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SOME ASPECTS OF PORTLAND CEMENT 
CONCRETE PAVEMENT CONSTRUCTION 

BY THE DIVISION OF MANAGEMENT, UNITED STATES BUREAU OF PUBLIC ROADS 

Reported by WILLIAM A. BLANCHETTE, Highway Engineer 

TUDIES of production in highway construction | 
have been made by the Division of Management of 
the Bureau of Public Roads from 1923 to the 

present year. These studies have included grading and 
surfacing of nearly all types of highways in practically 
all sections of the United States. 

The number and mileages of concrete roads con- 
structed and the magnitude of the funds invested in 
them justify considerable study. During 1930 ap- 
proximately 10,000 miles of portland cement concrete 
pavements were laid on rural highways of which 8,500 
miles were on State systems. In 1930 the aver age cost 
per mile of a 20-foot concrete surface, exclusive of 
engineering, drainage structures, and rough grading, 
was about $22,500, a total cost. of approximately 
$225,000 ,000 for the year. A greater efficiency in such 
large- scale production will result. in correspondingly 
lessened costs to the public. 

In the studies here reported, data were collected 
relative to personnel, equipment, and efficiency of 
operation. The causes of efficiency on certain projects 
were analyzed. Between 1923 and 1929 numerous 
changes were made in types and sizes of equipment used 
and in methods of construction. From 1929 to June 
1934 changes have not been so extensive. This dis- 
cussion is based upon investigations made during the 
latter period. 

EFFICIENCY IN CONSTRUCTION GREATLY IMPROVED IN 

RECENT YEARS 

The following observations and conclusions are a 
result of these studies: 

1. The equipment used in concrete surfacing is 
reasonably well standardized as to type, capacity, and | 
number of units. 

2. The number of men employed on a concrete paving 
job varies between wide limits. The average per- 
sonnel, exclusive of truck drivers, on the 34 projects 
analyzed numbered 68 men with a minimum of 42 and 
a& maximum of 98. 

3. The combination of personnel and equipment on 
concrete paving projects observed was usually adequate 
to the handling of the maximum possible production 
of the key equipment. 

4. There is considerable difference in the over-all 
efficiency with which different contractors operate the 
major or key equipment. The average over-all effi- 
ciency of operation of key equipment on projects 
studied in 1929 and 1930 was 78 percent, with a mini- 
mum of 47 percent and a maximum of 97 percent. 
average efficiency of operation of key equipment on 
10 projects studied between 1923 and 1928 was 55 per- 
cent, with a minimum of 42 percent and a maximum of | 
66 percent. There appears to have been an increase 
in efficiency in recent years. 

5. The efficiency of operation of major equipment is a 
reasonably accurate measure of the efficiency with 
which the entire paving organization is operated. It is 
an indication of the type of supervision employed. 

70225—34——_1 

The | 

6. Unnecessary interference by inspectors tends to 
lower operating efficiency and to discourage employ- 
ee of adequate supervision. 

About 30 percent of the total cost of a concrete 
Savemnene is for cement delivered to the project. 
Twenty-nine percent is for aggregates delivered to the 
project. Thirty-seven percent of the cost of cement and 
aggregates delivered is for transportation. The equip- 
ment cost is 9 percent and the labor cost is 11 percent 
of the total cost of a concrete pavement (exclusive of 
rough grading, etc.) The daily cost for labor and 
equipment is “almost constant regardless of quantity of 
production. The unit cost for these two items varies 
almost inversely with the efficiency of operation. 

8. The cement factors used on the projects analyzed 
varied from 1.23 to 2.10 barrels of cement per cubic 
yard of concrete. 

9. The present method of combining the cement, 
aggregates, and water into concrete does not produce a 
homogeneous mass in which these ingredients are uni- 
formly distributed throughout the mass. 

10. Present methods of placing and finishing the 
concrete require fairly wet mixtures, resulting in excess 
water which decreases the potential strength of the con- 
crete. 

PERSONNEL AND EQUIPMENT DESCRIBED 

The construction of a concrete pavement requires 
several separate operations. The subgrade must be 
prepared. The forms must be set in place. Cement, 
fine and coarse aggregate and water must be delivered 
to the paver and mixed. The mixed concrete must 
be deposited on the subgrade, spread, finished, and 
cured. These major operations are performed on all 
concrete paving projects. 

Minor operations such as the delivery and placing of 
reinforcing steel, joints, etc., must be performed also, 
Each operation requires certain pieces of equipment. 
Table 1 shows the equipment used on 38 concrete pav- 
ing projects studied during 1929 and 1930. These 
projects were located in 18 States and represent nearly 
every section of the United States. The equipment 
listed in table 1 is typical of equipment used generally in 
concrete paving. This table shows the average length 
of haul from the material yard to the paver in miles 
during the period of the production study. 

Trucks were used for hauling batches except on one 
project where an industrial railway was used. Single- 
batch trucks were used on 12 projects; 2-batch trucks 
on 13 projects; 3-batch trucks on 12 projects, and 4- 
batch trucks on 2 projects on which 2- and 3-batch 
trucks were also used. 

The mixing on all of the projects was done in stand- 
ard pavers of the 27—E type. A finishing machine was 
used on all but 5 projects. On these 5 projects, 4 in | 
State and 1 in another, all finishing was done by hand. 

Table 2 shows the personnel employed on the 38 
projects. On 34 of them the mixing was done by one 
27-E paver. On the remaining 4 projects, two 27-E 
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TaBLE 1.—Summary of equipment used on projects studied in 1929 and 19380 
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pavers were used either parallel or in tandem. Table 
2 shows a wide variation between projects both as to the 
total number of men employed and the number em- 
ployed to perform various operations. The major oper- 
ations are relisted in table 3 which gives, for purposes 
of comparison, analyses of the numbers of men required 
for each operation on 34 paving projects using a single 
paver and those required on 4 projects using 2 pavers 
each. 

The size of the crew necessary for fine grading is 
affected by several factors: The amount and character 
of the material to be moved, the amount and kind of 
equipment used, the efficiency of operation, and the 
rate at which pavement is being laid. The fine-grading 

3 All batches hauled by industrial railway. 4Calcium chloride. 

crew varies considerably from job to job as is shown in 
table 2, with a minimum of 3 men on one project and a 
maximum of 23 men on another project. The average 
number of men on all 34 projects was 13. 

The handling and setting of forms consists in remoy- 
ing the forms from the finished and hardened pavement, 
transporting and distributing them where they are to 
be reset, shaping the form trench, setting, lining up 
and pinning the forms to the subgrade, and, finally, 
checking the form line. The number of men used to 
perform this operation varies considerably, although 
the methods are more or less standardized. The aver- 
age number of men required was 11. The chief reasons 
for variation in the number of men employed are the 
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TABLE 1.—Summary of equipment used on projects studied in 1929 and 1930—Continued 
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| 

BRAM LOUL LH, (OOt=.=-- == oa eae == |) 1,000) 1;'000) 2,000) 1,000 825} 1, 200} 2,090} 1,000} 1, 500) 1, 500} 1, 500} 1, 200} 1, 500} 1, 000} 1, 000 800) 1, 100) 1,000!) 1, 600 
rose wtieineh s16Cts. 2.2 ceo, oS ack ae ada ee SO MRO Eee 300} 300) 200; 300) 300) 1,009) 600; 300) 350; 300) 700; 700) 406) 450) 900 400 
Curing spray apparatus, number__.___.. ----_.- Ea (PL 3 | eee (apes | a Pee Se ee ee Jn=--== [e-===> pfeere | ee je ah eee a ee feel eae 

method used in trenching, the accuracy with which | hauling equipment, rate of paver operation, and effi- 
form trenching is done, the rate at which forms must | ciency of hauling equipment operation. On an average, 
be set to keep pace with paving, the character of the 15 men were employed in hauling batches on the 34 
soil, and the efficiency of form-handling and setting | projects on which the average length of haul during 
operations. the period of study varied from 0.9 mile on one project 

The average number of men employed in handling | to 10 miles on another, and on which 1-, 2-, 3-, and 4- 
materials is 14. This includes the men operating the | batch trucks were used. 
water-supply system. The men connected with the mixing operation are 

The number of men, including truck drivers, truck the foreman, who usually has charge of mixing, placing, 
checkers, dumpers, and turntable operators employed finishing, and curing, and the paver operator. 
to deliver batches to the paver ranged from 5 to 30. The men employed in finishing, which in this sum- 
Reasons for this wide variation are length of haul,)| mary includes puddlers, spaders, finishing machine 
condition of hauling road, condition and capacity of operators, strikeboard laborers, hand finishers on slab 
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!, shaping the subgrade with a tractor-drawn grader; B, excavating trench for forms; C, setting and lining up forms; D, the ‘“‘subgrader’’ does the final shaping, leaving 
excess Material in furrows for removal by hand shovels or fresnos. 

STEPS IN SHAPING THE SUBGRADE. 

and on joints, varied from a minimum of 6 to a maxi- 
mum of 23 with an average of 11. 

Setting steel, which includes both the longitudinal 

steel joint and reinforcing steel, required an average of 

2 men on each of the 34 projects. The number varied 

from 1 to 7 for individual projects. On several projects 

neither longitudinal joint steel nor reinforcing steel was 
used, 

The number of men employed in curing the concrete 
varied from 1 to 15, depending on the method of curing, 
the amount of slab to be cured and the efficiency with 
which the curing operation was performed. An aver- 
age of 8 men was used for this work. 
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TABLE 3.—Analysis of number of men required for different 
operations 

For 34 projects using a single paver Aver- 

‘ | age 
= ; num- 
Number of projects employing num- ber of 

i ; bers of men between men 
Operation Aver-| on 4 

j age proj- 

| | num-) ects 
| Levees a =a} ber of) using 

| 0-5 | 6-10 | 11-15) 16-20 21-25 26-up| men |9 pav- 

| ers 
| | 

Mine raging 22-5 2. 2-22 ==. 3 1 18 8 | 2 ae 13 15 
Handling and setting forms____- 4 15 8 |} 6 | 1h | epee 11 15 
Handling materials__....._.---- 1 2 20 10 | i |S. ees 14 17 
Hauling batches.<-..-..-.-.-+.- 1 8 12 | 6 | 3 4 15 23 
Ih hake eee Romer Seas. 22 BEE noes |aeee weer [ioe eeele see 2 3 
RPI NIT poten eee ean a a Les 16 14 3 iY, Gear 2 11 18 
ENA PS a FS eh Ae (aie Lala ae ie ea ie Se 2 3 
OUTLABA TS << ee ian See ae 13 12 OU ee aa et 8 7 
Whisepllaneous:....--..2-.-2L2 4 1 eat) 3 ity eee [eee ee | Reece 3 8 
BiMperviSOlse pean see as=nuln ase of eal eee [ee eae eae ES Ee ee 2 2 

(Cemshataliray sel sul i are sYoyeh ols bieiey ba eS 2 a oe ee ee es | See 81 111 
OVAL OXGIUSLV.O;Of GLUCK CLLV CLS see oot en see ee 68 90 

TaBLE 4.—Labor and equipment required on average concrete 
paving project as estimated from study of 34 projects 

FINE GRADING 

Number and type of 
equipment units 

Number and class of 
men employed 

RSet Gre TAC Cie sae ee aes 
PURRCUO Sseaa se eae oso aS 
SOETITGRS: =o ea een 
Bilberadersn =...) Sse osseous 
Subgrade planers_--_-_---------- 
(Sc igh 12 eS Se eee ee ee 

1, & to 12-foot blade______ 
1, 30 to 75 horse-power-_- 

1, heavy, metal_-_------- 
DRoHEO uko= UO) eens weer 
De S100 tear ne eee 
rel SOe seen ae 

1 fofeman. 
1 tractor operator. 
1 blade grader operator. 
1 roller operator. 
2 teamsters. 
2 laborers in rearof paver. 

ahead 5 Laborers of 
paver, 

13 

HANDLING AND SETTING FORMS 

Forms, lineal feet__------------ A aO0 Steels =e ese s 1 form foreman. 
(GGT GS ES Ee eee 1, DOTS Oe eee eens ts 2 form setters. 
TAIT Cs eae es ee eee ns ewe Es ee a et oe 2 form setters’ helpers. 
HORMNGLONCNOLS 2. .5- oa aa se i DE ae me eee ee ae re lteamster or truck 

driver. 
1 teamster’s helper. 
4 laborers. 

SAN ek | eee eee eee ee ese en Se ee 11 

HANDLING MATERIALS 

(CRIRR . 1 “See a ee 1, % to 2 cubic yard 1 plant foreman. 
capacity. 

CONOR DIN Ssesese ee ne 2 Jd [les ae Se Pd Se eee RN 1 crane operator. 
ameny bOUSCs-=92-=.- 2.0222 eA ee ee oe 1 batcher operator. 
eens GLel) 5-2 anes 0) Biss ee Ie a Pe et ee 2 laborers in cars. 
Pipe line, lineal feet ____------_ 25,000, 2, 245, 3-inch___-- 6cement handlers, 

load, dump. 
Hose, dineal feet. . -2.5..--..-<- PAO): Sen Bae SO eee 
EIGKSODVICO. =~ = -~-=-2-2-224- i ee = Sp eR at ee ee ee 1 laborer on pipe line. 

1 pump operator. 
1 truck driver, service. 

VPN ae BO Ms age 5a | / ee ee ee! 14 

HAULING BATCHES 

OHih ecko. =e St ei ri y ariable 1 to 4 batches__| 13 truck drivers, variable. 
UPSTSTIAA OPI) 22s OU Se eee el (ee ee 2 eee eee 1 truck dumper. 

1 turntable operator or 
truck checker. 

SCPE 2 Ae A Se ons | ce ee en ee a gt 33) 

| 

MIXING 

EDV GIG (=o yy ot ar 2S, Ae ae | 1 foreman. 
| 1 paver operator. 

Sir eee ee Ey eS oa eS oof 2 

TABLE 4.—Labor and equipment required on average concrete 
paving project as estimated from study of 34 projects—Continued 

FINISHING 

Number and type of 
equipment units 

Number and class of 
men employed 

Finishing machine___________ He ee oe ee eee | 4puddlers and spad- 
| | ers. 

ROB US cee Sete oe ee es RRO eee Se ee | lfinishing machine 
| operator 

IBGUUS Ua 2. es oe ee ple Ne eee ns a | 3 hand finishers, slab. 
Small Cools: ae 2 eee gcc aM [Ee ae a Be peed ee Pea 2 hand finishers, joints. 
Bridges 23-23 2 ee 5 20 ee ae ewer 1 hand finisher, edging. 

{DOUS aes 6 eee ee en. eee ee 2 ay 8 eae 11 

SETTING STEEL 

| 2 laborers. 

CURING 

Burlap, TORU) 1O0tae meee ea 1 O00 ee ese eres Sere 2 laborers, burlap 
Hose, 34-in., lineal feet__.______ AQIS pare ee oon ee 6 laborers, covering. 
Curing agent AD DALallls seers See eet ee Se ee 

DOta] = eae ee eee eee | 8 Te AP EP ee Renee 8 

MISCELLANEOUS 

1 watchman. 
1 water boy. 

| 1 mechanic. 

AMI Aes =e 0-4 eS eee | 3 

SUPERVISION 

| : 
| 1 superintendent. 

1 timekeeper. 

Boy 02M Wiss 3S Be Dic «A a | a eat eee a BS aes 2 

Motawexciiisnye Oturtl Che Cri Cl Sesame ae era ee | 68 
Grand total__---- 81 

SHAPING THE SUBGRAD E. 

The equipment and the personnel on the average 
project, as judged from 34 projects, are shown in table 
4, which gives the approximate distribution of person- 
nel performing each operation. This table shows an 
average of 68 men employed to operate a modern 
paving outfit exclusive of the operators of hauling equip- 
ment. “Miscellaneous” 
watchman, water boy, and mechanic. 

as used in table 4 includes 
‘Supervision’ 

includes the superintendent and timekeeper. 
Table 2 shows that the total personnel exclusive of 

truck drivers and steel crew on the paving projects 
employing a single 27—-E paver varied between 38 and 
93, a difference of 55 men. 



116 PUBIA Cer OGADS Vol. 15, No. 5 

In general, the number of men employed to operate 
a concrete paving outfit should be sufficient to perform 
all of the operations when the paver is working at maxi- 
mum production. Considerable physical exertion 1s 
required of workers and assignments should be such 
that the work can be accomplished by uniform sustained 
effort and without injury to the men. 

The type of supervision exercised over workers varies 
considerably. Some operations require a definite 
number of men regardless of the amount of work they 
have to do. Utilization of the capacity of workmen 
performing various operations may vary considerably. 
Again, the number of men that the contractor must 
employ to perform an operation may be and sometimes 
is regulated by arbitrary requirements of the engineer 
or inspector rather than by the amount of work to be 
done. 

The number of men employed is regulated by a com- 
bination of the following influences: The maximum 
possible rate of production of the paver, the volume 
and character of fine grading, the lineal feet of trans- 
verse joints to be finished per square yard of pavement, 
methods employed, arbitrary requirements, type of 
supervision given, and extent to which machinery is 
used. It is believed that the combination of personnel 
and equipment employed on the majority of projects 
studied was sufficient to handle full paver production, 
and that the personnel in many instances was more than 
sufficient. 

NO CONSISTENT RELATION FOUND BETWEEN NUMBER OF MEN 

EMPLOYED AND EFFICENCY OF OPERATION 

To analyze the interrelation that may exist between 
number of men employed, maximum possible produc- 
tion, and over-all efficiency of paver operation, table 5 
has been prepared, based on 23 of the projects studied. 
The information contained in this table is shown also 
in figure 1. There is a general relation between the 
number of men employed and the maximum possible 
rate of production although this relation is by no 
means definite. The relation between number of men 
and efficiency of paver operation is even less definite, 
showing that there are other factors besides production 
and efficiency which regulate the size of a working force. 

TasBLeE 5.—Comparison of number of men employed, over-all effi- 
ciency, and maximum possible production 

pes ae Maximum 

| {ofa Over-all possible 
Project eecluaiye efficiency, ane: 

driversand| Percent | yards per 
| steel crew hour 1! 

IM Sine Os a ee 8 see ee ee 46 66. 4 40.7 
(aliforiiano yoee se cece ea ee et 47 47.4 50. 6 
Louisiana non 225k ee ee ee es 51 82. 1 39. 6 
WistsLine GON Ome ae eee eee Ete eee 51 81.8 42.5 
New érsey m0. tks = cae sess ee 56 76.0 38. 6 
Louisiana no, 1_-____ ess Bre ech ane ae Fa 57 87.2 41.0 
Washington no\4esee = eee een eee 57 96. 8 51.5 
Washington no s22 pore eens ae eee eee 59 87.9 Ole 2 
Tiouisianian0 nose see ee = ee | 61 80.3 44.0 
Tonnessee Oy G22- Ste. See he ee ee see | 63 86. 4 44.7 
Colorado wires eee ee ee aes pee 64 87.4 tend 
HL GTUROSSCG 10 ta eee ee eee 64 81.8 52.4 
Louisiana Nowe see eee eee ae 55 91.0 43.7 
Dexas noses ee oe ee erat 66 50.9 52.8 
TennesseawwO oto, 55 aes Ss ee 69 65.6 49.4 
‘Washington non lia a eee ee 69 93. 5 50. 2 
Tennessee 020 28-2. Se ce ee ey 72 83, 2 44.0 
Nebraska 0). tere pan eee pan eee 74 79.6 47.7 
California no: 22 39 =. 2 ee eee ee a 80 95.3 49. 6 
Texas no. 2.2.22 Se ee ee 82 75. 7 58. 6 
‘Tennessee 10s Sass eo ae eee ee eee ee 88 59.1 48.6 
California tio. 432s 22 ae ee eee 93 95. 5 59. 4 
South: Caroling notes ne eee ees 93 90. 1 34.3 

' The maximum possible production is regulated by the specified mixing time, the 
size of batch and the time constants of the paver for charging and discharging. 
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MEN EMPLOYED - EXCLUSIVE OF TRUCK DRIVERS AND STEEL CREW 

OVERALL EFFICIENCY OF PAVER OPERATION — PERCENT 

MAXIMUM POSSIBLE PRODUCTION IN CUBIC YARDS PER HOUR 
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os 

FicgurE 1.—RELATION BETWEEN SizE OF Forcr, EFFICIENCY 
AND PRODUCTION. 

TaBLE 6.—Comparison of number of finishers (finishing machine 
operator, spaders, and puddlers), lineal feet of transverse joint per 
square yard of pavement and maximum possible production 

N ane of TR: 
nishers : aximum 

including Lea ce possible 

Project finishing | verse joint | Production 
machine er square in cubic 
operator, ie ar yards per 

spaders, and y hour 
puddlers 

WOUWISiaa N02 25 5 ees 8 ee 6 None 39. 6 
Lowisiana: 10; 42s ae = Pee ee ee eee 6 None 43.7 
TOUWISIAI a Ot Sse eee ee ee ees 8 None 44.0 
TONNESS6CiO.. 35 28-4 pene eo ee ere 8 0. 018 48. 0 
ST @nneSS0eN10,.02 <6 24 oe a a ee eee 8 . 018 44.0 
‘Tennessee: no.0- sas ek Ae eee eee eS 8 . 018 44.7 
BVI ER TN 1.0 oe ee E 8 . 09 44.9 
“VenTeSSOG 110. ie oe ee ee ee eee ee 9 . 018 49.0 
‘Tennessee nid. 2.5 ee eee sae ee Se eee 9 . 018 52.4 
IMCISSOUTI. NOS 1S S33 Ss See See ge pee 9 . 09 36.8 
Colorado:n0<:| ae. ee eee ee eee 9 oA5: 51.1 
JoWa DORIS Et an ee ose ee eo eee 10 None 43.4 
TOUTS TERT IOs cle ese eee a 10 None 41.0 
‘TRenniesséecn OR: ae ass ee ee ee 8 eee ee 10 . 018 49.4 
IME aie TG .kl Se ee Se See ty ee 10 . 23 40.7 
ING Wid CSC Y.1108 Use ae oe eee ee ee ee 10 . 26 38.6 
Texas: NOs) [Gt Sat See ee ee bees eee 11 ale! 52.8 
Sowthe Carolina .e bee eee ae 2 11 Bo, 34.3 
Oregon nor 1s. See Sere, See eee 11 . 45 40. 6 
Mennessee nO eee ses ae ain ee ere 12 . 018 49.5 
ATKSNSaS 10 ale Se oe Go ee eee 12 .18 47.5 
Apirevon otevh ole aXe hal eo LE et or oe 12 .18 44.0 
Washington cnon sas ae ae ee eee ee 12 - 45 61.5 
Nebraska 0s. Aa ee deeen e  ee een 13 None 47.7 
Washington nol: ees os. eee oa es Cee ee 13 ~ 45 50. 2 
Washi etn 0 (ase see eee ee ee 13 -45 42.5 
California; WORs =e a epee ee eee eee 14 ~ 45 50. 6 
Washington noy 25 eee se eee eee eee 14 ~45 §1.2 
Wiashin@ton: 0b a ee eee 14 ~45 52.7 
TR GXAS NO je ae ae ere Oe ee ee re 15 11 58. 6 
@aliforniainos 22.252 soe eee 16 45 52.0 
‘Pennessee 110.8: ee ee a 018 48. 6 
California n652 sas 58 eee ee 19 . 45 49.6 

59. 4 Caliiornia nok4 2 eee ee ee 23 . 45 

_ Table 6 gives the relation between the number of 
finishers (finishing machine operator, spaders, and 
puddlers), the lineal feet of transverse joint per square 



PO Be Cet ALL 117 
July 1934 

C, bin for 
s require; B, unloading cement from cars to batch compartments of trucks; C, 

E, a good plant arrangement; F, handling bulk cement in ‘“‘buggies.”’ A, erane unloading aggregates from cars to batcher bins or stockpiles as condition 

handling bulk cement and batcher plant; D, bateher plant; 
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yard of pavement and the maximum possible paver 
production on 34 projects. Figure 2 also shows this 
information. No direct relation between these factors 
is evident. 
EFFICIENCY OF PAVER OPERATION IS GENERALLY AN INDICATION 

OF EFFICIENCY OF ENTIRE ORGANIZATION 

The efficiency with which concrete paving 1s placed is 
indicated by the studies. It is true that the efficiency 
with which the paver is operated may or may not meas- 
ure the efficiency of the paving outfit as a whole. The 
efficiency of the entire organization is of primary inter- 

est to the contractor in that it regulates his unit costs 
for personnel and equipment. It sometimes happens 
that, although the paver operates with a high degree of 
efficiency, it does so with an over supply. of hauling 
equipment. Other operations than hauling may also 
be over-equipped or over-manned. It may happen 
that the personnel and equipment for hauling, subgrade 
preparation, and other operations have a high degree of 
efficiency, while the paver has a low degree of efficiency. 
Or it may be that the paver operates at a consistently 
low rate, but because of that consistency the production 
can be handled by a reduced personnel. These condi- 
tions are the exception rather than the rule. 

In general, the efficiency of the paver is a close indi- 
cation of the efficiency of the entire organization which 
is in turn an index of the type of supervision employed. 
The contractor or superintendent who operates the 
paver efficiently is likely to be equally efficient in all 
operations. Similarly, inefficiency in paver operation 
is often attended by inefficiency in most other operations. 

The paver is the key equipment on a concrete paving 
project and should set the pace for the entire paving 
organization. It has a maximum capacity of a defi- 
nite number of batches per hour for the specified mixing 
time. It cannot exceed this production. When the 
production of the paver falls below this maximum num- 
ber of batches the efficiency of the organization in 
general is lowered. 

A definite number of men is required to operate the 
equipment and to perform nearly every operation. 
This number of men cannot be changed as the rate of 
production changes. The number required to operate 
the outfit at maximum production of the key equip- 
ment must be employed, for on the most inefficient 
jobs studied, there were times during nearly every day 
when the paver was operating at close to its maximum 
production. 
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Ficure 2.—RELaTION BETWEEN NUMBER OF FINISHERS, JOINT 
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SPACING AND POSSIBLE PRODUCTION. 
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Failure of outfits to maintain a high rate of produc- 
tion was not the result of insufficient personnel, but of 
intermittent delays of varying lengths. <A high rate 
of production requires no greater rate of physical 
exertion on the part of workers than does a low and 
fluctuating rate of production. 

Before discussing the efficiency of operation of major 
equipment, an outline will be given of the manner in 
which efficiency was determined. An engineer with 
one or more assistants was assigned to the project to be 
studied. In general, the duration of the study was 
from 1 to 2 months. During the study an accurate 
record was kept of the total “available working time. 
The term ‘‘available working time”’ is defined as the 
time a crew was actually on the job, or the time 1t would 
have been on the job had there been no interference by 
the elements or other contingencies, consideration being 
given to the customs of the region and the practices of 
the contractor in regard to length of working day, holi- 
days, etc. If a 9- hour day is “customary with 7 hours 
work on Saturday, and holidays off, the available work- 
ing time for a week in which no holiday occurs, will be 
52 hours plus any overtime, regardless of how much 
time was actually lost because of rain, breakdowns, or 
other causes. 

An accurate record was kept of all major delays. 
The term ‘‘major delays”, as used throughout this re- 
port, indicates a delay of 15 minutes or more during the 
available working time. A delay of less than 15 minutes 
is termed a ‘“‘minor delay.’ The division between 
majov delay and minor delay at 15 minutes is chosen 
arbitrarily. In general, the major equipment will 
cease to operate during a major delay or the outfit may 
be shut down entirely as is usually the case during delays 
due to rain or wet subgrade. During the shorter major 
delays the entire organization may be on the job and 
drawing pay. The total available working time minus 
the total major delays gives the time the major equip- 
ment actually operated. 

Minor delays are intermittent interruptions that 
range from a few seconds up to 15 minutes. Such delays 
are determined by stop-watch studies of operations. 
A stop-watch study period was usually of 1 hour’s 
duration. From 2 to 4 such studies were made each 
day that the paver operated. The results of 2 stop- 
watch studies, 1 on a project operating with high 
efficiency and the other on a project operating with low 
efficiency, are shown in tables 7 and 8. 

PREVENTABLE DELAYS FOUND ON MANY PROJECTS 

Analysis of these tables shows characteristics of paver 
operation and the factors affecting the rate of produc- 
tion. The production of a batch of concrete consists 
of three operations: Raising the paver skip to charge 
the drum, mixing the batch, and discharging the batch 
from the drum to the paver bucket. In ‘correct opera- 
tion the raising of the skip overlaps the discharge of the | 
preceding batch. Whenever the paver ceases to per- 
form one of the three operations its efficiency is lowered. 
The project reported in table 7 was operated with high | 
efficiency. With a mixing cycle of 74.1 seconds, repre- 
senting the time to charge, mix, and discharge, the 
maximum production possible was 48.5 batches per 
hour. The over-all efficiency on this project during 
the entire production study was 96.8 percent. 

| 
| TABLE 7.—Result of typical stop-watch study of project 

with high efficiency 

{Drum revolutions, 16.5 per minute.] 

Delay due to 

operating 

shar “wel BBLS Ul Dis- i Charge} Mix sharca |Charge| Mix Me- Mis- g 

| | oe’ | charge | Opera-| chan- | cella- ea 
| tor | ical | neous eee 

| Ree waa | Charge 
causes Causes 

_ - Ls = as on ee 

Sec. | Sec SEOs mM ioebe vill mee. Sec. | Sec. Sec. | Sec. Se 
We a 5 10| 60 2 | 6 | oi 8 20 
10 59 | 5 il} 61 3 3 | ohh Be 7 
10 58 | 2 | 11 61 3 1 | - 
10 | 60 | wal 11 61 | 3 
10 | 61 | 3'| 10 | 61 | 2 
11 61 3 10 62 | 5 
11 61 | 3 11 | 58 3 
itil) 61 3 10 | 60 aH 
11 | 60 | 2 | 11 | 62 Pi See ae 
10 61 | 3 10 62 | 23 
10 60 5 1 62 | SiN Cedar Ana 
10 59 1 | 1] 60 | 2 
10 59 2 | it) 62 Bic Poe epee ate ie 
10 | 60 | 2) 10 | 61 | 3 
aly) aa 5 | i at 62" 2 
10 | 61 2 | 11 | 62 2 
10 | 62 Diy lence Saal | wee tet 
11 61 3 ee 
ll 60 2 | | 
11 61 oh ie eens (ee eee, _| 
11 61 2 |- : 
10 61 | 3 | | -| 
10 61 3 | 
10 60 | 5 
11 60 1 | 
10 61 3 |. 
10 61 | 5 |. | . 
11 61 3 | | : 
11 | 61 Dal 
10 | 62 Die, ee ee Le | ae 
11 61 LU RP ap ea ell eae aed re Wine Re | ee 
10 61 | 2 

| ees ae Ree es ee ees i 
Rotalees=s- fee | 494] 2,913 140 | 10 46 22 7 
Average___________ LO} 5 | 60.7 2: ONE ae ee eee 

Length of study, 60.53 minutes. 
Number of batches mixed, 48. 
Total time lost, 85 seconds or 2.3 percent. 
Time per batch, 74.1 seconds. 

TasBueE 8.—Result of typical stop-watch study of 
with poor efficiency 

{Drum revolutions 15.5 per minute] 

project operating 

Delay due to— 

| | | ot ecw dle tal 
| D or Wert 0 ea | all ste 

So | eas SB |2s| ee | ga leeg) eg 
@|/xuj/ 3] 8 | 4 | 8 |ae| 82 | 28/825) o8 
iS) = QA Oo = Q Dn A DR o) | & 

| | 

Sec. | Sec. | Sec. Sec Sec. | Sec. | Sec. Sec. | Sec. | Sec. | Sec 
9 64 3 62 3 Dif || = en oat SS a a era) ES 
9| 62 3 9| 62 3 27 Pat eae aes ins? Ob 
9 62 3 9 630) 3 26 ora Ep ae nie) eae 
9 63 3 | 9 63 3 SA) emer es yn A 
9 64 3 9 62 | 3 93) Gian Pe 2-2. 
9 62 Eel ice ap Sar |S mae (eal See || RL ZO cee ie 
8| 61 Se | Meee sees ee Soe Sees eee | 28 | 
9 62 pe | aera te Ree ee rel. eos. cee Pal \te 
8 62 2Y | eee |e ae [a sos Oy alt beee Sa abe ee jpae s ae 
Sane? Sal sete oa |! Se ee ial coe oe PK se) 
9| 68 lhe ee Se ey eae AR eee | ee ere 
9] 63] Ca baer eae 2 | ea Fix a O51 
91 62 fy aS a Peat ae ee GH ee Sa Dea: ee 
8 62 Ce fe Se SN Oe Pe es O10 |Eoeee we Alas 32 | 
Sul 62 Sppeseecse Meas EC eae eae eee Py alee al |g 
SuimenGe Soe bea tera es | Be ee EES eee Sa pee" | aoe | 
9] 63 Ey eee oe : [REPT eS SSH eae i (oe ape (oe 
8 62 3.1 | ee ae abs ge (eae anon a Messi Pay ee 
$12. 6x eae peaive ale tc ees en SiG | 
AM KOH |, peo ls oe © ee POR Vata Reg -| Bt le 
eet pe he cone 8 esa eee rears eee ee 
9| 62] Bi ees Ses ares [patel 13 : in oe | 
9! 63 cyl fae S aee |-- ee S| a 

Total..__.__--| 243 |1,750| 84] 252 49 | 290 79 | 251 
Average_-__--- | ee a Ni LG) [2a Be eee ee | | 

Length of study, 59.2 minutes. 
Number of batches mixed, 28 
Total time lost, 24. 6 minutes or 41.5 percent. 
Time per batch, 74.2 seconds. 
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A, astandard type of paver with subgrade planer attached for smoothing irregularities in subgrade; B, depositing concrete on subgrade; C, finishing machine in operation; 

D, ‘‘straight-edging’’ the surface. 

MIXING AND PLACING CONCRETE. 
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Table 8 shows stop-watch data taken on a project TABLE 9.—Comparison of over-all efficiency and le ngth of project 
where the efficiency waslow. Smallintermittent delays — the Bae 
ranging from a few seconds to several minutes account | ae e. ' 
for the low efficiency. Nearly all of the delays could | os efficiency | project 
have been eliminated under good supervision such as | ~ = 
was found on the first job mentioned. The mixing | Gaittacnis nous Percent _ Miles 
cycle was 74.2 seconds. The maximum production | Texasno1 i 13:9 
could have been close to 48 batches per hour. During | oineeede ae 3 mee 
the study period the production rate was 28.4 batches Pome wanna nennn nt eeenn=- --- 66 38 
per hour. The over-all efficiency during the entire | New Jersey no. 12-2) “6 7 
period of the production study was 50.9 percent. Dpateiens ne 80 68 

Delays of 15 minutes or more occurring during a | }onyessee no. 2.,- = 12.0 
stop-watch study, were recorded as major delays and | Louisiana no. 2. 82 10.1 
were excluded from the stop-watch study period. rene eae Petre aa 86 10-4 
Periods of study were of such length and at such times | Howisiana no. 1.-.-...--------.. 87 26.8 
that the minor delays recorded are typical of those | Washington no. 20-0 | 88 ts 
occurring throughout the working day. The total | eterna We oie nea ey 91 "0.5 
minor delays recorded during study periods for a day Washington nga acc wey See cee 4 8.1 
were extended to cover the working time for that day. Chitin hid: Ate eae teen eee es 06 54 
The time that the major equipment actually operated ee ee ee x at 
minus the minor delays is considered to be the time of ceo © ; So es Tn 
operation at full efficiency. | 9 

Both the major and minor delays are divided into | Dn ot Pe ee OO go hae A 
two classes. Class A delays, in general, include those pe a oe ete = gid 2 2 Se 
time losses arising from the weather and other causes | Oe eo etn ee oe 6 Bete 24S 
whick could not have been anticipated and prevented | SEO HK CHE HRLERRZL LL ELEEL 

ee IES Zz ecH2rrtH ZZ BASS e ae oan PS TA 
under good management. The class B delays are those ezeie~ os 25225 2855655 8 
which should have been eliminated under good manage- We eee ee ee 
ment, due Puan: being made for conditions affecting Pape | | AFAeRe | | | Pr bet His 
the particu ar project. lc te | ihe de 

The efficiency of operation of major equipment is | | a | | | Qaas 
indicated by expressing the time that the major equip- | 110 | t | Bae ic 28 
ment actually operated at full efficiency as a percentage ie | Ar 
of the time that it could have operated at full efficiency | | ae shed | 
had all class B or avoidable delays, both major and | a eet ps Nal 0S ee a | 
minor, been eliminated. There are factors which may | A oe iy Pal hai 
affect efficiency and which are not taken into considera- 
tion in this method of determining over-all efficiency. 
The specified mixing time is one of them. The opera-_ +t 
tions which must be performed during the mixing 
period, such as movement of hauling equipment at the 
paver, dumping batches, filling water tank, changing 
hose, preparing subgrade i in rear of paver, making pro- | 
vision for joints, and placing steel, are less likely to 
cause delays to the paver when it is operating with 
mixing time of 75 or even 60 seconds, than when 
operating with a 50-second mixing time. A paving 
outfit with a full season’s work ahead of it is in a much 
more advantageous position and has a greater incentive 
to use a better type of equipment and more specialized 
personnel, and to attempt efficient operation than is the 
outfit at work on a project of only a few weeks’ dura- 
tion. This advantage 1s not generally appreciated as 
is evident from table 9 and figure 3, which show a lack 
of relation between length of project and over-all 
efficiency of operation of major equipment on 24— 
projects. 

Another factor in this method of determining over-all 
efficiency is the ability of observers to classify delays as 
avoidable or unavoidable according to the definitions 
previously given. A classification of this kind is 
essential if efficiency of operation is to be determined 
with any high degree of accuracy. The total available 
working time is no indication of the time in which it 
was possible to operate, when delays beyond the control 
of the contractor have occurred or when it would not | 

| FIGURE 3.—COMPARISON 

2-4 LENGTH OF PROJECT - MILES 

l-* OVERALL EFFICIENCY OF PAVER OPERATION - PERCENT 

0 

OF EFFICIENCY LENGTH OF 
PROJECT. 

AND 

be profitable to avoid delay. The observers in these 
studies had investigated paving projects and are 
thought to have been well trained for the work. The 
classifications made by the observers depended on 
judgment and therefore may not always be correct but 
there was no practicable way of eliminating the per- 
sonal factor. 
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TURNTABLE FOR TRUCK 

Trucks Rrapy to Back To 
PAVER. 

DUMPING INTO SKIP OF PAVER. 
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MINOR DELAYS RESULT FROM NUMEROUS CAUSES 

Table 10 is a typical weekly summary of time losses 
and their effect on production. It shows the total 
available working time for the week, the time lost 
through avoidable and unavoidable mr ajor and minor 
delays, the production obtained, and the over-all 
efficiency of operation of major equipment. 

Table 11 is a summary of weekly summaries covering 
the production studies on 23 projects using a single 
27-E paver each and on 4 projects using ‘two 27-E 
pavers each. The over-all efficiency of paving Rates 
ranges from 47.4 percent to 96.8 percent. Of the 
10, 651 hours that were available for paving on projects 
using a single paver, the paver operated at full efficiency 
only | in7a hours, or 47 percent of the total available 
working time. Had the class B delays, 
could be eliminated under proper management, been 
eliminated, full production could have been maintained 
for 6,366 hours. The over-all efficiency of these 23 
paving outfits representing nearly every section of the 
United States is 78 percent. The causes for the major 
delays and the time losses resulting from them are 
shown in table 12. The causes for the minor delays 
are shown in table 13. The results of these studies are 
believed to be a fairly accurate estimate of the effi- 
ciency with which major concrete paving equipment is 
operated in the United States. 

Table 11 shows considerable difference in the over- 
all efficiency with which different contractors operated 
the major equipment. Table 1 indicates that the 
major and auxilary equipment was about the same 
on all projects. Concrete paving equipment is fairly 
well standardized and in most cases the auxiliary equip- 
ment has a capacity corresponding to maximum paver 
production. 

Taste 10.—Typical weekly summary of time losses and their 
effect on production 

(Project, Maine No. 1; equipment, one 27-E mixer, batcher, trucks, finishing ma- 
chine; available working hours, 57.17; estimated production, 1,640 batches, or 6,5€0 
lineal feet] 

MAJOR DELAYS OCCURRING DURING AVAILABLE WORKING TIME 

sy 4 Total major Class A Class B delays 

Source of delay = . = 
.| Per- er- er- 

Hours aati Hours cen Hours anak 

Hamline equipmentsupply. 2-0 ete | eee Pee 0. 40 (OYE Seeks SS 
SNA CODESUL [501 = eee Bere eee eg eee ce ewe eee oe ai) ict | eee aS 
TRO SCM DEAT. | Se os Ageia EE Wie ape ees a ee ee eee . 28 55%) eee aoe (Eee 
Fiacine special steel... =.) 5 2s 0. 54 O21) seer nes amen ak See eh = 
Mechanical trouble at plant___________- 1, 24 2 eae ae ea | ee it 
DMtoine Or AniSHens 22.2. See eee 2.95 ORD | eee sel ee a alee ey 

AGTOTEE ILS i See I? A et ek Se 4.73 8.3 93 1.6 5. 66 9.9 

MINOR DELAYS OCCURRING DURING TIME OF ACTUAL 
OPERATION 

Hauling equipment operation_.-.__..__-|_._---_|_-__-_- 4,18 CSL AR Son Re ee oe 
OF SGI Rol a > ae a eRe ee Oe 2 ee lees 1 hee mS 1.10 PPA |. Sie on 28) eens ae 
HAI INeUCOMON Gaeee eee ne we ee ee . 63 [BD |e ee 
PEROT CERT OR eer, =) SE Se eee od ere ee 2.74 yO See ee eee 
Wet aggregate sticking in trucks________|__.___-]_____-_ 2, 15 2 7S sac Sal eA 
Shifting hose and pipe line trouble ____|_______|_______ 1.95 BAS Nee pent Eee a 8 
BA CORSCIII YD Ve Sern k a ee a es, ee | Ae . 38 Sy al See ee eee 
BUrOU MiewaGDlAnt.co-2.- 2. 2-6-2 oes 0. 29 0.4 . 82 Gin meee ese ee 
maoling equipment Supply. 8s Ik oe .19 oy | eae oe SS eS 
Noixer mechanical... ---- .14 | Soy |e ee tal oe eA ee oe | oe 
Lack of subgrade and waiting for fin- 
RIOR oo 2S ana IS BE UCD Ia ES ESPN i Ne ee ee ed oe 

AGN AS gS 5 CE ee net eee eee 2216 4,2 | 14. 17 27.5 | 16.33 31.7 

Major equipment operated 51.51 hours or 90.1 percent of available time. 
Major equipment operated at 100 percent efficiency 35.18 hours or 68.3 percent of 

operating time. Possible operating time with all class B losses eliminated 50.28 
hours. Withallclass B losses eliminated production would have been 2,344 batches. 
Over-all efficiency of operation of major equipment, 70 percent. 

those which | 

Paste 11.—Summary of time losses and efficiency of operation 
of major equipment 

PROJECTS USING A SINGLE 27-E PAVER 

= 4 | Minor S rc: = 
5 | Major = &| delays as =} ae ley 
no | delays as |’ | percent- | oe | se ia 
= | percent- age of the = Ses 

| * | ages of | time that | = gs 
So | total mé jor S = lb @ 
= available | equip- 3 nm |e 

| & | working | =| ment ac- om a = 
| < | time tually nS Sa ose 
| | operated | at Cd IGE 

[peal 3 of | 23 [85 
| es) | 2 Se aS a 

= : A ae thse 
Wes. ea NS a m& Cc 

= Ss S| | Sat od =< . | 2a RS = = fe 
| | | 
i | 

| Hours | | | | | Hours! Hours| Pet. 
California 10. 2. -..--- | 456.0] 32.1] 0.51 67.4) 1.1] 3.9} 95.0] 292.0) 306.2] 965 
California no. 3______- | 168.0) 9.5) 41.9} 48.6) 5.1! 9.0} 85.9} 70.1) 147.8} 47 
California no. 4______- | 370.7 12.9) 0.0} 87.1) 3.4) 4.3} 92.3) 208.1] 312.0) 96 
Colorado no. 1____ ---| 417.0) 9.9} 1.8] 88.3) 4. 9) 10.2} 84.9} 312.5) 357.5) 87 
Louisiana no. 1___.---| 336.0] 66.2} 0.3] 33.5] 4.4] 11.3] 84.3] 95.3] 109.1] 87 
Toulsiana NO. 22222024 | 448.0) 64.9) 0.5} 34.6] 8.0) 15.3! 76.7] 118.4) 144.2) 82 
Louisiana no. 3______- | 644.6] 43.6] 2.01 54.4] 7. 2} 15.2) 77.6) 229.7) 285.3) 80 
Louisiana no. 4__.----| 240, 4] 31.3} 1.3] 67.5] 5.6] 6.7| 87.7| 142.1] 156.1; 91 
Maine mont: aasessss- 225. 0) 31.3} 3.0) 65.7] 5.7} 28.6) 65.8} 97.3) 146.5) 66 
New Jersey no. 1_-__-- 889. 7| 47.8) 5. 5 46.7| 5.2) 13.7] 81.1) 338.0) 444.4! 76 
Tennessee no. 2______- 617.6) 23.6) 1.3). 75.1) 15.3] 14.1) 70.6] 274.6) 336.0) 82 
Tennessee no. 4_______ 672. 0} 39.4] 7.9) 52.7] 2.9] 23.6) 73.5] 260.4) - 397.0] 66 
Tennessee no. 5______- 475.0} 17.9] 2.0} 80.1} 2.2] 14.5] 88.3] 316.9] 381.7] 83 
Tennessee no. 6______- 413. 4) 50.7; 0.5} 51.3) 6.4| 14.9) 78.7) 158. 5| 190.7] 83 
‘Tennessee no, 8._-=--- 293. 0) 28.1) 12.6) 59.3) 8.0) 25.1) 66.9] 116.2) 196.6) 59 
Texas no. : ps RA BES 1, 055. 4| 51.8) 7.6) 40.6] 0.0} 39.5} 60.5) 258.9) 508.0} 51 
ROXAS Owe eee eee 1, 431. 6] 48.5} 2.9) 48.6} 8.7] 17.6} 73.7} 512.2) 676.6) 76 
W eee MOF Leet) LION 259 20h 106. 2) 427) 428) 9320) OL) 108;3) 94 
Washington no. 2_____| 185.7) 12. 5} 4.6) 82.8) 1.0) 7.3) 91.7) 141.4) 160. 9] 88 
Washington no. 3..---| 89.0| 0.0) 8.2} 91.8] 0.0) 10.9} 89.1) 72.9] 89.0] 82 
Washington no. 4.___- 99.5] 3.7] 0.6) 95.7/ 2.4] 2.5] 95.1} 90.5] 98.5] 97 
Nebraska no. 1______- 812. 6} 24.4) 4.9) 70.6) 3.2) 14.2) 82.6) 475.0) 595.7) 80 
South Carolina no. 1_| 394.1] 42.0] 0.5) 57.5] 2.6} 8.7] 88.7] 201.2} 222.9] 90 

Total eae 10,651.3] 37.3] 4.2) 58.5] 5.0} 15.21 79.8/4, 973. 3/6, 366.0] 78 

| 

PROJECTS USING 2 27-E PAVERS 

California no. 53__.___| 191.6) 16. 1} 3. 6 80.3) 1.1) 2.8) 96.1) 147. 8 159.1) 93 
California no. 53______ 191.7} 15.3} 3.3) 81.5] 1.7] 3.9] 94.4! 147.4] 159.8] 92 
Missouri no. 24._-.-.| 305.4] 45.5| 3.4] 51.1] 3.8] 17.7] 78.5] 122.9| 160.61 76 
Ohio mop Zena see 321. 7| 40.9) 9.6) 49.5} 4.9) 21.1) 74.0) 117.8) 182.0) 65 
Illinois no. 1 5_ __.__- 211. 4] 26.3) 3.8] 69.9] 16.3) 5.7) 78.1] 115. 4 131. 9) 88 

Total see 2 aesse 1, 221. 8} 31. 4 5. , 63. 5| 5.4) 10.4) 84.2) 6651. 3 793.4} 82 

1 Unavoidable. 
2 Avoidable. 
3 One of two pavers operating side by side. 
4 'Two pavers side by side. 
5 Two pavers, one behind the other. Material is delivered to first paver and mixed 

for part of required time and then fed to second paver for completion of mixing. 

TaBLE 12.—Distribution of the major delays on 23 paving projects 
having a total available working time of 10,651 hours; the per- 
centages are based on the total available working time 

Major delays 

| 

Cause of delay Class A Class B 

, | Per- | Per- 
Hours ent Hours | cont 

| 
RSI se ae ee ee ee Oe eeeTS oe eee 2k 120000 0251 |e ee eer 
Wietsiberadeu! 22 = smen eee rene AEP Mesure ye O06!" |) Orde nee! es ee 
Goldiwestherarnsn 0 weesssee se see. eS ARO SNe a On oaeen ae 
Kona steKCO PM il ia ee ee OS eee ee eee eee AD tesa On eee tl ees 
Lackiof prepared: Ssuperadese so =r eas eee 240-4) 2.3] 128.5) 1.2 
Lack ofmaterials ease seat eee eee ee be 28 |) kee 76. 4 | ee 
Mixeritroubles;mechanical == ss. se 5 ee oe Se 106. 3 1.0 1 ore) 1 
Inadequrateawatensi ppl yews ee eee re 46.4 .4 21.7 | 2 
Stopping work early before regular stopping time _ 36.9 <i eae latse 
Finishing machine trouble, mechanical____________- 21.0 ya ee eee Ween Se 
HAMingieduipmMenvs OPELaliOM saa es werner a iL ee oe ee eee Av “2 
Hanlingcedr pment shonuae Oss ee ne en ee ee Se eee | 30,3 | .3 
NEISCOMBMGOUISM eer meee erm ne ae re 168. 9 1.5 159.5} 1.5 

Tip tp leepemee ee eee erate Aor oa ae od 3,973.3 | 37.3 | 442.8] 4.2 

Total major delays, 4,416.1 hours or 41.5 percent. 
Time major equipment actually operated, 6,235.2 hours or 58.5 percent. 
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TABLE 13.—Distribution of minor delays on the 23 paving projects 
during the 6,235 hours that the major equipment was operating; 
the perce ntages shown are based on the actual operating time 

Minor delays 

| 

Cause of delay Class A Class B 

Pyne Chal ee bers Hours | cent Hours ait 

Wet substadé:..2- eS ee ar aes 16.0 OSS eee 
Lack of prepared Suberade:2-2 222 ees ee eee eee ne 12.8 “v2 95, 2 1x5 
Hauling equipment, operation--_--_--.-.--------------- ea Poul Ola6 Sell 
Hauling equipment, Shortage tion. a. s= e (PRA 1.2) 282.5 4.5 
Inadequate water supply____-------_- wae Soak aes 3 7.4 .4 48.3 8 
Mixer trouble, mechanical--__- Sores Se «Sg ae ek Ae ala! 20. 0 oo 
Mixer trouble, operativessoes-- - see eae_ = oe eee eee eee 94.6 1.5 
IVE 6 yin 0K Ore a a eee 9. 2 ee See Pee 
Waiting oni finishine“operationis-e.- a eects se eee eee oy 13. 2 .2 
Handling cement. 222-8 ee Se ee eee eee es Se A ies 5 15.3 22 
Placing joints and reinforcing Stools si. oe and |e ee 46. 6 -8 
Shifting hose at mixer_ 3 pode Soe «Stee Ee | ee ee el ed iS) a8) 
Miscellaneous: 93-2220 es: 2 ee ee ee 85. 6 1,4 126.7 2.0 

Totales sos eens sae eer Bee ee ae ee 312.0 &.0 949.9 Lose2 

Total minor delays, 1,261.9 hours or 20.2 percent. 
Time major equipment operated at full efficiency, 4,973.3 hours or 79.8 percent. 

Table 14 is a summary of time losses on a project 
having a high type of supervision and correspondingly 
efficient operation. On this project work was carried 
on during the winter months under unfavorable weather 
conditions, but even with this handicap a high rate of 
production was maintained during periods in which it 
was possible to work. 

Table 15 shows the results of a study made on a 
project with imadequate supervision and a resulting 
low efficiency. Avoidable delays were forestalled on 
the first job, but were allowed to happen and to reduce 
efficiency on the second project. 

TaBLE 14.—Summary of time losses on an efficiently managed 
project during entire period of study 

South Carolina no. 1; available working time, 394.1 hours; estimated pro- 
duction, 6,898 batches or 39,461 square yards] 

[ Project, 

MAJOR DELAYS OCCURRING DURING AVAILABLE WORKING TIME 

one Total major 
Class A Class B delays 

Cause of delay 

Per- Per- Per- 
Hours Cont Hours cont Hours none 

Web:stlbgrade=:3. -5225-2- 2 ee ee 59.88 5016520) 2- sees ee ee |e ee 
Reali eae 2 ee ee 5257551 13.40) )| 2 ee ee oo ere |e ee | Ses 
Cold weather. . == eee SLT 6S 03, LO! | So See Se eee eee | eee 
Mixer trouble, mechanical____-____--- . 50 LAS = ae ee oll ee ee ee 
Water supply oS ona ee ee oes - 06 OS28 1 OOF eee eee ene 
‘ruck Operations... =. ee ee . 50 Le 1. 54 $000) eos es 

‘Totalss3.cte.- 2 ee 165.41 | 42.04 1.82 46 | 167.23 | 42. 50 

MINOR DELAYS OCCURRING DURING TIME OF ACTUAL 
OPERATION 

Shortage of hauling units___--_______- 1.62) 0.71 0:97 «|, (0:43 ))s Sees eee 
Hauling units, operation______--____-- 1.26 - 56 85675) o<8h |e leeee 
Mixer operator-_--------- BS a ss | eee 7..083)03-L) eee see 2 eee 
SUDLAG Cases See oe eee ee eres | en see 2. 20 OF |\eoee 2 = eee 
Wiixers mechanical. aee- see sees 125: 5) 1 eee [Peer Mae |e ge 
POULIN JOMIS == ae eee ee | | ee > 18: | ie 084 ease eee 
Water supplyzs a eee wy kis ans} 2:50 S264 oe se | See 
Miscellaneous. ose] seeee eee £¥, = 3 . 96 .42 oak [09 jstscoe eae 

Totals... tae ee | 0. 84 2.00 19.90 | 8.75 25, 7 11. 32 

Major equipment operated 226.9 hours or 57.5 percent of available time. 
Major equipment operated at 100 percent efficiency 201 hours or 88.7 percent of 

operating time. Possible operating time with all class B losses eliminated, 222.9 hours. 
With all class B losses eliminated production would have been 7,643 batches. Over- 
all efficiency of operation of major equipment 90.3 percent. 

‘tion of major equipment. 

TABLE 15.—Summary of time losses on an inefficiently managed 
project during entire period of study 

[Project, Texas no. 1; available working time, 1,055.3 hours; estimated production 
12,352 batches or 77,831 square yards] 

MAJOR DELAYS OCCURRING DURING AVAILABLE WORKING 
ME 

5 Total major 
Class A Class B delays 

Cause of delay | 

Per- Per . | Fer- 
Hours Cont Hours cent Hours | Sarin 

Rainiand wep suberadeses ams seh 2OON OG at 215.0 | enone ee rama ersycl ean = 
Colds weathers ce 2 ee I 2 2 Oe ee eae | eee ie ee a 
NOV Ings == = .aeee eee ae ee 2 2350 2.2 eee 
Miser aIeCHA iCal a: ae eee ee eee GGy 1.6 a 
TACK OF SWUHOTAC Lok cece eee [es ee : 
WACKO LCA On a Se eee ee eee eee ee pees sper y 
WW SCL Si D lijcee ee eee aren oo te a (eee .42 
MERCK SILD pl yee: ees oe. See Se ey nes . Of 
Truck operations eee ee ee a(t 
Miscellaneoris’ 2 etcetera eee Lipo Reg : 

UO LAIS ean see eres eee er eens 547. 36 51.8 80. 10 7.6 | 627. 46 | 59). 4 

MINOR LELAYS OCCURRING DURING TIME OF ACTUAL 
OPERATION 

{No class A minor delays] 

Class B 

Cause of delay 

TJours | Percent 

Truck SUP DIYV2. fe SS ee ee te 38. 1 &.9 
Truck operation_____-_-- aS See ee eee 41.6 9.7 
Truck turning and backing operation See oe eee 8.5 PKA 
Mixersmechanicals 2a =e eo ee eee ee eo eee. ee 6.0 1.4 
Mixer; operative 280. 2. se ee oa ee ee eee $.1 1.2 
Wiater supply=22 5 eee ap Ps SACS te ee een 8.5 2.0 
ack -ofistihberade st sees ono re ee ae en ee 24.8 5.8 
Finishing 222s. Pee ee ee ee ee ee 8.1 1.9 
Expansion Jolt Se ees Ane eee 8. is 6.0 1.4 
Miscellancouss=s=e=== nana Re SA ee ee 13.3 3.1 
Charge and discharge mixer, Piechianical semen Sees 9.0 af 

Totals 3 etn ee 5 en eas Oe a, See Se -h 1s 3 169. 0 39. 5 

Major equipment operated 427.9 hours or 40.6 percent of available time. 
Major equipment operated at 100 percent efficiency 259 hours or $0.5 percent of 

operating time. Possible operating time with all class B losses eliminated, 508 hours. 
With all class B losses eliminated production would have been 24,238 batches. Over-all 
efficiency of operation of major equipment 50.9 percent. 

CAUSES OF INEFFICIENCY DISCUSSED 

Constant and proper supervision is the key to effi- 
cient operation. The type of supervision on nearly 
every project listed in table 11 is indicated with fair 
accuracy by the figure for over-all efficiency of opera- 

A superintendent who un- 
derstands highway construction, who realizes the 
importance of utilizing available working time to the 
fullest extent, and who has the ability to foresee and 
to prevent delays, is highly valuable. 

It is evident that adequate supervision has not 
always been employed. The first reason that comes 
to mind is that contracting firms, in general, have not 
always realized the value “of adequate supervision of 
construction. Administrative officers devote a major 
portion of their time to obtaining contracts and pur- 
chasing materials and partially neglect measures for 
attaining efficiency in construction. It has been cus- 
tomary to refer to highway construction as a ‘risky 
business”’, and there has been a tendency on the part 
of highway contractors to place much of the blame for 
inefficient operation on the element of risk rather than 
on a lack of proper supervision. 

Another reason for low efficiency may be that there 
is no large supply of highway superintendents who have 
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A, covering concrete with burlap after finishing; B, placing earth covering after surface has hardened; C, the finished surface. 
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a natural aptitude for the work, together with adequate 

experience in methods of construction and such special 

training in production work as enables them to appre- 
ciate the value of advance planning and of full use of 
available working time. Possibly the seasonal and in- 

termittent character of concrete road construction has 
led qualified men to seek continuous employment in 
other lines of work. 

Another factor affects the efficiency with which high- 
way construction work is done. This can be termed 
‘“inspectional interference.” 

Inspectional interference is not to be confused with 
proper and adequate action in the enforcement of 
specifications. Proper inspection is a necessity. It 
is a factor which can be evaluated with reasonable 
accuracy in preparing bid prices. Inspectional inter- 
ference, on the other hand, is the overstepping of the 
engineer’s or inspector’s authority to enforce speci- 
fications. Arbitrary requirements may be imposed 
on the contractor. An element of risk may be intro- 
duced which cannot usually be evaluated, but which 
must be considered in arriving at bid prices. 

The reasons for such interference are natural ones. 
In some instances specifications do not state clearly 
what is desired. They may be contradictory also. 
Unnecessary interference has been found on many of 
the projects studied. The actual extent to which it 
has lowered operating efficiency is not shown in the 
results of the production studies. The lost time caused 
by such interference has been reported under the type 
of delay which it caused. 

Unnecessary interference causes a loss of working 
time and also tends to discourage the employment of 
adequate supervision when the efforts and planning of 
a competent superintendent can be easily frustrated 
by a well-meaning but over conservative and auto- 
cratic resident engineer or inspector. 
Many examples of unnecessary interference could 

be cited. Contractors are sometimes required to mix 
the concrete longer than the specified mixing time, 
because, in the inspector’s opinion, it results in better 
concrete. It actually results, however, in decreased 
production and increased costs for labor and equipment. 
The hours of work are sometimes arbitrarily regulated. 
Instances have been observed where production has 
been stopped for extended periods in order that the 
templates and _ finishing-machine screeds might be 
checked although there was ample opportunity for 
checking during nonoperating time. 

A rather absurd instance of interference was observed 
not long ago. Laborers emptying sacks of cement on 
trucks were required by the engineer to leap through 
the air from one truck to the next rather than to 
descend to the ground after the dumping operation. 
This was done to prevent the loss on the ground of 
cement adhering to the laborers’ shoes. The laborers, 
after dumping cement on one truck could not start on 
the next truck until it came alongside so that they 
could jump to it. With two trucks abreast between 
the forms there was not sufficient room for the empty 
truck at the paver skip to proceed without delay. The 
empty truck had to wait its turn to pick its way between 
loaded trucks engaged in this maneuver. The hauling 
service was badly disrupted. Hauling costs were 
increased and paver production was decreased. 

The daily operating cost for labor and equipment on 
a concrete paving project is approximately $580 as 
will be shown later. The cost varies but little whether 
the production per day is 250 or 500 cubic vards of 

concrete. The importance of efficient operation in 
reducing unit costs should not be overlooked. Neither 
should the fact be lost sight of that an efficient organi- 
zation is in a much more favorable position to produce 
concrete of good and uniform quality than is the 
inefficient and intermittently operated outfit. Inspec- 
tional interference will be difficult to eliminate so long 
as both the results desired and the methods by which 
the contractor must obtain these results are specified, 
and so long as authority over the operation of the con- 
tractor’s personnel and equipment, without responsibil- 
ity for the finished product, is assumed by the inspector. 

UNIT COSTS PER SQUARE YARD ANALYZED 

State practices vary with regard to pavement thick- 
ness, cement factor, length of mixing time, size of batch, 
amount of reinforcing, and joint material used, etc., 
and it is difficult to calculate accurately the unit cost 
for concrete pavements for the country as a whole. 
During 1930, 10,600,000 square yards of plain cement 
concrete pavement were laid on Federal-aid projects at 
an average cost of $1.78 per square yard. Five and 
one-half million square yards ot reinforced concrete 
pavement were laid on Federal-aid projects at an 
average cost of $2.16 per square yard. This gives a 
weighted average for all Federal-aid concrete pavements 
of approximately $1.90 per square yard. On the as- 
sumption that these unit prices are representative of 
prices for concrete pavements built by State and local 
authorities and that the proportions of plain and rein- 
forced pavements for the total mileage built are about 
the same as for the Federal-aid mileage, the price of 
$1.90 per square yard will be used in the detailed 
analysis of costs. 

The distribution of this unit cost in respect to the 
various items of expense is shown in table 16. The 
percentages have been calculated from data collected 
in cost studies. On individual projects, costs and their 
distribution will vary considerably from these figures, 
but the table is believed to be representative of average 
conditions. 

TaBLE 16.—Distribution of average cost of cement concrete pave- 
ments on Federal-aid projects in 1930 of $1.90 per square 
yard } 

Cost Percent 

(OT 1 faa oe eee ae ee ee ee ee ee $0. 435 23. 
ALFANSDOLtablONOL COM Ct 2 eet a ee ee ae ea . 185 7 

PINOT Uae ee ese red oe ae east el ee . 570 30 

Coarsciagererale ee cers sks seee coer ee oe ee eee * . 190 10 
Mransporlanonvol COALSerae OT GS el Cae ae ae . 190 10 

ANG) ON eee See rs Be ee Mee RE ot Bo a a a eee . 380 20 

Hime: ageregateles = 322 saae been. nee ee ae ee een eee . 075 z 4 
Transportation of fineagsregate to.) -— a ee . 095 5 

TS OG ad Se neji = ed .170 9 

Cost and transportation of cement and aggregate______________ d 1. 120 “59 
Reinforcing steel, joint material, ete_______.________- met eae | si Wes 6 
Depreciation of equipment____-_____________- ey ee OY eae Sh .170 9 
La Dorian GéSteperviaSlo ls = alesse ee ee . 210 11 
Batch delivery (labor and equipment)_______________________ Bi 5135 ti 
Overhead, interest, bond, cost of set-up, ete____________________- | . 075 4 
Return to contractor, including salary___._....-..........._.__- , . 075 4 

Total: = See see ee) oe ee a et On as oe ee 1. 900 100 

! Based on bid prices and includes cost of fine grading. 
? Transportation to batching plant. 

During 1930, approximately 10,000 miles of portland 
cement concrete pavements were built on rural high- 
ways. Assuming a pavement width of 20 feet, the 
cost per mile was approximately $22,500 and the total 
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cost was $225,000,000. The percentage distribution of 
this total expenditure i is shown in figure 4. 

The analysis shows that the cost of cement and aggre- 
gates delivered to the contractor’s plant is 59 percent 
of the pavement cost, and that 22 percent of this total 
pavement cost is for the transportation of materials | 
from the source of supply to the batching plant on the 
project. 
of the cost of these materials. 

10 
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FicurRE 4.—EsTIMATED DISTRIBUTION OF EXPENDITURE ON 
PoRTLAND CEMENT CONCRETE PAVEMENTS DurinG 1930. 

IF METHODS OF MIXING AND PLACING CAN BE IMPROVED, LESS 

CEMENT WILL BE REQUIRED 

The largest item of expense is for cement the cost of 
which, delivered to the project, is about 30 percent of 
the total pavement cost. The cement factors used on 
the 34 projects studied during 1929 and 1930 varied 
from 1.23 to 2.10 barrels of cement per cubic yard of 
concrete. The possibility of reducing the amount of 
cement used without reducing the quality of the pave- 
ment is dependent on several factors, one of which is | 
the uniformity with which the ingredients are distrib- 
uted throughout the mass of concrete. Available infor- 
mation indicates that the present method of combining 
ingredients does not produce concrete in which these 
ingredients are uniformly distributed throughout the 
mass. 

Analyses of samples removed from concrete after it 
has been spread on the subgrade show that variation in| 
the amount of any one ingredient from one part of a 
batch to another part is often as high as 20 or 30 per- 

Transportation charges constitute 37 percent 

FIGURE 5.—VARIATION IN 

analyzed the transverse joints per 
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| _____] MAXIMUM SPREAD IN DISTRIBUTION OF INGREDIENTS FROM PT. TO PT. IN PAVEMENT 
| (7277) MAXIMUM SPREAD IN DISTRIBUTION OF INGREDIENTS FROM PT. TO PT. IN SAME. BATCH 

oes PREAD IN DISTRIBUTION OF INGREDIENTS FROM PT.TO PT IN PAVEMENT 

40 |— : Le . z — 4¢ TH] 
| l A 

aA yo 
a | [ia 

ro) | | 

- | - V] 
<3 ire — an el & a = 

& | | 
a ea | 4 > 1 | Fy n | } | w | 4] | ‘a 
(G) | ‘2 
4 | | im | | 
b = | | | ||} 111 

5 4 | 1)1A 

20 HW HH 4 sas ig 6 cma Oy 
1s) | mag —m | 1 (A | | 
a | 16) ll 1 |4 
& ' | 4 ] om ne 

' | A | } | “| i 4 

} | | | | in | 
| /4 1 17> 
glare | | 4 lA 10 AAR Oe 71 er a i 

|} lA 3 lj Zine | (4 

AN LV Ab ty nan : | ] A 

WAR aie LR Ae IY ‘ Aiaisuangis ALAN LG 
o UI i ti4 x I j My 

JOB | JOB 2 JOB | JOB 2 JOB | JOB 2 JOB | JOB 2 
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DISTRIBUTION OF INGREDIENTS OF 
CONCRETE AS MIXED IN STANDARD PAVERS. 

cent. One point in the batch may contain 10 or 15 
percent more of an ingredient than the average for the 
batch while another point may be deficient by a similar 
amount. Percentage differences or ‘“‘spreads”’ between 
points as high as 30 percent are not uncommon. The 
average spread in the proportion of any 1 of the 4 
ingredients i is about 10 percent. This lack of uniformity 
in the distribution of the ingredients no doubt accounts, 
to a large extent, for the wide variations that are found 
in the compressive strengths of cores removed from con- 
crete pavements. Figure 5 shows the percentage 
spreads in materials on two different projects. These 
are typical examples of the lack of uniformity resulting 
from the present method of mixing concrete. Could the 
mixing be improved so that the ingredients would be 
uniformly distributed in the pavement, the cement 
content probably could be reduced, resulting both in a 
reduction in the cost of this material and a probable 
increase in the quality of the pavement. 

Methods of manipulation must be considered in fixing 
the water and cement content of concrete. Present 
methods of placing concrete require rather wet mixes. 
It is generally accepted that the strength of concrete 
varies inversely with the ratio of the water to the ce- 
ment. If methods of manipulation can be improved so 
that considerably drier concrete can be placed satisfac- 
torily, a reduction in the amount of cement used should 
result. 

The cost of reinforcing steel, material for joints, and 
other minor materials, averages 6 percent of the pave- 
ment cost. The cost varies considerably on different 
projects. Some States use heavy, double reinforcing 
while other States use no reinforcing. The spacing of 
transverse joints likewise varies between wide limits. 
Some States use no transverse joints while others space 
joints as close as 20 or 30 feet. For the 34 projects 

square yard of 
pavement varied from none to 0.45 lineal foot. 

EQUIPMENT COSTS ANALYZED 

The cost of equipment is about 9 percent of the pave- 
ment cost. The most logical way to reduce this cost is 
to increase the efficiency with which equipment is oper- 
ated by using a greater percentage of available working 
time. Annual or monthly expense for equipment is 
nearly constant except for field repairs, fuel, and lubri- 
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cants. Costs do not vary materially with production UNAVOIDABLE MAJOR DELAYS Percentage of 
: r : ‘ ear mets . available 

obtained. The unit cost for depreciation, overhauling, | Cause of delay: coking oa 

major repairs, interest, taxes, storage, and insurance Rain 2. 22 st ae ae ee ee ee 12. 1 

therefore varies almost inversely with the rate of Wet subgrade. 220 2222 a es ee ee 9.4 
ae rc Cold weather, 8nOW< G442-5.- 25 2e5 gee ee ee 4.6 

production. : ; 
; ‘+ eost for felderapairs, fuel, and lubricants Moving equipment about project_-.._--.-----_-__-- 4.0 
The unit cost for field repairs, luet, and lubricants Lack of prepared subgrade_____.___--------------- 23 

can be expected to vary nearly directly with the rate of Eackvof materialsas 2) 2225 =. oe er 1. 4 

production. There is no accurate method of determin- Paver trouble; mechanical... 2-2. 2S eee 1.0 

ing equipment expense. The care that a piece of equip- Inadequate water supply-------------------------- .4 
= : sige : . i aired Miscellaneous 2 25—- es ee eee 20 

ment receives is important in affecting its life. Equip-| 

ment obsolescence affects costs. In the absence of a Total << tyee ee s ee 37.3 

definite method of determining equipment expense, an 

approximation of the average daily equipment cost for | 

the country as a whole is given in table 17. The figures 

shown in this table may not be applicable to every 

paving organization but they are suitable for use in 
general comparisons. 

The figures in table 17 are based on an assumption 
that the average length of a construction season is 8 
months (from Mar. 1 to Nov. 1). There are 245 days | 

in this period: of which 35 are Sundays and 3 are holi- 
days. It is reasonable to assume that during an 
8-month construction season the average paving con- 
tractor will have two projects. This necessitates a 
move from one project to the other. Allowing 12) 
working days for this move, 195 days or 24 days per 
month are available for operation. Table 12 shows 
that on the 34 projects analyzed the major unavoidable 
delays were as follows: 

Thirty-seven percent of the total available working 
time was lost through delays of 15 minutes or over, 
delays that the contractor could not have been expected 
to anticipate and prevent. Delays from adverse 
weather conditions, wet subgrade, and moving the 
equipment about the project amount to 30 percent of 
available working time. Such delays generally last 
from one-half day to several days. During these 
periods the outfit usually does not operate, and the 
personnel, with the exception of straight-time men, is 
not on the job and does not draw pay. 

The remaining delays, which amount to 7 percent 
of available working time, may or may not be of suffi- 
cient duration to shut down the outfit and stop pro- 
duction. In this discussion such delays will be con- 
sidered as occurring during periods when the entire 
personnel is on the job and drawing pay. The possible 

TaBLE 17.—EHstimated equipment costs ! 

Average annual expense as a percent- Application of | Rstimated 
age of first cost, exclusive of field re- schedule to spe- daily Esti- Total 
pairs cific prices equipment | mated |estimated 

ri ee Average Expense cost for daily daily 

Equipment Number and | | use per per | allitems | cost of | equip- 
Pquiy capacity Over- | Tatereat Total ear working Expense | except fuel, oil, ment 

Depre- nv bia ee || apcanyate: : month : per field re- grease, | cost 

ciation| ™2J0r | storage, | ship Price | working | Pairs, fuel, | and field | including 
| petntine | insurance) expense | month ean and repair | all items 

| | 
Fine grading: | Percent| Percent | Percent | Percent | Months | Percent | | 

Blade cradershe=====eeneeee ei 1.0; £00 tases = ee 20 | 20 | 11 51 8 6.4 $1, 250 | $80 | $4. 70 $0. 50 $5. 20 
Tractors: re. ee 1, 60 horsepower____- 20 15 | 11 | 46 8 5.7 4, 300 | 245 | 14. 41 6.90 2131 
Scarifierss. eee ee le ee ae ae a 25 20 11 | 56 8 7.0 1, 000 70 | 4.2 eee 4.12 
Subsoradersiciorna) gees sean: le ees 25 20 | 11 56 8 va) 1, 075 75 | 7 hg eee ee 4.41 
Subgrade planers. ....---._.- i epee eee ere ees ree 25 20 | 11 56 8 7.0 500 35 206) |e eee 2. 06 
Rollers: -2333 ees ee Is GS oye Wes bos ce See 14 12 | 11 | 37 8 4.6 2,900 | 134 | 7. 88 3. 00 10. 88 
PLOSTI OSs sane Semen eee [P243-f00t ee nee 33 20 oe 64 8 8.0 50 4 | 3 DOM eee eee . 29 
resno vest s.e a= ee a OTS Cee aes ae LOSE oe 6 | 16 | 12 18 600 | 8 | Aes OSB 5.77 

Handling and setting forms: | 
Rormss 90 ton coke 3 ene 2800cs an 25 20 11 | 56 8 7.0 8, 440 | 241 | 14: (7) ee 14,17 
Dna eae Nee amo gs 1 Tes: | PR Be LOS Seen! 6 | 16 12 1.3 | 300 | 4 | . 24 32.65 2.89 
Form trencherssaee snot oe | ee ee ee | 25 | 20 | 11 | 56 | 8 fe) | 1, 800 126 7.41 | 1. 50 8.91 

Handling materials: | | 
Crane Gib-ton i osesee eee J Wetibre yardaases 17 10 11 | 38 8 4.8 14, 000 | 672 39. 53 13. 50 53. 03 
Batcher plant (complete)____| 1, 70 cubie yards_--- 20 | 15 11 | 46 8 tS vi 2, 785 159 | OxS4 | a eee 9. 34 
Gement house. 9.032 ae ee Se ee ee | (i) 8 9.4 500 | 47 22°16 cae nes 2.76 
Pumps (water). 22-222 sae ee Se ee Pe 2b 20 1a 56 8 7D) 1, 700 119 7.00 3. 00 10. 00 
Pipeline, 2446-inch__=--_=-_2-- 25. O00 1eet==2=e— eae 25 | 5 11 41 8 | 5. 1 6, 425 | 328 19.30: ese. set 19. 30 
Hoses sn Gh eee eens {250 foot. seamen one S|. ee 50 8 6.3 150 | 9 553) | .53 
Truck (service) ....-----_---- Biele men arta ge Sue sors! 36 14 11 | 61 8 7.6 1, 150 88 5.17 | 2. 50 7.67 

Hauling batches: | 
EDI GIS ta 2 as ee ee Wools co a aoe Bee ee po bees oe ee [ee eee ee De mete | ee en mck ee tm Ys ee ae Bees \_ 

¢ Peentablés.ber- atoms. <2 Rae a Hee ee 25 15 | 11 | 51 8 .4} 1,000 | 64 EW) nthe a 3.76 
Mixing: Payer, 2i- bo soe oe ee). dee a oe oe eee 25 15 Li 51 6.4 8, 800 564 33.18 | 8. 50 41, 68 
Finishing: | | | | 

Finishing machines esse fog ea pe Sar ee 25 15 11 | Di 8 | 6.4 3, 000 | 192 11, 29 | 2. 00 13: 29 
WisGis. ssc. Se eee ot 1 OFS Si eee ore oles en 3 3 = 100 8 12.5 50 | 6 | 95 lisse Rae ay 135. 
Bel tS 208 Se eee eens | De ee Soe ee lll ot Se Se ee 100 8 | iD tis 20 3 18: |. =e .18 
Bridges (wood) ola eewes- oc A ee ta eee Sau Mia etd 100 Sie 12:5 60 8 yp Eeuie- 85 47 

Curing: | j 
Burlap z= sce eens 1,300 lineal feet______- el pe ap Nec 100 8 12ED 260 33 
Hose, 84-inch. sesso eae A0O'{66 bie ae es. [Se | ee 50 8 6.3 40 : ia eee nee . if 

Miscellaneous: | ea a 
Small COONS a ee as 2 eee Cen ee ee 2s |e a ee ee 50 8 6. 2 500 31 1.82") ae 1. 82 
Eijeld nraohinie’ Shop aools Sass ae see eee ee ee Ils 3 es Oe ee 50 8 6.2 500 31 1. 82 ik 82 

Supervision: Automobile 5...._.- jE SE cete Or EO 33 20 1 | 64 12 5.3| 1,500 | 78 | 45 bee 3.50. 3.09 

TPoteal pew re ee et ae es NS ica 21 sa ee Be ee ere es ee ee ee rseeee ea ee ga a ae ee | 59, 655 | 3, 457 | 203. 37 52. 85 256. 22 

| | 

' Cost of all items of expense except field repairs, fuel, oil, and grease based on modified Associated General Contractors’ equipment ownership schedule. 
2 Based on 17 working days per month. 
3 Animal feed. 
‘ Truck costs are variable depending on length of haul, and have been excluded from this analysis. 
5 Automobile used 26 days per month, but monthly cost charged to 17 productive days. 

Ee &&«@€° <<< 
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working time will therefore be 70 percent of 195 days, or 
136.5 days. 
month during a construction season. 
Monthly equipment expense exclusive of field repairs, 

fuel, and lubricants is prorated over the 17 working 
days that equipment can be actually operated under 
average conditions. Daily costs for field repairs, fuel, 
and lubricants are based on observations made during 
the time studies and are estimates only. The total 
average daily equipment expense as derived by this. 
method of estimating is $256. The portion of this 
expense regarded as constant regardless of production | 
is $203. 

The production studies show that the average con- 
tractor operates major equipment with an efficiency 
of 78 percent. With a 69-second mixing time and a 
batch of 27 cubic feet this means an average production 
of 300 cubic yards of concrete per 9-hour day, or a fixed 
unit cost for equipment of 85 cents per cubic yard. 
With an efficiency of 90 percent this fixed equipment 
charge would be 74 cents per cubie yard. 

LABOR COSTS DISCUSSED 

The cost of labor, including supervision, is 11 percent 
of the pavement cost. The number of men employed 
is usually that necessary to handle maximum paver 
production and remains relatively constant. It does 
not fluctuate as the hourly or daily rate of production 
fluctuates because of delays. The daily labor cost can 
therefore be considered as an almost constant amount. 
As production decreases, the unit cost for labor 
increases, 

To determine daily labor cost it is first necessary to 
consider the basis of payment of personnel and that part 
of the personnel which is on the straight-time pay roll. 
Although there is some variation in the number of men 
carried on the straight-time pay roll by different paving 
organizations, the straight-time men are usually a 
superintendent, a timekeeper, four foremen, a crane 
operator, a paver operator, and a mechanic. Some 
common labor is also employed during periods of non- 
production and appears on the straight-time pay roll. 
However, such labor is affected by job conditions and 
therefore is omitted in this discussion. The superin- 
tendent is usually paid on a monthly or yearly basis. 
The other men on the straight-time pay roll are gener- 
ally kept working on the job during periods of nonpro- 
duction and are ‘usually paid on a “weekly basis for all 
time except Sundays and possibly holidays. During an 
8-month construction season the superintendent will 
usually be paid for 245 days. The remaining straight- 
time workmen will usually be paid for 245 days less 35 
Sundays and 3 holidays, or 207 days. It is again as- 
sumed that there will be 136 productive days during 
the construction season on which the remaining per- 
sonnel will be paid. Table 18 gives the approximate 
daily cost for labor per day of actual construction, 
assuming an average working day of 9 hours and wage 
rates which are averages for the country as a whole. 
Payments made to straight-time men are distributed 
among the productive days. 

With an over-all efficiency of oper ‘ation of major 
equipment of 78 percent and a daily pay-roll cost of 
$334.23, the unit labor cost is $1.11 per cubic yard. With 
an over-all efficiency of operation of 90 percent the unit 
cost would be 96 cents. 

This gives 17 possible working days per | | 

| 
| 
| 

{ 

TABLE 18.—Pay-roll costs on an assumed typical project for each 
productive day. Based on 136 productive days per season 

aR 

Non- Pro : rated 
| Days aun Total | cost of | Daily | Total 
| for | as cost | NON- | “Qog¢ | cost 

Aa Num-| Daily te during oon Nae of Bait 
Position z lige eas) {= > SASOH ese pro : 

ber | rate res for | pro- | tive hee |. 
ceived | which | duc- | time to} Fae duc- 
during | par is tive | each repel | tive 
season a time | pro- | day 

eee | ductive 
| | | day 

= = A204 |- Z | 2 =! = 

Superintendent_.____- 1 |$12. 00 245 | 109 |$1,308 | $9.62 |$12.00 | $21. 62 
Timekeeper_._...--- 1] 5.00} 207] 71} 355) 261] 5.00} 7.61 
Horemen.2 eee 4 | 6.00 207 | 710,704) 3253 | 24.00 | 36.53 

Crane operator_-__--_- 1} 9.00 207 71} 639} 4.69 9, 00 13. 69 
Paver operator-_-.--_-- Tal) 7,00; 207 71 497} 3.65 | 7.00] 10.65 
Mechanic ss 9_ aan 1 | 6.00 207 rel 426 3. 13 6.00} 9.13 
Other machine oper- | 
ators __ 7 5. 00 136 | 0 0 0 | 35.00 | 35.00 

Semiskilled and heavy | | | 
common labor -_-_--- 18 | 4.50 136 | 0 0 | 0 | 81.00 | 81.00 

Ordinary common 
laborsease: snc ee 2 34 3. 50 | 136 | 0 0 | 0 /119.00 | 119. 00 

Totals (5h) Mea oF sre (alee ee | Ree = a 4, 929 | 36. 23 |297. 50 | 334, 23 
| | 

The cost for labor and equipment on concrete pave- 
ment construction during 1930 is estimated to have 
been $44,600,000. Had the general over-all efficiency 
of operation of major equipment been 90 percent in- 
stead of what it actually was it is reasonable to suppose 
that the total labor and equipment costs would have 
been reduced by at least $4,000,000. It is to the ad- 
vantage of both contractors and engineers that con- 
crete construction be carried on with a high degree of 
efficiency. Efficiency is advantageous to the contractor 
in his efforts to meet competition. A competent super- 
intendent, invested with the necessary authority, is 
invaluable to him. Efficiency works to the advantage 
of the engineer as it is his duty to see that the general 
public receives the greatest value in both quality and 
quantity for expenditure for concrete pavements. 

HAULING COSTS AN IMPORTANT ELEMENT 

An estimate for the cost of equipment and personnel 
connected with batch hauling, that is, transporting the 
batches containing aggregates and cement from the 
batching plant to the paver, has not been included in 
the preceding analysis. The cost of batch hauling is 
estimated to be 7 percent of the pavement cost. This 
figure is based on average haul and costs on the projects 
studied. Transporting batches from the batching plant 
to the paver on the road is an operation separate from 
that of paving. Itis synchronized with the paving oper- 
ation in that a definite number of trucks is required to 
furnish the paver with the maximum number of batches 
that it can mix per hour. The hauling equipment on 
the average pr oject is usually operated w ith less efficiency 
than is the major paving equipment. This is especially 
true where the hauling is sublet, in which cases the 
equipment is often owned and operated by several 
individuals and is not directly supervised. 

The daily cost of truck operation is not affected by 
the amount of work done except in the items of field 
repairs, fuel, and lubricants. The cost for the truck 
driver will be the same regardless of the number of 
batches hauled. The daily cost of operating a hauling 
unit can be considered as almost a fixed charge. The 
unit cost of hauling batches will be determined by the 
number of batches “that the truck can deliver per day, 
and this in turn will be determined by the following 
items: 
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1. Haul distance. to these two causes and amount to 7.6 percent of the 
* nee 7 recipe eae time that the major equipment was actually operating. 
o. Hilciency 0 ruck Operatvlon. A as ° 

4. Number of trucks in excess of those required to match Harmony between the paving operations and the haul- 

maximum paver production. 
5. Efficiency of paver operation. ; 
6. Length of time required for loading, turning, backing, 

passing through plant yard, dumping batch, waiting to dump 
first batch of multiple batch truck, time interval between the 
dumping of batches, and necessary delays. 

Fluctuating production of the paver increases the 
unit hauling cost by causing delays to the hauling units. 
On the other hand an insufficient supply of hauling 
units or faulty operation causes delays to the paving 
organization. Table 13 shows that one-half of the 
minor avoidable delays to major equipment were due 

TaBLE 19.—Exampies of job efficiency between 1925 and 1928 

_ | 
| |Time paver 

Total Time _ | could have 
| available | Wain paver |operated at| Actual 

: | =< working | avoid- | 4¥0id- operated | full effi- eit a 
Project no. | Year) “time | able | see at full | ciency had of Coat 

during | delays ety. effi- avoidable Bion 
study ciency ‘delays been 

eliminated 

| Hours | Hours | Hours Hours Flours — | Percent 
lS Tae et ake a = 1923 740. 0 113.0 301. 0 326. 0 | 627.0 52.0 
DSS ge een Oe 1924 222. 0 63.8 71.2 87.0 158. 2 55. 0 
De ane eee 1924 163. 0 42.0 56. 1 64.9 121.0 §3. 5 
Aes coma a aoe 1924 146. 0 36. 5 40. 0 69. 5 109. 5 63. 5 
i een ee ee ee 1925 210.0 73.6 79.9 56. 6 136. 5 41.5 
Oi oe eee 1925 477.5 157.8 120: 2 199. 5 | 319.7 62.5 
Vienne 2 oe 1926 | 1, 164.5 429.1} 358.9 376. 5 | 735. 4 ols2 
SS. . eee 1927 1, 143.3 197.3 465. 1 480.9 946. 0 50. 9 
peat = a | 1927 520. 0 82.9 147.6 289. 5 437.1 66, 2 
ee een 1928 512. 0 90. 0 182, 3 239. 7 | 422.0 56. 8 

Topalssees| sae 5, 298.3 | 1, 285.9 | 1,822.3 2, 190. 1 | 4,012.4 54.6 
| 

TaBLE 20.—Summary of weekly time losses on a project operated 
efficvently 

{Study made in 1931] 

poe Major delays Minor delays 

Batches icp 7 Total 
Week ending— pro- eae of all 

| duced ing C res (€ less Total ue Ch | Total delays 

time | ~* | 4 
| 

Hours | Hours| Hours| Hours | Hours | Hours | Hours | Hours 
Abaya = Se 1, 986 65. 50 | 12. 50 0. 25 | 12.75 1. 84 2.97 | 4.81 17. 56 
Jullyi4e oe eee 1, 635 43. 00 1. 47 120 1. 72 . 88 . 89 Ea 3. 49 
July 11 1, 447 65.35) (20521 || 29. 21 . 04 Lab eMail 30. 42 
July 18 1, 394 BON 75 4 e2on97 pease 23. 97 Zs || aleGEY |) Beal 27. 08 
July 25. —- 1,676 | 60.50 } 13.83 | 13.50) 17.33 1.03 | 1.64 | 2.67 20. 00 
AULUSt es | 2, 163 60.25 | 7.01 125 7. 26 . 25 | . 34 . 09 7. 85 
August 82.2222) 2/390 60. 66 1.30 18 2. 05 . 43 . 40 . 83 2. 88 
August 15_____| 1,435 60) 630-24. '62)|eeaee ee 24. 62 . 89 . 43 1132 25. 94 
August 22___- 2, 425 COESON 02) eae 1, 02 . 30 49 .79 1.81 

Total___| 16,551 | 536.94 /114. 93 5.00 |119. 93 7.14 | 9. 96 | 17.10 | 137.03 

Time major | Possible oper- Possible 
equipment | Totalof | ating time | batches with ae 

Week ending— operated at | all class | eliminating class B on Yo -all 
100 percent | B delays class B delays | Se LR 
efficiency | delays | eliminated 

————= == = oe = | | 

Tlours | Hours Flours Percent 
SUNC.2l once eee e 47. 94 | 3. 22 51.16 | 2, 119 93. 5 
{RUigia? ee oo ee 39. 51 | 1.14 40. 65 1, 685 97.0 
ARGU Ae postbes 34, 93 | iP We 36. 10 1, 495 96. 6 

Apt Gre abe ee Se oe 33. 67. | 1. 68 35. 30 1, 460 95. 4 
ily) 2b oe ome 40, 50 5.14 45. 64 1, 890 | 88.7 
Ae ristiloee eaeeeeee | 52. 40 | 59 52. 99 2, 190 | 98.9 
ATIVURL Gere asa 2 57. 78 | 1.15 58.93 | 2, 438 98. 1 
ATiouSt iO. eee 34. 69 | . 43 Boule 1,451 98. 7 
ATISUIS Via. aoe S | 58, 49 . 49 58. 98 2, 445 99. 2 

onal eases oes iW gael} 96. 4 399. 91 14. 96 | 414, 87 

1 Time required to remove hardened batch of concrete from drum 

ing operations requires that the paving organization 
should operate at a uniform rate; that the hauling 
equipment be adequate for the rate of paver produc- 
tion; and that the hauling equipment be operated at a 
steady pace without interruption. 

The investment in hauling equipment may be even 
greater than the combined investments in all the other 
equipment. Inefficient operation of hauling units may 
increase costs greatly. 

The cost of overhead, interest, bonds, set-up charges, 
etc., is estimated at 4 percent of the bid price, and the 
return to the contractor in the form of salary and profit, 
after all other cost items have been met, is also placed 
at 4 percent. These items are more or less intangible 
and the percentages shown are merely estimates made 
for the purpose of this analysis. The true cost may be 
a few percent either way from the percentages shown, 
but the distribution of the remaining cost will not be 
materially changed from the figures shown in this cost 
analysis. 

7 

TaBLE 21.—Summary of time losses on project reported in table 
20 and their effect on production 

(Total available working time, 536.9 hours. 
16,551 batches] 

TOTAL MAJOR DELAYS OCCURRING DURING AVAILABLE 
WORKING TIME 

Estimated production, 

Cause of delay Class A Class B 

Flours Percent Hours | Percent 
Rais ses Se eee eee eee 39. 69 tok oe aes 23] eee 
MOVIN S:MLKCr ee eee eee ee ee Daa oS 4: 7| cee: SORe| ee 
Wet:suberadé= sees. =a een eee 18. 74 3:6)||Sonee es 4 | 
IPOULINE, CONCLeLe! CU Ge l= ae 12. 75 2.4 | 2 eae 
Mixer trouble, mechanical__-_.__--_------- 8. 56 136:|e 25 
Pouring headwalls__________- SEITE rds Be 5. 89 Le 1238 eee 
Remo vines CONCrebe [LOI Crt Ties een ae ee 3. 50 0.7 
Batcher trouble___---_-- eats ae Sede I ee 155 23). 
PLEPATING SUDO TAC Oh ee eee eee eee nee | ee | wD ill 
Skipiblocked! biyatraith cee eo G2, 1 2222S eee 
Water stipplyntroulleses ese eeenes . 45 Pp Ne ee ee oe 
Druck ODera lone = es een eee | . 40 Loses eee 
“Lracksshortey em peee see ee ee B25 30: | eee eee 
Wreck238 2 ee ee eee eee > fate | ep 20 ‘Rt se = eee 
Miscellaneous ss -= 2 ate se) eee ae Soe] 525 que 25 0 
Late.start sa. Sat Se Shae eee ee ea ee eee, So | Peers . 50 ai 

TOCA F sc eet ee Se ee eee 114. 93 21.4 5. 00 9 

TOTAL MINOR DELAYS OCCURRING DURING TIME OF ACTUAL 
OPERATION 

PERICKsODOLallO Dae see eee | 2. 27 0.5 2. 89 | 0,7 
Mixer trouble, mechanical_______-_-.__.__- ayy 28) 2:15} ar) 
Wister SSip pls = sas ee eee eee ee 1. 42 | 3 =21 14) 
LD ruck Shortages isa ae een eee . 30 | e1 IN be a 
IMIXerODerat1 Olea === =e eae ee (ee ee | eee 1, 21 fe 
Jekenavollihalen (ean) Mie oo a ee As ee nse aS Seer 8 eet rs ee 1. 05 2 
Placing reinforcing steel_______ 3 ee Ce oe | ely .0 . 65 oO 
Wetisuberadet === == ee ae eee TS Ase . 76 | Pee Dy [oe -sleaae re 
Rain eS see ee ee ee ee . 58 wh lect = 
Preparineisuperad sees see = eee ee ee en ae Eee le seoepee es 230 ell 
Miscellaneous J22= 26 sees eee a ee eae Lae 0 15 .0 
Setting expansion joint_.___________ ee ae | . 139} 0 . 10 .0 
Sy ahoyl oy Koyelsyol Jona wigzvae= © | ain 3 Olu eee ee |) ae 
Truck trouble, mechanical_..__..________-- “ali 1) | a ese 
(UML DIN CS es es Se ee | eee [ees 03 | 0 

Total¥e Js bot Lee Oe SEN 7.14 | 1.6 9. 96 2.4 

Total major delays 119.9 hours or 22.3 percent of working time. 
Total minor delays 17.1 hours or 4 percent of working time. 
Possible operating time with all avoidable delays eliminated 414.9 hours. 
With all avoidable delays eliminated production would have been 17,170 batches. 
Over-all efficiency of operation of major equipment 96.4 percent. 
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EFFICIENCY IN CONSTRUCTION GREATLY IMPROVED IN 

RECENT YEARS 

When production studies of highway construction 
were started in 1923 the efficiency with which concrete | 
paving was laid was much less than it is today. Very 
little attention was given to attaining maximum paver 
production or to the full use of available working time. 
In recent years, there has been a gradual increase in 
the efficient use of working time. Table 19 indicates 
that trend. 

The 10 projects listed in table 19 were studied in the 
years shown and are representative of supervision 
better than the average. 

miles in length and all were ‘constructed with standard 
paving equipment. 

different States. Project no. 2 was in one of the central 
States. The contractor’s organization on project 2 had 
the reputation of being the most efficient in the State, 
yet the major equipment was operated with an effi- 
ciency of only 55 percent. 

In contrast with the rates of efficiency shown in table 
19 for years prior to 1929, 10 of the projects studied in 
recent years (table 11), each using a single paver, were 
operated with an over-all efficiency of more than 85 

With few exceptions the | 
projects selected for efficiency studies were each several | 

The projects were located in five | 

/in allowing 
while the motor was being repaired. 

percent and 6 projects were operated with an efficiency 
of 90 percent or more. 

An example of the high efficiency that can be main- 
tained in concrete paving is given in table 20. This is 
a summary of production studies made on a paving 
project in an eastern State during a period of 9 weeks 
in the summer of 1931. The drop in efficiency in the 
fifth week was caused by the paver operator’s s negligence 

a batch of concrete to harden in the mixer 
Table 21 con- 

tains a summary for the 9 weeks of operation and shows 
the cause and extent of all delays. 

Efficient use of available working time has steadily 
increased. This increase has had a favorable effect on 
unit costs. It is generally recognized that this increase 
in the rate of production has had no adverse effect on the 
quality of pavements. 

The cost of labor and equipment, however, is only a 
part of the cost of a concrete pavement. Improvements 
in the methods and equipment used in the production of 
paving materials as well as in the production of finished 
surfaces, together with more definite information con- 
cerning the design of concrete mixtures as developed 
through research will increase both the efficiency of con- 
crete pavement construction and the value received by 
the public per dollar of pavement expenditure. 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 

Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. As his office is not connected with the 
Department and as the Department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1924. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1927. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1928. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1929. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1932. 
10 cents. 

DEPARTMENT BULLETINS 

No. 136D . . Highway Bonds. 20 cents. 

No. 347D . . Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10 cents. 

No. 532D .. The Expansion and Contraction of Concrete 
and Concrete Roads. 10 cents. 

No. 583D . . Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 

No. 660D . . Highway Cost Keeping. 10 cents. 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
15 cents. tures, 1921 and 1922. 

TECHNICAL BULLETINS 

No. 55T . . Highway Bridge Surveys. 20 cents. 

No. 265T . . Electrical Equipment on Movable Bridges. 
35 cents. 

MISCELLANEOUS CIRCULARS 

No. 62MC .. Standards Governing Plans, Specifications, 
Contract Forms, and Estimates for Federal- 
Aid Highway Projects. 5 cents. 

No. 93MC .. Direct Production Costs of Broken Stone. 
25 cents. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP . . The results of Physical Tests of Road-Build- 
ing Rock. 25 cents. 

No. ——— .. Federal Legislation and Regulations Relating 
to Highway Construction. 10 cents. 

No. 191] . Roadside Improvement. 10 cents. 

REPRINT FROM PUBLIC ROADS 

Reports on Subgrade Soil Studies. 40 cents. 

Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 

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 Regiona 
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, may be obtained upon 
request addressed to the U.S. Bureau of Public Roads, Willard 
Building, Washington, D.C. 
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A STUDY OF OIL-TREATED ROADS IN 
COLORADO AND WYOMING 

BY THE DIVISION OF TESTS, U.S. BUREAU OF PUBLIC ROADS 

Reported by C. A. CARPENTER, Assistant Civil Engineer, Bureau of Public Roads 

N JULY 1933 an inspection was made of approxi- 
mately 150 miles of oil-processed roads in northern 
Colorado and southeastern Wyoming. Parts of 

U S 30, 40, 85, and 285, and Colorado 7 and 14 were 
included in the survey. The locations and mileages 
of the projects studied and the number of samples 
taken are given in the following tabulation: 

| Num- 
; Mile- ber 

Route Location age of 

samples 

POOGIOTAGO 7..-----.-- Boulder OOlOs secant nesses eee 4 6 
Colorado 14. ..------ Fort Collins, Colo., to Ault, Colo....------- 18 2 
0) Se Cheyenne; Wiyos Caste-toce eet 3 | 1 
ResraQIN os oo o= 3. Berthoud Bass. © oles scenes ae ee ook 20 | 3 
hi Ault, Colo., to Cheyenne, Wyo------------- 42 7 
Uh a ee Fort Collins, Colo., to Laramie, Wyo------- 63 23 

FOUR see ences ete Sa 150 42 

1 Survey covered portions of 2 principal streets surfaced with oil-processed gravel. 
Population of Boulder is approximately 12,000. 

STUDY MADE TO RELATE CHARACTERISTICS 
PERFORMANCE IN SERVICE 

OF MIX TO 

The study was made to obtain data concerning the 
range in densities and in percentages of voids in traffic- 
compacted oil-mix surfaces which had been in service. 
In was also desired to determine, if possible, whether 
the percentage of voids in the mixtures in service has 
any definite bearing on their stability and durability. 

All of the surfaces inspected were of the dense-graded 
mixed-oil-treatment type and were, in most cases, con- 
structed on gravel or crushed-stone base courses. 

In conducting the survey, each section of highway 
selected for study was first traversed by automobile to 
get a general idea of its condition and to decide upon 
locations for sampling. Points for sampling were lo- 
cated at failed areas and at adjacent areas in good con- 
dition in order that comparative studies might be made 
of good and bad areas in individual projects. Failed 
areas varied from a few square yards to occasional sec- 
tions the full width of the pavement and a few hundred 
feet in length but were usually comparatively small. 

Of the 150 miles of highway inspected there were only 
three cases where marked failure had occurred over an 
extended portion of a project. One of these was a sec- 
tion about a mile in length on US 85 approximately 33 
miles south of Cheyenne, where the surface, although 
having good riding qualities, appeared excessively rich 
‘and was very rubbery and unstable. Another was a 
1};-mile section on U S 285 in and adjacent to the village 
of Laporte, Colo., where the surface was constructed on 
a fill composed largely of clay. The fill crosses a low, 
wet area where the old gravel road had always been 
subject to frost heaving in spring. The new fill is wet 
and a considerable amount of plastic clay was found in 
a layer between the base and the bituminous surface. 
This section of surfacing had been scarified and relaid a 
few days prior to the inspection and was already crack- 
ing, rutting, and shoving when the inspection was made. 

76178—34—1 

A Smoots Ripping SurraceE BETWEEN Fort CoLuins AND 
LARAMIE TypicaLt or Most OF THE SURFACES INSPECTED. 

The third example of extensive failure noted was the 
oiled portion of the Berthoud Pass Road on the west 
side of the Pass. This section extends from the town of 
Frasier, Colo., eastward about 10 miles toward the 
Pass. About one-third of it is built across mountain 
meadows which are irrigated by flooding several times 
each summer. Frequent rains during the summer, 
heavy snow during the winter, and slush ice in the 
spring have added to the difficulties of building and 
maintaining the oil-mixed surface. Virtually the entire 
length of this 10-mile section was cracked extensively. 
The condition varied from a network of hair cracks on 
some portions to extensive “alligator”? cracking and 
shoving on others. Where shoving had occurred the 
oiled surfacing had separated from the base and the 
appearance of the underside of the mat indicated that 
considerable slippage of the mat on the base had oc- 
curred. At each of the test holes on this section the 
base was wet and a layer of plastic clay was found 
between the base course and the surface mixture. 

The west 2.6 miles of this project represented by 
samples 40, 41, and 42 and the easterly 3 miles had 
been surfaced about a year at the time of the inspection. 
The central portion of approximately 4 miles was com- 
pleted just prior to the inspection. Several short sec- 
tions of the year-old surface had been scarified and 
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TABLE 1.—Results 

| Base Surfacing 

g Se 
pam- . * j 8 Route or local identi- F Age, cific ple | feation SESE rear Thick-| Seal BENE 
no. Type Condition Moisture| ness, | treat- Character ity 

inches} ment by im- 
mer- 
sion 

1 | Boulder, Colo., West | 150 feet from west end Sul@lay eravelgssesessces Well compacted_| Damp. - 234] None_-_-_| Tough, stable, firm---__---- Zest 
Pear] St. of project. ; 

Fal (ia a Oe eee eee 500 feet east of no. 1___- 3 | Silty sand gravel__-_--}__.__ (6 Coes ee Dyin = 14 |22-dol=e-| stable and firms. esse 2. 361 
Shih eo do ee 1,500 feet from west end 3) Clayzeravelo- 2. --- alana dosee- ae Moist-_-- 214|_-.do_---] Unstable and yielding----__-- 2. 356 

of project. 
os eee fa [of eae eee ne Same as no. 3 at center_ SuiSangeraveleeessseeee= Somewhat loose_| Damp--- 314 |c22dosee-| Stableand firms ss. = =aeae 2. 342 
5 | Boulder, Colo., North} 100 feet south of North Zul iGreyiclayeoe2=--seeee= Well compacted_|--.do---- 234|--.do----| Unstable, yielding_--------- 2, 285 

12th St. St. intersection. | 
Hh ee Fa (3 Poteet te 8 Sem! Same as no. 5 but in livsanderaviel sees ss. | eee Glo aoe POO sss= 2162-2 G0 saa, SbADIO) fhe a ee eee 2. 252 

center of street. , : 
7 | U S 85, Colorado----- 14 miles south of Chey- 4 | White sand, some clay_|__...do_--..----- esas 34| Applied_| Firm but crumbles and | 2.385 

enne. packs easliy. 
a oe 02a See 15 miles south of Chey- 2 eee Osa 22es-s-~55 seeclooeas dosse pee O see 216 Sec GOse==|stablerand) fit =.= ——eee 2. 419 

enne. 
ees CO een a eee ee Oates pen eee 4 Redon oeee tar ea see | eee dose Moist--- Ads | can O meee eee d6.22 3232-5 eee eee 2. 357 

LO ene Gos eee 21 phe south of Chey- 3 Sand ete a Se een (3 oe 8, apogee Dryas 3) 1 Nonesae eee do2t2 es eee 2. 368 

[19h eee dota eae 33 niles south of Chey- SalrSandieT ay 6] ame nen | eaeene Ghohe ene eas Moist__- 214|__.do__._| Unstable and plastic. ____-_- 2.316 
enne. 

1D Aiea cc (eR orate Sees 32 miles south of Chey- Silzeoss dO 2ecerenases ses |aaaas (6 Kee ene Damp--- 314|---do_-_--| Stable, tough, well bonded_-} 2. 186 
enne. 

Vie ae 0. 2325. eee 26 miles south of Chey- Be) Paes 022 Seen eee (peers Ge Sere ee Es=dOvee 4 | Applied_| Only moderately stable__--- 2. 425 
enne. fs 

1 A ee dO: St oe eeeeses 4 ae east of Fort Col- TS eer 0 Ce eee ee eee (6 (oye = end 0=ee 4 | None_--| Unstable, yielding, crumbles | 2. 356 
lin 

iPiatyl ees d0s2= eee 13 eae east of Fort a ROU OAT eee ee Pat 6 (epee ee see d0se== 3 |--.do__-_| Stable, firm but crumbles | 2.328 
Collins. easily. 

16 | U S 30, Wyoming----. 3 miles east of Chey- dasand erayels=ssssess= ease dopa PAGO meee 3 |_-.do___-| Extremely tough and stable_| 2. 356 
enne. 

17 | U S 285, Wyoming----|} 15 miles south of Lara- 1 | Crushed red _ lime- | Somewhat loose-|---do---- 134] Applied-| Tough and stable___--_-__-- 2. 348 
mnie. stone. 

1S Sean dons oes 17 miles south of Lara- ieee doses. ae ee | eae does se sos 00seos 11; see dO2=ee | sae 642322 eee 2. 392 
mie. 

19} eae do eee 21 miles south of Lara- 1 | Red clay gravel-__----- Well compacted_| Dry----- 1144|_..do__--| Stable and firm but brittle__| 2. 282 
mie. 

20; | eae 02a sees eee eas ees 02.2 2228 Seen Lees OS See = ae oe S0lts:-2sa2 ee oe Wietsoess 1 |...do_---| Unstable and yielding_--_-_- 2. 330 

21 | U S 285, Colorado-_--- 27 miles south of Lara- iu imoand.etaveleeeeaee Medium com- | Dry----- 234| None__-| Fairly stable but not well | 2.190 
mie. paction. onded. 

OAH ental doe. 34 miles south of Lara- 15 |\eate= dQ 2:ces=-eesas ese Well compacted_|__-_do-__-_- 334|.-.do__-__| Stable but not well bonded_-| 2. 279 
mie. 

23) eae dO sees ee eae 38 miles south of Lara- LU ee COs oes ease eae dOs ase see 2e.d0eees 314 co dows!) Stabierand tole hesssee aaa 2. 254 
mie. 

24. |S Oe see sise eee 39 miles south of Lara- Lal eeoe dO Sse. es eeresae wel coated =se Ones 4 | Applied_| Unstable and rubbery---_--- 2, 352 
mie. ard. 

Dif | Be d0se222 st eanas-e 41 miles South of Lara- 3 | Clay gravel, chunks | Well compacted-_| Moist-_-- 214) None__-| Unstable and spongy over | 2.318 
mie. of clay. clay spots. 

26))|boeee Oe eres eer 0S 3} |] iSienotel tee a see ee Obese seas Damp--- 2 ilecedOle == |ROtable ana itt in seen 2. 352 
Py (al ee (0 Ce ene se Sa 43 miles south of Lara- 30] and) clayeencaesa=seae lees doe Moist--- 334\22-d0=--4| Stable, tough, firms see 2. 331 

mie 
5 eee Owes anne 46 miles south of Lara- AS Olay etavelas-eseeeees eae com- | Wet.-.-- 216 |-2=d0==--|| Soft and plastic: ses==) sees 2. 307 

mie. acte 
2G || eee (6 (ye pene ea el (ee d= 22-25 =- ase scene i ee G0 ss 225. -e8eeeaace Well compacted-_| Dry----- 24 \e=-d0S=-s| stable and firm ss === 2. 412 
SOleeses dosh saaee Ea teee ee 49 miles south of Lara- i ae done nossa ees eee dos tess see Es G0s-e= 3 |---do_---| Stable, firm, well bonded-__._} 2.311 

mie. 

3 el ee as dos!see-. VEC EP OY Soe (6 Of eee aes Se 45 See GOS. assem, oes ee cee Gh geae a == d0s== 3 |--.do_---| Stable, hard, tough=—_—- 2-2 22129419 
aor lees s dol a ee lanes Oa a ee zh eee 6 Co ape epee eet Sel CR doles see Damp--- 214|.-.do_-_-_| Slightly unstable and rub- | 2. 405 

bery. 
$3) |e Cs = eee De as |e here C0 eee aan sore (ee aoe Ok 2 oe a oe ee | See Che = eae Dryasee= 2 |aeaGOs===| Stabler, tough aaa 2. 395 
BAe re dose ee 50 miles south of Lara- 41| Sand gravel: sect s5s--4| = eee doe Damp--- 2 |--.do_---| Unstable, poorly bonded_-_--| 2.375 

mie 

Blip se ew 6a Sse aaa 58 miles south of Lara- 2] Slltyieravel sage eee | eee (Slop a see ees Dea SAL SCO E 2 Pebiene place but has no | 2, 149 
i bond. 

36 Py es ee 0 a eee ie i pe ge dolee= oi! 1D Fnaeyoy J 3 |.-.do_-_-_-| Stable, firm, well bonded_-_| 2. 224 
37 2 | Silt, sand, some gravel_|_____ do SV EDiryeeses OG Eee Oe ee (0262. 6o eee 2. 345 

38 2 | Silt, sand, clay, gyp- |----- does ee nees Damp--- $1722 dos--|) Unstable; Dlastic= === 2. 328 
sum, 

39 Di | eee GOs see ace noes | eee GOvc.a oes Moist_-- Of een 0 eee eee G0sh2.nee soe se ee 2. 305 

40 | US 40 N., Colorado__| 1% mile east of Frasier _ - 1 | Sand gravel, decom- |____- dome ee Wet--..- 2) |zee 0s se Onstablenspong yess 2. 404 
posed granite. 

A eee dos ee ee 1 mile east of Frasier- __ De iO yaya 58 See eres Plgsticess ea Wt e Cope es 271 ee 6 (bee PNG Ke eM ee mp Eo ee Ft 
i} eee 0 oa ese 214 miles east of Frasier- 1 | Decomposed granite_--| Well compacted_|_-.do___- 216 tak Loe aes Uastaple plasticss= eee 2. 366 

relaid a few days prior to the inspection. These re- 
worked portions showed a general tendency to develop 
cracks as soon as traffic had recompacted them. In 
general, the mixture on the entire project was rubbery 
and unstable and appeared to be excessively rich. 

LIQUID CONTENT, TYPE OF FILLER AND DRAINAGE CONDITIONS 

APPEAR TO AFFECT SERVICE QUALITY 

In addition to the three cases of extensive failure, 
which totaled approximately 12% of the 150 miles of 
surfacing observed, there were numerous instances of 
local failure due to clay spots in the base, seepage 
of water, and local areas deficient in oil binder. Many 

of these small local failures were not detrimental to the 
riding qualities of the road. 

The bulk specific gravity or density of the compacted 
surface was determined in the field at all locations 
where samples were taken. For this purpose a special 
portable balance, sampling equipment, and a tank of 
water for immersing specimens were carried in the car. 
The balance was designed especially for the purpose. 
It was constructed with a demountable beam and was 
accurate to one-tenth gram. Besides the unbroken 
samples taken for gravity determinations, samples 
were taken from each test hole, sealed in metal buckets 
and shipped to the Arlington laboratory for further 
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of field observations 

Surface 

Riding quality Evidence of failure Texture Remarks 

eo enb.o.2--2-=- ENON 6 Bee teeter eee a ees ees Fine grained, closed_--.-_-__--_._- No reworking or patching. 

. OO: 2S eee ee Oe ee ee eee eee || EP IBb MOSaIGs -- 2 2- === ee eee Was rich and unstable first. year, gravel added, 
|e -| Alligator cracks, laminations_-_-___-___ Fine grained, closed-------------- Not reworked. Sample from strip 3 feet wide 20 feet long, near 

edge of road shows slip on base. 
Prceienv---..--...- IN Ol Onee se eeeet es nes een eee eee eas (SC yee os 2 eee No repairs. Sample from center of street opposite no. 3. 
lh = Eine aga: laminations, badly | Rich, black, glossy eee Reworked first year. ‘Test hole in traffic lane. 

shoved. 
(S600 =~. .2-5-4. SPOUeDULYy Paveledasenecmearees==-s. eae Rough mosaic__-_-_.---_.-_.--------__| (Replaces cartracks.) Has a dry, lean appearance. 

eee a (ONS ae Seal has picked up. Pitted____._...__| Some alligator cracks, alternate seal | Pitting due to picking up of seal, has not impaired riding qualities 
and mosaic. 

aes 1s er erm n IN OTIG Syne. eee, cee ee ee al RIQb MOSaICi a. awn cn pert e a nsae eee Seal has penetrated well and is weli bonded to surface. 

Poole a= ---| peal mostly gone, raveling extensive__4| «ough pitted. .-_.2.-.-.---.-2.-2. 
SRC Diya aera IN ONO 56-2 suc ose Seca ote Sob euane ate ee Flat mosaic. --------_---------.-------| Appears dry on surface but amply rich when opened. 

ia eee eee —- || Alligator cracks, Cormugations-----— Seo se Oe ee oe ee ee Requires frequent maintenance to prevent complete failure. 

Excellent - ----- Slightiv pissed sae eae ees. Fine gritty, some mosaic___--...______| Typical of about 4 of the entire job. 

(6 ate ees Sere Slightly corrugated and laminated _---- Black, glossy, slightly mosaic- - - - Although slightly corrugated is not noticeably rough. 

Excellent - - ---- Slight cracks in wheel lanes-~.----_----- Black, glossy, gritty.....-.-___-.-_----_| Has an excellent appearance but durability doubtful. 

ees GQGmeecne nese ENOL 10 Rete eee ee eee Me nOSRICse =e eee see see ae ee ee ean CA. DPearKdry. ON) SUrACe. 

Alas (Ste) eC (eee ee ees | OUCH OSRI Cen a = ee ee een INO TEPRITS OL LOW OLKIUe A Fexellent surtace, 

eee Seal picked up in places.----------_--- IM OSaIG, nongkid= == sa. =-==— Base primed with 8.C.-1. Seal was chipped with 1 inch maximum 
size limestone. 

TEnswercl iteymirh 2 A EATS 6 0 ic gee cen oe | LR do__--------.-------------.-_.----| Seal was chipped with 1 inch maximum size limestone. Base 
primed with S.C.-1, 

Te OOC eee re oe pe 1 ee Se a eee at Seek ines POMS MEN OSa IC sas sae eee ASE a sealed with cut-back asphalt. Seal was covered with 
gravel. ‘ 

Fair__-.---_--------| Seal peeling, surface pitted and tend- | Rough stucco appearance---_-_--___--- West 4% sealed with 94+ road oil. Seal covered with gravel. 
ing to corrugate. . ; 

Excellent - ------- IN OTIO sete ee es Sree Bee! tee SUIS Livan OS eu Cae een eet er Not thoroughly compacted. Crumbles when opened. 

ie (i Kol oe ee ae el ee ee ee eg ee ee eNO OT Ain. ClOSCG-s.- 5. Sasa eee Do. 

ea O(n eeaee| Shehtrayelintaese os eee eel HOUgh Stucco appearances.--—.----- pare ray eute due to loaded trucks turning onto pavement from 
stock pile. 

Uae do___.-.-_--.---| Marks badly and is cracked____.__.____| Fine grained, closed_.-....-......-.---| Base shows extensive oil penetration (}4 inch or more). No corru- 
gation. 

oh = -| Alligator cracks, laminated__-______- c This road is kept in good riding condition by careful maintenance. 

= CO eee eee NN ONO eee ee hoot s ae eee This sample taken about 18 inches from no. 25 in good area. 
Pecevent=— 22-4 22s-5).5.. OS ees ee Soe Ae 

Poole) aeee---| Badly shoved, laminated, slippage, || Rich; clossy, closed-=-.--_----=----==- This represents a spot about 10 feet by 30 feet near crest of hill. 
plane on base. 

Hrcellent—=-.-----—- TING) 8 ee ees oa a ee IME TeV ENG oe eet oe ie This sample taken about 100 feet down hill from no. 28. 
cree neem ee () () ee ee ns See ele ae OO eee eee ss non anne en his section scarified and relaid within past year. 

ee do__-----------_|___..do_____---_._..._._.-.-_--.---_---.| Slightly mosaic, fine grained, closed_-| Not reworked since laid (200 feet south of no. 30). 
Good--.---.---------| Laminated, shows some slippage on |----- COS ee ee See ee eee Taken 200 feet south of no. 31. 

base. 
Excellent - - _---- PEIN ONG acne a. 5 eee te eer on peed 2 SliphGlysim OSAiGr sees aera eee ae ens Taken 100 feet south of no. 32 
Ot eee eee 24 @OTUS Abed, Tutbeds.22c- oes a — aS Plat OSI Cse eae ee eee Scarified and relaid 1 year ago. 

eA Owe eee Ravelod Dadly ss see. 2 eee oe ee - =e! Parsh mosaic. .~--s---.-=._-----_-_----|) Has rayeled toa depth of 24)inch.in wheel lanes. 

Excellent ___-___--_- IN O16 Sena etn Soren cree ee cree ae (eg a OO fee a eck ene Oe This sample from a point 300 feet south of no. 35. 
ESO. = Sees ae ee ee ee een ee ee te IROUSN IN OSAIC == aaa ase een ee This is from a 50-foot good section out of about 114 miles built on clay 

soil. Therest of the 14% miles failed. 
Bes do._-_--.-------| Alligator cracks and slippage on base__| Flat mosaic_-.-----..------------------| From1}4-mile stretch on “clay soil fill. 30 feet south of sample no. 37. 

ih ee | Corrugated, rutted, alligator cracked, | Rich, glossy, some mosaic_-_.._-..----| This place requires constant maintenance. Sampled 5 days after 
| _ laminated, slipped. scarified and remixed. 

LS Extensive fine cracking._.-..--..--.... Some mosaic, fine grained, closed_._.___| Built over wet meadows. Rain nearly every day. 

Poor_.---..----.----| Material badly shoved, laminated-_---_- Fine grarned Closed ass ae ee eee ee _ Do. 
0 eee =e) I xXtensive.cCracks, Slippage---__--=--4~ |=. 2. - do__----------------.-------------| Primed portion of base attached to surface. (All slips on unpene- 

trated base.) 

tests. Notes were kept on the type and condition of the | sieve were tested for Hubbard-Field stability with the 
base, drainage, and any visible peculiarities of the sub- 
grade and appearance and condition of the surfacing 

As much information as could be obtained 
in the limited time available as to construction details 
and date of construction was included in the field notes. 
Table 1 is a summary of the field data on the surfaces 
represented by the 42 

In the laboratory the samples were tested for specific 
gravity of the constituents of the mixture, water and 
oil contents, grading and type of aggregate, and type 

Portions of the samples passing the no. 8 

mixture. 

of filler. 

samples collected. 

9 days. 
The percentages of air 

pacted road surfaces were computed from the specific 
eravities as determined in the field and the specific 
eravities of the constituents as determined in the 
laboratory. 
tests on the 42 samples. 

water content as received and also with the water re- 
moved by drying for 3 hours at 212° F. 
Field specimens of the water-free mortar from each 
sample were tested for swell in water over a period of 

Two Hubbard- 

and water voids in the com- 

Table 2 gives the results of laboratory 
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The percentages of bituminous material required for 
the various gradings were calculated by the Stanton 
(Calif.) formula,’ the California surface area method,’ 
the Wyoming formula,’ and the McKesson-Frickstad 
formula.* The results of these calculations are com- 
pared with the oil contents of the mixtures as deter- 
mined by extraction in table 3. Some of the data from 
tables 1 and 2 are repeated in table 3 for convenience in 
making comparisons. 

It will be noted that the percentages of oil calculated 
by the Stanton formula are in close agreement with the 

as oil and water content, type of filler, type and condi- 
tion of the base and subgrade drainage are of primary 
importance. 

EVIDENCE OF FAILURE NOTED IN MOST SURFACES HAVING HIGH 

LIQUID CONTENT 

The sections of surfacing represented by the first 15 
samples listed in table 3 and designated as group 1 
showed evidence of failure of the type usually found in 
unstable mixtures containing excessive quantities of 

shoving, liquid binder, namely, corrugating, and 

GENERAL VIEW AND DETAIL OF A SURFACE OF Group 1 Wuicnw Was Hiauty UNSTABLE Dur To Aa HigH CoMBINED OIL AND 
WatveER CONTENT. 
oN THiS SURFACE. 

mean percentages given by the surface area method. 
The Wyoming formula indicates considerably higher 
percentages, agreeing closely with the maximum per- 
centages given by the surface area method. The Mc- 
Kesson-Frickstad formula indicates lower percentages 
and agrees closely with the minimum percentages given 
by the surface area method. The average spread be- 
tween the maximum and minimum as given by the 
surface area method is 1.4 percent. 

Analysis of the data presented in table 3 indicates 
that the void content of a compacted mixture has rela- 
tively little bearing on its behavior and that such factors 

1 P=0.02a+0.045b-+0.18c. 
Where P=percentage of oil in mix by weight. 

a=percentage of aggregate retained on no. 10 sieve. 
b=percentage of aggregate passing no. 10 and retained on no. 200 sieve. 
c=percentage of aggregate passing no. 200 sieve. 

For coarse mixtures (50 percent or less passing }4-inch screen) increase coefficient of 
es are For fine mixtures (100 percent passing 14-inch sereen) reduce coefficient 
of c to 

2 Amount of oil determined from surface area constants of the different fractions of 
aggregate. Method of application described in Pacific Constructor for June 1, 1932. 

3 P=1.4(0.015a+0.03b+0.17c). Symbols the same as in note 1. 
4 P=0.015a+0.036+9.17¢, Symbols the same as in note 1. 

AGE APPROXIMATELY ONE YEAR AT TIME OF INSPECTION. Note Tire Marxs anno Foor Tracks 

rutting. Ten of them also showed extensive ‘‘alligator’”’ 
cracking. The combined percentage of water and oil 
in these was, in all but one case (sample no. 14), con- 
siderably greater than the percentage of oil required 
by the Stanton formula, and all but three contained 
more total liquid than the percentage of oil required by 
the Wyoming formula. Considering oil alone, all but 
three of these mixtures contained less oil than is re- 
quired by the Stanton formula. Nine of the 15 sam- 
ples contained more than 2 percent water, the average 
water content for the 15 samples being 1.9 percent. 
These facts seem definitely to associate high liquid 
content with lack of stability. There are indications 
that high liquid content causes instability regardless 
of whether the liquid is principally oil or oil and water 
in various proportions. 

The next 20 samples listed in table 3 and designated 
as group 2 are from sections which showed no ‘Visible 
evidence of failure. All but six of these contained less 
total liquid (oil and water) than the percentage of oil 
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TypicaAL Or~-Mix Surraces WuichH Have GIvEN EXCELLENT SreRviIcE. THE Mix SHO THE LEF RicH AND 
UNSTABLE THE First YEAR AND WAS REMIXED WITH ADDITIONAL GRAVEL. Ir Was THREE YEARS OLD AT THE TIME OF 
INSPECTION. THE ONE ON THE Ricut Hap REcEIVED No MAINTENANCE OF ANY KIND SINCE Its ConstrRucTION Four YEARS 
PRIOR TO THE INSPECTION. 

‘ 

or RAVELING oF Group 3 Surraces Havine A Low Ort Content anp No Seat Coat oR SURFACE 
TREATMENT TO PREVENT Loss oF AGGREGATE. 
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Group 3 SurracE REPRESENTED BY SAMPLE 9. MrxturRE Was 
Low In O1t Content AND Hap BEEN SEALED TO PREVENT 
RaveELING. Picture SHows Locau AREA WHERE SEAL 
Hap PEELED AND RavELING FOLLOWED. SEALED PORTION 
REPRESENTED BY SAMPLE 8 WAS IN EXCELLENT CONDITION. 

required by the Stanton formula. Only two contained 
as much total liquid as the percentage of oil required 
by the Wyoming formula. Considering oil content 
alone all but six samples were fairly close to the min- 
imum content required by the surface area method, the 
six exceptions having from 1 to 1.9 percent less oil than 
would be required by this minimum. Sample no. 8, 
which had 1.9 percent less oil than the minimum by 
the surface area method, contained only 2 percent oil 
but the section represented by it had been given a seal 
treatment. This surface was in good condition except 
for a few small areas such as that represented by sample 
9 and illustrated above, where the seal coat had peeled 
off allowing the mixture to ravel. None of the 20 
mixtures contained as much as 2 percent water. The 
average water content was 1.1 percent. 

These data indicate that stability and durability of 
the surface under traffic are definitely associated with 
comparatively low oil content and water content below 
2 percent. Considering all the mixtures sampled, evi- 
dence of failure was noted in all but five instances where 
the total liquid content (oil and water) was greater than 
the oil requirement as calculated by the Stanton formula. 
In four of these exceptional cases the liquid content was 
only slightly greater than the percentage given by the 
formula. Not a single example of satisfactory service 
behavior was noted where the water content in the 
surface was as high as 2 percent. 

The last seven samples listed in table 3 as group 3 
are from sections of pavement which, although having 
adequate stability, showed raveling because of poor 
bond. These mixtures, without exception, contained 
less total liquid than the percentage of oil required by 
the Stanton formula. Their total liquid contents are 
in very close agreement with the oil requirements of the 
MeKesson-Frickstad formula and also with the mini- 

Tue BaAsE 
AND FIRM 

Group 1 SurracE REPRESENTED BY SAMPLE 5. 
Was Moist Cuay-GRAvEL. SurFACE SMooTH 
BuT BapDLy CRACKED. 

mum percentages required by the surface area formula 
but, considering oil alone, they are all deficient in oil 
content as indicated by the formulas. The deficiency 
ranges from 0.3 to 1.4 percent and averages 0.9 percent 
on the basis of the minimum requirement by the surface 
area formula. Their water contents varied from 0.3 to 
1.4 percent. The average water content was 0.9 percent. 

LABORATORY STABILITY TESTS ON MORTAR SPECIMENS APPEAR 

TO INDICATE STABILITY OF MIXTURES IN SERVICE 

Raveling and loss of surfacing material caused by 
poor bond are shown to be associated with lack of oil. 
The average water content of the seven lean mixtures 
was distinctly lower than that of the first group and 
slightly below that for the second group. 

Although the unstable group has a slightly lower 
average void content than had the two stable groups, 
study of the data obtained on these surfaces indicates 
that there is little definite relation between the per- 
centage of voids in the compacted mixtures and the 
service behavior of the pavement. In the case of the 
sections showing failure because of lack of stability the 
percentage of air-filled voids ranges from 0 to 3.5, with 
an average of 1.3. For the mixtures showing no eyl- 
dence of failure the air-filled voids range from 0.5 to 
9.2 percent with an average of 4.2. The mixtures show- 
ing failure caused by raveling had air-filled voids rang- 
ing fromegi3stonLi,2 percent and averaged 6 percent. 
These figures are all based on the percentage of air- 
filled voids in a given mixture. Any water present is 
considered as a part of the mixture. 

Assuming all water to be evaporated from samples 
leaving additional air voids, the percentages of voids 
would be appreciably higher but there would still be 
no significant differences between groups. Considering 
group averages only, the voids increase by increments 
of approximately 1 percent from group to group but 
the range of voids is so great within each group that 
each group overlaps the others. The 15 mixtures 
failing on account of instability have voids (air and 
water filled) ranging from 2.5 to 9.3 percent with an 
average of 5.7. Those showing no failure have voids 
ranging from 3.3 to 10.8 percent and average 6.8. 
Those showing failure caused by raveling have voids 
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TypicAL EXAMPLES OF FAILURE CAUSED By HicgH Moisture ConTENTS IN THE Mixtures. THESE Group 1 Surracres 
ARE Two anv THREE YEARS OLD. 

between 5.5 and 12.4 percent with an average of 8.2 | 
percent. ‘These percentages are given in table 3 under 
the heading “Air and water-filled voids.”’ 

The Hubbard-Field stabilities of the mortars (oil 
coated material passing the no. 8 sieve) appear to have 
a general relation to the service stabilities of the mix- 
tures. Although there is considerable variation in 
mortar stabilities within each group, the group averages | 
show a tendency toward low mortar stabilities for the 
mixtures which failed because of excess oil or oil and_ 
water combined. Although the stability of mortar | 
from the unstable mixtures with field water content is 
low, when the test is made on water-free specimens 
the stabilities are almost as high as the average for the 
other two groups. There is no appreciable difference in | 
the average stabilities of either wet or water-free mor- 
tars representing the sound surfaces and the raveled 
surfaces. The average increase in mortar stability 
caused by the drying of the mortar is much less for 
groups 2 and 3 than for the unstable group 1. 

The average stabilities by groups and the maximum 
and minimum stabilities by groups are summarized 
below. 

Hubbard-Field stabilities of the mortar 

[Passing no. 8 sieve] 

With water content as | With water removed by 
received drying | 

Mini- | Aver- | Maxi- | Mini- | Aver- | Max - 
mum age mum | mum age mum 

Group 1 (failed because of in- | 
SUSEEVTEY aie bye a 475 | 1,535 | 2,525} 1,0 

Group 2 (satisfactory service) -_-- 925\| 2,295 |- 3,625.) 1,5 4, 850 . 4 7 ; 
Group 3 (failed through raveling).| 1,175 | 2,180 | 3,125] 1,5 2605! 4.300| AN Or~-Mrx Surrace In Boutprr, Coto. Surrace Has 

| 

| 

50 | 2,560] 3,750 
00 | 2)695 
sal CARRIED THrouGH TRAFFIC FOR THREE YEARS AND Is IN 

q ee aoe EXCELLENT ConpITION ExcrpTr FOR OccCASIONAL SMALL 
The relations shown above indicate that the stability | Cracxep Armas. 

of the mortar is appreciably reduced by the presence of 
water in the amounts found in these samples. It seems The soil analyses of the mineral aggregates extracted 
reasonable to conclude, from the behavior of the sec- | from these samples indicate that all the filler materials 
tions studied, that the stability of the surface is to some | used were comparatively low in clay content. The 
extent influenced by the stability of the mortar. maximum percentage of clay in any of the samples, 

76178—34 2 
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based on the material passing the no. 40 sieve, was 23 

percent (table 3) and the average for all samples was 

15.4 percent. 

FILLERS HAVING HIGH VOLUME CHANGE UNDESIRABLE 

It was not possible to obtain sufficient filler from the 
samples to make other soil tests. However, swell meas- 
urements were made on molded specimens of the portion 
of the original mixtures passing the no. 8 sieve. After 
sieving, the mortar was oven-dried at 100° C. to remove 
any water present, then molded into Hubbard-Field 
specimens and immersed in water for 9 days. Vertical 
swell was measured with an Ames dial gage at 1, 3, and 
6 hours and at 1, 2,3, 7, and 9 days. The percentages 
of swell of these specimens are given in table 3. 

Swell of such specimens in excess of about 2 percent 
at 9 days may be considered to indicate inferior or ques- 
tionable filler material. At 3 days, 2 percent swell may 
be considered the critical value. The figures given in 
table 3 are based on the results at 9 days. 

Results of the swell tests do not indicate that inferior 
filler contributed to the failure of the mixtures in group 
1, with the possible exception of those represented by 
samples 13, 20, 28, 32, and 39. In addition to having 
high percentages of swell, the mortar specimens from 
these five samples developed more or less cracking and 
disintegration during immersion. It is interesting to 
note that of the 15 mixtures in this unstable group, those 
containing fillers with high volume change and a tend- 
ency to disintegrate during immersion had, in general, 
the highest water contents regardless of whether the 
base course was wet, moist, or merely damp. The same 
relation is also noticeable to some degree in the other 
two groups and leads to the conclusion that fillers which 
have high volume change and show disintegration or 
slaking tend to retain moisture in the mix, once it has 
entered the surfacing. In the case of mixtures which 
are susceptible to loss of stability when wet, this tend- 
ency apparently prolongs the period of surface insta- 
bility for some time after the base has dried. 

In the swell test on the mortars of group 2, about half 
the materials showed considerable swell, and_ six 
developed cracking and disintegration during immer- 
sion. With only one exception, however, the surfaces 
from which these samples were taken were on dry or 
only slighlty damp bases, and the mixtures, without 
exception, contained only small amounts of moisture. 
This probably accounts for the fact that the surfaces 
represented were not affected by the questionable 
quality of the filler material. 

Three of the mortars from the group 3 samples showed 
considerable volume change and two of them developed 
cracking and disintegration during immersion. Two of 
these were from surfaces which had dry bases and the 
other was from a surface having a moist base. All 
three mixtures had very low water contents and for this 

reason the raveling of these surfaces in service is not 
believed to have any connection with the type of filler 
used. 

CONCLUSIONS 

The results of the observations and tests are briefly 
summarized as follows: 

1. Instability of the oil-processed surfaces was caused 
by high liquid content. In some cases this high liquid 
content was made up principally of bituminous material 
with 1 percent or less of water but in 9 of the 15 cases of 
failure caused by instability, the mixtures contained 
water in excess of 2 percent. No mixtures in which 
the water content was 2 percent or more were found to 
give satisfactory service. j 

2. The mixtures which, after a year or more of service, 
contained percentages of bituminous material agreeing 
roughly with the minimum requirements of the Cali- 
fornia surface area formula, were sufficiently rich to 
prevent loss of aggregate by raveling. In order to ac- 
count for normal losses during early service, it is assumed 
that the mixtures were somewhat richer when laid and 
for this reason it is believed that either the Stanton 
formula or the mean surface area formula is approxi- 
mately correct for designing mixtures containing close- 
eraded aggregate. 

3. The mixtures which showed evidence of failure 
caused by raveling contained less oil than would be 
required by any formula now in use. These mixtures, 
however, were in no case lacking in stability and it is 
believed that surface treatment would give them satis- 
factory wearing qualities. 

4. Clay spots and areas in the bases containing exces- 
sive proportions of clay were found to be the cause of 
numerous small local failures. 

5. In several cases where a high moisture content was 
found in a mixture on a comparatively dry base, the 
filler material was found to have a tendency to swell and 
disintegrate in the swell test, thus indicating a relatively 
high colloidal content. Colloidal contents are believed 
to have been responsible for the retention of water in 
mixtures containing them. 

6. Hubbard-Field stabilities of the mortars from the 
unstable mixtures were noticeably low when the mortars 
were tested with water contents as received. The 
stabilities were raised to very nearly the same values as 
those for the stable mixtures after the water had been 
dried out. This is interpreted to indicate that water 
destroyed the stability of these mixtures by reducing the 
stability of their mortars. 

7. The relation between the percentage of voids in a 
mix and the service behavior of the surface is so in- 
definite for any one group of samples and the variation 
in voids between groups is so slight as to supply no 
basis for conclusions as to the effect of voids, or for 
designing oil-aggregate mixtures on the basis of void 
contents. 



POWER-SHOVEL OPERATION IN 
HIGHWAY GRADING 

BY THE DIVISION OF MANAGEMENT, BUREAU OF PUBLIC ROADS 

Reported by T. WARREN ALLEN, Chief, Division of Management, and ANDREW P. ANDERSON, Highway Engineer 

PART 1.—THE OPERATING CYCLE AND FACTORS AFFECTING THE RATE OF PRODUCTION 

erading outfit is very nearly fixed for any given 
set of conditions, regardless of whether the out- 

put is high or low. The most effective way, therefore, 
for a contractor to reduce his unit costs is to increase 
his rate of production. Some of the more important 
factors controlling rates of production and attainment 
of efficient and economical 
operation will be discussed 
in these articles. 

r YHE DAILY COST of operating a power-shovel 

When working in ordinary ‘‘common excava- 

still better those conditions which are prerequisite to 
high rates of production. 

The shovel is the primary producer and all production 
is dependent on it. The shovel should be sturdy, 
powerful, dependable, fast, and easily operated. But 
no matter how good the shovel, a high grade of skill, 
intelligence, and endurance is required of the operator 

for a consistent high rate 
of production. 

Efficient power-shovel 
HIGH DEGREE OF EFFICIENCY 
ATTAINABLE IN SHOVEL OP.- 
ERATION 

Efficient use of the power 
shovel in highway grading 
generally involves the 
proper coordination of at 
least three distinct opera- 
tions: (1) Digging and load- 
ing, (2) hauling and dump- 
ing, (3) spreading and com- 
pacting. The material, 
except where it can be cast, 
must be dug and loaded 
into the hauling units at 
or near the maximum rate 
of production which can 
be attained by the shovel 
in that particular material. 
The hauling units must be 
sufficient to carry the out- 
put of the shovel and must 
be operated with almost 

tion’’ where the material dumps freely from the 
bucket and is 4 or more feet in depth, a good power 
shovel can be operated so as to load vehicles at 
the rate of four dipper loads per minute, provided 
the vehicles are so placed that the average boom 
swing does not exceed 90°. A highly skilled 
operator can attain this rate for intermittent 
periods throughout the day. To do so, it is neces- 
sary to load the dipper in about 51/4 seconds, to 
swing and spot the dipper in about 4 seconds, to 
dump it in 11/4 seconds, and then return the dipper 
to the loading point in about 41/2 seconds. 
Many jobs have been found on which this rate 

has been maintained during intermittent periods 
of varying lengths under the conditions given 
above, and this may be taken, therefore, as about 
the maximum rate attainable with present-day 
power shovels under ordinarily favorable field 
conditions. Numerous jobs have been found on 
which the average rate of all-day shovel opera- 
tion, in good common excavation, was at the rate 
of three or more dipper loads per minute; and this 
may be accepted as a criterion of good operation 

operation, in the sense in- 
tended here, demands high 
production with a mini- 
mum use of labor and auxil- 
lary equipment. This re- 
quires the synchronization 
and coordination of all 
operations so that the en- 
tire organization functions 
as a unit. Absolute per- 
fection in all details is 
probably impossible. 
Nevertheless, extensive 
studies on a large number 
of projects operated under 
a great variety of condi- 
tions show conclusively 
that (1) a high degree of 
efficiency is possible of 
attainment, and (2) that, 
in general, the low pro- 
duction found on many 
projects is due to con- 

clocklike precision, so that 
the loads may be received, 
transported to the place 
of disposal and dumped, and the hauling units re- 
turned to the shovel without delay to individual units 
or interruption to the steady operation of the shovel. 
At the fill or dump the material brought by the hauling 
units must be spread and compacted or otherwise 
cared for as may be required by specifications without 
interfering with the steady operation of hauling units. 

If the material is too hard to be dug effectively with 
the shovel, drilling and blasting are necessary. ‘These 
operations also must be carried on efficiently and with- 
out interfering with other work. 

Aside from the management, efficiency in power- 
shovel operation is largely dependent on the operator 
and on the shovel itself. <A first-class operator may be 
able to obtain fair production with a poor shovel, but a 
poor operator is a heavy handicap, even with the best 
equipment. It is hoped that the data assembled in 
these papers will help contractors to increase their 
present rates of shovel production and power-shovel 
manufacturers to perfect their shovels so as to meet 

under normally favorable field conditions. ditions over which the 
management has some 
control and which are 

therefore to some extent remediable. 

CHARACTER OF MATERIAL AFFECTS SIZE OF DIPPER LOAD 

Under conditions to which each shovel size is 
adapted, shovels of all the sizes usually found in highway 
work can be operated at approximately the same cycle 
speed. In general, data for one size can be applied 
to any other size—at least within the range of shovels 
with capacities of from 5/8 to 2 cubie yards. In mak- 
ing such comparisons we must remember, however, to 
extend data only to similar working conditions for 
each of the respective shovel sizes. Rock which would 
class as well blasted for a 2-yard shovel might readily 
erade as poorly blasted for a smaller shovel. Well- 
blasted material should have very few pieces with any 
dimension much greater than about half the smallest 
inside dimension of the bucket. A large shovel may 
work readily in material which a small shovel could 
handle only with difficulty. 
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ERATIONS PERFORMED IN VARIOUS TIME INTERVALS. BASED 
on 1,058 Loapineas (18 WERE OvER 32 SECONDS) oF A 34-YARD 
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Time 10.29 SEeconpbs. 
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Figure 5.—Driacram SHOowING PERCENTAGE OF LOADING 
OPERATIONS PERFORMED IN Various TIME INTERVALS. 
Basep ON 658 Loapinas (16 WERE Over 32 SECONDS) OF A 
3%4-YARD SHOVEL WORKING IN 2 To 6 FEET oF Sticky Cuay. 
AVERAGE TIME, 12.2 Seconps. 

Output is the product of dipper loads and the average 
yardage per load. A good operator can combine speed 
and high average quantity of material per dipper load. 
In ordinary common excavation three or more feet in 
depth, the average dipper load in terms of cubic yards 
of material, as measured in place, may be expected to 
average about as shown in table 1. 

In some materials which heap up in the dipper and 
do not spill on the swing, the average load will sometimes 
equal the rated capacity. In poorly blasted rock or 
shale or in materials full of roots and stumps, the aver- 
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TaBLE 1.—Average yardage per dipper load for different dipper 
81ze8 

= Aika Material per | 
) Nae dipper load | 
capacity) 

Cubic yards Cubic yards 
34 0. 50 

. 68 

. 88 
1 
1} 
1} 1.10 to eS 

age dipper load may be 40 percent less than the average 
for ordinary common excavation or about 0.3 cubic 
yard for a %-vard dipper and 0.65 cubic yard for a 1}- 
yard dipper. Figures 1 to 5 and tables 7, 9, 10 and 11 
are illustrative of the studies made, and show the rates 
at which dipper loads can be deposited in the hauling 
units with fast operation, and how a few operations 
increase the average time per cycle for the entire period. 
As the material changes from good common to other 
classifications, the digging and loading become slower 
and there is greater difficulty in obtaining a full dipper. 

During the studies on which these articles are based 
many determinations were made as to the number of 
dipper loads and the quantity of material moved under | 
various conditions. Quantities were usually deter- 
mined by careful cross-sectioning and are believed to 
include sufficient volume and variety to represent a 
fair average of the more usual conditions met with in 
highway grading work. Table 2 gives the results 
obtained on a considerable number of jobs and illus- 
trates how the size of the dipper load may vary from 
time to time and from job to job. The average dipper 
load of a so-called ‘‘%4-yard dipper’’, having a capacity of 
approximately three-fourths of a cubic yard when struck 
in line with the top of the teeth and the top of the rear 
edge, may vary from 0.3 to 0.8 cubic yard, depending 
on the material and the skill of the operator. In fair 
to good common excavation with few roots and boul- 
ders, a good operator working under favorable conditions 
should move an average of 0.5 to 0.6 cubic yard per 
dipper load. In poorly blasted rock or shale, very 
rooty and stumpy soils, and in certain tough, moist 
clays, the average load may be only 0.3 to 0.35 cubic 
yard or even less in exceptional cases. The average 
dipper load is also likely to be low in shallow cuts. 
The same is true of materials which bulk considerably 
when broken up or which lack cohesion and will not 
heap up in the dipper. 

TIME OF LOADING GREATLY INCREASED IN DIFFICULT MATERIAL 

The material itself is responsible for much slow dig- 
ging. Cuts usually classed as common excavation but 
which contain many medium-sized or large rocks em- 
bedded in stiff clay are particularly troublesome. The 
shovel operator cannot see such rocks until they are 
exposed, and when the dipper strikes one it may be nec- 
essary to draw back and try again. Often two or three 
passes, sometimes more, are made before either a load 
of loose material is obtained or the position of the rock 
defined so that it can be picked up. 

Tables 3, 4, and 5 show the effect of the character of 
the material on the time required for filling the dipper. 
The tables do not all show the quantities moved per 
dipper load; but, in general, fast operation in good ma- 
terial is accompanied by large dipper loads. The size 
of the dipper load decreases with an increase in the diffi- 
culty of loading, and this decrease is at a somewhat 
faster rate than is indicated by the time factor. 

Materrtat Too Harp to Dic READILY WirHoutr BLASTING. 

TABLE 2.—Average size of dipper load under various conditions 

area Aver- 
ate F age 

: Dipper] ,* 
Type of | capac- Character of material lens load shovel | ity of handled| P& 

dipper SOO dine 
per 

Cubic Cubic 
yards | Number| yard 

Steam ___| 34) Light moist clay, free from roots and stones_._____ 147 | 0.39 
Doz A eae Oe eters Sonate ee eee eet eae Oo 223 - 51 
Doles VAGe ae (LO Weer a Se = oe ee RA en ee 170 . 50 
Doz 34| Light moist clay, with some shale___-______________ 148 . 44 
Die 34 Loamy clay, with 25 percent loose rock------------ 50 . 48 
oa Ae II NRE NRE CSV 156 | .40 
Domes SA iMSan CCl ayes Seas eee Ree eee eS oe cae 82 . 60 
Does Ye 66 (ope pee ee ae ee ee oa ee 150 . 62 
Doe Ah lbopnaayy Kameeiol Genie ie = Saye eS = alps 85 . 58 
Dore Sl ILORILLVaLO SANG Va C Lay sae5 see ete oe eee ae 141 Tod 
Do__- 34g ORNL it) CLA Vioseseseu sass se FES Te ee Re ae 157 . 38 
Domes A pres (6 [s Dee So ee re ae ne eee pean ae OL eee 72 . 53 
Dose 34| Gneiss-granite, poorly blasted__-_..-.._-.-_---_-.- 2, 960 33 
Do---| 34; Wet, sticky clay, with a few stumps-_-_.-_-_---- ea LAs . 67 
Dore $7) Moist.to: wetsand-claysee— sean ae een eee eee ane 1, 825 . 80 
Dota 34 pancsione: welliblasted sos sn ssse ees cease soe 632 35 
Doze Bf aerate OS eee Bee ee ae Nee ee a ne ee Sap oe cs 2, 599 - 43 
Dor 34 Moist clay, with a few small surface boulders - - --- 794 . 65 
ID foys- 2 S4IEVOrYi Wel: CLA Ys 2c tre. eae ae ae ee rao es asso eae 990 . 59 
Dox 34| Wet clay, sat Suiallis pumps sesoees Sone ees 210 . 48 
Doz 34| Sandy gravel, with some hard chunks of shale_-___| 4, 099 -41 
Does CA aD TV MORIN C ays see ee ee ee ee ee oe 309 Pos 
Doz=-! | a GOS as a 52 oe BERS Ee eae aes pl eect aan ee, o 71 41 
Does | Granite-gneiss, poorly blasted_._......--.._------ 3, 340 . 40 

Gases 34| Loamy clay, moist, with a few roots___..______-_.- 583 .61 
Dore Lag SAT OShONON DIASTOC sce: neereen ee es ee ee go 3, 448 . 53 
Dome 144! Dry clay, with a few boulders_-___--......_.--___- 2, 892 ~ 63 
Dore 144| Dry clay, with surface boulders_--.-------_----__. 996 . 64 
Doze 114) 70 percent large boulders and 30 percent dry clay_- 667 aby, 
Doses 1%) 10 percent dry clay, 20 percent loose rock, 70 percent | 4, 384 . 63 

solid rock, blasted. 
Doses 14) Wet sticky clay, with a few surface boulders----_- 2, 396 wy; 
Dore 1% sealers dry clay, with 80 percent sandstone, well 784 . 60 

asted. 
Steam ___ 34, Sandy clay and clay loam, with some stone_-_-_-_-__- 3, 504 . 44 
Gaseeees 34| 80 percent sandstone, poorly blasted, with 20 per- 788 . 46 

cent clay. 
Dos Vie oea ig MarR ere ee SPS Wn. to re 2 Soc 6,646 | .46 
Doz 144| Mostly earth, with about 25 percent fair to poorly | 10, 254 . 88 

blasted granite. 
Do- 1144; About 75 percent in poorly blasted granite --_-_-___- 4, 485 61 
Dou 14) Mostly shallow earth cuts with many boulders, 8, 778 . 68 

some poorly blasted rock 
Doz= 14 Moeey poorly blasted rock and shale_.-_---------- 39, 600 . 62 
Doze (OO ee L0G me oy aA oe Os Se ee ee seg 29, 860 . 70 
{BYee = 1% way. well blasted rock and shale___.--.---------- 53,740} .85 
Dou (WA os 1G ee nan a AES Sl aa 88,600 | .74 
Doers 14%) Deep cuts of well blasted shale and sandstone 78, 300 . 80 
Doz 154 see. (ONO = gS A ne SS i ne ee Cy ea 58, 000 . 87 
Doss LEGS CLOOd COMM Olas ean fan ea, betes 9, 110 . 88 
Dos 14%} Good common, fairly deep cuts_---------~-------- 14, 800 . 99 
Doz== 1 Se) en ee ae ee 18, 060 1.00 
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Larce Bovutpers ArE Harp on EQUIPMENT AND DECREASE 
THE Rate or Propuction. Tury SHouLD BE REDUCED 
BY BLASTING. 

Figures 1 to 7 show graphically the number of dipper 
loadings performed in different time intervals on dif- 
ferent jobs. 

TABLE 3.—Effect of character of material on time required to load 
and dump dipper 

Time . 
Time 

Character of material BN pe Pats - load 

dipper Heke 

Number) Seconds |Seconds 
Loeamiand light clays- 225-2. aan ae eet eee eee 722 1.0 4.2 

ID Ose actet oles ed se ae eee oe ee ee 351 15 5.4 
oamy clayand soit;shalesa-o= eens a ee eee 254 1.9 5.4 
BOL SUAIOgs sae ta Se ne ee ea te oe 399 4,2 6.5 
Sandy clay-.2- 422 = 2s sees 4 ae ae ee ee 249 3.0 7.4 
Midist olay: = 38s. 2230s. 2 5: ea eee ee ee ee 96 2.4 8.0 
Light clay, wet ana) oui yo ee ee eee 173 4.6 8.1 
Clay.and: surface losin se sae oe ee ne ee ee eer 692 1.9 8.4 
Sandyiclay; moist to Wels 4. -- ee ee ee 349 4,8 8.8 
Well blasted sandstone with 20 percent light clay_____---- 229 1.8 9.3 
Olay: with adew. bowld eres. eae ee a cee ee 448 2.1 10.0 
Heavy clay, wet and Pui y = oe eee en ee ee 271 5.3 10. 4 
Clay with some surface boulders_..----._____-__-____----- 2, 892 | 133 10.5 
Loam with loose rock and loose shale_______-___-------_---- 369 2.8 10. 5 

DOS a eee ee oe it oe co ene ete 288 2.4 11.8 
Glay-ptavel .2o5-snce sae ee eee eee ee ee 506 Lenzi 11.8 
Fleas: Glanynw 6b;a Cl Stl Ckiyee sane ae ee ee ee 83 6.0 12.0 
Seventy-five percent loose shale with 25 percent clay_____- 579 3.2 12.4 
Heavy clay with afew Douldersies-s-2- 95 222 nee 101 2.0 1205 
IWiet clay swith Some: SUUTINi See see ee ne 105 3.2 12.8 
osm with 30spercentloosenockes ses aaa = oan 148 2.1 13.5 
Rock, well blasted_._..------_-- ee et ie oye Sas SR ge EEE 183 She 13.9 

DO Fo ohh ee ee ee ee eee 560 4.2 LG 
Hard shale, well blasted 1, 434 2.6 16.4 
Geiss) "poorly: blasted -=.25-5 54 ae. pee ee eee 550 10.7 18.5 
Fifty percent loose rock with 50 percent unblasted shale 

LOCK..2. o Se see re ee ee ee eee 388"||-c ee 28.0 

CONDITIONS JUSTIFYING MORE THAN ONE PASS OF DIPPER 

ANALYZED 

In general, operating speed should not be obtained 
at the sacrifice of size of dipper load. To sacrifice, say, 
10 percent of the dipper load to increase the number of 
dippers by 10 percent results in a loss of amount of 
material dug and it frequently results, also, in smaller 
loads for the hauling units. The value of making 
additional passes to obtain a larger dipper load is 
dependent on the amount of material which such passes 
will add to the dipper load and the speed at which the 
shovel is operating. If a %-yard shovel is operating in 
fairly good common excavation in which the average 
dipper “load is 0.5 cubic yard of material as measured 
in place, and the average oper ating cycle is 20 seconds, 
then production is at an average rate of 0.025 cubic 

yard per second. If a second pass to fill an occasional 
dipper is to be profitable, it must increase the dipper 
load at least at this rate, during time required to make 
the extra pass. If 6 seconds are required to make an 

TasLe 4.—EHffect of material on time required to load a %4-yard 
dipper as indicated by one-hour stop-watch studies with same 
operator throughout on each shovel 

SHOVEL NO. 1 

| Time to : 
Kind and character of material | load Helene 

le dippers | mesons 

Seconds Feet 
Light sandy loam, free from roots and stones_____-__--_---_---- 3.3 | 10.0 

[bP eA Me bec R a Poca Po Yc 3.3 | (PKS) 
Loamy clay, free from roots anid Stones amen en ae 4.5 6.5 

DO gc sete ee kD eee ee ee 4.7 6.0 
AD Yo ye eee Up aperse  os en a ee Pn See ae ad 4.8 10.0 

Light clay and loam top soil, no roots or stones_____-___-_____- 4.9 2.0 
Light clay with small amount of soft shale_____________._______; 5.0 Sal 
H O65 0 6 ae te Se ee ee ee ee ee ee ee ent 5.3 5.0 
Light clay, free from roots and stones_...-.-----_----------__--| 5.6 10.0 
Light clay with small amount of shale__-__-__--__.--.-_______- Dat 10.0 

Dogs ss2eet ses aes, Bee See eee ee =. 5.8 4.0 
Light clay with increasing amount of shale__.__-_----_________ 5.9 7.0 
Ihoamiyzclaya. will SOUG LOOLSS tesa =— sees ee ee ene ees 6.0 6.5 
Ordinary clay, free from roots and stones_-_-._----------------_-| 6. 2 4.5 
Toamy Clay 22 ee ee ee ee eee 6.5 0, 3-1. 5 
Hight clayzan disoft ciales==sss ace eee ae eee ee ee Bae) 6.6 8.0 
Loamy clay with loose rock in old roadbed_____-------_--______ 8.2 2.0 
Clay with s0ipercent, 1 o0Sse/sihaleme sae ee 10.7 6.5 
Hard clay with loose rock in old roadbed -__-__-------_---_--___- 15.9 | 0. 25-2.5 
Hardiclayawit bul OOSO: 0 kes eet er 16.3 2.0 

SHOVEL NO. 2 

ight loamy: clay, 20 SsuOnes OFT 00 lSasaee ase | es | ae 
ee SS EOE SE ee a SS | 5. : 

Lighticlay, AreewrOmlStOMeS OL LOOUSe se =a a= ee eee 6.7 4.0 
Light clay, practically free from roots and stones___--_--_--_-_-- 6.0 3.5 
Light clay with old hard roadbed on one side_---------------_-| 6.7 6.0 

DO 24 2S Set ee ee ae eee ee ee 6.9 4.0 
Light toumedium): clayeeseeseo aa ee re ee re Bs Zaks 4.5 
Olay ‘amid SOfLG'S AG Saas = ee eee ee _| 8.2 2.0 
Light clay with small amount of rock, side hill eut___-_-______- 9. 2 0-4. 0 
Clay and softishale-. 22 3-222 soe Se we ee 9.4 7.0 
Sandstone, soft enough to crumble in hand--_---------_----__-- | 11.0 11.0 

TasBLe 5.—Effect of material on average tame required to load 
dipper. Number of 1-hour studies during which the dipper was 
loaded from the class of material indicated in the tume shown in 
the first column 

EH By of Bat 72 ee \, Se | i) 

ae al oe nl Sune So |H#Oods/oH | wy 
SEvaigA |e ~ 5 at ly ce 3) cece. |g laze | © (8.7188 | 8 aseioS jal |$q | o |sS5als4 | * 

4 Et os be SOS Hine ONS eI is} oe — s Bs 3|aD eo) 

Sesle8 [SS (BE | 2 eee |S 
Average time to load dipper aS ff a AS Sate Tre tote bea 2s 

Slo B Oy, P| mo S -A\o'S Q (seconds) 2ABolhro Pola s S |g 2S) 4 a 
Secll— lgaglos SSalae |p 
Fags |Epsisss| & Bsciss |e 
SoS/Pe Aga/g8°| 2 la ggianal & 
raf ae (= preva [es (ce t= eat eo Us | 80.3 
Bis Sida seo Oe & 4 BU albe y > 
SHES SSS SESS] SO ISRSISER| & 
Se ay ee Pb ely |d > 

9 LOA sages ae Sao ohne ee 5 [eee ae fae RN PS Sel (oe 2 
4:00) Be Sas See oe Oe eee ee in (eee ets (ee eee ee Ben ere Sc 
DtOsG 2. es ee See ee eee 20 Wee SPR |)? Ae betes eo en eee 
aro hy Geant ere MOSS EES eS LON ee 20 eee 6). 2 
CON B =e Seige a ne ee ee 12 30) |e 23 | > | eee eee 
8 10/0 3 ae ee ee ee ees 5 11 12 20 Saccee| Ses 
9 01.0 eee Ss eee Se ee Semmes | eee ree es 13 16 Ce een eee alka oes 
LO Or See se oe ee ee eee een ea 26 16 pg ee Ee ee 1 oe 
18 ie + ne a Pn Serra te ney nae wah ey ao) | eS ee apa a 21 4) eee 
L2' tO: Nos See es se ee ee |S et eee ewer os iil 9 ‘<, |Seaee ee 
IG ia OM We ee ae ee os Se A oe Se OE ee iti 5 14 Balls meee 
BN EO) SL Bs ee rece ee | ee | Bes oe 9 11 Pe ee 
15: tO 16s" oe Sees ere ee ee ee 3 4 aU Pepe 
LOCOS ee eee es ee re ee | eee ee 2 if bins 
L740 1S aes ee ae ee me omy || NG, (aed ij ates ees 10; | ee 1 
18:0 LOT eee Pee ek oe ee eee ae ee ee, Coe ae i. 4M cue 

10/0: 20. Pe Ae eos ane amc se ae IG oe ee le | Loe eee 3 
200 222 2 ee ee ee ee elle ae ee oF re eee Bey st 1 2 9 
22. 60) 24 See ee ee es S| eee ee 3 

DEON 26 oe ee ee | ee | Sear vf 
26 to 28_ Bee ret = ee et ge age | Se a a Poe RS 23), 22 to 4 
28:60:80: 228 345 ete Sh ea ee a a ee ee ee ee ee ie 1 
SOTO B ee ree eee aes Seen Mee |e ete 5 See Ee ee ee = 
35 TOO: aescenee aoe Pee ee ee |e ee ee A phy a we ~ 23 2 

Average time of loading 
In SeCcondsaasee= eee se 6.5] 6.7] 89)]109) 9.9] 15.8 ]17.4] 23.9 
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extra pass it is not warranted unless 0.15 cubic yard 
can be added to the load. 

The less the time of loading the dipper as compared 
with the time of the entire cycle, the greater is the 
importance of obtaining a full dipper. Consequently, 
it Is more important to. try for a full dipper when the 
swing is long than when it is short. 

The relation between size of dipper load, length of 
shovel cycle, and time required to make an additional 
pass with the dipper may be shown as follows: 

Let 

C=shovel cycle, in seconds, when only one pass 
is made with dipper. 

W=dipper load, in cubic yards, when only one 
pass is made with dipper. 

@= percentage by which dipper load is increased 
by each additional pass of the dipper. 

P=time, in seconds, required for making each 
additional pass with dipper. 

Then 
W_ rate of production when using only 
‘Cone pass of the dipper. 

W+XQW _rate of production when using AG 

and Ga AL passes. 

W+xow Ww increase in the rate of operation 
<5-——= over that of using only one 

CS Od at ee! pass. 

So long as CQ is greater than P, additional passes of 
the dipper will result in increased production. 

For example, an operator working on a 20-second 
cycle occasionally finds that the 14-yard dipper, with 
which he usually obtains 0.9 cubic Sard per dipper load, 
is only about two-thirds filled by tlie first pass. He has 
found that it requires 6 seconds to make each additional 
pass. Would it pay to make one or more additional 
passes to obtain the usual dipper load of 0.9 cubic yard? 
The solution is as follows: 

The load in the dipper from one pass is 0.6 cubic 
yard. To obtain 0.9 cubic yard an increase of 50 
percent is necessary, and 20%0.50=10 seconds. 
Since each pass can be made in 6 seconds, a distinct 
gain will be registered if the dipper can be filled to 
normal in one additional pass, but a loss will result if 
two passes are used to obtain the normal load. Since 
the cycle is 20 seconds, and the time required to make 
the additional pass is 6 seconds, the additional pass 
will be justified if a partial load can be increased by 
69, or 30 percent. 

If the normal cycle were 25 seconds, then even two 
additional passes at 6 seconds each to obtain the normal 
load would register a definite gain. Additional passes 
would be advantageous so long as each pass increased 
the part-load by 24 percent. This discussion also 
demonstrates the greater importance of securing a full 
dipper load when the swing is long, as the longer the 
swing the longer the operating cycle. ‘Table 6 shows 
readings of the time required to make additional passes 
and the extent to which such extra passes may be 
expected to increase the average loading time for the 
dipper. 

Several instances have been observed in which con- 
tractors in an effort to increase the yardage per « dipper 
load have replaced regular %-yard dippers with 14-yard 
dippers. This proved a decided handicap to produc: 
tion, except in extremely soft and easy digging, as 
the power of the shovel was insufficient to force the 
large dipper through the material at normal loading 

speed. In addition to decreased normal production, 
time losses due to breakage and repairs were high. A 
dipper larger than that for which the shovel was 
designed is not recommended. 

TaBLeE 6.—Effect of multiple passes on time of loading dipper 

TIME REQUIRED IN MAKING MULTIPLE PASSES IN LOADING A 
MOIST TO WET GRAVELLY CLAY 

Number Average 
Number of passes of obser- | “me = 

vations dipper 
; load 

Seconds 
1 Ee ee REC oa SN Oe WEP le ge eS lL, cos dee 
Reape ai is Ste OE Sn STS an Bp Nes et ey NS a oe ee ee 298 14.1 

ee eee mn ees ee ee Tate eee one Be fe. 82 ol. 2 

a. i AB acres» ee ee Ae eee ae ces | 32 27.6 

Total and average__-___._______ ee eee a 1, 744 9. 4 

NUMBER OF PASSES REQUIRED WHEN WORKINGIN FAIR TO GOOD 
COMMON EXCAVATION. MOSTLY SHALLOW CUTS. %-YARD 
SHOVEL IN GOOD CONDITION 

Percent- 
Time age of 

required | dipper 
to load | loads se- 
dipper | cured in 

this way 

Number of passes 

Seconds | Percent 
S28 See e+ BS Ses Sa er ae ee = es er 2 6.4 61.4 
APR Ae 2G. nae ee See ae a ; ears 13.0 20.0 

pes Ot Se SS eee : eek 2 18.9 i Bs fea 
RE RS ee ee Se ae se hah BAD = 25. 4 3.8 

Ie ee) EC oy OE ey Pe ea ee eee et 31.2 0 

a 2 = 38. 0 Ol amr Whe ean ei eh 

t 

It has been pointed out that the time required to 
load the dipper often varies considerably from the 
average. ‘The manner of this variation and its extent 
are shown in figures 1 to 7 and in various tables. 
Each of the graphs shown covers a considerable num- 
ber of observations and shows the number of times 
the dipper was loaded in any given number of seconds. 
It is clear that a few of the loading times took very 
much longer than the others and that the effect was 
to increase the average loading time materially. 

Figure 1 is based on a job in earth and well-blasted 
shale where the shovel performance was excellent. <A 
comparatively large number of dipper loads required 
only 4 seconds each. The average loading time was 
5.5 seconds, and there were only a few dipper loads 
which required much time, none over 11 seconds—an 
indication that a good, consistent operator was handling 
the shovel. 

Figures 1 and 6 show results obtained on jobs with 
good, consistent operation. Figure 5 shows time of 
loading dipper in tough and somewhat sticky clay in 
which it was hard to pick up a full load. In about 
50 percent of the observations on this job, one pass of 
the dipper was made in an average of less than 7 
seconds. In the remaining cases, 2 or 3, or even 4, 
passes were made to fill the dipper to the satisfaction 
of the shovel runner. Occasionally the time of filling 
the dipper was as much as a full minute. ‘The average 
time of filling the dipper on this job was 12.2 seconds. 

Figure 7 illustrates the loading time of a rather 
indifferent operator. Although working in light loam 
soil, his average loading time was 16.5 seconds, more 
than double what it should have been. 

INSUFFICIENT BLASTING FOUND ON MANY PROJECTS 

There is a rather general tendency among grading 
contractors to do too little blasting, as well as to shght 
the clearing and grubbing. Poor blasting usually 



59 PUBLIC ROADS Vol. 15, No. 6 

IMPROPER SPACING AND LOAD— 
ING oF DRILL HoLuss 
RESULTED IN MATERIAL 
Harp To Loap. 

Same Rock LrepGeE As ABOVE, 
WELL BROKEN BY PROPER 
BLASTING. 

APPEARANCE OF GROUND 
AFTER A SATISFACTORY 
Buast. MarerraL WELL 
BrRokEN But Not Scat- 
TERED. 
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234567 8 310 Il 12 13 4 15 16 I7 18 19 2021-2223 24 25 26 27 28 29 30 31 32 

TIME LOADING DIPPER - SECONDS 

FicgurE 6.—DiIacramM SHOWING PERCENTAGE OF LOADING 
OPERATIONS PERFORMED IN VARIOUS TIME INTERVALS. 
BasEep on 1,322 Loapinas (15 WERE OVER 32 SECONDS) OF A 
14%-Yarp DippER WorRKING IN 1% To 5 FEET oF CLay AND 
Loam witH A Few Boutprrs. AVERAGE TIME, 9.67 SECONDS. 

O-nNWFUDRNAWO 
LOADINGS OBSERVED-PER CENT 

TIME LOADING DIPPER ~ SECONDS 

FicgurRE 7.—D1I1AGRAM SHOWING PERCENTAGE OF LOADING 
OPERATIONS PERFORMED IN VARIOUS TIME INTERVALS. 
BasED ON 763 Loapineas (21 WERE OvER 32 SECONDS) OF A 
34-YARD DipPpER WORKING IN 1 To 4% Fret or Licut Loam. 
AVERAGE Time, 16.5 SECONDS. 

means the presence of large rocks and also very fre- 
quently some tight or even unbroken ground. Large 
rocks, tight er ound, large roots and stumps can be han- 
dled only with difficulty and at aslow rate. Further 
delays are often imposed on the shovel while large rocks 
are being ‘‘bulldozed”’ or while unbroken ground is 
being reblasted. 
When blasting has been so thorough that the largest 

dimensions of the larger pieces do not exceed one-half 
of the smallest inside dimension of the dipper, the rate 
of operation can be practically the same as in good to 
fair common earth. The increase in the amount of 
material moved per dipper load with improved blasting 
is striking, especially with the smaller shovels. In 
poorly blasted rock, the average dipper load for a %-yard 
shovel is not likely to exceed 0.3 cubic yard and may 
readily be as low as 0.25 cubic yard, while in well-blasted 
rock the same shovel will generally average about 0.45 
cubic yard per dipper load, or about 50 percent more 
material than in poorly blasted materials. 

In poorly blasted material there is not only a large 
reduction in the amount of material handled by each 
dipper load but there is also a decided decrease in the 
rate at which the shovel can be operated. Poor blast- 
ing, consequently, is a serious handicap to production. 
Table 12 illustrates the increase in production which 
can sometimes be obtained by comparatively light blast- 
ing. In this case the material was hard caliche which 
the 1-yard shovel could move at the rate of only 64 
cubic yards per hour before it was blasted. After 
blasting, the same shovel moved the material at the 
rate of 151 cubic yards an hour. The net gain to the 
contractor after paying the cost of drilling and blasting 
was about 7% cents per cubic yard in addition to the 
saving in wear and tear on his shovel. 

It will generally pay to blast material which is too 
hard to dig readily with the shovel. In hard rock 
thorough blasting is a prerequisite to efficient shovel 
operation. Examples of the effect of poor blasting 
on production rates are given in tables 5, 11, and 12.! 

BEST POSITION FOR SHOVEL DEPENDS ON HEIGHT OF CUT 

The position of the shovel with reference to the face 
of cut is often responsible for the repeated passes some 
shovel operators make to fill the dipper. Aside from 
the swing, the dipper is actuated by two separate and 
distinct motions: One, known as the “‘hoist”’, tends to 
raise the dipper in a vertical circle about the point of 
intersection of the boom and the dipper stick, while the 
other, known as the ‘‘crowd’’, controls the radius of the 
arc in which the “hoist’? moves the dipper. The 
“crowd” is used to force the dipper against the face of 
the cut, and on the swing to spot the dipper correctly 
over the hauling unit. When the dipper stick is vertical, 
the combined motion of the ‘‘crowd”’ and the ‘“‘hoist”’ 
can drive the cutting edge of the dipper almost straight 
forward several feet. When the dipper stick is hori- 
zontal, the ‘‘crowd”’ holds the cutting edge of the dipper 
hard into the bank. 
When loading a dipper in a bank less than 2 feet high, 

a direct forward thrust of the cutting edge into the bank 
is required. While on a bank 6 or more feet high the 
loading is generally best done by a longer swinging 
motion in which a slice is cut from the bank. For some 
reason it appears to be difficult to find operators who 
work equally well in both shallow and deep cuts. The 
shovel should stand close to a low bank with the boom 
somewhat lower than normal and must be moved for- 
ward frequently. This is because the forward thrust 
of the dipper resulting from the proper combination of 
‘hoist’? and the ‘‘crowd”’ only reaches a relatively 
short distance. Most of the cutting from a high bank 
is best done after the dipper has beoun to turn upward 
in its swing. This requires the shovel to stand some- 
what back from the bank with the boom relativ ely high. 
The superintendent who will drill his shovel operators 
in the proper placing of the shovel for effective dipper- 
loading should find the results gratifying. 

If there is any considerable amount of shallow cut- 
ting, the contractor may well consider the advisability 
of using some other method than operation of a power 
shovel to move that portion of the work. Various 
kinds of scrapers, and in very rough country even 
bulldozers, are frequently used to good advantage in 
conjunction with the shovel, first, to move short-haul 
material and make shallow cuts, and, second, to help 
the blade grader trim the cuts to exact grade after the 
shovel has passed through. 

MOVING SHOVEL CONSUMES MUCH TIME 

The time spent in moving the shovel forward within 
a cut varies somewhat inversely as the depth of the cut. 
In shallow cuts careful attention must be given to the 
time required to make each forward move of the shovel. 
Table 7 gives a few observations of the time required 
for individual moves of two 14-yard shovels working 
in earth and in well-blasted shale and schist. It will be 
noted that the time required for each move varies con- 
siderably under different conditions. The average 
time required to move the shovel which was in good con- 
dition was only half of that required to move the shovel 
in poor condition. 

1 For more definite data on this question the reader is referred to Some Studies of 
Drilling and Blasting in Highway Grading, published in PusBLic Roaps, February 
1932. 
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Taste 7.—Length of time, in seconds, required to move shovel 
forward in cut 

114-YARD SHOVEL, IN GOOD CONDITION, WORKING IN COMMON 
EXCAVATION 

Seconds | Seconds | Seconds Seconds |} Seconds | Seconds | Seconds | Seconds 

| 24 22 10 13 11 12 14 12 
| 12 10 ll 10 14 33 13 12 

ll 11 15 31 11 10 12 14 
12 12 16 24 15 10 10 13 
12 10 20 13 10 22 35 14 

| 15 11 ll 12 ll 11 25 14 
ez 12 18 9 11 14 11 16 

9 10 104 Fi) 11 27 28 10 11 
2 17 130 Meee 41 15 12 14 

| 

Average time per move, 14.8 seconds. 

14-YARD SHOVEL, IN POOR CONDITION, WORKING IN 
BLASTED SHALE AND EARTH 

Sec- | Sec- | Sec- | Sec- | Sec- Sec- | Sec- | Sec- | Sec- | Sec- 
onds | onds | onds |} onds | onds || onds | onds | onds | onds | onds 

85 27 28 28 15 34 35 40 26 32 
46 28 22 10 21 41 48 26 33 26 
33 28 39 38 Bil 41 44 21 26 30 
50 22 23 35 14 30 45 40 20 27 
37 23 35 51 16 34 31 45 34 31 
41 32 26 54 ily? 26 31 82 45 16 
42 20 30 31 40 13 23 54 Gilt 23 
36 25 29 28 58 34 61 81 25 28 

Average time per move, 33.2 seconds. 

TABLE 8.— 
cuts of different depths and on different jobs 

[Each entry is result of 1 or more hours of stop-watch study] 

Job no. 1 Job no. 2 Job no. 1 Job no. 2 

Work- Work- Work- Work- 
H ing time ing time ing time ing time 

con- con- con- con- 
Pept sumed mar sumed oe ‘sumed Depe sumed 

in mov- in mov- in mov- in mov- 
ing for- ing for- ing for- ing for- 
ward ward ward ward 

Feet |Percent| Feet |Percent|| Feet | Percent) Feet | Percent 
14 2.0 12 ee 6 3.9 6 15.9 
12 4.0 10 1.2 5 3.4 6 16.2 
11 1,3 10 ey, 3 212.8 4 4.0 
10 ie 8 oo 21 6.8 2 8.3 
9 3.8 if 3.1 2 SUS Sa deeres| see eeeee 
8 2.0 6 2.4 1 LOLS Gye eee |e 
ie Pani 6 4.0 

{Each entry is average time consumed throughout job] 

TaBLe 9.—Working time lost by shovel in moving within cuts, 
because of shortage of hauling equipment, and total from all 

WELL 

Time consumed in moving 14-yard shovels forward in 

On jobs On jobs On jobs On jobs 
mainly in- | mainly in- || mainly in- | mainly in- 
volving volving volving volving 
deep cuts |shallow cuts|| deep cuts |shallow cuts 

Percent Percent Percent Percent 
36.0 10.0 3.3 7.0 
3 5,2 9.9 3.4 6.1 
35.4 8.4 Peal 4.3 
4.8 8.4 in 3.9 
Bag UP | 

| | 

| Shovel operating in a cut composed mostly of fine, dry sand. 
2 Slippery clay, difficult moving. 
’ Mostly rock work and many steep grades. 

The moving time is affected by grade, soft or rough 
ground, condition of the moving mechanism, and 
ability of the operator. This is brought out more fully 
in tables 8 and 9. In general, the modern crawler- 
type shovel in good condition can be moved forward in 
about 15 seconds. HH, under ordinary operating con- 
ditions, the average time required per move is more 
than 30 seconds, either the operator is unduly slow or 
the mechanism is in need of attention. The larger the 
shovel and the higher the rate of production, the more 
time will be required to move the shovel forward. 

causes 
[Each line represents a different job] 

Total minor Total minor 
Moving Soe time losses Moving penises ae losses 
yithi rit : rom a within cuts equipment fore within cuts equipment ee he 

Percent Percent Percent Percent Percent Percent 
9.9 9.8 54. 6 Dod 3.2 Bode 1 
9.2 12.3 50.8 5. 5 5.3 30.9 
5.8 2.4 45.8 4.9 0.6 27.8 
13 18.3 43.0 5.0 6.3 25.0 
4.1 ee 42.5 | 2.9 1.5 22.8 
4.6 8.5 42.2 Ouel 11.4 2208 
6.6 10.4 39.0 7.3 3.9 22.7 
3.4 4.7 35.0 0.9 3.4 19.0 
204; 16.7 34. 6 1.8 3.8 18.8 
5.0 6.3 33. 9 3.1 peal 17.4 
3.5 2.0 Boel 

The movement of the shovel within the cut to keep 
within easy reach of the face is a check on production 
which cannot be removed entirely. The best that can 
be done is to train the operator to make the moves as 
expeditiously as possible. In deep cuts the time re- 
quired is small—sometimes little more than 1 percent 
(table 8). In shallow cuts the proportion mounts 
rapidly and cases where from 8 to 10 percent of the 
total time is used in moving the shovel are not un- 
common, especially where the operator is slow or the 
mechanism in poor condition. 

Because of generally insufficient hauling equipment, 
it has become a more or less accepted practice to con- 
sider the time required for moving the shovel as of no 
importance, since it can usually be done while waiting 
for wagons or trucks. This may seem like a good way 
of neutralizing an inherent shortcoming of the shovel, 
but 1t is one which absorbs profits which might other- 
wise be had from the job. 
Moving shovel within the cuts consumes about 5 

percent of the actual working time (table 9) and forms 
about 15 percent of the total minor time loss. Table 
9 shows that the statement that moving the shovel is 
generally done while waiting for hauling equipment is 
not well founded. The 7 jobs with the highest wait- 
ing time for hauling units lost 6.1 percent of their 
working time in moving the shovel, while the 7 jobs 
with the lowest time loss from waiting for hauling units 
required 3.8 percent of the working time for moving 
the shovel. The 7 jobs having the highest moving time 
used 6.8 percent of the time, while the 7 lowest used 
3.4 percent. 

ANGLE OF SWING GREATLY AFFECTS RATE OF PRODUCTION 

When the dipper is loaded, the operator swings the 
shovel through the angle necessary to bring the dipper 
over the hauling unit, at the same time adjusting the 
height and reach of the dipper, dumps the load and 
returns the dipper for another load. Figures 8 to 
11 show the time required to swing and ‘return the 
dipper through various angles on four jobs. The time 
required to complete a swing and return movement 
does not depend entirely upon the angle through 
which the movement is made. Time is required for 
the operator to react and start the mechanism. The 
mechanism requires time to function, while still more 
time is required to accelerate, and at the end of the 
swing to decelerate, the large mass of the load and 
shovel. The time actually required to get a swing 
under way and later stopped varies with the operator, 
the load, type of shovel, and its mechanical condition. 
With some operators and under some conditions this 
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Figure 9.—INFLUENCE OF ANGLE OF SWING ON TIME OF SWING 
AND RETURN BASED ON 2,069 OPERATIONS OF A %4-YARD 
SHOVEL WORKING IN CLAYEY GRAVEL. AVERAGE RATE OF 
SwING, 37.5° PER SECOND. AVERAGE RATE OF RETURN, 46° 
PER SECOND. 

time may be as much as 8 or 4 seconds and is rarely 
less than 1 second. 

The return swing involves much the same process as 
the loaded swing, except that the dipper, instead of 
simply being stopped at the completion of the swing, 
must also be lowered into position for beginning a 
new cycle. It appears that some shovels with slow 
swing speed have quick starting and stopping, so 
that the time required for the swing and return, as 
shown in table 10, is often as short as, or shorter 
than, for the slow-speed types so long as the angle of 
swing is small. On longer swings, the higher speed 
types are considerably faster. 

Swine AND RETURN BASED ON 1,788 OPERATIONS OF A 34-Y ARD 
SHOVEL WORKING IN GRAVEL AND LoosrE AND BLASTED 
SHALE. AVERAGE RaTE OF SwING, 18° pER SECOND. AVER- 
AGE Ratr oF RETURN, 22° PER SECOND. 

10 

TIME = SECONDS 

fe) 30 60 30 120 (50 180 21.60 240 

ANGLE OF SWING - DEGREES 

Figure 11.—RELATION BETWEEN ANGLE OF SWING AND TIME 
or SwING AND REtTurRN. %-YARD SHOVEL IN Goop ConpirTION. 

TasLE 10.—Comparison of combined swing and return tame for 
various types of power shovels 

{Values are averages from a large number of field studies under actual operating 
conditions] 

Shovels 

Angle of swing 

No. 1 No. 2 No. 3 No. 4 

Seconds | Seconds | Seconds | Seconds 
8.2 8.0 8.2 5.7 

10. 4 9.0 9.9 8.4 
12.5 10. 0 11.5 11.2 
14.6 EO: 13. 2 13.9 
19.0 12.9 16.5 19.3 
23. 4 14.9 19.8 24.8 
25. 5 15.9 21.5 27.5 



PUBLIC] RUAD > Vol. 15, No. 6 

EXAMPLES oF Correct ‘‘SporrinG’’? or Trucks FoR LOADING WITH SHORT SWING OF SHOVEL. 

The portion of the swing and return time required 
for the operator to actuate the controls and for the 
machine to accelerate and decelerate is designated as 
“lac.” It is difficult to separate the “lag” into 
personal and mechanical components but the studies 
show that the personal time element is sufficiently 
large to warrant careful consideration because of its 
effect on the rate of production. For a good operator 
the reaction lags are small—generally not more than 
1 second. For a slow operator they may run 2 seconds 
or eyen more. The difference of 1 or 2 seconds seems 
a trifling matter, but an operator who takes 18 seconds 
where only 15 are necessary, reduces the rate of pro- 
duction almost 17 percent. To change an operator 
making a load every 18 seconds for a man who takes 
20 seconds reduces the rate of output about 10 per- 
cent. With efficient operation otherwise, this can 
easily reduce the value of the output from $20 to 
$25 a day—about twice the ordinary wage of a first- 
class operator. It never pays to hire cheap, poorly 
trained operators on any work requiring fast, uni- 
form, consistent operation, and nowhere in highway 
work is this more true than on power shovels. 

In good common excavation and under favorable 
conditions, a 90° swing (loading at the side of the 
shovel) can be performed in 15 seconds. An extension 
of the swing to 180° (loading back of the shovel) ordi- 
narily increases the cycle by from 4 to 8 seconds, de- 
pending on the type of shovel used and the skill of the 

operator. As a general average it may be said that 
loading behind the shovel instead of at the side extends 
a 15-second cycle to at least 20 seconds and thereby 
reduces the attainable rate of output 25 percent. There 
is, of course, much work where loading at the side of 
the shovel is impossible. However, there are many 
more situations where side loading is practicable but is 
not employed. 

Extending the average swing to 270° is the worst pos- 
sible practice, especially with a slow-swing shoyel. 
This extends a normal 15-second cycle to 25 seconds or 
more and correspondingly reduces the rate of output. 
Such operation may be caused by a cab arrangement 
that makes it hard for the operator to see out of one 
side. To avoid swinging the dipper over objects he 
cannot see clearly and thus running the risk of acci- 
dents, the longer swing is sometimes used. Poor vision 
also interferes with spotting the dipper exactly before 
dropping the load. Hauling units are usually placed 
for swings over the side or rear of the vehicles. This 
is important if rock is being handled. A good operator 
seldom drops any material, but a relatively small rock 
may seriously injure a man or an animal. ‘Every effort 
should be made to keep the average swing from exceed- 
ing 90°, and, in general, a swing of over 180° is the result 
of improper equipment or of faulty operating methods. 

Figures 12 and 13 show the average time used in 
loading, swinging, dumping, and returning the dipper 
on jobs where the swings ranged from 45° to 90°. 



-— 

August 1934 Paeriael Ce U4 DS 157 

48 47 —— 

47 46 at = a 3 | a = 

46 45 ' ‘ + ae Semana 1 4 =| 

45 44 ave : STE H a ee | | 

44 43 ; —— : — } = + 

43 42 | ‘ ea | Bo | | a! 

42 At + 4 Les eet | | ae 
4) 40 e i = =e ae see | 1 i tetned 

40 39 L we tL =) = + 
39 38 +4 ES a sr ee Aime = 4 

38 37 1 eee | - 

37 36 4 = ear IEEE ee 2 a 4 

36 ————— SS — a a ae 
35 34 | en ef : : : | [Peal Cae SWING = 

34 SWING 33 aa 1} i {4 >—== DUMP — 
33 —---— DUMP ——— Se ee ee ee RETURN 
32. rh  SCO'Ciéecrrewrcrwrn pot | a1 ———+ Si CS es ED x Rl ee — ——,— 

31 | jee reg meet ees Cormeen ese Pe = en et 4 4 
5 30 + G 29 Boos eG eee) es | : 2 = 

| oO | e » ! 

es + a 28 Si Re E L J 

thei ie 2 Mtl pes —|—- a 2 ee 
3 27 t ' 26 |—~—_,—_ has mee |S caer =a 

o 26 } + ] fa ope tee I _ 3 —+ 4 { | bs 

S 25 | a | ee ae |} NE AR Se Boe | 4 

26. | _ ost ae Bee Se ee a Ys 
we 23 iif = a | . | : | 

Wee p+ |i, — - 
w | | o | : : 
a 22 Fey ee | Sl eS ee ee ee ae 

Qi ps Soi ee eel ee a ot ae © 
eee oe = | <a cel 

lak < 19 | fetes ys “Saat faa = 
fo 19 - + ww 8 mit { $ = es s—- ———— 

m 18 rt ya ls 4 : | = * ames 5 

Say —— 6 as a == —+——— 
16 1S a HW ; re e 1 L | 

15 hi | ese q EC ae i | 
14 t i 3 t | z : ——+ a 

13 - + 12 Ai : + ee ee Sal 

i + 10 - 1 ut Ms Pt = 1 4 om = 

10 7 T | 7 i —\- at 
| : . 

x) 3 8 <— Vine = 

7 4 6 4 te H . = = 4 = 

S 1 4 4 |S 1 } . ae 4 

o ~+ 3 | 4 We _—_— i 

3 | 2 eA | ees ee 

\ | ye et ae le ee ee ee See Sos oe 

ie} oe 0 | 2 S 4 5 6 7 8 S) 10 i! 12. 13 14 

ie} 2 4 | | : TON GE A Ds eat i ts a Sa TIME OF OPERATION ~- SECONDS 
TIME OF OPERATION- SECONDS 

Figure 12.—PERCENTAGE OF OPERATIONS OF SWINGING, 
DumpPING, AND RETURNING PERFORMED IN VARIOUS TIME 
InTERVALS. BasEep on 1,058 Cycies or A %-YARD SHOVEL 
WorKING IN Sticky CLAY wiITH AN ANGLE OF SwING OF From 
45° ro 90°. AVERAGE TIME oF SwinG 4.42 SEconps. AVER- 
AGE TIME oF DumpINa, 4.31 SEconps. AVERAGE TIME OF 
Return, 4.86 SEconDs. 

Figure 14 shows similar averages for swings of 150° to 
180°. When the point of loading and the point of 
dumping are within the operator’s vision at the same 
time, he can keep his mind far enough ahead of his 
work to react quickly and plan his operations with 
confidence. As he digs his load he decides where he 
will dump and plans the manipulations necessary in the 
process. As he drops his load, he determines where he 
will get the next bite, and so on. The saving in time 
is small per load, but it is enough to make considerable 
difference in a day’s run. 

DUMPING THE DIPPER LOAD 

Dumping or discharging the dipper load requires great 
skill if done rapidly. The load must not be dropped 
from too great a height or the truck or wagon may be 
damaged. It must not be dropped too soon or too late 
or much of it will fall outside of the vehicle. If the load 
is composed of materials which dump freely, an ex- 
perienced shovel operator will drop it just as the swing 
ends and be ready to start the return as soon as the 
dipper comes to a stop. In such material the fast 
operator really takes no time to drop the load, the 
time consumed being only that needed to stop the dip- 

Figure 13.—PrERcENTAGE OF OPERATIONS OF SWINGING, 
DUMPING, AND RETURNING PERFORMED IN VARIOUS TIME 
INTERVALS. BasEep ON 1,322 Cycies or A 1%-YarD SHOVEL 
WORKING IN CLAY WITH SOME BOULDERS WITH AN ANGLE OF 
Swinc VaryINnG FROM 45° To 90°. AvERAGE TIME OF SWING, 
4.62 Seconps. AVERAGE TIME OF DuMpPING, 2.23 SECONDS. 
AVERAGE TIME OF ReEtuRN 5.49 SECONDS. 

per and then start it on the return swing. Ordinarily, 
this can be done in 1 second. Wet, sticky clay and other 
adhesive materials often require considerable shaking 
or jarring to force them out of the dipper. With such 
materials, the time required depends on the skill of the 
operator and the amount of shaking and jarring neces- 
sary to empty the dipper. 

For materials which clear the dipper freely, dumping 
time should not exceed an average of about 1 second. 
Sticky, adhesive materials and large rocks require much 
skill if average dumping time is to be held below 2 or 3 
seconds, especially when small-capacity hauling units 
are used. A slow, inexperienced operator may readily 
consume 2 or 3 times the normal average time per 
dipper load. Because of the time required to empty 
the dipper, daily production in very sticky or adhesive 
materials may be as low as that in poorly blasted rock. 

It is not unusual to find the dumping time in sticky 
materials running as high as 5 or 6 seconds regularly. 
In handling large rocks considerable care must be taken 
by the operator to prevent injury to the wagons or 
trucks. This naturally slows down the rate of opera- 
tion. Large chunks often hang to or wedge in the 
dipper and require manipulation before they are re- 
leased. Roots and stumps are often troublesome in 
this respect. 



ROADS Vol. 15, No. 6 158 MOM L ILE 

32 Ete pee 
3! 1 ] ] a be Ba 

I \ 
29 ‘ea 
28 tr 5 

ot UT SWING 
26 F i" Aa —— —- DUMP 
25 [ Hi Bria mil ease RETURN ; | A 

4S rt \ a ee a ES ee ES 
Sige Ta V3 B 
> 22 j 1 + : od = 
ive : % ie =f Oo 2i T ] a le | T === sah 

z 20 = + ¥ 2 ae eo + = 

7 {9 —t an 4 | 

2 18 | HE eee ae + el Eee 

= |7 ] + ! +—> iT + 

S 16 a hs 1 eee ae ai Des es 
x {5 eae: | = a 

if ies less 
a 14 i |. tos fit} . 

Z o—— leet lb ie 3 iP T 
=) le = A iH T 4 a | i 

e |! se BE a a ‘ me 
w | | f | ip ory Cae a es ; a 
S 9 : \| [% ee 

8 i ib zee 
7 +f } | | 4 + + j++ = at 
6 at | I\ | ic ie 

Pa le | IN . 
5 + a ; | eo . 

re ae : 1 t Ss | 
3 ee ie 7 oe as * 

aes | | | S 2 y—t < | 
; ee ee, \ 

0 Pex | | as Abo : 

0 | (4 3 4 5 6 if 8 9 10 ia 12 13 14 

TIME OF OPERATION- SECONDS 

FicurE 14.—PERCENTAGE OF OPERATIONS OF SWINGING, 
DuMPING, AND RETURNING PERFORMED IN VARIOUS TIME 
INTERVALS. BasED ON 658 CycLES or A %4-YARD SHOVEL 
WoRKING IN Sticky CLAY WITH AN ANGLE OF SWING OF 
FROM 150° To 180°. AvERAGE TIME oF SwINa, 6.23 SEconps. 
AVERAGE TIME OF DuMPING, 4.33 SEconDS. AVERAGE TIME 
or Return, 6.10 Seconps. 
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DUMPING TIME-SECONDS 
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Fiaure 15.—NuMBER oF DumPING OPERATIONS PERFORMED IN 
Various TIME INTERVALS IN DirFERENT KINDS oF MATERIAL. 
BasED ON 10,200 OBSERVATIONS ON 13 DirrERENT Joss. 

Tables 3, 11, and 12 show how average dumping time 
is affected by the kind and character of the materials. 
Figures 12, 13, and 14 also show the time used in empty- 
ing material from the dipper into the wagons or trucks 
under typical conditions. Figure 15 shows the average 
dumping time for a number of classes of material as 

CYCLES OBSERVED - PER CENT 

112 13 14 15 16 17 1819 20 21 22 2324 25 26 27 28 29 303) 32 3334 35 36 37 38 39 40 

TIME OF CYCLE - SECONDS 

Figure 16.—D1acram SHowinae PERCENTAGE OF SHOVEL 
CycLes PERFORMED IN VaRIous TIME INTERVALS. BASED 
ON 383 CompLEeTE CycLes (4 GREATER THAN 40 SEconps) 
OF A 34-YARD SHOVEL WoRKING IN AN 84%-Foot Cur or 
BLASTED SHALE AND Loapina TrucKS AT Sipg. AVERAGE 
TIME PER CycLE, 18.9 SEcoNDs. 
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Fieure 17.—Dr1acram SHowina PERCENTAGE OF SHOVEL 
CycLEs PERFORMED IN Various TIME INTERVALS. BASED 
on 204 CompLetE Cyciies (5 WERE Over 40 SEcoNDS 4ND 
Nor SHown) or a %-YaRD SHOVEL WORKING IN FROM 8 
IncHES To 2 Fert or LoaAMy Chay WITH AN ANGLE OF SWING 
OF FROM 45° To 90°. AVERAGE TIME PER CYCLE, 20 SECONDS. 
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Figure 18.—D1acraM SHowING PERCENTAGE OF SHOVEL 
CycLES PERFORMED IN Various TIME INTERVALS. BASED 
on 734 Complete Cycies (3 WERE Over 40 SEconDS AND 
Not SHown) or a 1-Yarp SHOVEL WorKING IN 2 TO 6 
Fret or Cuay With A Few Bounpers. Lenatu or Swina, 
45° To 90°. AvERAGE TIME PER CycLE, 20.3 SEcoNDs. 

found from the analysis of 10,200 readings on 13 dif- 
ferent jobs with various grades of operators and 6 
different makes of shovels. It will be noted that many 
of the operations were performed very rapidly in all but 
the most difficult materials. 

LOW PRODUCTION FREQUENTLY CAUSED BY INSUFFICIENT 

HAULING EQUIPMENT 

On the jobs studied an inadequate supply or poor 
operation of the hauling equipment, or both, caused the 
largest and most frequent time losses. 

If the highest possible production is to be obtained 
the hauling vehicles must be exchanged within the time 
required to handle 1 dipper load, or in about 15 to 18 



: 

August 1934 ERUBLIC ROADS 159 

CYCLES OBSERVED - PER CENT 
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Figure 19.—DIaAGRAM SHOWING PERCENTAGE OF SHOVEL 
CycLes PERFORMED IN VARIOUS TIME INTERVALS. BASED 
on 1,322 CompLerE Cycies (20 Wrrr Over 40 SEconps 
AND Not SHown) oF a 1%-Yarp SHOVEL WoRKING IN FRoM 
1 ro 6 Fret or Ciay witH A Frew BovuLpERS Wess A SWING 
oF From 45° To 90°. AVERAGE TIME PER CYCLE, 22 SECONDS. 

seconds in good common excavation. Operation of 
hauling equipment to meet this requirement is practical 
under ordinary field conditions, provided each vehicle 
can carry two or more dipper loads. Except under very 
unusual conditions, it has not beenfound possible to 
synchronize the operation of the hauling equipment for 
consistent maximum shovel production “if only one dip- 
perful is carried per load. 

The adequacy of the hauling equipment has a de- 
cided effect on production. The number of hauling 
units of any given kind required to maintain full shovel 
production varies more or less directly as the length of 
haul which generally fluctuates between rather wide 
limits and often at frequent but irregular intervals. 
The characteristics which affect the rate at which mate- 
rial can be dug by the shovel sometimes change also 
with unexpected. frequency. 

In practice, it is usually found inadvisable to attempt 
to maintain an exact balance between hauling equip- 
ment and the maximum possible rate of shovel produc- 
tion. In many instances a definite number of hauling 
units is maintained on the job until grading is com- 
pleted. On short hauls some of the equipment is idle 
or working at a slow rate, while on long hauls not enough 
equipment is available to keep the shovel working at 
full production. The question is one of determining 
what hauling equipment should be maintained on the 
job in order to complete the grading at the lowest pos- 
sible cost. This question will be discussed more fully 
in a following article. 

USE OF SHOVEL FOR FINE GRADING GENERALLY UNPROFITABLE 

Trimming to grade and dressing slopes were prolific 
causes of extending the time per dipper load. While 
more accurate trimming of slopes has been required 
in many States during recent years, the loss in shovel 
time from this cause does not seem to have changed 
greatly. This is probably due to greater use of special 
mechanical equipment or hand labor for these opera- 
tions. 

Using the shovel for fine trimming of slopes and 
grade ‘usually means practically stopping yardage 
production while these operations are being performed. 
From time to time during the day equipment worth 
$20,000 to $30,000, and especially adapted to function 
as a unit in the production of pay yardage, is diverted 
to performing a task for which it is but poorly adapted 
and to which only the shovel can contribute useful work. 

On the average job the hauling units and the equip- 
ment on the dump are entirely unproductive when the 
shovel is dressing or trimming slopes. Some con- 
tractors condone a certain amount of shortage in hauling 
equipment because the resulting delays impressed on 

'the shovel are used in trimming or dressing slopes. 
This may be good in theory but in practice it is found 
that slopes must be trimmed about as often when haul- 
ing units are on hand as when the shovel is waiting for 
hauling units. 

COMPLETE SHOVEL CYCLE DISCUSSED 

Under ordinary field conditions the fastest operation 
possible in good, common excavation with present 
shovels is in the neighbor hood of 15 seconds per dipper 
load when the swing is 90°. The importance of 
approaching this limit as closely as possible can hardly 
be overstated. A 15-second cycle, consistently main- 
tained, will yield the large output of 240 dipper loads 
an hour. To attain a 15-second cycle it 1s necessary 
to load the dipper regularly in about 5 seconds, to 
swing it over the wagon in about 4 seconds, to dump 
it in 1 to 1% seconds, and return it again to loading 
position in ‘4 to 5 seconds. Lengthening the cycle 
time to 20 seconds drops the output “to 180 dipper loads 
an hour—a reduction of 25 percent. If the cycle is 
lengthened to 25 seconds, the best the shovel can turn 
out is 144 dipper loads an hour, while if a 30-second 
cycle obtains the output cannot exceed 120 dipper loads. 

The difference between operation on a 15-second 
cycle and on a 20-second cycle is often a matter of a 
second or so in loading, a slight hesitation during the 
swing, with perhaps a bit of delay i in spotting over the 
wagon—delays which may not be noticed except with 
the aid of extended stop-watch readings. It is not 
surprising to find that slow operators are sometimes 
rated as fast because there is nothing definite with 
which to compare their work, and to find that fast 
operators are sometimes being discredited because job 
conditions or methods of job “management over which 
they have no control hold down the output. Examples 
of the full operating-cycle time where loading was at 
the side of the shovel are shown in figures 16 to 19. 

Tables 11 and 12 show in detail the average operating 
characteristics found under normal working conditions 
on 14 rather large, well-managed jobs. The effect of 
the character of the material on production is very 
marked. The production of similar shovels varies from 
an average of 38 cubic yards an hour in poorly blasted 
granite to 168 cubic yards in good earth. Not all but 
most of this difference in production was due to a 
difference in the material. Table 12 shows that the 
production in hard caliche was only 64 cubic yards per 
hour. When the caliche had been blasted, the same 
shovel produced 151 cubic yards an hour. 

MAJOR TIME LOSSES ANALYZED 

As the successive shovel operations are repeated 
over and over again throughout the day, it is clear 
that if a few seconds, or even fractions of a second, 
are regularly lost on any one operation, the total loss 
during the course of the day will be large. If an 
operator working consistently on a 20-second cycle 
slows up only just enough regularly to add 1 second 
to each of the major operations, the output will be 
cut from 3 to 2% dippers per minute. If the regular 
unhampered output is 50 loads per hour, and the 
drivers of the hauling units in getting into place to be 
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TaRLE 11.—Average rates of power-shovel operation as observed on typical jobs 

— | 
i 

Job Job Job Job 

Job Job Job Job Job no. 8, | no. 9, | no. 10 a 
no.1,] Job | 00.3) | po, 4,"| 2.5] no. 6, | JOB | well- | well- | well- | 9°, | Job | Soren’ 
earth | no. 2, | earth | fairly |, Weica| fairly | O44’ | blasted | blasted | blasted | fai; ¢¢ | 0-12, | with 12 
and | poorly | with | wey. [> oe well- see sand- | shale | shale | prq | 8004 | to 18 

| poorly |blasted| many |pjasted| TO°X | blasted »,| stone | and and earth | ; aste blasted earth inches | blasted granite | boul- Took and Roars aste Gina sande lsands ottrces 

rock ders earth shale | stone | stone : 

Size of shovel, cubic yards__----.------------- Sete tes AS 2 14 ad 14 114 1% ve Were 14% 1% vee 1% 1% 1% 14% 

Condition of shovel...._2.t 2. eee New { bet \ New | Fair { poGdut coach New | Good { ee \ Good | Good | Good | Good 

Shovel cycle: > = = 
Load, SecOndS: 2232! : Seabee nue eee ee eee ee ee 11.5 16.7 AO) 9.6 (av 8.5 7.9 7.5 7.0 7.4 8.3 5.6 9.0 

Swing. Seconds: . 226 eos ete ee ee ee 6.0 8.6 6.8 7.6 5.9 8.0 4.9 4.1 3.5 4.9 5.1 4.7 4.7 

Dump, Second$.2.2 22 ee ee eee 2. 0 Shh 1. 6 RY 1.6 aa ee Z 2 re = 5 ney rir ie 

Roturn, seconds .2222 5224 eae ee eee 6.6 9.1 7.3 8.2 6. 2 de : 4. . 3 - 6 5 

“ shov 7 ASE So es en ee eee 26.1 37.9 26. 7 27 20. 8 26.0 18.5 17.6 16.1 18.6 19.8 15.9 21.2 Average shovel cycle, seconds. ..._---------------- oe ae 33 yr oe os a 
A yerave angle. of swing, degreesae-2- = ane cee ees oa 85 130 129 138 103 136 1 9 7 . 

A verage loz j e CUDIC VALGUS. eee a eee 0. 88 0. 61 0. 68 0. 62 0.70 0. 85 0. 74 0. 80 0. 87 0. 88 1.00} 0.96 0. Average load per dipper, cu J : : . if 5 0 130 133 168 110 
Average rate of production, cubic yards per working hour- ie 71.4 38. 0 42.8 69.0 97.0 98. 0 128 128 15 au He ee ay 

Time lost in moving shovel, ees of oe ve eee (Ae Cine) iO ise 3.3 4.8 2.1 3.4 5.4 a ; ; . 

Total minor time losses, including all stops of less than 15 
minutes in duration, percsn bane he eee Se 41,2 30.50 54.0 14.8 20. 1 17.6 13.4 PPD th Douo 25.0 W554 23a 24,4 

Total major time losses, including all stops o minutes or 
i C rai j Be pall ib 11.0 more in duration, percentage of available time 21.0 15. 5 33.9 12.9 13.8 16.1 11.0 5.7 10.9 8.4 6 il 

Total yardage moved during study, cubic yards 8,900 | 2,800 | 5,950 | 24, 560 | 20,900 | 45, 680 | 65,420 | 62,650 | 50,400 | 8,036 | 18,060 |104,680 | 14,700 

TABLE 12.—Effect of material on length of shovel cycle 

[l-yard shovel in good condition. Hauling done with light trucks. Management 
good. Materials, very dry] 

Good 
common | Hard Blasted | Blasted 
excava- | caliche caliche rock 
tion 

Percentage total excavation on job___----- 26 38 15 21 
oad dipper. 22. 25 seconds_- 6.5 10.3 5.8 8.5 
Si ree ee ee ee (ONG) a 5.2 6.1 5.5 6.4 
uM) soe eee ee domes 0.8 0.9 0.9 Veal 
ROGUID. oeee he eee Ona bal 6.0 5.4 6.1 
Average angle of swing_--.------- degrees__ 152 148 157 156 
Average cycle_-.-_-............-seconds-- L726 23.3 17.6 220 
Average dipper load--_-_---- cubic yards-_- 0. 84 0. 65 0.90 0. 65 
Average production per hour_-_----- Coze=2 137 64 151 97 

PERCENTAGE OF WORKING TIME LOST 
Minor time iosses ; Fexcent 

Hauling equipment, insufficient supply_---—--2- 25-22 eh sete one 78) Large Dieper Loaps ARE NECESSARY FOR HicH PrRopUCcTION 
Hauling equipment ati] ty 10 POrevul Ors eee eer eae eng ee eee ‘ Rares 
Moving shovel withinicutloac sees en eee ee ee ee 6. : A C 
Shovel operstor sk. 6 eee SUE ee ee ee ee 1. : : : 

Mechanical touDie wet SDOv el. sac 2, eee ee 42) Field studies on more than a hundred jobs have 
Sloping22 <2 0 SNe a nae oe ee oe ee ee ee ee eee 6 ‘ A 5 
Checking grades occ .0c usb et oes Sm alee a ae ge 23 | Shown that no contractor succeeds in maintaining capac- 
Miscellancouss2.5 Stoo hs SNe se ie cet ene eos ee ee PAGS | = < 7 ; 

Major mechanical repairs, shovelland (cabless: 52) 22s) = ae ee eee var ity production all the time. Many were able to keep 

Light trucks, operation characteristics: 
Average speed, loaded, in reverse, 448 feet per minute. 
Average speed, return, forward, 690 feet per minute. 
Average loading time, 40.6 seconds. 

loaded delay the shovel only 18 seconds on each load, 
the output will be cut to 40 loads per hour. 

Definite stops are obvious time losses and every con- 
tractor makes efforts to eliminate or reduce them. But 
a shovel outfit may operate all day without a definite 
stop and yet produce less than half the yardage it is 
capable of producing, simply because the management 
is not aware of the effect on production of the constant 
loss of seconds, or even fractions of seconds, in the 
repetitive operations. 

TaBLE 13.—Major time losses (delays of 15 minutes or more) on 
power-shovel grading jobs. Average values for more than 100 jobs 

Percent- 
age of 

available 
time lost 

Cause 

Rain and wet grounds" ae se. ec ae. ae ene ee 
Repairs to shovel and other equipment 
Moving shovel from cut to cut 
Waiting for“drilling orvblasting Sees ee Ss pene ee eee ee 
Hauling equipment trouble or shortage 
Taking on or lack of fuel or water 
Miscellaneous causes CORNNSS CORP OOP | 

' ' ' ‘ 1 ' 1 1 ' ' 1 ' 1 ' ' ' ' ' ' ' ' ' ' ' ' ' ' 1 ' 1 ' ' 1 ' ' ' ' ‘ ' ' ' ' ' ' ' 1 ' ' ' ' 1 1 ' 1 1 1 ' 1 ' ‘ ' ' w > J | 

the shovel at work less than half of the available working 
hours. Table 13 gives the average percentage of the 
normally available working hours lost from various 
causes. 

MINOR TIME DELAYS CONSIDERABLE IN EXTENT 

These definite stops, each of 15 minutes or more in 
duration, do not comprise the entire time loss. Stop- 
watch studies on the same jobs showed that an average 
of 38.8 percent of the remaining time during which the 
crew was on the job was lost in minor stops and inter- 
ruptions, each less than 15 minutes in duration. Many 
of the delays were only a second or so in duration but 
were repeated at more or less regular intervals, so that 
their accumulated totals often assumed surprising pro- 
portions. ‘The average percentages of the normal work- 
ing time consumed by these minor delays or interrup- 
tions to continuous operation and the causes to which 
they were due are given in table 14. 
No matter how excellent the shovel and its support- 

ing equipment, a high degree of efficiency can be ob- 
tained only through the proper coordination of all 
elements in the moving of material from cut to fill. 
Aside from management, the first and most important 
element in this combination is the operator. The ideal 
operator is gifted with quick reaction, a true eye, 
good judgment, great endurance, and a high degree of. 
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TaBLP 14.—Minor time losses (less than 15 minutes duration) on 
power-shovel grading jobs. Average values for more than 100 
jobs 

Percent- 
age of 

Apis actual 
Cause working 

time ! 
lost 

Pammerciatity Hating OdMipment...-- 2. ees aeen cece merce es ee eeecee oe Wey 
Improper operation of hauling equipment --.......-.-._---_-.--_---.------ wou 
DearS vel Within CULS to. “80 = soo. ae ee eee ene ee Se eee 4.7 
@iandling large rocks, boulders, stumps, ete. ......-.--.-.-=.---.----.---- 3.6 
mnoLSHGVOl Topairs: adjusiumMents, OlC.. 22 = 22a s 2 3.3 
See EEeS CLA LOL ee ee Cae one een ee ee abe nea saa abwesee 1.6 
ERIRT CATO) (OL Waller ie. oe eee oe nt cone wee, we ees Le 4.0) 
PETIT ATLLOOES. LOCKS, OlGs ao as aan se ote eee Beene we oat wees Saale .6 
(oS PLEI UTES Serge OES Oe ee Ea ee en re ees .4 
RMR TIBO LIS COUSCS Ee etme ox 8 Mees, eRe eye DP Se ee 4.2 

es eee cae oe am ee rE oe a ee 38. 8 

1 Actual working time is available working time less major delays. 

skill and experience. He should know the possiblities 
and limitations of the shovel and be able to maintain 
it in first-class condition. 

Except in casting, the operator can dig no more 
material than can be hauled away, and he can dig 
only when hauling units are in place for loading. If 
the supply of wagons or trucks is inadequate for full 
production, or if their operation is such as to interfere 
with the steady operation of the shovel, the fault lies 
with the management. 

The management is frequently at fault in failing 
to maintain and replace equipment. High rates of 
production cannot be obtained from equipment in 
poor mechanical condition; yet the field studies give 
abundant evidence that proper maintenance of both 
the shovel and the hauling equipment is frequently 
neglected. 

CARE OF EQUIPMENT IMPORTANT 

Operating conditions in highway grading work are 
severe on equipment, and neglect soon proves costly. 
Many contractors using two or more shovels have found 
it economical to provide a shop and a good mechanic 
and helper. <A particularly satisfactory arrangement 

was one in which the mechanic was made responsible 
for the regular inspection and maintenance of all equip- 
ment. Frequently he was also made responsible for 
the proper oiling and greasing of the hauling units, 
tractors, compressors, and similar equipment. In 
making repairs on the shovel the shovel operator usually 
acted as helper. 

If no mechanic is employed the contractor must be 
certain that the shovel operator is competent to make 
all ordinary adjustments and repairs to the shovel. 
Unless a good mechanic is on the job or especially high- 
grade drivers are employed, the contractor should 
assign some one, such as the shovel foreman, to be 
personally responsible for seeing that the hauling units, 
tractors, and other pieces of equipment are inspected 
at frequent intervals and greased, oiled, adjusted, and 
repaired as may be found necessary. 

Equipment should be given a general overhauling at 
the time of storing. All parts should be thoroughly 
inspected, repaired if necessary, and then greased, oiled, 
or painted as may be proper. Effective protection 
from the elements should be provided. If the storage 
is on the job or in an isolated location, all indicators, 
valves, brasses, and other small parts should be removed, 
labeled, boxed, and placed in safe custody. The con- 
tractor can then be sure his equipment will be ready 
when work is resumed. 

In too many cases, equipment is left in such shape 
that deterioration during so-called storage is as great as, 
or at times even greater than, if it had been in use for 
the same period. Deterioration of the equipment is a 
big drain on the profits of any going power-shovel 
erading job. To permit this drain to continue after 
the job has been closed down or completed seems inex- 
cusable. The duty of the management does not end 
with the movement of the last dipper load of excavation. 
Management is not fully efficient until it extends to 
every source through which profits may be lost as well 
as to every source through which profits may be made. 
The storage and protection of the equipment during 
idle periods is one of the most important of the sources 
of profits. 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 

Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. As his office is not connected with the 
department and as the department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Reads, 1924. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1927. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1928. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1929. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1932. 
10 cents. 

DEPARTMENT BULLETINS 

No. 136D . . Highway Bonds. 20 cents. 

No. 347D . . Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10 cents. 

No. 532D .. The Expansion and Contraction of Concrete 
and Concrete Roads. 10 cents. 

No. 583D . . Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 

No. 660D . . Highway Cost Keeping. 10 cents. 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
15 cents. tures, 1921 and 1922. 

TECHNICAL BULLETINS 

No. 55T . . Highway Bridge Surveys. 20 cents. 

No. 265T .. Electrical Equipment on Movable Bridges. 
35 cents. 

MISCELLANEOUS CIRCULARS 

No. 62MC .. Standards Governing Plants, Specifications, 
Contract Forms, and Estimates for Federal- 
Aid Highway Projects. 5 cents. 

No. 93MC .. Direct Production Costs of Broken Stone. 
25 cents. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP .. The results of Physical Tests of Road-Build- 
ing Rock. 25 cents. 

No. ——— . . Federal Legislation and Regulations Relating 
to Highway Construction. 10 cents. 

No. 191 . . Roadside Improvement. 10 cents. 

REPRINT FROM PUBLIC ROADS 

Reports on Subgrade Soil Studies. 40 cents. 

Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They can not 
be purchased from the Superintendent of Documents. 

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 
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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, may be obtained upon 
request addressed to the U.S. Bureau of Public Roads, Willard 
Building, Washington, D.C. 



V
E
G
I
 

> 3
9
1
4
4
0
 

O
N
I
L
N
I
Y
d
 
L
N
I
W
N
Y
Z
A
O
S
 

“
S
N
 

| 

GL*690'His*iz 

| 
O°Se2*t 

£1°SL6 

‘os 

‘22 

2*neStet 

| 
%°9S 

| 65-198 

‘oen's 

LLeaby 

6 

‘one 

tb*262 

‘60S 

‘192 

b916‘3 

21°826 

‘9S 

*¢ 

| 
Gtz2S*o62‘folt 

| 
Lo-ngG*igg*itt 

000 

‘000 

*h6£ 

*HOL* 

t 

*126 

‘it 

66 

°0£6 

‘22 

20°efn*19S"t 

0°06‘ 

+ 

hol 

(0°£00*trht 

REL 

OGL 

290° 

tls 

"t 

igei-aet 

7 

eeMeH 

Si 

: 

ge 

es 

136 

eeL10's¢e"t 

Lisigo‘sce't 

3°S 

6£*LHO 

HLS 

6E°L 

HO 
HLS 

69h 

‘3 
16" 

BIquinjod 

Jo 
PLNSIq 

*olo* 
| 

6L°SSL 
att 

*6G3"c0S*e 
£9°39L"t99*%e 

2
*
 l
e
 

0
0
 *00n "O38 

G9*On9*SLL*T 
90*608*2t6't 

Tel? toS*h 
Pe 

tee 
ae 
T
O
A
 

Craaitony 
S
o
u
 

: 
3
 -cos*élo's 

£h-6fe'*sle'9 
Le2Sh 

00°069 ‘ze 
zb-tog*sfo'e 

69°SLS*9 
LAE 

tg3*nel'6 
i
 

~_UISTIOOST/M\, 

Of *LSE*61E 
g1°H69°984 

e
b
 Lnn'zz We 

€L°c6l*2St'e 
2°62 

S
n
e
l
 
Shs 

£5 H
l
 
‘Sas 

nee n
l
n
 

BIULZIIA I
S
A
 

26 *HS 42S 
| Le"6LE'26 

: 
T
G
s
 

i 
1
 

6
G
°
6
S
S
*
I
O
L
*
e
 
=
|
 

BG *EGS*IOL"e 
=|: 

G*gTT 
|
 e
s
g
c
e
r
e
 

eG*ell*69e"E 
| Te “0k *O00E*E 

Igs'*Stt'9ti‘«W(a‘“#AS$N(NNNNN. 
O
U
T
S
 

Lo*H6L “hb 
| 

~erursst A, 
LL°61S* 

| 
0S ene *B£S*£ 

6£°S20* L6g‘£ 
"£02 

| 
66°L9S "KE 

| 
actin 

*6ts‘2 
=
|
 k
a
*
2
g
l
*
 

06 ‘2 
LSL*91q*L 

; 
E
y
i
e
 t
a
n
 

| 
s
o
n
e
 e
a
e
"
 

t
h
 
Sen 

169° b 
o°st 

| 
of *ese'sSe 

| 96°0 to ‘092 
€LG*los*t 

ce 
FUOULIS A, 

20°22 
‘ol 

| 
6°68 

a
a
 

=
"
 

E1007 r
e
 h
b
 

1
0
6
k
 

Gse" 
| 

i
 

)
 
9
b
r
e
c
e
r
0
9
'
e
 

|
 26255 *Gol*2 

SOL hol h
a
e
 oe |
e
 

a
e
 

3
9
 °6£0 ‘029 

| 
66°900'6E 

‘
2
b
 

Li*no2 ‘920°C b 
Oreetth 

S
L
 *H02 ‘019° 

S9°fol*gne 
‘ok 

L
a
t
h
e
 

6
h
 “20K S

1
8
 

| AE 
a
S
 
S
e
 

Ig°9lh‘2 
19 'h 

| 
2b°glo'sS6‘n 

Creek 
£6 °ssn‘ lez 

68 °9l2‘*£SS*2 
2
3
 °S92 ‘os ‘2 

1
9
 

‘26n‘B 

E
S
L
 

“Gry 
£0 "Ss" 

| 
a
n
f
e
b
'
G
o
e
 

=—Ss«OG*ekotetg'e ~=—S| e6"GGH"LIb"e 
«=| 

L
 

“OE 
O
1
9
 
"OS 

E
V
L
I
O
H
O
O
T
 

| 
Ca*HBE O66 T

 
6ly* 1109 

R
a
t
i
 

o
t
e
 

r
e
p
r
a
t
s
 

IG" LE 
Loh 

d
a
e
 

a
t
h
 

82°116*219 
82°1L6*219 

G91 6Sn'S 
“Contest 

2°198'29 
€2°L1gl' 

GG" 
€*110°G99‘t 

“ol 
te*LeS *€62 

lz°LeS*C62 
801‘366"! 

6L°Gle*ttg 
a
e
 

/ |
 E
E
T
 

99S "Ht 
| 
B
a
s
h
e
r
s
 

“9°S5T 
os*cog"eer'e 

p
e
s
 
eeree 

0
0
‘
 

16s ‘st 
61°16S*S8h 

6£ “fon "0S 
#
8
 °S2t‘Los‘e 

S
e
e
 

: 
“£02 

£$°91G*egt 
3£°239‘916‘2 

' 
e
e
d
 

968‘901'9 
ee 

a 
20 °S22 ‘00S 

23 °S61‘36'S 
t
r
y
 

LSE‘ 
1L0'9 

9
S
 °€62‘aS¢‘2 

12°306*£9£ 
‘2 

861°912°6 
a
s
i
c
s
 

16, (0) 

0
0
 *00£ ‘9 12 

— 1
o
0
°
G
R
I
*
I
E
 

~~—=«|s 
OL *6S6*E1B°OT 

Eh SSO 
SEE" 

IT 
T 

00°S99"6T 
13°81 

*60E"h 
265 ‘ten ‘Sh 

OTYO 

Lb-g6g*Ltc't 
| GS*L6E 

‘OLE 
/co°tle* 

Lest 
gl*692*z0e 

‘2 
Gs°6cc*eh 

2b°186‘96L‘t 
S
t
h
 ‘1038'S 

B
O
R
E
 
Y
Y
O
N
 

£0°9S9 
‘836 

|
 Go°lsS*e 

te 
| 26°0SE *9S1‘h 

GS °69h'360'S 
6
0
°
8
8
 
‘nle 

G2 *
e
s
n
*
6
1
9
 ‘2
 

£62 *22S‘6 
Burljored 

Y
O
N
 

*909 
‘312 

-00°000'fOh 
39°scl*9ts"6l 

8
2
 9
L
V
6
L
O
*
t
e
 

O
O
 "OCD E

H
 

7
 ial 9 9 al 

Ol 
ore*zs 

T
T
T
 I
O
X
,
 M
O
N
 

&
-
L
o
 “gl 

2n°626 "Ent 
11 L

o
s
 

*
6
 ty
 ‘2 

26°92" 
b3S*e 

S
*
9
6
 0
 10°E 

G66 ‘261 °S 
fs 

oOomayW 
MeN 

6b°eg2*cst 
2n°99n'69t 

32°359'23G'G 
62°2tl*t6l‘s 

8
2
 °O8H “Het 

6£0'*94e ‘9 
Aasiof 

M
O
N
 

n6°st0'6L 
vil: 

a 
Lieeen 

tl 
|
 

bo *0Sn 
H
G
 

“| 
£0 °kHR™B09T 

28°60 
"ete 

C2 
"2ty 

6£8 
6061 

gL°fn6 ‘nob 
| 10-Lee'€n 

49°Lie*ez0‘2 
26°99 

h*6eh*2 
| 

gL°t62‘2le‘2 
9L* t62‘2l2e‘2 

Li6'SrS*h 
Ge* bor 

o
n
 

9S°699 '236'h 
2 

°St6 ‘2S ‘S 
00°stS*s0t 

0
S
*
2
9
1
9
e
l
*
2
 

LG" te6* t
L
e
 

196‘s23°L 

|
 

€g°S2o*lte- 
23 

ORL Hho E 
19°9LL ‘

O
L
R
 

~ 
00*000 "

O
T
 

e6"bke"SI9"E 
|
 
2b °GGe*GGa "te 

snl *6fHT 
aa 

| 00°00S*3t 
60°6le*sgl*L 

p
e
r
 

‘3 
0
9
 "St0*0S 

OL*Lée*ége*¢ 
GL°9SL*319*¢ 

gos*ost‘at 
eo 

| 6L°362°SC6't 
6
°
 
199‘ t7hO ‘hy 

*096'616'S 
2S tek 

*2é2 
£9 °62L*6 by 

6
0
 °S39*0G) 

G19°316‘9 
~yddississryy 

[o
0°
00
0'
Oh
 

~=
SC

té
=‘

“«
‘C

SE
VO

EQ
OO

S 
«
=
|
 

<C
O*

GE
QT

SL
O'

S 
i 

| 
Le
*2
sh
"0
e 

GS
*0

6£
 

"9
08
 

“t
h 

69
5°
95
9 

‘O
t 

E 
e
e
s
,
 

| 00
°0

00
°6

 
00

°S
16

°S
G0

* 
bE
 

00
°S

20
*z

ak
* 

bt
 

0
0
 

°0
S¢
*6
09
 

12
2*
9£
1 

‘2
1 

x 
=a

 
w
e
s
 

ys
Ty

 

08
 

S
E
L
 

‘HS
 

2L
°f

6n
* 

1S
6°
S 

2
5
 

*6
22

 
‘
9
0
9
 

| 
h
e
 

‘1
6°
26
 

2£
° 

16
S 

*C
on
 

00
1°
16
S*
9 

sy
jo

sn
yo

es
se

yy
 

2
5
°
6
S
9
 
"261 

T
e
S
*
4
9
5
 
°C 

¥ 
p
u
s
 

Creyy 

6
1
 °S38 

‘296 
116 "696 °¢ 

a 
oureyy 

| 
11°G39*016 

16S ‘ge8°S 
BUBrsNOT 

Er 
91398126") 

S
T
I
G
 

tee 
S
i
w
 

whc00ll2n'h 
| BO"BOH 

"SEH 
109 

6800} 
7 

OO°SHE*ELy*2 
| 
t
k
a
 
'390'2 

099 S
S
O
‘
 6OTHRO IGE | *IHTBeG*EGz ———*dY Se BLEOTOT 

13°60\'hls 

12°S1G*G18 

OLL‘OLS 

‘Lt 

G9°8l9*£36'1 

96°h 

16‘ 

tg0‘2 

Ghe 

‘98h 

‘th 

deren. 3 2 Sst t60‘or 

le-s9n*613 

€°9SL 

‘896 

‘2 

| 
al 

tie 

'sst'c 

nea* 

i€2's 

£5 
°S60 

COR 

Zbrost 

2th 

320'618'! 

| 
e
b
u
e
e
l
y
 

|
 

eb
ev
ie
*e
lt
 

: 
O
s
]
 

S
a
"
 

“A
E 

h
e
a
 

99
°0
5 

*G
os
‘¢
 

e
e
e
 

S 
‘n
ls
 

"9
 

‘S
ic
a 

ee 
CP

EI
OI

OD
 

t
h
 

Bf
3 

H
t
 

'S
 

*$
G9

'9
G8

'9
 

#G
£'

L0
9°

S1
 

“B
IU
IO
 

N
E
D
 

2 
~
~
 

<G
b*

GE
H 

l
e
t
 

|
 

E9
02
 

“
E
E
L
 

-
 

“
C
t
l
 

S
t
e
*
s
H
l
 

g
y
 

~
 

s
u
s
u
a
y
y
 

P
e
e
 

B
b
c
 

e
a
e
 

2 
096‘

 
11
2 

'S
 

F 
2 

: 
T 

ls
°L
62
‘S
6L
 

$ 
9£

°9
1S

‘G
J2

"t
 

$ 
f2

*n
ls

‘o
lo

‘e
 

cC
t‘

ol
e'

s 
¢ 

£3165" 602 26°21 
‘09S 
‘2 

Is"29n 
‘Sith 

EO 
Ne | 

WON NM Wet 
ees 

mI) 
ad! 23 | a 

8 

. 

aah ASS 

-wo oow 
‘ekalne 4 

SS) OU 

Ss 9-94 ok 

| S34 Sas £es 

oe 

eo!) cethue| 

S SEO OOF RBs ARE B 

| 

. 

a 
Haz 
Ne 

eoozot ily 
Ly L6L* 

23°Lll*S6e 
00°199*Ol9 

WVO 

= INN) raw! 

ae 

Ss ar 

Les L8. 

tte tee 
* 

PARA 
| 

= 

1 

ao 
wt) nwo, mest!) mo 

mo 

eee 

Oo 
. 

I
R
S
 

GAS™ 
e
a
s
y
 

MITES 
| 

66°6LL‘ 
lee*2 

| 
g2°6Se 

Gee 
‘2 

| &y° £6692 
+
8
 °62S* Ile" 

|
 l
e
-
q
l
l
 

0
8
 ‘
t
 

: 
ie 

e
e
 
289 

aie 
“3 

“
S
S
 
p
e
e
s
 

#
3
 °919 “hle*h 

€°991 
6
 

Gs*obt ‘ett 
19 “fen ‘h09 * 

30°£92 ‘0109 
00°009 

6
 bh 

0
0
 °*Set *82er'9 

Lo-o2e *Set*l 

~
s
l
r
o
l
e
t
u
c
c
t
t
 

h 
in, 

‘ 
~
)
0
9
°
9
S
L
"
9
6
E
"
L
 

=
|
 

(09 *9GL*96E°L 
f
O
 “492 ‘6th *f 

£0°G61*9ES 
‘C1 

£0°G64‘9EG*Et 
t
e
 6
1
1
6
9
1
 

le-og's 
ne 

*olg‘lect2 
B
0
"
e
2
n
‘
2
6
e
 ‘2
 

2
2
 °659 ‘nil ‘2 

~ 
W6°GS2"156 

a 
53 :) 

| 
‘ 

: 
69 °9En 

8
6
"
 

T 
e
t
t
e
r
 W
g
 

9L°SOn ‘SL 
9
3
 °S22°t9 

cy 
G
6
 S
t
h
 “
h
e
l
 ‘2 

t
h
 "B31 

*Sh6*2 
LS°ot2 ‘ole 

06°1St*6¢e 
S
o
l
 

| 
0
0
 °0£9 ‘996 

0
6
 °0£9 

‘996 

93°20S°S 
mean 

Cust 
acteas 

: 
31S 

| e
s
*
o
2
6
‘
s
l
t
 
—
|
 ‘tN tge*1a9¢e 

1S" 166'ls'2 
8
3
 °966 ‘On 

£n°9S9 ‘oll 
| G

9
°
S
f
n
‘
 Le
 

€0°99¢‘116'2 
go"snt get's 

fr 
Ons ‘ene 

g
s
 Ole 

‘£6E 
| 

| 
la*nok ‘

9
6
6
 

IG*666‘s61‘2t 

OR BSE" 
20°OLL 

"
8
0
8
 

: 
| 

ag 
elenoh~~~*«*d;«AS 

666 
| €$"€89q"9¢2 

ereall‘dl 
e
r
 -1e8 a

c
e
 

E
e
e
 

9
8
0
"
 
n
'
a
 

|
 5
 C
i
d
 d
e
e
 

#
9
 "e26"len 

|
 

| 
0o°€9g*sts"h, 

| 
GG*20e* 

th6‘t 
: 

O
s
 "OL6*LES*h 

C
E
L
E
 
GLL'S 

bbeESn*2Gl “GI*tLs* 163 

4G" 

1S 
b*202 

tG*Lle*Lih 
16 "22h 

6
2
2
 

ci 

| 
= —— 

ara) 
wat Law 

she 

uy mMwo 

ou 
ne 

arw Sod 

rin) 

a 
ro = 6 

a= 
~ 
wo 

ti WN aw 
pat.) 
ar é 

own 
rv} 
wo = 3 

—-wv 

wo 
o 
- a 

NN MP tO 
+ sie 

oe are 
| 

- 

$ 

| | | | 
| 

= 
—
-
 

= 
= 

= 
pS
 

: 
p
a
k
 

: 
Z 

: 
=i 

| 

| 

s
L
o
a
f
o
u
d
 

p
e
n
o
r
e
 

pe
ja
jd
ur
oa
 

p
e
r
i
o
 

p
e
r
o
]
 

pr
e 

Bu
ns
 

MA
N 

TI
V 

sp
un

y 
sy

10
% 

S
G
N
 

| aB
eq
us
os
eg
 

|
 

pr
e 

je
so
pa
g 

se
in
B2
q 

|
 

sp
un
y 

sy
so

m 
oy
qn
g 

|
 

30
° 

18
30
3 

Pe
ye
un
sd
 

|
 

Be
at

y 
[e
so
po
g 

3e
in

B2
q 

sq
so

m 
o1

1q
Ng

 
ge

ld
 

e
g
 

S
e
r
e
r
 

YO
d 

A
T
A
V
T
I
V
A
Y
V
 

| 
ce

 
2 

—
 

| 
S
S
 

e
e
 

e
e
 

= 
— 

- 
S
e
e
 

a
o
r
 

52
 

Sa
nn
a 

SM
YO
M 

OI
Ta

nd
 

IN
®W

NO
IL

YO
da

v 
pe

Om
 

oe
s 

O
E
 

e
p
e
e
 

NO
IL
OA
AL
SN
OD
 

wa
aN
na
 

CG
aL
a1
aN
oo
 

TW
LO

L 

o
e
s
 

2
2
8
2
1
 

v
e
e
t
‘
t
e
 

A
T
A
L
 

ao
 

Sv
 

Ul
 

G
N
V
 

‘I
I 

‘I
 

S
A
S
S
V
1
I
O
 

J
O
 

A
U
V
W
A
W
O
A
S
 

L
O
V
 

A
M
A
A
O
O
A
A
 

T
V
I
N
L
S
N
A
G
N
I
 

T
I
V
N
O
I
L
V
N
 

A
H
L
 

A
O
 

00
2 

N
O
I
L
O
A
S
 

TI
 

A
I
L
I
L
 

NI
 

G
H
A
I
A
O
U
d
 

S
V
 

N
O
I
L
O
N
A
L
S
N
O
O
 

G
v
O
w
d
 

S
H
A
O
M
 

O
I
T
E
N
d
 

S
N
 

A
O
 

S
N
L
V
L
S
 

L
N
a
A
Y
A
N
D
 



J ¥ 




