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AN INVESTIGATION OF OIL-TREATED EARTH ROADS 
IN MISSOURI 

Reported by F. V. REAGEL, Engineer of Materials, Missouri State Highway Department, HENRY AARON, Assistant Highway Engineer, U. S. Bureau of 
Public Roads, and W. I. WATKINS, Assistant Soil Surveyor, U. S. Bureau of Chemistry and Soils “4 : te 

HE best efforts of almost every State highway 
organization in the past have been devoted to the 
design and the construction of high-type roads to 

serve the demands of ever-increasing traffic on the more 
important routes of the respective States. The recog- 
nition of these demands for high-type roads caused the 
design of feeder roads connecting with the main highways 
to receive but little attention. In Missouri, as in several 
other States, the primary road system is approaching 
completion and the demand for the construction of 
secondary, light-traflic roads is rapidly increasing. 

In anticipation of this demand for low-cost roads, the 
Missouri State Highway Department, in cooperation 
with the United States Bureau of Public Roads and the 
United States Bureau of Chemistry and Soils, has been 
investigating the practicability of oil-treated roads, with 
or without subsequent stages of improvement, for use in 
those sections, comprising approximately one-third of the 
total area of the State, where no surfacing material of any 
kind is locally available. The collecting and organiza- 
tion of the data and observations on application of the 
oil and the condition surveys on the sections studied 
and included in this report were carried out by R. C. 
Schappler and C. M. Lancaster, of the division of geology 
and soils of the Missouri State Highway Department. 

The roads included in this investigation were oiled 
during the months of May to November, 1928, and the 
condition of the surface as disclosed by condition sur- 
veys was recorded at various times up to May, 1929. 
The first inspection of the surface condition was made 
about two and one-half months after the oil was 
applied. A fall condition survey was made during the 
months of September to December, 1928, about one and 
one-half months after the first inspection. On several 
of the sections treated in the fall, the first inspection 
after treatment served also as the fall condition survey. 
The final detailed condition survey included in this 
report was made the following spring during the period 
from March to May, 1929. 

During the following two years the department’s 
progeam included a considerable mileage of treating and 
retreating earth roads with road oil. This program 
provided an opportunity for demonstrating and estab- 
lishing the indications and conclusions developed in 
this study with increasing confidence in the design and 
methods of road oil application. A supplementary 
condition survey was made in the spring of 1931. 

The investigation has disclosed that oils may be used 
satisfactorily for the treatment of earth surfaces to 
provide temporary all-weather roads if certain funda- 
mental factors are recognized. The most important 
factors so far discovered are: (1) Physical characteristics 
of the soil; (2) drainage, both surface and subsurface; 
(3) condition of surface immediately prior to applica- 
tion of oil; (4) rate of penetration of oil; (5) type of 
traffic; and (6) methods of maintenance. 

CHARACTER OF ROAD SECTIONS INVESTIGATED 

Prior to 1928, in those sections of Missouri which are 
deficient in local road-building materials, about 200 
miles of road had been constructed, consisting of 9-foot 
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concrete pavement on one-half of the roadway and 
graded earth on the other half. This type of improve- 
ment was utilized in order to hasten the connection of 
several communities by all-weather traffic lanes. The 
resulting roads furnished the service expected but with 
a serious dust hazard on some soils during dry periods 
and an expensive mud nuisance in wet weather. The 
graded portions of these roads were then oiled in an 
effort to alleviate these conditions. In addition, 
approximately 100 miles of full-width graded earth 
roads have been oiled. ‘Twenty-nine sections of road, 
varying in length from 2 to 21 miles, with a total length 
of 224 miles, were selected for special study. The 
locations of these sections and their approximate 
lengths are given in Table 1. 

The topography of the area studied varies from level 
to rolling. The extent of the rolling character controls 
the relative amount of cut and fill on the sections. This 
feature in turn governs the amount of variation in soils 
in cuts due to uncovering of different soil layers at 
varying depths, as well as the resultant character of soil 
occurring in the mixture from which the fills were made. 

The roads selected for oil treatment were constructed 
according to standard design. Drainage as a whole had 
been taken care of. Occasional sections which, be- 
cause of improper drainage, had not been maintained 
to the standards of the original construction, could be 
readily noted by observation. 

Traffic on these highways is mixed and was classed as 
mutilative and nonmutilative. Mutilative traffic in- 
cluded tractors, threshing outfits, and other machinery, 
the wheels of which were equipped with lugs or cleats, and 
also horses hoofs’ and wagons having narrow-tired wheels. 

TaBLE 1.—Location and mileage of sections of oiled road given 
special study 

Approxi- 
mate 
length 

Section 
No. Location 

Miles 
State route 6, DeKalb County, Bayfield to Oak-..---.---------- 
State route 31, DeKalb County, King City to Oak__-.--_--.--- 
U.S, route 69, Daviess County, Cameron north--_--._.--------- 
State route 6, Daviess County, Winston to Altamont___-.------ 
State route 6, Daviess County, Altamont to Gallatin...-...-.-- 
U.S. route 69, Harrison County, Bethany to Lowa line-- 

| State route 59, Platte County, Parkville north._-._._.._--- 
| State routes 1 and 9, Atchison County, Tarkio to Rockport 

9 | State route 1, Atchison County, Fairfax north....-....--.-- 

| 

e 

to 

SO Or ocr CO ONAOOhWDrH rary 

| U.S. route 65, Saline County, Marshall to Salt Fork Creek--__- 6 
. route 65, Saline County, Salt Fork Creek to Grand Pass_- 9 
. route 65, Saline County, Grand Pass west----.------------ 2 
. route 24, Carroll County, near DeWitt____--_._----------- 3 
. route 63, Randolph County, Jacksonville to Moberly----- 10 
. route 24, Randolph County, Huntsville west------------- 9 
e route 10, Ray County, Richmond to Hardin_-_-------- nant 8 
. route 71, Platte County 
. route 71, Platte County 
PLOUTC aL el albe, COUNUY: amass =aa== === eae OEE Eee 12 
. route 71, Platte County 
. route 71, Platte County ; : 

. 8. route 63, Macon County. Extends approximately 4 miles 
MORDMUTOMIEA X te lesen ens eee ce ae Fee 4 

23 | U. S. route 63, Macon and Adair Counties__-.------------------ 17 

U.S: route 63, Adair County----.-.-.-.-------------------.---- 3 

8 

RRnMNN 

4S 

adacicicl a _ lor) 

8 

ddd RAMRMRNRnN 

bo ns 

25 | U.S. route 65, Grundy and Livingston Counties, between Chil- | 

licothe and ‘Trenton. -_-.-..----.----- Petrie ga 2 IEE | 
26 | State route 6, DeKalb County, Maysville to Oak__-_------.---- 

27 | U.S. route 63, Boone County, Hinton to Clark.__.--.----------| 13 

28 | State route 13, Lafayette County, Higginsville to Lexington. ---| 10 

29 | State route 10, Ray County, Excelsior Springs to Richmond... --| 16 

Oral nlOAgC.2 =~ eee a es = ane ara ee a 
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Figure 1.—E1cut Hunprep GALLON PRESSURE DistTRIBUTOR READY TO BEGIN APPLICATION. 
APPLYING SUCCESSIVE Loaps 

TYPE OF OIL USED 

On the greater portion of the mileage a single type of 
oil meeting the State highway specifications, and similar 
to oil No. 1 (Table 3) was used. On certain special 
sections the type of oil was made a variable, and on 
these sections other types of oil and combinations were 
used. Specifications for these oils can be found in 
Table 2, and typical analyses in Table 3. A brief 
description of the oils follows this latter table. 

TABLE 2.—Specifications for road otls 

The oil shall be homogeneous, free from water, and shall not 
foam when heated to 120° C. (248° F.), and shall meet the 
following requirements: 

| Specification 

es [Aiea oe ee 
A B 

| 

1. Specific gravity 15.5°/15.5° C., not less than. _.-._..-------=2- eso. 10 1. 00 
2. ISPOCiNE wISCOSity: (CMe ler) at Oem Ce ae aes ee oe ee eee | 10 to 20 | 10 to 20 
3: Plash point, (C.-mot Jessithamerss ae: tee ee ee eee 80 90 
4. Per cent loss at 163° C., 50 gra ns, 5 hours, not more than_-___|_-_______- 6 
5. Total bitumen (soluble in CS), per cent, not less than._--__- | 99. 5 99. 5 
6. When the specific gravity of the oil at 15.5° C. is less than 

0.970, the percentage of bitumen insoluble in 86° Baumé 
paraliin naphtha shall notiexceed = sees sean eee | ROM kes pee Se 

7. Per cent bitumen insoluble in 86° Baumé naphtha, not less 
tH@D ssa eee BS re ee ee a Le 9.0 

8. Residue of 100 penetration (100 grams, 5 seconds, 25° C.) per | 
CORDS 2 no aoe eek ee ec ee ee 50-65 50.65 

9. Ductility of residue, centimeters (when 50 grams of the oil 
are evaporated at 250° to 260° C. until the residue has a | 
penetration at 25° C., 100 grams, 5 seconds, of 90 to 100), not 
less than. os. 6 3-.552-02 58 2 Ce ee ee ee | ee 50 

CONSTRUCTION METHODS OUTLINED 

A contract was let for the oiling under the super- 
vision of the State bureau of maintenance, and a 
schedule was arranged to take care of the order in 

OVERLAPPING OCCURRED IN - 

TaBLE 3.—Typical analyses of oils used 

a P | Bitu- 3 cate ' 
. Specific . men uctil- Oss a 

Specific mets vis- ae in- ity of |163° C., 
Oil No gravity, sohible cosity, | Flash 100 soluble | speci- 50 

S 15259) Re Engler point aes in 86° fied grams, 
155° 'G: Cs an ei een Baumé resi- 5 

60° C. | naph- | due! | hours 
tha 

Per cent °C. | Per cent| Per cent| Cms. |Per cent 
21 . 937 99, 94 WSL 207 58. 72 1.4 3. 1, 24 
22 . 949 99. 77 15. 00 | 210 62. 50 207 150 (3) 
13 1. 041 99. 78 10. 82 180 62. 34 11, 82 150 4. 09 
54 . 9415 99. 96 14. 97 | 158 58. 92 2.47 150 (3) 
85 . 966 99. 97 14. 14 105 60. 00 8. 04 150 (3) 

1 Ductility of specified residue, in centimeters, when 50 grams of the oil are evap- 
orated at 250° to 260° C. until the residue has a penetration, at 25° C., 100 grams 5 
seconds, of 90 to 100. 

2 Topped residual from eastern Kansas crude, with a high paraffin base. 
3 Less than 5.00. 
4 Residual from cracking process from general midcontinent crude. 
5 Topped residual from southern Oklahoma crude, having a semiasphaltice base. 
€ Low pressure still product from Gulf coastal crude, haying an asphaltic base. 

which the sections would be treated. The various 
local maintenance forces were required to have their 
sections ready for oiling according to this schedule. 
This work was accompanied by the normal amount of 
confusion and delay due to unforeseen weather condi- 
tions or failure of equipment. In general, the prepara- 
tion consisted of intensive blading and dragging to 
provide a smooth and uniform surface for the oil. 
Ditches were recut wherever necessary. Considerable 
variation was noted in the thoroughness with which 
this work was carried out. The variations are ex- 
plained by the fact that the individual sections were 
Sea by different, and, to some extent, independent 
orces. 
The oil was discharged from pressure distributors as 

shown in Figure 1. The temperature of the oil as 
applied varied from 120° F. to 200° F. The rule on 
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most sections was to obtain an oil temperature of at 
least 140° F. The permissible moisture in the earth 
was limited to the amount present when ruts did not 
develop under the weight of the distributor. Oil was 
applied at the rate of one-half gallon per square yard 
for the first application, followed as soon as the oil had 
been absorbed so that it would not be picked up by 
traffic by a second application of one-fourth gallon per 
square yard. The quantity per square yard was con- 
trolled by computing from the measured gallonage of 
the truck-load the length of road to be covered by the 
load. This distance was chained off and flag-staked 
for the truck-driver to reach at uniform speed while 
distributing the truck-load. In some instances traffic 
was allowed to use half of the roadway while oiling was 
in progress; in others, the roads were barricaded and 
closed to traffic until the second application had 
been absorbed. All sections noted as re-treated re- 
ceived a third eon of one-fourth gallon per 
square yard. 

In a few cases some material, generally river sand, 
was applied in a thin layer to the surface. 

SECTIONS MAINTAINED CHIEFLY BY BLADING 

Fifteen of the 29 sections investigated were bladed 
to some extent. Onsome sections the blading consisted 
of merely spreading a thin layer of earth from the 
shoulder over the treated surface, without permitting 
the blade to come in contact with the surface. On 
other sections attempts were made to eliminate defects 
by shaving the treated surface slightly and filling the 
defects with the material thus obtained. 

OBSERVATIONS MADE BEFORE, DURING, AND AFTER TREATMENT 

For each section studied the investigation involved 
the following activities: 

1. Obtaining information relative to conditions exist- 
ing and preparations made prior to the application of the 
oil. 

2. Recording pertinent information at the time of 
treatment. 

3. Making periodic surface condition surveys sub- 
sequent to treatment. 

4. Making special studies of the subgrade soil. 
The information relative to conditions existing and 

preparations made prior to the application of the oil 
included a record of the weather conditions existing 
prior to oiling, the soil types, the road profile, the 
drainage conditions, the type of equipment used, the 
surface processing, the length of time the surface was 
maintained at a finished grade prior to the application 
of oil, the final preparation of the grade, the surface 
contour, the state of consolidation of the soil, and 
the amount of moisture present in the soil immediately 
before the application of the oil. 

The notes taken during construction included a 
record of prevailing weather conditions during the oiling 
operations; the type of oil used; the oil temperatures; 
the quantity of oil applied per square yard; the average 
depth of oil penetration 24, 48, and 72 hours after 
application; the character of penetration with respect 
to whether it was selective, uniform, or nonuniform; 
the length of time required for the oil to penetrate to 
an extent preventing the mat from peeling under traffic; 
and the method of traffic control utilized during the 
oiling operation. 

Data regarding depth, rate, and character of pene- 
tration were obtained by driving a tube into the surface 

at desired intervals of time and examining the cylinder 
of treated soil so obtained. 

The surveys subsequent to treatment included the 
making of general condition surveys, all distances being 
checked by speedometer readings; a record of road 
surface conditions; and an estimate of the probable 
causes of surface ‘defects, such as mutilative traffic, 
insufficient oil, inadequate drainage, etc. The results 
of these surface condition sur veys were then correlated 
with the information obtained prior to and during oil 
treatment. 

In these surveys the road surfaces furnished by 
the bituminous treatments were arbitrarily classified 
with respect to their condition in the terms which are 
given and described below. Examples of each classifica- 
tion are given in Figure 2. 

Mat ntact, surface smooth.—This term indicates 
excellent bituminous mat surfaces. The oil-earth mat, 
or penetration layer, is pliant and possesses a tough, 
leathery texture. This type of mat occurs when the 
bituminous material penetrates the soil in such a man- 
ner as to bind the soil particles properly and seal the 
road surface, thus producing a compact mat which 
resists the effects of weather and traffic. 

Surface rutted—This term indicates the presence of 
indentations or grooves in the road surface. Rutting 
occurs when the subgrade is softened because of the 
presence of moisture. It is generally preceded by a 
decrease in the stability of the supporting soil, which 
can usually be traced to moisture furnished by rains 
or melting snow occurring on top of the road, by seep- 
age or capillarity beneath, or by a combination of both. 

Mat crumbled.—This term indicates a crumbling of the 
oil-earth mat caused either by an insufficient amount 
of oil or by a deadening of the oil fraction. This term is 
not used when failure can in any way be traced to a 
decrease in the stability of the supporting soil. Thus, 
crumbling is entirely a surface defect and indicates that 
the applied bituminous material either has not properly 
penetrated the soil or does not possess cohesion in 
amount sufficient to bind the soil particles into a com- 
pact mat. 

Mat raveled—This term indicates a progressive 
breaking up, but not a crumbling of the mat. It 
generally occurs after periods of alternate freezing and 
thawing and suggests vertical displacement of the 
mat. This vertical displacement may be produced by 
expansion of the subgrade due either to increase in 
moisture content or to freezing followed by shrinkage 
of the subgrade caused by reduction in moisture con- 
tent or thaw, thus leaving the mat suspended without 
support. Nonuniform subgrade soil is especially pro- 
ductive of raveling. 

Mats on soils consisting of thin laminated layers of 
both silt and very fine sand are likely to bulge as much as 
one-fourth to one-half of an inch between wheel tracks 
2 to 4 inches apart. It is indicated that in the silt 
soils the laminations may be the result of some textural 
assortment caused by rain, traffic, wind, or running 
water or by difference in degree of compaction, oil 
absorbed, etc. The bulging causes the different tex- 
tural layers to be separated from each other. 

Surface pitted—This term indicates the presence of 
abrupt surface cavities. These cavities usually extend 
appreciably below the depth of soil penetrated with oil 
and do not include indentations or depressions not 
icing a “breaking through”’ of the oil-earth mat. 

Surface checked.— This term indicates the occurrence 
of shrinkage of the surface soil disclosed by “alligator 
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MAT CRUMBLED 

ee, 

SUREPAGE DEEPEYSRUMTED 

SURFACE PITTED AND CHECKED 

SURFACE CHECKED SURFACE SCALED 

FicgurRE 2.—EXAMPLES OF SURFACE Conpi1TIoNs NoTEeD IN SurRvEYS 
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hide” cracking which separates the oil-earth mat into 
irregularly shaped blocks. 

Surface scaled —This term signifies the scaling off of 
the oil-earth mat in thin layers. Scaling is caused 
generally by a laminated or plated structure existing in 
the oil-earth mat. 

SOIL SURVEYS MADE ON SEVERAL ROADS 

The special studies of the subgrade soils included the 
surveying of certain roads with respect to the subgrade 
soil types and their soil zones or layers and the testing 
of representative samples from the various layers in the 
subgrade laboratory. 

The subgrade survey consisted of examining the sub- 
erade at intervals close enough (about 100 feet gener- 
ally) to determine any change in the subgrade soils and 
examining the soils in the adjoining fields to determine 
the soil profiles of the soil types encountered. This 
information was plotted as shown in Figure 3. In- 
cluded in this record are the road plan, the profile of 
one of the banks, the original center line grade, and the 
present center line grade. A soil profile such as shown 
in the lower strip, Figure 3, was taken only at such 
intervals as were necessary to disclose the arrangement 
of soil layers in a given soil type. In addition, the 
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TaBLE 4.—Record of observations on 29 otl-treated sections 

Width Aver-| Penetration 
Surface} of un- : sae Subgrade Prevailing Air age 

Sec- | 6i1 | General pro- | drain- | treated gure plese yore oe moisture, | weather con- |temper-| oil | 
tion | No. | file | age | earth oils. 1 Ne que Heatic OUFS | depth, 0 to| ditions during | ature | tem-| Aver- | Days 
No. |rating!| shoul- ens By Dear linch application range |pera-| age re- Nature 

der ture | depth | quired 

\Per cent| Feet | °F. | ° F. | Inches . 
2 Tei Rolling ees. 75-100 64 (Clayiand siltyiclays|*Hitiiessc. = eee NWiGISt= ss. LOEWE Ee ee tae a 75-90 | 140 0.50 | 14-28 | Uniform. 
1 SHEE Se hepa reo 50-75 TZBSIlty) Cla yeene==se== Rietreatment, =) bil=n|aaeee see ae eee GObee 2 a5 sal) M7 O=95 Hieel SO dloeee =e 2-4 Do. 

| tuminous  resi- 

| | due: : 

8 Ieee Gees ES? | 50-75 OURS Seana ae | Biti =sseno sea see Moist----- | Occasional | 70-95| 150| .40 4-7 Do. 
1 showers. 

15 AW | ae Osea 75-100 12 | Silt loam and silty |_---- dO. 2222es.52s-6 ERR eet IRENE as eee 55-85 | 145 . 50 4-7 Do. 
clay. 

26 vee d02 22-33 | 75-100 12 | Clay andsilty clay_| Firm, some dust --|--_do_------ O oe asional} 80-95 | 135 . 60 7-14 Do. 
| showers. 

3g) Sd ouak eee? 50-75 12. Silt ono. segeeeee eee dg eee dors ae Cool and fair..| 45-70] 190}  .60) 14-28 Do. 
29 Aelia do. 50-75 GiiaNOmecordsecse= ses iINijo record Sas aesees No record_|___-_ do = 45-70 | (2) (?) 14-28 | No record. 
4 ts | Ses (aoe ee 50-75 6. Claysaestseeaee= --| Firm, some dust--| Moist_---- O vs asional | 60-90; 200 | . 45 4-7 | Uniform. 

showers. 
5 1 dozeencces 50-75 6 | Silt loam and clay_|_---- COs. a seers fe 0a 5 oe eee doa 60-90 | 190 a5) 4-7 Do. 
6 Le aes doetz 50-75 6 | Silty clay andclay_| Soft and loose__-_-- Wet__.--.-| Frequentrains} 65-85 | 150 -40 | 14-28 Do. 
df iter ek es do tse =4) 50-75 2a Silt) loam Sens see Firm, some dust_-| Moist--_--- O eh asional| 75-90} 150) .70 2-4 | Nonuniform. 

showers. 
9 | Lievelaeee eee 50-75 Osilty clayascsse-ss|e=e ae dO 2teeeeeee se £200 ee sacs \eoese doses 70-90 | 150 . 50 4-7 Do. 

14 iP eee Go. ees 50-75 6 Sut toame sees eee dor 2S DTryete sce girs eee ne 60-80 | 160 . 60 2-4 Do. 
22 Shy do-—...--|, .50=75 Giese Cl has ee eee dos seseuaea= ea Oo sees |\esce dovesncces 70-85 | 150 85 1-2 | Nonuniform and vari- 

: : able in color. 
23 Te Roling oes | 50-75 6 eat lonm ANG SUG Via aoe ead ON ee ees EM doses ees (6 Coane re 65-85 | 150 . 60 4-7 | Nonuniform. 

clay. 
3 Sal Levels sess | 25-50 Gy! ebiltiloa mee sesse == litoyolstereialolahbtsi nye le Yel) = yee (3 (oem ere, 60-90 | 200 mie 1-2 Do. 

10 3 | Rolling__..-_- | 25-50 Cileeaes 0, sse-otenses Hard and dusty__-|---do_-_-_- Occasional 80-90! 160 70 1-2 | Nonuniform and selec- 
| ' showers. tive. 

11 1a Peveleseces se | 25-50 Vanes (hope eee Aen Gee ee a sa(6 Der see ea ee doleee ssa 80-95 160 . 65 2-4 Do. 
12 Si Rolling a= aeee 25-50 Cie OO eran Very dusty___--==- See One ae eee ne doseenses 80-95 | 150 70 1-2 Nonuniform. 
13 Ss elevel2osoeee 0-25 12") Silty clay=-2-2--5 irmse2 2222 se a3 iowa ae aire eS 80-95 | 150 . 55 4-7 | Uniform. 
16 oh Eee d0s2a es 25-50 eee COR eee ee Hard miart Ivy jt do sasees| eee doseeeseas 65-80 | 130 . 55 4-7 | Selective and variable 

| : crusted. in color. 
24 AWN Deyo bab ated = | 25-50 GreSiltMlo ain eeee ee Hard andidustyeec|=260 0seecs= Cc y oF @) nda) 55-705) 5180 - 50 2-4 | Nonuniform and selec- 

| | cloudy | tive. 
25 He oe GOs cues 25-50 6 | Silty clay and clay. oe ‘i Pattlys|-n- donee Rairt2 1s 60-80 | 160 - 40 2-4 | Selective. 

| crusted. 
274 ly Se dose ee 50-75 6 | eee loam and silty | Very dusty___----- ee CL Om see eee Caap ps et oo 75-90 | 150 . 60 2-4 | Nonuniform. 

clay. | 
17 | 1 ee Ke | 0-25 12ipsltloantssasss=s= PMs Geimals, Voeireinilave joe. (0 lo Se Occasional | 70-80| 146 . 70 {-2 | Nonuniform and selec- 

| crusted. showers. tive. 
ESE ods | ee Os pears 25-50 12 lees ORG apa se, Se) ace d0ite sees Ted0 Aaa e ees doers 65-80 | 170 . 60 1-2 | Variable in color and . 

| les ‘ selective. 
194 sites suevel ee 25-50 D2 Ott yoelayes-easaee Bee ae AOS. see eralens Oe Seees eee d0==nae—s 80-95 | 135 . 60 1-2 Do. 
20) Ady eoeee doss2 ease | 25-50 NB) eee dOnu seas a eee dos staeeseat 2 (P= Osea 2 Sees do aes 80-95 | 140 . 50 1-2 -Do. 
21 | O Ou seoe dows es 25-50 12 ie See doe eee 0222s ee ESO US Re eles Be dota = 80-95 140 . 40 1-2 Do. 

| 

1 See text, p. 57. 2 No record, 

drawings include the information furnished by the condi- soil in the oil mat was considered to be similar in 
tion surveys made of the road surface. character to that supporting the oil mat. 

The soil comprising the roadway is indicated by a ‘The soil in the subgrade may differ from that which 
zone number which corresponds to the same number would be expected from the bank profile. This may be 
and soil layer in the soil profile. When the subgrade due to several factors, as follows: (a) The material 
consists of mixed materials from several zones, the may be fill over an old roadbed; (6) material from 
zone numbers are shown in the order in which the ditches or back slopes obtained from a zone above or 
materials predominate in the mixture; thus ‘‘zones 1, below the zone on the level with the subgrade may have 
3, and 5” indicates that soil material of zone 1 seems been used in finishing the road; and (c) the original 
to dominate zone 3 material and that zone 3 material materials may have been rearranged by blading. 
seems to dominate zone 5 material in amount. The 
numerals give only a general idea of the materials, as : ; 
fills are composed of a -heterogeneous instead of a For convenience of analysis the records of the obser- 

homogeneous mixture of materials from the various V#tions on the 29 sections studied are given in Table 4. 
zones. The soil profile of Figure 3 is taken along the The sections are listed in the order of their performance 

left bank line while the soil data shown on the corre- 2 Shown by the first complete condition survey. 
sponding plan are based on an examination of the Some of the variables studied were not determined 
roadway. with great accuracy. For example, variations in 

The original center line grade was determined from Moisture content, because of gradations in soil type 
the amounts of both cut and fill indicated by the origi- and differences in elapsed time between preparation of 
nal construction cross sections sheets of the roads Surface and application of oil, could not be determined 
studied. Thus the original center line grade does not Teadily, hence descriptive terms depicting average con- 
necessarily mean the original ground line, except on ditions were used. Such terms could be easily analyzed 

newly located roads. In other cases the original ground 22d were sufficiently accurate for the purpose at hand. 
line can be estimated only approximately from the Data listed as average are available in detail on specific 

DATA PRESENTED IN TABULAR FORM 

present bank line profiles. ' sections, in most cases, but are more susceptible of 

The soil profiles were determined by an examination ®#lysis after summation. 
of the back slopes and borings. The soil material in SOILS IN TWO ROAD SECTIONS GIVEN SPECIAL STUDY 
the subgrade was determined by using a pick and The soils encountered in the special investigation of 
examining the soil to a depth of 3 or 4 inches. The U.S. Highway No. 65, Waverly to Marshall, stations 
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TaBLE 4.—Record of observations on 29 oil-treated sections—Continued 

é ae Surface after treatment | Surface 
ec- sy | aracter of pre coo 2 Surface condi- condi- Manipula- | 

tion Ah eo yet pe traffic after tion in late tion in tion after | Remarks 
No. ? treatment Months Wraracten autumn early treatment | 

after spring 

“ es | eee = 

2 1) INones.---. Nonmutilative___ 2 | Live and ductile. Excellent____.-_- Good Se INONGs esse =e | Oil applied to surface immediately after final blading. 
1 eee Ee Oltes coset 2 pace but malle- | Good_.._-._..---| Mair = Sele 2-2 Ose See 

able. 
8 | uIP) |S eet o Co ree Reed WS (atopic ee ate 2 Maintained very carefully; no blading. Defects re- 

L | paired with premixed oil and earth. 
15 i) Pes Con Mutilative__.___- 1 | Oil applied immediately after final blading. 
26 | TPS Os ee alae 2-2 dOnt As ee 3 Do. 
28 cle) eo (et ee SAS vo Raes e eaee 1 Do. 
29 4 We edo- Nonmutilative__- 1 Do. 
4 (emerdose. eo Moutilativerce 2. 5 | Portions of surface very damp at time of application. 

§ Hele 520 Kop ey (aeeee 0.2825 a 2 5 
6 | Us| 225002 ee | Nonmutilative__- 3 Portions of surface very muddy at time of application. 
7 1 | linch Ail Mutilative_--_-_-- 2 | Oil applied 12 to 24 hours after final blading. 

san | | 

9 | None-..-..- Nonmutilative-_- 2 ? i | Very carefully maintained. 
14 | Ti pee aloes Mutilative._----- 4 | Hard, some pit- |_.___ Govete aoe Poorles=|) Bladed__-=_- Abrupt differences in surface consolidation; numerous 

| ting. | | dust pockets. 

22 Sulesed pseeet wale soe COS eece a 3 | Dead and dust- | Poor, retreated__| Fair___-- Dragged -_- | Do. 
| ing. | 

23 iM ee Ose se ieee doameeonme sss obleeees dO = eee es One eee ae ME COmee hea dome Do. 
3 lh EG (yy ee | (ORE ee ie Se Soe bshil)k Seka Ore Ps ee 6 oa meee =e dosaes Biaded eet | | Insufficient oil to bind soil particles to depth penetrated. 

10 SUS 6 (a ee Se eee Gowers mee a eee (0 Sehcetst Sse ake te Gomes aes! Ao Ae |e Oe Gosesse. Do. 
ih) Die Os See see (oVopuees En aee aes Pp) (Pee ae COS a ae sealee ee Goer he aa Vee d OSes | es does we Do. 
12 Bape Ot aes onsen CORE Ee es 5 | eee CG Foes opens e Beal | eek SOR oe eos doe eee Omens Do. 
13 3|2-i ne ine oper’ dot aes: 1 | Liveand due ‘tile. DEACLO chan. =-4 ae lemlea feito Ko oar se | ae (Boys se pa ; Unstable support due to subsurface drainage condi- 

sand. tions. 
16 adil) Sn haved ey = GO Meee swe sek 1 | Dead and dust- |____- (6 (GS rapt ogee Pado se a|eeeee G0saae=s Traffic used selective lanes because of uneven and rutted 

sand. ing. surface. 
24 QIN ONG=2 2" a4 [Bees QOL meee eee Biles dose ae Poor, retreated__|_..do_..-| Dragged_-__ 
25 teas Ome eee ee ee doe 7. dos Ae eed (0 Koh eet Cee A0-seabladédues. 22 
27 [Meador aac | Insufficient... -- 10 eee: ose eee es Roorkee ee ES 5 kayo alt ee doe ae Oil deadened rapidly because of lack of traffic during 2 

| : months after treatment. 
iW Lleesdozes 2. = Mutilative____._- 21 Dead and pit- | Failed_.........- Failed. _}_---- COR eee 1) 

ting. Surface was prepared for treatment 1 month before oil 
Ste 0 een Oe Seas sas COs mee ee ney 2 | Malleable,some _____ COS Se ee ae dos eeleo need Oneess was applied, and during this iterim no blading was 

pitting. done. Final preparation consisted of smoothing the 
19S de 3, loecdOns seals. 22 dO sess tn 2| Dead and pit- |__-_- (UG eee eee | aes dose tiE-22 dotssss" surface by means of a drag and maintainer. As a 

ting. | result considerable portions of the surface were hard 
20 Suet ese asestnesee (fone ceeyte ge PP hates ora Om ees Soul Be d0ee aes ae fea Ose eee ae Gone 2332 and crusted, while other portions were composed of 
Pah!" Sedge Peers 0 es ae foe ee Ogee eae ns, 2] Malleable, but |___-- Oley peor. ER Ceyes FU Rae ee doetaee | unconsolidated material, 

pitting. | 

0 to 980 (sections 10 to 12 in Tables 1 and 4), and U.S. 
Highway No. 638, Axtell to La Plata, stations 34 to 840 
(sections 22 and 23 in Tables 1 and 4), belong principally 
to the Marshall and Putnam series as designated by the 
United States Bureau of Chemistry and Soils. Lesser 
areas of Knox silt loam, Shelby loam, an uncorrelated 
type designated as type No. 2 on U.S. Highway No. 63 
and an uncorrelated type designated as type No. 3 on 
U.S. Highway No. 65, were mapped. A brief descrip- 
tion of these soils is given here. 

U.S. Highway No. 63, Axtell to La Plata.—The soil 
profile of the Putnam silt loam which occupies the 
flat prairie regions of north central and northeastern 
Missouri is composed of five distinct soil zones or layers. 
The first layer, zone 1, is a grayish brown, fine granular 
or crumb-structured friable silt loam. The second layer, 
zone 3, 1s a gray, laminated platy or flaky silt loam. 
The third layer, zone 5, is a brown, heavy, tough 
plastic clay which breaks into small rectangular or 
square particles having a smooth outer coating and 
are hard when dry. These particles become larger and 
less stable with depth. The fourth layer, zone 7, is a 
bluish gray structureless, heavy, sticky, plastic clay 
containing varying amounts of yellow mottles. Small 
quantities of sand may occur in spots through the lower 
part of the fourth layer. The fifth layer, zone 9, is a 
structureless yellow or yellow-and-gray-splotched, 
slightly oxidized, calcareous, glacial clay, or clay loam 
containing varying percentages of sands and silts. 

Bordering the Putnam silt loam in the timbered areas, 
the uncorrelated type No. 2 was mapped. This type 
possesses the same number of soil zones as the Putnam 
silt loam and differs mainly in the second layer, zone 3. 

In place of the gray laminated silt layer of the Putnam 
silt loam, a yellow to yellowish-gray fine granular silty 
clay loam occurs. 
A soil type derived from glacial drift and developed 

under forested conditions was mapped on the rolling 
topography of this highway. This type closely resem- 
bles the Shelby loam of northern Missouri. The first 
layer, zone 1, is a brown friable loam or silt loam of fine 
eranular structure. The second layer, zone 3, is a brown 
to grayish-brown granular loam or clay loam. The 
third layer, zone 5, is a yellowish brown, friable, sub- 
angular-structured clay loam orclay. The fourth layer, 
zone 7,is a yellow-and-gray-mottled structureless glacial 
clay or clay loam containing varying percentagesof sand. 

U. S. Highway No. 65, Waverly to Marshall—The 
Marshall soils (silt loam and deep and shallow phases) 
of the prairie regions of central Missouri were encoun- 
tered on practically the entire length of the portion of 
this highway studied. The first layer, zone 1, of the 
silt loam is a dark brown, friable, finely granular or 
crumb-structured silt loam. The second layer, zone 3, 
is a brown silt loam of slightly coarser structure and 
heavier texture than the first layer. ‘The third layer, 
zone 5, is a brownish-yellow silt loam of no definite 
structure. The fourth layer, zone 7, is a gray silt loam 
with yellow splotches. The fifth layer, zone 9, is a 
gray silt with iron concretions developed along decayed 
roots. The deep and shallow phases of this type varied 
only slightly from the above description. 

The Knox silt loam occupies the more rolling topog- 
raphy lying between the Marshall soils and the Mis- 
sourl River and is very similar to the Marshall soils 
with the exception that it is lighter colored. 
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The uncorrelated type No. 3 is a prairie soil derived 
from loessial material. The first layer, zone 1, is a 
dark brown silty clay loam of granular structure. The 
second layer, zone 3, is a bluish drab, sticky, plastic, 
granular, structured clay. In the flat areas having 
inferior drainage another layer, zone 2, a black, slightly 
sticky clay of crumb structure, is found between the 
first and second layers. The third layer, zone 5, is a 
bluish-gray-and-yellow-mottled, sticky, plastic clay or 
silty clay loam. The fourth layer, zone 7, is a bluish 
gray, mottled with yellow, structurelesss clay of high 
silt content. 

The reaction of the individual soil zones with oil as 
shown by the condition survey is tabulated in Table 5, 
together with the laboratory test results of representa- 
tive samples of soil from each of the soil zones en- 
countered. The soil zones are assigned to certain soil 
groups according to their physical characteristics as 
disclosed by laboratory tests. 

BENEFITS DERIVED FROM OIL TREATMENT DEPEND ON CHARAC- 
TER OF SUBGRADE SOIL 

No definite major effect of soil type is developed from 
a study of Table 4 but when the data in this table are 
combined with those obtained from the more detailed 
examination and mapping of soils on U. S. Highways 
63 and 65, as given in Table 5, the difference in reaction 
of the various layers of the different soil types with oil 

TaBLEe 5.—Results of soil tests on the various layers 

is clearly indicated. In general, all classes of soil were 
benefited by the oil treatment, but the degree of success 
obtained varied with the physical characteristics of the 
subgrade soil. This fact indicates that the requisites 
of the various soil layers and soil types are different. 

Uniformly good results, other conditions being favor- 
able, were obtained by treating the cohesive type of 
soil (clay) regardless of the character of the base of the 
oil, whereas better results were obtained in the case of 
the noncohesive type of soil (silts) with the use of oil 
having greater viscosity and a more ductile residue, 
when the quantity applied was sufficient to produce a 
dense waterproof surface. It is believed that the duc- 
tility of the residue obtained in the manner specified 
in Table 2 is sufficiently indicative of the adhesive 
properties of the oil to justify the selection of oils show- 
ing a ductile residue for use with noncohesive soils. 

A study of Table 5 indicates that with the type and 
quantity of oil used: 

1. Group A-4 subgrades are subject to considerable 
surface rutting. 

2. Groups A-6 and A-7 subgrades furnish good 
surfaces. 

3. Soils which fall on the border line between A-4 
and A-6 or A-7 groups give inconsistent results. 

The detailed subgrade and condition survey disclosed 
that, in general, the stability of noncohesive soils 
(silts) was increased by the addition of oil, and that, 

of the different soil types and their reactions with oil 

Mechanical analysis Physical oe eas Hate mipieue passing 

l 5 
| ‘ Particles smaller than 2 mm. Shrinkage Weceaae 

Soil tyne EO oe weit Vigne Parti- ’ . <5 Reaction with oil 1 
oes. | Coarse | Fine Clay |Colloidsh ora] “He Gq 

lereet sand | sand |Silt 0.05/smaller|smaller je linge |. MN Gent les eae 
2mm, | 2:2 to | 0.25 to | to 0.005 than | than Limit] Ratio fuge Field 
* SE sP25) 0.05 | mm. 0.005 0.001 

mm, } mm. mm, | mm. 

il 0 3 12 66 19 6 33 9 2806 32 29 A-4 ee checked, pitted. 
3 1 6 | 12 60 PAL al 33 12 29a lO 34 28 A-4 

Putnam silt loam__| U.S. Route 63__- 5 0 3 15 42 40 21 64 30 UGH ale 9 54 52 A-7 Mat 1 mice 
tf 0 3 17 39 41 24 62 37 15 iY) 2 60 39 A-6 | (3). 
9 0 2 5 60 33 19 52 3l 16 1.8 2 53 39 A-6 | (8). 

1 0 4 15 65 16 5 36 12 25 1.6 29 28 ne (0. 
; 3 0 8 11 57 24 10 41 18 24 1.6 36 33 

Se ea do...-------- 5 0 2 9 46 43 32 | 641y32) 15 | 18 50| 51| A-7 | Mat intact. 
ae 7 0 2 8 58 32 16 49 20 16 1.8 2 50 384 A-6 Do. 

figeal 0 of 26 54 13 | uf 34 12 25 ie a 24 31 A-4 | (3). 
} 3 0 5 Zi 51 17 Mal 34 14 18 1.8 28 28 Its |) 

Shelby loam uaassee lessee Gos=- wea scee 5 0 4 15 56 25 10 44 24 alles 31 37 A-7 | Mat intact. 
| if 2 5 16 53 24 12 41 25 asi Att) 34 28 A-6 Do. 

9 1 3 32 38 26 11 42 27 il 2.0 2 44 30 A-6 Do. 

| 1 0 1 22 64 13 Oi) 20Ne 8 |) 251) 3.6 29| 26| A-4| Rutted. 
; | 3 0 1 19 61 19 10 37 17 PAN ald 30 29 A-4 | Inconsistent.4 

Knox silt loam__.__) U. S. Route 65_- 5 0 1 9 ta 13 4 39 16 23| 1.16 37 30 A-4 | Rutted. 
| | 7 0 il 21 68 10 5 39 15 26) 1.6 38 32 A-4 | (8).° | 

) 0 0 16 73 11 4 35 12 23 1.6 32 30 A-4 | Rutted. 

1 0 1 15 71 13 Bie aati 144 274 31.6 36) 34) A-4 | Inconsistent. 
; 3 0 0 16 67 Ne 8 40 17 21 ii 34 31 (5) Do. 

Marshall silt loam_|----- dO. 222se5—2 5 0 2 14 7 10 8 42 19 230 a6 36 33 (6) DO: 
us 0 2 7, 70 11 6 42 17 26 1.6 35 33 A-4 | Rutted. 
9 0 2 9 80 9 6 35 11 381} 1.6 38 30 A-4 Do. 

1 0 2 9 72 17 7 41 aw 23 If 48 34 A-4 "Do. 
F 3 0 2 16 68 14 if 44 19 PP Ale ef 39 35 A-7 | Inconsistent. 

Marshall silt loam |----- doseeeassete 5 0 2 15 Ut 12 if 48 23 OA lea 50 38 A=7 1 Do. 
deep phase. | i 0 1 18 69 12 6 45 22 230 eile 39 34 (5) (3). 

Lg 0 1 9 75 15 6 43 20 21 Allen 36 32 (5) (3). 

| ; : 2 16 66 16 5 39 15 27 1.6 36 36 A-4 | Inconsistent. 
j 2 16 61 21 10 54 29 19 1.8 44 40 INEY/ Do. 

NG an es GOs aeoeee laa 0 4 19 61 16 8:| 4 .52)|" Sisto tg 41| 38) A~7 Do. 
. if 0 2 16 66 16 5 40 19 2O Reale 45 30 (5) Rutted. 

5 , 3 17 69 11 7 36 13 24) 1.6 34 28 A-4 | (8). 
Marshall ailt } ay 4 3 18 63 16 Bl 24 Sale Teas 2S oy (6) | Inconsistent. 
eellow bees a. =00 a serene 5 0 10 23 57 10 Paw ecrebal est call tees 30 | 23 | (3) Do. 

‘ ff 0 10 38 40 12 6 24 11 15 oP) 18 19 A-4 | (3). 
| ! | 

1 Reaction with oil is based on behavior of individual zones in cut or fill. 
2 Waterlogged. 
3 No road surface consists of this soil layer. 
4 Inconsistent reaction with oil indicates that the condition of the oil-earth mat on 

erally representative of the performance of this layer. 

The behavior of the various zones when combined with others is not included in this table. 

Soil tests results are shown to give complete information for the soil types. 
this layer varied to such an extent that no condition rating could be applied as gen- 

5 Blank spaces under group indicate that according to laboratory tests the soils fall between the A-4 and A-6 or A-7 groups. 

—— 
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within the limits of the soil types encountered and with 
the application of the same type and quantity of oil, 
the layers of the silty soil types which contained the 
higher percentages of clay gave the best results. Also, 
while surface rutting was the most serious failure on the 
silty soils, it was of minor importance on the clay soils. 
The failures on the clay subgrades were in the form of 
surface defects, without any serious loss of stability. 

The tendency of the cohesive soils (clays) to give 
better results than the cohesionless soils (silts) under 
the conditions and methods of construction may be 
explained when we realize that we are dealing with a 
soil made up of an aggregate of certain constituents to 

Tue IRREGULAR Figure 4.—Poorty DRAINED SECTION. 
SurracE Has Causep TRAFFIC TO FOLLOW SELECTIVE 
TraAFFic LANES. As A RESULT PORTIONS OF THE SURFACE 
Have BEEN DEPRIVED OF THE JRONING AND KNEEDING 
Errect oF TRAFFIC AND Have RAVELED EXTENSIVELY 

which we are attempting to impart stability, and that 
the requisites of stability are a proper combination of 
internal friction and cohesion. We can do only two 
things by the addition of oil. One is to stabilize the 
moisture content by exclusion of as large a percentage 
as possible, and the other is to impart some cohesion. 
The cohesive type of soil (clay) already has sufficient 
cohesion and requires only the exclusion or stabiliza- 
tion of moisture content to furnish stable support; 
hence it is entirely logical that any waterproofing oil, 
regardless of its adhesive qualities, will, if and while 
present in sufficient quantities, serve as an efficient 
road oil. Suchsoils as silt or sand lacking cohesion and 
waterproofing will not supply this lack, although it will 
eliminate variations in volume due to variations in 
moisture content. It is therefore logical to expect that 
the addition of cohesion to this type of soil which can 
in some degree be added through the use of an oil having 
adhesive properties, as indicated by the ductility of the 
residue, will be reflected in more serviceable surfaces. 
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Nonuniformity of subgrade soils and degree of con- 
solidation appreciably affected the uniformity of the 
completed surface. The greater portions of U. S. 
Highways 63 and 65 on which a detailed soil surv ey was 
made consisted of fill over an old road and were com- 
posed of mixtures of the various soil layers in different 
percentages and degree of compaction. 

Soil materials which possessed the properties of com- 
paction in a high degree gave the best results and soil 
material in place reacted better with the oil treatment 
than the same soil in fill. This was especially true of 
the soils which were difficult to compact, namely, the 
silty soils. Of the silty soils, those with some develop- 
ment of field structure were the most compactable. 
Surface defects (raveling, crumbling, scaling, checking, 
pitting) were confined almost entirely to fill materials. 
This fact indicates that more uniform penetration and 
better final results may be obtained if the subgrade is 
prepared so that the materials are mixed and consoli- 
dated uniformly. 

More uniform surfaces and consequently more uni- 
form penetration may be obtained by scarifying the 
surface to a depth of about 3 inches and thoroughly 
mixing this loosened material by means of a multiple 
blade maintainer, or by blading the material back and 
forth across the roadway. After the soil has been 
thoroughly mixed it should be distributed uniformly 
over the surface and carefully maintained during recon- 
solidation for a period of six weeks prior to the final 
preparation for treatment. 

SURFACE DRAINAGE ESSENTIAL TO GOOD RESULTS 

Surface drainage was rated as follows: 

Side ditches shallow and poorly drained. Road 
crown insufficient to shed surface water, and water 
accumulating in slightly depressed areas either 
penetrated the treated surface or was eliminated by 
evaporation. Crown less than 0.2 of an inch per 
foot of width. 

25-50___. Side ditches provided satisfactory drainage. Road 
crown similar to that described above. 

50-75___. Side ditches provided satisfactory drainage. Road 
crown sufficient to shed water readily. Crown be- 
tween 0.2 and 0.38 of an inch per foot of width. 

75-100___ Side ditches provided excellent drainage. Road 
crown sufficient to shed surface water rapidly and 
completely, even from slightly depressed areas. 
Crown in excess of 0.3 of an inch per foot of width. 

In observing the ratings as shown on the charted sum- 
mary under drainage, Table 4, it is noted that with only 
two exceptions a drainage rating of from 50 to 75 or 
better was accompanied by a rating, in the fall condition 
survey, or fair or better. All ratings poorer than 
50-75 were accompanied by condition survey ratings of 
poor or worse. A relationship between efficiency of 
surface drainage and final result is suggested. 

Observations in the field indicate that proper surface 
drainage is one of the primary requisites of satisfactory 
results in the oiling of earth surfaces. Figure 4 shows 
the results of poor drainage. In no case did the depart- 
ment fail to obtain an all-weather roady yay during the 
winter following oiling if ample surface drainage’ had 
been provided. In other words, under all soil condi- 
tions and within the entire range of oils used, service 
consistent with the expenditure was obtained if satis- 
factory drainage was provided. 
Many failures were caused by water from rains and 

melting snow being retained in slight surface depressions 
for extended periods of time. These failures occurred 
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most frequently on flat grades which were entirely de- 
pendent on direct transverse drainage for the disposal 
of surface water. It is in this respect only that the 
character of the profile has any effect on the surface 
condition. Runoff from the treated portion often 
caused the untreated sholder to become very unstable 
and mutilation of the treated surface progressed in- 
wardly from the outer edge. 

SUBGRADE MOISTURE AT TIME OF OILING REFLECTED IN SURFACE 
CONDITION 

Reference to Table 4 shows a consistent relationship 
between the character of surface just prior to treatment, 
the moisture content and the final results. Figures 5 
and 6 illustrate the results obtained under different 
conditions of moisture. Sections rated as fair or better 
were free from excess dust and their states of consoli- 
dation varied from loose to firm. Surfaces on sections 
given a final rating of poor or failed, were in general 
more dusty and in many cases hard and crusted. All 
sections rated as fair or better in the first condition 
survey, with the exception of one, show the presence 
of an appreciable amount of moisture when oiled. The 

SECTION IN Goop ConpiTIoN THREE Monrns Ficgure 5. 
AFTER TREATMENT. THE SURFACE CONTAINED AN APPRE- 
CIABLE AMOUNT OF MoIsTURE WHEN OIL Was APPLIED 

one section not showing the presence of moisture was 
rated as poor at the time of the second condition survey. 
All sections rated as poor or failed, had no appreciable 
amount of moisture at the time of application of the oil. 

If satisfactory surface drainage has been provided 
so that water will not stand on the surface and be 
forced into and through the oiled surface by the action 
of traffic, the next most important requisite to the suc- 
cessful oil treatment of earth is the proper condition of 
the surface as regards moisture content. For a success- 
ful oil treatment it is necessary that the oil penetrate 
and become intimately mixed with all soil particles by 
the kneading action of traffic. The mere presence of 
the proper quantity of oil on or near the surface is not 
sufficient. All particles must be coated or saturated 
with oil. The condition of the soil must be such that 
the oil can enter and mix with all the particles, either 
by direct penetration or by manipulation and knead- 
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Figure 6.—Surrace WAs PartTLy CRUSTED AND HARDENED 
AT THE Time O1~ Was APPLIED. SHRINKAGE CRACKS 
ArE NUMEROUS AND Pittine Is EvipENT 

ing under traffic. The presence of the normal moisture 
content promotes the conditions just stated in that the 
moisture keeps open the pore spaces and facilitates the 
uniform distribution of the oil. By its gradual recession 
or elimination the moisture promotes uniformity and com- 
pleteness of the contact of the oil with all particles even 
though the rate of penetration is retarded to some extent. 

The character of surface prior to oiling as previously 
suggested is in a very large measure dependent upon 
the moisture content. The presence of dust is due to 
lack of moisture. Most clays exhibit considerable 
volume change with variations of moisture content. On 
drying excessive shrinkage takes place resulting in the 
formation of shrinkage cracks and a hardened crust 
separated into blocks by the cracks. This is the con- 
dition referred to as ‘‘hard and crusted” under surface 
condition rating. The crust has become densified and 
hardened, and the particles which in a moist condition 
were separated by films of moisture are now drawn 
into more intimate contact through the stresses exerted 
by capillary pressure as the water is eliminated. The 
major portion of the area of the surface is too dense and 
hard to receive the oil and as a result it enters the 
cracks between the surface blocks to remain in concen- 
trated form or to distribute itself in the more moist 
and consequently more receptive underlayers. ‘The 
blocks of hardened surface receive some oil by penetra- 
tion around their surfaces but exhibit a dry and barren 
interior. If the blocks of crust are not too hard the 
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kneading of traffic may tend to remedy the condition by 
helping to redistribute the oil present in the cracks but 
under extreme conditions the blocks remain hard and un- 
receptive. Theimpactof traffic often causes the surface- 
coated but unpenetrated blocks to be displaced, starting 
the familiar conditions of raveling and potholing. 

Lack of moisture in the case of soils which have lower 
volume change with loss of moisture, such as the silts 
or sandy soils, is not so serious, as the pores vacated 
by moisture are occupied to a considerable extent by 
air and are open to the entrance of oil. Dust forms 
rapidly, however, on this type of soil. If this dust is 
not penetrated so thoroughly as to bind it to the under- 
lying soil, it will cause serious peeling and raveling, and 
barren spots, insulated by dust layers against penetra- 
tion, will later pit and rut or ravel. 

Owing to weather and traffic conditions the surface to 
be treated can be maintained in the ideal condition for 
the reception of oil for only a very short period of time, 
usually not more than 24 hours. 

Of sections included in this study the best results were 
obtained on those sections which were bladed the same 
day oil was applied. Blading at this time cut down to 
the zone of normal moisture content, and the treatment 
followed before the moisture had received from the 
exposed surface. Section 2 is an example. 

The poorest sections were those which were bladed 
to finished grade a considerable time before oil was 
applied. Sections 17 to 21, inclusive, were prepared 
for oil one month before oil was applied and maintained 
during this interim by dragging, care being taken not 
to disturb the compacted portion of the surface. As a 
result the surface at the time of oiling had practically 
no crown and portions were dense and crusted. 

The outstanding failures of sections studied in this 
report, excluding failures due to lack of drainage, were 
due to the conditions suggested above. 

WEATHER CONDITIONS EFFECTIVE ONLY IN REGARD TO SUBGRADE 
CONDITION PRIOR TO OILING 

Changes in weather seemed to be effective only to 
the extent that they affected the moisture content of the 
surface and consequently its condition prior to oiling. 

Within the ranges observed in this study there was 
no significant effect of air temperature changes except 
that they might have served to speed or retard changes 
in the moisture content of the subgrade. 

CHARACTER OF PENETRATION MORE SIGNIFICANT THAN DEPTH 
PENETRATED 

Within the range of penetration obtained there did 
not seem to be any significant relation between depth of 
penetration and resulting service. It will be noted, 
however, on reference to Table 4, that the character 
and rate of penetration seem to be significant. With 
proper conditions of surface and moisture the penetra- 
tion was relatively slow and uniform, an exception being 
a section previously treated. These conditions of pene- 
tration coincide with fair or better service ratings. 
Coinciding with lack of proper amounts of moisture, 
presence of excess dust, and hardening and cracking of 
the surface, nonuniform and more rapid penetration was 
noted. The effect of loose material on the surface prior to 
oiling is shown in Figure 7. The rapidity of penetration 
was increased by the presence of cracks. This penetra- 
tion tended to be selective, however, following the 
cracks rather than mixing uniformly through the soil. 
Cores taken so as to include the cracks showed that 
they had contained considerable quantities of oil, as 

the soil on each side of a crack was impregnated with 
oil at depths considerably below the point of maximum 
penetration entering directly through the surface. 

Where the crust was very hard and resistant to pene- 
tration, cores taken to the maximum depth of penetra- 
tion showed a variation in color, grading from a glossy 
black at the surface to a very light brown at the max- 
imum depth. Nonuniformity and rapidity of penetra- 
tion, together with selective penetration and variation 
in color coincide with sections rated as poor or failed. 

Figure 7.—APPEARANCE OF SuRFACE AFTER First APPLICA- 
TION OF O1L. NONUNIFORM PENETRATION Has OccuURRED 
Because oF Loose MarTrEerRiIAL ON THE SuRFACE. THE 
PRESENCE OF UNABSORBED OIL ON THE SurRFACcE Is INpI- 
CATED BY THE LicuT Sports 

RELATION BETWEEN WIDTH OF UNTREATED ROADWAY ADJACENT 
TO OILED SECTION AND SURFACE CONDITION 

A study of the summary fails to produce any definite 
information regarding the proper width of untreated 
surface adjacent to the oiled section. Observations, 
however, showed that there was a detrimental effect of 
having untreated sections adjacent to the oiled section, 
particularly if traffic or the method of maintenance was 
such as would tend to move untreated earth or dust on 
to the treated surface. 
A development of considerable importance, although 

it does not have an important effect upon the efficiency 
of the oiled earth surface as a traffic way, was brought 
out by observations in connection with these untreated 
widths in comparison with the treating of full width. 
This development was the great efficiency of oil treat- 
ments as a means of stopping wash or erosion of soils 
of the noncohesive type such as those derived from loess. 
In certain areas the Missouri State Highway Depart- 
ment was rapidly approaching the necessity of purchas- 
ing additional widths of right of way to obtain earth for 
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replacement of shoulders removed by erosion. Oil 
treatment as described in this report immediately and 
effectively stopped this erosion, saving many dollars 
in maintenance costs. In extreme cases such simple 
treatments enabled the holding of fills subject to over- 
flow, which previously had periodically been lost. 
After oil treatment these fills resisted the water action 
by virtue of the thin stabilized film or layer which pre- 
vented the inception of washing and crumbling. 
This development leads us to include the factor of 
conservation of material in our future considerations 
for rating effectiveness of oil treatment. 

EFFECTS OF VARIATION IN TYPE AND QUANTITY OF OIL AND TEM- 
PERATURE OF OIL WHEN APPLIED 

No apparent and consistent variation in results due 
to variation in oil type alone can be noted from the 
data as herein summarized. 

There were, however, some indications that a larger 
quantity of oil per unit of surface would insure more 
durable surfaces than were obtained with the use of the 
original quantity specified, 1. e., three-fourths gallon 
persquare yard. Areas of noncohesive soils accidentally 
subjected at the ends of sections to overlapping treat- 
ments from two successive distributor loads invariably 
showed an improved character of surface over adjoining 
areas not covered by such overlaps. 

On sections treated with No. 4 oil, which was an oil 
having a ductile residue and a somewhat higher vis- 
cosity than oils Nos. 1 and 3, better results were noted 
than was the case on sections treated with any of the 
other oils. In connection with the use of this oil it 
should be noted that very favorable penetration condi- 
tions existed. 

These indications and the general conviction that 
somewhat richer surfaces would be beneficial led the 
highway department to use a larger quantity of a 
somewhat heavier oil during the following oiling season. 
In these later applications a total of 1 gallon per square 
yard instead of three-fourths gallon was used. The 
principal difference between No. 3 oil (Table 3), and 
the oil used during 1929 was in their viscosities. That 
used during 1929 had an average specific viscosity (En- 
gler) at 60° C. of 17, while the No. 3 oil (Table 3) had 
an average viscosity of 10.82 by the same method of test. 

The surfaces treated during 1929 in general were more 
serviceable and durable than those treated during 1928. 
This improvement is attributed largely to the increase 
in quantity and viscosity of the oil, although some 
improvement was due to better general preparation of 
surfaces prior to oiling, brought about by increased 
attention to this item. 

No apparent benefit was obtained by raising the 
temperature of the oil for application above that 
required to insure against clogging of the distribution 
nozzles. Increasing the temperature of the oil facilitates 
and increases run-off from the surface due to decreased 
viscosity and is detrimental rather than beneficial. 

EFFECTS OF VARIOUS TYPES OF TRAFFIC 

Mutilative traffic seriously reduced the serviceable 
life of a considerable mileage of the treated roads, but 
was localized in effect as a rule and was not considered 
significant as affecting condition surveys. Figure 8 
shows the effect of this type of traffic. The destructive 
effect was not as noticeable on those surfaces having a 
live, ductile surface layer. During the winter and 
early spring, the surface is least resistant to mutilation 
by traffic and during those seasons much damage is done 

by the hoofs of cattle and horses. Any reasonable and 
practical means of mitigating the effects of mutilative 
traffic will justify some expenditure. As stated previ- 
ously, in some cases cover material, generally river sand, 
was applied in a thin layer to the surface. The results 
seemed to be uniformly beneficial except in the presence 
of conditions causing the failure of the oil treatment. 
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Figure 8.—MurTiuvating Errect or TRAFFIC AFTER 
RETREATMENT 

Sections 16 and 27 indicate clearly that the service- 
able life of the treated road is materially shortened if 
traffic during the first month after application of the oil 
is not sufficient and of such character as to knead 
thoroughly and incorporate the oil into the surface. 
Section 27 was deprived of this traffic, the road having 
been barricaded during the construction of higher type 
pavement on an adjoining section. The surface two 
months after treatment was dusting extensively, the 
oil being light brown in color and dead, almost entirely 
devoid of its binding properties. Section 16 is an 
example of what may be expected when the surface 
contour is so irregular that traffic uses selective lanes. 
Several large longitudinal tuts extended over the 
greater portion of this section when the final prepara- 
tion was started. These ruts were filled with loose soil 
and oil applied before this material was compacted. 
As a result, several major depressions soon appeared 
where the ruts had been. This condition caused traflic, 
especially pneumatic tired traffic, to follow selective 
traffic lanes. The balance of the treated surface soon 
became dead, dusting and raveling extensively owing 
to lack of traffic. 

METHODS OF MAINTENANCE COMPARED 

Sections 10 and 11 are typical examples of the effects 
of blading a thin layer of earth in from the shoulder, 
and section 14 is an example of the effects of shaving 
the treated surface and filling the defects with the 
material thus obtained. 
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Both methods, although improving the riding surface 
temporarily, materially shortened the serviceable life 
of the treated surface. The dust superimposed on the 
surface acted somewhat as a blotter, absorbing a portion 
of the oil, after which it was washed or blown from the 
surface, carrying this portion with it. The dust also 
insulated the treated surface against the kneading and 
solidifying effect of traffic and as a result the oil 
deadened rapidly. ‘This method of maintenance prob- 
ably has a more injurious effect when the soil of the 
oil-earth mat is a silt or silt loam, as this type of soil 

does not possess appreciable cohesion and is relatively 
open and porous. 

The other method, that of shaving the treated 
surface and filling the depressions, invariably resulted 
in considerable scabbing of the surface and the material 
deposited in the depressions lacked the binding proper- 
ties necessary to prevent its being whipped out by traffic. 

Not only was the life of the roads maintained in this 
manner shortened, but the surfaces were dusty during 
dry weather and portions of their length became muddy 
during wet weather. 

THE 1930 OILING PROGRAM 

The work and observations outlined in this report 
gave indications of possible improvements in the treat- 
ing of earth roads with oil. This resulted in a further 
revision of practice in oiling earth roads, together with 
some changes in the road oil specifications during the 
1930 season. 

The 1930 oiling program consisted of surface treating 
287 miles of roads. Of this total mileage 143 miles 
were re-treated and 144 miles received original treat- 
ment. In addition to this mileage, short experimental 
sections were constructed in accordance with a mixed- 
in-place method, which involved the mixing of oil with 
river sand, bank sand, and natural soils. 

As regard the specifications, a ductility requirement 
of over 20 centimeters for the 100 penetration residue 
was included in the requirements of specification A of 
Table 2. This change resulted in obtaining an oil with 
an average ductility of about 30 centimeters. This oil 
was a topped residual of Arkansas crude with a semi- 
asphaltic base. The bulk of the oil applied, about 80 
per cent, conforms to specification B. This corre- 
sponds to oil No. 3 in Table 3, a cracking-process 
residual of general mid-continent crude, having a 
ductility of more than 100 centimeters for 100 penetra- 
tion residue. The revised specifications required oil of 
both types to have a higher viscosity than formerly, 
averaging around 16, a greater amount of 100-penetra- 
tion residue, between 55 and 70 per cent, and allowed 
for as much as 10 per cent loss after five hours at 163° C. 

ORIGINAL TREATMENT AND RE-TREATMENT DESCRIBED 

The preparation of the road surface for the reception 
of the oil continued to be a function of the various local 
maintenance forces, and the fact that those responsible 
appreciated the importance of surface preparation and 
the other conclusions and indications contained in this 
report was very apparent, and to a considerable extent 
is reflected in the superior results obtained. 

Earth-oiling practice in 1930 as compared with that 
of previous years included better surface drainage of 
both roadway and side ditches and more uniform cross- 
section, free from depressions. In the case of original 
treatment, road surfaces were prepared so that final 
preparation was completed immediately before the 
initial application of oil. The temperature of the oil 
at the time of application was controlled to prevent 
run-off on steep grades. The entire width of roadway 
was treated on those sections composed of loess soil 
lacking sufficient clay to resist erosion. 

The quantity of oil on sections given original treat- 
ment was increased from three-fourths gallon per square 
yard to 1 gallon. This increase was decided upon be- 
cause previous observations had indicated that the 
slightly inferior results obtained on soils deficient in 
cohesion was in a great measure due to their relatively 

ereater porosity, which permitted the penetration of 
the oil to such a depth that the quantity of oil was 
insufficient to bind adequately the particles of soil in- 
cluded within the penetration horizon. 

The quantity of oil per square yard for re-treatment 
varied according to the general conditions of the surface 
soon after the final spring thaw. Some sections were 
re-treated with one-half gallon per square yard or slightly 
less, while other sections which were almost completely 
unserviceable were scarified, bladed, and re-treated, 
using 1 gallon per square yard. 

The number of applications and quantity of each 
application varied in relation to the total quantity to 
be applied. Distributions of three-fourths gallon or 
more per square yard were made in three applications; 
first application, four to six tenths gallon per square 
yard; second and third application, two to three tenths 
gallon per square yard each. Distributions of less than 
three-fourths and more than four-tenths gallon per square 
yard were made in two applications, the quantity of 
each application being designated by the engineer. 
Distributions of less than four-tenths gallon per square 
yard were made in one application. 

PREPARATION FOR RETREATMENT VARIED ACCORDING TO NEEDS 

The preparation of the surface for additional oil 
varied from a light disking and dragging to complete 
scarification of the previously treated oil surface. In 
the northwestern section of the State a considerable 
mileage of road surfaces was prepared by a light planing 
of the surface, the loose material thus obtained being 
utilized in eradicating pits and other surface depressions. 

The object of this method was to facilitate the pene- 
tration of the new oil by removing the glazed surface 
and at the same time reclaiming as much as possible 
the compaction, stability, and waterproofing qualities 
of the existing mat. This planing was accomplished 
by means of a special disk planer followed by a multiple- 
blade maintainer. Each of these pieces of equipment 
was so constructed that the cutting depth could be 
accurately controlled. The number of trips necessary 
to prepare the surface depended upon the type and con- 
dition of the existing surface as well as upon the skill 
of the operator. Care was taken that the bond between 
the existing oil mat and the underlying soil was not 
destroyed. The preparation of the old surfaces for 
retreatment, either by light harrowing or disk planer, 
both followed by a multiple-blade maintainer to correct 
irregularities in the surface, almost immediately 
developed the fact that, if the road thus prepared were 
subjected to the kneading action of traffic during a 
series of warm days, the oil would freshen and reassimi- 
late the loosened material, furnishing a smooth surface in 
excellent condition for retreatment. Figure 9 shows the 
disk planer and multiple-blade maintainer in operation. 
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Ficurg 9.—PREPARATION FOR RETREATMENT: TRAcTOR HAvULING SpEecraAL Disk PLANER AND MULTIPLE-BLADE MAINTAINER 

Five experimental sections were designed in order to 
study the feasibility of mixing oil in place with sand or 
soils. These sections involved three variations in the 
type of oil used, and three different classes of material 
were treated. The processing consisted of blading the 
subgrade to a depth of from 2 to 4 inches, leaving the 
loosened material in a windrow on the shoulder, applying 
a primary coat of one-half gallon per square yard to the 
subgrade, blading the loosened material back and forth, 
applying oil at the rate of one-half gallon per square 
yard three or four times, and continuing the blading 
until the whole mass had a uniform dark brown color. 
The material was then bladed to a uniform thickness 
across the roadway and given to trafhc for compaction. 

The experimental sections are listed as follows: 

Section A. Subgrade: A residual soil from weathering of 
of sandstone; soil group A-3. 

Oil: Revised type No. 3 of Table 3. 
Subgrade: A clayey silt; soil group A--5. 
Oil: Revised type No. 3 of Table 3. 
Subgrade: A sandy flood-plain soil; soil group 

A-3. 
Oil: Type No. 3 of Table 3 with 70 per cent 

residue and specific viscosity of 30. 
Subgrade: Fine river sand added to clay sub- 

grade; soil group A-3. 
Oil: Topped residual of Arkansas crude. 
Subgrade: A silty clay: soil group A-6. 
Oil: Topped residual of Arkansas crude. 

CONDITION SURVEY MADE IN SPRING OF 1931 

Section B. 

Section C. 

Section D. 

Section E. 

Following the abnormally mild winter of 1930-31 
two heavy snowfalls accompanied by freezing weather 
occurred during the month of March. A condition 
survey made the first week in April showed all oil- 
treated earth roads on constructed grades to be in 
serviceable condition. Re-treated roads on which the 
multiple-disk planer had been used preliminary to 

re-treatment were in excellent condition, and it is 
felt that the type of equipment used for this prepa- 
ration has demonstrated itself as especially adaptable 
for the preparation of oiled roads prior to re-treatment. 
On several of the re-treated jobs a tendency for a mat 
to form accompanied by corrugation of the mat was 
noted indicating that one-half gallon per square yard 
was an excessive application in those cases. 
A consideration of weather conditions during the 

1930 season develops something more than coincidence. 
A general drought condition prevailed. It was noted, 
however, that the portion of the State in which oiling 
of earth roads was carried on could be divided into 
three fairly distinct sections according to the amount of 
rainfall. During five months, May to September, 
inclusive, the northwestern section had a rainfall 3.95 
inches below normal. The rainfall in the north-central 
section was 6.59 inches below normal and in the west- 
central section it was 7.92 inches below normal. With- 
out exception the oiled roads in the section having the 
nearest to normal rainfall were markedly superior to 
those in the other two sections. 

The results obtained on the mixed-in-place sections 
indicate that a more permanent form of surfacing in 
proportion to the extra cost involved in additional oil 
and manipulation can be obtained by developing a 
mixture as described. Little success was had with oils 
having a residue of low ductility. No difference was 
noted in the results obtained from the 55 per cent and 
the 70 per cent residue. Lack of ductility in the oil 
residue does not show up as a weakness in the oil when 
mixed with clay or clayey silts. 

Figure 10 shows the condition, in the spring of 1931, 
of a section consisting of 9-foot concrete on one side 
and an oiled road on the other. 
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CONCLUSIONS DRAWN 

1. Road oil of the types included in this study is an 
efficient material for use in the treatment of earth sur- 
faces to provide all-weather roads provided applications 
are made to suitable surfaces, adequately drained, and 
repeated as needed. 

2. The type of oil, as regards basic crude source, isnot a 
major factor, all types yielding fairly satisfactory results 
with all types of soils, other conditions being favorable. 

Figure 10.—Ninz-Foot ConcretE Roap on ONE SIDE, 
O1LED EartH Roap ON THE OTHER. PHOTOGRAPH 
TAKEN IN SPRING oF 1931 

3. Adequate drainage, both subsurface and surface, 
is essential to the satisfactory service of oiled earth 
surfaces. Adequate drainage, on flat topography, re- 
quires greater crown than ordinarily constructed on 
graded earth sections. 

4. General profile is not a factor affecting the service 
of oiled earth surfaces except as it may influence the 
efficiency of drainage and the character of the subgrade 
material. 

5. To reduce the effects of erosion onnoncohesive types 
of soils, oil should be applied on the full width of roadway. 

6. All types of soil included in this study can be 
efficiently treated with road oil. 

7. The soil type is an effective factor because of the 
physical characteristics of the various soil layers exposed 
to the application of oil. The physical characteristics 
of the subgrade soils affect the final results according to 
whether the soils require only the water-proofing quali- 
ties of the oil or in addition require an increase in their 
cohesive properties. The condition of the surface with 
respect to dust, hardness of crust, and moisture content 
at the time of application of the oil is directly reflected 
in the physical characteristics of the soils. The uniform- 
ity of penetration is controlled by the uniformity, tex- 
ture, and density of the several layers of a soil type. 
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8. Soils lacking cohesion and inclined to absorb 
water very readily in quantities sufficient to cause rapid 
loss of stability (represented in this study by A-—4 
subgrades), may be more effectively treated with oils 
having ductile and cohesive bases. Soils which possess 
cohesion in a high degree and which, when in a stiff 
or plastic state, do not absorb additional water unless 
manipulated (represented in this study by A-6 soils), 
do not require treatment with oils having cohesive 
bases, as waterproofing without binding will insure 
fairly satisfactory results. Soils which possess prop- 
erties from each of the groups mentioned above but 
can not be placed definitely in either one may give 
better results if the quantity of oil applied is increased. 

9. The character of the surface immediately prior to 
application of the oil is of major importance. Surfaces 
to which oil is to be applied should be fairly free from 
dust and should have pore spaces open to receive the oil. 
Final preparation of surface for treating should consist 
of blading to eliminate all dust, crust, and depressions 
of the road surface, rather than the movement of loosen- 
ed material to obtain uniform cross-section. A uni- 
formly smooth surface to insure uniform distribution 
of traffic over the entire roadway is essential for proper 
development of the surface. 

10. The presence of sufficient moisture in the surface 
is essential in order that the pore spaces be kept open 
and free to receive the oil. Surfaces free from moisture 
tend to become dusty and hardened, causing non- 
uniform and selective penetration. 

11. Weather conditions are a factor to the extent 
that they may influence the moisture content of the 
surface, the rate of penetration, and the quantity of 
oil, if loss occurs due to rainfall immediately following 
application. 

12. Within the ranges observed in this study there 
did not seem to be any significant effect of air tempera- 
tures except that they might have served to speed or 
retard changes in the moisture content of the soil. 

13. There was no apparent benefit obtained by 
raising the temperature of the oil for application above 
that required for uniform distribution. Increasing the 
temperature of the oil increased the tendency to flow 
along or from the surface by decreasing the viscosity of 
the oil and was detrimental rather than beneficial. 

14. A retarded rate of penetration tends to improve 
the uniformity of distribution of the oil thereby pro- 
moting the intimate mixture of oil and soil particles 
which is desired. Nonuniform penetration, which 
usually accompanied a rapid rate of penetration, failed 
to produce the results desired. 

15. The presence of untreated earth surfaces adjacent 
to oiled earth surfaces reduces to a varying extent the 
effectiveness of oiled surfaces particularly if the 
untreated surfaces are manipulated, as the untreated 
earth tends to deaden the treated surfaces. 

16. Nonmutilative traffic is highly beneficial to 
oiled earth surfaces as such traffic tends to knead the 
oil into intimate contact with the soil particles. This 
intimate association is a primary requisite for successful 
treatment of earth with oil. 

17. Mutilative traffic seriously impairs the service 
rendered. Such traffic should be prevented or mini- 
mized to the extent possible. 

18. Dragging or blading of a good oiled earth surface 
is harmful. When reshaping is necessary a re-treatment 
must be given to restore the oiled surface. 
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have been made since those reported in Public 
Roads of October, 1925,? and November, 1927.° 

The new tests include some at 3 and 5 years of cylinders 
from the earlier series and 1 and 3 year tests of cylinders 
installed in the lake since 1927. The number of 
cylinders that have been made for the Medicine Lake 
experiments now totals well in excess of 20,000, of which 
more than 9,000 have been actually stored in the lake 
for time periods up to seven years, and nearly 11,000 
stored in fresh water in the laboratory for comparison 
tests up to five years. 

These experiments were designed principally to aid 
in the general improvement of farm drain tile and par- 
ticularly to develop tile that will endure under the wide 
range of soil conditions peculiar to Minnesota. The 
results are applicable, however, to many other sections 
of the United States and to concrete culvert, water, 
and sewer pipe exposed to the action of sulphate soils 
and waters similar to those to which drain tile are 
subjected. 

P YESTS of many cylinders stored in Medicine Lake 

MEDICINE LAKE 

Medicine Lake is a body of clear alkali water located 
18 miles northwest of Watertown, S. Dak. Since it 
has stretches of gravel beach, conditions for installing 
and examining field specimens are almost ideal. 
Analyses of water samples collected at different seasons 
of the year have shown a total salt content that ranges 
between 2.34 and 4.72 per cent, consisting almost en- 
tirely of the sulphates of magnesium and sodium. An 
average of four analyses taken December 10, 1923, 
February 14, 1924, April 29, 1924, and July 1, 1925, 
is givenin Table 1. Medicine Lake freezes over during 
winter months, but all cylinders of these experiments 
have been installed at depths well below any frost 
action, as it was not desired to introduce this variable. 

TaBLE 1.—Average of four analyses of water from Medicine Lake, 
S. Dak. a 

RADICALS 

(Cay) | C8 | Me NOs a | so | co, _ HCO: Total 

MILLIGRAMS PER LITER (PARTS PER 1,000,000) 

3,036 717 | 5,079 1 | 509 | 27,021 |. 83 | 318 36,764 

PERCENTAGE REACTING VALUES 

10.38 | 2.93 | 36.69 | 0.01 | 1.01 | 48.22 | 0.30 | 0.46 | 100.00 

1 Analyses by the water and beverage laboratory, Bureau of Chemistry and Soils, 
U.S. Department of Agriculture. 

CONCRETE TEST CYLINDERS USED 

Two by four inch cylinders have mostly been used for 
a number of reasons, among which is the fact that the 
2-inch diameter roughly approximated the thickness of 

1 University of Minnesota Paper No. 1012, Journal Series. ‘This paper is a report 
of progress of experiments at University Farm, St. Paul, Minn., in the drain tile 
laboratory conducted by the department of agriculture of the University of Minne- 
sota, the department of drainage and waters of the State of Minnesota, and the 
U.S. Department of Agriculture. 
2The Action of Sulphate Warer on Concrete, Public Roads, vol. 6, No. 8, 

October 1925, p. 174. 
The action of Sulphate Water on Concrete, Public Roads, vol. 8, No. 9, 

November, 1927, p. 203. 
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the walls of many of the tile used in public ditches of 
Minnesota and other States of the Middle West. 
Special attention is directed to the fact that these 
cylinders, while small, have been for the most part made 
of concrete, not mortar, although in none have there 
been used pebbles coarser than three-eighths inch. 
The aggregate passed all standard physical tests and 
was separated into screen sizes and recombined to pro- 
duce a fineness modulus of 4.67. 

The cylinders, with some exceptions, were made in 
batches of nine, of a 1:3 mix, with arelative consistency 
of 1.00, and a water-cement ratio averaging about 0.62. 
They were cured the first 24 hours in a moist closet at 
room temperatures. Such mortar cylinders as were 
made of standard Ottawa sand fairly well represent 
very poorly graded aggregate such as is too frequently 
used in smaller size tile. 

No attempt has been made in this work to show the 
direct influence of aggregate grading, water-cement 
ratio, quantity of cement in the mix, and those other 
factors well recognized as greatly affecting the 28-day 
strength. Instead a 1:3 concrete with the highest unit 
strength and lowest absorption obtainable for the partic- 
ular aggregate, within the limits of grading permissible 
for 2 by 4 inch cylinders, was adopted as the laboratory 
standard. It was assumed that, for any given set of 
conditions, concrete with the highest 28-day strength is 
most resistant to disintegration and, therefore,that com- 
parative tests to show the influence of a single variable, 
using this type of concrete, would give the most con- 
sistent results possible. 

Results of all tests are recorded in Table 2; and in 
order to group properly the essential data for convenient 
study, they have been divided into six parts, as follows: 

Part 1.—Curing in water vapor or steam between tem- 
peratures of 100° and 350° F. 

Part 2.—Portland cements from different mills 
Part 3.—Special cements other than high alumina 
Part 4.—High alumina cements 
Part 5.—Surface treatment or impregnation 
Part 6—Admixtures. 

A few series naturally fell under more than one head- 
ing and have been so listed. In the following pages the 
results of these six studies are discussed. 
CURING IN WATER VAPOR EFFECTIVE AT HIGH TEMPERATURES. 

A total of 5,850 cylinders in 130 series were cured 
in water vapor or steam at temperatures of 100°, 155°, 
190°, 212°, 230°, 260°, 285°, 315°, and 350° F. for time 
periods, at most temperatures, ranging between 45 
minutes and eight days. The data obtained from 15 
series cured in air and water only are also given in Table 
2, Part 1, for purposes of comparison. One-year tests 
have now been completed for all 145 series and 5-year 
tests have been completed for 83 of them. The only 
series in which 5-year tests have not been made are 
those cured at temperatures of 315° and 350° F. 
A number of points of interest have developed as a 

result of this phase of the work, many of which have 
been previously discussed * in detail and will not be 

4 Strength and Resistance to Sulphate Waters of Concrete Cured in Water Vapor- 
at Temperatures Between 100 and 350° F., by Dalton G. Miller, Proceedings, Am. 
Soc. Testing Mats. vol. 30, Part II, 1930, p. 636. 
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repeated here. It was noted, among other things, that 
7-day compression test results of cylinders cured at a 
temperature of 315° F. were somewhat more erratic 
than were those forcylinders cured at other temperatures 
between 100° and 350° F. It is not yet possible to 
formulate an opinion as to the significance of this 
phenomenon as related to the resistance to disintegra- 
tion of concrete in the presence of sulphate waters, for 
the reason that tests of cylinders at these higher temp- 
eratures have been made only after one year’s exposure. 
Study of the data of Part 1, Table 2, shows that the 
greatest range in strength ratio values at one year was 
given by the cylinders cured at 315° F. in series 841-849 

Neat cement briquet cured 24 hours in steam at 212° F, 

FiaureE 1.—PHOTOMICROGRAPHS OF NEAT CEMENT BRIQUETS 
SHowinae Puysicat CHANGES RESULTING FROM DIFFERENT 
ConplITIONS oF CurING. Nore THat Hypration Has Been 
Mvucu More Nerarty ComMpLteTeE IN THE STEAM-CURED 
BRIQUET 

but, regardless of this, the following general conclusions 
have been drawn, based on the tests to date. 

1. Curing in water vapor at temperatures between 
100° and 190° F. did not generally increase resistance 
of concrete to the action of sulphate waters; on the con- 
trary, In some cases a decrease was indicated. An 
exception to this occurred where certain admixtures 
were used, as later discussed. 

2. Curing concrete in water vapor at temperatures 
of 212° F. and upward markedly increased resistance to 
the action of sulphate waters with the data definitely 
indicating increase of resistance with increase of curing 
temperatures between 212° and 285° F. for a 12-hour 
curing period. 

3. Curing concrete in water vapor at 212° F. has 
been more effective in developing resistance to the 
action of sulphate waters when continued for six days 
than when continued but two days. 

55690—31——3 
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Neat cement briquet cured 24 hours in steam at 212° F. 

Neat cement cylinder stored 8 years in water 

2 eo 

Figure 2.—PHOTOMICROGRAPHS OF NEAT CEMENT SPECIMENS 
SHOWING PHystcaL CHANGES RESULTING From DIFFERENT 
ConpDITIONS oF Curing. Notre THat Hypration Has BeEn 
Lrast COMPLETE IN THE 12-Day WATER CurRED BRIQUET 
AND AsBoutT EQUALLY COMPLETE IN THE 24-HourR STEAM- 
CURED BRIQUET AND THE 8-YEAR WATER-CURED CYLINDER 

4. Until more 5-year tests are completed for speci- 
mens cured at the higher temperatures it is not possible 
at this time closely to correlate curing temperatures 
and lengths of curing period with resistance to sulphate 
waters of concrete cured in water vapor at all tempera- 
tures between 100° and 350° F. It is significant, 
though, to note that for temperatures between 100° 
and 285° F. those specimens cured at the highest 
temperatures and for the longest periods have made the 
most favorable showings. 

5. Regardless of whatever chemical or physical 
changes in Portland cement increase resistance, fol- 
lowing curing in water vapor at temperatures of 212° F. 
and upward, hydration of the cement grains is very 
greatly accelerated. This fact is well illustrated in 
Figures 1 and 2 by the photomicrographs of thin sec- 
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tions of specimens in which it may be seen that the 
steam-cured cement grains are greatly altered and re- 
duced in size, within a few hours, to a degree only 
approached in the water-cured specimens after seven 
years, as shown in Figure 2. Portland cement I of 
Part 2, Table 2, was used in the briquets of Figure 1 
while equal parts of cements A and B were used in the 
specimens of Figure 2. Figures 3 and 4 indicate the 
trend of results fcom this part of the investigation. 

SUPERIORITY OF CERTAIN CEMENTS INDICATED BY RESULTS FROM 
DIFFERENT MILLS 

There were 5,400 cylinders in 120 series in which 
were used standard Portland cements from 34 different 
mills. One-year tests have been completed for all 120 
series and 5-year tests have been made for 76 series, 
including 73 series that have completely failed at, five 
years. Giving due weight to those cylinders that have 
disintegrated, and considering such compression tests 
as have been made, conclusions relative to this group 
may be stated as follows: 

1. Enough difference exists in the resistance of 
cylinders of standard Portland cements from different 
mills to justify specifying particular cements for con- 
crete that must withstand such conditions and also to 
warrant further investigation regarding the constitu- 
tion and manufacture of the cements found best quali- 
fied to withstand alkali action. ‘The marked differences 
in resistance of these cements are evidenced by appear- 
ances of the cylinders at all ages, by such 3 and 5 year 
compression tests as have been made, and by actual 
comparative strength ratios at one year. 

2. The resistance of cifferent lots of cement from any 
plant is fairly constant. 

Figure 5 illustrates the variations in resistant prop- 
erties of cements from different mills. 

SPECIAL CEMENTS SHOW LITTLE SUPERIORITY OVER STANDARD 
BRANDS 

Kighteen hundred cylinders fall into this group of 40 
series in which were used 12 special cements, and, for 
comparison tests, 6 standard Portland cements. 
These cements include the five high early strength 
cements listed as D, E, F, H, and I, each of the last 
four of which was tested parallel with its companion 
Portland cement AA, BB, CC, and JI, in the order 
named; the special cement G, which is Portland cement 
X specially factory treated for waterproofing qualities; 
cement B, a reground Portland cement; cement C, 
which is the same as B with an addition of a carborun- 
drum preparation added during regrinding; cements 
Al, A2, and A8, which are standard Portland cements 
to which has been added during the grinding process 
eypsum treated with tannic acid, of which A2 is stand- 
ard Portland cement Y, treated; and special cement X, 
which is an imported mason’s cement containing about 
30 per cent of diatomaceous silica mixed with the 
cement clinker before grinding. 

None of the 12 special cements forming the basis of 
Part 3, Table 2 have shown sufficient increased resist- 
ance to warrant specifying them for concrete to be 
exposed to the action of sulphate water. Although it 
is doubtful, completion of the 5-year tests may possibly 
make necessary a revision of thisstatement. The results 
of tests with special cements are shown in Figure 6. 

HIGH ALUMINA CEMENTS SHOW REMARKABLY HIGH RESISTANCE 

One American and two French manufactured high 
alumina cements were used in the experiments for which 

were made 2,520 concrete and Ottawa sand cylinders in 
56 series, covering a rather wide range of curing condi- 
tions, a number of mixes, and combinations in different 
proportions with standard Portland cement. One-year, 
3-year, and 5-year compression tests have been com- 
pleted for cylinders from all 56 series. 

These tests have developed the surprising fact that, 
excepting for the 1:5 mix standard Ottawa sand cylin- 
ders of series 280 and 292, the very wet mixed cylinders 
of series 400, and the cylinders of series 435, 436, and 
437, in which were used combinations of high alumina 
and standard Portland cement, the high alumina ce- 
ment cylinders in Medicine Lake generally had higher 
compressive strength at one year than did the check 
cylinders stored in tap water in the laboratory. At five 
years the difference in favor of the Medicine Lake cylin- 
ders was even more pronounced than at one year as 
shown by strength ratios of 151 per cent, or greater, for 
the cylinders of 24 series and of 191 per centorgreater 
for the cylinders of six series, with a high value of 272 
per cent for the cylinders of one series. These high 
strength ratios are not the result of abnormally high 
compression tests of the Medicine Lake cylinders at one 
and five years, but are due to the fact that while the 
Medicine Lake cylinders increased in strength following 
the 28-day tests, the check cylinders stored in the tap 
water in the laboratory decreased in strength. No 
completely satisfactory explanation can be offered for 
this. It is known, however, that the reaction to tem- 
perature of high alumina cement is considerably differ- 
ent from that of standard Portland cement; and it is 
entirely probable that the comparatively low tempera- 
ture of the water of Medicine Lake has afforded condi- 
tions more favorable for high alumina cement concrete 
than has the warmer tap water in the laboratory 
tank. The following facts, brought out by collateral 
tests conducted by the laboratory tend to support this 
view. 

(a) High alumina cement cylinders buried 4 to 5 feet 
deep in neutral soils have consistently increased in 
strength up to five years, with no tests yet available for 
longer periods. 

(6) High alumina cement cylinders stored in the 
laboratory in 1 per cent solutions of sodium sulphate 
have shown no tendency to test stronger at any age 
than check cylinders stored in tap water in the same 
room, 

(c) High alumina cement cylinders stored in tap 
water jn the laboratory have, in several instances, in- 
creased in volume, as measured, as much as 0.6 of 1 per 
cent. Portland cement cylinders under identical stor- 
age conditions have rarely increased in volume as much 
as 0.1 of 1 per cent, and where, following storage in sul- 
vdhate solutions, they have increased in volume as much 
as 0.6 of 1 per cent the compressive strength has been 
only about 50 per cent of normal. 

The general behavior of the high alumina cement cyl- 
inders stored in Medicine Lake after periods of exposure 
up to 6% years, are briefly summarized in the following 
paragraph. It should be noted that none of these cyl- 
inders have been exposed to frost action, to alternate 
wetting and drying, or to other than very mild tempera- 
tures during the most of the year. Experience has 
shown that the performance of concrete made with high 
alumina cement depends to a marked degree on the 
curing of the concrete, and it should be noted that 
these § specimens were car efully cured. 
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High alumina cement cylinders stored in the sulphate 
water of Medicine Lake have displayed remarkable re- 
sistance to disintegration as indicated by compression 
tests up to five years and by visual appearance up to 
six and one-half years. So pronounced has been this 
resistance that cylinders from 34 series of a total of 53 
series made with only high alumina cement showed 
higher crushing strength after five years in the lake 
than they did at one year, while the loss of strength 
was less than 9 per cent for 10 of the remaining 19 series. 
Of the other 9, the cylinders of series 142, 147, and 156, 
which had no air hardening previous to exposure, 
showed respective strength losses of 10, 15, and 12 per 
cent; those of series 291 of 1:5 concrete showed a loss of 
strength of 22 per cent; those of series 254-255 of 1:3 
standard Ottawa sand mortar showed a strength loss of 

' 27 per cent. Cylinders of series 280, 292, and 400 were 
the only ones that have shown any appreciable visual 
evidence of deleterious action. Cylinders of series 280 
and 292 werelean-mixed, 1:5 mortar of standard Ottawa 
sand with high water cement ratios, and failed the first 
year. The very wet mixed 1:3 concrete cylinders of 
series 400 gave a fairly satisfactory 3-year test, although 
some of the cylinders were then showing considerable 
action. Itis evident from these results that, within the 
limits of exposure represented by Medicine Lake, the 
behavior of high alumina cement has, to date, very 
nearly approached the ideal. Figures 7 and 8 show the 
excellent results obtained with this material. 

SURFACE TREATMENT OR IMPREGNATION GIVES FAIR RESULTS 

Comparatively few tests are listed under this heading 
as this group consists of but 810 cylinders in 18 series, 
of which 5 are untreated series included for purposes of 
comparison. Experiments were conducted with but 
the four products, Inertol, linseed oil, McEverlast, and 
sulphur. One-year tests have been completed for all 
18 series, 3-year tests for 11 series, and 5-year tests for 
6 series. On the basis of these limited data the results 
are very generally summarized as follows: 

1. Inertol-tested Medicine Lake cylinders gave 86 
per cent of normal strength at 5 years. It is evident 
that Inertol has appreciably retarded deterioration of 
the concrete. 

2. Linseed oil treated Medicine Lake cylinders of 4 
series averaged 97 per cent normal strength at one 
year and were 95 per cent as strong at three years as 
at one year. 

3. McEverlast-coated Medicine Lake cylinders of 6 
series averaged 93 per cent of normal strength at one 
ear. 

: 4. The sulphur treatment accorded the cylinders of 
series 294 gave negative results as the treated cylinders 
failed more quickly than did the untreated ones of 
series 293. 

The results obtained with surface-treated or im- 
pregnated cylinders are shown in Figure 9. 

SOME ADMIXTURES SHOW SLIGHT POSITIVE EFFECT 

This is the third largest of the six groups of cylinders 
discussed in this report and under this heading are the 
records of 5,031 cylinders in 120 series, of which 26 are 
series in which no admixture was used, included for 
purposes of comparison. In the remaining 94 series the 
following 19 admixtures were used: Alkagel A, barium 
chloride, Barnsdall Admix. blast furnace slag, Cal, 
calcium chloride, Celite, Colloy, Earthcrete, powdered 
fuel ash, Ironite, kerosene, Medusa Waterproofing, oil, 
Omicron, sulphur, Trass, Truscon, and volcanic ash. 

Each admixture was added to the batch as an extra 
ingredient, and, when necessary, the quantity of mixing 
water was increased to produce the desired workability. 
The amount of admixture used is expressed, in all 
cases, as a percentage of the dry weight of the cement. 
The relatively high temperatures of 100°, 155°, and 
212° I’. were introduced in the curing of cylinders of 
certain admixture groups, and, in view of some of the 
interesting developments, it is regretted that all these 
temperatures were not used with each of the ad- 
mixtures as, generally speaking, admixtures in normally 
cured concrete have not been particularly encouraging. 

Most of the admixtures, except as the quantities 
became excessive, did not greatly influence the com- 
pressive strength and absorption of the concrete, 
although the four admixtures, kerosene, Medusa 
Waterproofing, oil, and Truscon Waterproofing Paste 
very definitely reduced absorption. It is not yet 
known as to what effect on resistance to disintegration 
this reduction in absorption has had in the case of the 
kerosene and oil-mixed concretes; but the data of 
Table 2, Part 6 relating to the other two products 
clearly show that lowering the absorption of concrete 
does not, in itself, necessarily increase resistance to 
the sulphates of sodium and magnesium. 

In considering the results obtained with admixtures 
it is well to keep in mind that in all cases the Portland 
cement used was a combination of two brands, neither 
of which had displayed a high degree of resistance to 
the sulphates of magnesium and sodium. It is believed 
the test results are truly comparable for the different 
admixtures but it is admittedly possible that using a 
more resistant cement might have better emphasized 
any merit, if slight, actually possessed by a particular 
product. In other words, starting with a resistant 
cement, anything that increased resistance of the con- 
crete might have displayed considerable better net 
value than the same treatment accorded concrete in 
which was used a cement of low resistance. There 
follows a brief summary of results obtained with each 
admixture. 

1. Alkagel A is the trade name of a colloidal paste of 
copper and iron soaps, together with paraffin, which 
smells strongly of ammonia and loses 81 per cent of 
its weight on drying. Under the condition of these 
tests this product proved valueless. 

2. Barium chloride was without value when 6 per 
cent was used; and 12 per cent was only of slight value. 

3. Barnsdall Admix is described as a ‘“‘pure, finely 
ground, meta-colloidal Tripoli silica.’”? According to 
published analyses it is about 97 per cent silica. It 
was used in quantities varying from 3.75 to 30 per 
cent and in 1:3, 1:2:3, and 1:2:4 concretes. Two 
ageregates and three brands of Portland cement were 
used in these experiments. This material does not 
appear to have appreciably influenced the resistance of 
any of the specimens in which it was used, as indicated 
by tests at one year. 

4. Blast furnace slag ground, screened and recom- 
bined in proportions of one part passing the No. 100, 
and retained on the No. 200 sieve, and five parts passing 
the No. 200 sieve, slightly increased resistance when 10 
per cent was used, and gave nominally better results 
when 40 per cent was used, in normally cured cyclinders. 
The cylinders of series 161 cured 48 hours at 155° F. 
in which was used 40 per cent of blast furnace slag, 
tested 48 per cent of normal strength at five years. 
These were the only cylinders of this group that showed 
real improvement. 
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5. Calis a material obtained by pulverizing the dried 
or undried product resulting from a mixture of either 
quicklime or hydrated lime, calcium chloride, and 
water.© Additions of 4 or 8 per cent to cylinders 
normally cured slightly increased resistance with little 
in favor of 8 per cent. Additions of 4 and 8 per cent 
to cylinders cured at 155° F. markedly increased 
resistance, giving 5-year strength ratios of 82 and 93 
per cent, respectively. 

6. Calcium chloride gave substantially the same re- 
sults as did Cal, except that 4 per cent made slightly 
better showings than did 8 per cent. Additions of 4 
and 8 per cent to cylinders cured at 155° F. gave 5-year 
strength ratios of 84 and 82 per cent, respectively. 

7. Celite is a diatomaceous silica that did not appre- 
ciably increase the resistance of any of the cylinders in 
which it was used. 

8. Colloyisafine grained siliceous material containing 
about 30 percent alumina. It didnot appreciablyincrease 
the resistance of any of the cylinders in which it was used. 

9. Earthcrete is a powder that, used in proportions of 
0.27 and 1.06 per cent, did not appreciably i increase the 
resistance of any of the cylinders in which it was used. 

10. Powdered fuel ash used in the proportion of 2%, 
5, and 10 per cent did not increase the resistance of any 
of the cylinders in which it was used. 

11. Ironite is the trade name for a finely ground prod- 
uct of heavy unit weight, consisting lar sely of iron and 
iron oxide ‘with some ammonium chloride. Twenty 
per cent of it appreciably increased the resistance of 
three series of cylinders in which it was used. A 
strength ratio of 27 per cent at five years was obtained 
for normal curing conditions, 87 per cent when cured at 
100° F., and 94 per cent when cured at 155° F. 

12. Kerosene used in quantities of 1, 2, 4, and 8 per 
cent appreciably reduced absorption of the cylinders; 
but, in proportions under 8 per cent, it had slight effect 
on the 28- day strength. Use of 8 per cent decreased 
the strength. Its effect on resistance to disintegration 
has not yet been determined. 

13. Medusa Waterproofing, a powdered product used 
in proportions of 1,2, and 4 per cent, has not increased 
resistance, if the tests at one year may be taken as 
conclusive. This is true in spite of the fact that absorp- 
tion of the cylinders decreased as the quantity of the 
admixture was increased. 

14. Medium grade automobile oil, used in quantities 
of 1, 2, 4, and 8 per cent, greatly reduced absorption of 
the cylinders, but, in proportions under 8 per cent, it 
had slight effect on the 28-day strength. Use of 8 per 
cent decreased the strength. Its effect on resistance to 
distintegration has not yet been determined. 

15. Omicron, a powdered product used in propor- 
tions of 3.75 and 7.5 per cent, did not appreciably 
increase resistance. When used in proportions of 15 
and 30 per cent it made fairly favorable showings at 
one year with strength ratios of 62 and 89 per cent, 
respectively, although these cylinders show considerable 
action. (See fig. 12, left.) 

16. Sulphur used in proportion of 10 per cent gave 
negative results. 

17. Trass is a fine silicous material of volcanic origin, 
containing some 20 per cent alumina which, added 
in propor tions of 33 and 66 Per. cent to cylinders mixed 

5 Tpenbaloris Bults: No. 174, U. S. Bureau of Standards, 

1:3,1:4, and 1:5, somewhat retarded disintegration as 
indicated by tests at one, three, and five years. 

18. Truscon Waterproofing Paste, concentrated, 
added in proportions of 1, 2, and 4 per cent, did not 
appreciably increase the resistance of any of the cylin- 
ders in which it was used, although absorption of the 
cylinders decreased as the quantity of the admixture 
was increased. ‘Those cylinders with 4 per cent of 
Truscon had an absorption only 59 per cent that of 
cylinders without any admixture. 

19. Volcanic ash from west-central Nebraska added 
in proportion of 20 per cent did not appreciably increase 
the resistance of those cylinders normally cured. The 
results were only slightly more favorable for the cyl- 
inders cured at temperatures of 100° and 155° F. 

Figures 10, 11, and 12 illustrate the results obtained 
from the use of the various admixtures. 

RESULTS OF INVESTIGATION SUMMARIZED 

The essentials of the foregoing conclusions as to the 
influence of the various factors considered, on the re- 
sistance of concrete to the sulphate water of Medicine 
Lake, are condensed into the following statements: 

1. Resistance has been markedly increased by curing 
in water vapor at temperatures of 212° F. and upward, 
almost to the point of immunity to action for the most 
favorable temperatures and curing periods. 

2. Enough difference exists in the resistance of stand- 
ard Portland cements from different mills to justify 
specifying particular cements for concrete to be sub- 
jected to these special conditions of exposure. 

3. Special cements, other than high alumina, have . 
been of little or no value. 

4. Within the limits of exposure conditions repre- 
sented by these tests, the behavior of high alumina 
cement has to date very nearly approached the ideal. 

5. From the results of tests up to three years it 
appears that surface treatments of linseed oil have 
been of considerable value, with indications that later 
tests may be less favorable. The Interol treatment 
was of appreciable value up to five years. The Mc- 
Everlast treatment showed up favorably at one year, 
but displayed surface indications of less favorable 
results at three years and later. 

6. Only the four admixtures, Cal, calcium chloride, 
Ironite, and Trass, appreciably ‘retarded action on nor- 
mally cured concrete, and these to very limited de- 
grees. The use, however, of Cal, calcium chloride, and 
Tronite in cylinders cured 48 hours in water vapor at 
temperatures of 155° F. increased resistance to such a 
degree that at five years cylinders containing 8 per 
cent of Cal had 93 per cent normal strength, those 
containing 4 per cent calcium chloride had 84 per cent, 
and those containing 20 per cent Ironite had 94 per 
cent. Cylinders of the latter type cured at 100° F. 
had 87 per cent of normal strength at five years. Some 
benefit was also noted by curing at 100° and 155° F. 
cylinders containing 20 per cent of volcanic ash. Ap- 
preciably increased resistance following curing at tem- 
peratures of 100° and 155° F. has only been noted in 
the cylinders containing these admixtures. This sug- 
gests the practical possibility of a combination of 
certain admixtures and moderately high curing tem- 
peratures for concrete products to be subjected to the 
action of sulphate waters. 



May, 1931 

B2873 SOE Shoo] 

PUBLIC ROADS 

35. Yo.ntoo. FO} 
aera 

Cylinders cured in steam at 212° F., after six 
and one-half years in lake 

Cylinders cured in water vapor at 155° F., after six 
Series 98, 100 and 101 and one-half years in lake. _ 

received additional curing in steam at 212° F. 

102 1d 104 105 106 

Cylinders cured in water vapor at 155° F’., after six 
and one-half years in lake. Series 103, 105 and 
106 received additional curing in steam at 212° F. 

Figure 3.—CyYLINDERS OF VARIOUS SERIES CURED IN WATER VAPOR OR STEAM, AFTERSIX AND ONE-HALF YEARSIN LAKE. 
ALL THE CYLINDERS IN ANY VERTICAL Row ARE OF THE SAME SHRIES AND THE SERIES NUMBERIS SHOWN AT THE T'oP 

tO7 108 1O2 410 ITI 

Ottawa sand mortar cylinders cured in water 
vapor at 155° F., after six and one-half years in 
lake. Series 108,110, and 111 received addi- 
tional curing in steam at 212° F. 

WO 418 las 1S 16 

— 

Ottawa sand mortar cylinders cured as follows, 
after four years in lake: 

Series 112.—Moist closet, 24 hours, tap water 
27 days 

Series 113.—Moist closet, 72 hours, air 25 days 
Series 114.—Moist closet, 24 hours, water va- 

por at 100° F., 48 hours, air 25 days 
Series 115.— Moist closet, 24 hours, water va- 

por at 155° F., 48 hours, air 25 days 
Series 116.—Moist closet, 24 hours, steam at 

212° F., 48 hours, air 25 days 

S512 Soe S53 354° 355 

Cylinders cured in water vapor or steam for !2 
hours at the following temperatures, after five 
years in lake: 

Series 351.—190° F. 
Series 352.—212° F. 
Series 353.—235° F. 
Series 354.—260° F. 
Series 355.—285° F. 

Figure 4.—Cy.LinpERSs ILLUSTRATING THE Errects oF CurING IN WATER VAPOR AND STEAM 
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CLAS RE ad e 257 258 259 260 — 674 675 .676 677 678 “165 “136.13 1160 739° 

Cylinders made from different brands of stand- Cylinders made from different brands of standard Cylinders made from different brands of stand- 
ard Portland cement, after five and one-half Portland cement and cured in distilled water 20 ard Portland cement and cured in distilled 
years in lake days, air 35 days, after three years in lake hbo 20 days, air 35 days, after two years 

in lake 

i 421 | 664 665 666 667. 666.7 422. 423 424 425 a 

Neat cement cylinders made from different Series 429, neat cement cylinders made from Cylinders of different brands of standard Port- 
brands of standard Portland cement, after four high alumina cement B; series 430-438, con- land cement cured in distilled water 20 days, 
years in lake crete cylinders made from different brands of after three years in lake 

Portland cement, after four years in lake 

Frauré 5.—CoMPARISON OF CYLINDERS Mapr From DIFFERENT BRANDS OF PORTLAND CEMENT 
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554 555 556 557 558 

Cylinders made up as follows, after three 
years in lake: 

Series 554—One-half Portland A, one-half 
Portland B 

Series 555 and 557.—Portland Y 
Series 556 and 558.—Special A2 

559 560. 56] 562 563 

Series 559, 560, and 562, sand cylinders made from 
standard Portland cement; series 561 and 563, sand 
eylinders made from special cement A2, 
two years in lake 

Fiaure 6.—ReEsvuuts OBTAINED WITH 

Cylinders made up in following proportions by 

After 
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12 .2.0,018 sik 

Cylinders of series 761, 763, and 765 made from standard 
Portland cement; series 760, 762, and 764 made from 
special cements from the same mills, respectively. 
After one and one-half years in lake 

volume, after three years in lake: Series 719— 
1:0.94; series 720—1:1.88; series 721—1:1.88; 
Series 722—1: 2.82; series 723—1:4.70 

728 fepe feo fet 

nde Bas 

Series 573.and 574 made from special cements; 
series 575 to 577 made from standard Port- 
land cements. After three years in lake 

Ottawa sand E \ , 
special cement X in following proportions by 

mortar cylinders made with 

volume, after three 
724—1: 0.94; series 
1: 1.88; series 727 

years in lake: Series 
725—1:1.88; series 726— 

1: 2.82; series 728—1: 4.70 

CyntInpERS Mapg From SprrecraAu CEMENTS OTHER THAN HiGH ALUMINA 
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Ottawa sand mortar cylinders made from high Cylinders made from high alumina cement A 
alumina cement A, cured as follows, after six cured as follows, after six years in lake: 
years in lake: Series 147.—Distilled water, 27 days 

Series 142.—Distilled water, 27 days Series 148 —Moist air, 72 hours 
Series 143.—Moist air, 72 hrs. Series 149.—Water vapor at 100° F., 48 hrs. 
Series 144.—Water vapor at 100° F., 48 hrs. Series 150.—Water vapor at 155° F., 48 hrs. 
Series 145.—Water vapor at 155° F., 48 hrs. Series 151.—Steam at 212° F., 48 hrs. 
Series 146.—Steam at 212° F., 48 hrs. 

7276 277 278 279° 280 

Cylinders made from high alumina cement C, after 
five and one-half years in lake 

Ottawa sand mortar cylinders made from high 
alumina cement B in following proportions by 
volume, after five years in lake: Series 276—1: 2; 
series 277—1:3; series 278—1:3; series 279—1: 4; 
series 2830—1: 5 

op 

4 

SR oasis 
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1I5Se 15a NOS BS Se 

Cylinders made from high alumina cement A, 
cured as follows, after six years in lake: 

Series 152.—Distilled water 20 days, dry air 
344 days 

Series 153.—Distilled water 20 days, dry air 
56 days 

Series 154.—Distilled water 20 days, dry air 
28 days 

Series 155.—Distilled water 20 days, dry air 
14 days 

Series 156.—Distilled water 20 days 

+ pas 

Pee 5 Ae es 

Cylinders made from high alumina cement B 
in following proportions by volume after five 
years in Jake: Series 286—1: 2; series 287— 
1: 3; series 288—1: 3; series 289—1: 4; series 
290—1: 5 

Figure 7.—ReESULTS OBTAINED WITH CyutiInpers Mapr From HigH ALUMINA CEMENTS 

286 287 288. 289 290 - 

2 

———— 
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Cylinders made up as follows, after five years 
in lake: 

Series 291.—High alumina C, 1:5 concrete 
Series 292.—High alumina C, 1:5 mortar 
Series 293.—Portland cement mortar 
Series 294.—Portland cement mortar, sul 
phur impregnated 

Series 295.—Portland cement mortar, 10 per 
cent sulphur admixed 

PUBLIC ROADS 

Cylinders made from high alumina cement B 
with various consistencies, as follows, after 
five years in lake: 

Series 396.—Relative consistency 0.75, water 
ratio 0.44 

Series 397.—Relative consistency 0.90 water 
ratio 0.53 

Series 398.—Relative consistency 1.00, water 
ratio 0.59 

Series 399.—Relative consistency 1.25, water 
ratio 0.73 

Series 400.—Relative consistency 1.50, water 
ratio 0.88 

Cylinders using a mixture of Portland cement 
and high alumina cement B in the following 
proportions, after four years in lake: 

Series 434.—100 per cent Portland 
Series 435.—5 per cent high alumina B; 95 per 

cent Portland 
Series 436.—10 per cent high alumina B; 90 

per cent Portland 
Series 437.—20 per cent high alumina B; 80 

per cent Portland 
Series 438.—100 per cent high alumina B 

FIGURE 8.—VARIOUS COMPARISONS SHOWING FAVORABLE RESULTS OBTAINED WitH HicgH ALUMINA CEMENTS 

S71. 372 373 374 375° 

Series 371 to 373, concrete cylinders made from 
standard Portland cement; series 374 and 375, 
concrete and mortar cylinders, respectively, 
treated with Inertol. After four and one-half 
years in lake 

SAS 550 551 

Cylinders surface-treated as follows, after three 
and one-half years in lake: 

Series 549.—Boiling water 44-minute 
Series 550.—Linseed oil, 70° F., 14-minute 

(1 coat) 
Series 551.—Linseed oil, 70° F., 14-minute 

(2 coats) 
Series 552.—Linseed oil, 225° F., 44-minute 

(1 coat) 
Series 553.—Linseed oil, 225° F., 14-minute 

(2 coats) 

“Bg ie 

© 3 iB cs] ; es 

Cylinders with McEverlast protective coatings, 
after one year in lake 

Figure 9.—ReEsuLts OBTAINED FROM SURFACE-TREATED OR IMPREGNATED CYLINDERS 

976 977 978 979-980 
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Cylinders with blast furnace slag admixed in fol- 
lowing proportions, after five years in lake: 

Series 157.—40 per cent 
Series 158.—10 per cent 
Series 159.—40 per cent 
Series 160.—10 per cent (cured in water vapor 

at 155° F., 48 hrs.) 
Series 161.—40 per cent (cured in water vapor 

at 155° F., 48 hrs.) 

ee 7S Vie ATS 116 

Cylinders with Ironite admixed in following pro- 
portions, after six years in lake: 

Series 172.—No admixture 
Series 173.—20 per cent 
Series 174.—No admixture (cured in water 
vapor at 155° F., 48 hrs.) 

Series 175.—20 per cent (cured in water vapor 
at 155° F., 48 hrs.) 

Series 176.—20 per cent (cured in water vapor 
at 100° F., 48 hrs.) 
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Cylinders with calcium chloride admixed in fol- 
lowing proportions, after six years in lake: 

Series 162.—4 per cent 
Series 163.—8 per cent 
Series 164.—4 per cent 
Series 165.—8 per cent (cured in water vapor 

at 155° F., 48 hrs.) 
Series 166.—4 per cent (cured in water vapor 

at 155° F., 48 hrs.) 

I27 178 2179 180 18) 

Cylinders with volcanic ash admixedin following 
proportions, after six years in lake: 

Series 177.—No admixture 
Series 178.—20 per cent 
Series 179.—No admixture (cured in water 

vapor at 155° F., 48 hrs.) 
Series 180.—20 per cent (cured in water vapor 

at 155° F., 48 hrs.) 
Series 181.—20 per cent (cured in water vapor 

at 100° F., 48 hrs.) 

Se Se 

62 16S 164. 165). 166: 
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| 167-168 169° 70-471 

Cylinders with Cal admixed and cured as fol- 
lows, after six years in lake: 

Series 167.—4 per cent 
Series 168.—8 per cent 
Series 169.—4 per cent 
Series 170.—8 per cent (cured in water vapor 

at 155° F., 48 hrs.) 
Series 171.—4 per cent (cured in water vapor 

at 155° F., 48 hrs.) 

182 183 184 185 186 

Cylinders with Alkagel ‘‘A’”’ admixed in following 
proportions, after five years in lake: 

Series 182.—No admixture 
Series 183.—3 per cent 
Series 184.—No admixture (cured in water 

vapor at 155° F., 48 hrs.) 
Series 185.—3 per cent (cured in water vapor 

at 155° F., 48 hrs.) 
Series 186.—3 per cent (cured in water vapor 

at 100° F., 48 hrs.) 

Figure 10.—ReEsuLtts OBTAINED BY THE Usr or VARIOUS ADMIXTURES 
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Cylinders with Trass admixed as follows, after 
four and one-half years in lake: 

Series 391.—No admixture 
Series 392.—33 per cent 
Series 393.—66 per cent 
Series 394.—33 per cent 
Series 395.—66 per cent 

578 579 580.58! 582 

Aas 

Cylinders with Truscon and BaCl, admixed as 
follows, after three years in lake: 

Series 578.—1 per cent Truscon 
Series 579.—2 per cent Truscon 
Series 580.—4 per cent Truscon 
Series 581.—6 per cent BaCl» 
Series 582.—12 per cent BaCly 

PUBLIC ROADS 

mele 413 OGIO 416 
one sone 

Cylinders of Series 412, 214 per cent Celite admixed; 
cylinders of Series 413 to 416 made from different 
brands of standard Portland cement. After three 
years in lake 

Maas 116 7it 718 

Cylinders madefroim special cement D and cylinders 
with Earthcrete admixed, after three years in lake: 

Series 714.—Special cement D, distilled water 
20 days, air 35 days 

Series 715.—Portland cement, distilled water 20 
days, air 35 days 

Series 716.—Portland cement, 0.27 per cent 
Eartherete, distilled water 20 days, air 35 days 

Series 717.—Portland cement, 1.06 per cent 
Earthcrete, distilled water 20 days, air 35 days 

Series 718.—Portland cement, 0.27 per cent 
Earthcrete, water vapor at 155° F.,48 hrs., 
air 53 days 

564 565 566 567 568 

Cylinders with powdered fuel ash admixed 
as follows, after three years in lake: 

Series 564 and 565.—2.5 per cent 
Series 566.—5 per cent 
Series 557 and 568.—10 per cent 

708 167 J68 769 770 

Cylinders of Series 767 and 769 were made from 
standard Portland cement. Series 766 and 768 
were made from special cements from the same 
respective mills. Series 770 contained a 2 per 
cent admixture of Medusa waterproofing. After 
one and one-half years in lake 

Figure 11.—ReEsvuutTs OBTAINED BY THE USE or VaRiIOUS ADMIXTURES 
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Cylinders with Omicron, admixed as follows, Cylinders with Colloy and Medusa waterproofing Cylinders with Barnsdall admixed as follows, 
after one and one-half years in lake: admixed as follows, after one and after one year in lake: 

Series 771.—No admixture one-half years in lake: Series 822.—No admixture 
Series 772.—3.75 per cent Series 776.—No admixture Series 823.—3.75 per cent 
Series 773.—7.5 per cent Series 777.—2 per cent Colloy Series 824.—7.5 per cent 
Series 774.—15 per cent Series 778.—4 per cent Colloy Series 825.—15 per cent 
Series 775.—30 per cent Series 779.—1 per cent Medusa waterproofing Series 826.—30 per cent 

Series 780.—4 per cent Medusa waterproofing 

Ficure 12.—REsuLTS OBTAINED BY THE User oF VARIOUS ADMIXTURES 

TABLE 2.—Record of tests of 2 by 4 inch concrete cylinders exposed to the action of sulphate water of Medicine Lake, S. Dak., and 
parallel tests of cylinders stored in tap water in laboratory tanks 

[Unless otherwise noted the fineness modulus of aggregate is 4.67 and the mix is 1:3. Each test result, with a few exceptions, is an average of five cylinders made 
on different days] 

Part 1.—CURING IN WATER VAPOR OR STEAM BETWEEN TEMPERATURES OF 100° AND 365° F. 

| Curing method Average of compression tests 

Tank specimens Lake specimens 

@errent “ime ee ine Peroni: Percent- 
: seep Baal ae me - | E age o 

Reries | labora Cement Water) Time|pime| 1 | ture of Time] tion ped seep No. tory | ratio| in : water Z t 21 norma 
No. | moist ae ,| Vapor bei | ate an = strength strength 

closet or pe | eae days |28 days | 1 year | 5 years| 1 year | ®8 ee es years | 5 years | 9S ea 
steam cated cated 

steam by tank by tank 
speci- speci- 

mens at mens at 
1 year | 5 years 

Per |Lbs. per|Lbs. per| Lbs. per| Lbs. per| Lbs. per Lbs. per| Lbs. per 
87 11 | % Portland A, % Port- Hours| Days| Hours | °F. | Days| cent | sq.in. | sq.in. | sq.in. | sq.in. | sqg.in. Sg. in. | sq. in. 

18nd Bee ee teen 0. 59 By eae eo 69 100 25 | 6.6 | 3,730 4,120} 5,110} 5,470! 1,480 28 0 Oil -eaeeee 
88 1G Ee al et dO ses 6 sae ee 59 Gi ae eae 66 100 25 | 6.7) 3,590} 4,320 | 4,960): 5,450) 1,370 28 0 CE ee 
89 JBM poe 2 dota ee ae . 59 127 | Seoeee 60 100 25 | 6.7]! 4,050} 4,680 | 5,270} 5,200 | 1,290 25 0 Ol 2a 
90 sis Sees dot cies: 2 a . 59 CH ENIE e 48 100 25 | 6.7] 4,080] 4,220] 5,240} 6,270] 1,630 31 0 ON eee 
91 LL | eae: Co eae ee eee . 59 48 )| ena 24 100 25 | 6.8| 38,510} 4,060 | 5,010| 4,970} 1,920 38 0 0: |: 
92 aL Es eens 0 228-2 TE ee oe . 59 24 Da haeek ares a eee 28 6.7} 2,620 4, 540 5, 690 5, 400 3, 780 66 0 0; = =e ee 
93 iW ees COS ee en aad .59 iD: RE Te tal ee ae 25 | 7.0] 3,380] 38,560] 5,120}. 5,140 | 3,150 62 0 Oe 
94 TA ese Choe ee ee .59 24 ae 48 100 25 | 6.8] 3,810} 4,000 | 5,640] 5,910| 2,020 36 0 Oita 

313 OO] eIVGEe See eee eee ere . 60 24 20 2 ea eee 35 | 5.9] 3,150) 3,950) 6,050} 5,680] 2,250 37 0 (Oy ee 
315 Gj Sdote ee ee . 60 244 Sao 48 100 53 6. 2 3, 740 3,800 | 5,970 6, 320 4, 230 71 3, 390 3, 330 53 

1412 17 | % Portland A, % Port- 
Cavell pe ee . 64 24 GB tag as yas I. ete dc al ha Lt plo 10.0 | 1,650 | 2,630} 3,540} 2,790) 1,790 51 0 Biaestatee 8 e 

1113 ialee se (ho ee ee oe ee ee . 64 19 \ Se | See | See 25 | 10.7 | 2,000] 2,000} 2,980] 2,940 840 28 0 Oe ei 
P14 LT Meee dO Sse: os eee . 64 24. ee 48 100 2510.1] 2,270] 2,790} 3,040] 3,050 630 21 0 up eeee 

82 | 1B ES nee dO bees: eres . 59 3 ie 69 155 25 | 6.9] 38,360] 4,210] 5,380) 5,550 500 9 0 0: eee 
83 ASA Eee dO.t Stee ee 59 6h 66 155 25| 6.9] 38,840] 4,720] 5,700] 5,620 490 9 0 OS 
84 DUA Se Se 2 do. 5 ees . 59 12%) Sa 60 155 25 | 6.7] 4,440] 4,960] 5,250} 5,920) 1,030 20 0 Oi eae 
85 1 BM paeeaen doze eee ee eee . 59 24 5) Leen 48 155 25 6.6 | 4,350 | 4,550 6, 460 5, 830 1, 220 19 0 i ie ee ee 
86 ise oe dO Sk oe eee ee . 59 AS ee ee 24 155 25 6.7 8,540 | 4, 210 6, 250 6, 320 1, 660 27 0 Osos e ao 
92 De ee dois aes . 59 24 PATA ai sae 8 A pS ha 28 Gora 2,620! 4,540 5, 690 5, 400 3, 780 66 0 OulLeeeees 
93 i bl ee dos Ae .59 79) || Wl |e ne Sia ad Se 8 25 | 7.0) 3,380] 3,560] 5,120) 6,140) 3,150 62 0 Wl een 
95 TT Soee 0 cet eae . 59 24 Soe 48 155 25 6.4 4,240 | 4,370 5, 510 5, 510 1, 660 30 0 Wess 
97 1am Eee dole. 22) sae .59 24) | eens 48 155 25 | 6.3} 3,900) 4,770] 5,690] 5,970]| 1,880 33 0 0 eee 
99 11 Sy leeeee doses. eee ee 50) | e245 | oer 72 155 24| 6.4] 4,490| 4,830] 5,410} 5,990} 1,530 28 0 0 | Seas 

102 ie) = 0.202 = eso eee 59 4h ene 48 155 25| 6.2) 4,550} 4,730] 5,580] 5,960 980 18 0 0 |S 
104 ily G0) Eee do22 25 Se ee 59 4) | oe 72 155 24 6.1 4, 910 5, 180 5, 180 5, 630 1, 270 25 0 Ome 
174 Dit Sees do: tae ae ea 50S gat 4s neeneem 48 155 35 | 6.1] 4,020} 4,390] 4,330] 5,650/ 3,910 00) | Berean ie 2, 740 48 
179 iD eee oss a8. eae beige DEG 48 155 35! 5.8] 4,110] 4,510! 5,210! 6,460] 3,820 734 Ea 1, 750 27 

1 Standard Ottawa sand cylinders. | 

‘ 
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TABLE 2.—Record of tests of 2 by 4 inch concrete cylinders exposed to the action of sulphate water of Medicine Lake, S. Dak., and 
parallel tests of cylinders stored in tap water in laboratory tanks—Continued 

Part 1.—CURING IN WATER VAPOR OR STEAM BETWEEN TEMPERATURES OF 100° AND 365° F.—Continued 

Curing method Average of compression tests 

Tank specimens Lake specimens 

Cement , asic Ab- z i 
een 'labora- Cement he ee ae pera- soy Aeeees fees 

. ratio F ; ee nto Pin (Time water | 86 28 [T9| aa | eae normal 
moist | water| V@POT | vapor | air | 4@YS as indie alps closet or ee 7 days |28 days | 1 year | 5 years| 1 year tea | 3 years |'5 years | 5 10C0- 

steam cere | cated 
steam by tank | by tank 

specl- speci- 

mens at | mens at 
1 year | 5 years 

| 

Per |Lbs. per| Lbs. per| Lbs. per| Lbs. per| Lbs. per Lbs. per| Lbs. per; 
184 18 | 4% Portland A, \% Port- |! Hours| Days| Hours | °F. | Days) cent | sq.in. | sq.in. | sq.in. | sg. in. | sq. in. | sq. in. | sq. in. 

et) ES eels Soe a 0. 59 DASE eS 48 155 35 | 6.0} 4,070; 4,530) 5,100{ 6,110} 4,240 Soules 800 | 13 
313 GOP RIVE Beet eee ee ee . 60 24 D0 Mia eae ones Se 35 | 5.9} 3,150) 3,950 | 6,050] 5,680) 2,250 37 Op eecee se 
314 (aisha ke ee Cle) ie Sa ere . 60 pT) eee 48 155 53 | 6.0 | 4,460} 4,010 | 6,170] 6,810} 5,430 88 | 3,920] 3,690 54 

1107 17 | % Portland A, % Port- 
1and. Bee aeee soe Ne . 64 Sa) ale ae 48 155 25 | 9.8 | 2,660] 3,080] 3,580] 3,580 770 22 0 Ose ee 

1109 BAe Enel (OVO Yap er ee SO . 64 Pe al Esker 72 155 24 | 9.6} 2,670} 3,220 | 3,490] 3,580 930 27 0 Ope are 
1112 7 te ee CO hoe ee ee ee . 64 24 PHN wis se eS CE SE A eee ad 10.0 1,.650 2, 680 38, 540 2, 790 1, 790 51 0 (1H IF Ae Or 
1113 5 Wy |e Coke jas Se cee pee ee a ee . 64 105) eee pear wed, Ee ae 25 | 10.7 2,000 | 2,000 2, 980 2, 940 840 28 0 (Of) Sa ee See 
1115 Lal toe (Koy, Sa lahe ace e se . 64 V7. ae 48 155 25 | 10.1 2,730 | 2,900} 3,400} 3,020 |! 860 25 0 On eae: 
1127 17 he TEL SRSA. Dine a he oy eae 48 155| 53; 9.1! 2530] 2,710] 3,460] 3,290; 2,280 CN ee eae in| ome aa 
1129 BY A |e ee (Ole bes > oe ae eet oe eee . 64 AS is SoS 72 155 52 9.0 2, 700: | 3,120 | 3,320 3, 230 1, 970 60) Creees ee Quire ere 
351 TAs 2 domes Bie Ss OM SC7 Real 12 190| 54] 66| 2650! 2,940] 5,320| 6,870! 1,730 33 0 ets 
391 ES Se GO Sates Sa ae . 62 24 20) |p eee es ere sae 35 6.3 | 3,130] 4,890 | 6,060] 6,430} 2,480 41 0 (OY Se ee 
i Wha [> ae lokwe reise pe enotetes ss 69 212| 25] 7.9| 1,110] 1,250] 1,250| 2,810) 1,210 97 | 1,340 | 2,630 94 
78 i Ui eee UOeeet ewe eee . 59 Ovlecsese 66 212 25 ne 2, 260 3, 040 38, 130 5, 900 2, 840 91 2, 930 4, 120 70 
79 ch pees CO setae SUE eee vs .59 MO eae 60 212 25 6.9 8,400 | 4,120 4,550 6,020 | 4,410 97 | 4,940] 5,400 90 
80 Ih eg ee eee (ONG a Pete oie ee ee, . 59 os We oleae 48 212 25 | 6.9] 38,060 4,020 | 4,600} 5,790! 4,330 94 4, 860 5, 150 | 89 
81 ag ee (Ke ease eat eee . 59 AS xi Se 24 212 25 | 6.7) 2,910) 3,850} 4,630) 6,730| 4,410 95 | 5,340] 6,000 | 89 
92 Ae eens Gorse eee eee te . 59 24 PA fal ap ee ee ee rs 28 6.7 2,620 | 4,540 5, 690 5, 400 3, 780 66 Ojtpeee oS 
96 Va Eee GO Sasa eaten ase: =o . 59 24 exec ae 48 212 25 6.5 3, 770 4,410 | 4,560] 5,720 4, 300 O47, Se a2 4, 930 | 86 

Sicily She eee Gees. nee LBOlh aP24stde { rit lets } 25| 6.7| 4,180| 4,120! 5,020] 6,190| 4,340 | Sahl ee ae: 5, 310 | 86 
| | 

£00 tL Seo does tae eee E59) Odes { alee } 24] 6.2) 4,810] 4,960 | 5,730] 5,750) 5, 540 | 97" Wega ae 5,890 102 
| | 

LOL Wr LiaS Nes Chia! sao eben 35am et a S| { aa| oi |} 24| 63) 4,110) 4,710 | 4,890} 6,490 | 4,640 Obl ears 5, 330 82 
4 | 

103 gees AO mee st l4 eee £00] 24) 2 -.| { 34] aia |} 25] 60/ 4,600} 5,510) 5,200} 6,280 | 4,980 94| 5,510] 4,910 | 78 
LOSM mete Viglen dower ot scared ye eee { Sa ara |} 24] 60] 4,820] 5,070] 4,910] 6,720) 5,220] 106 6,000 5,680 85 
406 7 Nene Ts ah peer Prac CR ey eae { rele ees \ 24| 5.7) 5,110] 5,900 | 5,320] 6,020) 5,250 99 | 5,830| 5,720 95 
296 GL) see ee GOtEE= cts eae eae - 62 QA les sese 48 212 53 (hay |) BREW 3, 660 5, 020 5, 760 | 4,390 88 5, 840 5, 950 103 
297 6sairPortlandeas 22 oss sees . 60 7 ae 48 212 53 6.4 3, 650 3,660 | 4, 680 6,020 | 4,600 98 4, 960 5, 480 91 
298 C2hiskortland Besse ssaseesee= - 62 7 ear 48 212 Sau 659 3, 700 3, 830 4, 580 6,440 | 4,480 | 98 4, 840 5, 600 | 87 
299 Son WOrtiand) 1) ssesoeee oe . 60 2A See ee 48 212 53 6.4 3, 690 38, 770 4, 620 6, 330 4, 270 92 | . 4,910 5, 900 93 
300 ecpePorlandi@ sess = nee . 67 24) |e alee 48 212 53 6.6 | 3,880 | 4,540 4,940 6,110 | 4,890 99 5, 690 5, 810 95 
301 61 | 46 Portland A, 4% Port- 

| Jand, Best sees see eee oe - 62 |) | oe sae 48 212 53 6.5 | 3,690 | 3,610 | 4,500] 4,840) 4,480 100 | 5,160 | 5,300 110 
302 Soi ePortland)Wosesseeses sles se) |, Se 48 212) 53| 6.2| 3,540] 3,530) 4,550] 5,040| 4,450 98 | 4,660] 4,640 | 92 
303 Slaeoreland hess! seeee sacs . 60 24 eee 48 212 53 6.0 | 3,550 | 3,900] 5,060} 4,890) 4,920 97 | 5,920] 5,470 112 
304 So ueeoriland’iGsease-seeee as . 60 22 ees 48 212 53 6.2 3, 740 3,920 | 4,990 5, 870 4, 680 94 5, 060 5, 060 | 86 
305 aii Portlandseles-2tsceees . 60 245s ous. 48 212 b3 6.1 3, 730 | 3,840 4, 860 5,380 | 4,410 91 4, 340 5, 100 95 
306 61 | 1% Portland A, 14 Port- 

land, Brseise== 2. -oe . 62 2hi||< ees 48 212 53 6.2 3, 280 3,920 | 4,480 6,570 | 4,410 98 5, 990 5, 230 80 
307 Aer ortland: [seessesse as == . 60 24 esses 25 48 212 53 5.9 3,420 | 4,150 5, 090 5,850 | 4,190 82 4,990 | 4, 530 77 
308 28 Portlandia ss eee ane . 62 DAN ees S| 48 212 53 6.4 2, 650 38, 240 4, 680 5, 310 3, 480 74 4,440 | 4, 580 | 86 
309 HolpPorciand oles. ees . 62 24 See 48 212 53 6.5 3,260 | 4,200} 4,950] 5,800 4,910 99 4,910 | 4,960 | 86 
310 60 | Portland L_----- Sea eee . 60 24. eben se 48 212 53 6.2 | 3,260] 38,870 | 5,060] 6,380| 4,460 88 | 4,720 | 5,770 | 90 
311 65ulmeortlanduVisesss-=see=—— = . 60 24 [oo2 2. 48 212 53 | 5.5 | 4,660) 5,580; 5,810| 6,740) 5,570 96 | 5,420 | 5,960 | 88 
313 i | ae . | 5.9 |} 38,150 3,950 | 6,050} 5,680} 2,250 37 CO = a 0 ee 
352 74 | 1% Portland A, 14 Port- | 

land 6.9 2,450 | 2,910 5, 230 6, 070 4, 240 81 3, 850 Oi) Seeaecee 
391 An eee do 6.3 3, 130 4, 890 6, 060 6, 430 2, 480 41 O} eee 
584 139) |Beee a do GaSele Onteone Oy LOUMh yo, 700a)see eee 3, 350 58 0 0 |--------- 
585 a e380 eee do_- Cxaae 257705) 25860 9)) 15,4307 |Seaee 5, 370 99 0 OFS == 

586-587 On eeeen CL ae en EA Ch |e 24 Ney |, ee A ee || eee Pa He. Se ee oe a ee ales ae cass lee oe soon |aeeemese|—soeee eee 
ee as eee ea oe eee eee Oe 6G: 6lb 2; 9700) 2,920))|' 6,800 |-2e 22222) 4,400 76 Oe eae 
635-636 TOON See do 6.3 3, 960 4, 330 4,250 .\aoee 4, 370 103 6,050) | saa |--------- 

640 SOME sass do 655) .3;,8208) 004, 4708) 6,800) |2 22 4, 530 78 Obaseeeasss 
641 LeQu ae ae do 6.9 oe OO0b none OOM 64,600 )|(See ee 3, 740 CE Gc) pees a eS ee Se 
830 232 \Essce do 5.9 3,230 | 4,720 67360" |Saeee eee 3, 950 62 |_----- --|-=____-_}-----__-- 
831 232) ses do Gi9e le 320205) 12,'880) ||" Gx'740) | ees 4, 210 (Bie ae ee ee [a Bee Soas 
832 202 seen do 7.4 2, 590 2, 400 5 S00 eee a 4, 610 TSN eee ee eee Poneseese 
833 232m heen do DAR ORSOO ME Sal 350i 6; 350) |e seme” 4, 510 Tee ee ame eS al ee 
834 232) \onuce do TOMES eZON Noy) S70 i mrO, eo nines 4,970 87) |eeaeere oleae | eee 
835 7d eile tes do ZaplalenoO COMO OSC, O70) enseeee= 5, 250 ay Ne Se apeel ie e e  e 
836 7 yp eae do 72a 3) O60 eed, 100) | 5; 750) |Seeeeee 5, 770 100) (eee eee See olen 
837 PE) eee do G26ne 2 O60Nie4, 670) 4s S60) eee e == 4, 620 Biel eee Bee a es 
838 232 leaas- do Gale 4,00 4-990) °5,,030" | 22s2ee=- 4, 210 pay a ee eee ae (Oe ee 
S30 0299: N do 61} 65, 180\|- 6,050.) 6,130 Jee -=.5-- 4, 550 Cy eee fore? fee 

1108 i By fall oes do 9.8 | 2,590 | 2,910) 2,930] 2,880] 2,540 87 | 3,390] 2,580 90 

1110 Li eee do 9.5 | 2,600) 3,160] 2,940] 2,590} 2,720 93 | 3,160] 2,360 91 

Ma Ih a aes do 9.7 | 2,510} 3,130] 2,630] 3,020) 2,450 93°) 1.2;820') 2;320 77 

1112 1 by AES do 10.0] 1,650] 2.630 | 3,540) 2,790 1, 790 51 0 ON Ee ean ae 
1113 We ae e do 10.7 | 2,000] 2,000} 2,980} 2,940 840 28 0 OW ees esse 

1116 Mii Nosses do 10.3 | 2,220! 2,470! 2,500! 3,250/ 2,430 a ee 2, 460 76 

1 Standard Ottawa sand cylinders. 
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Taste 2.—Record of tests of 2 by 4 inch concrete cylinders exposed to the action of sulphate water of Medicine Lake, S. Dak., and 
parallel tests of cylinders stored in tap water in laboratory tanks—Continued 

Partl._CURING IN WATER VAPOR OR STEAM BETWEEN TEMPERATURES OF 100° AND 365° F.—Continued 

Curing method Average of compression tests 

Tank specimens Lake specimens 

Cement Time | Tem- son Percent- Percent- 

one eae coment Aloe a Time aoe ture of Time A | bene eee 

a moist |water| Yar | Vapor | air | 44¥8 | Aye ae 
closet or or : 7 days |28 days | 1 year | 5 years | 1 year Catal 3 years | 5 years ated 

steam | steam by tank by tank 
speci- speci- 

mens at mens at 
1 year 5 years 

Per |Lbs. per|Lbs. per| Lbs. per|Lbs. per Lbs. per Lbs. per| Lbs. per 
Hours) Days Hours ie ce Days| cent | sg.in. | sq. in. | sg.in. | sq. in. | sq. in. Sq. in. | sq. in. 

1128 17 | % Portland A, VY Port- { 2 , el Asa rails let ed! 2, 040 1 a Eg at pte RUN ice et ae \ 53! 9.1] 2,350] 2,480] 2,830] 3,340) 3,180 04 6 

1 130 mies shea 1 aeeee Meco. ents { ye Ste \ 52| 9.1] 2,750] 2,720) 2,830] 3,130] 3,080 100/eaeee 1, 740 56 

ro T yg Meee bee do Cid ore IP, { 6 Be } 52| 9.2| 2,630] 2,470| 2600| 2,940] 2,560 OM aie 0. 1, 730 59 
2353 | A Re do 62 DAN Cee 12 235 548) 7.53 1,900 | 2,750 | 4,780 | 5,410 | 3,800 79 | 3,970 | 2,480 46 
391 Af ae ao 62 94 OE) itachi, | ne es 35 | 6.3] 3,180] 4,890] 6,060] 6,430) 2,480 41 0 Ose aeaeeee 
811 "510; |Poiss do 62 24 Pe Of | gate ei fi al SHU 6S) oo 6205) e4s930n |G SOOM eee one Ofc eee 0 Ce ee ee 
SH t = COG Pas do 62 OY Male Shee 34 230 OOM 70a 2. OCOD ee 2 ZO non OS0 eee 5, 160 O35 ees 2 ee eee 
ELI Oey (leas do Py Oval eee 124 \ ew 800 Methbn ae G OMe Se0ll ano 100 u1ne5) 620) =aaamen 4, 530 SI Wy SE |e nis 
SEAT | SONG SEES do 62 Od | eae 3 230 Bore Outan m en lOO et 7o20 5) ee OxOZ0 nese nee | 4,860 | Sinless-= = 5 Sea eee 
Weim ip GAR name do (yell Ay le 6 230 5b" 6:6.) -2}:890'), 2,990] 15,620))|22 22 = | 5,320 | 06°22 8 e_.|Eo ee ee eee 
S20 iin eeo 2, | eoee = do . 62 DAS eee 12 230 103: |) 2648") 2;'640" | 93;,200 49.5; 2600 S522 2 = 4,990 © OG) \aseses ER OS FRET oy 
SOR lt. Bop lps a” do_. . 62 GY IV, leer 4 24 2300] ei O2n| 16.0nersDOOnI mar eo OM ma yiCa 0a emacs 4,520 | G5 See | ean pe 
S29N oo meee done . 62 LE Se ee 48 230 87 | 6.9 | 3,900) 4,650 | 4,640 |_______. 4, 360 | LY i eee ernest Deets So 
855 do 62a): BOEs ee 08 ha el ee ee SOU CO. nto SE0R NO, O10 leo; .04- 0h ener 4,070 | 73 (io. ee eee 
g69 | 932 |_____ do 62 UN Ne 96 230 46 | 6.1] 4,480] 4,600 | 4,480 |___-___- 4,600 | TO3, 2b 522-2 eee | eee eee 
S70) ea 32 \ eae do 6A IF 24 dee 192 230 ADI C524| 63, .880))) ea 4bO ee on OGO) a aeeeee | 3.560 | 106 18.252 |e 

8 354 edo 62 Ay |e re 12 260 54] 7.1 2,270 | 2,490 | 4,880 5,570) 3,760 | 77 | 4,160] 3,320 60 
391 ara do 62 24 PION ee Sooty se oe 30° | 6.3 3,180 | 4,890 | 6,060 | 6,480 | 2,480 | 4.96 0 or eel Op aan eee 
eo 7 A) pee do 62 24 20M eee = 2s |e BDp ZOuS) | 3; 450 ne 4,620) ne GTO nee ee 1, 620 Dai se > Heeeeespa-ateee 
807 hs: do . 62 ae ee 34 260 Soul 74 1960 19305) b;400) || ee 4,610 85:28 2.. [eee meee ees 
808 (ge do BUG fn lyen eh te 1% 260 DOM eS Teulaiee OOOR JSON 5:/4.00 ji emen ne 4, 990 Ol |e Ls Sh eee 
S09) | sere O in| ee do . 62 Ae eee 3 260 DD) palaces CO alee 2G0U le 0; O00 ae ceeeer 5, 200 | 102 \2o 2252 3/5 se ee ee 
S10 4s 21 On emer C6 he pee SS ee ts ee Sey 262 PEAS ee 6 260 era Co) lh PRA ARO) © eR SEO) Ip = 2 4, 940 QO es Oe ee ee | 
818 | DOA a domme Sarasin Rly Meera ee 12 2600\ ay OV 1) eOn vel 351908] 8.080) lnro,bG0 ea aae ame | 4,630 $3 [28 |e ee ea ees 
819 | ESA dO ee ee me 02 SN ee 24 260} 95] 6.7] 8,480] 38,810} 4,620 | 08 |CL 2st ee eee 
828 ules 0. ae. tee ee . 62 OA aes 48 260 83 | 6.6 | 38,720} 3,880} 3,990 Ob tees ee ee 
855 aes OE. Sa ee . 62 24 20), Sates eee 35 cael 3, 840 5, 310 5, 540 [3 \ickunetul Sse eee 
SLAY Ale) (al = Yee (Loe ek PAN Sor eee . 62 pa eee 96 260 48} 6.4] 3,820] 3,810] 3,460 | 103) ea |e ees 
S68cha 232) Fo e CO SESS sa aren eae ee ec Goalt mot aia were 192 260 44) 6.6] 3,260] 3,690} 3,420 | 86 5-322 2c. 2s eee 

4 355 el do. 22 Oe eee | . 62 Oda Ree 12 285 54 | 7.2) 2,260) 2,870] 4,340 89 | 3,970 | 4,190 80 
SH ae oe 47g Mpa ae do. 2 ee eS eed . 62 24 ONG. See, Ba On} 66.9) 18180) 4, 890m 6,060 41 Oi, SO eae 
430 MOTOS) | DeOLuianG alee eee . 64 Pyle 12 285 54] 6.6 2.960 | 3,470 | 3,950 93 5,000 | 4, 210 87 
431 86509 SP OrelaniGe Leen see peers OS 0/245 | Sesees 12 285 54 6.1 | 38,650] 4,150} 4,470 96 | 5,440 | 5,440 102 
432 | 82,95 lePontland(@eaee etna . 67 PIN | ee 12 285 54] 6.9] 3,330] 3,820] 5,530 89 | 5,460} 5,410 83 
433 SS lePortlandsEaeee eee 64 ON eae” 12 285 54] 6.5] 8,460] 38,950] 5,110 95 | 5,510] 5,980 92 

on oc “ eo PERS GA! OL RD 35| 5.8] 38,740] 6,260| 5,790 49 Ho Ue bees Se ae SOL Sate! eee eS eS See oats oO oO ’ y Frat th 8 Fa se er ee ee se 

802 219} 52 ce GdoLt he Ae: Pe eee . 62 D4 ees 34 285 55 (6s 1, 780 1, 740 5, 240 106 |20 5 22k eee 

a | Capt Drge eee 3B) Moc) $4 Be) B) ka) Sah] oom | See moe eae Esl Opie ae Ss BE oe 5 aera 2 : ) fi) i wee oS coi oe es ee oe 
805 210 er ers (0. ea ees See 62 PL eee el 6 285 | 55] 6.8] 8,080] 3,370] 5,860 6. |. 3: 2229.| 5 Oe eee ere 

eye ol oot tonsa se te] oe | Be Se] es] 288] 2m) aa ieee = alae OTR a Fees ee A ee Sek | : bf : 4 Jovtcc. |e eS 
827 2 2n)| esas ODS ee ee ees 262, 24 j\oseees | 48 285 64 6.7 38, 300 3, 600 3, 200 997) 5 82S Sole ee 
855 202 |\eae ee dp tae tS 62 24 D0 Lee ce eae ee ee 35} 5.71 3,840) 5,310] 5,540 73. |= shee CNN OS See ee 
865 | 252] eee doe 22 ee a ee 62 1 al a § 96 285 45 6.5 38, 550 4, 230 3, 550 118) |2et ore ee 
866 232 |_-_-- dO eee ee . 62 ORD Ee (ako) 285 CT ae Gyall esh a * oe * ay a0¢ Pea ne he ee 

5 840 PRY ae COR ees Pet eee - 62 24 DOR eee hs Laas 35 5.8 3, 810 , 050 OLO sae Ses es) xd, OBO | Fob L | coe ee ee | ee 
841 232 Weer GO 22 ere see = eae 62 24 ee ees 34 315 55 6.9 2,010 2, 020 5, 680 90) | ot See 
842 PRY | py Oe 2 eee 62 24 Nowe = ae 1% 315 55 6.8 2, 490 2, 640 5, 550 O7 | 322 oa ee 
843 252) )\ae oe CO. 2. ee eee 62 PND eee 3 315 55 6.5 3, 090 3, 030 5, 620 08 Wes SOS 2 Le ees 
844 23 dese dO prt et eae oA 62 24% | eee 6 315 55 | 6.8 | 3,560 | 3,900; 5,110 100) 222222 oo a 2 ae 
845 202 oe dows es Ree aes, 2 62 24s 12 315 55 6.5 3, 410 3, 780 4, 150 105: 22") s2 be eee 
846 23.2) See OSs 2. SR ee 62 oT eee 24 315 54] 6.8 3, 180 3,750 | 3,440 SL ose =e eee 
847 PEPIN ee do oS eae 62 24" Soca 48 315 53 6.8 | 3,440 3,970 | 3,160 \ 103 

si | ial ce ct atte a fe) dec ae |e) a8) Pee) bon) 9 al W232 eae iow Grae ee! Lien 1G) Oe 92 , ’ : ; 
6 855 2o20/ mos Oss 5 322s Sees ee 62 24 205) See A eee 35 Sef 3, 840 5, 310 5, 540 
856 232 ose - CO ieee ere pee 62 24) |S es 34 350 HP Yie8k 1, 670 L040 0 bn 10 ee 4,790 
857 Zacienoee (oko eR SE ge ee 62 77 ale arent 1% 350 55 7.0 2, 500 2, 800 DAVOO Woes s 5, 3850 
858 Dodie oee dO. 26s Loe een 62 2A aoe ces 3 350 55 6.7 3, 210 38, 310 0 Onl pee eee 5, 170 
859 PAWN Vek do _f3 22 Ue Srey ee . 62 PAS ee | 6 350 55) 1.65.8) 1 3), 4107123, 540 Wied, 300) be es 4, 130 
860 232 esas do. Be a eed . 62 OF Cl es oe ed 12 350 SOM AGH TZ lenoy 250! | etc, SCONE eOO) = ae ener 3, 760 
861 eye \ ea (oye gape Bake ea seit . 62 DAs soi ee 24 350 §4| 6.8) 3,830 | 3,840 4,700 |__--..-. 4, 220 
862 2523 heen 0: 2a 2 see ee 62 Oa eam 48 350 53 6.5 38, 530 4, 710 45580) se Soe s 4, 800 
863 7 Ry i eee 0 35sec - ey ee . 62 24 sear aoe 96 350 51 O53 a L460 cA S20 AG KO yo eno 4, 530 
864 232))\ Jose 4 C61 Pee ae eg Fo ae . 62 2435 oae 192 BHO eee le Ba2nie 78) 770) | TAs 260M oS O00" |e aes 4, 310 

1 Standard Ottawa sand cylinders. 
2 For all series cured in steam at 230° or 235° F. the gauge pressure was 6.1 Ibs. per sq. in. 
3 For all series cured in steam at 260° F. the gauge pressure was 20.7 lbs. per sq. in. 
4 For all series cured in steam at 285° F. the gauge pressure was 38.5 lbs. per sq. in. 
5 For all series cured in steam at 315° F. the gauge pressure was 68.7 lbs. per sq. in. 
6 For all series cured in steam at 350° F. the gauge pressure was 119.8 lbs. per sq. in. 
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TaBLE 2.—Record of tests of 2 by 4 inch concrete cylinders exposed to the action of sulphate water of Medicine Lake, S. Dak., and 
parallel tests of cylinders stored in tap water in laboratory tanks—Continued 

PART 2.—PORTLAND CEMENTS FROM DIFFERENT MILLS 

Cement 

Curing method Average cf compression tests 

Tank specimens Lake specimens 

. Absorp- Percent- Percent- coi Comet Wate me | mine n -[Reee eo ea ; Me i Time | ime | 21 days normal normal 

moist | 17. | in air pe rcnets strength 
closet 7 days |28 days} 1 year |5 years| 1 year ere 3 years | 5 years aa 

by tank by tank 
speci- speci- 

mens at mens at 
1 year 5 years 

Lbs. per| Lbs. per| Lbs. per|Lbs. per| Lbs. per Lbs. per, Lbs. per 
Hours| Days | Days |Per cent| sq. in. | sq. in. | sq. in. | sq. in. | sq. in. SQ dia SQ. stds 

172 24 20 35 5.6 | 2,870} 4,190 | 5,300) 5,400] 4,370 
177 24 20 85 5.9 2,520 | 4, 200 4, 930 6,120 | 3,670 
256 24 20 35 5.8 |- 2,780 | 3,950] 5.200} 6,520] 1,480 
391 24 20 35 6.3 | 3,180 | 4,890] 6,060} 6,480} 2,480 
434 24 20 35 6. 4 2, 590 4, 030 5, 050 5, 830 4, 870 
554 24 20 35 6.3 3,970 | 4, 760 0, O80! Roa aaee 3, 5380 
583 24 20 35 6.3 3,810 | 4,950 G5 4205 eae ee 3, 650 
640 24 20 35 ORODIayOs O20 | Anat OS) on SOO Meee 4, 630 
715 24 20 35 By 6) | y O80) ||) Opel OO 0) 420 Hee e cee 4, 550 
rial 24 20 35 5.9 | 3,450 | 4,440} 5,870 |_.._-_.- 0 
776 24 20 35 6.2 | 38,400] 4,420 G 4800 2* Seo 0 
801 24 20 35 5.8 3, 740 6, 260 OOO Monee 2, 820 
806 24 20 3) 5.8 8,450 | 4, 620 CO ,alLOp eee 1, 620 
811 24 20 35 5.5 8, 620 4, 930 (aists toi) | eae = 5 0 
822 24 20 35 5.3 3, 220 65 230i en Gorton eee ee 3, 800 
830 24 20 35 5.9 3, 230 4,720 (ahyoelO ies Ge 3, 950 
840 24 20 35 5.8 8,810 | 5,050 65010) |e 3, 060 
855 24 20 85 Bide | mOy C40) (MOvOLO! | © Oy 640 Eevee 22 4,070 
976 24 20 35 GOP OOM ee 4s G0) oy COUN = eaemen 4, 650 
258 24 20 35 5.8 2,960 | 3, 790 4, 580 5, 780 800 
655 24 20 35 6. 4 3, 670 5, 070 Op S00, jeeeon es 2, 870 
665 24 20)! eee 5.9 3, 500 5, 020 ON S20 sere ee 3, 860 
670 24 200 | sae 6.2 3, 550 5, 470 Vi ke eee te 3, 050 
675 24 20 35 6.8 3, 490 5, 320 (ahs P50) | ee pee ee 3, 870 
690 24 OD ee eer ae 6.4 2, 830 4, 580 BRaGOL Oe eer a 3, 810 
695 24 20 35 6.8 2, 960 4, 340 Grol Ome 4, 210 
699 24 20 35 5.8 3, 660 5, 580 CR250) Wet oes 3, 1380 
709 24 (| eee 5.8 4,020 | 4,910 GR O40 phere ee 2, 930 
730 24 20) eae BAG mess 400N M4: GLO INeOs 780: |see mene 2, 580 
735 24 20 85 5.6 3, 820 4, 660 4 o0 meee 5, 360 
750 24 20) ce. = 5.9 38, 810 5, 340 540) eae 1,790 
755 24 20 35 5.7 3, 500 5, 190 5 Go0) (nan sees 5, 480 
464 24 20 35 5.8 3, 740 5, 010 7, 070 5, 940 5, 950 
465 24 20 35 6.5 3, 660 4, 920 6, 910 6, 070 4, 850 
466 24 20 85 5.7 3, 810 5, 020 5, 860 5, 790 3, 960 
257 24 20 35 5.8 2,720 | 4, 290 5, 490 6, 440 3, 190 
657 24 20 35 6.5 4, 080 4, 560 4920" eee See 0 
667 24 20) ||P 6.0] 38,450 4, 570 OF 2805 es atte e 790 
672 24 20 \so ee GLO op OO wis 220) |e Oy OC Ol eee eee 1, 880 
677 24 20 35 559) (Ges 67054460) 56; 07 One ae ae 1, 630 
692 24 201 |e BAOUl By 70M mnOsib20) |p 16, 700) [aan eee 680 
697 24 20 35 5.9 3, 970 5, 440 5, O20n Eee soe 1, 670 
700 24 20 35 Be S: [39501 = 5, cO0nle (6, 100s} 2c == ak 1, 830 
710 24 2) eae SsGui es 090) leetensO0) |) 105 260 toeeee ee 1, 940 
731 24 20) || eee DaCalpo OOO) (mee 40000) le 0; 400! |beoeee 810 
736 24 20 35 58) | o, O801|5 0,080; 165.5), 080) (fe eee 2 2, 620 
751 24 Us (pee 5.8 4, 200 5, 580 6,000) Baers 2, 310 
756 24 20 35 Dees OO ON Me Dal 40) e Oe S005 a-eerea 4, 420 
369 24 20 35 6.1 | 38,590} 4,370] 6,110] 6,650] 4,470 
703 24 20 35 6st 450i 55610) 7.040) 6, 240 
713 24 Bi a lee) eh || 2,5) MG RBHO) Rae SOEs 5, 800 
734 24 PAN eee 6.0°| 4,040-| 5,580] 65,940 |-------- 6, 230 
739 24 20 35 5.8 8,620 | 5,220 by 1k 0} eee 6, 930 
754 24 DOieaeeae Ro ules eOSOnImeSA0DOn|G,07 70) | seers 5, 950 
759 24 20 30) Oxi 3, 840 Vsti |) hPa SS eee 6, 040 
761 24 20 35 6.0 4,160 | 4,830 UO UM Bee 6, 900 
372 24 20 35 6.4 8,120 | 4,440 5, 720 7,350 | 4, €00 
658 24 20 35 6.5 3, 990 5,170 GC. 200s fee 5, 490 
668 24 20; |e eee GAOl os 400 62240) 1b, O80n|2e >= -e 5, 790 
673 24 20 n\ see 6.0] 4,260 5, 340 6) 800) |Ganece= 5, 830 
678 24 20 35 6.9 | 3,770 5, 580 On2 (ON Eseee one 5, 640 
693 24 20 is|aaaeaas 6.2 3,280 | 5,370 6) (4 0b ees 5, 460 
698 24 20 35 Gezales 400) |e 478080 6s 350) (ease seen 6, 580 
373 , 24 20 35 6.1 4,220 | 4,970 7, 050 6,520 | 3,400 
364 r 24 20 35 5.8 | 38,340] 4,770] 7,320 | 7,540] 2,910 
404 TOSHIMEOTEAndis s eeneee oases ee eee ~62 24 20 35 6.0 | 3,010 | 4,380] 5,470] 6,310] 3,160 
413 (ObiReor land O22 = eee ee ee - 62 24 20 35 5.7 3,520 | 5,390 6, 500 6,350 | 4,300 
401 NOOM Me Onbland Que: Sows sees ee ee . 62 24 20 35 6.4] 2,900] 4,310] 5,110] 5,960 0 
SLUMS eou ee Orland, Do. ete es eee eee eens . 64 24 20 35 6.1] 3,730} 5,040] 6,540] 6,700 810 
371 Va Tete hate Se Se 8 ee ee See . 64 24 20 35 6.8 3,690 | 5,000 5, 770 6, 230 3, 170 
260 S4g ee ortian gd Ge esas 2 a ee eee . 66 24 20 35 6.1} 3,340] 4,540] 5,980} 6,850] 5,090 
367 | 82,95 Od 24 20 35 6n8) 3, 220) 124.820! | 6,270) = 7.780) | 4,790 
654 155 . 66 24 20 35 6.6 3,580 | 5,150 Cn 220 ier cee 5,910 
664 155 . 66 24 20) | bere Ge bal eros 2208 4800) | 6 16,000h|— = oaaee = 6, 250 
669 160 . 66 24 20 jenn 6.8 On LOOs ed, 180) 6, 90012 se sas 6, 190 
674 160 . 66 24 20 35 6; Su leoy 430) ie 6,480. |) 7,080) 2252-22 5, 610 
689 165 . 66 24 20) | eee 6x32 3.200) 1826, 600i). 7890!|22----- = 5, 670 
694 165 . 66 24 20 35 Gabi d, 460. | 5;.0205)) 65780) |a2=--- a 5, 910 Sig | ees 400d seem wee eee cee 
365 83 . 62 24 20 35 6.1 8,940 | 4,770 6, 280 7,250 | 3, 680 59 290 5 eee 
656 157 . 62 24 20 35 6.5U 1 Se 2s0h ii 6, 090)5|5,.670) |22—- 4, 510 80 0 OF eee 
666 157 . 62 24 20) |peeee GIO O20nIF cb, 120" |e O04 0) eee se 5, 490 82 0 CO ee 
671 162 . 62 24 20) see By Zi eo SSO |e 4,690 | 6,260 Jeo an 5, 550 SO) a4: 140! |e on (Se ee ee 
676 162 . 62 24 20 35 6.5 3, 330) || 4,490} 6,830 j-s-_---- 5, 870 101 3;,900' [Sek oes UES eee 
691 167 - 62 24 20)\|Seueee. GLO? 360) 135260)!" 0). 04002 -o == 4, 150 82 610 (i) eee Se 
696 167 . 62 24 20 35 GGaims.080) 45/0703) 0; OL ONE 2 ee 5, 490 LOO ie 29:20) en ee eer ai 
259 33 . 59 24 20 85 5.4 | 3,340] 4,780] 5,900] 6,230] 1,590 27 0 a Sa 
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Taste 2.—Record of tests of 2 by 4 inch concrete cylinders exposed to the action of sulphate water of Medicine Lake, S. Dak., and 
parallel tests of cylinders stored in tap water in laboratory tanks—Continued 

ParT 2.—PORTLAND CEMENTS FROM DIFFERENT MILLS—Continued 

Curing method Average of compression tests 

Tank specimens Lake specimens 

Cement} i Percent- Percent- 
Series | labor- Water! _. Be eee age of a ie N ee Cement Time | mn: tion at 

0. atory ratio a Time Time | 21 days normal normal 
No. | ioist in in ale strength strength 

closet water 7 days | 28 days| 1 year | 5 years| 1 year ey 3 years | 5 years pera 

| by tank by tank 
speci- ; speci- 

| mens at mens at 
1 year 5 years 

| 

Lbs. per, Lbs. per| Lbs. per| Lbs. per| Lbs. per Lbs. per| Lbs. per 
} Hours| Days | Days |Per cent\ sq. in. | sq. in. | sq. in. | sq. in. | sq. in. iy ats | Ss Ger 

368 S504 i Port lama io s- -ge eee eae 2 Serene ae 0. 64 24 20 35 6.4 3, 390 4,130 | 5,730 6, 770 2, 980 52 0 01 Beaeaeees 
701 Li2aleoee (5 CE eye Ae Dig Ro 2 es n62 24 20 35 Grillnee4s 04. One; COO MnO; 7.0) a aera 5, 750 O38 "2.1 70a ee eee ee 
711 iy 7a CORES oe ee Bess . 62 24 3 UN ee oe 5.8 3, 950 5, 380 0.0500) aero 4, 980 71 2,070) |p 2eeeee eee 
732 ASO -Bortlandsl a. Bo: os ee Eas . 62 24 20 9 eee oe 5.9 3, 780 554.00)" 6; 6200 eee =e 4, 750 72 0 ON Cece s 2a 
737 180) [Sees GOs Pare OR ee eee . 62 24 20 35 GE) | BIO eI Mey GeO) aa 4, 760 S5r 1100) es eee 
752 Tey | PS One eee Ned Re a NESS . 62 24 20ile: aoe 558 sl 4e390) |e 90 nO. O90 eaemeae 3, 850 63 0 CO aa 
757 185 esos Co loeb ey pee aes Ses ta . 62 24 20 35 at, 4 O80N i ro,0800)— Cal O0 see aeeree 4, 860 792 23400! eee | eres 
763 196 | Portland BB . 62 24 20 35 629) 945.0300 o; 060) G00 =aeeee=e 2, 830 AAS oe eee ees 
361 SO), Portland Ss Steen eee ee . 62 24 20 35 6.3 | 2,870} 4,320 | 6,350] 5,730 0; Bae wees 0 0) | ae 
769 DOLE OLN QNGENS oes) ee 2 eee oe ee 702 24 20 35 6.3 3,050 | 4,960 | 6,440 |-_------ 4, 440 69) S222 2 2522. 222 eee 
576 TSS a PRortlan dears eee asm eee . 62 24 20 35 620)" 3: 460! £48207) eroe50N eee see 38, 440 59 0 en ge 
765 | 197 FO eee ee ee ee - 60 24 20 85 5.8 | 3,750 5743074, S20ui eee ee OU een ee oe 0 UMP ese a 
402 LOta ortlandikses2 Ss See eee . 62 24 20 30 6.3 3,680 | 4,940 | 6,290 5,900 | 2, 440 39 0 Of | aaa 
415 LO Tee OLtl ant dase eee ae ere . 62 24 20 35 6.5 | 2,830] 4,540 | 5,920] 5,550] 2,940 50 0 (ipa 
§55 T2Su Portland p¥ic teens Bees ees . 64 24 20 35 6.0 SOON) A OCO tO 4S0 nie eee 3, 510 64 0 Oa = aod eS 
557 128th ee oee OSE Sere an eee coe 5 24 20 35 O54) 25760) 2472003456905 eee 1, 800 38 0 0 aes 
313 Otay (ed erey mee AYG BIN Dees Por ee . 60 24 20 35 5.9 3,150 |° 3,950 | 6, 050 5, 680 2, 250 37 0 (UN = See 
S66 aie) OOa mE Ontlan Gd: Geen saan a nee eee . 64 24 20 30 6.0 | 4,050| 4,820] 5,900} 6,690] 1,930 33 0 0a 
577 1345 (2 eee GO Phe eer ee TEES ee ae Oe 24 20 35 GxBil io; 9 LOM Boy OLON| MG. 00 gan 6, 140 OI W8,:840) | Soe ee 
702 73 Whosee CG Cee eae Phe eee PLES St . 62 24 20 35 GEs 3,580 | 5 330 6351 0s |e ee 5, 290 81 3.20 eovoee | ee 
712 oul esas AG- Oe er ew ee ee ot eee ee - 62 24 20) a eee are 3,630 | 4,910 | 6,120 5, 880 96 5, '660"\ occ ee eee eee 
733 | 1 Sih| See GOs sree en eee ee eee cee - 62 24 2OtISe ESeee 6.0 | 4,070 | 5,190} 5,710 6, 040 L061) 45.150 e222 
738 Sie Sees (6 Ros seen Re eS A oe . 62 24 20 35 5.9 | 3,810] 5,080 | 6,290 5, 960 95: Jb; 1701 = eee 
753 TGF PR Ls (OKC eee Ce pe? Se TEE ey 62 24 204 fren 5.9 3,750 | 5,420 | 6,290 5, 890 94 5, 670 sesce es |Eoeeeee s 
758 US6Meeeee dts. eee ee . 62 24 20 35 5.6 | 3,860 | 5,020} 5,930 5, 800 98.7, 200 aoe oea se ee 
363 890 -Portlandt@ eso ae oe ee - 62 24 20 35 5.9 | 4,010 | 5,220} 6,730 670 10 0 QO! eae 
468 PISA Portland. 2. ae eee ae ee eee . 64 24 20 35 6.3 2,140 |} 3,940 | 6,000] 5,260 5, 590 93 5, 580 | 3, 550 67 
767 198m). Portland. © C2 ¥en eee . 62 24 20 35 6.2 3, 440 '; 040) On 000s | Sane 5, 330 80 |cusette\ S222 Soleo 
405 104) Portland :he 2 2a a a ee . 62 24 20 35 6.4 2,940 | 4,380] 5,530] 5,860 280 5 0 OUiuz See 
416 | Osa Portland Wesesce sees seme es . 62 24 20 35 5.8 3,670 | 5,010 6, 510 5, 240 1, 490 23 0 QO. \seezeeeee 
414 1OGal Bortlande Wien 2: 5 ame = Seen are . 62 24 20 35 6.1 | 3,080} 4,410} 6,430] 5,900} 2,490 39 0 Os |e 2oeseaee 
362 onl Portlan Guin see eee ee oe ees - 62 24 20 35 (a9 1h 3,220 |} 4,600 | 6,970] 6,550) 4,000 57 950 0) }eeseee ess 
403 LOZ EOL ULTAC IN 2 eee ee ere ey . 62 24 20 35 5.9 3, 860 5, 640 | 6, 630 5,720 | 4,410 67 1, 860 0) teseeeee ee 
575 1321\Portland’s 2-2 es ee Fe - 62 24 20 35 6.0 | 4,760 5, 16055 1654903 zeae 4, 970 77 2,210 |asens-seleaeoeeeoe 

Part 3—SPECIAL CEMENTS OTHER THAN HIGH ALUMINA 

| | 

573 | 130 Special Be eee eee ae Pep Pes, Tare Wn 0. 62 24 20 35 6.3 4,140 | 4,800 5, 610 
714 175 Special eee ese Eh Ie, AS . 64 24 20 35 5.6 5, 080 6, 040 6, 250 
574 131 Special CPN Se ee eS oes . 62 24 20 35 6.6 3,490 | 4, 580 6, 100 
764 | LOU SD eClal Bik see espe eee eee aoe . 62 24 20 Bo 3.8 4,480 | 5, 280 5, 990 
765 197 Portland YW Nenotie 53)” NT AB! . 60 24 20 35 5.8 3) 000 5,430 | 4,820 
762 200. Special Meee ks 2 ene eee . 62 24 20 So 5.6 | 5,390 | 6,610] 6,660 
763 196 Portland BiB et oe eee . 62 24 20 35 5 2) 4, 030 5, 660 6, 360 
768 | 1103 "eS DOCIAl Geese. see ee epee Mere ee ee B62 24 20 35 5.9 | 2,910] 4,410] 5,930 
769 | 201 Portland X J Sa US EIEN Soe pend . 62 24 20 35 6.3 3,050 | 4, 960 6, 440 

1 467 | Lp erselee (le 8 Se ad Oe ee Se ae 54 24 20 Sais les oes 2,830 | 4,390} 4,820 
. 2719 WE Naseee GOSS Ree ae eee en 44 24 20 35 10. 7 3, 940 5, 200 5, 660 
720-721 | L77 |e dose Sa: . 54 24 20 35 8.0} 3,000 | 4,400} 5,100 

3722 | WATE ers COR eee Eee ee ee ieee . 61 24 20 35 6.6 | 2,690 | 4,020] 4, 220 
; : 723 | LW fete se (oko yaad, both goa eee ah Balen are - 90 24 20 35 8. 2 860 1, 580 2, 230 

se 724 ‘| 177 es GOS. 6S oe Seed ee ee 42 24 20 35 9.5 4, 280 5, 900 6, 680 
725-726) UA Ged See G05 5 Se ae ee ae A ee oe . 61 24 20 35 9.4 2,450 | 4,080] 4, 240 
35727 | iT plicaee = Goss 3 ea) ee ee 70 24 20 85 13.3; 1, 200 2, 370 3, 050 
45728 Wy fh Mees do Ce See ee eee eee Eee eee 1. 08 24 20 35 15.8 320 780 990 

766 | 192 \"Special\ Fi. = ee en ares ee ee . 62 24 20 35 6.0 | 6,360 | 6,480] 7,570 
767 AGES. || Vetosey eval KOKO == oak ee Rn es . 62 24 20 35 6.2) 3,440] 65,540] 6, 650 
760 TOO ES POClali] ota tae le tee er et ee ee oe . 64 24 20 35 4.7 | 4,920) 6,570} 5,780 
761 LO9"(=Portland 1. ee . 62 24. 20 35 6.0 | 4,160] 4,880] 7,560 

243-247 281)" pecial CAN Sasa eee eee ee ee . 62 24 20 35 6.2} 2,910 | 3,770) 5,370 0 
248-250 107) GSpeclal vA\3 ee ee gees ee eo . 63 24 20 35 9.5) 1,480 | 2,780 |) 3,750 00 

556 Loy aS DOCIOL AZEe eee ae ee eee een . 64 24 20 35 6.0 | 3,200] 4,720) 5,950 0 
5565 | 123), Pontlan dey pes Se eee ee eee ee . 64 24 20 35 6.0 | 3 780 | 4,670] 5,480 0 
558 127." pecial :A 22522422 See see eee ane 73 24 20 35 6. 6 2,280 | 4,480 Ory Oe eee 3, 080 58 0 OW nse 

i 557 128 Portland Y (B 24 20 35 6.4 2,760 | 4, 250 AV 69O0RE = ence 1, 800 38 0 0: | Sao 
; 561 127.) SS DOCLAl sAcz sae eae een ears eee . 62 24 7 20 35 0 eS 200)N ae eee 720 vos SOO nae 6, 090 LOG 4.120) | eer a eee ee 
' 560 1284); Portland: Vee eae eee eens . 62 24 7 20 35 SAW Sh Gi Ai ANTON |) Gh aU) |e 5, 270 86/45 0400] =a | eee 
563 | L270) “Special A Dee 20 ses 3 ae A as whl 24 720 35 9.1 2,290 | 4,520 49605 | Sees 3, 960 80 L140. eS ee 
562 | 28h. Portland) y= ee bees eee ay! 24 7 20 35 9, 2 2, 720 4, 290 taht: 9at0h || SME a 38, 920 72 9005). 2s. =2|Seeee ee 

| 

PMix J; 1:88; 4 Mix — 1: 4.70. 7 In damp sand. 
2 Mix — 1: 0.94. 5 Standard Ottawa sand cylinders. 
3 Mix — 1: 2.82. 6 Mix—tI; 2.25. 
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TaBLE 2.—Record of tests of 2 by 4 inch concrete cylinders exposed to the action of sulphate water of Medicine Lake, S. Dak., and 
parallel tests of cylinders stored in tap water in laboratory tanks—Continued 

Part 4,—HIGH ALUMINA CEMENTS 

Curing method i Average of compression tests 

Tank specimens Lake specimens 

B Ab- “ . hs Comment Wa- rine oe Sorp- | Ferent ea 

Series | jabora- Cement ter | Tj ; ti ap abe pid No. r | Time Time| _12 ture Time ion normal normal 
tory No. ratio} in ies, | water |) of jj, | a2 strength strength 

moist] ~ ster| Vapor | water | i. | days | asin- | oor3 as in- 
closet or | vapor 7 days | 28days,| 1 year | 5 years| 1 year | dicated oh 5 years | dicated } 

steam or by years y 

steam tank tank } 
| speci- | speci- 

mens at | mens at 
1 year 5 years 

Per |\Lbs. per|Lbs. per|Lbs. per|Lbs. per| Lbs. per Lbs. per| Lbs. per) 
Hours) Days| Hours| °F, | Days| cent | sq.in. | sq.in. | sq. in. | sq. in. | sq. in. sq. in. | sq. in. | 

137 14 | High alumina A________ O62 24) eee 48| 155} 251 6.2| 3,250) 3,550] 2,880] 2850] 3,400 120} 4,510 | 4, 290 151 
138 Te ees BS aaa Sele ce? eee { Sie \ 25| 62] 3,150] 3,670] 2,860| 2,510] 3,320 pieneet 6.2 4, 960 198 
139 14) ee Osseo om: eee oes. POL eeod eae ee | 72) 155! 24] 6.114 3,160] 3,840] 2,640] 2,460! 3, 790 | Lada e ee 4, 560 185 

140 14 ieee donee see Pega Lea Ni 24 IC tee { 3B] 25 |} 24] 11 2190] 3,800] 2,730] 2570] 3,700] 189 |.__.._- 5,040} 196 
141 Oded 24 de oe { rt me } 24 | 61] 3,360| 3,800] 3,020] 2,700] 3,670 G5 AD ot 4, 920 182 
147 Pall Oz le MA et Ng adlel| «Bad aa 6.3 | 4,560] 4,890) 4,560] 3,460] 5,220 114 116,410 | 4, 460 | 129 
148 GPAs PN eA aa | °25| 7.0 | 5,020] 4.810] 6,310} 8,710] 5,960 112 |16,300| 6, 230 168 
149 62) ee 24 tae 48| 100) 25] 6.5] 5,370] 5,510] 5,240] 2,650] 5,450 104 |15,300 | 5,330 201 
150 Py) “OY M takes ER} | TES DR NGO SERV | EECA) |e ee DB PAD || SO) Ra 14,060 | 3, 690 | 140 
151 eR, A ES 48 | 212] 25] 6.1] 3,300] 3,750] 2,840] 2,660] 3,650 129 |14,110| 4,090 154 
152 620 mero ee) | ee | eee 344] 6.3] 4,570| 5,040] 5,100] 3,780] 5,040 | Ky 6, 240 165 
153 62a ee ody ae) eee eames 56 | 6.5 | 4,830] 4,910) 5,120] 3,690) 6, 280 123 qlee 6, 720 182 
154 62 atone On omeee elke cee 28-| 6.5| 4,760] 4,850} 5,450| 3,380) 5,620 | 035 eee 6, 460 191 
155 625 |e 24 20) (ieee es 14! 6.5| 4,250] 4,960] 4,570] 3,590] 5,770 126 a beee ee 6, 420 179 
156 620g 24 20 alee aliens es een 6.3 | 4,710} 4,860] 4,380] 3,160! 4,960 TRIE ee 4, 390 139 
132 bul ie 24) |e 48| 155| 25] 81] 2,250] 2,910} 2,760] 2,830] 2,790 101 | 12,930 | 2,940 104 

133 G55 lee 3 | gel} 25| 80| 2,280) 2,680] 2,080] 2,690] 2,900 139 |13,140 | 2, 840 106 
134 || ORL 72| 155| 24] 8.0] 2,470] 2,850] 2,440] 2,640] 2,840 116 |13,120] 3,090 | 117 

135 CW ae Pah Sas x nat | 78] 2620) 2960] 2,650] 2,910] 2,590) 98 {12,930 | 3, 340 115 
136 ‘col ay gaa Saeed oe thea MED mek ie ee { 7a eat } “| 7.8| 2,550] 2.930| 2,630] 2,650) 2,580 98 |13,170| 3,030 114 
142 i Re oe Gy. Se Re ee AE | DEG Oye eae Ce ee 8.7 | 2,910] 3,600] 3,590] 2,240] 4,060 113 3, 640 162 
143 141s LoS ere Se Hale VP Lee eee | eRe AE ee | 251 9.3] 4,220] 4,480| 4,220] 2,160] 4,310 102) ee 5, 880 272 
144 143 eee LOWE SA Eee | 563} || EEE 48| 100} 25] 9.1] 4,320] 4,640] 3,750] 1,880] 4,490 ii) eae Be 4, 120 219 
145 dV | ke Ae = 2 ah i ae SER SON ee 48| 155| 25!] 811] 2200) 2,760] 2,780] 2,930] 2,620 Oy oe cee 3, 760 128 
146 1 ee (6a See ee ae S| DAE 48} 212| 25] 7.8] 2,500] 2,870] 2500] 2,400] 3,010 PLO) a a ee 3, 960 165 

208-212 25 | High Alumina B____-__- ail, 22 BOR eocei le te5.| 35: |) 4.9) 6, 700) |! 6, 780 | 6;.260)\ 7,770 | 7,420 118 | 7,240] 8,950 | 115 
2 3276 24 || ied do Aas eee ale 200m aie et Peete 35 | 6.3] 6,210] 7,680| 6,490| 6,390 | 8,000 | 123) 77370 tz, 970i 125 
277-278 Tae do ON hae 24 9 20) eee eae | 35] 83] 5,060] 4,830] 5,110] 3,640] 5,560 | 109 | 5,350] 5,690 156 
24279 Dia eee do iS tiee D4a\ 0 eee eel coe 35 | 10.2] 3,380] 3,090] 3,250] 2,380] 3,730 | 115 | 3,350] 3,830 161 
25 280 Zien do eee ONIN © bee id ee 35 | 11.8] 2,160] 1,920] 1,680] 1,130 700 42 0 (Ol eB 2 8 

3 286 PE has ps do A DEN Ory ERIS Te SS | 35 | 5.1] 7.490] 6,820] 8,080] 8,100] 8, 460 105} 8,080] 8 210 10] 
287-288 2 Tee ae do Bae 4 Ot reamed all eos re 35] 4.9] 7,080| 6,620) 8,160] 6,880] 8, 210 101 | 6,710 | 7,830 | 114 

4 289 20 oe do 6g [ie 2 |e 20 | eee sa 35 | 5.3 | 6,560| 5,680] 6,290] 4,090 | 6,160 98 | 5,460 | 6,310 154 
5 290 PYG eee do CS ("SON ea (ape ee 35! 5.8| 4,640] 4,840| 4,150] 2,520] 5,080 122 4,080| 4,770 189 
396 TADS Ch | ee do 44 | 24 S00 es. Saar en) | 35| 5.6] 5,300] 5,760] 6,110} 4,040] 5,780 95 | 6,040} 5,920 147 
397 CAUSA eee do 53 24 20h bs Same erewe we! 35| 4.9] 6,660] 7,120] 8,100) 7,040 | 7,580 94 | 8,660 | 7,710 110 
398 OTN Eeeee do 59 | 24 20) So eae owe Si 35 | 5.3] 6,890] 7,210] 8,630] 6,280] 7,390 86 | 8,300] 6, 780 | 108 
399 Uy Gh ieee do 73 2A Por 2 0) | 5 Sa ae 35 | 6.3| 5,950] 5,710} 6,440] 3,700] 5,400 84 | 6,690] 5,790 156 
400 ST |e do BS 24 a ee 0 aces eee ee 35 | 7.6| 5,140] 4,230| 3,480| 2,550] 3,790 109 | 2,950} 3,200 125 

6 429 OST memes do SB 5. (ok. 20. 0e ke Se ae 35 | 9.7 | 9,460] 8,420 | 10,440] 6,620] 9,330 89 | 10,160} 8, 510 129 
435 | 70, 71,74 | High alumina B, 5 per 

cent, Portland B, 47.5 
per cent, and Portland 
A, 47.5 per cent__------ o83 || Beane ete 35 | 63] 2,630] 3,880| 5,490] 5,970] 4,100 75 0 Oye eee 

436 | 70,71, 74 | High alumina B, 10 per | 
cent, Portland B, 45 
per cent, and Portland 
A, 40 Der Cont 2. .66 | 24 20) exee ee ge 85 | 6.2! 2,260| 3,760) 4,820] 5,420] 2,720 | 56 0 Oy ae 

437 | 70, 71,74 | High alumina B 20 per 
cent, Portland B, 40 | 
per cent, and Portland | 
mAs 40) DeriCeMbsea eas . 66 24 20) 4] es ae eee 35| 7.0] 1,360] 2,830] 3,640] 3,060] 3,320 91 0 Op eee eee 

438 70,71 | High alumina B_______- MEG || EN OEE ee eens ere 35| 5.8| 7,080] 7,790| 7,820| 6,440] 7, 220 92] 8,130] 7.810 | 121 
252-253 58 | High alumina C_______- ates || PEN yy RT oe 35| 5.41 7,730] 7,230) 7,480] 4,030] 7,010 94 | 7,230] 7,340 182 

5 291 Sal temas (6 (0 icp en ae Ses A 79 24 20 len amen e | eee 85 | 6.5] 4,360} 4,630] 2,910] 2,190} 4,370 150 | 3,330 | 3,410 156 
2254-255 580 See (0. see a ere ee M0.) EI Qe Ee | Sea Se 35| 9.3] 5,010] 4,850) 2,920) 2,020) 4,340 149 | 3,690} 3,170 157 
2 5 292 ifs} | Seas GOSnecs2 cesar ee . 90 24 D1) tle eee 4 ES, 35/1253) 2,130 |) 1,820) 1, 180'|, 1,230 920 81 0 ee 

1 Two-year tests. 2? Standard Ottawa sand cylinders. 3 Mix — 1:2, 4 Mix — 1:4. 5 Mix — 1:5. 6 Neat cement. 
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TaBLeE 2.—Record of tests of 2 by 4 inch concrete cylinders exposed to the action of sulphate water of Medicine Lake, S. Dak., and 
parallel tests of cylinders stored in tap water in laboratory tanks—Continued 

Part 5.—SURFACE TREATMENT OR IMPREGNATION 

Curing method Average of compression tests 

Tank specimens . Lake specimens 

i 

Cement eae Percent- Percent- 
Series | labor- Cement Water Surface treatment aif baars |e i ti ee age of age of 
No. atory ratio or impregnation ta Time |Time at 21 normal normal 

No. moist in in days strength strength 

closet | Water) air 7 days | 28days| 1 year | 5 years) 1 year | 9S !Mdi- | 3 years! 5 years| 8 indi- | cated cated 
by tank by tank 
speci- speci- 

mens at mens at 
1 year 5 years 

Per | Lbs. per| Lbs. per| Lbs. per| Lbs. per Lbs. per Lbs. per Lbs. per 
Hours| Days | Days| cent | sq. in. | sq. in. | sq. in. | sq. in. | sq. in. sq. in. | sq. in. 

374 74 | 14 Portland A, | 0.62 | Inertol, first coat at 22 24) 20 BOW POAT jmbe, DS0 Wes, OTN nano ZOnin 1G. 200Nmebss oO. 97 | 3,310 | 5,320 86 
¥% Portland days, second at 26 

epee e% ays. 
1375 (E Sizne Ole eee SOS sO doe eee ee ese 24 20 35 | 10.5 1, 430 2,790 | 3,640 | 3,740) 2,970 82 0 0 
391 | (eee GdOrsesee a= +621 No treatment: 2-22-52--- 24 20 35 | 6.3 3,130 | 4,890] 6,060 | 6,430 | 2,480 41 0 Opies. eee 

549 120 Meee QOl sneer .62 | Notreatment. Dipped 24 20 Boy || Maetetll SAN CherW QUE GRD ee 1, 620 25 0 O'\Gesseeeee 
in boiling water 4% 
minute at 28 days and | 
4 minute at 31 days. 

550 1 2O ewe Cossseeeaete .62 | Boiled linseed oil at 70° 24 20 35. ie.6..80) 3,040) 5245960!) 16,040 ees =e ce 5, 520 91 5-220) lat otoe os | ea eeeeene 
| F., dipped 44 minute | 

at 28 days. ; 
551 29h ceed GQO-ce ees .62 | Boiled linseed oil at 70° DAS a 620) SOM Oe S MiEEO, (30 i Os 2O0 lem o, 020 5 aaa mee 5, 730 1045.5; 660422 oe eee 

F., dipped 44 minute | 
at 28 days and \% 
minute at 31 days. 

552 NOE Fy eek 8 dOz2e2 shee . 62 | Boiled linseed oil at 225° 24 20 35) 0s. land; 430) ee, GOON 25707 Oeeeeoes 5, 330 89)'| 75526022 eee se ee eee 
F., dipped 144 minute 
at 28 days. — 

553 129 "\seees G0iaeecs eee . 62 | Boiled linseed oil at 225° 24 20 350})  OaSe) 9 o;)( DON) 14000) O70L Olle aseeee 5, 650 1037 |eab; 05012 a2 eee ees 
F., dipped 14 minute 
at 28 days and \% 
minute at 31 days. 

§54 129. 9t eee G02 oseee ae .64 | No treatment ____-__.-_- 24 20 35 | 6.3 SOCOM 41 O0in| emo; OS(s | eee ee 3, 530 | 59 0 0 
934 DY VS Oe ae a Goveweesse: .62 | MeEverlast ‘Special | 24 |_.__.- 55 | 4.0} 4,370 6;:270 | 16,1030);)222 22455 5, 610 | 93 ace ce Soo eee eee 

| Paving Coating,’”’ one ; : 
| brush coat at 24 hours. | 

935 DAB ences fee ee .62 | McEverlast ‘Special 24 20 35.| 6.8 | 4,340 | 5,640] 5,440 |--_...-- 5, 710 105 42255 Soca See as eee 
Paving Coating,’’ one 
brush coat at 21 days. 

976 237) lean (6 a ee arog es 4 .62 | No treatment_-..-----.-- 24 20 30m On 0m| nd, £00 Nine. 000 nme, nz 00m eee eee 4, 650 Bl sse2e2. Seen e |r 
977 VEYA |e does .62 | McEverlast ‘‘ Penetra- DAG Se eee BD |e 2eT e2 S90 N) 4, LOO a) monOOO maaan 4,710 S38 asses Oe eee 

tion,’’ one brush coat | | 
at 24 hours, followed | 
by one brush coat, 
‘‘Concrete Cover 

| Coat” at 48 hours. | 
978 23, Up eae: dot 2eee ea .62 | McEverlast ‘‘ Penetra- 24 20 BO QL Ne 35670184; GOO neo, c40Mleosece es | 5,550 OT Nes Seo a 

| tion,’”’ one brush coat 
at 21 days followed by f 
one brush coat, ‘‘ Con- 
crete Cover Coat” at 
22 days. 

979 PAY fal aes (6 eee -62 | McEverlast ‘‘ Paving JA |e oe Oba le 4 bled 200m 4s 4100/5620 ll aeeeeee 4, 920 88 uci. 38 
Special,’’ one brush 
coat at 24 hours follow- 
ed by one brush coat 
“Concrete Cover 
Coat”’ at 48 hours. 

980 PRY PN ees 2 (6 Kee ne ae .62 | McEverlast ‘ Paving 24 20 35) 25.0") 8¥410))}) 474505) 5, 780 icone eee 5, 250 OF i233 52 | Sees eee 
Special,” one. brush 
coat at 21 days follow- 
ed by one brush coat 
“Concrete Cover 
Coat”’ at 22 days. 

1293 19a doe ane -64 | No RreOlMOnt sane eas ae 24 20 385 | 9.9 1,420 | 2,240 3,850 | 3,740] 2,140 56 0 0 i 
1 294 LONE Sos (Olay A eee .64 | Sulphur impregnated -_ _- 24 20 35 9.9 13509) 222108) 2351307" 25610 1, 500 48 0 Oi... oeeees 

1 Standard Ottawa sand cylinders. 
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TaBLEe 2.—Record of tests of 2 by 4 inch concrete cylinders exposed to the action of sulphate water of Medicine Lake, S. Dak., and 
parallel tests of cylinders stored in tap water in laboratory tanks—Continued 

Part 6.—ADMIXTURES 

Curing method Average of compression tests 
| 

Tank specimens Lake specimens 

Cement Tem- Ab- P ; iis : ; . sorp- ercent- Percent- 
Beries | Jabor- Cement Water 4 dmixture Time ay ee ce tion age of age of 
No. | atory | ratio | ; i AS 91 normal normal No. | in |water|water| of | Time at 2 nae 

moist] or |vapor|water|inair | days a ate eH beet 
closet Pee Roe papas 7 days days 1 year | 5 years 1 year cated by| years 5 years cated by 

steam tank tank 
speci- | speci- 

mens at mens at 
1 year 5 years 

| Lbs, | Lbs. | Lbs. | Lbs. | Lbs. Lbs. | Lbs. | 
| | Per |. per per per per | per per per 

Hours| Days |Hours| °F. | Days| cent | sq. in.| sq. in. | eq. in. | sq. in. | sq. in. Sq. in. | sq. in. 
182 18 oat 0. 59 INONOs Sesee—c-s=he 24 208 |e ee eee 35 | 6.0 | 2,800 | 4,010 | 5,780 | 5,790 | 4,450 77 {12,100 | Ou ae 

4 Portlan ? | 
183 LSqlesece dome eee: .63 | 3 We cent Alkagel 24 20 Lea eeleoe oe 35 | 5.3 | 2, 260 | 3, 560 | 4,570 | 4,670 | 3, 520 77 | 12, 140 Oy See ere 

184 heh ee (alee pe 60 None, o-oo seal” Dan ne 48 | 155} 35] 6.0) 4,070] 4,530 | 5,100 | 6,110 | 4,240 83 |14,700 | 800 13 
185 AShipeees dot ae= Alé83 les! ae cent Alkagel 4: xe ee 48 | 155 35 | 5.0 | 3,280 | 3,940 | 4,570! 5,050 | 3,300 72 |13, 900 | 1,090 22 

186 reuse. domes» Wes eas fel sane a py i ee dees 48| 100| 35] 5.4| 3,120] 3,730 | 3,820 | 4,420 | 3, 550 93 13,060}  0|--.--.--. 
| 

-554 120" ieee Ose 5b MINIOQNG SS =a meee) = 20 eee see aes Ona Or dhl oxO70NN4,: 10000; 980) |2 sence | 3, 530 59 0) ONGS: Se seee 
581 129) aas oe CO Ko 2 ee ed 62 | 6 a oe barium 24 20 \eteeen eee d SON MONON PONS Use4eOC ON DNS? Om eeeaeee 3, 730 64 0 Onl ee 

chloride. 
682 120 seen Gok so eee .62 | 12 percent barium 24 PLU ie. hes All ce, See 35 | 6.7 | 3,240 | 4,460 | 5,100 |_---__- 4, 420 87 | 2,800 OW Rees 

| | chloride. 
| 

822 PINS) | a GOs as ene VO2MUNONGnaacas oe anes 24 20) ee eenleoee. BOUIN Osont o;f2200\" 5,20) 116) 250) anne e | 3, 800 Gl. ecto: eee SU BE Sn 
823 | 2257 | aaa douascsoses . 62 ae pet cent Barns- 24 201 Sees oe ae 35 | 5.2 | 3,440 | 4, 660 | 7,090 |----.-- 3, 050 ASS aL ek es ch (SBE tg Fe 

all, 
824 225; |kesee dome 22s . 64 ey Der cent Barns- 24 204 set oa eanee. SNP sOs10 25970) 16; 070156, 480) aeeaeae 3, 000 AGE eeeee {ths Rs Ieaisuwnn=- 

all. | 
825 | VINT |S Oi has pees .12 00 per cent Barns- 24 20 ease ee as 35 | 6.0 | 3,060 | 4,490 | 5,350 |----_-- 2,130 | AONE eras Neds Sowers Soe 

all. 
826 DAS | ee es dO see eee .79 yy a cent Barns-| 24 2.0) | eee one Soule OS) enol) leon sO0nl 0) 410) aeees = | 1, 450 | py i De a aes [eet eS kane 

all. 
2981 263) eee dose ae POAuiMN OTe neree arene Eales 27.4] eee eas Oe FN LaMar” A400 7N100) (ae aoe 5, 030 HA || Par eet ee gn 
2982 203), meee Gosia .67 | 4 ee cent Barns- 24 PHI es 2a ala Paya a aye alee D630) Gy GLO ese enee 4, 590 (39) ee ae) [eSeees| bones coe 

all. 
2/9825en | 2630 (eo GO2es ee .69 | 6 per ConviBarns-|e 24a eo 7aleeeee: eee ae O8- larGn ules =e 5,140) 16),050) |e. 2 4, 060 (ieee etl a [hese Smee 

| a f | 

2984 | 203 iee ae CB KGS oe mah ba, LS er cent Barns- 24 Deh see mete | eee ae 285 6rl |eeesea= SOCOM MON 950 aseaes 3, 800 G4 Eero ee ee eee 
| all, | | | 

2985 274 ee ortland) Lae se O44 NON sae o eee eee 24 Taal Seen eee 28 eOrOulose sees SOOO Nera LON eeeenee 7,170 LOO PSN ee eee rele ee 
2 986 Dis Woes One ae .67 | 4 at cent Barns- 24 PY Nees eee a 28) | 620) eae = BRS TOMS 89 On eae 6, 170 TO eee |S ee oe ek eee 

all. 
2 987 Dias leoeee GO seee as oe . 69 | 6 a cent Barns- 24 DX fi ie. oes es 2Srilos Odile leamen D480, CSO0pleees ces 5, 460 is aoe cee eee eee es ee 

all. | 
2988 | 274 Neen (6 (hose ne ill |) 33 pcan. Barns- 24 Qin al: cee 28) 6x3) eee By; SLO) 7, SON ees 6, 610 99) Pose aus (aaa ae ha oe ee 

dall. 
3.989 | Zoom Se Onan Gen whl 50) |INONGs ees eeeeee ae 24 PN se, Sey Rs dea Zone G2 leanne se 4,850 | 5,540) |------- 1, 570 2ST aoe |b eee aL eee 

4 Portland B. | | | 
3.990 263 i 22 downae es | SEP ae Cent: Barns. 227 eee eae hee 2S OSG: lene BOLON| 5,770 one ese 630 1 ee | See i ee 

all. 
3991 20cneosee (LO Pecan -83 | 6 a cent Barns- 24 Te | aera ces PASI aC ho oa LE STHPAO | ola} ee) || Seeae 980 TS a epee eereeiieeae een 

all. | | 
3992 268) bose doewsse 2 84/8 et cent Barns- 24 PY (|e eee a eee 7h Sell aoe? | ae AS66006, 050) eaasees | 570 ORibe eee eee ese So eee 

all. | | 

4993 274 | Portland I__-_-- AS ORMIN ON Gken sae nee cane a 24 PARA hell EES ee Sn a Or Oplecesese Sy OSO N66) 0a seeeeee 3, 970 GLU ee Al nee eee se eee 
3.994 | HEN teens (0 Kop es .82 | 4 he cent Barns- 24 Viel ee ee DSO Ostby ee es =o 4,740 || 6,540. }=----.- | 4, 650 Rta ete Gee Sa Ie ee ar 

all. 
$995 Dye ae dos. s4e= -83 | 6 ie cent Barns- 24 DY (oa NP py patel [RES 28 6 Siless==e= 4,440 | 5,990 |_------ | 4, 850 Slit een2 5 |==s==-5 [enema 

dall. | 
3996 2A Weeee (GB Sere ee 84/8 a cent Barns- 24 27a Se eel ee 28)|) 1616) |E2o-==- 4,500 | 6,010 |------- | 4, 260 (| meter 2) Paid |i sree ae 

| all. | | | 

4997 268 qleyoueontl an die Ace ler O4aiIN| One hee = anes ee alu O40 7 /eeea pase e- 28am Chala s ae S640 ule4, 870s eee = 2, 840 Gis | nee see es” sae 
4% Portland B. | | 

4998 263) jas 55 ore ae .95 | 4 ner cent Barns- 24 Pi i ee Se a Sosa 128 1) S050 asaseee 3, 570 | 4, 640 a2 2--=-) 2, 700 Sassen c ee onerac lb eon ots 
} | —q a i} | 

4999 206)|eoeee doses 96 | 6 Dee cent Barns- 24 OTA eee ee 28 OuOl | aaa = = 45.020 475102 ==-- == 1, 510 onl ae ee ere een 
dall. } | 

41600 263aese oe dO 2 eens .97/ 8 pen cent Barns- 24 DY fel es ee pease 28) POs: |2v sees 8, 610 | 4, 650 |--.---- 830 RCS ae seas eee ee Sam eer 
all. | | | | 

41001 Zea orulands seein aO4 WIN ONO a eases. soos ae 24. PiGNCE Sa a5 2 Bee 28 6.-Sies see Sou O ua SSO is ees | 4, 360 Soul eae }ae Somers eee ae 
41002 Tia dole .95 | 4 lee cent Barns-| 24] 27 |-.---- \eeuae Pel (2 Bae BPI || UY) |e eo ee | 4, 080 | SGrie ea ela ae 22 ies: ee 

. | : | 
41003 CAG TBP eee domee=-ces .96 | 6 per cent Barns- 24 Qh lbee weal. Pees STE On G Hoe ee 3, 560 | 4, 360 |.------ | 3, 950 Ot (Eta abe eal Ae Si 

dall. | ; 
4 1004 Pt: See co Kays, a aS -97 | 8 per cent Barns-| 24 27qleee ee ae es 2870 6.% |ases ss SHOTONP 4a 180) eeee ne | 5, 020 ACOs) |e ee bale tonal eowscece= 

| dall. 

157 18 | 16 Portland A, | 0.74 | 40 per cent blast 24 20 dizeeree ieee ey 6.5 | 2,420 | 3, 960 | 6,030 | 6, 200 | 4, 230 70 |12, 340 | OME a ceee ee 
\ Portland B. furnace slag. | 

158 ISieeee= (Stee .63 | 10 per cent blast 24 20 Geren Eh 35 | 6.0 | 2,880 | 4,180 | 5,440 | 6,260 | 5,170 95 |13, 930 QUieees-s-=5 
furnace slag. | , 

159 AS ieee (5 (eke ape pe .74 | 40 per cent blast | 24 ANT ess ca (i SO One | 2,410 | 4,190 | 5,670 | 5,600 | 5, 560 98 |15, 220 690 12 
furnace slag. 

160 18s ee dome .63 | 10 per cent blast DAs cee 48 | 155 35 | 6.4 | 3,850 | 4,010 5,300 | 4,060 | 4,800 91 |13, 540 ONS oto 
furnace slag. | 

161 1Spnces GOR a sue .74 | 40 per cent blast 24 oe 48 | 155 35 | 6.9 | 3,800 | 4,020 , 5,450 | 5,710 | 4,830 89 |15, 640 | 2, 760 48 
furnace slag. 

172 1S j2a.25 (6 (eee = ee POO iN ONOnwe see eee. 24 20, eee \ ae Soe 35 | 5.6 | 2,870 | 4,190 |5,300 | 5,400 | 4,370 82 |12, 050 OF ae eee 

1 Two-year tests. 
2 Special high silica aggregate, 1:3 Mix. Two by four inch cylinders cured in damp sand. 
3 Special high silica aggregate, 1:2:3 Mix. Two by four inch cylinders cured in damp sand, 
4 Special high silica aggregate, 1:2:4 Mix. Four by eight inch cylinders cured in damp sand. 

ie 
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Taste 2.—Record of tests of 2 by 4 inch concrete cylinders exposed to the action of sulphate water of Medicine Lake, S. Dak., and 
parallel tests of cylinders stored in tap water in laboratory tanks—Continued 

PART 6.—A DMIXTURES—Continued 

Curing method Average of compression tests 

Tank specimens Take specimens 
| | 

oss eva Time Tem ae Eercrts Fer cente 
Series | labor- ater . ; ; : 5 “ age 0 age oO 
No. | atory Cement ratio = auiseure Time} in | Time|pera-|)_._| tion normal normal 

N in |water| in | ture | Time at 21 t h strengtiy 
2 moist} or water| of in air days 28 baie 2 or 3 as nae 

closet eal vapor vee 7 days days 1 year | 5 years} 1 year cated by years 5 years cated by 

tan ank 
speci- speci- 
mens at oe at 
1 year years 

Lbs. | £bs. | Lbs. | Lbs. | Lbs. Lbs. | Lbs. 
Per | per per per per per per per 

Hours| Days |\Hours| °F. | Days| cent | sg. in. | sqg.in |sq. in. | sq. in, | 8g. in. sq. in. | sg.in. 
167 18 | % Portland A, | 0.59 | 4 per cent Cal_.--- 24 D0 lee ee eal ewe eee 5.7 | 3,200 | 4,150 | 4,860 | 5, 600 | 3, 910 80 |11, 380 Ouieeeeee se 

¥6 Portland B. ’ 
168 18 naka iG bese eo -60 | 8 per cent Cal____- 24 20) Saee -s lene 35 | 5.8 | 3,180 | 4,290 | 5,570 | 6,370 | 4,620 83 |13, 690 | 1, 570 
169 iL Sa eee G0 se ee -59 | 4 per cent Cal___-_- 24 20 3| See Coens | 85] 6.8 | 8,250 | 4,280 | 4,550 | 5,580 | 4,800 105 |13, 620 | 1,090 20 
170 13 joe Gosestance = .60 | 8 per cent Cal____- DAT ee eS 48; 155 35 6.0 | 4,990 ; 4,670 | 5,030 ; 5,960 | 5,010 100 |16, 200 ; 5, 540 93 
171 Lee ae Go eea eee .59 | 4 per cent Cal____- DANE aa ae 48 | 155 35 | 6.0 | 4,550 | 4,690 | 5,140 | 5,730 | 4, 980 97 |15, 560 | 4, 690 82. 
172 1S qi eeeeee (oO aeet ue OO) IN OTe see mene DAA eto On eae eee 35 | 5.6 | 2,870 | 4,190 | 5,300 | 5,400 | 4,370 $2 [12,050 Vel ae te 

162 TS eee ee othe Sees . 63 | 4 per cent calcium 24 20h |saeereal see ees ee 5.7 | 2,870 | 4,330 | 5,530 | 5,130 | 3, 910 71 |11, 710 ONE Sea 
chloride. 

163 Sq doe aeesee .79 | 8 per cent calcium 24 PA) Wes | ieee. | 35 | 7.1 | 2,200 | 3,010 | 4,280 | 4,220 | 3, 550 83 |13, 130 | 1, 040 25 
chloride. 

164 1 St aeaes doztsseee™ . 63 | 4 per on calcium 24 QO Gs sawn eee 35 | 5.9 | 2,940 | 4,000 | 5,450 | 5,790 | 5, 050 93 |15, 240 | 2, 200 38. 
chloride. 

165 tS lessee Cli teeaa .79 | 8 De cent calcium Q4NLeee 48 | 155 35 | 7.1 | 8,800 | 3,640 | 4,600 | 4,620 | 3,300 72 |13, 860 | 3,770 82° 
chloride. 

166 18)}| 22225 doses .63 | 4 Dee cent calcium OER os ayae 48 | 155 35 | 5.8 | 4,840 | 4,920 | 4,990 | 5,970 | 4, 460 89 |15, 840 | 4, 990 84 
chloride. 

172 TSidiceses Chik ae aa 24 20 i|S2eee see 35 | 5.6 | 2,870 | 4,190 | 5,300 | 5,400 | 4,370 82 |12, 050 OY | eee 

412 105: ) Portland’Q@2___2 24 D0 ale rece ae ee 35 | 6.4 | 3,530 | 5,050 | 6,670 | 6, 280 | 3, 760 56 0 0; eee 
413 LOG fee dose 24 20 |; | Se 35 | 5.7 | 3,520 | 5,390 | 6,500 | 6,350 | 4,300 66 0 {U4 Seo cole 
583 139 | 46 Portland A, 24 20 psa 2 sae 35 6.3 | 3,810 | 4,950 | 6,420 ;_______ | 3, 650 57 0 0" Rea mee 

46 Portland B. 
634 3 Oi eee domaeee= sees . 64 | 2 per cent Celite_.-_ 24 201 eee 35 6217173, 2600 bn 40 67180 eee eee 5, 290 86 0 WS) chet a ad do 

635-636 139)4)\ cane 2 Comereste 2 5.64: WIN ONG! Aes eae DANE See 48 PAWN 88} 6.3 | 3,960 | 4,330 | 4,250 |_______ 4, 370 J03515;,050;}|/2acae ae eee 
637-638 ASG Nese dos saeeeee .64 | 2percent Celite._.| 24 |______ 48 | 212 Hal) Guzen, L604 47S Mo o00n ease nee 4, 410 83: 1260209) 222 se | pee 

639 13052 ees Ga tees .64 | 2per cent Colloy_.| 24 OT OR gee tat IR ee, 35 | 6.5 | 38,630 | 4,610 | 5,250 |_22-___ 4, 6380 88 0 OR ne ee 
640 139 eee Chee see. | 164 AMNiOnee eee tae es 24 20 5/2 eee | 385 Grae rO20I) 45470 nO) S00) meee 
641 i3Oeeses dos S64 Ue ese GOs ae DY eae ZN) OR EB GRO SHUN eh Gd) || GRO ea 

642-643 Rie eee CO asee sae . 64 | 2 per cent Colloy_- 2a Wiese 2 48 212 53 6.8 | 3,870 | 4,100 | 4,420 |______- 
76 204g Oe aes & e620 INOnei ss. =- sae seen 24 20% ee ee et 35 6.2 | 3,400 | 4,420 | 6,480 |______- 

777 2044S Ss do. aes . 64 | 2 per cent Colloy_- 24 20/3 eee OS Saas 35 6.4 | 3,160 | 4,640 | 5,270 |_______ 
778 20 Ey eee doses .65 | 4 per cent Colloy__| 24 20/5 awe ene See 365i) 6.4 1°83, 200 | 455407 | 6, 110 |e ose 

715 76 eaee GVO Se See eh 62 4\sIN|OT Geen ee ee 24 Py) Oy eee S| 8 eet 35 5, 6 || 3,830) |) 5,100) 674200 ee 
716 AG) San Gots sees . 62 | 0.27 per cent Earth- 24 204) See ee 35) | 5.6) 4,460) 5; 160 15,780 2 es ee 

crete. 
717 7G) eee Ghose se oo. .62 | 1.06 percent Earth-| 24 20 Se |e | Sill Oa Sil roOB0 sol AO MnOng5 Ones | 

crete. 
718 76) ae dom .62 | 0.27per cent Earth-| 24 |______ 48| 155| §3| 8.6 | 5,210 | 8550 | 5,370 |.ace_-- 

| crete. | | 

554 1205 ae Colzae et = 5 G4s | INOnGfteesseee= sees 24 20 ee ered ees | 35] 6.3 | 3,570 | 4,760 | 5,980 |_-_____ 3, 530 59 0 0 Sees 
564-565 120 eee ae doses fas | .62 | 24% Pe cent fuel 24) 20" See any yee 35 GRSueS, OSONOs LOOM EON. Ol) ae aes 2, 840 42 0 On| eee eee 

| ash. 
566 DPD EN Seg (6 oe be ee S| | .64 | 5 per cent fuel ash_ 24 PAVE tree Saale een 35 6.41 3,800 | 4,760 | 5,850) }---2-—- 2, 670 46 0 LO page, =e 

567-568 20 ewes ola ee ia: 67 | 10percentfuelash.| 24 20) aa eee Slee Bon LOGS |) BGO) |) CEO) OR YKI) (ho ee 3, 660 56 0 On hess Sk 

172 1S ee ae dol = | SHY INOW ee eeesa || 20) ates | see 35 | 5.6 | 2,870 | 4,190 | 5,300 | 5,400 | 4,370 82) eae oer Os eee ae 
173 iN Ea 5 dots sa. | .61 | 20 per cent ironite.| 24 209|-2 Se Eee 35 | 5.9 | 2,950 | 3,980 | 4,890 | 5,800 | 5,020 102s eeaeeee 1, 590 27 
174 d Rohn ae 0s sne aie . 59 INO Gl2 sane ese = Paws eee 48 155 35 6.1 | 4,020 | 4,390 | 4,330 | 5,650 | 3,910 90) fare 22 2, 740 48 
175 oa eas G0:244 ee | .61 | 20 per cent ironite_ Pi Ne Se 48 155 35 6.1 | 3,880 | 4,440 | 5,510 | 5,630 | 4, 630 84 ee csees 5, 280 94 
176 LS Ee Pee dol eesce™ S61 ees dos eee 24 le ees 48 100 35 6.1 | 3,680 | 4,220 | 5, 250 | 5,770 | 5, 190 OO tae 5, 020 87 

1141 29 Meee 02s oe OD NON Oss ae eee 24 20! || eee ae eee 35 5.6 | 4,560 | 5, 400 
1142 287) Wiese OKO Eee ae .62 | 1 per cent kerosene 24 20 ete a ee 35 | 5.3 | 3,930 | 5, 760 
1143 | D8 fulaaee ro (e\DM SAS os .62 | 2 per cent kerosene DEN 218 | cadets eee 35 | 5.1 | 3,790 | 5, 740 
1144 Phoy Ne Sel dos ex .62 | 4 per cent kerosene 24 20ers atom 64) 4.4 | 3,800 | 5, 530 
1146 | 28 eee Gio FE ies . 62 | 8 per cent kerosene 24 20) eae See 35 | 4.8 | 3,740 | 4,870 

769 201 Portland X____-_ Pre 62s, Nonest 2-2 mee creas 24 20) |e | eee 35 6.3 | 3,050 | 4,960 | 6,440 |______- 4, 440 69) Cee ee eee ee 
770 ZO ees dora .62 | 2 per cent Medusa 24 20 ales eeee eee 35 5.0 | 3,220 | 4,750 | 5,980 |_-_-__- | 3, 020 Fp I eee ee re 

| Waterproofing. | 
779 201 a2. see lo a ot hj | .62 | 1 per cent Medusa 24 YAO ales eet rok a 85 5.2 | 3,030 | 4,690 | 5,480 |_-____- | 2, 750 LU Peele eee a 

| Waterproofing. | 
780 70 ye ea GOs see | .65 | 4percent Medusa | 24] 20 |______|_..__- 35 4.0) 2, 780 | 4,700) }).5, 840 |_---.-. | 2,190 4] Ves e ees 

Waterproofing, | | 

-2-year tests. 



May, 1931 PUBLIC ROADS 85 

TABLE 2.—Record of tests of 2 by 4 inch concrete cylinders exposed to the action of sulphate water of Medicine Lake, S. Dak., and 
parallel tests of cylinders stored in tap water in laboratory tanks—Continued 

Part 6.—ADMIXTURES—Continued 

Curing method Average of compression tests 

a ae 2 | x ' - 
| Tank specimens | Lake specimens 

| Abe | | lien 
Cement ; | Percent- | Percent Seri ] = W. Time Tem- Sorp- | | Percent- 

No. nye Cement a Admuxture Time| in | Timel pera- tion | age of, | _age of 
No: | in |water| in | ture | Time) at 21 | | aon ae 

| moist} or |water of |inair| days 53 | a Sndie eee Se nais 
closet aaLe vapor if Ted 7 days days 1 year | 5 years| 1 year cated by years 5 years) Gated by 

ank tank 
speci- | speci- 

| | mens at | mens at 
F | | 1 year 5 years 

Lbs, | Lbs. | Lbs. | Lbs. | Los. Lbs. | Lbs. | 
Per | per per per per per per per 

Hours| Days |Hours| °F, | Days| cent | sq. in. | sq.in. | sqg.in.| sq.in. | sq, in. Sq. in. | sg.in. 

1146 | 287 | 4 Portland A, | 0.62 | None__.......-..-- AG ge is Se a 35,| 5.8] 4,280 | 5, 960 |....2..].5..-.. cee eee ee See | eee eee ee 
4% Portland B. H 

1147 287 \eeeee doses .62 | 1 per cent oil______ 24 DON ace | eee 35 DSM ea OSUNTOsO0 eaeeeenl Lae. ae ee al ee ee a ae ee eck 
1148 28 7a Che eee . 62 | 2 per cent oil_.___- 24 PU Snemalp sacs Sone 24 gies 400 aos 000 Ms aa eeeel (Seems Sel eee nace (AEE eer ee ea) oe oa Agee ie [Pee es 
1149 2 IB ieee doses .62 | 4 per cent oil_____- 24 OY ee (aoe Salem OM 1 SOnmosool eee ee 3 eee Se, SMS A ae aig aa ee 
1150 PAY fal eae at doa .62 | 8 per cent oil_._.-- 24 200 pe aase [Pees 35 SPtsia By ote Oui SOA) eee Ee ee SSNS eee ay a ae ee ee | ee ee 

771 204 |_---- cles. Songer P62 NOnGmen se 2 Dd nt 20 Ween Ke ea 35 | 5.9 | 3,450 | 4,440 | 5,870 |_-____- ee Olleate...-t 0 Our ces 
772 204s Om eee AGiS || Shu gece ecauy | Peet soy) PRON) Sales 35 | 6.1 3,510 | 4,480 | 6,010 |_-_____ (|i alee 0 | (iyi eae SL 

Omicron. | | 
773 204 |-..-. d0zse==-e ee .69 | 7.5 per cent Omi- 24 PAU pam Scam Pees Sn OOo 2400 4. (L0 a) Ono TO Me cane se | 10g) Pee ee 0 0) 2. ae 

cron, | | 
774 204A ees 0s. . 74 | 15.0 per cent 24 204 kee ees ee = 35 7.6 | 3,430 | 4,360 | 5,510 |_-..__- | 3, 440 62) Gee ae ale eee 

Omicron. | 
775 2040 eee doe a ESGnlUs0.0Nm per cel 24) | 20 |eaeeee eee 35 | 9.9 | 3,050 | 4, 220 | 4,980 |_-____- 4, 430 30) ea | ae 

Omicron. | 

§ 293 Oh poe dome eee sli || INOW So 4 #1201 ee ee |e 35 | 9.9 | 1,420 | 2,240 | 3,850 | 3,740 | 2,140 56 0 | Oued 
5 295 LO eee Cowes saat -67 | 10percentsulphur-) 24 20)3 | eee ee 35 || 9.7 | 1, 160") 1, 250 || 1,810 | 2, 610 COS Sa. ae 0 Oe ee a ee 
391 (Ee eee done asas - 62 ONOr ses aa. eee 24 20 Rees eee 35 | 6.3 | 3,180 | 4,890 | 6,060 | 6,430 | 2,480 41 0 (| ee aes ee 
392 fF eee dOm=tae ens . 76 | 33 per cent Trass-- 24 2022-2222 ee 35 | 7.3 | 2,710 | 3,830 | 5,790 | 5,620 | 5,040 87 | 2,810 | 1,750 31 

6 392a (ee Chk ee a rey | pes (0 eee gees 24 P41 To (Ea a ek Boe 35 7.1 | 2,430 | 3,450 | 5,260 | 5,540 | 4,170 79 | 2,060 | 1,300 23 
393 TN es Ge ee -93 | 66 per cent Trass_- 24 7A ieee eam 35 9.1 | 1,930 | 3,350 |! 4,600 | 5,100 | 4,400 96 , 3,510 | 2,140 42 

7 393a 4a eee done. 32 LOO WEeeedO ee ccsat cease 24 Z_AYN ees el tee a 35 8.4 | 1,440 | 2,670 | 4,270 | 4,740 | 3,660 86 | 2,650 | 1,830 39 
394 86 | Portland I__-.-- .78 | 33 per cent Trass..| 24] 20 |_____-|_-___- 35 | 6.8 | 3,330 | 4,690 | 6,620 | 7,180 | 5,300 80 | 2,940 | 1, 260 18 

6 3944) SGiles2ee (OS eee Otel eas Ole eae ae 24 7A) eater Ie eee 35 | 6.7 | 3,000 | 3,850 | 6,170 | 5,410 | 4, 140 67 | 1,080 (Ns [Bee Se 
395 SG. eee (6 ho ae ee Sees -95 | 66 per cent Trass.._ 24 PAV ie ee eee 35 7.6 | 2,710 | 3,770 | 6,060 | 4,970 | 4,300 71 | 2,570 | 2,110 42 

7 395a) SOU dot 2 2 BU On eee Olveeeaseesee = 24 20R Sees ew ee 35 | 7.3 | 2,280 | 3,380 | 4,090 | 4,990 | 3, 810 93 | 1,140 | 1,620 32 

554 129 | % Portland A, 304 INOUGs access ceseas 24 PAU | Spe ae a ees 35 || 6.3 || 3,570 | 4,760 | 5,980) |----_-- 8, 530 59 0 (gl See ee 
¥% Portland B. 

578 A 30) (ees (fe yiks ee ss oe .62 | 1 percent Truscon_ 24 20 eee ss pees, 3047 993,300" (45,700) 175,320) 2-2 === 38, 750 70 0 | Onissee see 
579 207) | Bee dole .62 | 2per cent Truscon_ 24 Z0 ee eae ace DOM 4s La leolo One O80 mn, O80 Mena n=a~ 3, 280 66 0 | (| ee ee, 
580 20 yes dos .62 ) 4percent Truscon_ 24 20 eo Va cate 35 Saif aluopO2Oul! 3, 90 1p 4080! leaeae <= 2, 420 52 0 Ll eae oe 

177 LSyiesece Goes <2 ate- OOM INONCs aetaea aaa ee 24 PANN be ten ae a So 35 | 5.9 | 2,520 | 4,200 | 4,930 | 6,120 | 3,670 74 |11, 910 } Oy |SasS2ee5 
178 1S 2osec doses sess . 74 | 20 per ene vol- 24 vt ena Eo 35 | 6.8 | 1,900 | 3,210 | 5,450 | 5,670 | 2, 960 54 |11, 970 ON e.ese55 

canic ash. 
179 Seon oe GOs ceacese MOON MNONG seer sea ees 24) | Sees 48 | 155 35 | 5.8 | 4,110 | 4,510 | 5,210 | 6,460 | 3, 820 73 |12, 380 | 1, 750 27 
180 LS geo Oli ee eee . 74 | 20 per Ge vol- PA ieee 48 155 35 7.6 | 3,240 | 3,340 | 4,440 | 5, 560 | 3,600 81 |14, 510 | 1, 760 32 

canic ash. 
181 187 ees GO! eo eaan a= 74|bosss GOS See eee 245 2 eee 48 100 35 7.3 | 2,710 | 2,820 | 5,130 | 5,670 | 4,290 84 |13, 590 | 2,430 34 

12-year tests. 5 Standard Ottawa sand cylinders. 6 Mix 1:4, 7 Mix 1: 5. 
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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 Department’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 of 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. Highway Bonds. 20c. 

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

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

*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 265c. , 

*§660D. Highway Cost Keeping. 10c. 

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-Build- 
ing Rock. 

SEPARATE REPRINTS FROM THE YEARBOOK 

No. *914Y. Highways and Highway Transportation. 

937Y. Miscellaneous Agricultural Statistics. 

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

ZoCe 

Skill and 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio. (1927) 

Report of a Survey of Transportation on the State Highways of 
Vermont. (1927) 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. (1927) 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio. (1928) 

Report of a Survey of Transportation on the State Highways of 
Pennsylvania. (1928) 

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. 

Relation Between Properties of Hard- 
ness and Toughness of Road-Building 
Rock. 

. 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. 

. 10, D-15. Tests of a Large-Sized Reinforced-Con- 
erete Slab Subjected to Eccentric 
Concentrated Loads. 

Vol. Ab Bt 

*Department supply exhausted. 
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