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COOPERATIVE SURVEY OF CORRUGATED METAL 
CULVERTS ON THE AUSTIN-SAN ANTONIO POST 
ROAD 

Reported by E. F. KELLEY, Chief, Division of Tests, U. S. Bureau of Public Roads 

HE corrugated metal pipe culverts included in this 
inspection were installed in the spring and summer 
of 1915 on the Austin-San Antonio Post Road 

(now U.S. Route 81) in Comal and Hays Counties, 
Tex. The installations were made as an experiment 
for the purpose of comparing, under the conditions 
prevailing in this locality, the behavior of different 
base metals used in the construction of corrugated 
sheet metal culverts. 

From time to time during the ensuing years inspec- 
tions have been made by representatives of the Bureau 
of Public Roads, the last one prior to this survey having 
been made in 1926. A number of inspections have 
also been made by representatives of other interested 
organizations. 

From the beginning a very considerable interest has 
been manifested in this experimental culvert installa- 
tion. This has been due to the desire for information 
regarding the relative merits of the base metals used 
in corrugated culverts, coupled with the fact that this 
project is unique in having a fairly complete history, 
and includes a number of base metals of known com- 
position and age. 

The only previous published report on this project 
was issued in 1918.' This report gives a general de- 
scription of the installation, analyses of the base metals, 
and the results of a condition survey made in March, 
1917. Since this survey was made when the culverts had 
been in place less than two years, deterioration had not 
progressed sufficiently to be significant. Although no 
other official report has ever been released, conflicting 
reports regarding the relative merits of the different 
base metals, as evidenced by these culverts, have been 
current. 

NEED FOR CAREFUL SURVEY REALIZED 

This situation led to the decision in 1929, when the 
culverts had been in service for 14 years, to make a 
careful examination which would definitely determine 
the facts regarding their condition. The need for such 
a survey was further emphasized by the fact that in 
the reports of all previous inspections made by the 
bureau and, so far as is known, in those of other organi- 
zations, the condition of the metal was described in 
general terms and did not make it possible to make 
direct and adequate comparisons of the behavior of 
the different culverts. It was realized that the applica- 
tion, in the proposed survey, of a rating schedule of 
condition, similar in principle to those developed by the 
Highway "Research Board and several State highway 
departments, would obviate this difficulty and make 
possible a direct comparison of culvert behavior. 

The rating of the condition of the metal in culverts 
fabricated from corrugated sheets has been developed 
to the point where, with the use of a suitable rating 
schedule, fairly accurate and comparable results may 
be expected. However, ratings depend on _ visual 
inspection and on the identification of certain rather 

1U. 8, Department of Agriculture Bulletin No. 586, pp. 27-30. 

19109—30 

definite stages in the life of the metal. The results, 
therefore, are subject to personal errors of observation 
and to a certain extent are influenced by personal 
opinion. 

COMMITTEE OF 10 ORGANIZED TO CONDUCT INSPECTION AND 
SURVEY 

This situation made it apparent that the accuracy of 
any report or conclusions based on the observations 
of an individual might be questioned. On the other 
hand, a report based on the findings of a number of 
observers, provided their ratings showed a reasonable 
degree of uniformity, would not be open to the suspicion 
of ‘personal error or personal bias. It was decided to 
organize a group of representative engineers who would 
cooperate in the inspection and rating of the culverts 
and whose observations would be the basis of a report 
on the present condition of the various metals involved, 
with the exception of Mr. P. H. Everett, who died on 
May 24, 1930. 

A group of 10 observers * was organized and the 
inspection on which this report is based was made in 
November, 1929.2 The report has been reviewed and 
approved by each of these observers. 

PROJECT DESCRIBED 

The metal culverts in this project were installed 
during the spring and summer of 1915 on the Post 
Road between Austin and San Antonio. They were dis- 
tributed over a distance of approximately 34 miles from 
a pomt about 4 miles north of San Marcos (1 mile 
south of the Blanco River) to a point about 12 miles 
south of New Braunfels. The general direction of the 
road is from northeast to southwest with numerous 
sections which do not follow this general direction. 
For the purpose of this report the road is considered 
to run from north to south, the directions to the right 
and left, when facing toward Austin, being considered 
as east and west, respectively. 

Originally the installation included 3 galvanized 
pipes and 3 black (ungalvanized) pipes of each of 

different metals making a total of 30 pipes. All 
pipes were 24 inches in diameter and of 14-gage (U.S 
Standard) metal. These pipes were installed in 19 
culvert structures, each having from one to four lines 

2 The engineers who cooperated in making this survey and who, with the exception 
of Mr. Everett, have reviewed and approved this report, are as follows: R. W. Crum, 
director, Highway Research Board; J. B. Early, maintenance engineer, State High- 
way Department of Texas; G. G. Edwards, construction engineer, State Highway 
Department of Texas; J. D. Waldrop, State highway engineer, North Carolina State 
Highway Commission; S. B. Slack, bridge engineer, State Highway Board of Georgia; 
D. D. McGuire, engineer of tests, Tennessee Department of Highways and Public 
Works (since Apr. 1, 1930, division engineer, National Sand and Gravel Association, 
St. Louis); H. 8. Gillette, inateriais engineer, district 6, Bureau of Public Roads; 
C. T. Nitteberg, highway bridge engineer, district 6, Bureau of Public Roads; the 
late P. H. Everett, senior highway engineer, district 6, Bureau of Public Roads; 
E. F. Kelley, chief, division of tests, Bureau of Public Roads. 

3 Acknowledgment is made to the State Highway Department of Texas for it, 
cooperation, through Mr. Gibb Gilchrist, State highway engineer, and his associatess 
in placing the culverts in a condition suitable for inspection. Many of them were 
partially buried and a large amount of excavation was necessary to expose the ends 
sufficiently for inspection. Heavy rains just prior to the inspection also made a 
considerable amount of pumping necessary in order to expose the inverts of low 
culverts. This work was largely done prior to the arrival of the inspection party 
and permitted the observations to be made with a minimum expenditure of time and 
energy. Without this cooperation it would have been impossible to make the 
inspection in the time available. 
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TaBLE 1.—General information regarding culvert installation 

Approxi- | Number | Designa- 
Aosta e | Station mate total lines pipe tion of . Loeation of | Direction 
Culvert number or landmark number ! Pianos inculvert| culvert Type of metal pipe in culvert | of flow 

Sater structure pipe 

HAYS COUNTY 
Miles 

Blanco River, South Bankes. s200 se ene eee ees 1357 Oa Serre see. 3B ceded ce cate Ba ee ae th ere os re ee ae ee ee ee 
ING. 6282-222 028. te eee ns oo ee ee She Sees oe 1419 1.2 1 62: Black Bessemer!steel Se o2 5. Se a eee East. 
INO} 66.025... onsen an se ae ee se a bobs a saree noe ene 1457-++-50 1.9 1 65. || "Galvanized Bessemeristeels sa. === =o | == aaa eee ee 
No: 68002 Mat 55 cea st Ce ae Renn ce 1515 3.0 1 | al aie oe Ow sotkee eS nee ee eee est. 
North city limits San Marcos (San Marcos River) _--_----- 1584 A, Ol sired ohn teen Sem cb SL eee eee Cee ee oe ee | 
INO. T43. Sos Jee ee OL ee 1748+-70 7.5 1 7 Galvanized open-hearth steel_._____.-_|_.-_---.-_-_.-.- East. 
NO. 75 cece ashe ot eee ee eee eee eee eee 1765+35 8.0 1 75.\| Black Bessemer steeli_* 2.2.26. = 5 sees ee ee ee Do. 
Hays-Comal County line: | 

Elays County Surveye.. Sse... -=s essa eeee en eae 1986 1c Na Nee ae ae leon dest eee ta) edace ws se eeeaaeue co oe eh fet eee ee ee ee 
@omal, County Survey scene eese oes aceeeee eee eee 539-++16 V2; 4 aie. Bee oS a a ee oe eel ie en 2 Seater ten ee ee ee 

COMAL COUNTY | 

NOs S4—I. he, GaN eben al CLOSSI aoe eee eee re 508 12.9 | 94 | Galvanized copper-bearing steel_...__-|.-._------------ Do. 
No: O722ee ee ee ee ee eee 476+-10 13. 5 1 07s Black cepper-Dearing ItOl sa. sees es eee West. 
IN0. (08 cc 25 ee AS ee i es ER ee ee ete eee 466-+-60 13.7 ie 98°} Black copper-bearing steel. - == 225-2) 2 |2-- 2 ee ee Do. 
INO: 10128212 Soe Se Se See a ee eee 393-+85 16, 2 | 101 | Galvanized copper-bearing steel__---.-|_--_-.---_--__=- Do. 
No: 108 39 er re ree ae eee See eee 355 15.9 1 103!) Black ngot irom. ee ee East. 
INO. 10 oe ee ee eae es ae ee ee 112+-50 20. 6 2 110-N | Galvanized A enienaryhi steel. Seo2 3. aoe pipe... ee 

110-S | Black open-hearth steel_-.-.---------. outh pipe_--- 0. 
North eity limits, New Braunfels—Guadalupe River-_---- 0-++00 3 | ene ea | eae a ee | Mlle cs a A eee ae Bee ce 
South city limits, New Brauntelsses= = sense see eee B80 164) oe ee ae meal eon tam ale a cele oe | Uae ee ee ee ee ee ne ee 
Wolo (eek Sa Bee ee eee eee 716 29. 1 2 127-N | Galvanized ingotiron.—--------_--. = North pipe__--| West. 

127-S_ | Galvanized copper-bearing iron _------ South pipe-_-_-- Do. 
INO. 28 Ae Te Ae ae ae ere eee eae BPE Pye c. 726 29.3 2 128-N | Black copper-bearing iron__-----------! North pipe._--! Do. 

128-S | Galvanized copper-bearing iron_____-- South pipe___- Do. 
IN Os 18 ieee ere ae ee ee FEL 30.3 2 131-N | Black open-hearth steel________-.----- North pipe__--| Do. 

131-S | Black ecpper-bearing steel___.___-_--- South pipe_.--| Do. 
INO 1o4 eee eee ee A oe ee ee ee ee, 815 31.0 1 34 Galvanized wa Sob dr Ors ee eee ee ers | Do, 
INTO} 1432. 3 Se Oe sae ee ee Re aes See 937 33.4 4 148-N | Galvanized copper-bearing steel_______ North pipe___- Do. 

143-NC | Galvanized copper-bearing iron_-_---- North center Do. 
pipe. 

143-SC | Black copper-bearing iron_._._-_------ South center Do. 
pipe. 

143-S | Biack copper-bearing steel.__._.------ South pipe__-- Do. 
INO} 148i 5 ees eee Sa oe eee Re ee ea ee 1012 34, 9 il 1485) Blackingot Iron soe ee a ee ee ee | ee East. 
ING 140 oe ee a ae ae ee ree eer ee 1018 35. 0 2 149-N | Galvanized ingot iron_-_-...-2---._.-- nore pipe___- De. 

; 149-Se) Black ingotaron== a2 e—-- essen eae eee outh pipe_--- 0. 
Comal-Guadalupe County line.22222--2-2- === 2-222. ae 10467 E27 oon al SR ee cae aa eal ee tet AE Re ee | Cee eee 

1In Hays County the station numbers increase southward from station 1357 at the Blanco River to station 1986 at the Hays-Comal county line. In Comal County 
the station numbers decrease southward from station 539+16 (539+ 16=station 1986, Hays County survey), at the Hays-Comal county line to station 0-++-00 at the north 
city limits of New Braunfels, and increase southward from station 539+16 at the south city limits of New Braunfels to station 1045+-27 at the Comal- Guadalupe county 
line. 

of pipe. One culvert structure (No. 109) consisting of 
four lines of pipe, two galvanized and two black of 
each of two metals, was removed from the road prior 
to 1920. This reduced the number of pipes available 
for inspection to 26, and in the case of two metals 
reduced the number of both black and galvanized pipes 
from 3 to 2. The previous report states that all 
structures were provided with concrete head walls. 
At the present time several, toward the south end of 
the project, are provided with head walls of rubble 
masonry. The number, location, and general descrip- 
tion of the existing culverts are given in Table 1. 

DRAINAGE AND RAINFALL DISCUSSED 

The general topography of this section of Texas is 
rolling. The drainage areas of the individual culverts 
range from flat to rolling, and, in the case of one or two 
culverts, to rather hilly. In several cases the drainage 
areas are so nearly level that, in the absence of flowing 
water, it is difficult to determine the direction of flow. 

As regards rainfall, the official records of the stations 
of the United States Weather Bureau at San Marcos 
and New Braunfels may be considered representative 
since these towns, which are about 18 miles apart are 
both located within the project. The total annual 
rainfall and the average monthly rainfall at both ae 
these stations for the period from 1915 to 1928, 
clusive, are shown graphically in Figure 1. Due 
this period the mean annual precipitation at New 
Braunfels was 30.3 inches and at San Marcos 32.4 
inches. The minimum average monthly rainfall for the 
period was in excess of 1.5 inches at both stations. 

However, as would be expected, the records for individual 
average. years show a wide variation from the 
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Fiagure 1.—GRAPHS SHOWING AVERAGE MONTHLY RAINFALL 
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TaBLE 2.—Chemical characteristics of soils 

| Analysis of H20 solution! (parts 
Sample per million) ae 

Sample No. emtiag bey Color.ofidry sample" j=. ane Description of sample 

number = * Organic| Total 
| CO2 | CaCOs| matter | soluble 

2 2 ae 62 | Gray white___._...... Noe bea 120 40 161.1 8.8 Di aae at west (inlet) end. Contained 93 per eent CaC Oz and 6 per 
cent clay 

ctl, Me Ohl BOW Scay = see 7.9 261 363 631. 9 7.8 | Filled material from inside of pipe. Contained much vegetable matter. 
ie 2 Os) ark crave smess eee | 3.4 127 73 203. 4 | 8.6 | Natural soil at west (outlet) end. 
lt 2 (An ASG Sraye 2 eae ee 5.6 199 122 317.6 8.2 | Natural soil at east (outlet) end. 
Jiu. ieee Ota pGray Drowil-- see 4.5 125 15a 284. 5 8.4 | Washed material from west (inlet) end. 
Ui 94 | Chocolate brown__-____ 4.5 175 145 324. 5 8.2 | Natural soil at west (inlet) end; rich in humus. 
Ll ie 97 | Yellowish brown_---_- 3.4 184 96 283. 4 8.4 | Natural soil at east (inlet) end; contained 70 per cent sand and gravel and 

30 per cent clay. 
Me = LOLS oO Srkeer aye eee ae 3.4 123 125 251.4 | 8.6 | Natural soil at west (outlet) end. 
tip. 2 eee LOT pi aehiersyea cs eee Des 146 118 266.3 | 8.8 | Material washed through culvert. 
ee LOS MD ark era ye cee eee nS 123 122 247.3 | 8.6 | Natural soil from west (inlet) end. taken from top 1 foot of natural ground. 
O.. a LOS eae 3 GOn 23 ba seo ooh 3.4 125 73 201. 4 | 8.6 Diodes soil from elevation of culvert invert about 24 feet below ground 

surface. 
Pees on oat AI OM Ceoes: CO nee ae een nS 136 62 200. 3 8.6 | Natural soil at west (inlet) end. 
Pie 1310 ight eray ose 2 | 3.4 190 170 363.4 | 8.6 | Natural soil at east (inlet) end. 
iC ot Ae es toleieGray blades s-eeu eae 4.5 154 126 284. 5 8.6 | Filled material from inside of pipe 131-N. 
5 eee 134) |(Gray: browns. 22_ 5 3.4 166 98 267.4 | 8.6 | Natural soil at west (outlet) end. 
(jn = BAe MOTO oT a Vie soe ne 4.5 146 118 268. 5 8.6 | Filled material from inside of pipe. 
eee Se 14S PPA CH ROre yrewene ees | 4.5 202 158 364.5 | 8.2 | Natural soil at east (outlet) end. 
ch. ee See ee | ears Gos ae eee 3.4 177 167 347.4 | 8.4 ) Filled material from inside of pipe. 
ad ee ae LEO Ese doh: Se 5.6 175 143 323. 6 8.6 | Natural soil at east (outlet) end. 
eee sete ae os Sk 149) oe Oss ae eee ee 3.4 80 144 227.4 | 8.8 | Filled material from inside of pipe 149-N. 

1 Analysis of liquid extraction obtained by thoroughly dispersing 10 grams of material in 200 cubic centimeters distilled water, and, after all suspended matter had settled 
out, filtering off clear liquid. 

2 Ph determinations made on 1 gram of material in 10 cubic centimeters distilled water by colorimetric method using cresol red indicator having Ph values from 7.2 to 8.8. 
Ph values indicate the degree of concentration of hydrogen ions in solution, the neutral point being 7. For Ph values above7 the reaction is basic; for values below 7 it is acid. 

SOME CULVERTS FILLING, OTHERS SELF-CLEANING 

At the present time 13 of the culvert pipes are in 
various stages of filling. This filling, in several in- 
stances, has progressed to the point where the pipe is 
almost or wholly inoperative as a drainage structure. 
The condition, in general, is due to the location of the 
culvert invert below the general level of the existing 
flow line of the drainage area. In certain cases it seems 
apparent that this defect existed at the time of con- 
struction; in others it is possible that changing con- 
ditions since the time of installation are responsible for 
it. The remaining 13 culvert pipes are generally free 
from deposits of silt and may be classed as self-cleaning 
rather than scouring since there is little or no evidence 
of abrasive action. From the conditions existing at the 
time of the inspection, which was made immediately 
after rather heavy rains, it is evident that flow occurs 
in none of the culverts except following rains and 
therefore may be classed as intermittent. 
An examination of the rainfall records shows that 

normally there is an appreciable precipitation in all 
months of the year. This fact, together with the ob- 
served conditions surrounding the individual culvert 
installations, leads to the conclusion that the earth 
within all the culverts which have filled is generally in 
a wet or damp condition. On the other hand, because 
of the intermittent character of the flow, it is probable 
that, except following rains, the earth surrounding all 
the culverts is generally in a fairly dry condition. Sub- 
sequently, in this report, the soil condition is considered 
as damp in the case of filling culverts and dry in the 
case of self-cleaning culverts. 

SOIL SAMPLES ANALYZED 

Visual inspection indicates that the soil within the 
project is generally of the type known locally as 
“black-waxy,’’ a soil which, when wet, is black and 
highly plastic. The mother rock with which it is 
underlain is reported to be a white, chalky limestone, 
and, toward the north end of the project, considerable 
amounts of this limestone are present in the soil in the 
form of gravel of varying size. 

In connection with the survey, soil samples were 
taken at the sites of 13 of the 18 culvert structures. 
The samples are believed to be representative of the soil 
throughout the length of the project. 

Liquid extractions were made from each soil sample 
and these were analyzed‘ for acidity, dissolved salts 
and organic matter. The results are reported in Table 
2. The acid present was considered to be essentially 
CO:. Quantitative tests for dissolved salts yielded 
only calcium carbonate and bicarbonate in weighable 
quantities. The lime was determined in the usual 
manner and all reported as CaCO;. Organic matter 
was determined by deducting the weight of CaCO; 
found in a given volume of the soil water from the 
total weight of residue obtained by evaporating an 
equal volume of the same water to dryness and heating 
for 15 minutes at 110° C. 

An outstanding characteristic of these soil waters is 
their extreme alkalinity, as indicated by the Ph values. 
It appears that nearly all the waters had about reached 
the point of saturation with regard to lime carbonate 
and consequently that the small quantity of free acid 
present might be expected to have a negligible corrosive 
effect on metal. Some corrosive action due to organic 
content might be anticipated, especially in the cases 
where appreciable quantities are indicated, but the 
high lime content should also mitigate against trouble 
from this source. That this is actually the case is indi- 
cated by the absence of any clear relationship, as will be 
shown later, between organic content and degree of 
corrosion. All the soil waters, with the exception of 
samples 19 and 20, were found to be very similar in 
regard to the quantity and quality of dissolved mate- 
rial. Sample 19 is exceptional on account of excess 
vegetable matter in the soil and sample 20 differs in 
being low in organic matter and acidity, owing to the 
high lime content. 

CHECK ANALYSES OF CULVERT METALS MADE 

At the time the culverts were installed, in 1915, 
samples of the metal were analyzed and the chemical 
analyses were presented in the previous published 

% ae by Dr. E. C. E. Lord, associate petrographer, U. S. Bureau of Public 
oads. 
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report. During the course of this survey check 
samples of the metal in each culvert pipe were taken and 
these were analyzed,? as a check on the original 
analyses and to insure the absence of error in the 
classification of the various metals. These check 
analyses are reported in Tables 3 and 4. As would be 
expected, there are some differences between the original 
analyses and the check analyses, the principal ones being 
in the carbon contents. These differences may be 
accounted for, at least partially, by the fact that in 
both series of analyses the amount of carbon was esti- 
mated by color comparison with standard samples. 
However, the agreement is sufficient for all practical 
purposes, since the slight discrepancies which exist are 
not sufficient to change the classification of the metal in 
any culvert pipe. 

TABLE 3.—Analyses of base metals of black (ungalvanized) 
culverts on the Austin-San Antonio Post Road. (Check 
samples) ! 

Analysis of base metal 

Culvert | : Ce 
Base metal pipe . Tota eee 

number | Car- | Sul- Ls aa Sili- jof the} Cop- Sed 
bon | phur ae ae con |5ele-| per P 

Bhs ments 

FEL ip ek (ag ed ters ed Was VEGA | IPL; ars) Jed fire 
Bessemer steel__ 62 |0,055 0.048 0.096 0.360 | 0.002 (0. 561 |Trace. | East. 

DOis252 75 | .050 | .051 | .100 | .371 .005 | .577 | 0.005 | West. 
Ope n- -hearth steel 110-S | .045 | .041 | .016 | .378 . 006 | . 486 .005 | East. 

131-N | .040 | .041 | .014 | . 385 - 006 | . 486 . 005 Do. 
Copper-bearing 98 | .040 | .0386 | .009 | .484 | .008 | .527 | .220! West. 

steel, | 
Do 2a 131-S | .040 | .039 | .010 | .418 |} .008 | .515 | .220]| East. 
DOzeeesee 148-S | .040 | .043 | .010 | . 434 . 006 | . 583 . 210 | West. 

Copper- bearing 97 | .015 | .040 | .009 | .056 .008 | . 128 . 140 Do. 
iron. | 

1D Xf ee Toes 8 128-N | .020 | .088 | .009 | .058 | .006 | .126 | .140 Do. 
Do 143-SC | .020 | .041 | .010 | .056 | .006 | .1383 |) .160 Do. 

Ingot-iron 103 | .010 | .032 | .006 | .0383 | .004 | .085 | .005 | East. 
Do 148 | .015 | .032 | .008 | .037 |Trace. | .092 | .006 | West. 
Lo: see ee 149-S | .020 | .033 | .008 | .031 | .005 | .097 | .006 Do. 

1 Analyses made of one sample from each culvert pipe. 

TABLE 4.—Analyses of base metals of galvanized culverts on the 
Austin-San Antonio Post Road. (Check samples)! 

Analysis of base metal 

Culvert at y Ta peers 
Base metal pipe SLATE ota poate 

| number | Car-| Sul- |ED0s-| Man-| sii lot the) Cop- | 58: 
bon | phur | ! os Joa con |5ele-| per Pp 

co ments 

PCEAWLE Cha Ee aCb els Coat LCE ACh alpereaChe 
Bessemer steel____| 65 10.050 |0. 050 |0. 102 |0. 350 | 0.004 |0. 556 | 0.004 | West. 

Do 2 | 68 S050. 056: 15, 1022 857. 006 | . 571 . 004 | East. 
Open-hearth steel 74 | .045 | .039 | .024 | . 396 . 004 | . 508 . 005 Do. 

JOeR ee. hae 110-N | .040 | .052 | .016 | .417 . 004 | . 529 . 005 Do. 
Copper-bearing | 94 | .040 | .040 | .009 | . 408 . 006 | . 503 .195 | West 

steel. 
DOsss2 2 eee 101 | .0385 | .044 | .611 | . 406 - 007 |, . 503 .180 | East. 
Do. ; e2| 143=IN"} 0385) .:042°) 2 Ql) 5440 . 007 | . 506 . 205 Do 

Copper- -bearing | 127-S | .015 | .037 | .010 | .058 | .006 | .126 | .120 Do. 
iron. 

Dov ae ee | 128-S | .025 | .036 | .009 | .0538 . 004 | . 127 . 140 Do. 
Do Bead 1483-NC | .025 | .039 | .008 | .051 . 004 | . 127 . 180 Do. 

Ingot iron_____- | 127-N | .020 | .041 | .008 | .018 . 0038 | . 090 . 050 Do. 
Do te! Ph 134 | .020 | .042 | .008 | .028 |Trace. | . 098 . 060 Do. 

Doe ee 149-N | .015 | .042 | .008 | .018 |Trace. | . 0838 055 | West. 
| 

1 Analyses made of one si anne from each culvert. 

The five grades of sheet metal used in the fabrication 
of these corrugated pipe culverts were designated in the 
previous published report as Bessemer “steel, open- 
hearth steel, copper-bearing steel, copper- -bearing i iron, 
and ingot iron. 

The “present standard requirements of the American 
Association of State highway officials for the base metals 

5 Chemical analyses by L. G. Carmick, associate chemist, Bureau of Publie Roads. 

for corrugated metal pipe culverts are given in Table 5. 
These requirements are generally recognized by both 
sheet metal manufacturers and consuming interests as 

representing the essential chemical characteristics of 
the five grades of metal now considered suitable for use 
in metal culverts. It will be observed that Bessemer 
steel, and open-hearth steel without copper, are no 
longer used. Of the remaining metals used on the 
Austin-San Antonio Post Road, those designated as 
ingot iron and copper-bearing steel correspond, respec- 
tively, to the “pure iron” and ‘“‘copper steel” of the 
association specification. The third, designated as 
copper-bearing iron, except for its deficiency 1 im copper, 
corresponds closely. to the ‘‘copper iron” of the asso- 
ciation specification, although if account is taken of the 
tolerances permitted in the analyses of finished sheets, 
it might be considered to fall within the grade of 
“eopper-bearing pure iron.” However, the original 
designations are believed to be sufficiently descriptive 
of the grades of metal and are used throughout this 
report. 

TasuE 5.—Standard specifications for base metals for corrugated 
metal pipe culverts adopted by the American Association of Siar 
Highway Officials ! 

Corrugated metal pipe culverts shall be fabricated from cor- 
rugated galvanized sheets, the base metal of which shall be 
made by the open-hearth process. 

The base metal shall conform to the following chemical re- 
quirements: 

Chemical composition by ladle analysis. 
Position of base metals does not indi- | Toler- 
cate preference ance by 

ees check 
Elements | analysis 

Copper- | Copper of fin- 
Pure | bearing |Copper |} molyb-|Copper| ished: 
iron pure iron |denum| steel sheets 

iron iron 

Carbon, Maximum percent--..-\22l220 see eee ae ee ee 
Manganese, maximum per‘cént:|2-..-o2|2a==-- 2) ee = 2 eee |e ee ee re 
Phosphorus, maximum per cent_| 0.015 | 0.015 | 0.015 | 0.015 |___-2___|___-______ 
Sulphur, maximum per cent__-_| . 040 . 040 . 040 . 040 | 0.050 0. 010 
Silicon) maximum sper Gn ere ee ee | eee eee lean a os | nee | eee ees 
Copper, minimum per cent_-___|------- . 20 . 20 | . 40 . 20 . 02 
Molybdenum, minimum per 

CONE heated 5 ee AR ae ed ee ee ee ee 05.2.4, 22S See ee 
Sum of first 5 elements, maxi- 
TUM Perm COIN Se ces eee | ae 10 25 25 70 04 

Sum ot first 6 elements, maxi- 
LadMDhealg Oye levee 2 eae LO. NSS See es oe) ee eh ee . 04 

1 Department Circular 331, United States Department of Agriculture, “Standard 
Specifications for Corrugated Metal Pipe Culvérts Adopted by the American Associa- 
tion of State Highway Officials and Approved by the Secretary of Agriculture for 
Use in Connection with Federal-aid Road Work,’ November, 1925; Article 1, 
revised June 1, 1928. 

CULVERTS INSPECTED AND RATED 

The inspection of the culverts by the 10 observers 
was made on two successive days early in November, 
1929. The excavations which were required at the 
ends of a number of the filling culverts in order to 
uncover them sufficiently for inspection resulted in the 
formation of sumps at the ends of the structures and 
the heavy rains immediately preceding the inspection 
filled these with water. This resulted in some incon- 
venience, as it was necessary to remove the water 
with hand pumps, but it also proved to be a distinet 
benefit in that it made available the means for thor- 
oughly cleansing the metal surfaces prior to inspection. 
As previously mentioned, 13 of the 26 culvert pipes 

are in various stages of filling, On this account it 
was not practical ‘to inspect the pipes for their full 
length. The condition of the metal, for both filling 
and self-cleaning culverts, was determined by inspec- 

> ee e%ee 5 yy war 
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tion of from 2 to 3 feet of the interior at each end of 
the pipe. 

Each observer was supplied with blank forms upon 
which to record his observations and a rating schedule 
to be used in designating the various stages of deteriora- 
tion of the metal. 

This rating schedule, suggested by Mr. R. W. Crum, 
was as follows: 

Rating schedule 

SPELTER STAGE 
Rating 

Spelter intact and spangles ® clearly defined___________- 90 
Spelter dark and appreciably soft, spangles obliterated __ 75 
Spelter practically gone, thin rust forming in spots, no 
DR we nese et Shs gin he a ae Sel Meee 2 oe 70 

METAL STAGE 

Uniform rust coat, extremely small pits______- Ss 65 
Uniform rust, deeper pits. Light warty or nodular 
Pa eee eee ee Ne eS ae 60 

Deep pits, considerable loss of metal__...._._.________-_- 50 
Pe SeOOUUMOe GOT OUCH. Sa Soe ie oe See ee 39 
Heavy warty and nodular growth, metal very thin______ 25 
Basevmetal perforated on invert..2. 0... 222k ue 3 10 
Base metal practically gone on invert__.______._...___- 0 

It has been customary, with rating schedules of this 
type, to assume a straight-line deterioration of the 
metal and to consider the rating of a given metal 
condition, on the basis of a rating of 100 for perfect 
condition, as indicative of a definite point in the life 
of the structure. In contrast to this practice the 
numerical ratings used in this survey were considered 
as indices or code designations of the various stages 
in deterioration which can be identified with some 
degree of precision. ‘They were of practical advantage 
in permitting the observations of the different ob- 
servers to be averaged, but, while the ratings are 
arranged in the descending numerical order for the 
advancing stages of corrosion, the numerical ratings 
themselves should not be considered as indicating 
definite points in the life of the structures rated or 
as giving an accurate indication of the rate of dete- 
rioration. Therefore, the ratings which are reported 
give no adequate basis for estimating the probable 
future life of the structures. 

“BLACK’’ AND GALVANIZED GROUPS CONSIDERED 
PENDENTLY 

INDE- 

The rating schedule was based on a large amount of 
previous experience obtained in the examination of 
culverts fabricated from galvanized sheets. Since black 
(ungalvanized) sheets are not used in the manufac- 
ture of culverts of this type, there existed no informa- 
tion on which to base a schedule for use in rating the 
black culverts. Due to this fact, the same schedule 
was used in rating both the galvanized and black 
culverts with the result that the latter were always 
rated as being in the “metal stage.” Therefore, in 
the ratings which are reported the maximum possible 
rating for a galvanized culvert is 90, while the maxi- 

Because 
of the difference in the basis of rating and the fact 
that, when installed, the galvanized culverts had the 
advantage of a protective coating of zine spelter, there 
exists no means for making direct comparisons of the 
behavior of the same metal in the two classes of cul- 
verts. Accordingly, the two classes, black and galva- 
nized, are considered as independent groups. 

6 “*Spangles’”’ are the crystalline patterns in the zine spelter, characteristic of new 
galvanized coatings. 

TECHNIQUE OF INSPECTION ASSURED IMPARTIAL RESULTS 

In making the inspection the observers, subsequently 
identified by the letters A, B, C, D, FE, F, G, H, I, and J, 
traveled in a group. Each individual made such obser- 
vations as he thought necessary, and, entirely inde- 
pendently of the others, reached his own conclusions as 
to the proper ratings to be applied and entered them 
on his record sheets. There was little or no discussion 
during the inspection of the ratings which were being 
given, and it was very apparent that the decisions of 
each were actually made independently of all others in 
the party. This independence of action is evidenced by 
the actual ratings which were reported. 

INLET END (WEST) 

OUTLET END (EAST) 

CuLvEeRT No. 103. 
FILLED WITH DEBRIS, WHILE OUTLET 

AND ENTIRELY FREE FROM FILLING MATERIAL 

INLET END COMPLETELY 

IS UNOBSTRUCTED 

FIGURE 2.— 

In order to avoid all suspicion of personal bias, the 
observers were not supplied with information relative 
to the grades of metal in the various culverts until after 
the ratings had been made. While this information 
had been “public property for a number of years, it is 
believed that none of the observers had made an effort 
to become familiar with it and, with few exceptions, 
the culverts were rated without knowledge of the grade 
of metal which was being observed. 

During the first day of the survey all observers in- 
spected and rated all the culverts on the project. <A 
second and more hurried inspection was made on the 
following day to permit a check of the first observations 
and any adjustment of the original ratings which might 
be thought necessary. The second inspection was made 
by observers A to F, inclusive, observers G, H, I, and J 
not being present. "The light was better on the second 
day than on the first and made it possible for the surface 
condition of the metal to be seen somewhat more dis- 
tinctly. Adjustments were made in some of the original 
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ratings as a result of this second inspection. It may be 
said, therefore, that the final ratings as reported by 
observers A to F, inclusive, are based on a more ex- 
tended inspection, a portion of which was made under 
more favorable conditions, than those of observers G to 

ROADS Vol. 11, No. $ 

The inlet and outlet ends of each pipe were rated, 
except in the cases of Nos. 94 and 1038, where only one 
end was accessible for inspection. The ratings of the 
two ends were averaged to obtain the rating of the pipe. 
The final rating of all observers for all pipes, together 

J, inclusive. However, it can not be said that the 
ratings of the former group are necessarily any more 
accurately indicative of the actual conditions. 

with the average of the ratings of all observers for each 
pipe, are given in Tables 6 and 7. 

TABLE 6.—Ratings of black (ungalvanized) culverts on the Austin-San Antonio Post Road 

143-S 148 Pipe No. 62 75 97 98 103 110-S 128-N 131-N 131-S 143-SC 149-S 

ie Sp ms | Bp » & 3 &p as Ef » Bp » | & » Sp + Sp » & » Sp | » Sp » & 

Observer 43 (Se Pas Sy cia RS eH) pe) HS) eat | SS ee tie: sities SSP cM | SS) Hee St cee ey SS Sa secant ere eg ee] og eo 

SIBIFISIBIEISIBI EIS ISIE BlEISIBIEISIBIE SIS EISISIEISIBIEISIB/FlgIBI ESI BIE 
aban Mk Kala Bn sted Ram ed ls mt a ied aR ene SN SS 

1221460 | 60/60 [60 | 6060 |..| 25] 25, 10, 10) 10) 60| 50 55/60 | 50/55 | 60/50 55 |65 [65 |65 | 65) 6565 | 60) 60,60 | 60\60 |60 
221450 | 60/55 |60 | 5055 |--| 10) 10) 10, 10| 10) 60) 60 60|60 | 60/60 | 60\60 |60 |60 |60 |60 | 60 66/60 | 60| 6060 | 60/65 |6214 
2214/60 | 60/60 60 | 60/60 |_-| 25] 25| 10] 10] 10] 60] 60). 60/50 | 35/4214! 50/50 [50 |65 (65 |65 | 65| 60/6214 60| 65/6234) 65/65 65 
1714|25 | 25/25 |25 | 2525 |.-) 25] 25) 10) 10] 10] 50| 50) 50/60 | 50/55 | 60\50 |55 |60 [60 |60 | 60, 60/60 | 60| 60\60 | 60/65 |6214 
2214/35 | 60/4740 | 50/55 |_-| 10 10, 10) 10] 10} 60] 60, 60/60 | 50/55 | 65/50 (5714/65 (60 (6214) 60| 60/60 | 60) 65/6214! 60/65 |6214 
30 |50 | 60/55 |65 | 60|6246'--| 25] 25 10| 10| 10] 50) 50, 50/65 | 60/624) 65/60 |6214/65 |60 |6244| 65| 60/6214 65| 65/65 | 60/65 6214 
1714/60 | 60/60 |60 | 6060 |--| 10) 10) 10) 10) 10) 60) 60, 60/65 | 60\6214) 65/60 |6214/60 |60 |60 | 60] 60/60 | 60) 65/6214| 60/60 |60 
1734/60 | 60/60 |60 | 60/60 |..| 10) 10) 0} 0) 0) 60] 60| 60/50 | 50/50 | 50/50 |50 |65 65 |65 | 65| 65/65 60] 60/60 | 60/60 |60 
30 |60 | 60/60 [65 | 6565 |.-| 35| 35 10) 10] 10] 60| 60) 60/65 | 65/65 | 65/65 |65 |60 \50 [55 | 60| 50/55 | 65] 65/65 | 65/65 |65 
55 (65 | 65/65 |60 | 60/60 |--| 35] 35 10] 10| 10) 60| 50) 55/60 | 60\60 | 60/60 (60 |60 50 (55 | 60| 50/55 | 60) 656234) 6065 [6214 

| aes SS See ee) ee ee ee ee ee a eae ee) cee 7 | Se 2 Mes | S| ae fe Pe | ee os 

Average___- 33) 15| 24 ia 2534\5214| 5715434/5734 55 504 21 21 9} 9| 9] 58) 56 57/5914) 5415634] 60/5514'5734 6244 591461 | 62) 5916034 61| 6362 | 61 6374 624 

TABLE 7.—Ratings of galvanized culverts on the Austin-San Antonio Post Road 

Pipe No. 65 68 74 94 | 101 110-N 127-N | 127-8 128-S 134 143-N 143-NC 149-N 

Fu in, ee | o | | @ APs D o o | © Sale o © © [ o © 

elslelelSi2lel3] 2 eSges glelel zig) 2lelelZi-/3/2l_isl2l_isi2l.ls|2ielalz 
Observer 1213) 2/8/52) S15] 2 Sse) © 415/28 (S/e) 2 Slee Slee) es ee Se) a] eed ee 

Ble)<|8)/S)4)8/ 5] < (Boiss) <8) S| < 816) 48/5) 4/8/d) 4/8 |S) 4/8 |S) <|8)S) 4 | 8/6 | < 
els a = = | be 

Aho eels 90 9090 [65 |70 |6714'90 |90 |90 |90)../90)65/65|65 | 90).-..|90 | 70 .65)6734| 70| 65|6734| 65/60 |6234|70 |70 |70 |75 | 75|75 |70 |75 |72%4| 65165 (65 
Bs eae 90 |758214'60 |70 65 (90 |90 |90 90|.|90 65/60/6214) 75}90 |8214) 70 65,6714] 65] 65/65 | 65/60 (6214/70 |70 70 |90 | 758234'70 |70 |70 | 65/65 [65 
(UR Phe 90 9090 65 |70 673490 |90 |90 |90\./9065)65\65 | 90/90 |90 | 70 65/6744] 70) 65/6734| 70\70 |70 |70 |70 |\70 |90 | 9090 |75 |75 |75 | 70/70 |70 
Tf) ee 90 |90,90 |60 |70 |65 [90 |90 |90 /90|_./90,65/60)6214| 90/90 |90 | 70 70/70 | 70| 65/6744] 70\65 |6714/70 |70 |70 |90 | 75|8234|70 |75 |72%4| 65/60 |6214 
oa eae (90 |90,90 |75 |70 721490 |90 |90 |90|._|90 6565/65 | 90/90 |90 | 70, 65,6714] 70| 65|6714| 65/70 |6714|70 |70 |70 |90 | 75|82%4/70 |75 |72%6| 60170 |65 
Ries ae (90 9090 65 |70 673490 |90 |90 |90\_.|90 65/60\6214| 75|90 (8214) 70 70.70 | 70| 60/65 | 65/65 \65 |70 |70 |70 |90 | 90/90 |65 |70 |6734| 60\65 |6214 
Gis eRe! 75 |7575 |75 |70 |7214/75 |75 |75 |75|-|75/70)65|6734) 90/90 |90 | 70 70/70 | 75] 75|75 | 70\70 |70 |75 |75 |75 |75 | 75\75 |70 |70 |70 | 7ol70 |7 
Tees te veine 90 |9090 |70 |70 \70 |75 |75 |75 |90)-.|90/70/70/70 | 90/90 |90 | 75! 75\75 | 75| 75/75 | 70/90 |80 |75 |75 |75 |90 | 90|90 |75 |75 |75 | 70\70 |70 
Ls ce eer 75 |75)75 60 |70 65 (90 |90 [90 |90|..|9070|70|70 | 90/90 [90 | 75 7575 | 75) 75/75 | 75/75 |75 |90 |90 [90 [90 | 90190 |75 |75 |75 | 65\70 |6734 
(eos leery. 75 |75/75 |70 |75 |72}475 |75 |75 |75|--/75|70)70|70 | 90/75 [8234] 70 70/70 | 70) 70\70 | 75|70 |7234\75 |\75 |75 |75 | 75\75 \75 |75 |75 | 70\70 |70 

Average...8514 84 8434 60)4 7074 084 8514\85%4 85)4 87 [8767 65/66 | 87/8844 8734 71, 6970. | 71) 68}6034) 6916934 69}4|73}4|73}4 73}4 864] 81/83)4 7134173141724 66 67346634 
| 

RESULTS DISCUSSED AND ANALYZED 

An examination of the tabulated ratings shows 
generally excellent agreement between the different 
observers. This is rather conclusive evidence that 
the general principles involved in this method of 
measuring the behavior in service of this class of 
drainage structure are sound, since it shows that com- 
parable results may be expected from the use, by 
different individuals, of the same scheme of rating or 
classification. This evidence is further strengthened 
by the fact that the majority of the observers who 
established these ratings were relatively inexperienced 
in the inspection and rating of metal culverts. It is 
logical to assume that even more concordant results 
might be expected from the experienced men who nor- 
mally would conduct any large-scale survey of this type. 

In examining the ratings for consistency, certain 
characteristics of the rating schedule itself should be 
civen consideration since these are such as to make the 
same difference between the ratings of two observers of 
more significance at one place in the scale than in 
another. For instance, in the spelter stage the rating 
may be 90 or 75 depending entirely on the presence or 
absence of spangles. Since the first stage tends to 
shade rather imperceptibly into the second, there 
frequently may be a question as to the actual oblitera- 
tion of the spangles, and the decision depends not only 

on power of observation but also on opinion as to what 
constitutes a clearly defined spangle. For this reason 
the fact that one group of observers may give a culvert 
a rating of 90 while another group may give the same 
culvert a rating of 75, does not necessarily indicate in- 
accuracy on the part of either group. On the other 
hand, a rating of 10 indicates the very definite and 
obvious stage in which the metal is actually perforated, 
while a rating of 25 indicates a very thin condition of 
the metal but one in which holes have not yet actually 
developed. Ratings, by different observers, of 10 and 
25 for the same culvert therefore indicate actual error 
of observation. 

It is obvious, from these examples and others which 
might be mentioned, that certain stages of deteriora- 
tion defined in the rating schedule may be identified 
with more precision than others. The ratings, there- 
fore, differ from other data of an experimental nature 
in that they do not lend themselves to a mathematical 
analysis for uniformity. For instance, figures showing 
mean deviations from average results are practically 
meaningless, since they give no adequate conception of 
the differences which may be significant and those 
which may not. It is believed that an appreciation of 
the degree of uniformity of the ratings can be obtained 
only by visual inspection of the tables, having in mind 
the charater of the rating schedule. 

PI CIEE Pl ad tt eh, “F 
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UNGALVANIZED CULVERTS SHOW SOME INCONSISTENCIES IN 
RATING 

For the black culverts there are noticeable differences 
in the ratings of pipes Nos. 62, 75, 97, 98, and 103. As 
compared with ratings of the other observers, the 
ratings of observers G, I, and J are high for No. 62; 
that of observer J is high for No. 75; those of observers 
D and E are low for No. 97; that of observer D is low 
for No. 98; and those of observers I and J are high for 
No. 103. The differences are attributed largely to 
these observers failing to see conditions which were 
obvious to the majority, or detecting conditions which 
were unobserved by the other inspectors. In the 
cases of pipes Nos. 97 and 98 they may be due to a 
difference in the interpretation of conditions which were 
probably obvious to all. However, the elimination of 
the ratings which vary widely from those of the majority 
would not result in any marked change in the average 
ratings for the group. 

RATINGS OF GALVANIZED CULVERTS UNIFORMLY HIGH 

The ratings of the galvanized culverts are much more 
consistent than those of the black culverts if the differ- 
ence, already discussed, between the ratings of 90 and 
75 is considered. In fact, there are no discrepancies 
of sufficient magnitude to warrant discussion. 

The significant fact developed by the ratings of the 
galvanized pipes is their generally excellent condition 
after having been in service for more than 14 years. 
With the rating schedule used in this survey, 90 was 
the highest rating which could be given a galvanized 
pipe, while a rating of 70 indicated that the metal was 
still in the spelter stage. Having this in mind, it is 
interesting to note that 6 of the 13 galvanized pipes 
were given an average rating of 90 by one or more 
observers; that the lowest average rating given any 
pipe by any observer was 62), only 2% points below 
the highest rating which could be given a black pipe; 
and that for only 5 pipes were the averages of the 
ratings of all observers below 70. The conclusion 
which may be drawn from this is that up to the time 
of this inspection the performance of the galvanized 
culverts has constituted a test of spelter coatings and 
not of base metals. Corrosion had not progressed to 
a point which would permit of any comparison of the 
corrosion-resisting properties of the base metals in the 
galvanized pipes. Any comparison which may be 
made of the relative behavior of base metals in the 
culverts in this project must be based entirely on a 
consideration of the black pipes. 

DATA NOT ADEQUATE TO GIVE DEFINITE CONCLUSIONS REGARD- 
ING BASE METALS 

The major purpose of this experimental culvert 
installation was to determine the relative merits of the 
different grades of base metal which were used, and 
naturally considerable interest regarding this phase 
attaches to the findings of the present survey. Before 
undertaking any discussion of relative durability as 
indicated by the condition ratings, the inadequacy of 
the experiment, from the standpoint of evidence avail- 
able, must be emphasized. If we consider only the 
three variables, grade of metal, protective coating and 
soil condition (damp and dry, for filling, and self-clean- 
ing culverts, respectively), then there are 20 possible 
combinations of these variables, with only 26 culvert 
pipes in the project. In Table 8 the number of pipes 
for each of these 20 combinations of variables is given. 
It will be seen that there are four conditions for which 

OUTLET END (EAST) 

4. 
CULVERT 

Figure 3.—Cutvert No. A TYPICAL SELF-CLEANING 

there is no evidence whatever and that in no case are 
there more than three pipes for any one condition. 
Statistical studies of a large amount of data obtained 
in culvert condition surveys of this type have indicated 
that a considerable number of samples, possibly between 
50 and 100 for each condition, must be available for 
study if results having any reasonable degree of accuracy 
are to be expected. 

TABLE 8.—Number of culvert pipes for each combination of variables 

Number of culvert pipe 

Base metal Hlacor eal Filling, soil eae 

| Total] Condition | condition 
generally generally 
damp dry 

Bessimier steel _5i2225.4<25- + 2----- 28 Yeectcvere wae 4 oY 4 

Open-hearth steel_...._._--- ety: NGoe ee ees ai a : 
: c é 2 Copper-bearing steel__-----.-------- Cae eaenliake 2 
aay rc 3 | 1| 2 Copper-bearing iron ..-.------------ \caurecieamalals 2 

P Black ane = 3 2 1] 
Ingot iron-----------.--.----------- Ventana e 3 3 | 0 

Mota sete: ie. Ree Bee cadres oh Fe 26 13 | 13 

1 Culvert pipe No. 103. See explanation of this classification in body of report. 

The following discussion, therefore, concerns only the 
relative behavior of the limited number of pipe in this 
particular project. To assume either that the same 
trend of results would have been observed had a greater 
number of pipe been available for inspection, or that 
the same differences in behavior of the various metals 
would obtain in other localities, would be unwarranted. 
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TaBLE 9.—Summary of average ratings—ungalvanized pipe 

Organic Aver- | ans 
Culvert pipe No. | age rat-} | Base metal eee: content of 

ing } | ee soil 2 

| Parts per 
million 

S2UA Ng ORION ee ees aoe eee RNa 144 
C2 yee 6 (0 eee easy ne Ma (0 {ees ae 158-167 
61 Copper-bearing iron_________ Self- eae oh Spee eet ae 
GOOLE), Copper-bearing Sieel eases = ee Osea een eee oe 
ye eae dO. 3 ee aes Filling. 126-170 
57 | Copper-bearing iron__---.---|_-.-- do-_- 
5634; Open-hearth steel. -.-.--.-_-}_.--- do-_- 
5614| Copper-bearing steel - - -_---- Self-cleaning__|_.____- ae 
5434) Copper-bearing iron________- aed os 96 
2534| Bessemer steel_..--__-_--___|__-2_ do |e 8 ys 
2a, eee Osteo ee eee SOc 40 
21 ingot iro. See ne eee ee eee Glo A 73-122 
9 Open-hearth steel. -...--.___|_---- 0 Fras 62 

1 From Table 6. 
2 From Table 2. 

3 See explanation of this classifi- 
cation in body of report. 

TasiE 10.—Summary of average ratings—galvanized pipe 

Rep Scere tear ont Ped Way cete Spelter!| qr. —, Organic 
f uiyert DIPC | age rat- Base metal coat- ate Gere content of 

ANE ing! | ing ? ? g soil 3 

| Oz. per Parts per 
sq. fl. million 

110-N _- 8734 Open- -hearth steel____- | 2.58 | Self-cleaning _ - 62 
HLL Re eel Le | 87 | Copper-bearing steel__| 2. 48 |_____ omnes 45155 
7 St ee 85l4| Open-hearth steel _-__- DASA liig ee Cones es 122 
Bin te ee oe. 8434 Bessemer steel] _______- Pe tho) | Wiwbpayee Oe os 363 
140—Ni-Ai eee 8314) Copper-bearing steel - 2: 48; (;seli-cleaning ss|- ae 2 
GY er eek 7314) Ingotinons eee OPA la ee line eee 98-118 
143-NC S28 7219| Copper-bearing iron__- 2,02 | Self-cleaning -_|__________ 
127i eee FY | ah akegefrbyo wwe oN 2. 44 
127 = Se a oe 6914| Copper-bearing iron__- 1. 90 
1 28= hoes See see 6944)_---_ (Cope tere 1. 86 
ones ae ee 6814} Bessemer steel - - 5) Wa tell) 
149-N__ 6634| Ingot iron___-_--- Z 2. 50. 
LOS eee 66 Copper-bearing steel . - 2. 59 

1 From Table “he 2 From U.S. D. A. Bulletin No. 586. 3 From Table 2. 

In Tables 9 and 10 are summarized the average 
ratings for black and galvanized pipes, respectively, the 
arrangement of the different pipes being in the descend- 
ing order of excellence from the corrosion standpoint. 
In these tables are included the results, from Table 2, 
of the organic content analyses of the soils at the 
various locations. It is evident, as has been previously 
a a that there is no clear relationship between organic 
content and degree of corrosion. 

Table 9 shows that culvert pipe No. 103 has been 
classified as in a self-cleaning condition. The observers, 
without exception, in reporting their field observations, 
classified this pipe as in a filling condition, and it is 
believed that this classification was based entirely on 
the condition of the inlet end of the pipe which was so 
completely filled with débris that an inspection of this 
end could not be made. The rating of this pipe is based 
entirely on inspection of the outlet end which was 
unobstructed and contained no filling material. The 
condition of the two ends at the time of inspection is 
shown in Figure 2. The low rating of pipe No. 103, as 
compared with the high ratings of pipes Nos. 149-S 
and 148 of the same metal, suggests that a difference 
in service conditions may be at least partly responsible 
for the wide difference in behavior. It is believed that 
any comparisons may be made on a fairer basis if pipe 
No. 103 is classified as in the self-cleaning condition, 
which was the actual condition of the end which was rated, 
and for the purpose of this report this has been done. 

In Table 11 are given, for the black culvert pipe, the 
averages of the average ratings for each base metal, the 
metals being arranged in the descending order of excel- 
lence. This table also shows the relative order of 
excellence as indicated by the average ratings of each 
observer. The generally good agreement between the 

trends of excellence shown by the ratings of the indi- 
viduals and those shown by the average ratings of 
the whole group is worthy of note. The ratings of six 
observers show the same general order of excellence as 
is shown by the average ‘ratings of the group and all 
observers are in agreement that the group of metals 
which includes copper-beari ing steel, copper-bearing 
iron and ingot iron has proved superior in corrosion 
resistance to the group which includes open-hearth 
steel and Bessemer steel. 

TaBLE 11.—Ungalvanized pipe. Average ratings on the basis of 
base metals, and relative order. of excellence as indicated by these 
ratings and the average ratings of each observer 

| oe Relative order of excellence —Observers 
Aver- | 

Base metal ee iF 
Pease E, F,G,| A and | C and 
| ings All aati B HH D J 

Copper-bearing steel____--___- 58. 2 1 1 1 2 2 1 
Copper-bearing iron____..____- ‘57.6 2 2 1 1 3 1 
ENGOGALONG ae See ne 48.4 S 3 2 3 1 2 
Open-hearth steel____.--_----- 32.9 4 4 3 4 4 4 
Bessemersteel see 24.9 5 5 4 D 5 3 

1 When the figures indicating order of excellence for any one observer are the same 
for more than one metal they signify that the average ratings of that observer are the 
same for all metals to which the same figure is assigned. 

DATA ANALYZED BY GROUPS, ON THE BASIS OF SELF-CLEANING 
AND FILLING CONDITIONS 

Visual inspection of Table 9 indicates a rather 
marked superiority for the black culverts in the filling 
condition while Table 10 indicates an equally marked 
superiority for the galvanized culverts in the self- 
cleaning condition. The average ratings for the black 
culverts are 59.2 for the filling condition and 39 for the 
self-cleaning condition; for the galvanized culverts the 
average ratings are 83.2 for the self-cleaning condition 
and 71 for the filling condition. These facts have 
suggested the presentation of the data in another form 
involving the separation of the culvert pipe into groups 
on the basis of self-cleaning and filling condition. This 
has been done in Tables 12 to 15, inclusive, which are 
of the same general form as Table 1; 

Table 12, for black pipe in the self-cleaning condi- 
tion, shows ‘the same superiority of copper-bearing steel 
and copper-bearing iron that was indicated in Table 11. 
Ingot iron has lost its place among the first three metals 
on account of the poor condition of the one pipe, No. 
103, included in this comparison. All observers are in 
agr cement that, for the self-cleaning condition, copper- 
bearing steel and copper-bearing iron are superior to the 
other three metals and all are in agreement that the one 
open-hearth steel pipe has shown the least resistance to 
corrosion. However, as regards the relative positions 
of Bessemer steel and ingot iron, the ratings of only 5 
observers of the 10 are in agreement with the average 
ratings of the group. 
On the other hand, the ‘same thee metals which 

showed superiority in Table 11 also show superiority in 
Table 13, for black pipe in the fillg condition, although 
in the latter table the order is changed, ingot iron 
occupying first position. The agreement between the 
trends of excellence shown by the ratings of the individ- 
uals and those shown by the average ratings of the 
whole group is not as good as that indicated i in Tables 
11 and 12 but this is not sur prising in view of the small 
differences between the average ratings of the metals in 
Table 13. 

The data available, as presented in Tables 11, 12, 
and 13, indicate that, for the black culverts under the 
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TABLE 12.—Ungalvanized pipe—Self-cleaning condition. Average 
ratings on the basis of base metals, and relative order of excellence 
as indicated by these ratings and the average ratings of each 
observer 

Relative order of excellence \—Observers 
Num-| Aver- | 

Base metal re se poee Sl ae oko ele eh era ae 
pipe | ings | All A ee B ee F Bud C\/E|H| J 

= =| | I- | alae 

Copper-bearing stee]_| 2 58.4 | 1 1 1 1 242 1 ee 
Copper-bearing iron _| 2 5709 | 2 1 1 DL Re We a 
Bessemer steel_______ 2 24.9] 3 3 v4 A Aa S i Oui eos 
NRO INON. ee a 1 21 4 2 3 3 Sint, Od. 
Open-hearth steel. me 1 9 5 4 3 | Be onl ee | oO 

Averages .-8.22|£-25.- 30: Ort 2 tae sete See ee aie Me |< eee 2) ners 
| | 

1 When the figures jnaieating order. of excellence for any one observer are the same 
for more than one metal they signify that the average ratings of that observer are the 
same for all metals to which the same figure is assigned. 

TaBLE 138.—Ungalvanized pipe—filling condition. Average rat- 
ings on the basis of base metals, and relative order of excellence as 
indicated by these ratings and the average ratings of each observer 

Relative order of excellence 1—Observers 

Num.- eee 
Base metal ber of ait ee | 

pipe ‘ings All A and | Cand | D, F, ei jee. at 
; B EK | andj 

MUG O ben OT a= eee 2 62.1 1 1 ats Af) ee a 1 
Copper-bearing steel _ __ 1 67.8 | 2 2 3h PP Nhe alc! i 1 
Copper-bearing iron___- 1 57 3 2 2 | Bi ees al 2 
Open-hearth steel _-___- 1 56.8 4 2 | 4 | PPV yah 1 

Averages wt hoc - oe ae | ea Re Seetaee ate Or. 

! When the figures indicating order of excellence for any one observer are the same 
for more than one metal they signify that the average ratings of that observer are the 
same for all metals to which the same figure is assigned. 

TaBLE 14.—Galvanized pipe—self-cleaning condition. Relative 
order of excellence as indicated by the average ratings of all 
observers and the ratings of each observer 

Relative order of excellence !—Observers 

: Aver | spelter 
Culvert pipe No. age rat-| coating A 

y ing All AS D, C and rates er || al 
and E df 

Oz. per | 
| sq. ft. | 

LOSING S eee Swe a as 8734 2. 58 Ls i 1 2 2 J 1 ] 
OA RA wee Ee Nes Be ee 87 2.48 | 2 | 1 1 i VET eee | 2) 
ip ae Bk) Lae ae ee 8544) 2.84] 3 | 1 1 1 I PIA 2 
P43 Nie ee ee 83814 2. 48 4 | 2 1 2 1 2 i 2 
14g = NiGi wakes ses Oe oe 7244) 2.02) 5 | 3 Deco soul -ouh ae 2 

AVOPaeOi meso {OW See a ee Bb ae Se Ne Oe Lee Pe ae ee ene er Wi 

1 When the figures indicating order of excellence for any one observer are the same 
for more than one culvert pipe they signify that all pipe to which that figure is assigned 
were given the same rating by the observer. 

TaBLE 15.—Galvanized pipe—filling condition. Relative order of 
excellence as indicated by the average of the ratings of all observers 
and the ratings of each observer 

Aver- Relative order of excellence 1—Observers 

5 : 7 age rat-| Spe 
Culvert pipe No. wee t ae r ras 

TM RT aS et ADL AS, ale T TCG ey! ee) ene. |, Sas 

Oz. per 
sq. ft. 

Le ics! See = eee 8434 2. 59 1 1 1 J i 1 1 1 1 2 1 
USA kore tet psd 7314 2. 41 2 2 2 2 2 3 2 1 3 1 1 
Dy EAN Pak ge eee 70 2, 44 3 3 3 3 2 4 2 3 3 2 3 
i op eee ee ese COLele = 19900) Sal Bo 44) Balers awa te Tee so 2 3 
i cle ee = ees re 6914 1. 86 5 5 5 2 3 4 4 3 2 2 2 
Gs oe oe fee 6814 2. 80 6 3 4 3 4 2 3 2 4 5 2 
140 eee ee GGezi ee Os tel ed, Ne 4a) 2) Bale oe bi} al) <4h id 3 
LOLS ee es ae oS 66 2. 59 ta) 4 5) "4 5 5 5 | 4 3 3 

Average__-_- FOO esas ees eee moe ee | ees oe rat 
| 

1 When the figures indicating order of excellence for any one observer are the same 
for more than one culvert pipe they signify that all pipe to which that figure is assigned 
were given the same rating by the observer. 

conditions obtaining in this locality, the filling condition 
is more favorable to long life than is the self- cleaning 
condition, and that the group of metals which includes 
copper- -bearing steel, copper-bearing iron, and ingot 
iron is superior, in resistance to corrosion, to the group 
which includes open-hearth steel and Bessemer steel. 

OUTLET END (WEST) 

Figure 4.—Cuuvert No. 128: A TYPICAL FILLING CULVERT 

As has been pointed out previously, the ratings of 
the galvanized culverts give no indication of the 
corrosion resisting properties of the base metals. For 
this reason the average ratings of the individual pipe 
aré given in Tables 14 and i for galvanized pipe in 
the self-cleaning and_ filling conditions, respectively, 
and the pipe have not been erouped with respect. to 
base metals as was done in Tables 11 to 13, inclusive. 
It is apparent, therefore, that Tables 14 and 15 can 
disclose no new facts in addition to those already shown 
in Table 10, except a possible relationship between 
weight of spelter coat and resistance to corrosion, and 
the degree of agreement between the trends of excellence 
shown by the ratings of individual observers and those 
shown by the average ratings of the group. 

It seems reasonable to assume that the weight of the 
spelter coating should have an influence.on the behavior 
of galvanized pipe, the heavier coatings being more 
favorable to long life than the lighter ones. However, 
the data in Tables 14 and 15 show no consistent 
relationship between weight of spelter and culvert 
rating and permit no conclusion to be drawn. 

The agreement between the trends of excellence 
shown by the ratings of the individual observers and 
those shown by average ratings of the whole group is 
not as good for the galvanized pipe as for the black. 
This is doubtless due to the smaller range in average 

(Continued on page 184) 



METHODS FOR THE MEASUREMENT OF WATER FOR 
CEMENT BRIQUET TESTS 

WO methods for the measurement of quantities 
of water used in mixing of cement mortar for 
the standard briquet test are described in the 

following articles. In each case a burette of special 
design is employed, and methods of filling the burette 
to a constant predetermined level are used. The 
amount of water drawn from the burette is, however, 
dependent on the operator and in this respect the 
measurements described are subject to variation. In 
addition, a fully automatic method of measuring water 
is suggested in one article. 

METHOD USED IN THE MISSOURI STATE HIGHWAY 
LABORATORY 

By F. V. Reagel, Engineer of Materials, Missouri State Highway Department 

A simple method for measuring the water used in 
gauging mortar batches for briquet tests, which has 
been used in the laboratory of the Missouri State 
Highway Department for several years, has assisted 
in promoting the accuracy and speed of these tests. 
Primarily, the device is merely an adaptation of the 
automatic burette having an intake, an outlet, and an 
overflow of small diameter which drains into a sump. 
The intake is connected, through a brass turncock, to 
a large bottle of distilled water. A rubber tube, with 
a pinch cock at its lower end, extends from the outlet 
to the work table. The sump drains into a small 
overflow bottle. The burette bulb has a volume of 
100 cubic centimeters from the upper graduation on 
the neck to the mouth of the overflow; the neck has a 
volume of 10 cubic centimeters with graduations every 

BURETTE FOR ACCURATE MEASUREMENT OF 

WATER 

TigureE 1.- 
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FIGURE 2.—APPARATUS AS INSTALLED IN THE MISSOURI 
LABORATORIES 

0.5 cubic centimeter which are approximately 5 
millimeters apart. This permits measurement of any 
quantity of water from 100 to 110 cubic centimeters 
to within 0.25 cubic centimeter. 

In operation, the intake cock is turned on until 
water overflows and is then shut off. The pinch cock is 
then opened and the proper amount of water, as indi- 
cated by the burette graduations, is permitted to 
flow into the dry cement-sand mixture. The intake 
cock is then immediately opened so that the burette 
will fill while the operator is mixing the batch. Much 
less time is consumed by this method than by the use 
of the ordinary graduated cylinder, as the filling is 
done automatically while the operator is doing some- 
thing else, and the measurement is merely a matter of 
releasing the pinch cock when the water level reaches 
the proper graduation. Furthermore, the measure- 
ments are more accurate, as the burette is easily read 
to 0.25 cubic centimeter (about one-fourth of 1 per 
cent), whereas it is not possible to measure closer than 
2 cubic centimeters (2 per cent) with a graduated 
cylinder. The burette was made to order at a relatively 
small cost. 

The equipment as used in this laboratory is shown 
in Figures. 1 and 2. This arrangement with a burette 
at each end of the rack accommodates four operators. 
The method of suspending the minute-glass is also a 
useful innovation, as it keeps the minute-glass out of the 
operator’s way, on a level with and immediately in 
front of his eyes. 

METHOD USED IN THE LABORATORY OF THE BUREAU 
OF PUBLIC ROADS 

By D. O. WOOLF, Associate Materials Engineer, Bureau of Public Roads 

The apparatus for measuring water for mortar which 
has been recently installed in the laboratory of the Bureau 
of Public Roads is an adaptation of the constant-level 
water bottle employed in connection with the steam 
chest for testing the soundness of cement. As shown 
in Figure 3, a burette of special design is connected by 
rubber tubing with a five gallon water bottle. This 
bottle is closed with a rubber stopper through which a 
length of -inch glass tubing passes. The bottom of the 
tubing is placed in the same horizontal plane with the 
zero mark on the burette. 

aw. 
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WATER BOTTLE 

Figure 3.—SEMI-AUTOMATIC APPARATUS FOR MEASURING WATER 

As the mouth of the water supply bottle is closed, 
the effective water level is at the bottom of the glass 
tube which enters the bottle. If water is permitted to 
flow from the bottle to the burette, the water level in 
the burette will rise until it reaches the same height as 
the bottom of the tube in the bottle. . 

In operation, either the burette or the glass tubing is 
adjusted so that the bottom of the tube is in the same 
horizontal plane with the zero mark on the burette. 
This may readily be accomplished by sliding the burette 
up or down in its support as is necessary, or by changing 
the height of the tube. The two-way stopcock on the 
burette is then opened to permit water to flow into the 
burette. After the latter is filled the required amount 
of water is drained out and the stopcock turned to the 
filling position. The water will again rise to the zero 
mark on the burette without attention of the operator. 
If the burette is drained completely, it will refill in 
about one minute. 

The chief advantage of this installation is that it re- 
lieves the operator of making one of the two readings 
necessary for each quantity of water drawn from the 
burette. The apparatus is relatively simple, and in 
normal operation the results are accurate. The only 
feature which must be guarded against is loss of the 
partial vacuum in the supply bottle. If, after the 
burette has been adjusted to position, leakage of air 
occurs around the stopper of the supply bottle, the 
water level in the tube will rise due to the increase in 
pressure of the air entrapped in the bottle. This will 
permit a larger amount of water to enter the burette 
than is desired. It is necessary, therefore, to note that 
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Figure 4.—SUGGESTED BURETTE FOR AUTOMATIC 

MENT OF WATER 

MEASURE- 

no water is in the glass tube prior to filling the burette. 
If there is, a preliminary filling and draining of the 
burette will restore the proper balance of operating 
pressures. 

MODIFICATION FOR AUTOMATIC OPERATION 

The apparatus described above is of most value in 
laboratories where a large number of batches of mortar 
are mixed each day. For laboratories doing a large 
amount of routine testing in which a large number of 
batches of mortar are prepared each day requiring the 
same amount of water in each batch, a modification of 
this apparatus to permit the entirely automatic meas- 
urement of water may be used. In this case the same 
water supply bottle and glass tube are used, but the 
burette has inverted readings. An example of such a 
burette is shown in Figure 4. The zero mark is at 
the glass stop cock, and the 160 cubic centimeter read- 
ing at the top of the burette. The enlarged portion of 
the burette is immediately above the stop cock. In 
operation, the adjustment should be made so that the 
desired amount of water will enter the burette. The 
operator then needs only to drain the burette and turn 
the stop eock to the filling position, and the same 
amount of water will again enter the burette. 

The same principle may also be applied to apparatus 
used in measuring water for concrete mixes. 
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(Continued from page 181) 

ratings for the galvanized pipe, to the relatively large 
influence of the opinion as to whether spelter condition 
should be rated 90 or 75, and, in Table 15, to the fact 
that the trend is based on eight ratings rather than on 
four or five as in preceding tables. 

However, Table 14 shows that seven observers are 
not in disagreement with the trend shown by the 
average ratings although the ratings of the individuals, 
being in a number of instances the same for more than 
one pipe, do not permit of the fine distinctions in order 
of excellence which result from a grouping on the basis 
of average ratings. Hight observers are in agreement 
that the first three pipe in this table are not inferior 
to either of the last two and all observers agree that the 
last pipe in the table is not superior to any of the first 
four. 
Table 15 shows that seven observers agree that the 

first pipe, No. 65, is superior to all others and two 
additional observers agree that this pipe is at least the 
equal of any others in the table. Eight observers are 
in agreement that the first two pipe, if not actually 
superior, at least are not inferior to any of the others 
and eight observers agree that the last pipe is not 
superior to any of the other seven. This agreement 
between indicated trends of excellence is considered 
good in view of the small range in average ratings. 

CONCLUSIONS AND INDICATIONS OUTLINED 

The only definite conclusions which may be drawn as 
a result of this investigation are: 

1. That the rating schedule used in this survey for 
measuring the relative behavior in service of corrugated 
sheet-metal culverts is sound in principle. 

2. That the use of such a schedule may be expected 
to yield results having a degree of accuracy sufficient 
for the purpose and its use by different observers may 
be expected to yield comparable results. 

Having in mind the manifest inadequacy of the 
data as a basis for any definite conclusions, certain 
indications applying only to metal culverts installed 
under the conditions peculiar to this locality appear 
to be worthy of note. These indications are that from 
the standpoint of resistance to corrosion: 

1. Galvanized pipe is superior to ungalvanized pipe. 
2. The group of metals which includes copper-bear- 

ing steel, copper-bearing iron and ingot iron is superior 
to the group which includes open-hearth steel and 
Bessemer steel. 

3. For galvanized pipe the self-cleaning condition 
appears to be more favorable than the filling condition, 
while the reverse is true for the black (ungalvanized) pipe. 
This may have some significance as indicating a differ- 
ence in the rates of deterioration of spelter coating and 
base metal under different conditions of service. 

RESULTS OBTAINED BY THE USEROESCENENT 

REPORT OF AMERICAN ENGINEERS TO SIXTH INTERNATIONAL ROAD CONGRESS 

By FRANK T. SHEETS, Chief Highway Engineer, Department of Public Works and Buildings of Illinois; ROY W. CRUM, Director, Highway 
Research Board, National Academy of Sciences; E. M. FLEMING, Manager, Highways and Municipal Bureau, Portland Cement Association; 
ARTHUR N. JOHNSON, Dean, College of Engineering, University of Maryland; CLIFFORD OLDER, Consulting Engineer, Chicago, Ill., and 
RAYMOND 

T the end of 1928 there had been constructed in the 
United States on strictly rural highways approxi- 
mately 59,000 miles of Portland cement concrete 

pavement, or more than four times the mileage which 
existed at the end of 1920. During the year 1928 alone, 
8,756 miles were built. Such intensive construction 
has necessarily called for the rapid development of 
design and construction practices. This report outlines 
the present methods employed in the design, construc- 
tion, and maintenance of concrete pavements. 

Considerable advance has been made in the struc- 
tural design of pavements. The report calls attention 
to certain fundamentals which should be observed in 
the construction of the subgrade, and reference is made 
to new developments in the design of the cross section, 
as well as important features in the proportioning of 
the reinforcing steel and the construction of expansion 
joints. 

The trend is toward intensive research as to the 
effect of various characteristics of constituent materials 
on the quality of the concrete. Recent investigations 
indicate that the characteristics of the aggregates have 
more influence on the tensile and flexural strength of 
the concrete than upon the compressive strength. 

The design of concrete mixtures by the water- cement 
ratio and mortar-void methods is rapidly gaining in 
favor. To secure the benefits of proper desion of mix- 
tures, the ingredients must be accurately measured and 
the water content closely controlled. These important 
features are described and references given to more 
complete information. 

E. TOMS, Principal Highway Engineer, United States Bureau of Public Roads 

Rapid strides have been made in the development 
of equipment for handling materials and for mixing 
and placing concrete. Rigid inspection and modern 
equipment have aided in securing improved quality, 
smoother surfaces, and better production. The curing 
problem still needs much study. 

The rapidly increasing mileage of concrete pavement 
has stressed the problem of maintenance. Much 
study has been given organization, methods, and 
equipment. Some “of the more important methods are 
described. One new development is the use of high 
early strength concrete for repair work. 

INTRODUCTION 

The extensive construction of cement concrete roads 
in the United States during the past decade has done 
much to standardize design and construction methods. 
Great progress has been “made in the development of 
equipment. Complete control of every phase of design 
and construction in order that pavements of the highest 
quality may be obtained is now generally recognized: 

These reports are designed to summarize the present 
practice in design, construction, and maintenance 
methods and have been prepared by engineers whose 
experience and achievements have gained merited 
recognition. 

STRUCTURAL DESIGN OF CONCRETE PAVEMENTS 

By CLIFFORD OLDER 

The subgrade.—It is generally recognized that the 
most vital single consideration in the preparation of the 



November, 1930 

subgrade is uniformity. If necessary to secure this 
condition old crusts are completely loosened and the 
material distributed uniformly over the area to be 
paved or otherwise disposed of. When areas of yielding 
soil are encountered, it has been found desirable to 
remove the soft material and replace with earth of the 
general character of that of the surrounding subgrade. 

Tile drains are used to eliminate free water from areas 
supplied by underground sources. In heavy clay soils 
a well drained layer of granular material is used by some 
engineers although its need is not univer sally recognized. 

Rollers weighing from 3 to 5 tons are generally 
preferred for final finishing and it is usual to prohibit 
the filling of low spots after final rolling. Excessive 
rolling and uneven compaction are avoided in so far as 
feasible. 

Inasmuch as the accuracy with which the subgrade 
surface is finished to the specified contour determines 
the uniformity of the pavement thickness and strength, 
much attention is given to this item. It is usual to 
prohibit high but not low areas in order that the thick- 
ness of the pavement may at no point be less than that 
specified. 

Design of cross section—It is all but universally 
recognized that the thickness of the mid portion of a 
concrete pavement need be but about seven-tenths of 
that near the edges in order that the flexural strength 
throughout may be approximately balanced. The 
thickness determined for the edge is usually continued 
for a distance of about 2 feet and then diminished to 0.7 
at a distance from the edge somewhat greater than one- 
half the standard spacing of wheels on an axle. 
It is generally believed that if the edge thickness be 

38W 
om 

reasonable freedom from structural failure will result. 
In this formula t=edge thickness, W=maximum ex- 
pected wheel load, and m=the modulus of rupture of 
the concrete. 
Much attention is given to methods of proportioning 

the ingredients in order to secure the highest possible 
modulus of rupture consistent with economy of con- 
struction. It is customary to prepare sample test 
beams as the work progresses in order to provide means 

- for checking the final result. 
It is obvious that a greater factor a safety would 

result in using a smaller percentage of ‘‘m”’ in the above 
formula. It is the author’s practice to ate an addi- 
tional reduction of one pound for each foot of slab 
length or width between edges, in order to allow for the 
tension set up by subgrade friction during periods of 
falling temperature. 

More nearly rational formule for edge, corner, and 
mid portion thickness are available for design, for which 
see ‘‘Computation of Stresses in Concrete Roads,” 
by H. M. Westergaard, Proceedings of the Fifth 
Annual Meeting of the Highway Research Board, 
Part I. 

Steel reinforcement and joints.—A_ comprehensive 
survey of existing plain and reinforced concrete pave- 
ments has shown the advantages that accompany the 
judicious use of reinforcing steel, for which see Report 
of Investigation of the Economic Value of Reinforce- 
ment in Concrete Roads, by C. A. Hogentogler, Pro- 
ceedings of the Fifth Annual Meeting of the Highway 
Research Board, Part II. 

The most common method of proportioning reinforc- 
ing steel is to assume that a crack may occur halfway 

proportioned in accordance with the formula t= 

PUBLIC ROADS 185 

between the side or end margins, and that the area of 
steel throughout should be ample to prevent the crack 
from widening when the temperature falls and the 
pavement contracts. ‘Thus the stress in the steel is 
assumed to equal the weight of one-half the slab times 
the coefficient of friction of the pavement on the 
subgrade. This coefficient is usually taken as 1.5 or 2 

It is generally recognized that the principal func tion 
of reinforcing steel so proportioned is to cause a 
dowelling or shear action between the pavement edges 
across which it passes. Excepting at predetermined 
joints where stiff dowel bars or other means are often 
used, this is accomplished more by the roughness of 
the concrete held in close contact than because of the 
stiffness of the small reinforcing members usually 
selected. 

It has been determined by experience that in a 
climate where the ground freezes more than a few 
inches in depth, irregular longitudinal cracks will 
appear unless the pavement is divided into strips 
having a width of about 10 feet or less. In pavements 
of ordinary width the adjacent strips are held together 
with. deformed dowel bars and the joint is of the 
tongue-and-groove type. 

Transverse expansion joints are inserted in order to 
avoid excessive compressive stresses when the pave- 
ment expands. 

It is usual to provide for a movement of about 1 inch 
per 100 feet of pavement length after taking into con- 
sideration the degree of compressibility of the material 
used in the joint. 

It is not generally considered the best practice to 
concentrate the expansion provisions at wide intervals 
as in such case subgrade friction may cause trouble- 
some compressive stresses halfway between expansion 
joints. 

Attempts have been made entirely to prevent trans- 
verse cracks by forming transverse joints at various 
intervals. 

The Bates road tests and general experience indicate 
that for heavy traffic roads, at least, the interval be- 
tween joints must be relatively short if transverse 
cracks are to be avoided in pavements of ordinary 
thickness. 

MATERIALS 

By A. N. JOHNSON 

During the past three years, since the last report was 
presented, the advance that has been made in the art 
of concrete road construction as the resu't of extensive 
researches has increased the use in the field of the water- 
cement-ratio law, the proportioning by weight of aggre- 
gates, and the use of flexural tests as a medsure of 
concrete strength. 

The effect of various characteristics of the aggregates 
upon the concrete is still a matter of investigation. 

The injurious effect of organic impurities in fine 
aggregate is well established, and to detect such im- 
purities 25 State highway departments now prescribe 
the sodium hydroxide test, which is readily applied in 
the field. Neither the fine nor the coarse aggregates 
should contain material that increases greatly in volume 
under exposure to moisture. 

In general, it has been found that while a wide variety 
of aggregates showed little variation in comparative 
crushing strength, this is not true of flexural and tensile 
strength. 

Investigations on this subject are mostly recent. 
A symposium on mineral aggregates was held at the 



186 PUBLIC ROADS Vol. 11, No. 9 

Thirty-second Annual Meeting of the American Society 
for Testing Materials in June, 1929. <A recent investi- 
gation of the effect of various characteristics of aggre- 
gates upon the strength of concrete is published in 
‘Public Roads,” the magazine of the United States 
Bureau of Public Roads, June, 1929, as reported by 
Mr. W. F. Kellermann. These investigations indicated 
that while the compressive strength may not be greatly 
affected by the variation in the nature of the aggregates, 
this is not always the case with the flexural and tensile 
strength of concrete. 

In a report by Mr. R. W. Crum on ‘‘The Control of 
Methods and Mixtures for Concrete for Pavements”’ 
presented at the Ninth Annual Meeting of the High- 
way Research Board, December, 1929, it is stated that 
for mixtures that contained the same absolute volume 
of aggregates and cement the strengths were the same. 
It is further stated that these data do not disclose any 
constant relation between the transverse and compres- 
sive strengths. 

Reports from other investigations bear out the con- 
clusion that the characteristics of the aggregates have 
more influence on the tensile and flexural strength than 
upon the compressive strength. A recent meeting of 
the executive committee of the Highway Research 
Board called attention to this subject: 

“The need of coordinated research in this field was 
strongly emphasized in the Symposium on Aggregates 
at the recent meeting of the American Society for Test- 
ing Materials. It is plain that owing to the wide 
variations in the natural materials, as well as in the 
conditions of use in road work, a mass of sound infor- 
mation as to the effects of different characteristics upon 
results in use is greatly needed. Standard specifica- 
tions for aggregates can not be much more than forms 
indicating the important points to be covered. It is 
necessarily left to the individual user to specify test 
limits to meet his local conditions as to materials and 
use. The information needed by him concerning the 
effects of different characteristics of the aggregates is 
far from complete at the present time.”’ 

It is evident that before we can interpret the results 
of investigations of the effect of characteristics of aggre- 
gates, there must be accumulated more comparative 
data to determine the practice that will make for the 
greatest practical economy in road construction. 

The use of reinforcement is increasing. Structural 
steel is generally prescribed (standard specifications of 
the American Society for Testing Materials, serial 
designation A 15-14). In addition, some State specifi- 
cations permit rerolled steel (American Society for 
Testing. Materials specifications, serial designation 
A 16-14), while mesh reinforcement shall meet the 
requirements of the American Society for Testing 
Materials specifications for cold-drawn steel wire (serial 
designation A 62-27). 

Attention is invited to the report of investigation of 
the effect of steel reinforcement in concrete roads which 
is to be found in the Proceedings of the Fifth Annual 
Meeting of the Highway Research Board of the Na- 
tional Research Council, Washington, D. C., Decem- 
ag 1925. This report was made by Mr. C. A. Hogen- 
togier. 

The importance of rigid control of the water, cement, 
and mineral aggregates, both as to quality and quantity, 
has made closer and more expert inspection necessary. 
The call is for men as inspectors who have special skill 
and experience. 

DESIGN OF CONCRETE MIXTURES AND METHODS OF 
PROPORTIONING 

By R. W. CRUM 

Design.—Specifications for concrete mixtures stated 
arbitrarily by loose volumes of materials are still in 
common use in the United States. They are in many 
cases limited by requirements based upon recognized 
principles of design, and in some States specifications are 
based throughout on these principles. The use of 
specifically designed mixtures in work involving the 
possibility of using materials from many different 
sources necessitates flexibility in specifications. The 
difficulty of incorporating this flexibility into contracts 
let on competitive bidding delays more general adoption 
of scientific principles of mixture design on pavement 
work. 

Principles of design are’based upon the facts that the 
strength of concrete depends primarily upon the amount 
of solid material present in a given vloume of concrete 
and upon the extent to which the solid particles are 
bonded together by the cement (1). It has been 
demonstrated that the resultant of these factors is 
measured by the ratio of absolute volumes of cement 
to cement plus aggregates or of cement to void space 
(2). Since void space is practically controlled by the 
amount of mixing water used in plastic mixtures, the 
ratio of water to cement is also a measure of the strength 
of any combination of the same materials. 

The water-cement-ratio method of design consists 
in selecting the water-cement ratio corresponding to 
the required strength and finding the most suitable 
combination of aggregates to give the desired work- 
ability (3, 4). 

The mortar-void method is based upon the principle 
that the strength depends upon the ratio of cement to 
voids in the concrete and that the greatest strength will 
result for a given void-cement ratio when the amount 
of mixing water is such that the mortar part of the 
concrete will occupy the least volume (4). 

Mixtures of definite amounts of water with given 
cement, fine and coarse aggregate can be designed by 
either method to produce concrete of the required 
strength (2). 

Each prospective material should be separately 
studied through laboratory tests in designing mixtures 
for specific purposes, because a design made for certain 
materials will not necessarily apply to other materials. 
The strength of the concrete, particularly flexural 
strength, may be affected by the quality of the cement 
used and by such characteristics of the aggregates as 
shape and size of particle, mineralogical composition, 
texture, porosity, and strength (6, 7). 

Workability is a primary factor in design. However, 
laboratory tests indicative of workability under modern 
placing and finishing methods on pavement work have 
not yet been devised. Until some test for field work- 
ability is developed the mixtures designed by these 
methods will be subject to cut-and-try modification in 
the field. 

Proportioning (measuring).—In order to secure the 
benefits of proper design of mixtures it is necessary for 
the various ingredients to be accurately measured. 
Measurement of aggregates by weight is rapidly in- 
creasing on highway work. It has been found that 
these materials can be weighed accurately and rapidly 
without extra cost and that more uniform concrete is 
produced. 

1 Figures in parentheses refer to the references given at the end of this section. 
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The water-measuring tanks on the latest paving 
mixers give accurate results when supplied with water 
under constant pressure and free from entrained air. 
Inaccuracies in water measurement are often caused 
by frequent changes in pipe-line pressure and the 
inclusion of air in the water incident to conditions of 
the work. ‘This trouble has been eliminated by means 
of a double-tank arrangement for keeping the measur- 
ing tank under atmospheric pressure only (8). 

In order to secure the benefits from accurate measure- 
ment of water and aggregates it is necessary that correc- 
tion be made for the water carried by the aggregates 
or that. which will be absorbed by them. Rapid 
methods have been devised for making frequent 
determinations of this moisture factor (9). 

It is necessary also that attention be given to the 
uniformity of the aggregates and that weight correc- 
tions be made for oversize particles in the fine aggre- 
gate and for undersize particles in the coarse aggregate 
(9). 

It has been demonstrated that very uniform concrete 
can be produced in pavement work when each of the 
details of measurement is faithfully carried out (9). 

Cement continues to be measured as packed by the 
manufacturers except when shipped in bulk. One 
possibility for improving in handling cement lies in 
protection from incidental losses during loading and 
transportation. 
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CONSTRUCTION OF CONCRETE PAVEMENTS 

By E. M. FLEMING 

Equipment and methods of construction.—Concrete 
road construction is particularly adapted to quantity 
production as most of the operations lend themselves 
readily to the use of machinery. Competition among 
contractors is so keen that only the best managed and 
equipped outfits can hope to be uniformly successful. 

Locomotive or caterpillar cranes unload the aggre- 
gates from freight cars, deposit them in stock piles and 
at the same time keep adjacent overhead bins filled. 
From these bins the materials flow by gravity to volume 
measuring hoppers or to weighing hoppers, suspended 
below the bins. ‘Trucks or narrow-gage railroad cars 
are filled by gravity from the hoppers. Weighing 
aggregates is a comparatively new development and 
one which promises to supersede other methods of 
proportioning. Weighing equipment has been refined 
so that the operation can be performed as quickly as 
the materials were formerly measured by volume. 

In about 85 per cent of the cases, raw materials are 
transported to the mixer in short wheel-base trucks 
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hauling either one or two batches, including cement. 
These trucks are equipped with pneumatic tires, should 
be of rugged construction and easily and ‘quickly 
dumped. Narrow-gage industrial railroads are also 
used. 

Self-propelling concrete mixers mounted on cater- 
pillar treads and operated by gasoline engines, and 
turning out approximately 1 cubic yard of mixed 
concrete every 75 seconds, are the most common. A 
recent improvement in mixers is the development of 
a water-measuring device which will control the 
quantity of water to within 1 pint. 

Concrete should be mixed to such a consistency that 
it will slowly settle when deposited on the subgrade. 
It is then leveled off a little high with shovels, struck 
off and compacted by a power finishing machine, after 
which the surface is floated or scraped with long- 
handled floats or straightedges, tested for surface 
smoothness with straightedges and then finally belted. 
Finishing machines that shape and compact the surface 
by screeding have practically superseded the older 
tamping machine. The frequency of passage of the 
finishing machine over a given area is now reduced to 
a minimum. 

Field control of quality, quantity, and smoothness. 
Proper control of these items depends on rigid and 
intelligent inspection backed by penalties enforceable 
on the contractor. 

Quality of concrete depends on the correct design of 
the mix, uniform quantities of materials per batch, 
proper mixing time, adequate curing and the amount 
of mixing water. Beams and cylinders should be cast 
at the road and tested at stated periods. Cores 
should be drilled from the finished slab and tested. 

Securing the correct depth of slab depends on good 
form installation, subgrade preparation and on finishing 
methods which shape the surface closely to the theoret- 
ical section. Forms should be of steel, have adequate 
bearing and be rigidly pinned in place. The subgrade 
should be checked for depth by templates immediately 
before the concrete is placed. Cross sections of the 
subgrade and of the finished surface taken at the same 
point at frequent intervals will provide an immediate 
check. Cores are drilled after the slab has cured, and 
then measured for depth. Penalties for failure to secure 
correct depth are assessed against the contractor. 

Surface smoothness is a function of correct form con- 
struction, concrete of uniform workability and con- 
sistency, good finishing methods, and frequent straight- 
edging of the surface. A number of road-building 
departments now require that surface roughness must 
not exceed one-eighth inch in 10 feet, although one- 
fourth inch in 10 feet is still the most common require- 
ment. The contractor is penalized the price of 1 square 
yard of pavement for each irregularity exceeding the 
limits. 

Curing —Early curing is accomplished by placing one 
or two layers of burlap on the green concrete. This is 
kept damp by light sprinkling. 

After 24 hours the burlap is removed and the final 
curing agent applied. One of the following methods 
is use 

Ponds of water. 
Wet earth or wet hay cover. 
Spraying with water. 
Surface application of calcium chloride. 
Surface application of sodium silicate. en sce kot 
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Water curing is continued for at least eight days. 
Difficulties in securing proper application of the water 
have resulted in attempts to find more easily applied 
curing agents. A recent development is the use of an 
asphalt or tar seal coat sprayed on the surface imme- 
diately after the final belting. This method, as well as 
the use of calcium chloride and sodium silicate, has met 
with varying success. Test results and opinions of 
engineers vary as to the merits of these methods. The 
use of water is still the one sure method. 

MAINTENANCE OF CONCRETE PAVEMENTS 

By R. E. Toms 

Maintenance of concrete pavements consists of 
filling cracks or joints, correcting surface depressions, 
and replacing areas which have disintegrated or been 
shattered by traffic. 
-Cracks or joints should be filled with bituminous 

material once a year or oftener, depending upon the 
amount of traffic. They should be well cleaned with 
brooms or compressed air, to a depth of 3 inches, of all 
dirt, dust, or foreign material before filling. After 
cleaning they should be filled with hot tar or asphalt 
by means of pouring cans and covered with clean sand 
or stone chips to prevent the bituminous material from 
being picked up by traffic. Wide cracks or joints 
should be filled with a bituminous mixture, preferably 
a standard hot-mix bituminous concrete. 

Shallow surface depressions may be corrected by 
painting the depressed area with crack-filling bitu- 
minous material and covering with crushed aggregate, 
ranging from three-quarters inch to one-half inch in 
size. Successive applications of bituminous material 
and covering should be used to secure the desired 
thickness. Surface depressions of greater depth than 
three-quarters inch should be corrected with bituminous 
concrete mixtures containing graded coarse aggregate. 
Such mixtures may be prepared without heating by 
using an emulsified asphalt or a cut-back tar. Stand- 
ard hot-mix bituminous concrete is also used for this 
purpose. The area to be covered by the mixture is 
usually given a paint coat of tar or asphalt. The 
bituminous mixture should be tamped into place and 
every precaution taken to secure a level surface. After 
compaction the graded coarse aggregate mixtures are 
usually given a seal coat of tar or asphalt and covered 
with fine stone chips or coarse sand. 

Replacement of areas must be undertaken where 
the concrete slab is so broken that it will not support 
traffic when patched with bituminous materials. All 
broken and disintegrated concrete should be removed 
and the old slab cut back to good solid concrete. The 
top edge of the old concrete should be chiseled to a 
vertical edge for a depth of at least 1 inch below the 
surface. The remainder of the old concrete face should 
be left as rough as possible. The subgrade for the 
patched area should be excavated so that the new 
concrete will extend several inches under the old slab 
and have a depth of from 2 to 4 inches greater than the 
original slab. In soft, spongy soil, granular material 
such as cinders, gravel, or broken stone tamped into 
the subgrade serves to reduce capillary action and give 
added stability. 

The concrete used in replacing pavement areas 
should be machine mixed. . A dry mix should be used 
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to prevent subsidence after placing. The time of 
mixing for dry mixes should not be less than two 
minutes. The cdherete should be thoroughly tamped 
in place and finished with a screed, template, and wood 
float to a regular and uniform surface to fit the crown 
and edge of the surface of the old pavement. A straight- 
edge should be used longitudinally at either end of the 
patch to insure a smooth junction with the old con- 
crete. Curing should be by means of wetted burlap 
placed over the patch as soon as it is finished. The 
burlap may be replaced with an earth covering at the 
end of 24 hours, or if it can conveniently be kept wet 
for three or four days no further curing is necessary. : 
The use of calcium chloride integrally with the con- 
crete mix obviates the necessity for curing. 

The concrete used in replacing pavement areas should 
be a standard pavement mix, or if it is not convenient 
to keep traffic off of the new patch for the time required 
for the curing and hardening of ordinary concrete, a 
quick-hardening”’ concrete may be used. Quick-hard- 
ening concrete made of alumnite cement hardens suf- 
ficiently in 24 hours to permit it to be opened to traffic. 
Alumnite cement is mixed in the same proportions and 
manipulated in the same manner as Portland cement. 
It hardens in the presence of water. Particular atten- 
tion must therefore be given to curing. For several 
hours after setting all exposed surfaces must be kept 
damp to prevent incomplete hydration. Quick-harden- 
ing concrete which attains sufficient strength to be 
opened to traffic in three days may be made with ordi- 
nary cement by approximately doubling the cement 
content of a standard mix, using a minimum of water, 
increasing the time of mix and adding calcium chloride 
with the mix to accelerate the hardening. These factors 
together with high atmospheric temperatures for curing 
enable major repairs to be undertaken with ordinary 
cement and opened to traffic in comparatively short 
periods. 

Where a large mileage of concrete pavement is to be 
maintained the maintenance operations are usually 
performed by two different units; one handling bitu- 
minous materials for filling cracks and joints and cor- 
recting surface depressions, and the other doing major 
repairs such as replacing pavement areas. A two or 
three ton truck and a portable asphalt heater together 
with small tools constitute the equipment generally 
used for filling cracks and joints and correcting surface 
depressions. A supply of bituminous material and 
covering material may be carried on the truck, or a 
light truck used to supply these materials from con- 
venient storage places along the road. If standard 
hot-mix bituminous concrete is used it is usually ob- 
tained as needed from asphalt plants operating in 
near-by cities. For major repairs the organization is 
less mobile and more equipment is required. A portable 
mixer of one or two bag capacity, together with the 
necessary trucks to haul the cement, fine and coarse 
aggregate from the nearest source of supply or delivery 
point will be required. A water tank mounted on a 
truck should be provided also, as water is not always 
available at the locations of the replacements. The 
work of an organization of this kind is generally con- 
fined to selected locations instead of attempting to 
cover a designated mileage of pavement as is usually 
the case with the lighter and more flexible units used 
for crack filling and correcting surface depressions. 
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