hours under cure. One of the two sections cured for 
12 hours with burlap was laid July 5 to 7, and the other 
on November 20. It is interesting to note the low 
rating values obtained with the section laid November 
20. ‘These results emphasize the danger of curing for a 
short period during cool weather, thus permitting 
drying out before the concrete has attained sufficient 
streneth to withstand shrinkage stresses. It will be 
observed by reference to Table 4 that the beam strength 
at 3 days of the concrete placed on November 20 was 
only 178 pounds per square inch or less than one-half 
the beam strength of the corresponding section laid 
July 5 to 7. 

The 6 sections cured for 24 hours with wet burlap 
show somewhat erratic results as regards relative 
value. In some cases unusually high core strengths are 
noted for no apparent reason. In the cycles of August 
24 and September 24 the beam strength rating is low. 
There is the same tendency for excessive cracking to 
develop when the concrete is cured for a short period 
at low temperatures, as may be noted by reference to 
cycle No. 6, laid November 24. Reference to Figure 1 
will show that this concrete was exposed to very low 
temperatures immediately following the placing of the 
section. A modulus of rupture of only 87 pounds per 
square inch was attained at three days, although the 
strength of the concrete at later ages was approxi- 
mately the same as for other sections laid during warmer 
weather. 

There is nothing of particular significance to note 
regarding the 48-hour burlap period except to point out 
that the sections laid in warm weather show less crack- 
ing and the one laid on November 27 more cracking as 
of December 38, than the corresponding standard sec- 
tion. On May 26, 1930, the crack rating of the section 
laid November 27 had increased to 100 per cent. It 
will be noted, however, that the average slab length is 
only 33 feet. 

The sections cured for 72 hours with wet burlap give 
a very good account of themselves, especially as re- 
gards cracking. All of the four sections show less crack- 
ing than the corresponding standard sections. It should 
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TABLE 8.—Summary of data and test ratings for sections cured with wet burlap 

: | lege 
| | 

Beam strength ratings . | Average slab length, Slab length rating 
Duration eee gyn eee Rainfall, ee ey 
of treat- | Cycle No. Date laid ie - ene 10-day tevin andl cae an a a ES ath hana 
ment ) WBE TUES, period , 5 ‘ P ss rating at | Dee. 3, | May 26, | Dec. 3, | May, 26, | 10-day 3-day | 7-day 14-day 28-day | one year 1929 1930 1929 1930 

| period 
| 92 : 92 

IIours | Patey 1 erat Inches | Percent | Per cent | Percent | Percent | Percent | Feet Feet | Per cent | Per cent 
1 fe ee oe Duly Sy Oseeea see | 1, 392 | 93-76 34 96 98 101 89 109 53.6 51.6 96. 2 | 96. 3 

y INOV.: 202232 2 ate 5 | 661 55-35 216 84 79 88 105 84 | 50.8 44.1 | 84.6 80. 0 

SALE i 2 ee See) | 1, 022 85-78 216 84 94 77 88 102 63. 9 63. 9 118.8 118.8 
AULly nO 10 eee eee [ee 1,334 94-74 144 92 96 102 93 122 58.0 58.0 | 95.6 100. 0 
OCts20 ass ose 285 | 60-44 178 115 108 98 101 85 (pee 71.3 100. 0 100. 0 
POD tA gt = eee ae 671 | 81-59 1144 92 83 84 82 100 95.9 83.9 | 100. 0 100. 0 
IN ON oil oes ea naa 778 60-41 | 34 113 101 100 98 113 | 77.8 70. 7. | 100. 0 90. 9 
IN'OWa-24 Beye 917 | 53-36 | 246 106 102 96 100 115 45.8 43.7 75. 0 85. 7 

(AUIS SO Barak se eee 1,005 | 83-79 216 107 87 81 74 94 47.9 47.9 | 114.3 119. 0 
hutlya li eee 804 | 94-73 Za. || 98 96 101 89 102 57. 4 50. 2 114.3 | 106. 2 
DeDty 20sec ssa 1, 008 82-61 214| 104 91 92 83 94 lao) 72.0 | 92.3 | 92.8 
INOVig den eeat ees 824 62-45 34] 93 87 94 91 101 82.4 82. 4 | 100. 0 110. 0 
IN OMe ioe ote oe 718 61-46 Dene eel Se Soo e See ee eee aes ee 110 35. 9 32.6 | 95. 0 100. 0 

PATI 2 ee eee 1, 071 81-70 214) 102 100 90 76 99 53. 6 46.6 | 120.0 | 113. 0 
pULy (3 tee ee eee 1, 040 93-73 | 176| 117 111 108 104 100 69.3 65.0 | 120.0 112.5 
DOD Uy cOceeet= seo 867 82-63 | 24 110 100 93 105 96 61.9 57.8} 107. 1 106. 6 
INMOwa os Wy Bisa | 1, 161 | 65-48 14% 90 103 100 109 150 68.3 68. 3 105. 9 | 105. 9 

Aug. 30 867 81-61 214 104 102 84 89 92 54, 2 54.2 | 93.7 | 100. 0 
July 14, 16__- 788 92-74 2 110 103 112 93 104 52. 5 D200) 86.6 86. 7 

=) Hep. 20-2. 2 607 83-65 24% 111 100 90 86 83 60. 7 60.:7 | 110.0 130. 0 
INOW SIE Saas oe 980 | 64-48 1 92 | 87 94 99 85 52. | 521 89.4 94.8 

be noted, however, that considerable rain fell either 
immediately after or shortly after the completion of the 
72 hours of burlap cure on each of the first three cycles. 
Cycle No. 4, laid November 6, 7, and 8, received no 
rain after completion until November 17, six days after 
the completion of the 72-hour burlap cure and one day 
before the completion of the cure on the standard side. 
Analysis of this section is, however, complicated by 
the fact that three-fourths inch of rain fell on Novem- 
ber 7, after 755 feet had been laid. Just what effect 
this rain had is uncertain. Reference to the detail 
crack survey indicates about the same number of cracks 
on the sections laid before and after the rain. It is 
obvious that any rainfall occurring during the 10-day 
standard curing period, especially on sections cured with 
water for only a short time, such as the burlap cures, 
may influence the relative efficiency of this type of cure 
to a marked degree. 

In contrast with the 72-hour cures, the sections cured 
for 96 hours gave in general less favorable results than 
the standard method. However, the differences are 
not great and may possibly be accounted for by other 
factors than curing. 

In general it may be said that, aside from the obvious 
tendency for increased cracking to develop on sections 
cured for short periods under low temperature condi- 
tions, the various burlap cures produce results very 
similar to those obtained by means of the standard 
earth and water method. As stated above, this con- 
clusion must be qualified by recognition of the proba- 
able influence of rain upon the results obtained in this 
particular experiment. Any conclusions regarding the 
merits of burlap curing for periods up to 96 hours which 
may be based on these tests lose much of their signifi- 
cance because of this fact. It is exceedingly unfortu- 
nate that the season of 1928 was an exception to the 
general rule as regards rainfall in this territory and it 1s 
still more unfortunate that none of the burlap or ‘‘no- 
cure” sections, which were the ones most probably 
influenced by rainfall, were laid during the early part 
of September. No rain at all fell durmg this month 
except on the first. 

‘““No-cure” sections.—For purposes of comparison, 
all artificial curing was omitted from nine sections 
totaling 7,524 feet, the individual sections varying in 
length from 322 to 1,259 feet. The word ‘‘artificial”’ 
is used advisedly, because here again rainfall may and 

Wer BURLAP ON ONE SIDE OF LONGITUDINAL JOINT, EARTH 
AND WATER CURE ON OTHER SIDE 

probably did affect the results to a marked degree. 
Reference to Table 9 and Figure 1 will show that rain 
fell during the normal 10-day curing period on eight of 
the nine ‘“‘no-cure” sections. The one exception is 
that laid on September 13. No rain fell on the sec- 
tion laid on October 5 and 6 until the ninth day. 
The rainfall indicated in Figure 1 for October 5 occurred 
in the early morning before any concrete was laid. 
The authors believe that it would not be fair to rate as 
a ‘“‘no-cure”’ section any section of pavement upon which 
rain fell during the normal 10-day curing period, and no 
such comparisons will be made in this report. Refer- 
ring then to the section laid on September 13 as one 
upon which no rain fell, we are confronted immediately 
with the surprising fact that the ‘‘no-cure”’ side of the 
pavement developed less cracking than the side cured 
under earth and water. It would be obviously absurd 
to conclude from this that no curing gives better 
results than the standard method and we are conse- 
quently forced to search further for a reason why this 
particular condition should have developed. Refer- 
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TABLE 9.—Summary of data and test ratings for sections on which no curing method was used 

Average Beam strength ratings ; Average slab length] Slab length rating 
temper- | painfall, | Core a es 

Gurcla Ni Date laid Length | ature idee | l shrbaae ior “P= Seeks cae eet ae 
ycle No. IES ofcycle | range, | deriod | Nel, Eiger rating at! Dec. 3, | May 26,| Dec. 3, | May 26, | 10-day | 3-day 7-day ld-day | 28-day | one year 1929 1930 1929 1930 

| period | | 
= — | = mame Pactatterat si) 

PCC mae ho. Inches | Percent | Per cent | Percent | Percent | Per cent Feet Feet Per cent | Per cent 
1 AYE OLS ae a eae 695 90-75 278 100 91 86 86 78 49. 6 43. 4 92.8 81.3 
2. oS ee | Aug. 28. coc sess) 1 Tepe OI-66 214 90 85 95 | 92 | 108 48. 6 48.6 | 100.0 100. 0 
Bd eee eee July 17, 18, 19__---- 1, 087 90-75 Ve 88 90 | 83 92 | 89 64. 0 63. 9 129. 4 129. 4 
Se SPT meh EVE A Septsay ok eon 1, 055 82-64 214 97 110 101 | 95 | 120 48. 0 48. 0 95.4 95.4 
| Rae cing, IG C1, Sted Ma agi ys oe ose | 1, 259 86-67 2 | 91 78 80. ie 83 74.0 74.0 100. 0 105.8 
6: cscs teak emma aed Sept, 13.52. -!e2c 322 | 82-62 0 | 84 | 72 64 | 1S | eae 46.0 46.0 157.1 157.1 
EN Te 5 Oct: 2 eee 598 64-47 | 276 99 93 | 86 7 121 85. 4 85.4 114.4 114.3 

So era So eee br Nay conse mee 742 55-38 | 214 204 | 90 | 93 | 94 120 30.9 28.5 70.8 69.2 
OE ACN Tie eee 649 64-48 | 144 113 | 87 | 83 | - 88 | 91 81.1 64. 9 100.0 80. 0 

TABLE 10.—Summary of data and test ratings for sections cured with Sisalkraft paper 

Average Beam strength ratings Gan Average slab length| Slab length rating 
| Length oe tempera- Syne strength 

Cycle No. Date laid | Ane of treat- |turerange| 10-day | rati t 
: | of cycle | 5 rating at} pee 3 | May 26,| Dec.3, | May 26 

: nt 10-day | period 3 ee Bee | aes : ec. ay ec. 3, ay 
| | aT | period | | S-day 4 day | ee day: 26-day honey eae 22162) val eo oman 1930 

Feet Hours | Hite Inches | Per cent | Per cent | Per cent | Per cent | Per cent Feet | Feet Per cent | Per cent 
Ade terete tes ral AUG 20s 00% 24) 80-61 214) 94 | 84 | 86 88 | 88 41.3 36, 8 92.0 85.7 
ot pies Seats ee ee oie | July 24 1, 008 48 | 89-76 14) 98 | 93 | 72 99 | 97 56.0 | 56. 0 100. 0 100. 0 
RBS Let ie ae | Sept. 28 924 24 | 83-65 214) 98 | 104 9 90 110 57.8 | 54.4 93.7 100. 0 

| | | | 
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SISALKRAFT PAPERON RESEARCH SIDE OF LONGITUDINALJOINT 

ence to Table 5 shows that the average uncracked slab 
length on the earth-cured side of this section was only 
29.3 feet as compared with an average for the entire 
nine sections of 53 feet. A search for the reason for 
this excess cracking developed the fact that this portion 
of the pavement had been laid on a new fill on the north 
(or standard-cure) side and that the cracks observed 
were probably caused by settlement of this fill. It 
will be noted further that the section is only 322 feet 
in length. In view of the above condition it is obvious 
that this section should not be considered. 

The section laid on October 5 and 6 remains, there- 
fore, the only one which may possibly be rated as a 
“no-cure’’ section. It may be of interest to study this 
section in some detail. No rain fell until October 15, or 
nine days after the completion of the section. The 
average maximum temperature during the first 10 days 
was 86° F., the average minimum daytime temperature 
67° F., and the weather was clear and sunny during the 
whole period. It will be observed that the section rates 
very low on both transverse and crushing strength. 
Average uncracked slab, length, however, is the same 
as for the standard cure side. This, in view of the tem- 
perature and general weather conditions prevailing, is a 
very good showing. 

In general, it is believed that, due to the possible effect 

of rainfall upon the results, no use should be made of 
the data obtained from the so-called ‘‘no-cure”’ sections. 

Sisalkraft paper.—On. 2,963 feet of pavement laid in 
three cycles, a reinforced waterproof paper known as 
Sisalkraft was used in place of wet burlap. In the first 
and third cycles, the paper remained in place 24 hours; 
in the second cycle, 48 hours. None of these sections 
was entirely uninfluenced by rain during the first 10- 
day period. The one laid July 24 was subjected to the 
most severe conditions as the record shows that only 
¥-inch of rain fell during the first seven days. Refer- 
ence to Table 10 will show that this section behaved 
normally from the standpoint of cracking, but that the 
strength ratings are somewhat low. 

Sodium solicate—A solution of sodium silicate, 
applied as recommended by the manufacturers, was 
used on 4,112 feet of pavement, laid in five sections, on 
two of which tar paper was placed on the subgrade 
before the placing of the concrete. The data relative 
to these sections are summarized in Table 11. From 
the standpoint of severity of curing conditions as 
evidenced by lack of rain, the sections laid on September 
5 and 6 are the most interesting. No rain fell on either 
of these sections, totaling 2,196 feet, until October 2, 
almost an entire month. The average maximum 
temperature during this period was 84° F., the average 
minimum daytime temperature 61° F., and the number 
of 100 per cent sunny days was 21. Evidence of the 
severity of the curing condition is found in the relatively 
low rating attained by these sections from the stand- 
point of both strength and cracking. Reference to 
Table 11 brings out the fact that these sections failed 
to rate as high as 90 per cent of standard in either core 
strength or uncracked section length. The data also 
indicate that the use of tar paper on the subgrade did 
not affect the results. It will also be noted that the 
average slab length on the sections laid September 5 
and 6 are relatively low, indicating again a lack of cur- 
ing. Some rain fell on the sections laid July 20 and 23. 
To just what extent rain may have affected these results 
is problematical. It is interesting to note, however, 
that from the standpoint of uncracked slab length, 
the section laid on July 20 (earth subgrade) is rated 100 

——E———————— 
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TABLE 11—Summary of data and test ratings for sections cured with sodium silicate 

palo es Beam strength ratings | Gare | Average slab length) Slab length rating 
b CRAVEN : ——$—$——— —— Subgrade Cycle No. | Date laid ede ging 10-day | ee ih | | * beriod 3-day 7-day ae 28-day | tating a ec. 3, | May 26, | Dec. 3, | May 26 | 10-day | | Bee PGA) 28-089" | ong year |. 1gaa |? 1000 > 4950 1930 APS : period | 

Feet DHA Inches | Per cent | Per cent | Per cent | Per cent | Percent. Feet - Feet | Pe Per cent aerate Se oe eee ot 1 CPE Saeki July 20 823 88-76 % 101 96 85 89 | 103 3, a : 64. 9 | : "4 ee } es 00,6 Meese. thee. 3 T Pte week apace 1, 087 89-68 0 93 84 81 100 86 40.3 40.2 85. 2 85.2 3 SS ee Cee oi os Oot is 305 80-62 3% 102 106 | 95 95 | 53 43.6 38. 1 100. 0 112.5 
Bian Paper ao cs2-- ee July 23 | 788 89-76 lg 97 92 93 91 | 97 ‘ 3.8 7 

6 f C { 49, 2 43.8 | 87. 4 88. § Beret! ee Sean. [teeta eee aa] ep bs Outen L109 88-67 0 108 76 | 81 | 100 | 75 44.4 | 42.6 | 80. 0 885 

per cent of standard on May 26, whereas the section 
laid on July 23 (tar-paper subgrade) shows only 89 
per cent of standard. The section laid July 20, it 
will be noted, received a }-inch rainfall on July 22, 
whereas the section laid on July 23 received only very 
slight rainfall on the 26th and 27th. 
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APPLYING SODIUM SILICATE TO SURFACE OF PAVEMENT 

Calcium chloride surface application —Thirteen sec- 
tions of pavement, totaling 9,746 feet in length, were 
cured with a surface application of calcium chloride, 
applied at the rate of 2 pounds to the square yard. 
Individual sections varied in length from 219 to 1,635 
feet. Table 12 gives in summarized form the results 
obtained from these tests. Here again the most inter- 
esting section from the standpoint of rainfall is the one 
laid on September 4. This section was subject to the 
same weather conditions as the two sodium silicate 
sections mentioned above. The section is rated less 
than 100 per cent from the standpoint of strength. The 
uncracked section length rating was 93 per cent on 
December 3 but rose to 100 per cent on May 26, due to 
the fact that two additional cracks had developed on the 
standard side to only one on the research side. It 
should be noted, however, that the average length of 
uncracked slab on this section was only 39.2 feet on 
May 26. This may be compared to an average of 
48.8 feet for all eight sections laid on earth subgrade. 
(See Table 5.) The length of the corresponding 

SPREADING CALCIUM CHLORIDE ON PAVEMENT 

standard-cured side, moreover, was only 39.2 feet as 
against an average of 53.3 feet for the eight sections. 
This condition illustrates the possibility of restraint 
along the longitudinal joint and its influence on the 
amount of cracking developing on the standard side. 

In direct contrast with this section, we may note 
the section laid on October 1. Although the uncracked 
slab rating for this section is only 89 per cent, the 
average length of slab on May 26 was 86.5 feet, or 
more than two times the length of slab on the section 
laid September 4. It will be noted that over 2 inches of 
rain fell on this section during the three days immedi- 
ately following its construction. On the other hand, 
the section laid on November 21 shows relatively short 
crack spacing. This section, it will be observed, was 
laid during very cold weather, the temperature going 
below freezing on the second day. It is possible that 
this fact, coupled with the possibility that drying out 
took place between November 21 and November 27, 
the date of the first rain following the laying of the 
section, accounts for the relatively large number of 
cracks observed. On October 31, a short section (198 
feet) was laid which showed an average uncracked 
slab length of 66 feet on May 26. This section was 
laid in somewhat warmer weather than the one placed 
on November 21 and, moreover, received considerable 
rainfall for three days following its placing. 

In regard to the sections laid on tar paper, it may be 
of interest to discuss the possible reasons for the rela- 
tively large amount of cracking which has taken place on 
the section laid on July 30 and 31, as compared with 
most of those laid later in the year. Reference to the 
notes taken during construction indicate that great 
difficulty was experienced in obtaining sufficient water 
for curing just at this time. This section was laid at 
the beginning of a new set-up at the extreme west end 
of the project in Shelby County, and it was necessary 
to pump water a distance of approximately four miles. 
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TABLE 12.—Summary of data and test ratings for sections cured by surface application of calcium chloride 

j eees lab length| SI hrati tempera- ; Beam strength ratings Core | Average slab lengt ab length rating 
aenerads Geclan Date laid Length ture iro strength 
eubgrade yele NO. ale 18 | of cycle | range, atin rating at | Dee. 3, | May 26,| Dec. 3, | May 26 

| 10-cay ius 3-day 7-day 14-day 28-day | one year 1929 z 1930 z 1929 : 1930 z 
perio c 

= | Feet SH. Inches | Per cent | Per cent | Per cent | Per cent | Per cent Feet Feet Per cent | Per cent 
ARCH ee Nee oo | Sa Sepa AUS bees eee | 330 90-75 278 77 74 58 49 107 30.0 27.5 90. 9 91. 6. 
Se ee aE TE 5s July 25, 26_-__-| 1, 635 90-76 | 36 101 100 93 96 127 56. 4 S15 96. 6 93.7 
a ae eee £8 cr Ue ey Le | Octhdao=s aaa | 779 84-68 | 214 100 88 97 98 117 86.6 86.5 88.9 88.9 
a Fag a I a aR S| (De Dinda. eel 588 87-66 | 0 92 74 87 97 96 42.0 39. 2 92.8 100. 0 
1 a pace oh SoS ea OC: Re 198 59-44 14% 147 99 104 105 64 66. 0 66. 0 100. 0 100. 0: 
BE ee ER oe Gees 22 INOW, Bl oes eet 891 54-36 | 2% 114 95 95 100 103 are 37.1 86. 4 87.5 
Spf eee REN SE eee eee LINO WL 4s ee 219 62-45 CL eS ee a I a ese ee 80 3.0 54.8 100. 0 75. 0 
Se ae cna Soe poe ae boa Rel IN Ke nid pe ee Be 625 63-45 | 1146 102 99 82 96 119 78. 1 69. 4 100. 0 88.9 

Tarpaperse=.—- iMees  e ee Bhatia es les 2. 1, 189 93-79 4 92 87 80 77 92 34.5 31.6 90. 9 86. 2 | 
Se ees De arene (OCR ta acne 1, 178 86-66 34 91 100 100 96 94 69. 3 69.3 105. 9 105. 8 
CRE ip nee Fe orl ne Wh ee SN eS Octet ae | 493 59-44 148 143 115 110 100 80 70. 4 54.8 100. 0 122.2 
9 ee kh Sees ale ova 7) ene 966 54-85 216 109. 87 100 100 80 48.3 38. 6 105. 0 88. 0 
pt eae a Fe 5. eNO VA soe ene 705 62-45 114 1033 91 86 114 107 88. 1 88. 2 100. 0 100. 0 

APPEARANCE OF FRESHLY SPREAD CALCIUM CHLORIDE 

The inspector’s notes show that extreme difficulty was 
experienced in obtaining sufficient water for burlap 
curing and it is possible ‘that this fact may account in 
part for the relatively large amount of cracking. It 
is interesting to note also that this is the only calcium 
chloride section on which scaling was observed. A 
small amount of thin scale has developed at the west end 
of the section. 

In Figure 3 the average slab lengths on the sections 
cured with sodium silicate and calcium chloride (sur- 
face application) have been plotted against the total 
rainfall in inches on the sections during the normal 
10 -day curing period. An inspection of this figure 
indicates that rainfall may possibly have influenced 
the behavior of certain of these sections to a consider- 
able extent. It is significant that in every case when 
the rainfall was one-half inch or less the distance be- 
tween cracks was relatively short. Only one of the six 
sections showed a spacing as high as 50 feet. Con- 
versely, eight out of the 12 sections upon which more 
than one-half inch rain fell showed aver age uncracked 

slab lengths of 55 feet or more. Of the other four, two 
were laid in very cold weather (November 21 and 22). 
The section laid on August 16 also shows a relatively 
large amount of cracking. Here again reference to the 
construction notes indicates trouble with the water 
supply and it is possible that this section also received 
an inadequate burlap cure prior to the application of the 
calcium chloride. 
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Figure 3.—RELATION BETWEEN RAINFALL DURING THE 10- 
Day CurINnNG PERIOD AND AVERAGE LENGTH OF UNCRACKED 
SLAB FOR SECTIONS CURED BY MEANS OF SURFACE APPLI- 
CATIONS OF CALCIUM CHLORIDE AND OF SODIUM SILICATE 
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Calcium chloride admizture —A calcium chloride ad- 
mixture in the proportion of 2 pounds to a bag of cement 
was used in the concrete on six sections of this project, 
totaling 1,818 feet. Three of the sections were laid on 
earth subgrade and three on tar paper. Inasmuch as 
it was impossible to lay concrete containing an admix- 
ture on one side only, the practice was followed, in the 
case of the calcium chloride admixture, of laying the 
experimental pavement for the full width and comparing 
the behavior of this full width section with the adjacent 
earth and water cured half-section laid on the same day. 
The data regarding these sections are summarized in 
Table 13. Inso far as beam strength in concerned, four 
of the sections show the char acteristic high early (3- ‘day) 
strength of concrete in which calcium chloride is used 
as an admixtur e, but in all cases the strength ratio, as 
compared to the earth-cured beams, rapidly falls off at 
the later periods. In every case but one the rating at 
28 days is considerably less than 100 per cent. Core 
strengths for the individual cycles are somewhat erratic. 
With one exception, however, the crushing strength 
rating is above 90 per cent of standard cure. 

The spacing of cracks in these sections also varies 
widely, with respect to both average length and ratio 
to the corresponding earth-cured sections. The sec- 
tions laid on August 16 and 17 both show less than 90 
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TABLE 13.—Summary of data and test ratings for sections cured by admixture of calcium chloride 

Average pam § ati A verage slab leng lab length rati fauacery. ; Beam strength ratings | god Average slab length | Slab length rating 
d Datomlonrtt : Rainfall, 3) a ae Y 
Subgrade Cycle No Se | RIS ture 10-day strength | : laid | of cycle pa peice rating at | pee 3 | May 26.| D 3 | Mav 26 

| 10-day Ms 7 7-day -day 28-day Se BC. dy | + ay 26, ec. 3, Way 26, ae 3-day | 7-day 14-day 8-day one year 1929 1930 || 1929 1930 
| | | | 

| Feet CMR Inches | Percent | Per cent | Per cent | Per cent | Per cent | Feet | Feet a cent | Per cent 
ADV Gi eae eg a ae 1 ee ea ee Aug. 16 266 90-75 278) 82 | 76 59 56 91 | 29. 6 29. 6 | 77.8 | 77.8 
ho Rea a wh | a Oct. 30 507 60-44 174% 192 | 104 90 79 108 63.4 63.4 | 125. 0 | 125.0 ee tease ays | Bivenmanseneauf NOV, 15 | 280} 62-45 114| 97 | 93 77 91 138 35. 0 31.1} — 46.0 66.7 
“AWS g 95) 6y2) ees es eee res eo Aug. 17 338 89-76 216 113 | 98 77 75 | 96 | 37. 6 37.6 88. 9 88. 9 
Pee Swans ease oe am 2 ee OCU cS. 227 59-44 17%} 342 129 139 106 | 83 | 56.7 | 45. 4 | 100. 0 80. 0 
he as Sa a ee | Ouse. ee LON Os 4 200 62-45 144 163 105 ODW beens sae ee 94 | 100. 0 100. 0 | 100. 0 100. 0 o eine a 4 sz E San er - ei 2 

TABLE 14.—Summary of data and test ratings for sections cured by Hunt Process 

= | ‘ | | 
Average | Beam strength ratings Core (Average slab length | Slab length rating 

circle Date Length oe Rainfall, strength ers | be 
Subgrade No laid oa range aay rating = = 

: cycle eae perioc i pam ea at one | Dec. 3, | May 26, | Dec. 3, | May 26, 
are sday ‘day | idday | 28-day | ‘year 1929 1930 |} 1929 1930 

Oe he at = =. | ie) _ | | 

Feet SoBe Inches Per cent Per cent | Per cent | Per cent | Per cent Feet Feet Per cent | Per cent 
HALL ee Seee eee. eae oe PAT Se Ni ee 1, 459 92-78 Nae 97 84 95 78 ySal 31.0 28. 6 89. 4 86. 4 
~ 2 Ne ee Qaeee eal ODA tatoo 800 89-69 0 96 98 83 90 86 26.7 | 23. 5 70 0 61.8 
By Sa ie Sy ees eee | ONG ret Ee lee os 336 70-50 314 116 95 98 91 88 22.4 22, 4 | 60. 0 60. 0 
= ee A eee Gee rat NOV ee sae 1, 073 63-46 1% 118 97 91 90 94 2150 19.5 46.0 | 45.5 

PLA PBDCl mans Aeon i. See 3 Aug aS, Gas a 1, 367 92-77 0 86 93 89 132 86 | 27.3 24. 4 | 72.0 66. 1 
= | as le Se ee Denne eee OOD uy LO ee 2 975 86-65 0 } 105 90 83 99 99 | 29. 5 25. 6 87.9 84. 2 
os Sees See See ee OCIS 20a sa oe 482 68-49 314 | 107 103 108 99 86 | 48. 2 48, 2 120. 0 120. 0 

per cent rating as compared with earth cure. Average Referring now to the cracking which has developed 
spacing of cracks in both cases is less than 40 feet. 
Both of these sections were laid during a period of acute 
water shortage. This fact is noted and commented 
upon, not as a definite reason for the excess cracking 
during this period, but simply as a possible reason for 
the condition observed. 

On November 13 and 14 two short sections were laid 
which are interesting in that the section laid on earth 
subgrade (November 13) showed an average uncracked 
slab length of only 31 feet, whereas the one laid on tar 
paper showed an average of 100 feet. There is nothing 
in the record which would account for this wide differ- 
ence. It should be noted, however, that both of these 
sections were very short (less than 300 feet) so that 
the possibility of accidental variables affecting the 
results is considerably increased. 

Hunt Process.—Seven sections totaling 6,492 feet 
were cured by means of the so-called Hunt Process 
method, which consists in spraying specially prepared 
cut-back asphalt material upon the surface of the 
concrete at about the same interval after placing as 
burlap would ordinarily be applied. Burlap as well 
as all subsequent curing is eliminated by this method. 

By reference to Table 14 and Figures 1 and 2 it will 
be observed that in so far as beam strength is concerned 
the modulus of rupture at various ages up to 28 days 
is in general in excess of 90 per cent of that for the 
corresponding earth cured specimens. There is also 
noted a tendency for the ratio to fall off at later periods 
which may be accounted for by the fact that the speci- 
mens were not protected on the sides by the seal coat. 
However, as has been already noted, this matter was 
investigated during the third cycle by coating the 
sides as well as the top of the specimens. Reference 
to Table 7 will show no consistent trend in either 
direction as the result of this treatment. As to core 
strength, all of the sections cured by Hunt Process 
show less than 100 per cent of the strength shown by 
the standard-cured sections. These data would indi- 
cate that this method of cure results in a somewhat 
lower crushing strength of the concrete than is attained 
by the standard earth and water method. 

on the sections cured with Hunt Process, we note a 
condition which appears to be common to practically 
all of the sections cured with asphalt or tar. Table 
14 shows that transverse crack spacing on these seven 
sections averaged only about 25 feet. This is far less 
than the average spacing for any of the cures which 
do not involve the application of asphalt or tar and 
is also much less than that occurring in the corre- 
sponding earth-cured sections. The section ratings as 
regards cracking range from 45.5 to 86.4 for sections 
laid on earth and from 66.1 to 120.0 for sections laid 
on tar paper. The section laid on tar paper on October 
20 is the only one which shows more cracking on the 
standard-cured side. There is nothing to indicate 
why this section should have behaved in a manner so 
different from the one laid the day before (October 19) 
on earth subgrade. Both sections are comparatively 
short (less than 500 feet), so that the presence of one 
crack more or less has a much larger influence on the 
section rating than in the case of longer sections. 

Barber asphalt emulsion (Curcrete).—A total of 6,897 
feet of pavement, in seven sections, was cured by 
means of a spray application of curcrete, an asphaltic 
emulsion manufactured for the purpose. 

First discussing beam strength, we find on reference 
to Table 15 and Figure 1 much the same trend as in 
the case of Hunt Process. With only one or two ex- 
ceptions the strength ratings are less than 100 per cent 
of earth cure, with the same tendency to lower ratings 
at the later ages. In the third cycle on earth subgrade 
as well as in the third cycle with tar paper on the sub- 
grade, a double set of beams was cured for the purpose 
of ascertaining the effect of leaving the sides unpro- 
tected. This matter has previously been discussed 
and is mentioned here simply to indicate that, in this 
particular case, the same tendency to lower relative 
strengths with increase in age was noted for the spec- 
imens cured on both sides and top as in the case of the 
specimens cured on the top only. (See Table 15.) 
It would seem therefore that, in so far as it is possible 
for specimens of this type to indicate concrete strength, 
the method of procedure used in these tests was as 
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TasLE 15.—Summary of data and test ratings for sections cured with Barber asphalt emulsion 

Average ings! Average slab length] Slab length ratin tempera- eared” Beam strength ratings Gore Average slab leng g g 

Subgrade Cycle No.| Date laid pees a Sed 10-day” & l Viet See en oe — A I kate: 
10-day period 3-day | 7-day 14-day | 28-day | one year 5 2a 1830 ’ 1929 ? be ’ 
period | 

| Feet oF. Inches | Per cent | Per cent | Per cent | Per cent | Per cent Feet Feet Per cent | Per cent 
Ls enero AURIS. nee 1, 016 89-76 216) 115 | 101 | 90 | 95 98 21.6 19.6 57.4 53. 
2 Noe] 1 rea El ee 1, 097 86-64 0 92 | 83 | 82 | 98 119 21.5 20.3 70.6 70. 4 
(ee eee | Oct. Lies 1, 003 79-61 316 107 | 99 95 | 92 86 35. 8 | 33.4 85. 7 80. 0 

| | 100 | 100 | 97 | 92 
Ce ee Ee 4 eet Nov. 15, 16__| 1, 021 56-38 114) 92 | 58 97 112 103 46.4 44.4 90. 9 87.0 

Tar Papers cence ae eS. OS) AUGh 20 cures, 00S 89-76 214) 107 87 | 88 83 88 25.1 22.3 62. 5 60. 0 
pel eetben Oe PIE: 2: 3-3 = Sopts 12.ceee en a, O68 84-63 0 | 97 93 | 88 96 82 25.9 23.6 70.7 71.2 
Stee Sacnt eons Sonera ss NOC dake 694 78-60 5 106 | 87 | 88 | 92 88 36.5 34.7 73.6 70.0 

100 | 94 | 99 | 92 

! Where two sets of results are shown for a given section the figures given on the upper line represent tests of beams coated on top only, while those on the lower line 
represent tests of beams coated on sides as well as top. 

TaBLE 16.—Summary of data and test ratings for sections cured with Headley asphalt emulsion 

Average : Average slab Slab length 
: Length | tempera-) Rain- CTE ERE ES ete fencth rating 

Subgrade Gree | Date laid | aes foie eee 
ms cycle | mee aoa at at one e 

- 10-day period 4 £ 2 Dec. 3, | May 26, | Dec. 3 May 26, 
period 3-day | 7day | 4-day | 28-day | year 1929 1930 1929 | 1930 

5 | Feet oe. Inches | Per cent | Per cent | Per cent | Per cent | Per cent Feet Feet Per cent | Per cent 
arthsree 2.5 eee jp eee Aggy 2a 1, 085 87-78 254 72 93 90 82 91 20. 9 20.1 67.3 64. 8. 
ee Eee a bat BE 2 eee OD bee 909 79-52 0 97 91 93 81 99 34.9 34.9 T301 92.4 
Ee Se, S Ey Se eee SE in ee co ene OCiac= =e 1 004 62-46 278 101 86 89 89 97 24.5 22.8 5152 56. 8 

88 94 76 TS: [oo Se se ee eee Ee ee a ea 
ee ee ee A ee EIN OV eee 485 53-35 1) | ital 109 87 97 95 25.5 24.2 52. 6 50. 0: 

Tar papers =. ieee ate AICS 23 1, 050 87-78 256 | 94 98 86 94 18 22.8 20. 6 65. 2 62.8 
ea aa Pe ae allele) ON Ps eee 773 79-54 16 | 116 111 89 112 96 38. 6 36. 8 75.0 76. 2 
a neat om, Ae ee iro eo) Ch. son eee 531 61-45 278 | 118 101 94 99 86 §3.1 37.9 90. 0 64. 2 

| | | | 140 94 95 104 | Ain ace l| aS ee eee ee |oose soe 

represent tests of beam coated on sides as well as top. 

SPREADING Biruminous MatvTerIAL ON ResparcH Sipe 
OF PAVEMENT 

satisfactory as it was possible to devise. The core 
strength ratings for these sections parallel quite closely 
the corresponding values for Hunt Process. Only in 
one case, that of cycle No. 2, earth subgrade, was the 
crushing strength of the concrete appreciably higher. 
It so happens that this particular cycle received no 
rain for three weeks. However, the corresponding 
section on tar paper subgrade laid on the following 
day shows a core strength rating of only 82 per cent 
of standard. In general, the same conclusion may be 
drawn as in the case of Hunt Process: That the crush- 
ing strength of the concrete is somewhat reduced by 
the use of this curing method. i 

The same tendency to excess transverse cracking is 
noted on all of the seven sections cured with Curcrete, 
as was shown in the case of Hunt Process. The 
individual section ratings vary from 54 to 87 per cent 
of standard. The average uncracked slab length as of 
May 26 is about 25 feet. This figure is in striking 
contrast with the average of about 55 feet for the 21 
burlap cured sections. It is of interest to note that 
two of the sections showing the greatest cracking were 

1 Where two sets of results are shown for a given section, the figures given on the upper line represent tests of beams coated on top only, while those on the lower line 

laid on September 11 and 12. These sections received 
no rain at all for a period of three weeks. It is also 
notable that the section laid on August 18 showed 
excessive cracking in spite of a two-inch rainfall on 
August 21. Another point worthy of note is that 
cycle No. 4, laid November 15 and 16, showed a crack 
spacing of 44.4 feet, considerably greater than that of 
any of the sections laid earlier in the year. Reference 
to Figure 1 will show that temperatures following the 
laying of this section were rather low. 

Headley asphalt emulsion.—This asphaltic emulsion 
was used on seven sections for a total of 5,837 feet. 
The essential data are given in Table 16. The same 
general tendencies as regards beam and core strength 
apply to these sections as to those cured by Hunt 
Process and by Curcrete. There are no particularly 
unusual results and it is believed that the same general 
conclusions regarding strength may be drawn. 

Similar comments may be made regarding cracking. 
The average rating for the seven sections is approxi- 
mately 65 per cent of standard and the average 
uncracked slab length is about 26 feet. The sections 
laid September 21 and 22 show less cracking than those 
laid August 21 and 23 and also less than the section laid 
November 16 and 17. The section laid October 26 
also shows relatively few cracks, although the section 
rating is low (64 per cent). . 

Tarvia K. P. and Tarvia B—Three sections were 
cured by means of a spray application of Tarvia K.P. 
This is a cut-back tar product used in cold patch work, 
having a specific viscosity (Engler, at 40° C.) of 78. 4. 
The results obtained from these tests are summarized 
in Table 17. One of these sections, laid on September 
13, was only 259 feet long and it is reported that, on this 
section, the spraying was very unsatisfactory. No 
beam strengths are available for this section and the 
core strengths are low. The crack rating is higher 
than for any other of these sections, but the uncracked 
slab length is only 14.4 feet. Both the remaining sec- 
tions show characteristics very similar to those ex- 
hibited by the sections cured with asphalt. The same 
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TABLE 17.—Summary of data and test ratings for sections cured with Tarvia K. P. and Tarvia B 

Average | Sante ee ee wee 
| length tempera-| Rain- Beam strength ratings! Core | ia pacts Saget cig 

Type of treatment Cycle No.| Datelaid | of Sina Sag 7 —— — strength — - 1 ~ 

cycle 10-day parioa.| 3-day | 7-day | 14-day 28-day eee Dec. 3, |May 26, Dee. 3, |May 26, | peri So le See ee fee ae Gee i 10D Phe koae ata aan 

; «| s« Feet -|Degrees P| Inches |Per cent| Per cent Per cent Per cent) Per cent | Feet | Feet |Per cent|Per cent 
ioarvaace bearth, Suberades. 4... | loa Aug. 11, 13_-_|1, 551. 5 90-74 334) 111 | 103 104 93 | 88 26.3 24.2 64. 4 60. 9 

LO Pae eee ey ee fe ee Zee Se Sept. 13_-2e: | 259 82-62 (0) | eed es aes reels Wea eae | 72) 162 14.4 C8: Tale e722 

Tarvia K. P., tar paper on subgrade.-_-_| 1-_-_..__. beArig vase aaa fe Sl6at | 90-74 378 110 106 | 98 74 | 79 18.5 17.0 45. 4 | 45.8 

Tarvia B, earth subgrade___.__-..-..-- ek eet | Sept.17_....| 440 77-52 Ou —95,| 80 80 90 96] 220] 21.0} 65.0| 61.9 
Doe eet ae 7” 2 Sah eee ats JME eS Corte tae Ord 80-57 oO | 94 | 78 | 86 | 100 | 107 Wei 15.5 66. 7 62.5 
Gee oe ee ne Aue eee ve IN OWse lees = 27 58-44 156 83 | 90 89 106 95 | 67.5 67.5 | 100.0 125. 0 
‘ 94 | 100 87 98 | 

Tarvia B, tar paper on subgrade -- .__- Sls eps seas SOD eek eae 719 77-52 Oe ey 99 | Ee eee Gill MORAG 36. 0 78. 9 80. 0 

1 Where twosets of results are shown for a given section the figures gjven on the upper line represent tests of beams coated on top only, while those on the lower line 
represent tests of beams coated on sides as well as top. 

strength tendencies are noted and also the same excess 
cracking. The section laid August 11 and 13 had an 
uncracked slab length rating of 60.9 per cent and an 
average slab length of 24.2 feet. For the corresponding 
section laid on tar paper these values become 45.8 
per cent and 17 feet. 

Tarvia B was applied in four short sections. This 
is a tar product used in the cold surface treatment of 
roads. The data for these sections are also given in 
Table 17. The material used had a specific viscosity 
(Engler, at 40° C.) of 17.7. Tarvia B gave essentially 
the same results as the asphalt cures, although the 
sections are in reality too short to permit of trust- 
worthy analysis. The only section which is out of 
line with the general results is the one laid November 1, 
which showed relatively wide crack spacing. This 
section is only 270 feet in length. Considerable rain 
fell on the section during the first few days and this 
fact, together with the low temperature immediately 
following the placing of the section, probably accounts 
for the favorable result. 

GENERAL COMMENTS REGARDING CRACKING ON ASPHALT AND 
TAR-CURED SECTIONS 

The most reasonable theory to account for the 
relatively large number of cracks which have developed 
on the sections cured with asphalt and tar is that the 
absorption of heat by the black surface followed by 
cooling at night produced a greater temperature range 
in slabs cured in this manner than in those cured by 
the standard earth and water method and that this 
increased temperature change in turn caused excessive 
cracking. Measurements conducted by the Bureau 
of Public Roads and reported in Public Roads for 
February, 19301 indicate that, for comparable con- 
ditions of exposure, concrete coated with bituminous 
material may show a temperature 10° C. higher than 
uncoated concrete. Evidence that this excess cracking 
is a temperature effect is also indicated by the fact 
that considerably more cracking developed on those 
sections placed in the morning and immediately sprayed 
with bituminous material than on that portion of the 
pavement placed in the afternoon. The concrete 
placed before noon was of course exposed to the sun 
for a considerably longer period, so that when cooling 
took place at night a greater drop in temperature oc- 
eurred. This condition was noted repeatedly during 
these tests. A typical illustration will be cited. 

The Hunt Process section laid on tar paper on 
September 10 was subjected to practically 100 per cent 
sunlight and high temperature during the first three 
weeks of its life. The section is 975 feet in length. 
The joints were 200 feet apart with the exception of 
the last section. which measured 175 feet. Approxi- 

1‘“‘The Arlington Curing Experiments,” by L. W. Teller and H. L. Bosley 

Layina Tar PAarER ON SUBGRADE 

mately the same length of pavement was laid in the 
forenoon as in the afternoon. On September 11, the 
day after the concrete was laid, five cracks had ap- 
peared in the section laid in the forenoon and none in 
that laid in the afternoon. On November 9, 1928, a 
survey of this section showed 14 cracks in the forenoon 
work and only 8 in the afternoon work. Furthermore, 
of the 14 morning cracks, 9 appeared in the first 200- 
foot slab, or more than in the entire afternoon run of 
approximately 500 feet. On May 26, 1930, the cracks 
had increased to 20 in the morning work and to 14 in the 
afternoon, with 12 cracks showing in the first 200 feet. 

This section is cited simply as an illustration of a 
condition which is typical of most of the sections cured 
with bituminous materials. Unfortunately the crack 
spacing at early periods was not determined for the 
sections laid in November, so we are unable to say 
just how these would compare with those laid in 
warmer weather. In so far as final cracking is con- 
cerned, reference to Table 5 will show in general a 
greater crack spacing for those sections laid under 
cold weather conditions. The following examples 
may be noted: Hunt Process, October 20, 48.2 feet; 
Barber Curcrete, October 11, 33.4 feet; Barber Cur- 
crete, November 15-16, 44.4 feet;. Barber Curcrete, 
October 12, 34.7 feet; Headley emulsion, October 26, 
37.9 feet; Tarvia B, November 1, 67.5 feet. Certain 
other sections showed excessive cracking even in the 
cooler weather, such as Hunt Process, November 12, 
19.5 and Headley emulsion, October 25, 22.8 and 
November 17, 24.2 feet. 

In general, it is believed that the temperature effects 
of such bituminous cures as were used in this ex- 
periment are sufficiently severe to indicate that these 
methods are unsatisfactory under the general climatic 
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TABLE 18.—Summary of data and test ratings for sections cured by ‘‘ poor earth”? method 

Average Beam strength ratings Average slab length | Slab length rating 

| a- | 5; Core 
Date laid | Length pene See, paver 

ae ae | ofeycle | range, | periok rating at | Dec. 3, | May 26, | Dec. 3, | May 26 | 10-day period 3-day 7-day 14-day | 28-day | one year | ““y999’ 18s6 ’ 1090"" abe , 
period 

Feet Site Inches | Per cent | Per cent | Per cent | Per cent | Per cent Feet Feet Per cent | Per cent 
1 Aug: 657, 825 eee 1,280} 92-75 | 134 91 91 97 84. 83 55.6 47.4 121.8 114.7 
ie Wai A teas Sant, 162-25. ee Pees 1, 121 78-52 | 0 106 86 96 95 101 70. 1 70.2 93.7 93.8 
5 4ae eas Octh sae ee ee 346 76-59 5 110 110 105 110 107 86.5 86. 5 100. 0 100.0 
te te LENIN, OGh, 16a eae eee ae 571 71-50 24 103 110 100 104 105 81.6 63.5 85.7 66.7 

TaBLe 19.—Summary of data and test ratings for sections cured by ponding 

| Average Beam strength ratings Average slab length | Slab length rating 
tempera- . Core 

‘Sarat 8 | Wateind Length re Shee strength 

eae | care of cycle | range, ri rating at) Dec. 3 | May 26,| Dec.3, | May 26 
10-day period 38-day 7-day 14-day 28-day | one year 1999” 1930 , 1929 , 1930 ? 

| period 

| Feet or Inches: | Per cent | Per cent | Per cent | Per cent | Per cent Feet Feet Per cent | Per cent 
1 cA 1 5 Girl Oe aces ocd 570 91-74 134 99 95 | 90 89 97 40.7 38. 0 92.8 86.7 
2D. Me eae Septald ssa! a eae 1, 330 79-53 0 94 83 | 96 96 108 63.4 55.4 80.9 83.3 
ME Kote Me Dis ae Se ek a 305 | 73-52 3 119 100 | 100 | 98 98 61.0] 61.0} 100.0 100. 0 

| | | | 

conditions which obtained during these tests. Further- 
more, the data seem to indicate that somewhat lower 
crushing strength results when the bitumimous seals 
are used. 

It has been claimed that the relatively poor showing 
of the bituminous cures is due to the fact that the edges 
of the pavement were not sprayed with the bituminous 
material immediately upon removal of the forms. It 
should be pointed out in this connection that no 
criticism of the method used was advanced by any 
representative of an interested company during con- 
struction, in spite of the fact that such representatives 
were present. It seems hardly possible that failure 
simply to spray the edge of the pavement could have 
permitted sufficient drying to cause the excessive crack- 
ing noted. The area of the outside edge in comparison 
with the total volume of concrete is so small as almost 
to preclude the possibility of such action. Further- 
more, the manufacturers of bituminous curing materials 
claim that much of the effectiveness of their material is 
lost if it is not sprayed on the concrete before final set 
takes place. This obviously is impossible in the case of 
the edge, which can not be sprayed until the next day. 
Moreover the same excessive cracking has been observed 
in other concrete pavement construction in which the 
edges of the pavement were treated with bituminous 
material upon removal of the side forms. 

Poor earth cure.—Four sections of pavement, totaling 
3,318 feet, were cured by means of earth kept only 
moist in an effort to simulate what might be termed 
‘poor earth curing.’ The results are summarized in 
Table 18. The section laid September 18 is of interest 
because of the fact that no rain fell until October 2, 
or fourteen days after placing. This section is rated 
above 100 per cent in core strength and above 90 per 
cent in uncracked section length. The average slab 
length on May 26, 1930, was 70.2 feet. This may be 
considered an excellent showing. The section laid 
August 6 to 8 also showed up fairly well from the stand- 
point of cracking, although low as regards core strength. 
No rain fell on this section until August 15, seven days 
after laying. The sections laid October 13 and October 
18 are of no great significance, due to the rain which fell 
during the 10-day period. In general, the sections 
cured in this manner gave results which compare very 
favorably with the standard method. 

PONDING ON ONE SipE, STANDARD EartTH AND WATER 
CURE ON THE OTHER 

Ponding.—On three sections totaling 2,205 feet, the 
surface of the concrete was cured by ponding in the 
usual manner. Table 19 gives the essential data 
regarding these sections. The section laid September 
19 is the most interesting due to the fact that no rain 
fell until October 2, or 13 days. This is a section 
comparable with that laid on September 18 and cured 
by the “poor earth” method. The results are some- 
what similar, although the crack rating on the ponded 
section is considerably lower than on the ‘poor earth”’ 
section. ‘The average uncracked slab length on May 26 
is also considerably less, amounting to only 55.5 as com- 
pared to 70.2 feet for the “poor earth cure.” These 
results are, of course, directly opposed to accepted 
engineering thought on this subject, which has always 
held that ponding constitutes the most efficient method 
of cure possible to apply. No explanation is offered 
except the possibility that the blanket of dry earth used 
on the “‘poor earth cure”’ section may have acted as an 
insulating agent, so that the total range in temperature 
of the concrete was reduced beyond that which was 
attained by the ponded slab. There are, of course, no 
test data upon which such a conclusion could be based. 
The theory is simply noted as a possible explanation 
for an observed condition which can be explained in no 
other way. It is certainly true that extreme tempera- 
ture variation in concrete slabs should be prevented as 
much as possible especially during the early periods, 
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when it is also essential to retain moisture for hydration. 
Investigations should be conducted for the purpose of 
determining the insulating effect of dry earth and dry 
straw on new concrete, compared to wet earth, wet 
straw, or ponding. 

RESULTS OF SURFACE HARDNESS TESTS DISCUSSED 

The tests for surface hardness, using the apparatus 
developed by the Bureau of Public Roads, were run on 
selected sections for each of the curing methods. The 
test, which is fully described in the July, 1929, issue of 
Public Roads, consists essentially of subjecting the sur- 
face of the pavement to the wear produced by three 
solid steel wheels, 8 inches in diameter and one-fourth 
inch wide, traveling in a circle 21 inches in diameter. 
The wheels are mounted on a flat horizontal plate which 
is operated by a vertical spindle driven by an electric 
motor. The total weight on the wheels is approxi- 
mately 450 pounds, and the plate turns at the rate of 
approximately 35 revolutions per minute. The action 
of the test is to cut a circular groove in the mortar 
surface, the depth of which is measured by means of 
an Ames dial, suitably mounted. Readings are taken 
after any given number of revolutions of the spindle. 

Tue MACHINE FOR TESTING SURFACE HARDNESS 

The results of the hardness tests, which are given in 
Table 6, are repeated in graphic form in Figure 3. 
Depths of wear were measured after 1,000 revolutions, 
and are recorded in decimals of an inch. It will be 
noted that the maximum wear in any case was 0.077 
inch (or less than one-tenth inch) so that the test is in 
reality a test of the hardness of the mortar top. Any 
coarse aggregate appearing during the test would obvi- 
ously affect the results considerably, especially if the 
particles were appreciably harder than the mortar, 
which was the case in this concrete. 

In Table 6 the hardness rating is reported as the 
percentage which the wear on the research side bears 
to the wear on the standard side, so that values less 
than 100 indicate harder concrete on the research 
side and values more than 100 indicate softer concrete 
on the research side. In making the comparisons at 
any given location, great care was exercised to select 
two portions of the surface which were, so far as visual 
appearance is concerned, identical. This was done 
in order to eliminate as far as possible variation due 
to method of finishing, water content, etc. Each 

value reported in Table 6 represents the average of 
three tests taken at different locations on the section 
indicated. 

Referring now to the table as well as to Figure 4, 
on which the results are shown graphically, and con- 
sidering first the burlap cures, we observe that, in all 
cases, somewhat less wear was obtained with the ex- 
perimental method. Tests on the burlap cured sec- 
tions were all run on sections placed during the first 
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Figure 4.—ReEsutts oF Harpness Tests oF SECTIONS 
CurED By Various Mprruops, CoMPARED WITH THE 
RESULTS OBTAINED FOR THE CORRESPONDING STANDARD- 
CURED SECTIONS 
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cycle and for this reason the results are obscured 
somewhat by the effects of rainfall. The 12-hour 
section was unquestionably the most severe condition 
from the standpoint of lack of moisture. This section 
showed 90 per cent of the wear of the corresponding 
earth and water cured section, indicating very little 
difference in surface hardness between the burlap and 
the standard method. The same comments apply to 
the concrete cured with sisalkraft paper. 

Tests on the section laid September 5 and cured 
with sodium silicate are interesting. It will be re- 
called that this section received no rain for a month 
after laying. The wear on the standard, or earth- 
cured side, was almost double that on the side cured 
with silicate. This indicates a definitely harder mortar 
surface in the case of the silicate cure. 

MaxkIne Surrace HarpNess TESTS ON THE TENNESSEE 
Curing Prosectr 

Tests on sections cured with a surface application 
of calcium chloride indicate no difference in the hard- 
ness of the concrete as the result of this treatment. 
Essentially the same results were secured on both 
sections. In the case of the admixture, somewhat 
less wear was obtained on one of the sections tested 
(cycle No. 1, earth subgrade), whereas on the other no 
appreciable difference is noted. 

The results of hardness tests on the sections cured 
with bituminous materials are significant in that a 
distinct softening of the surface is noted in many cases. 
On 12 of the 15 bituminous-cured sections on which 
wear tests were conducted, the depth of wear was 
greater on the research side. On 10 of these sections 
the wear was appreciably greater, whereas in only one 
case was it appreciably less. It is believed that the data 
indicate definitely that the wear resistance of concrete 
is not increased and is probably decreased by the use 
of these bituminous curing methods. 

RESEARCH-CURED BEAMS SHOW HIGHER STRENGTH THAN 

THOSE NOT CURED 

In Table 4 are given, for each test section, the re- 
sults of beam tests made on specimens which were 
given no curing treatment of any kind, together with 
the ratios, in each case, of the research-cure speci- 
mens to the corresponding no-cure specimens. These 
data are of interest in showing the efficiency of the 
several research cures as affecting beam strength under 
varlous weather conditions. It will be noted that in 
general the research-cured beams show substantially 
higher strength than beams which were not cured. 
No detailed analysis of these data will be given in 
this report. The data are made available, however, 
in case the reader desires to make such an analysis. 
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Beams TREATED With ASPHALT EMULSION 

GENERAL DISCUSSION 

In order to obtain a general idea of the behavior of 
the several curing methods under average weather 
conditions, the average values of beam and core 
strength and uncracked slab length for each curing 
method have been plotted in Figures 5 to 9, inclusive. 
Figure 5 gives the ratings for the beam strength tests 
at each of the four ages; Figure 6, the ratings for core 
tests at one year; Figure 7, the average uncracked slab 
length ratings in per cent; Figure 8, the corresponding 
data in feet, and Figure 9, the average ratings of the 
various cures, arranged in order of descending value 
when measured in terms of extent of cracking as com- 
pared with the corresponding standard-cure sections. 

Brams UNDER CuRE 

On reference to Figure 5, it is immediately apparent 
that, in the great majority of cases, the strength of earth 
and water cured beams was not attained by the experi- 
mental methods. The data also indicate in most cases a 
falling off in relative strength for the research cure with 
increase in age. This condition would indicate one of two 
things: Either that the particular manner of curing the 
test specimens used in this investigation was at fault, or 
that the curing method, in itself, was inadequate to re- 
tain the moisture. The authors will admit the probabil- 
ity of the first assumption being the true one, and repeat 
their recommendation that, in future work, strength 
data on effect of curing be obtained in the laboratory 
under standardized conditions or that arrangements be 
made to take specimens from the full-size structure. 

ee 
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TYPE OF CURE AVERAGE BEAM STRENGTH RATING 
PER CENT 

0 25 50 75 100 125 150 200 

42- HOUR BURLAP 

24-HOUR BURLAP 

48-HOUR BURLAP 

| 

72-HOUR BURLAP 

96-HOUR BURLAP 

SISALKRAFT PAPER 

SODIUM SILICATE, EARTH SUBGRADE 

SODIUM SILIGATE, TAR PAPER ON 

SUBGRADE 

CALCIUM CHLORIDE, SURFACE APPLICA- q : | | | 
TION, EARTH SUBGRADE | 

CALCIUM CHLORIDE, SURFACE APPLICA- 
TION, TAR PAPER ON SUBGRADE 

HUNT PROCESS, EARTH SUBGRADE 

HUNT PROCESS, TAR PAPER ON 

SUBGRADE 

oi 

BARBER ASPHALT EMULSION, EARTH. : 

SUBGRADE 

BARBER ASPHALT EMULSION, TAR 

PAPER ON SUBGRADE 

HEADLEY ASPHALT EMULSION, EARTH 

SUBGRADE 

HEADLEY ASPHALT EMULSION, TAR 

PAPER ON SUBGRADE 

TARVIA K.P, EARTH SUBGRADE 

TARVIA K.P, TAR PAPER ON SUBGRADE 
ISSSSSSSS5 
ferent 
Sooo oy 
Sees ao 
ZZZZZLLZII IIE 

TARVIA B., EARTH SUBGRADE 

TARVIA B., TAR PAPER ON SUBGRADE 

POOR EARTH CURE 

PONDING 

CALCIUM CHLORIDE ADMIXTURE, 
EARTH SUBGRADE 

— 
206 

CALCIUM GHLORIDE ADMIXTURE, 
TAR PAPER ON SUBGRADE 

3 DAYS 
7 DAYS 

14, DAYS 
ns 28 DAYS 

FicgurE 5.—RELATIVE STRENGTHS OF MoupEpD BEAMS AT 
Various Ages ComparEeD WITH SIMILAR SPECIMENS 
CURED BY THE STANDARD Wet-HartH Mertuop. AVER- 
AGE Bram STRENGTH RATINGS ARE EXPRESSED AS 
PERCENTAGES OF THE STRENGTHS OBTAINED FOR CORRE- 
SPONDING STANDARD-CURED BEAMS 

The average crushing strength ratings shown in 
Figure 6 are also of interest in that they indicate lower 
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Figure 6.—RELATIVE STRENGTHS OF CONCRETE CORES AT 
ONE YEAR COMPARED W11H SIMILAR SPECIMENS DRILLED 
From ConcRETE CURED BY THE STANDARD WetT-HARTH 
Merruop. AVERAGE Corr STRENGTH RATINGS ARE Ex- 
PRESSED AS PERCENTAGES OF THE STRENGTHS OBTAINED 
FOR CORRESPONDING STANDARD-CURED CORES 

relative strength in the case of sodium silicate and most 
of the bituminous cures. Burlap cures in general as 
well as ponding and poor earth cure show results as 
good as or better than those given by the standard 
cure. Calcium chloride, both as a surface application 
and as an admixture, shows relatively high average 

crushing strength in the case of the sections laid 
directly on earth subgrade, and relatively low strength 
in the case of those sections which were laid on tar 

paper. No explanation is offered for this and the 

authors are inclined to believe that it is not significant. 
Attention is also called to the fact that of the eight 
cases where earth subgrade sections may be compared 
to similar sections laid on tar paper, six sections show 
lower relative strength when laid on tar paper. This 
difference seems to be quite well marked in the case of 

curcrete, Tarvia B and the calcium chloride sections. 

A reversal, however, is indicated for Hunt Process and 

sodium silicate. 
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DriLtuInac CorESs«FOR COMPRESSION TESTS 

Figures 7 and 8 give the average results in regard to 
cracking. The basis of comparison in Figure 7 is 
rating in terms of corresponding earth cure, whereas 
in Figure 8 the comparison is on the basis of average 
lengths in feet. Figure 7 is of interest in showing that 
in nearly all cases the extent of cracking is greater on 
the experimental side of the pavement. Except in 
the case of the bituminous cures, the difierence is not 
great. In fact there was a general tendency for nearly 
the same number of cracks to occur on both sides of the 
longitudinal joint. The graphical record of the crack 
survey, which is omitted from this article for lack of 
space, shows that the greater number of these cracks 
are continuous across both sides of the pavement, a 
few additional cracks occurring on one or both sides. 
The fact that so many cracks were carried across the 
longitudinal joint indicates that there was considerable 
restraint along this joint, in spite of the precautions 
which were taken to prevent it. Because of this 
condition, Figure 8, giving the average uncracked slab 
length, is the better criterion for judging the relative 
efficiency of the different research cures. In _ the 
comparison of a given research cure with the standard 
cure, Figure 7, giving the slab length rating, is significant 
in spite of the existence of restraint across the joint, for 
the presence of additional cracks on one side of the 
pavement or the other indicates inferior curing. It is 
to be recognized, of course, that the variable weather 
conditions under which the numerous test sections were 
laid made precise comparisons impossible. However, 
the averaging of data for sections laid at various times 
during the construction season tends to iron out the 
effect of these varying conditions, permitting general 
deductions to be drawn. s 

Judged by either Figure 7 or Figure 8, the bituminous 
cures show unfavorable results in comparison with the 
standard earth and water cure and the other research 
cures. The effect of restraint across the joint is clearly 

e 

were also subjected to considerable rainfall. 

indicated by the fact that the standard-cured sections 

laid opposite to those subjected to bituminous cures. 

show average slab lengths much less than the standard- 

cured sections laid opposite to the other types of cure. 

It will be observed that, among the research-cured 
sections, those cured with burlap, ponding, and poor 
earth show the greatest uncracked section lengths 
(about 55 feet) with calcium chloride, Sisalkraft paper, 
sodium silicate, and the several bituminous cures. 
following in the order named. It will also be noted 
that very little cracking occurred between December 3, 
1929, and May 26, 1930. 

SIGNIFICANT DATA SUMMARIZED FOR VARIOUS TYPES OF CURING 

The object of a concrete pavement curing agent is 
not only to supply moisture to the concrete but also: 
to prevent or minimize the internal stresses which 
may develop during the early hardening period. 
These internal stresses may be caused by loss of mois- 
ture or excessive temperature change or both, and 
will of course develop transverse cracking in propor- 
tion to their magnitude. It should be possible there- 
fore to measure the extent to which the various treat- 
ments function in this regard by noting the relative 
amount of cracking which has developed, especially 
in those sections subjected to the most severe con- 
ditions of temperature change and lack of rainfall. In 
drawing the conclusion to this report, major consid- 
eration has therefore been given to the behavior of 

BITUMINOUS-CURED AND STANDARD-CURED SECTIONS AFTER 
ForMATION OF Cracks. Notre CrAcK SPACING ON 
HirHER Sipe OF LONGITUDINAL JOINT 

those sections upon which the least rain fell during 
the normal 10-day curing period. The report will be 
summarized with a brief statement regarding the be- 
havior of that section for each curing method which, 
from the above standpoint, gave the method its se- 
verest test. Certain curing methods are not rep- 
resented in this summary. Ponding, for example, is 
not affected by rainfall. In the case of calcium 
chloride admixture considerable rain fell on all the 
sections, which were, moreover, of insufficient length 
to afford a very significant comparison with other 
methods. The sections cured with Sisalkraft paper 

As re- 
gards Tarvia K. P., the section laid September 13, on 
which no rain fell, was only 259 feet in length. For 
these reasons it was thought best to omit these types 
of cure from consideration in the final summary. 
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Figure 9.—Comparison oF AVERAGE RatTiInGs IN RE- 
spect TO UNCRACKED SLAB LENGTH, BEAM STRENGTH 
at 28 Days, AND Core STRENGTH AT ONE YEAR, FOR 
Various Curing Merruops. Tue Curing MbrtrHops 
ARE ARRANGED IN DESCENDING ORDER OF AVERAGE 
UNcRACKED Sitas Lenetu Ravina 

one-half inches rain on first day and one inch rain on 
second day. No further rain until October 2. All 
rain fell before burlap was removed. 

Average slab length rating, per cent_-_--_._-_----------- 100 
Average slab length, tectos2 ss = ae ee 54 
Core strength rating at one year, per cent____-__-_-_--- 92 

3. Sodium Silicate —Section laid September 6, 1,087 
feet in length. Average temperature during ten days, 
maximum 89°, minimum 68°. No rain on this section 
for 26 days. 

Average slab length rating, per cent_____-------------- 85 
Avyerageisiab lengthy leet aang eee er re ee 40 
Core strength rating at one year, per cent___------.---- 85 

4. Calcium chloride, surface application —Section laid 
September 4, 588 feet in length. Average temperature 
during ten days, maximum 87°, minimum 66°. No 
rain on this section for 28 days. 

Average slab length rating, per cent____.__-___________- 100 
Averace slab lenotlt, eet. ae ae a eee eee 39 
Core strength rating at one year, per cent_____________- 96 

5. Hunt Process—Section laid August 1, 2, 1,459 
feet in length. Average temperature during ten days, 
maximum 92°, minimum 78°. One-eighth inch rain 
on August 2 (from 6 to 7 p. m.). 

Average slab length rating, per cent_________-.________-_ 86 
Averace slabriength, deetie es. = ae ae eee oe eee 29 
Core strength rating at one year, per cent____________- 73 

6. Barber asphalt emulsion (Curcrete)—Section laid 
September 11, 1,097 feet in length. Average tempera- 
ture during ten days, maximum 86°, minimum 64°. 
No rain fell on this section for 21 days. 

Average slab length rating, per cent____.______..____.- 70 
Averarve- sia bulenothecteet a= ars eee ee eee eae 20 
Core strength rating at one year, per cent____..__-____- Tae) 

7. Headley asphalt emulsion.—Section laid September 
21, 909 feet in length. Average temperature for 10-day 
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period, maximum 79°, minimum 52°. No rain fell on 
this section for 11 days. 
Average slab length rating, per cent__-------------------- 92 
Average slab length, iféet-=22- - 730 ee 35 
Core strength rating at one year, per Centse= = eee 99 

8. Tarvia B.—Section laid September 17, total length 
1,159 feet. Average temperature during ten days, 
maximum 77°, minimum 52°. No rain fell on these 
sections for 15 days. 
Average slab length rating, per Cents. asa =e cag fl 
Average slab length, feet. aes See eee 
Core strength rating at one year, per cent.-__-_---------- 

9. Poor earth cure.—Section laid September 18, 1,121 
feet in length. Average temperature during ten days, 
maximum 78°, minimum 52°. No rain fell on this 
section in 14 days. 
Averace:slabWength rating, PeriCem y= a= === === =e 94. 
Average’slab length, feet2 222 soe = ee eee 70 
Core strength rating at one year, per cent_-_----------_- 101 

CONCLUDING STATEMENT 

It is believed that the results of this investigation 
justify the following comments relative to the merits of 
the various curing methods as compared with the 
standard method of curing with earth and water, under 
the conditions pervailing during the progress of these 
tests. 

1. Burlap curing. —Results indicate that the method 
of cure involving the application of wet burlap. for 
periods varying from 24 to 96 hours without further 
curing compares quite favorably with the standard 
method. No final conclusions can be drawn until 
additional tests under more severe weather conditions 
are made. 

2. Sisalkraft paper —The rather meager results indi- 
cate that the application of Sisalkraft paper for periods 
of 24 to 48 hours without further curing is a reasonably 
satisfactory method of cure as compared with the stand- 
ard method. 

3. Poor earth cure.—Indications are that it is not 
necessary to keep the earth saturated with water for the 
entire 10-day curing period. 

4. Sodium silicate —Indications are that this method 
of cure gives results somewhat less satisfactory than 
those given by the standard method. 

5. Calcium chloride, surface application —This method 
appears to give results very nearly as satisfactory as 
the standard method. 

6. Calcium chloride admizture —The authors feel that 
the sections on which the admixture was used are too 
short to warrant any conclusion as to the merit of this 
method. 

7. Bituminous materials—Indications are definite 
that curing with bituminous materials, as used in these 
test, is unsatisfactory, because of the marked evidence 
of increased transverse cracking. 

8. Tar paper on subgrade—Results indicate that 
nothing isgained by the use of tar paper on the subgrade. 

2A verage of section laid on earth and section laid on tar paper. 



RECENT PUBLICATIONS OF THE AMERICAN SOCIETY FOR TESTING MATERIALS 

recently issued its Book of A. S. T. M. Stand- 
ards, a triennial publication containing all speci- 

fications, ‘methods of testing, and definitions fully ap- 
proved and adopted, and the 1930 Book of A. S. dh Ghe 
Tentative Standards, an annual publication, containing 
those specifications, methods of testing, etc., having a 
tentative status. The society has also published “its 
annual Index to A. S. T. M. Standards and Tentative 
Standards. 

v ‘HE American Society for Testing Materials has 

BOOK OF A. S. T. M. STANDARDS 

The Book of A. 5S. T. M. Standards is published in 
two parts, Part I on metals (1,000 pages) containing 
the standards relating to metallic materials and Part 
Il on nonmetals (1, 214 pages) containing standards 
covering nonmetallic materials. 

Part I.—Of the 179 standards on metals published 
in Part I, 105 cover the ferrous metals, steel, cast iron, 
wrought iron, alloy steel, and ferro- alloys, and 67 relate 
to the nonferrous metals, nickel, copper, aluminum, 
etc., and many alloys, while 7 are of general interest. 

The standards in Part I, assembled in a sequence 
determined by the specific materials or products to 
which they apply cover steel rails and accessories; 
wheels and tires; structural and boiler steels; steel for 
welding, concrete reinforcement steel; bar steels; 
spring steel and springs; steel castings, chain, forgings, 
and axles; steel tubes and pipe; tool steel, steel for high- 
temperature service; zinc-coated wire and wire prod- 
ucts; wrought-iron bars, castings, plates, and pipe; 
pig iron; cast-iron and finished castings; malleable 
castings and ferro-alloys. The specifications in the 
nonferrous group cover ingot copper, zinc, lead, nickel, 
aluminum and aluminum alloys, copper wire and cable, 
brasses and bronzes, solder metal, white-metal bearing 
alloys, copper and brass plates and tubes. Methods 
are also included for Brinell hardness tests, metallo- 
graphic testing, preparation of micrographs for metals 
and alloys, and a recommended practice for radio- 
eraphic testing of metal castings. Definitions of terms 
relating to wrought iron, to methods of testing, to 
metallography and to specific gravity are also included. 
New standard specifications have been adopted this 
year for steel tie-plates, iron and steel chain, gray-iron 
castings for valves, seamless copper tubing, and bronze 
and hard-drawn copper trolley wire, as well as several 
specifications for galvanized wire and wire products 
and specifications “for zine (hot galvanized) coatings 
on structural steel shapes and plates. Included in 
addition to these specifications are new standard methods 
of sampling rolled and forged steel products for check 
analysis and test methods for galvanized wire and wire 
products and a test for change of resistance with tem- 
perature of electrical heating materials. Standard 
specifications for open-hearth steel rails, concrete 
reinforcement bars, steel pipe and boiler tubes, hot-rolled 
bar steels and cold-finished shafting, malleable castings, 
and wrought-iron bars, plates, and pipe that were 
revised during the year have also been included. 

Part II—The 251 standards in Part II cover the 
following miscellaneous eroups os nonmetallic materials 
and products: Cement, lime, gypsum, concrete and 
concrete aggregates; br ick and ‘Tefractories; pipe and 
drain tile; ‘hollow building tile; paints, pigments, shel- 
lacs, and varnishes: petroleum produc ts and lubricants: 
bituminous and nonbituminous road materials; coal 
and coke; timber and timber preservatives, waterproof- 
ing and roofing materials; insulating materials and rub- 
ber products; “textile materials: and thermometers for 
general use. Included in this volume are new standards 
adopted this year comprising specifications for paving 
and building brick; sand-lime brick; wall, floor, and 
partition hollow clay tile; Keene’s cement and eypsum 
plasters; gravel for bituminous concrete; several speci- 
fications for tar cements for road application: toler- 
ances for cord-tire fabrics and other fabrics; methods 
of testing concrete aggregates, gypsum, and gypsum. 
products; analysis for color of paints; tests for sulphur 
in casoline; melting point of petrolatum; test for auto- 
eenous ignition temper atures of petroleum products; 
mechanical analysis of coal; and test methods for elec- 
trical porcelain. The specifications for Portland ce- 
ment, revised to include higher tensile strength require- 
ments, and the methods of testing cement, changed by 
the inclusion of tolerances on w eichts and dimensions 
of apparatus, are also included. Of particular interest 
are the revised standard specifications for structural 
wood, joists and planks, beams and stringers, and posts 
and timbers. 

1930 BOOK OF A. S. T. M. TENTATIVE STANDARDS 

The Book of Tentative Standards (864 pages), an 
annual publication, contains 155 tentative specifica- 
tions, methods of test, definitions of terms, and rec- 
ommend practices, 28 relating to metals and 127 to 
nonmetallic materials and products. The tentative 
standards are issued for one or more years with a 
view to obtaining criticisms. Although in the trial. 
stage of A. S. T. M. procedure, they represent the 
latest thoughts of the committees on the subjects 
covered and are therefore being applied in the various 
industries. Many of the tentative standards are fre- 
quently used in conjunction with the A. S. T. M. 
standards. 

Included in this volume are 21 new tentative stand- 
ards developed this year. In the metals group are 
new specifications for austenitic manganese-steel cast- 
ings, open-hearth iron plates; aluminum alloy (du- 
ralumin) sheet; aluminum-manganese alloy sheet and 
magnesium- -base alloy ¢ castings: aluminum-base alloy 
castings and ingots and copper-base alloys in ingot 
form; ‘and a method of test for thermoelectric power. 
A specification for high early-strength Portland cement 
is an important contribution to the construction field, 
as are also new specifications for reinforced-concrete 
pipe and reinforced-concrete culvert pipe, and speci- 
fications for gypsum sheathing board, timber piles, 
glazier’s putty, test methods for natural building 
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stone, and a flexure test for concrete. Of interest in 
the automotive field are the test for dilution of crank- 
case oil and a test for vapor pressure of natural gasoline. 
A test method is also included for comparing the thermal 
conductivities of solid electrical insulating materials. 
New tentative specifications have been developed for 
several lacquer solvents and diluents, namely, amyl 
acetate, amyl alcohol, butyl propionate, and ethyl 
lactate. Revisions were also made in 25 of the tenta- 
tive standards developed in former years in order to 
keep them abreast of current practice. 

INDEX TO A. S. T. M. STANDARDS AND TENTATIVE STANDARDS 

An index (110 pages) of all A. S. T. M. standards and 
tentative standards has been prepared and is being dis- 
tributed without charge. The index is a compilation, 
under appropriate key-word subjects covered by the 
standards, of titles of all standards, together with 
volume references to the publications in which they 
appear, namely, Parts I and II of the 1930 Book of 

A. 8. T. M. Standards and 1930 Book of A. S. T. M. 
Tentative Standards and the Annual Proceedings. The 
index is designed to be of service to those familiar with 
the society’s standards in locating specifications, 
methods of test, or definitions in the bound publications 
in which they appear, as well as to those interested in 
ascertaining if the society has issued any standards on 
a specific subject. ; 

INDEXES TO VOLUMES NOS. 8 AND 9 OF PUBLIC 
ROADS AVAILABLE 

Indexes to volumes 8 and 9 of Pusiic Roaps have 
recently been printed and are available for distribution 
upon request. The indexes to volumes 6 and 7 were 
issued some time ago, and a supply of these indexes is 
still available for distribution. It is planned to issue 
indexes to volumes 10 and 11 during this year and there- 
after to issue an index annually. 

© 



ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 

Applicants are urgently requested to ask only for those publications in 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Derartment’s free supply is ex- 
hausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 

ANNUAL REPORTS 

Report of the Chief of the Bureau 9.f Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads. 1925 
Report of the Chief of the Bureau of Public Roads, 1927. 
Report of the Chief of the Bureau of Public Roads, 1928. 
Report of the Chief of the Bureau of Public Roads, 1929. 
Report of the Chief of the Bureau of Public Roads, 1930. 

DEPARTMENT BULLETINS 

No. *136D. 
*314D. 

Highway Bonds. 20c. 

Methods for the Examination of Bituminous Road 
Materials. 10c. 

*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10e. 

*370D. The Results of Physical Tests of Road-Building 
OC Kammm lo Ge 

*463D. Earth, Sand-Clay, and Gravel Roads. 15c. 

*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10c. 

*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 

*660D,. Highway Cost Keeping. 10c. 

*670D. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 

*691D. Typical Specifications for Bituminous Road Mate- 
rials. 10c. 

*724D. Drainage Methods and Foundations for County 
Roads. 20c. 

1216D. Tentative Standard Methods of Sampling and 
Testing Highway Materials, adopted by the 
American Association of State Highway Offi- 
cials and approved by the Secretary of Agri- 
culture for use in connection with Federal-aid 
road construction. 

1279D. Rural Highway Mileage, Income, and Expendi- 
tures 1921 and 1922. 

1486D. Highway Bridge Location. 

DEPARTMENT CIRCULARS 

No 331C. Standard Specifications for Corrugated Metal Pipe 
Culverts. 

TECHNICAL BULLETIN 

No 55T. Highway Bridge Surveys. 

MISCELLANEOUS CIRCULARS 

No. 62M. Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal-Aid 
Highway Projects. 

*93M. Direct Production Costs of Broken Stone. 25c. 

109M. Federal Legislation and Regulations Relating to the 
Improvement of Federal-Aid Roads and National- 
Forest Roads and Trails, Flood Relief, and Mis- 
cellaneous Matters. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP. The Results of Physical Tests of Road-Building 
Rock. 

SEPARATE REPRINTS FROM THE YEARBOOK 

No. *914Y. Highways and Highway Transportation. 25c. 

937Y. Miscellaneous Agricultural Statistics. 

1036Y. Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio. 

Report of a Survey of Transportation on the State Highways of 
Vermont. 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio. 

Report of a Survey of Transportation on the State Highways of 
Pennsylvania. 

REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 

Vol. 5, No. 17, D- 2. Effect of Controllable Variables upon the 
Penetration Test for Asphalts and 
Asphalt Cements. 

Vol. 5, No. 19, D- 8. Relation Between Properties of Hardness 
and Toughness of Road-Building 
Rock. 

Vol. 5, No. 24, D- 6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

6, D- 8. Tests of Three Large-Sized Reinforced- 
Concrete Slabs Under Concentrated 
Loading. 

Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 
crete Slab Subjected to Eccentric 
Concentrated Loads. 

Vol. 6, No. 

* Department supply exhausted. 
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