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SURFACE TREATMENT OF TOPSOIL ROADS' 
Reported by J. S. WILLIAMSON, Assistant to the State Highway Engineer, South Carolina State Highway Department, and PAUL F. CRITZ, Associate High- 

way Engineer, United States Bureau of Public Roads 

was constructed in May and June, 1925, on United States 
Route 176, between the south limits of Inman and the 

North Carolina State line. The surface treatment consisted of 
a prime coat of one-quarter gallon per square yard, a second 
application of one-third gallon per square yard, and 45 pounds 
of cover material. Cut-back asphaltic oil and 8-13 viscosity 
(Engler) tar were used as primers. The materials used for second 
application were asphalt of 150-200 penetration and tar, both 
applied hot. One-fourth to one inch crushed granite was used 
as cover material on all sections except a part of section 9, on 
which %-inch chats were used, and parts of sections 9 and 10, on 
which 4-1 inch slag was used. 

Seal coats were applied to a portion of the experiment ia 
November, 1925, and the remainder was sealed in March, 1926. 
The seal consisted of one-fifth gallon of bituminous material, 
and cover. The following materials were used on different 
sections and parts of sections: 18—25 viscosity tar, 8-13 viscosity 
tar, pecker ary ne asphaltic oil, and slow-drying asphaltic oil. 
Sand and Y%—*% inch crushed granite were used as cover. 

Portions of sections 7, 8, 10, and 11 required re-treatment ia 
1928, and part of section 11 in 1929. In 1930 portions of sections 
8 and 11 were given treatments for the purpose of providing a 
nonskid surface. Maintenance was continued until July 1931, 
when the road was abandoned for a new location. The average 
costs for maintenance and re-treatments over the 6-year period 
amounted to $324 per mile, or $270 per mile exclusive of the cost 
of nonskid treatments applied to sections 8 and 11. The initial 
cost of surface treatment, including seal, varied from 17.67 to 
24.43 cents per square yard. 

Two materials failed to prove satisfactory, the cut-back 
asphaltic oil which was used as a primer and the slow-drying 
asphaltic oil used in the seal treatment. The former was a com- 
bination of a heavy asphaltic base and a highly volatile dis- 
tillate. Because of its high original viscosity, increased by the 
loss of distillate on application, there was little penetration. 
The slow-drying oil developed a surface that was slippery in wet 
weather, and its use has been largely discontinued in favor of 
tars and quick-drying asphalts. 

At the termination of the project all the sections were in good 
condition and indicated that they would have continued to give 
excellent service. Average traffic on this road was in the neigh- 
borhood of 600 vehicles per day in 1924 prior to treatment, and 
about 950 in 1931. 

Beginning in the summer of 1923 the South Carolina 
State Highway Department undertook to develop an 
inexpensive bituminous treatment for use on the better 
class of topsoil and sand-clay roads, included in the 
State system. It was hoped to provide an all-weather 
surface which would eliminate the dust nuisance and 
carry comparatively dense motor traffic without ex- 
cessive maintenance either for an indefinite period or, 
for certain roads, until such a time as funds might 
become available for providing a higher type of pave- 
ment. 

A considerable mileage of topsoil and sand-clay roads 
had already been constructed which, under favorable 
conditions, were proving entirely adequate. However, 
on some roads, because of the amount of traffic or the 
character of the soil or both, it was impossible to pro- 
vide a satisfactory riding surface free from objectionable 
dust in spite of excessive maintenance. It was to design 
a surface for such roads that a study of bituminous 
treatment was carried on by the State in 1923 and 1924. 

The first series of experimental surfaces was con- 
structed in 1923 and embraced six short sections. Five 
of these were constructed by the penetration method, 
the sixth by surface treatment. The conclusions drawn 
from this group of experiments were that the penetra- 
tion type was less practical than the thin mat type of 
surface treatment, and that the degree of success ob- 

Ne BSTRACT.—This project, approximately 8 miles in length, tained with the latter was dependent upon the quality 
of its supporting base. 

The second series, built during 1924, covered six 
sections surface treated with heavy oils and tars as 
binding materials, with and without light oil and tar 
priming coats. The binding materials were applied at 
the rate of approximately a half gallon and the priming 
materials, when used, at about one-fourth gallon per 
square yard. Within a year after construction almost 
half of the areas on which the priming coat had been 
omitted required scarifying and re-treating, as did 
approximately one-third the area of the section on which 
a light, asphaltic oil was used as a primer. The two 
sections on which a light tar prime coat was used 
apparently remained in better condition as the per- 
centage of failure recorded was much less. 

In this early experimenting it was noted that some 
combinations of bituminous materials were satisfac- 
tory for some soil conditions but were not so satisfac- 
tory under other conditions. The form of treatment, 
however, gave such promising results in general that 
the hiehway department in cooperation with the Bureau 
of Public Roads constructed an experimental project 
to study the feasibility of surface treating topsoil or 
sand-clay roads using various types and orades of bitu- 
minous materials. The preliminary studies here » briefly 
touched upon are described in detail elsewhere,’ and 
are not included in this report, which covers only the 
cooperative experimental project referred to above. 

The cooperative project was built in May and June, 
1925, on State Road 19, now designated as United 
States Route 176, between the south city limits of 
Inman and the North Carolina State line. It was ap- 
proximately 8 miles in length and was divided into five 
sections. Bituminous treatment was applied over a 
width of 19 feet, except for a distance of 3,800 feet 
through the town of Inman, where its width was 25 feet. 
A report describing the construction and early behavior 
of the project was published in Pusiic Roaps, volume 8, 
No. 9, November, 1927. The project was maintained 
jointly by the State and the bureau until July, 1931, 
when the road was abandoned for a new location and 
the construction of a high-type pavement. <A record 
was kept of the cost and character of maintenance and 
of the service behavior of each section. Table 1 gives 
the location, pene and maintenance cost of the 
various section 

As previous anne had taught that the surface 
treatments remained more satisfactory on some types of 
soil than on others, a study of the topsoil and subgrade 
was made prior to applying the bituminous surfaces, in 
order to determine if possible the properties which a 
satisfactory soil base should possess. It was observed 
that on a major portion of each section the road surface 
was smooth and well bonded but on the remaining areas 
it was rough, pot-holed, or in a loose condition. On 
that portion of section 11 between stations 729 +00 and 
791+25 the surface scaled badly during treatment 
work. ‘This condition was caused, it was believed, by 
the finely crushed granite which had been spread over 
the surface to a depth of about 2 inches but which had 
not worked into the surfacing material and as a result 
was only partially bonded. 

1 Final report on a cooperative experiment in bituminous surface treatment by the 
South Carolina State Highway Department and the Bureau of Public Roads. 

151504—33 
, 

2 Surface Treatment of Roads, by N. S. Anderson, Proceedings of the Fifth Annual 
Asphalt Paving Conference. 
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TABLE 1.—Construction details and maintenance costs 

ORIGINAL CONSTRUCTION 

Vol. 13, No. 12 

} | Surface treatment, May and June, 1925 Seal 

cae Cost 
Sec- ait : per 
tion Station Area Prime coat (M4 gal-| Second applica- | Cover (45 Bituminous mate- square 

Noneans ade ard} tion (4 gallon | pounds per Date applied Stations sealed rial (¥% gallon Cover yard 
DoE y per square yard) | square yard) per square yard) 

Sq. yds ve inet November, 1925.| 38-+00-82-+50__-| 18-25 viscosity tar_| Sand oe (Ae mae -. : 4 in.-1 in. ovember, a — -25 viscosity tar_| Sand_----.-_- 
0+00 to 82-++50_...- 19, 950 | 8-13 viscosity tar--| Tar, hot-.-.------- { granite. March, 1926_____ 0-+00-38-+00___-| 8-13 viscosity tar__|_____ ne a 21. 39 

Bee ASG ODL? ee eae 16, 044 | Cut-back asphal- | 150-200 penetra- |----- Ons Seep 8. do.cs tees 436-012 ee Quick-drying as- |__--_ Go ee 17. 67 
tic oil. tion asphalt,hot. S phaltie oil. 

BIS OBI teases 1, 056 Pema peeryees re ear Occ etn teeer eel cae eave | ao te nee ne H4 in. chbits..-|{--.-do.....------ 512-536.---...-- 8-13 viscosity tar_-|.....do..-.---. 24.43 
[533 TONDSB LS Beene 633 slag. : | 

(536 to 553 3. 589 \ eG oe es he November, 1925_| 574+-50-622+-50_} 18-25 viscosity tar_|{--_-- do. se 
te PM x2 EM nO 18 44 . 4A in-1 i = J ; in.— i 10----11553 to 6224-50._....| 14, 672 [J8-18 Viscosity tar--|.-.- do_.----------- ie heee 85 in. | March, 1926.___- ea ra as: \s-13 viscosity tar_- Sgfenr in In. |\ 99 g4 

Sands 

622-+4+50-720__._- Teer 
150-200 penetra- gt Ee Slow-drying as- “granite 

11 ?__.| 622+-50 to 791--25__} 35, 414 (se =s> do_------- <A -- { tion asphalt hot \ do kad November, 1925- Oe Pe, ee phaltie oil. Candi oe 18. 04 

780-791-+25.--—- pars h 
qndesseeseae 

" MAINTENANCE AND RETREATMENT COSTS 

[Cents per square yard] 

1925-26 | 1926-27 1927-28 1928-29 1929-30 1930-31 Annual 

. surface 
Section ; , ; ‘ ; . Total eee cost per 

Mainte- | Mainte-| Treat- | Mainte-| Treat- | Mainte-| Treat- | Mainte-| Treat- | Mainte- mile 20 
nance nance ment nance ment nance ment nance ment nance feet wide 

My A en LOR a a ee ee eee 3. 08 2,11 30.99 LE SOU soe eee 1522") ee eee cs 5 fualeate sae k E33 11. 60 1.93 $226 
19. 40 3. 23 379 

Gime sie coe Nise ee eee 2. 63 1.99 31.39 U2) | Sook = eee oe 1. 51 344,84 1.14 343.96 . 74 { 5 10.60 81.77 5 208 

OQ) 25 we! SD, te Fe eee 2.37 5 (hol ee eee Oe Ooi, Seekers (OT See ees i 0o)\| Soe eos 1, 42 6. 89 1,15 135 
ik} et ase ee ae 4.00 2.07 3 3.07 ROO Wee ae eee i Sonesta aes Gey ta) Pee te ee . 66 13. 46 2. 24 263 

23. 51 3. 92 460 rs Se ae ee. 5. 56 3. 22 31.31 2.01 3 2.41 RR ls aes ep 1.36 345.86 .37 { 517.65 52.94 5 345 

O Naf 35 030 2X- e ee |ee Pe ee SE an Sa ee tre ee ee ro pe ned oes pe lo lle ty lla ee { 5 a 

1 Treatment was made 25 feet wide from station 0+-00 to 38-++-00; remainder of project was 19 feet wide. 
2 Station equation: Sta. 721-+-00 =722+00. 
3 Section treated in part only but cost is proportioned over entire section. 
4 Treatment applied mainly to provide a nonskid surface. 
5 Costs exclusive of nonskid treatment. 

TaBLE 2.—Analysis of topsoil and subgrade samples } 

SAMPLES TAKEN FROM THE TOPSOIL SURFACE 

Mechanical analysis of granular material 3 g s Shrinkage E 
7 

= = = = : | 3 5 E 2 B 2 
Mea | Ss | -So iS =) 12 5 if | 

ee actbiesorse  cales pst Spel a ele gs 3 
7 =) aS Tel Bed ee || Se aes ne S 2 S 5 eS e a2 | Condition of the topsoil surface 
bs 3 a |X |y4/1 24) 24 | 24/32/32 ‘ Se 2, Se So 25 before treatment 

Some Sule Ball eel we (ooo ba cules s/2)2|2/8)4 he 
3 BMS lev S| aa ee ee eee. ih eral rues se M/s ey Tee eee mnie 
2 |= | 8 | 2/98] 92|92|33|g2|92| 212) e!l2!l8)81218)3 14 
a o o 2 to) 3D a) 2 ° > = = x 3S =) 
ao fe | a | eee ae ee a eee ey Oe aa Wie lg cee 

i es oe ii 5 4 7 8 26 gr 12 4 70 17 13 7 8 | See a |e eee ee | 7 | Smooth, well bonded. 
bes aeee wh 28 14 9 & 22 8 10 3 74 18 8 6 S| see eee ees ere | eae 6 | Loose, poorly bonded. 
ae ae rae 8 446 8 3 5 34 12 9 2 73 14 13 5 8 17 0 15 1.8 5 | Rough, well bonded. 
1,546__-_- 8 472 5 3 6 37 13 M1 3 78 14 8 3 6 17 0 15 LZ 6 | Loose, poorly bonded. 
Abels 3 ee | 8 497 8 4 4 29 9 10 4 68 21 11 7 13 31 6 21 ae 6 | Good, well bonded. 
Wipag eee 9 | 525 11 5 5 38 14 ll 0 84 12 4 2 4 15 (a a eee | ene 6 | Loose, poorly bonded. 
1. bblccese 10 552 3 4 6 33 10 11 4 71 15 14 9 10 23 0 19 ieee 5 | Good, well bonded. 
TODS eee 10 585 3 2 4 37 13 10 2 71 15 14 5 8 19 0 15 Les 4 | Good, fairly well bonded. 
1g sy eee 10 620 1 4 6 36 11 WW 2 71 15 14 5 9 18 0 15 18 6 Do. 
1,565...--| 1 | 661 4 5 7 34 11 8 fi 74 13 13 8 a ew eee Se ee Ga ley 8 | Good, well bonded. 
Ne eae = 11 | 693 8 10 “ 30 11 9 2 The 15 8 4 7 18 0 AG) Pay see eee Smooth, poorly bonded. 
a ee its] 9726 2 i 7 26 10 12 2 66 18 16 7 12 23 0 19 | 1.6 5 | Fairly smooth, fairly well bonded. 
ii) eae 11 | 757 8 9 6 25 12 11 5 76 20 4 5 7 17 0 Gb mle 5 | Loose, very poorly bonded. 
22550. oa2e ll 785 2 5 6 30 16 13 4 76 16 8 5 8 20 0 18 pa (a Se Do. 

| 

SAMPLES TAKEN FROM THE SUBGRADE 

L565. 2 7 49 0 1 1 26 9 8 4 49 16 35 10 21 44 22 27 Isls cece 
2 DAS 8 | 497 0 2 4 26 8 9 a 52 14 34 11 21 or 12 26 ASGuE Sees 
i? ee 10 552 5 4 6 29 10 12 4 70 17 13 7 13 30 0 23 1 a) ee 
1 p57. 2. ll 693 1 5 5 23 7 8 4 53 19 28 8 14 33 15 21 i Ay ag aT 

! According to the present laboratory method of analysis, the topsoil materials would most probably fall in the friable varieties of the A-2 soil group, while the subgrade 
materials would be classified as follows: No. 1,552, friable A-2; No. 1,557, plastic A-2; Nos, 1,548 and 1,565, A-7. 

? Although originally determined by methods not now in use, the values given herein are corrected to conform to present laboratory practice of defining silt and clay. 
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TABLE 3.—Analyses of the tars used in the original construction 

TUANOTADONY UN Usman owt ena ws 27,153 | 27,154 | 27,198 27,199 | 27,201 | 27,706 | 27,769 

RSET OM ree OS rs ce OS a 7 7 9and/10and| 11 7 and |7,9 and 
10 11 10 10 

Location of use (stations) ------- 0+00 | 0+00 | 512 to | 536 to | 630 to | 38+-00} 0-+00 
to to |586, 536/630, 729] 729 |to82+] to 

82+-50 | 824-50 | to 622 | to 791 50, 574| 38-++-00, 
+50 +25 +00 to| 512 to 

622 74 
-+00 

ER DURG sete en cokes Sees Sos Prime; Sec- | Sec- | Prime| Prime} Seal | Seal 
coat ond ond coat | coat | coat | coat 

appli- | appli- 
cation | cation 

Specific gravity, 25°/25° C_____- 1. 186 Lee S28 | COM ths ets 1.145 
Specific viscosity, Engler, at 

BD) a One ee ae See he a Ye ee ee eed 48, 7 bt (aa ee ere 53.8 
Specific viscosity, Engler, at 
BORO oe Ee te See ARE gs See Ce ee ae 12 ibs} 18.9 11,4 

Float test at 32° C__--seconds-_-|------- 167 UD 2 eee Se er Spe | ae ee 
Float test at 50° C____--_- GO2.o8|Eees- = (GO eines | a 5 ae) [ROS ae etl | Ry ok when ee OR a we 8 
Bitumen soluble in CS: 
Eee See ee per cent_-| 92.2] 88.5] 81.8 SSy) SO Gh aease oh Osa O 

IBTOOCCHLDON = enc on ucess G0z= FASTEN, II Nie esha b 1is8) || 10.3 8.8 5.19 
Inorganic matter insoluble 

Ss ED per cent__ $6! A el! .2 rial ay | ae 
Distillation— 

VV AUOt= == eee a he 1.2 0 0 2 2.4 | 1.36 2. 57 
Distilled to 170° C_ ae Bel eae) 0 0 2.79 cA Mig es, Sak Ween (Bes 
tld Oe Hae a Ole pe, oe Once mre.Od 2. 25 2. 47 9.33 6. 26 4.83 8. 80 
AAI So PA Ua caer 7 oak Se do__--| 10.83 7.10 6. 54 | 10.90 9.98 | 12. 51 12. 76 
BiOs to s00- On Sone do__--| 6.49 3. 66 4,73 5.10 5. 83 6. 24 6. 76 
HUOSICUG= pee a2 as s= do_---| 73.28 | 87.15 | 86.60 | 71.84 | 73.79 | 75.33 | 69.04 
Softening point of residue, 

aa wees See ee eee 34 42 49 40 38 30 38 

The depth of the old topsoil wearing surface varied 
throughout the sections, ranging from 4 to 8 inches. 
Samples of the topsoil surfacing and of the subgrade 
were analyzed and the results are given in Table 2, 
together with a statement of the general appearance 
of the surface at the time the treatments were applied. 

The bituminous materials were selected with a view 
to forming a stable mat of bitumen and stone which 
would adhere to the topsoil surface. In the early 
experiments it had been found that a bituminous mate- 
rial sufficiently viscous to hold a stone cover did not 
adhere satisfactorily to an untreated surface and that 
a priming application was highly desirable. The ma- 
terials used on this project for priming were fluid 
products designed to penetrate well and to dry rapidly 
to permit early application of the second coat. The 
analyses of the various bituminous materials used are 
given in Tables 3 and 4. 

The general procedure in constructing the bitumi- 
nous surfaces was to sweep the topsoil surface clean 
of all loose and foreign material and then to apply 
about one-fourth gallon per square yard of the selected 
priming material. Holes or breaks occurring in the 
topsoil surface were repaired after priming, ordinarily 
by filling the depression with stone but in the case of 
very bad breaks a bituminous cold patch mixture was 
used. A considerable amount of such repair work was 
required on the north third, approximately, of section 
be 

The prime coat was permitted to penetrate and set 
up for a day or two after which a more viscous bitumi- 
nous material was applied at the rate of about one- 
third gallon per square yard. The surface was im- 
mediately covered by hand with about 45 pounds per 
square yard of the mineral cover selected and then 
rolled, after which the section was opened to traffic. 
During the first two or three weeks following construc- 
tion it was necessary to respread the cover material 

TasBLE 4.—Analyses of the asphaltic materials used in the original 
construction 

WabOravony TWH bebe ces o.oo noe 27,197 | 27,200 | 27,202 | 27,203 | 27,705 | 27,760 

Sivan lori: So) 24 Zee Be RE Se oe Se 8and9, 8 ll ll ll 8 

Location of use (stations) ..-.-.-..----- 436 to |4836+00) 700 to |622+-50/622+-50/436+-00 
512, 512} to 512 |791+-25) to 700 to to 
to 536 791+-25|512+-00 

ladkimoyesinaer—t we aR CAS eae eee Prime} Sec- | Sec- | Sec- | Seal | Seal 
coat | ond ond ond coat | coat 

appli- | appli- | appli- 
cation | cation | cation 

Specie era viby: 2oj20- Open see nee ee = 0.950 | 1.031 | 1.082 | 1.031 |0.9473 | 0.9439 
CLAS TAs10 OLD bys ee Sree ape eee a Ome 28 235 235 235 90 30 
BUEnIn Ceol tee eee ee ee SES Se ee eee eee 150 55 
Specific viscosity, Engler, at 25° C______ S205 |beaoete. eee a mee 169.3 84.7 
Specific viscosity, Engler, at 40° C______ abt Ey Pl ee ee 3 Se (Ce 44.19 31.8 
Specific viscosity, Engler, at 100° C_____|______- 336 327 BO Ot ete la eee 
Penetration, 25° C., 100 grams, 5 sec- 

OTAGIS see ete ee are Ce es ee ee | 165 161 NG Sis eee ee eee 
KOLA Meath aye ayev bays) | eee ee ia eal ee 40 40 7S i coe La a 
Loss, 163° C., 5 hours, 20 grams 

Be rg ee ae ee eee eee per cent_. | eee a eer eel ce eterna 9.6 32.2 
Residue, float test, 32° C__--- ‘StexGlay a6 bsp nl) el Py lle Be a 2 Oe oe pee (ees LP's Bee a 2 
Residue, float test, 50° C__-__._- COREE SOOM roe PoE Ge See a eee 
Loss, 163° C., 5 hours, 50 grams 
perce ae he eats aS per cent.) 21.3 eke 14 16 6.1 27. 4 

Residue, float test, 32° C____- SECON CS Se MEL GOo a | pees Oe meee Lonemee ee) ene 
Residue, float test, SOO se eee doses PAO (ens Be [oe oka | em ee fd eS 
Residue, penetration, 26° C.,,. 100 grams, 

DiSOCn ieee sae ee ar ocae cst easees See ales sae 139 147 PAGE ei ees eee 
Bitumen soluble in CS2__-__- per cent_-| 99.8] 99.8] 99.8] 99.8] 99.9 100 
Organic matter insoluble__-_-__- Goze. a 2 a yy PG Bs ete 
Inorganic matter insoluble---_---do_-_- 0 0 0 0 0 0 
Bitumen insoluble in 86° Baumé 
MApititaeeewese esse 22 aah eS per cent__ BON Peon Onl ease Preoswin! eloue: 17.6 

thrown to the sides by traffic over those areas where 
bleeding and picking up indicated a deficiency of 
covering. Chats, which were waste concentrates from 
zinc mines and were mainly dolomite passing a %-inch 
and retained on a No. 10 sieve, as well as slag and 
crushed granite, were used as cover materials on the 
location shown in Table 1. 

During the fall and spring following construction 
all of the sections received a light re-treatment which 
served as a seal. The bituminous materials were of 
the same types as those used in the original construction 
but were less viscous. Sand was used as the cover 
material on all sections except a portion of section 10, 
on which crushed slag had been used originally, and 
two short lengths of section 11. On these portions 
three-fourths to one-fourth inch crushed granite was 
used. The nature and extent of these treatments as 
well as those applied subsequently to the various sec- 
tions are shown in Figure 1. 

HISTORY AND SERVICE BEHAVIOR OF THE SECTIONS 

Section 7, stations 0+00 to 82+450.—Construction: 
Prime coat, one-fourth gallon 8 to 13 viscosity’ tar. 
Second application, one-third gallon hot tar. Cover, 
45 pounds 4 to 1 inch crushed granite. Seal applica- 
tion: Bituminous material, one-fifth gallon, 8 to 13 
viscosity tar on stations 0 to 38, one-fifth gallon 18 to 
25 viscosity tar on stations 38 to 82+ 50; cover, sand. 

Cost, including seal coat, 21.39 cents per square yard. 
The 3,800-foot portion of this section through Inman, 

because of its excellent condition in the fall following 
construction, was permitted to go through the first 
winter without a seal. On the remaining portion 
of the section, however, numerous surface breaks 
developed, and a seal was applied which consisted of 
one-fifth gallon of an 18 to 25 viscosity tar, applied 

3 Unless otherwise noted all references to viscosity are expressed in terms of specific 
viscosity (Engler) at 40° C 
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CONSTRUCTION MAY AND JUNE 1925 
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igure 1.—CuHartr SHOWING NATURE AND EXTENT OF TREATMENTS APPLIED TO EXPERIMENTAL SECTIONS 

cold, and a cover of sand. The area thus sealed re- 
mained in excellent condition during the winter but the 
portion which was not sealed in the fall required, by 
March, 1926, considerable patching; and it was then 
sealed with one-fifth gallon of an 8 to 13 viscosity tar 
and a cover of sand. The only re-treatment which this 
section received was applied in June, 1928, to that por- 
tion of the section between stations 49+ 25 and 64+ 50 
and consisted of one-fifth gallon of 25 to 35 viscosity 
tar and 20 pounds of chats per square yard. Fre- 
quent inspections showed the section to have remained 
in excellent condition except for some roughness due 
partly to the original surface roughness of the base 
at the time of treatment and to a certain extent to the 
shoving resulting from the crushing of the fragile gran- 
ite used. The section at the close of the experiment 
was probably the roughest of the group but a light 
drag or mixed-in-place re-treatment would have reme- 
died this condition and, judging from its past history, 
would have created a satisfactory riding surface which 
could have been economically maintained indefinitely. 
The surface condition typical of the section is illustrated 
n Figure 2. 

FIGURE 2.— DETAILED VIEW OF THE SURFACE OF SECTION 7 
TAKEN IN Marcu, 1931. Surraceis UNCRACKED AND 
SuHows CoMpLEeTE FREEDOM FROM UNDUE HARDENING OF 

bk tHE Brruminous MarTeriau 

Section &, stations 486+00 to 512+00.—Construc- 
tion: Prime coat, one-fourth gallon cut-back asphaltic 
oil. Second application, one-third gallon 150 to 200 
penetration asphalt, hot. Cover, 45 pounds \% to 1 
neh crushed granite. Seal application: Bituminous 
material, one-fifth gallon quick-drying asphaltic oil; 
cover, sand. 

Cost, including seal coat, 17.67 cents per square yard. 

This section was allowed to go through the winter 
following construction without a seal and as a result 
a large number of small patches were required during 
the winter and early spring. The entire section was 
sealed in March, 1926, with one-fifth gallon of quick- 
drying oil and a covering of sand. The only mainte- 
nance re-treatment required after that time was that 
given to the portion between stations 436 and 452+80. 
It was applied in June, 1928, and consisted of one-fifth 
gallon of cut-back asphalt and 20 pounds of chats per 
square yard. In 1930 the portion of the section 
between stations 464+50 and 512+00 was treated 
experimentally to eliminate slipperiness in wet weather 
and to provide a nonskid surface. 

Ficure 3.—FAILURE OF THE Heavy NoNSKID TREATMENT 
ON SECTION 8 

Several methods of applying the treatment were tried 
out. One consisted of the application of a quick- 
breaking emulsion, spreading the cover material and 
rolling. This method was varied by applying a tack 
coat, then spreading and smoothing the aggregate and 
spreading another application of emulsion, depending 
upon the second application to penetrate through the 
cover stone to the tack coat. This treatment was 
generally not successful, because of the use of an amount 
of bituminous material insufficient to penetrate the 
stone cover. ‘The result was that the surface peeled and 
raveled as shown in Figure 3. By another method the 
stone was spread, the emulsion applied, the two mixed, 
and the mixture spread and rolled. This method proved 
successful where sufficient bituminous material was used. 

While a nonskid surface texture was obtained by 
each method, the first one seemed to serve the purpose 
most satisfactorily. 
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The portion of the section between stations 452+ 80 
and 464+50 remained in excellent condition and 
received no treatment after March, 1926. Its 
condition in Apri, 1930, is illustrated in Figure 4. 

SrecTiIoN'8 N&EvER RE-TREATED 
PHOTOGRAPHED IN APRIL, 1930 

FiGuRE 4.—PoORTION OF 
AFTER CONSTRUCTION, 

Except for the failure of the nonskid treatment men- 
tioned the section as a whole remained in very good 
condition. Its cost was somewhat higher than ‘that 
of section 9, primarily because of the necessity of 
providing the nonskid surface in 1930. The annual 
maintenance cost indicates that the section could have 
been continued in service at a reasonable cost. 

Section 9, stations 512+00 to 536+ 00.—Construc- 
tion: Prime coat, one-fourth gallon cut-back asphaltic 
oil. Second application, one-third gallon hot tar. 
Cover: 45 pounds \ to 1 inch crushed granite on sta- 
tions 512 to 517; 45 pounds 74 to 1 inch chats on stations 
517 to 533; 45 pounds \ to 1 inch slag on stations 533 to 
536. Seal application: Bituminous material, one-fifth 
gallon 8 to 13 viscosity tar; cover, sand. 

Cost, including seal coat, 24.43 cents per square yard. 

DETAILED VIEW OF SECTION 9, WHICH WAS 
NEVER RE-TREATED AFTER CONSTRUCTION, PHOTOGRAPHED 
IN ApRIL, 1930 

Section 9 also was permitted to go through the first 
winter without a seal as its surface was smooth and 
showed no defects. The portion on which chats were 
used resembled a Topeka pavement, while the slag-cov- 
ered portion had a rough and granular texture. The 
former required some little patching during the winter 

but its condition in general was much better than the 
latter. 

The entire section was given a seal coat in March, 
1926, consisting of one- fifth gallon of 8 to 13 viscosity 
tar and a cover of sand. After that date the section 
received no further treatments. This fact, as well as 
the low maintenance cost, indicates its continued excel- 

9, Cover MATERIAL FiGurE 6.—GENERAL VIEW OF SECTION 9 
oN AREA SHOWN IS CH ARTS 

lent behavior. It continued in the best condition of 
any of the sections, the chat-covered portion appearing 
somewhat better than the slag, which was more open. 
Figures 5 and 6 are typical illustrations of this section. 

Section 10, stations 5386+00 to 622+ 50.—Construc- 
tion: Prime coat, one-fourth gallon 8 to 13 viscosity tar. 
Second application, one-third gallon hot tar. Cover: 
45 pounds \ to 1 inch slag on ‘stations Gel apes we opp: a5) 
pounds \ to 1 inch crushed eranite on stations 553 to 
622+50. Seal application: Bituminous material, one- 
fifth gallon 8 to 13 viscosity tar on stations 536 to 
574+ 50, one-fifth gallon 18 to 25 viscosity tar on sta- 
tions 574+50 to 622+ 50; cover, 4% to % inch crushed 
granite on stations 536 to 553, sand on stations 553 to 
622-50. 

Cost, including seal, 22.84 cents per square yard. 
The portion of this section between stations 574+ 50 

and 622+50 was sealed in the fall after construction 
with an 18.9 viscosity tar and covered with sand. The 
remainder of the section was not sealed until the follow- 
ing spring as 1t was desired to retain the rough granular 
texture through the winter and also to obtain informa- 
tion as to the necessity for early sealing. During the 
winter many breaks occurred in the unsealed surface 
and these were repaired prior to applying the treatment 
in March, 1926. The treatment of this portion con- 
sisted of one-fifth gallon of 8 to 13 viscosity tar. 
Crushed granite 4 to % inch in size was used as the cover 
material on the portion between stations 536+00 and 
553+ 00, originally covered with \% to 1 inch hard slag, 
while on the portion between stations 553+00 and 
574+ 50, originally covered with crushed granite, sand 
was used. 

After March, 1926, only one re-treatment was given 
and that was applied in June, 1928, to the portion of 
the section between stations 537+59 and 582+ 14, 
i. e., approximately the same portion as was sealed 
in March, 1926. The treatment consisted of an appli- 
cation of 0.18 gallon of 25 to 35 viscosity tar and a 
cover of 20 pounds of chats per square yard. ‘The re- 
mainder of the section was not treated after the 
fall following its construction. 
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The section in general remained in excellent con- 
dition. The portion which was re-treated in 1928 had 
developed some cracks and showed indications of 
brittleness in the area where slag cover had originally 
been used. This may have been due to the fact that 
no allowance was made for the absorptive property 
of the slag and as a result the amount of secondfapph- 
cation material used developed a mat that was leaner 

Figure 7.—TyPpicaL CONDITION OF THE PORTION OF SEC- 
TION 10 WuicH was NEVER RE-TREATED 

than it should have been. Had the project been 
continued it is believed that a light re-treatment 
would have been desirable on this area. The portion 
never re-treated showed no need of immediate re- 
treatment. Figure 7 is a typical view showing its 
excellent condition. 

Section 11, stations * 622+ 50 to 791 + 25.—Construc- 
tion: Prime coat, one-fourth gallon 8 to 13 viscosity 
tar. Second application, one-third gallon 150 to 200 
penetration asphalt, hot. Cover, 45 pounds one- 
fourth to 1 inch granite. Seal application: Bitumi- 
nous material, one-fifth gallon slow-drying asphaltic 
oil; cover, sand on stations 622+50 to 720, 735 to 
750, and 780 to 791+25, \% to % inch crushed granite 
on stations 720 to 735 and 750 to 780. 

Cost, including seal, 18.04 cents per square yard. 
The north portion of the section from about station 

720 to the end of the project at station 791+25, 
which lay on a steep grade, was covered with a 2-inch 
course of fine crushed granite prior to the surface 
treatment. It was expected that this material would 
stabilize the topsoil for later surface treatment and 
at the same time provide a more nonskid surface in 
wet weather. However, at the time of treatment, the 
primed surface was not well bonded, as indicated by 
the fact that it scaled and raveled under traffic. The 
prime was inadequate both as to the amount used 
and the method of application to overcome this con- 
dition and as a result considerable failure developed 
in the bituminous mat shortly after construction, 
necessitating a large amount of patching and numerous 
partial re-treatments. 

The remainder of the section had a well-bonded 
topsoil surface comparable with that of the other 
sections and it remained in good condition, requiring 
no such extensive maintenance and re-treatments as 
did the north portion. 

4 Station equation, 721+00—722+-00. 

FicurE 8.—VI5W OF THE SoutH END oF SEcTION 11, SHow- 
ING THE EXCELLENT CONDITION OF THE PoRTION NEVER 
RE-TREATED 

In the November following construction the entire 
section was given a seal consisting of an application of 
one-fifth gallon of slow-drying asphaltic oil. Sand was 
used as cover material except for two short sections 
on which % to % inch granite was used. In June, 1928, 
re-treatments were applied to three short sections as 
follows: Stations 645+ 64 to 649+11, 744471 to 751+ 
05, and 776+ 75 to 791+25. The bituminous materials 
used were a 150 to 180 penetration asphalt cut-back 
and an asphaltic oil and were applied at the rate of 
one-fifth gallon per square yard. The cover material 
was chats spread at the rate of 20 pounds per square 
yard. In January, 1929, the area between stations 
719+50 and 777+25 was re-treated using a quarter 
of a gallon of 85 to 100 penetration asphalt cut-back 
and 20 to 22 pounds of limestone chats. After this 
application all portions of the section were given one 
or two re-treatments, with the exception of the area 

FiGuRE 9.—TypicaL APPEARANCE OF SECTION 11 AFTER 
APPLICATION OF THE NONSKID TREATMENT 

between stations 622 +50 and 631+ 25, which has never 
been re-treated. The re-treatments were applied 
primarily to develop a nonskid surface as the earlier 
seal treatment with road oil and sand cover had pro- 
duced a surface that was very slippery in wet weather. 
An asphalt emulsion and %-inch stone were applied 
by methods similar to those employed on section 8. 
These treatments were applied in July and December, 
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1930. The July treatment, except for the area between 
stations 687+25 and 698+ 00, upon which mixed-in- 
place seal coat was applied, was of the light seal type 
BS eie of 0.18 gallon of emulsion and 15 pounds of 
%-inch stone. The mixed-in- place seal was composed 
of 0.35 gallon of emulsion and 30 pounds of stone passing 
the *%-inch and retained on the No. 10 sieve. Between 
stations 727+75 to 733+75 and 785+00 to 791425 
the surface was given an additional treatment in Decem- 
ber of the same year. In this treatment 0.28 gallon of 
emulsion and 15 to 20 pounds of %-inch chats were used. 
These treatments in general proved satisfactory, and 
the mixed-in-place seal produced considerable improve- 
ment in the surface smoothness. 

Freurr 10.—GENERAL ViEw oF Nortu END oF PROJECT, 
Wuicu was LocatTEep IN Farrty RoucH Country 

The section as a whole was in better condition in 
July, 1931, than at any previous inspection. The 
portion which was never re-treated remained in excellent 
condition as illustrated in Figure 8. Figures 9 and 10 
show other views of the section. 

DISCUSSION 

These experiments illustrate rather strikingly the 
fact that under average conditions surface treatments 
can be applied at moderate cost which will give excellent 
service over a period of years. They also offer an inter- 
esting comparison of methods of treatment in vogue six 
years ago with those of the present time. Although 
traffic had increased over 50 per cent during the period | 
of the experiment its effect was not reflected in the cost 
of maintenance, which continued very uniform, as 
shown by the accumulated cost curves in Figure 11. 
At the termination of the project the sections were all 
in good condition and gave evidence that their record 
of excellent service would have continued. 

The subgrade and topsoil on the project were, in 
general, well suited to surface treatment as eHow by | 
their analyses, as in Table 2. One of the subgrades, 
sample No. 155: 2, section 10, was of the friable A-2 
variety. No. 1557, from section 11, was of the plastic 
A-2 variety. The remaining two would be classed as 
the better variety of the A—7 group because of their 
higher liquid limits and lower sand contents. They 
are so close to the line separating the A—2 from the A—7 
group that they also would be considered satisfactory 
subgrade materials under the favorable moisture condi- 
tions existing on this project. The topsoilsurfacing, which 
averaged about 5 inches in depth, had the characteristics 
of the friable varieties of the A-—2 group, material 
which provides an excellent base for surface treatment. 

At the time the surface treatments were applied it was 
believed that a thoroughly bonded base was necessary 
and it was thought that the ideal base would be one 
which, untreated, would remain stable and would not 
ravel under traffic. This idea indirectly implied the 
use of a natural binder, such as clay, to maintain the 
bond, the amount varying with the characteristics of 
the binder and with the moisture conditions encoun- 
tered. 

It is known that capillary moisture stabilizes the 
cohesionless sands and other granular materials required 
for satisfactory road surfacing and bases for surface 
treatment. In the untreated road the surface portion 
is deficient in moisture because of evaporation, with the 
result that a clay binder is required to bind or cement 

‘the particles of granular material into a stable and 
wear-resisting surface. In the surface-treated road 
evaporation is largely prevented and the moisture 
content of the soil is increased by capillary action, with 
the result that the bond is sufficient to furnish the 
required stability not only in the top portion but 
throughout the depth of the base. Thus the need for 
clay binder is largely eliminated. 

This does not mean that bond is not required in a 
base to be surface treated. As a matter of fact bond is 
required for stability in all types of soil roads whether 
they serve as bases or as surfaces. Thus the necessity 
for having a bonded surface upon which to apply the 
treatment is still recognized, but ideas have changed 
as to the method of obtaining this condition. 

The binding properties of clay reach a maximum 
value at a certain moisture content and decrease with 
further increase in moisture. Consequently, the in- 
crease in moisture content due to surface treatment 
may not only reduce the binding property of the clay 
but may soften it to such an extent as to cause loss of 
stability in the base resulting in failure of the surface 
treatment. For this reason the quantity of clay 
required for an untreated clay-bound road, is often 
excessive when the road is to serve as a base for bitu- 
minous surface treatment. 
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> SECTION TO OBTAIN NON-SKID SURFACE 7 | 
QiSt DOTTED CURVES 84 AND Ila SHOW al HB a 

| ACCUMULATED COSTS EXCLUSIVE OF | Al 
| THE NON-SKID TREATMENTS | } 

COSTS IN CENTS PER 

a me 
1925-26 

seal 
1926-27 1927-28 1928-29 1930-3! 

FISCAL YEAR 

1929-30 

FiaureE 11.—AccUMULATED Costs OF SURFACE TREATMENTS 
AND MAINTENANCE 

The early unsatisfactory behavior of the north por- 
tion of section 11 could have been avoided by a more 
suitable priming treatment of the loosely bound top 
course. A greater amount of priming material with 
light surface mixing would have stabilized the base 

'course to a greater depth than the hght application of 
prime used and would have largely eliminated the 
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failures resulting from the displacement of the base 
materials. 

The bituminous materials used in the original con- 
struction, analyses of which are given in Tables 3 
and 4, were, with two exceptions, of the same types 
that are used to-day for similar work. The two excep- 
tions are the quick-drying asphaltic material used as a 
prime and the slow-drying material used in the seal 
treatment. 

The asphaltic primer was a combination of a heavy 
asphaltic base and a highly volatile distillate and had 
a specific viscosity at 40° C. of 117 which was approxi- 
mately ten times that of the tar prime. Because of its 
high original viscosity, which was proportionately 
increased” by the loss of distillate upon application, 
there was little penetration, and the heavy material 
remained on the surface as a mat. Had the prime 
been made up with a less volatile distillate and reduced 
to the consistency satisfactory for priming purposes, 
much better penetration would undoubtedly have 
resulted, without the deposition of heavy material on 
the surface. 

The 8 to 13 viscosity tar used is still considered highly 
satisfactory as a priming material. Asphaltic primers 
also are used and the type favored is a material of low 
viscosity composed of a base and distillate such as to 
insure penetration and the development of a residue 
after penetration which will harden and develop some 
cementing value. The residue is not required, how- 
ever, to serve as a binder to hold a cover of gravel or 
stone chips. 

The other material which did not prove satisfactory 
was the slow-drying asphaltic oil used in the seal treat- 
ment on section 11. This material, according to its 
analysis, showed a low loss at 163° C. and an apparently 
soft residue. In combination with the sand cover it 
developed a surface that was slippery in wet weather. 
Because of this tendency its use has been largely 
discontinued as a seal material in favor of tars or quick 
drying asphalts. 

There has been a tendency In recent years to use 
for re-treatment cold surface treatment material of 
viscosity higher than that of those formerly used. 
The greater viscosity produces stiffening qualities 
more nearly approaching those of materials applied 
hot, while at the same time permitting more manipula- 
tion during construction for the purpose of improving 
the riding qualities of the surface. 

Cold application materials, compared with those ap- 
plied hot, seem to insure in greater degree and for a 
longer period of time the maintenance of a nonskid sur- 
face. In this respect, however, it must be noted that 
the tar-treated sections in this experiment retained an 
excellent nonskid surface throughout the entire period, 
and did not require any treatment on this account. 

To study the physical changes which might have oc- 
curred in the bituminous materials after six years of 
exposure to traffic and atmospheric conditions, samples 
of the surface mat above the primed base were taken 
from areas of sections 10 and 11 which had received no 
treatment subsequent to the seal following construction. 
A summary of the materials originally composing the 
samples and their analyses are given in Table 5. 

With reference to the sample taken from section 10 
which contained only tar, the percentage of bitumen 
extracted does not indicate the amount of the bitumi- 
nous material contained in the sample, as the free carbon 
remained with the aggregate upon extraction. The 
original analyses of the tars used for the second appl- 

TABLE 5.—Analyses of surface mats after six years’ service 

Section No 

Location sampled (station) - 
Original construction: 

Prime sae ss ce eee 

Second application ---__ 

Goyer. se eee eee 

Seal application— 
Bituminous mate - 

-| 4 

: 10 11 11 

gallon 8-13 
viscosity tar. 

gallon hot 
tar. 

Ee 23 

.| 44-1 inch stone, 
45 pounds. 

1% gallon 18-25 

Center of road__- 

gallon 8-13 
viscosity tar. 

14 gallon 150-200 
penetration 
asphalt. 

14-1 inch stone, 
45 pounds. 

M4 

14 gallon slow- 

625. 

44 gallon 8-13 
viscosity tar. 

14 gallon 150-200 
penetration 
asphalt. 

44-1 inch stone, 
45 pounds. 

\% gallon slow- 
rial, viscosity tar. “drying oil. drying oil. 

COVGRS seaenee seas s Sand-__- Sand. 
Thickness of surface mat____| 3 -| 36 inch = 36 inch, 
Laboratory number of sam- BAS (ie ts oe eee 34372. 

ple. 

ANALYSIS 

Section IN OAs =e Sees ote Sect ee eee eee 10 11 11 

Per Per Per 
cent cent cent 

Bitumen extracted = -eesc 5 ee hee eee 4.5 5.9 8.4 
Passing ’34 inch, retainod6neh sae. ae ee ee 8.5 10.5 3.5 
Passing i inch, retained 44 inchoo owes ee eta en) eeeae 16.9 30. 2 26.4 
Passing 44 inch, retained Nosil0sieves- = ssssee saan eee ee 17.8 10. 4 11.4 
Passing No. 10 sieve, retained No. 20 sieve__......------.- 9.9 5.3 7.0 
Passing No. 20 sieve, retained No. 30 sieve__________--_-_- 4.9 4.3 4.4 
Passing No. 30 sieve, retained No. 40 sieve. _..__-_-------- (fe 5.3 6.4 
Passing No. 40 sieve, retained No 50 sieve ________-__----_- 5.9 4.5 5.4 
Passing No. 50 sieve, retained No. 80 sieve________--__---_- 8.0 7.0 8.2 
Passing No. 80 sieve, retained No. 100 sieve.._-___---_-_-_- 2.8 2.9 3.2 
Passing No. 100 sieve, retained No. 200 sieve_____________- 5.3 6.3 5.8 
Passing No; 200;Si¢Vvi0l 252 ss sasha es Be ee ee es 8.4 8.4 9.9 

100. 0 100. 0 100. 0 

Consistency of extracted bitumen: 
Float testiatis2 Ge Se eae Be os eee seconds-- 250 |odoesaes aoe ee 
Float test at 50° C___- (oleae ae 60\|.226528 oe eee 
Penetration at 25° (Gs cee et eee ee ee ere 8 | ere 76 72 
Softening pointe: = ee eee Ss Oe ee 55. 2 55 

cation and seal coat show them to have had an average 
solubility in carbon disulphide of only about 85 per 
cent. Disregarding the increase in carbon content due 
to the loss of volatile matter and to weathering during 
the period of exposure, which would further decrease 
the percentage soluble in carbon disulphide, the actual 
amount of bituminous material present would be some- 
what above 5.3 per cent, which agrees reasonably well 
with that contained in sample 34371 taken from section 
oh 

Sample 34372 was taken from an area on section 11 
on which successive applications of bituminous mate- 
rial overlapped. In spite of its high bitumen content 
the area represented was in excellent condition and 
showed no evidence of rutting or shoving. 

The tar extracted was composed of “approximately 
five parts of a tar having an original float of 182 
seconds at 32° C. and three parts “of one having an 
original specific viscosity of 18.9 at 40°C. The result- 
ant material after six years of service had, as noted, a 
float of 255 and 50 ‘seconds’ at_32°-C. ‘and 50°"Ge 
respectively. Its final consistency therefore approx- 
imates that of a tar intermediate between materials 
suitable for hot surface treatment and bituminous 
macadam and would not indicate a tendency to harden 
unduly and become brittle although this tendency has 
been an assumed characteristic for this type of material. 
Apparently pronounced hardening is limited largely to 
the exposed surface and does not seem to affect greatly 
the major portion of the bituminous material in the mat 
even though the total thickness of the latter is relatively 
small. 

The asphaltic material extracted was composed of 
approximately five parts of an asphalt cement having 

(Continued on p. 184) 



Pigg OLwoIZE OFS RECIMEN, SIZE OF AGGREGATE, 
AND METHOD OF LOADING UPON THE UNIFORMITY 

OFer EEO RA SU RENGTES TES ES 
Reported by W. F. KELLERMANN, Associate Materials Engineer, United States Bureau of Public Roads 

LTHOUGH the com- 
pression test has long 

. been used as a meas- 
ure of the strength of Port- 
land cement concrete and 
the procedure for making 
the test has been standar- 
dized, the results do not in 
all cases supply data for the 
correct design of a concrete 
pavement slab. Concrete 
for this purpose is usually 
investigated to determine 
its resistance to bending 
stresses and to do this it is 
necessary to test the concrete 
in flexure. While this test 
has been used. regularly by 
a number of the State high- 
way epartments for several 
years itis only quite recently 
that there has been any 
standardized procedure for 
making it. As a result, it 
has been very difficult to 
correlate the large amount 
of test data which have 
been obtained by the States. 
The problem has been fur- 
ther complicated by the fact 
that, for purposes of con- 
trol testing, it has become 
customary to make flexure 
tests directly on the job 
rather thanin thelaboratory. 
This has resulted in the de- 
velopment of a number of 
different field testing ma- 
chines which differ consider- 
ably in design and, conse- 
quently, give different re- 
sults. A report showing the 

SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 

A. Relative flecural strength.—1. The flexural strength 
of the specimens was influenced by the method of load- 
ing and computing the results. The three methods 
which were investigated gave values of modulus of 
rupture in the following descending order of magnitude: 

(a) Center loading, bending moment computed at 
center of span; 

(b) Center loading, bending moment computed at 
plane of fracture; 

(c) Third-point loading. 
2. The flexural strength of the concrete increased as 

the maximum size of the coarse aggregate became 
smaller. 

3. With a constant ratio of span length to depth, 
higher flexural strengths were obtained on specimens 
having the smaller cross section. 

4. With a constant cross section, higher flexural 
strengths were obtained on specimens haying the 
shorter span. 

B. Uniformity —1. The uniformity of flexure test 
results was affected by the method of loading the 
specimen and by the method of computing the bending 
moment. The three methods used in these tests are 
given below in order of decreasing uniformity. 

(a) Third-point loading; 
(b) Center loading, bending moment computed at 

center of span; 
(c) Center loading, bending moment computed at 

plane of fracture. 
2. The uniformity of flexure test results was affected 

by the maximum size of the coarse aggregate employed, 
smaller aggregates producing somewhat more uniform 
results. 

3. With a given ratio of span length to depth the 
specimens having the smaller cross section gave the 
more consistent results. 

4. In tests of specimens of constant cross section 
tested on 18 and 27 inch spans, the shorter span pro- 
duced the more uniform results in the case of the third- 
point loading and the center loading, with moment 
computed at center. In the case of the center loading 
with moment computed at plane of fracture, the reverse 
is generally true. 

C. Recommendations.—It is recommended that the 
third-point method of loading and a cross section of 
6 by 6 inches be standardized for laboratory work. In 
regard to span length no recommendation is made. 

of these cooperative tests 
indicated clearly that it 
would be necessary to stand- 
ardize the laboratory meth- 
od before progress could be 
made with field standardiza- 
tion. <A second series of co- 
operative tests were there- 
fore conducted, the results 
of which were published in 
Pusiic Roaps, volume 12, 
Noe2-Aprili93l, “in. this 
series all specimens were 
made and tested as simple 
beams in the laboratory, the 
load being applied at the 
third points by means of 
special apparatus designed 
for the purpose. 

The need for a standard 
method of making and test- 
ing concrete beam specimens 
has been recognized by Com- 
mittee C—9 of the American 
Society for Testing Mate- 
rials, and as a result a ten- 
tative standard for this test 
was published in 1930 (A.S.T. 
M. designation C 78-30 T). 
This method proposes that 
the specimens be tested as 
simple beams with the load 
applied at the center of the 
span and may, therefore, give 
quite different results from 
the so-called third-point 
loading used by the American 
Association of State Highway 
Officials. 

The tests herein reported 
were undertaken for the pur- : 
pose ‘of determining what 

extent to which variation in the type of testing machine 
may affect the results of flexure tests was published in 
Pustic Roaps, volume 12, No. 12, February, 1932. 

Variations in flexural strength may be due to many 
causes, ranging from differences in the quality of the 
concrete itself to differences in the procedure followed 
in making and testing the specimens and in computing 
the results. Variations due to methods of conducting 
the test may be caused by variations in any one or 
more of the following: (1) Method of loading; (2) rate 
of application of load; (3) cross-sectional dimension of 
specimen; (4) length of span; (5) method of computing 
bending moment. 

Recently the committee on materials of the American 
Association of State Highway Officials, realizing the 
need for a standardized procedure, sponsored a series of 
cooperative tests to determine the variation in strength 
which different laboratories would obtain between their 
laboratory and field methods of testing. The results 

effect this variation in method, as well as certain 
other variables, would have upon the results of flexure 
tests. The following variables were investigated: (a) 
Method of loading; (b) Size of specimen; (c) Span 
length; (d) Maximum size of coarse aggregate. 

While the primary purpose of this investigation was , 
to study the uniformity of the results, information was 
obtained showing how the above-mentioned variables 
affected the results quantitatively. 

MATERIALS AND PROPORTIONS 

Fine aggregate used in these tests was a bank-run 
sand having the physical properties shown in Table 1. 
This table also gives the results of the physical tests on 
the cement. The coarse aggregate was a limestone, 
which tends to produce concrete of relatively high 
flexural strength. It was screened into separate 
sizes and recombined into four definite gradings, as 
follows: 

WE 
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Percentage passing (square openings) 

Grading Y-inch 34-inch 1144-inch 2-inch 24-inch 

A 0 20 45 80 100 
B 0 30 60 LOO Ae ees 

| C 0 40 1 OO sh) See 2 a Seid ae eee 
Nabe 0 Ti Tig | [ieee Be atone od Rec 5 2 

It will be observed from these grading combinations 
that there is a rather wide range in maximum size with 
a corresponding change in the void content of the 
material in a dry-rodded condition. Table 2 gives the 
results of physical tests on the coarse aggregate. 

In designing the proportions for the various grading 
combinations the cement factor and consistency were 
held practically constant and the percentage of sand in 
the mix varied in order to compensate for a change in 
void content in the coarse aggregate. Data pertaining 
to the proportions and consistency will be found in 
Table 3. 

FABRICATION AND STORAGE 

All concrete Was mixed in pans with shovels, one 
batch being of sufficient size to make one specimen. 
Three sizes of beam specimens were made—6 by 6 by 
21 inches, 6 by 6 by 30 inches, and 8 by 8 by 27 inches. 
The 6 by 6 inch beams were molded in two layers, each 
layer rodded with a %-inch rod, and spaded on the 
sides and ends. After the top layer had been poured 
the concrete was struck off and finished with a cork 
float. The 8 by 8 inch beams were molded in three 
layers. Each layer was rodded sixty times per square 
foot of area for all specimens. This required rodding 
the 6 by 6 by 21 inch beams fifty-four times per layer, 
the 6 by 6 by 30 inch beams seventy-five times per 
eae and the 8 by 8 by 27 inch beams ninety times per 
ayer. 

All specimens were covered with wet burlap immedi- 
ately after fabrication and kept covered for approxi- 
mately 24 hours, at which time they were removed 
from the molds and placed in a moist room for 27 days 
storage prior to test. 

The procedure followed was to make 24 beams each 
working day. This constituted one round of tests and 
furnished one specimen for each combination of grading 
of aggregate, size of specimen, and method of test. 

At the 28-day period, the specimens were tested in a 
100,000-pound Universal testing machine as simple 
beams, the load being applied by a handwheel at a 
speed which would produce a stress of 150 pounds per 
square inch per minute in the extreme fibers (A. S. T. M. 
tentative standard). 

Half of the beams were tested with the load applied 
at the third points and half with the load applied at 
the center of the span. Figure 1 shows the method of 
applying the load to the specimen while Figures 2 and 
3 are photographs of a specimen set up in the testing 
machine. In computing the modulus of rupture in the 
case of specimens loaded at mid span, the bending 
moment was computed at the plane of fracture and 
also under the load at the center of the span. Two 
sets of results for modulus of rupture were therefore 
obtained on all specimens loaded at mid span. In 
addition to the variables in testing previously mentioned 
one set of 6 by 6 by 30 inch beams using *%-inch aggre- 
gate was tested with the side instead of the bottom 
in tension as was the case with all other specimens. 

ROADS 

TABLE 1.—Physical properties of cement and fine aggregate 

CEMENT 

Fineness, percentage retained on 200-mesh sieve_-__-_---- (Pie 
Time of set (Gillmore) : 

Vii Gia 2 a es eS ee ee 2h. 52 m. 
Binal): 2226 222s eee ee eee 4h. 40 m 

Steam. test for soundness 2022 es een eee (4) 
Normal consistency, Pel Cen te === es ee eee 24. 2 
Tensile strength (1: 3 Ottawa sand mortar): 

(ORY Bia Sa eee pounds per square inch__ 380 
28 Gayeso-2 32 SSeS ae ee en (BKOVE ae 420 

FINE AGGREGATE 

Sieve analysis: 
Total retained on No. 4 sieve____--_---- per cent__ 0 
Total retained on No. 8 sieve_.-_.._-_----_-- OKO oe 2 11 
Total retained on No. 16 sieve_____-_____---- dos 34 
Total retained on No. 30 sieve._._.._-_-___- Ons 61 
Total retained on No. 50 sieve._-___-__------ doa 85 
Total retained on No. 100 sieve______-___-- dozee=s 94 

Fineness moduluis:e. 224 2 6 ae eee 2. 85 
Silt and. clase eae ee ee percent... 2.8 
Apparént specilic’ gravity.2s-s2uetee eee ee ee ee 2. 66 
Weight in pounds per cubic foot (dry-rodded) -__-_----- 102 
Organica theta (COLOTEES lees ee ene (4) 
Strength ratio: ; 

7, day 8). 22 oe ee eee eee ee eee ee 132 
28 days ee ine ioe Ae ee ae ee ee ep ee ee ee 113 

Description: Sand consists essentially of angular grains of 
quartz, chert, gneiss, and sandstone. 

1 Satisfactory. 

TasuE 2.—Physical properties of coarse aggregate 

Specific eravit yeasts 322 2 Fa ed ee ne ee eee 2.72 
1A DSOTpPtlOn see ee BEE Ee BO ee eee percent... .12 
SW eareess seen = See ewer a Bebe Sept Fad 4.) BES eee ae doz222 ths 

ioe 
A per cubic Tat Grading foot, dry- Voids 

rodded 

Pounds | Per cent 
AL oe oa Ee ee ee ee ee eee ee 103 39. I 
ie 102 39. 7 
Ox 101 40.3 
D 98 42 

1 Not standard test; made with crushed rock. 

TaBuE 3.—Proportions and consistency of concrete 

Maxi- P 
Proportions 

mum Mottar | 
Grading size DY CE MG id a teen laced b/bo 

aggre- 1 ratio 
gate volumes | 

Bags per 
Inches cubic yard | Per cent 

LK a ee Se 214) 1:2.0:3. 30 0. 75 6. 01 192 0. 735 
Bey eine ley 5 2 P2032, 27 . 76 6. 03 193 . 730 
ORE er Ree ae 144} 1:2. 09:3. 21 aire 6. 04 198 . 718 
Dasa x2 neat tS 34] 1:2. 21:3. 05 . 84 6. 04 211 . 682 

1 W/C corrected for absorption. Consistency approximately 24-inch slump. 

ANALYSIS OF DATA 

Detailed results of the strength tests, giving values 
for the individual specimens, were prepared in mimeo- 
graph form, but are not included in the report because 
of lack of space. They give the individual strength 
values for all 20 rounds of tests and the percentage 
variation of each value from the average. The average 
strengths and the average variations are also shown. 
While some values reported show a rather wide varia- 
tion from the average for the group, they were not 
excluded because of the fact that it was the primary 
object of these tests to determine the extent of just 
such variations. 

Vol. 13, No. 11 
——— ss 

; 
; 
f 



January, 1933 PUBLIC ROADS 

Y WEIGHING TABLE 

CENTER LOADING 

AN fp WEIGHING TABLE 

THIRD POINT LOADING 

Figure 1.—Apparatus ror TESTING SPECIMENS 
IN 100,000-Pounp Trsting MaAcHINE 

Persons desiring to make a study of these detailed 
tables may obtain them upon request addressed to the 
bureau. 

The average strengths and average deviations are also 
given in summary form in Table 4, and, for purposes of 
study, are shown in graphic form in Figures 4,5, and 6. 

Ly 

Figure 2.—Sprecimen Ser Up in Testina Macuine, 
Loap APPLIED AT CENTER OF SPAN 

The discussion deals with the effect which each of the 
variables studied has on (1) the relative average 
strength of the concrete and (2) the uniformity of 
strength within each group of individual specimens from 
which the average values were calculated. Figures 4, 
5, and 6 have been plotted from the data shown in the 
tables in order to bring out certain relationship which 

Figure 3.—SPrecimen Set Up in Testing Macuine, 
Loap AppuLieD AT THIRD Points 

TABLE 4.— Average values of flexural strength at 28 days and aver- 
age percentage variations of individual values from the average 

6 BY 6 BY 21INCH BEAMS—18-INCH SPAN 

. . ; Center loading, Center loading, 
tee load- moment at plane | moment at cen- 

g of fracture ter of span 

Maximum size aggregate 
(inches) ; 

Modulus | varia | Modulus | y,,.;,. | Modulus} y,, 44. 
of rup- en of rup- Hon of rup- ani 
ture ture ture 

Lbs. per Lbs. per | Lbs. per 
sq.in. |Percent| sgq.in. |Percent| sq.in. |Per cent 

Ps eee ee ee 589 5.1 616 (pal 684 60 
eee eee ee LL he 621 4.3 655 7.8 704 4,4 
1A = a te Se Sey oa 637 3.4 677 168 721 4.4 
A 8 aay ie Be PEE 672 4.1 705 6.0 753 3.6 

ENG Gla tele a SE ee | Se een 7 4) } eee eae (ails PS eee 4.5 

6 BY 6 BY 30 INCH BEAMS—27-INCH SPAN 

DIU oo aan (A Se Se ee 572 5.6 608 7.9 646 7.4 
IE Ge a eT eae 573 lao 632 Bre 663 5.0 
Te aa ae te oe a by = = EN 605 5.7 646 6.3 684 5.1 
WAS oa Sete Ey ae a ee 622 6. 2 665 4.9 696 4,5 
A ol ee eee he eae TREES, 641 6.2 652 6.3 693 4.2 

es) Ser 
PRVORE LO eae ene eee eae ete eae HCG) Yk ee eee | (LC -Saee Ss G2 

| 

8 BY 8 BY 27 INCH BEAMS—24-INCH SPAN 

534 6.2 573 10.3 620 8.5 
562 4.7 590 7.0 646 5. 5 
576 4.2 628 6.8 669 ia 

ANTON ORO ee ete See Io c/o |e eee 85 Oiulseon, eso 6.4 

Grandiaverages—----l. <a-2-465~ Oise eee es ce eli) ee See oa 5.3 

1 These specimens tested with side in tension, all others tested with bottom in 
tension. 

appear to exist. These indications are discussed in the 
following order: 

1 The effect of variations in the method of loading 
and in the method of computing the bending moment. 
(Fig. 4.) 

2. The effect of changing maximum size of aggregate. 
(Fig. 4.) 
3. The effect of changing the cross-sectional dimen- 

sions of the specimens when the ratio of depth of beam 
is to span constant at 1 to 3. (Fig. 5.) 

4. The effect of changing the ratio of depth of beam 
to span length when the cross section is constant. 
(Fig. 6.) 
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The data plotted in the upper portion of each of the 
figures referred to above are the average strengths of 
the group of specimens representing each test condition. 
In most cases each point represents the average of 20 
individual tests made on different days in accordance 
with the schedule which has been described. The data 
plotted in the lower part of each figure gives, for each 
test condition, the average per cent variation from the 
average of the group. 

8X 6X 27" BEAM ex 6x 2 |" BEAM 6x 6 x 30° BEAM 
18" SPAN 27” SPAN 24" SPAN 

800 Raa ee et ————>—————-——_ a 
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wY | 
az | 
=e | Pal 
= | fo 

a | 

5 < 700} zane eg eA Ma Coa 

ze : a x oO 

rm bloc | eerie eal I 2 yy x 50 e : 

S 1p 600+ Naa ass 
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MAXIMUM SIZE OF COARSE AGGREGATE-INCHES 

Figure 4.—Errect or Mretruop or LOADING AND Maximum SIzE 
oF CoaRsE AGGREGATE ON AVERAGE VALUES oF Moputus 
oF RUPTURE AND AVERAGE PERCENTAGE VARIATION OF TEST 
RESULTS 

Effect of method of loading and method of computing 
bending moment.—From Figure 4 it is evident that both 
the method of loading the specimen and the method of 
computing the bending moment have a marked effect 
upon the modulus of rupture. An examination of the 
curves in the upper portion of this chart shows that the 
method of loading the specimens at the third points 
produces the lowest results in flexure while the highest 
results are obtained by applying the load at the center 
of the span and computing the moment at the same 
place. Intermediate results are obtained by loading 
the specimen at the mid span and computing the moment 
at the plane of fracture. This relationship holds for 
all sizes of specimen and all maximum sizes of coarse 
aggregate without exception. If the specimens were 
fabricated from a material absolutely homogeneous in 
character and loaded at center of span, all of them 
would break at the center (plane of maximum moment). 
Concrete is no such material and very frequently when 
tested with the load applied at the center of the span 
the specimen will break at a plane somewhere between 

the point of application of the load and one of the 
reaction points. In such cases if the bending moment 
is computed at the plane of fracture, a lower flexural 
strength will be obtained than if the moment is com- 
puted at the center of span. For instance, in Figure 4, 
with 8 by 8 inch specimens, 2!-inch aggregate, the 
average value for the group was 573 pounds per square 
inch when the bending moment was computed at the 
plane of fracture, while the same specimens gave an 
average value of 620 pounds per square inch when the 
bending moment was computed at the center, a differ- 
ence of 8 per cent. If individual cases are examined, 
ereater differences will be noted. Thus, on round 
No. 1 of this series of tests a value of 508 pounds per 
square inch was obtained when the moment was com- 
puted at the plane of fracture while the corresponding 
value obtained when the moment was computed at the 
center of the span was 609 pounds per square inch, a 
difference of 20 per cent. This difference was caused 
by the specimen breaking 2 inches off center. _ 

The uniformity of test results as affected by the 
method of loading is shown in the lower portion of 
Figure 4. It is interesting to note, in the two cases 
where the span length is three times the depth (left and 
right hand groups in the figure) that loading at the 
third points generally gives the most consistent results, 
with the center-loading method, moment computed at 
plane of fracture, always giving the least consistent 
results. For the span ratio of 1:4 (6 by 6 by 30 inch 
beams) loading at center with moment computed at 
center gives in most cases the greatest uniformity. 

Table 5, A shows the strengths obtained with center 
loading expressed as a percentage of the strength when 
tested at the third points. These percentages are shown 
for moments computed at plane of fracture and at the 
center of beam, as well as for each size of beam. It will 
be observed that the average strength of the concrete 
when tested with center loading exceeds that obtained 
from tests at the third points by about 7 per cent when 
the bending moment is computed at the plane of frac- 
ture; and by about 14 per cent when the moment is 
computed at the center of the beam. 

Effect of maximum size of coarse aggregate—These 
relationships are shown in Figure 4 for each size of 
beam and for each method of loading. In all cases, 
decreasing the maximum size of the aggregate increases 
the modulus of rupture. In this connection it is of 
interest to refer to Table 3 and to note that practically 
identical cement factors were used in the concretes con- 
taining the various maximum size aggregate and, more- 
over, that because of this fact the net water-cement 
ratio increased as the maximum size became smaller. 
This fact would lead one to assume that the actual 
strength would decrease instead of increase. However, 
the results are consistent and they would appear to 
indicate either that the relation between water-cement 
ratio and flexural strength varies with the maximum 
size, or that the cross sections of the test specimens 
were too small to indicate the true relation. 

In considering the effect of size of aggregate upon 
the flexural strength it should be remembered that the 
proportions for the smaller aggregate contained a 
greater percentage of sand than those for the larger 
aggregate combinations. The percentage of sand in 
the mixes for gradings A, B, and C is in proportion to 
the voids in the coarse aggregate. Previous tests with 
an aggregate similar to the one used in this investi- 
gation where two gradings corresponding to gradings 
B and C were employed showed slightly higher strengths 
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TABLE 5.—Szrength ratios 

A.—EFFECT OF METHOD OF LOADING 

Flexural strength expressed as percentage of that given by 
third-point loading 

Center loading, moment at 
center 

Center loading, moment at 
Maximum size ag- fracture 
gregate (inches) 

6 by 6 by |6 by 6 by | 8 by 8 by | 6 by 6 by | 6 by 6 by | 8 by 8 by 
2linch | 30inch | 27inch | 2linch | 30inch | 27 inch 
beams beams beams beams beams beams 

JD es SEs See a 105 106 107 116 113 116 
Ney! Be ep in Le eh ee 105 110 105 113 116 115 
POE ee ee oe oe 106 107 109 113 113 116 
ae ee ee aes 105 LOM easeamens 112 hb Rae ae 

Average... =... 105 108 107 114 114 116 

B.—EFFECT OF MAXIMUM SIZE OF AGGREGATE 

Flexural strength ex- 
pressed as percentage 
of strength of concrete 

= containing _ 24-inch 

Method of loading } et a Bee size aggre- 

2-inch |14-inch| 34-inch 

6 by 6 by 21 inch beams, 18-inch span; 
SDN Cr DOLD Gene ec ee Se oe ee ee 105 108 114 
Center, moment at accross tte we ey oo ees ae 106 110 114 
Center momenta Centers s—— =° ot aoe Dee es 103 105 110 

6 by 6 by 30 inch beams, 27-inch span: 
Abjeviwza Moyea ieee ee SS ee ee eee eee | ee ee 100 106 109 
GONters MUMONT Ab MrACtULO. 5. en eee bese ce se 104 106 109 
Center, moment at. contetsscao- 2 daewoo 103 106 108 

8 by 8 by 27 inch beams, 24-inch span: 
FERRIS Ce pONl tae ee cee a ede eee se eee wee 5 105 OSs paaeneee 
Genter moment at iraciureso. = 8 ee eee ee 103 lay] ates Re 
ener, mnO Mob: aCOmber eo sees oo sete eee. Savane 104 TOS ASME Sees 

ING DTET LES oak, reg a I es BS ee ee ee 104 107 111 

C.—EFFECT OF SIZE OF BEAM 

Flexural strength expressed as percentage of strength of 
8 by 8 by 27 inch beams 

6 by 6 by 21 inch beams 6 by 6 by 30 inch beams 

Maximum size ag- 
gregate (inches) Center loading Center loading 

Third- Third- 
point point . 

loading aed mieEneae loading oe Maraene 

fracture | center fracture | center 

Es eee ts Sees 110 108 110 107 106 104 
oS aes ee Se ee 110 111 109 102 107 103 
LRT «tee el See oe SRDS 111 108 108 105 103 102 

Average..-_._- 110 109 109 105 105 103 

D.—EFFECT OF LENGTH OF SPAN 

Flexural strength of 6 by 6 by 
21 inch beams, 18-inch span, 
expressed as percentage of 
strength of 6 by 6 by 30 inch 
beams, 27-inch span 

Maximum size aggregate (inches) 
Center loading 

Third- 
point ; 

loading ere pect 

fracture center 

POL Ri EM phe es! 2 wdc he NP SMES 2d Ge SR 103 101 106 
fe TER, OS Bas) Fh EP IS St ey eee Pee 108 104 106 
pb eae ee Bae ee ee eS 2d Se ee ee 105 105 105 
ee Dee ae ee nk SU ES ES Tee) es es BUS eee 108 108 108 

SA VORA RG eee eee ee ee es eee 106 104 106 

for the finer grading, even though there was a difference 
of 0.15 of a sack of cement per cubic yard of concrete 
in favor of the coarser grading. This present series 
indicates a possible change in flexural strength of as 

much as 14 per cent where the consistency and cement 
factor were held constant. (Table 5, B.) 

As to uniformity, it will be observed that there is a 
distinct tendency for greater uniformity for the smaller 
maximum sizes. These relationships are shown in the 
lower part of Figure 4. 

Table 5, B shows the effect of size of aggregate ex- 
pressed as a percentage of the strength obtained with 
the 2-inch material. It is noted that a decrease in 
maximum size to three-fourths inch increases thestrength 
about 10 per cent; also that the effect of size is about the 
same for the two cross sections and for the two ratios of 
depth to span, except that in the latter case the shorter 
span shows a somewhat greater increase for the %-inch 
size. The method of loading, likewise, appears in 
general to exert little influence on this relation. 
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\ 251NcH 2 INCH id INCH 

800 ] f 

e. 

wo | 
eZ | | 

abe | 
ad = | | 
a | 

oS | | a [ea | 

uF | pe na 
° wz 

ee 
+ 

=) 
x See 
> a) 
rat (a) 

Oo es | « 

5) | 25 i 
oa | | | 

500 - J 

+ 

10 

8 am 
| 

| : 
ese! 

© 
= ee | Se? 
[arg 
<u Leet ae 
>vO 

w ao 
Peat 

es 

ow ° 
ca CAL | : he w 4 

w 
> 
<x 

Pear 3 | Z 

METHOD OF LOADING 
x x THIRD POINTS 
+ + CENTER,MOMENT AT FRACTURE 
O———O CENTER,MOMENT AT CENTER 

fe) = | J Ll aed 

exe exe exe exe 6xe a’ x a" 

CROSS SECTION 

Ficure 5.—EFFrect or S1zE OF BEAM ON 
AVERAGE VALUES OF Mopuuus or Rup- 
TURE AND AVERAGE PERCENTAGE VARIA- 
TION OF Trest REsutts. Span Is THREE 
Times Derru 

Effect of variations in cross section with ratio of depth 
to span constant.—-The effect of increasing the cross- 
sectional dimensions of the specimen while maintaining 
the ratio of depth to span length constant at 1:3 is 
shown in Figure 5. It will be observed that for all 
three methods of loading, as well as for all maximum 
sizes of coarse aggregate, the smaller cross section gives 
the higher results. These observations are in line with 
the results of tests reported by a subcommittee of the 
committee on materials of the American Association 
of State Highway Officials, and published in the April, 
1931, issue of Pusiic Roaps. In this series various 

_depths and widths of beam specimens ranging from 4 
by 4 inches to 10 by 10 inches were tested. It was 
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observed that the modulus of rupture of the concrete 
decreased in direct proportion as the depth of the beam 
increased and it was pointed out that this dimension | 
will have to be standardized if comparable results are 
to be expected. 

From the standpoint of uniformity (lower portion Be 
fig. 5) the results are not so consistent, although, 
general, it may be said that the 6 by 6 inch beams ee 
somewhat more uniform results than the 8 by 8 inch 
beams. This is true in all cases of third-point loading 
and also for center loading, moment at center. 

The percentage differences are shown in Table 5, C, 
where the strength obtained on the 6 by 6 by 21 inch 
beams are shown as percentages of the strength of the 
8 by 8 by 27 inch beams. The 6 by 6 inch cross section 
gave results about 10 per cent higher than the 8 by 8 
inch section. 
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Figure 6.—Erriect oF LENGTH OF SPAN ON AVERAGE VALUES 
or Mopuuus oF RUPTURE AND AVERAGE PERCENTAGE VARI- 
ATION OF TEst_RESULTS, FOR 6 By 6 INcH BEAMS 

The strength obtained in tests of 6 by 6 by 30 inch 
beams are also shown in Table 5, C as percentages of 
the strengths of 8 by 8 by 27 inch beams. While the 
ratio of depth to span length is not the same in these 
two cases, it is of some significance that the 6 by 6 
inch beams give somewhat higher strengths (approxi- 
mately 5 per cent) than the 8 by 8 inch beams. 

Effect of variations in ratio of depth of beam to span 
length for constant cross section.—This relationship, for 
each method of loading and for each maximum size of 
coarse aggregate, is shown in Figure 6. In all cases the 
specimens tested on the shorter span are somewhat 
higher in strength. Jn this respect the data do not 
check the results secured either by the committee on 
materials as reported in Pusiic Roaps, volume 12, 
No. 2, April, 1931, or the work of the Portland Cement 
Association as reported by F. R. McMillan, director 

of research in 1928. McMillan, using beams 7 inches 
in depth by 10 inches in width, found the effect of 
span to be unimportant in the case of third-point 
loading. In the case of center loading, however, he 
found that the modulus of rupture decreased as the 
span increased. 
When the data are analyzed with respect to uni- 

formity, it will be observed that the shorter span 
length gives the most consistent results (lower average 
percentage variations) in all but three cases, all of 
which are for beams loaded at the center with moment 
calculated at plane of fracture. Each group of beams 
loaded at the third points show the most consistent 
results for the shorter span. ‘This also holds for center 
loading with moment computed at the center of the 
beam. 

Reference to Table 5, D will show that, if strengths 
are expressed on a percentage basis, the specimens 
tested on the shorter span (ratio of depth of beam to 
span length, 1:3) gave results about 5 per cent higher 
than those tested on the longer span (ratio 1:4%). The 
average percentage of increase is about the same for 
all methods of loading. For any given method of 
loading the percentage of increase, as affected by 
maximum size of aggregate, varies from 1 to 8 per cent, 
with a tendency for the concrete containing the 2/s-inch 
aggregate to show somewhat lower ratios than the 
concrete containing the %-inch material. This will 
be discussed further in the next section. 

DISCUSSION 

The primary purpose of this series of tests was to 
determine which combination of the several variations 
in test procedure gave the most satisfactory results 
from the standpoint of uniformity. Reference to 
Table 4 will show that the grand average deviation 
for all specimens (236) tested at the third points was 
5.1 per cent. The corresponding average for 239 
specimens tested at the center of the span was 5.3 per 
cent when the moment was computed at the center 
but rose to 7 per cent for the same specimens when the 
moment was computed at the plane of fracture. Of 
the group tested at the third points, the 6 by 6 inch 
beams tested on 18-inch span gave the lowest average 
deviation, 4.2 per cent, as compared to 5.1 per cent 
for the entire group and 4.5 per cent for similar speci- 
mens tested with center loading, moment at center. 

A possible reason for the higher variations obtained 
with the center-loading method where the moment was 
computed at the plane of fracture is the inability to 
determine just where this plane is with any degree of 
accuracy. With 2%-inch aggregate it is not hard to 
see that an error of one-half inch could easily be made 
in measuring the distance from the reaction to the 
plane of fracture. An illustration will show just what 
effect such an error would have upon the modulus of 
rupture. For instance, assume a beam specimen 8 
by 8 inches tested on a 24-inch span, with the load 
applied at the center of the span. Assume also that 
the load required to break this specimen was 9,000 
pounds and that the specimen broke 1 inch off center 
or 11 inches from one reaction. 

Using the ordinary formula for computing the modu- 
lus of rupture and neglecting the dead weight of the 
beam itself, we obtain a value of 580 pounds per square 
inch when the moment arm is taken at 11 inches. An 
error in measurement of one-half inch, giving, say, 
a distance from the reaction of 10% inches, would give 
a modulus of 554 pounds per square inch, a variation of 
4.5 per cent due to this cause alone. 
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The simplest method is of course to assume the 
moment arm as one-half the span, regardless of where 
the beam breaks. This is the method ordinarily 
employed in practice. The value so computed is 
theoretically correct only for cases where failure occurs 
exactly at the center. For all other cases the true 
modulus of rupture at the section at which failure 
occurred will always be less than the apparent modulus 
computed at the center. For such cases the value 
reported as the modulus of rupture is not the stress 
which caused failure at all but simply the theoretical 
maximum fiber stress existing in the concrete at the 
center of the span at the moment of failure. 
From the above discussion it would appear that both 

methods of computing the modulus of rupture where 
the specimen is loaded at the center are open to objec- 
tion, the first because of the difficulty of accurately 
measuring the true moment arm, and the second because 
the value obtained does not represent the stress in the 
section of failure unless the specimen breaks exactly 
in the center, a condition not always observed. 

By loading at the third points both of these objections 
are overcome. Provided the specimen breaks within 
the middle third of the span, it is not necessary to meas- 
ure the moment arm because the moment is constant 
over the middle third and the value obtained will 
represent the true modulus of rupture of the section 
at failure. 

In a further effort to throw light on the matter of 
uniformity the bar diagrams shown in Figure 7 have 
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been prepared. These figures show the percentage of 
the total number of specimens in each group indicated 
which gave results varying more than 10 per cent from 
the average of the group. It is evident that, from this 
standpoint, the third-point method, using 6 by 6 inch 
beams tested on 18-inch span, gave the most consistent 
results. It should be remembered when studying these 
charts that each point represents a group of approx- 
imately 80 specimens in the case of the two 6 by 6 inch 
series and approximately 60 specimens in the case of 
the 8 by 8 inch series, and that the *-inch aggregate 
was not included in the fabrication of the 8 by 8 by 27 
inch specimens. 

The bar diagrams shown in Figure 8 afford a compar- 
ison between the results obtained from 6 by 6 by 30 
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‘THOSE GIVEN BY SPECIMENS TESTED WITH SIDE IN TENSION 

inch specimens tested with the bottom (as molded) 
in tension, and those obtained from similar specimens 
tested with the side in tension. The differences in 
average modulus of rupture are slight. In the case of 
third-point loading the specimens tested with the side 
in tension gave somewhat the higher values. The 
reverse is true in the case of center loading, by both 
methods of computation. 

The diagrams showing average variation indicate, in 
two cases out of three, a slight advantage in favor of 
the specimens tested with the side in tension. How- 
ever, these tests are not conclusive enough to warrant 
a statement as to whether specimens should be tested 
with the side or the bottom in tension. 

A short series of tests in which a rounded coarse 
aggregate was used in place of crushed stone was con- 
ducted for the purpose of giving some information 
regarding the effect of type of aggregate on strength 
and uniformity. Tests were made on one size of speci- 
men only (6 by 6 by 30 inch) and on one maximum 
size of coarse aggregate (14-inch). Comparison of the 
method of loading at the third points and center loading 
shows the same trend as with the crushed aggregate. 
Loading at the third points gave the lowest strengths 
while center loading, moment taken at the center of 
the beam, gave the highest. 

SUMMARY 

From the data obtained in these tests the following 
indications have been summarized. 

A. Relative flexural strength.—1. The flexural strength 
of the specimens was influenced by the method of load- 
ing and of computing the results. The three methods 
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which were investigated gave values of the modulus of 
rupture in the following descending order of magnitude: 

(a) Center loading, bending moment computed at 
center of span; 

(6) Center loading, bending moment computed at 
plane of fracture; 

(c) Third-point loading. 
2. The flexural strength of the concrete increased as 

the maximum size of the coarse aggregate became 
smaller. 

3. With a constant ratio of span length to depth, 
higher flexural strengths were obtained on specimens 
having the smaller cross section. 

4. With a constant cross section, higher flexural 
strengths were obtained on specimens having the 
shorter span. 

B. Uniformity.—1. The uniformity of flexure test 
results was affected by the method of loading the 
specimen and by the method of computing the bending 
moment. The three methods used in these tests are 
given below in order of decreasing uniformity. 

(a) Third-point loading; 
(b) Center loading, bending moment computed at 

center of span; 
(c) Center loading, bending moment computed at 

plane of fracture. 
2. The uniformity of flexure test results was affected 

by the maximum size of the coarse aggregate employed, 
smaller aggregates producing somewhat more uniform 
results. 

3. With a given ratio of span length to depth the 
specimens having the smaller cross section gave the 
more consistent results. 

4, In tests of specimens of constant cross section on 
18 and 27 inch spans, the shorter span produced the 
more uniform results in the case of the third-point 
loading and the center loading with moment computed 
at center. In the case of the center loading with 
moment computed at plane of fracture, the reverse is 
generally true. 

RECOMMENDATIONS 

1. Method of loading—From the standpoint of uni- 
formity of test results there would appear to be but 
little choice between the third-point method of loading 
and a center loading with the moment computed at the 
center of the span. However, it is felt that the theo- 
retical objections raised against the latter method, 
which have been discussed in this report, coupled with 
the fact that the uniformity of the results obtained by 
the third-point method of loading is as good as with 
the center loading, warrant a recommendation that the 
third-point method of loading be standardized for 
laboratory work. 

Cross section of specumen.—The data indicate that 
specimens having cross-sectional dimensions of 6 by 6 
inches give fully as uniform results as specimens of 8 by 
8 inch cross section. Moreover, the decrease in uni- 
formity due to increasing the maximum size of the 
coarse aggregate up to 2) inches is so small as to be 
negligible ‘from a practical point of view. It is recom- 
mended, therefore, that a cross section of 6 by 6 inches 
be standardized for laboratory testing. 

3. Span length—The results indicate a slight advan- 
tage from the standpoint of uniformity in favor of the 
shorter span. The data also indicate that the modulus | 

of rupture is decreased by increasing the span. As far 
as the third-point method of loading is concerned, these 
results are in conflict with the results reported by both 
the committee on materials, American Association of 
State Highway Officials and the Portland Cement Asso- 
ciation. In view of this fact, and also because only 
two span lengths were investigated, no recommenda- 
tlons regar ding this dimension are made. er 

(Continued from p. 176) 

originally a penetration of 164 and a softening point of 
40° C., and three parts of an asphaltic oil having an 
original specific viscosity of 169 at 40° C. and 44 at 50° 
C. The resultant residue had a penetration of 76 and a 
softening point of 55° C., approximating a normal 
asphalt cement, and was fairly soft and plastic, indicat- 
ing its ability to continue to hold the cover stone without 
excessive cracking in cold weather or bleeding in hot 
weather. 

The cost of maintaining the wearing surface of the 
project through the 6-year period, while varying among 
the sections, 1s considerably less than that of an, un- 
treated topsoil carrying much less traffic. Data . 
obtained in a survey of low-cost roads by C. N. Connor * 
indicate that the corresponding maintenance cost of 
untreated topsoil and sand-clay roads averages between 
$300 and $600 per mile annually and that such roads, 
ordinarily, serve economically and satisfactorily a 
maximum of about 400 vehicles daily, while under 
heavier traffic the maintenance cost increases rapidly. 

Excluding the cost of the nonskid treatments which, 
while they obviously added somewhat to the betterment 
of the areas affected, were applied principally as a safety 
factor, the maintenance ranged from $135 to $345 per 
mile annually and averaged $270. Including the non- 
skid treatment the average annual cost was $324 per 
mile. While this cost may be higher than present-day 
maintenance of similar type, it should be recalled that. 
little preliminary work was done on the road prior to 
applying the surface treatments and also that the proj- 
ect was made up of relatively short experimental 
sections. The crown, while satisfactory for the old 
sand-clay type, was excessive for a surface-treated road 
and is believed to have added somewhat to the cost of 
maintenance. 

Traffic records show that in 1924 the road was carry- 
ing an average of 636 and a maximum of 800 vehicles 
daily based on a count through the summer months 
only. For the fiscal year 1930-31 a monthly count 
showed the sections to be carrying an average of 956. 
vehicles daily with a maximum of 1,402 which is an 
increase of over 50 per cent. As shown in Table 1 the 
maintenance cost of the sections, with the exception of 
the first year after construction which usually is rela- 
tively high, continued very uniform in spite of the great 
increase in traffic. 

In addition to the decided economy of maintenance 
and the providing of a surface of the required carrying 
capacity, other advantages which can not be estimated 
in dollars and cents, such as reduced operating expense, 
elimination of dust, all-weather surfaces, and “increased 
surface smoothness were obtained and could be retained 
indefinitely at a reasonable cost. 

& aa 2 of the Proceedings of the Seventh Annual Meeting of the Highway Research: 
oard. 
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SEPARATE REPRINT FROM THE YEARBOOK 

No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

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

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

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

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

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

Report of a survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States. (1930.) 

A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in PUBLIC ROADS, was printed in PUBLIC 
ROADS, vol. 13, No. 3, May, 1932. Copies of this list may 
be obtained upon request addressed to the U. S. Bureau of 
Public Roads, Willard Building, Washington, D. C. 
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