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TIME LOSSES IN CONCRETE ROAD CONSTRUCTION 
Reported by ANDREW P. ANDERSON, Highway Engineer, United States Bureau of Public Roads 

LL contractors and engineers familiar with 
A concrete road construction are fully aware 

that, at best, the actual annual production of 
any outfit is always far below the potential productive 
capacity of the mixer. This failure to approach the 
production possibility of the controlling equipment is 
due to a large number of reasons which may be grouped 
under two main classes: (1) Slow or inefficient opera- 
tion when actually at work; and (2) failure to operate 
at all for more or less extended intervals during the 
working season. The more general term of “time 
losses’’ is usually applied to this second class. 

The first class—slow or inefficient operation—its 
causes and effects, as well as means and methods for 
securing more efficient production, has been fully 
discussed in previous studies reported in this magazine ! 
and will therefore be referred to only incidentally in 
this article. 

During the construction seasons of 1925 and 1926 
the Bureau of Public Roads in connection with its 
studies of production engineering made careful records 
on a large number of active concrete pavement jobs 
of the time losses and delays which served to hold up 
production entirely or to reduce it below its normal 
rate. These studies are still being continued, but the 
data now cover projects scattered over such a wide 
region as to form what may be considered a somewhat 
representative indication of the average conditions 
under which a substantial portion of our total annual 
concrete road construction is performed. 

If the data accumulated for the past two years are 
representative of average conditions, of which there 
would seem to be little doubt, the average concrete 
paver operating on State road construction does not 
reach an average of 1,000 hours of actual mixer opera- 
tion per season, even when supplied with ample work 
under contract. Some, where contracts are short or 
conditions otherwise unfavorable, do not exceed 500 
hours of actual mixer operation. For the region 

covered by these studies, which extends from and 
includes Pennsylvania in the East to Nebraska and 
Oklahoma in the West, and from Michigan in the 
North to Texas and Florida in the South, 2,000 hours 
may be considered as the available working time per 
season in the more favored sections, except for rather 
limited areas in the extreme South, and about 1,500 
hours as the available time in the less favored areas. 
This is the length of the average working season under 
present prevailing practice, exclusive of Sundays and 
holidays. This report will therefore review the causes 
which so greatly reduce the actual productive operating 
time in concrete road construction below that which is 
apparently available, the effect of such time losses, 
and what suggestions such data as are now available 
contain as to how these time losses may be reduced. 

INITIAL AND PREPARATORY LOSSES 

The first kind of time losses encountered by the con- 
crete road contractor are those involved in securing the 
contract and in preparation incidental to getting onto 
the job. These are elusive factors about which suffi- 
cient definite data are as yet unavailable. The rather 

1 ‘Efficiency in Concrete Road Construction,’ PuBLic Roaps, vol. 6, Nos. 9, 10, 
11, 12; vol. 7, No. 1. 
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general practice of letting contracts in the spring 
instead of in the fall or early winter has a tendency to 
increase these losses. If the contractor fails to secure 
a contract at the first spring letting a considerable por- 
tion of the season may be lost before another letting is 
held; or where, as is so often the case, when the earth- 
work and structures are let as separate contracts these 
contractors may fail to push their work with sufficient 
vigor to permit paving operations to begin as early in 
the spring as would otherwise be possible or to carry. 
them on consistently during the season. The actual 
extent of these losses, however, is largely unknown 
except as they serve to reduce the length of the average 
construction season. 

The present studies have, in general, covered only 
the more tangible losses occurring after the arrival of 
the contractor on the job in the spring until work is 
discontinued in the fall. Furthermore, in these studies 
only definite cessations of mixer operation, each of 15 
minutes or more in duration, have been classed as time 
losses. All of the unnumerable stops of less than 15 
minutes each have been considered rather as the natural 
manifestations of slow or inefficient operation than as 
due to the more or less accidental or fortuitous causes 
or circumstances to which we are generally accustomed 
to ascribe time losses. For a full discussion of such 
minor and accumulative time losses as are due to 
inefficient management, the reader is referred to the 
previously mentioned series of articles entitled ‘ Effi- 
ciency in Concrete Road Construction.” 

On this basis it appears from the data accumulated 
that what might be termed the average concrete road 
construction outfit from the time it arrives on the job 
until it is closed down for the winter actually pours 
concrete during less than 53 per cent of the available 
working time within this period. Nearly one-half of 
the time the outfit is on the job and should be engaged 
in productive work is therefore lost for various reasons. 
Tables 1 and 2 show the general average distribution of 
these time losses for the past two working seasons. 
The first column of Table 1 shows the percentage of the 
total available working time lost on account of more 
important causes, while the second shows the percent- 
age which each of these causes contributed to the total 
time losses. Table 2 shows the percentage of the total 
available working time lost on each of 32 projects on 
account of the more frequently occurring causes. 

TaBLE 1,—Average time losses by the mixer in concrete paving 
construction 

| 

Percent- Percent- | 
ageof | ageof 
total total Cause 

working time 
time loss | 

21.5 | 45.4 | Rain and wet subgrade or wet road. 
4.8 10.2 | Moving, generally from one set-up to another. 
4.3 9.0 | Waiting for subgrade to be prepared. 
4.1 8.6 | Hauling equipment slow or inadequate. 
8.5 7.4 | All miscellaneous causes. 
2.6 5.5 | Mixer trouble and repairs to mixer. 
3.0 6.3 | No materials at yard or source of supply. 
17834 3.8 | No water, pipe line and pump trouble. 
1 2.3 | Cold weather. 
A 1.1 | Time limit on fills. 
~2 .4 | Waiting on finishers. 

47.4 100.0 
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TABLE 2.—Percentage of total available working time lost on account of various causes on several projects 

Weather losses Sub | 
ub- | . 

ae Haul- | Lack Mixer . : . Neha an Total | grade : | ; Time | p..;.,_| Load- | Mis- 
Broreee | State Dates (inclusive) time | Rain IMoving| “not | 28 | Of, | ouble | water | limit |Finish-| “ing | cellane- 
a losses and wet} Cold | pre- yee Vay i rie , on fills 8 | plant | ous 

sub- | weather | pared eS tn aera | 
grade | | 

ACT exas eee one Mar. 24 to June 22-22) se 60. 3 3.0 2.3 
2 | Oklahoma_.._--. Oct. 27, tOnNGvia lotr eeee 44,7 9. 4 1.8 
3 | Dexas_222 Mar. 1 to Apr. 30_- Sie 497 NS 6 45.6 Voce See A ee LS | ee es 2 is Os ee i mL ee 
4 | Missouri-_ oA Dranbotune, bees 40.3 3.2 
Suleeaee dou ...| May 2 to July 31__ 43.5 3.4 
if Ses roo aN ae May 27 to July 31- 38. 8 1.5 
fal Rae dots 222 JUlVHO to sully eens oe AST F PERO: Ot Hoe eee eee eo 3.2 
Salto See dos Se Apr: 22'to Sept. 1S ceseeeeee. 29.8 1.6 
Oeioee es dos eee AUEPI tO LAMea 26 see BB: ON 25. 6.t/es eS See See a SOs im ge el ee |) ee eee ee | eee ee 4.6 
LO do 258.4 AUS HISTORATIS 2 fee ee PR Vy Wy es Yay (ee egal re 1.4 .9 
11 | Nebraska__-_____ Sept. 14 to Sept. 30.._______- PASS Valls (eal pee Beg eae pe allie Seo. os Sak ese |e Sees 1.3 
12°}! Missouriz_ 252 2)-Aus) 10itovNov. 19 see se eee 45.8 BG oe OEE ie ars QA a Ou sae ee oS eee Senet 
3 |. JUNC AZ LOVNOVAee. see ) 4854 2.8 Pa | Sal es ie 2.0 

OCiASTOINONe 24 eee 1 625.0) Thee Gs Oil Aes ae eral ae 15.4 Sule 5 | 6.0 
ADT voOivO INON A eee noe 48. 5 2.6 4.5 1.1 5.3 | 1.3 
May 18 to Nov. 6_.._.____-- 53. 6 2.0 So nee ee §.2 4.4 
May 1SitO UN Ove see ae 46.7 8 10.4 5 2.60)" oo ees ee S| es ee 

L,Octagl tor larien Osa as ane sees C454 POO ee Lal es ee 30. 8 POT GN eee See el epcpeye 6.1 
Apre2o tow ane sees eee 44.8 1.9 ie 5. 5 2.2 
Oct.24to Dec. 2222 ee 7.9 11.4 3.0 3.1 

mADr 16 toysulyse) sess en 51.8 4.0 10. 5 3.4 
| June 15 to July 11- 58.0 1.9 4 2.4 
| June 17 to Aug. 1.. 41.6 19. 2 oe 4.0 

a“ _| Aug. 9 to Aug. 21__ 64.1 24.6 1.3 11.5 
2 May 24 to Sept. 25- — 55.8 3.6 2.3 1.8 
: Meiners tol Sept nina 34.0 3.2 ihe 5.8 
ZT AS See One aes | June 14 to Sept. 11_---______ 3. Ate 15.8 see pe, solr atl ee ee 3.6 ao 6.0 
28 eee GOLSRaE ste ee June tO Cul tO e eee eee 26504 28 ya eece se a ete 8.0 .8 4.2 
29 | Missouri ..__---| | June 14 to Sept. 4__________- DOLOMITE. SLANT, Meee oe etn) sate ema | lean pe md 3.6 1.9 
30 | Oklahoma_.-_--- muune 14 to Jaly, Liss see 2520s ee On calece ce eae ee La Gi4l 2 Seo Os OM Seep ee 1.6 
See doz2.22 a | June 21 to July 31___.______- 35. 0 1.3 pile 2.6 
2h 2am do: 223 AUS SOO septs leer 50. 1 4 .4 8 

A VOLAGG! ans. tu» See oie ae eee eee ee 47.4 4.3 2.6 2.9 

The most striking item in these tables is the rela- 
tively large amount of time lost because of rain and wet 
subgrade. It is very difficult to determine just how 
the losses should be divided between actual rain and 
wet subgrade. Apparently, however, less than one- 
fifth of the total time losses here charged to the com- 
bined causes were due to the actual fall of rain during 
working hours. On one fairly typical job the total 
losses charged to rain and wet subgrade amounted to 
38534 hours, and of this total only 53 hours were due 
to actual rainfall during working hours. The detri- 
mental effect of the rainfall on the subgrade or the 
road or track over which the hauling is done is there- 
fore clearly the major factor in this class of time losses. 
When so large a proportion of the so-called rain 

losses are caused by the effects of rain rather than by 
the actual rainfall, it becomes pertinent to inquire 
whether or not these effects can in some way be miti- 
gated so as to reduce the time which ordinarily must 
elapse from the cessation of the rainfall until operations 
can be resumed. Similarly, equipment will fail to 
function or break down, materials will fail to arrive 
according to scheduled orders, men will quit, and a 
hundred and one other things can and do happen to 
delay or prevent the pouring of concrete. The total 
of the time losses from all these various causes is even 
greater than the total weather losses, and therefore 
these also deserve careful consideration. 

PREVENTABLE AND UNPREVENTABLE LOSSES 

As a matter of practical consideration, the time losses 
and delays incident to present methods of concrete- 

road construction may be divided into those which can 
be prevented and those which can not. But such 
prevention as may be possible can only be had by the 
exercise of considerable thought and attention and at 
some cost. 
one of balancing the probable losses against the prob- 
able gains. 

Table 3 gives in detail the time losses on a typical 
job during a period of three weeks. On this project 
there were a number of time losses, amounting in the 
aggregate to 4314 hours, which a little foresight and 
careful attention on the part of the management would 
have entirely eliminated or greatly reduced. For 
example, the spare mixer cable could just as readily 
have been carried with the mixer as left at the main 
office, and the wait of an hour and a quarter could thus 
have been eliminated without extra cost. Similarly, 
when the new cable was installed the clamps could 
have been properly tightened just as readily as not and 
3 hours and 50 minutes of further loss could thus have 
been prevented. On the other hand, a few planks to 
bridge the heavy trucks over occasional soft spots in the 
subgrade would have required some outlay in the first 
instance and would have entailed some expense for 
keeping them with the outfit and available as needed, 
but this expense would have been small in comparison 
with the value of the 3% hours lost because of their 
absence. ‘Table 4 contains asummary of the time losses 
on this job for a period of four months, classified so as to 
group together those which were unavoidable on the 
one hand, and those which could have been avoided 
by intellizent management on the other. 

The problem therefore becomes, in part,’ 

pon, 
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Perhaps one of the major reasons why so few road 
contractors make any really systematic effort to reduce 
their time losses is that they do not know with any 
certainty the probability of such losses under given 
conditions. All contractors, of course, know that time 
losses and delays do occur and that they maker serious 
inroads into their expected or hoped-for profits. But, 
in general, such disruptions of their production plans 
or schedules are usually charged simply to luck or to 
the impossibility of foreseeing or preventing them. 

Yet a number of such disruptions and delays can be 
shown to have a sufficiently high probability to be 
worthy of very serious consideration. Table 2, which 
is a summary of the time losses on 32 projects for more 
or less extended time periods, shows that while no two 
jobs suffered exactly to the same extent or in the same 
way, yet none escaped losses of rather serious propor- 
tions. The most common losses were from rain and 
wet subgrade even on jobs which ran for comparatively 
short periods during midsummer, but all weather losses 
together and the moving loss, which is generally una- 
voidable, account for only a little more than half of the 
total delay on the average project. Of the other losses, 
which are largely avoidable, the most serious were 
those caused by lack of prepared subgrade, by insuffi- 
ciency or breakdown of the hauling equipment, by lack 
of materials, and by mixer and water troubles. Of the 
32 projects listed in Table 2, 27 suffered to a greater or 

TaBLe 3.—Time losses on a typical job classified as avoidable and 
unavoidable 

Time losses 

Date Cause 
Unavoid-| Avoid- 

able able 

July 5 Lack of subgrade. 
Finishing machine off of forms; poor forms. 

| Water pump out of order. 
Late start. 
a operator sick; no substitute provided. 

ain. 

July 6 

Oily = 7 Wet subgrade. 
July 8 Do. 

Rain. 
July 9 Wet subgrade. 
July 10 Do 

Setting forms. 
Soft spot in subgrade; no planks available. 
Roller trouble due to neglected repairs. 
Lack of subgrade. 
Water trouble. 
Gasket blown on mixer engine. 
Water-pump trouble due to neglected repairs. 
Resetting forms; faulty engineering. 
Moving mixer over bridge. 
Lack of subgrade. 
Water trouble. 

July i1 

July 12 

July 13 

July 14 

July 15 0. 
Mixer cable broken; had to send 4 miles for new cable. 
Replacing mixer cable. 
Lack of subgrade. 
Water trouble. 
ge subgrade. 

July 16 

July 17 0. 
Finishing-machine trouble; poor forms. 

July 19 Water trouble. 
Finishing-machine trouble; poor forms. 
Mixer cable pulled loose; not properly tightened 
when installed. 

Mixer cable again pulled loose. 
Loader trouble. 
Lack of subgrade; fault of inspector. 
Water trouble. 
Finishing-machine trouble; poor forms. 

00 | Soft spot in subgrade; no planks available. 
00 | Lack of trucks. 

Cleaning water tank. 
00 | Soft spot in subgrade; no planks available. 

Loader trouble. 
Truck mired down at stock pile. 
Mixer out of gas. 
Poor inspection. 
Mixer cable pulled loose again. 
Lack of subgrade. 

Bitlive 2021.5 -2522—~ 1 30 

etivaralicts 2.50820 

TREE a e. 
llantasdan 

S —) 

Lis yeh 30 

Til kee St are at 1 20 

Total_ 

less degree from lack of prepared subgrade, 23 from 
insufficiency of hauling equipment, 14 from material 
shortage, 25 from mixer trouble, and 24 from water 
trouble. 

There are therefore three important questions con- 
fronting the contractor: (1) The kind, persistence, and 
extent of his present time losses; (2) the cost of such 
losses; and (3) the cost and certainty of the measures 
which may be adopted to eliminate or reduce the loss. 

No two jobs exhibit exactly the same conditions. The 
data presented in this paper merely illustrate tenden- 
cies and possibly indicate very roughly the average 
probabilities. Each contractor should keep an accurate 
daily record as to the amount and cause of all losses, 
and this record should be summarized weekly, monthly, 
and for the job and season. Such data will soon form a 
real working basis from which to judge the value of 
efforts to reduce the losses shown to be occurring on his 
own jobs. General averages as well as particular data 
from jobs other than his own, unless all the attendant 
conditions are known, are apt to prove misleading if 
they are considered as other than general indications 
of the. possibility of loss. 

TIME LOSSES EXPENSIVE 

Many contractors fail to realize the actual extent of 
the losses incurred when production is interrupted. 
The amount appearing on the pay roll is usually 

TaBLE 4.—Analysis of time losses during the working season on 
one job from May 25 through September 25, 1926} 

Total time mixer operated during the construction Hrs. Mins. 
SCASON Bene mem ee ey te Le OE Be eee re ey ee 447 50 

Time lost in avoidable delays: 
Water trouble: Old water pumps; old 2-inch pipe 

line and inadequate supply of pipe line_____- 87 30 
Preparing the fine grade ahead of and in the rear 

Of Che Inixerm ties ce er atta eats ie kat eee 62 38 
pLrucktshortages == eee ee Sere ae ee 32 35 
Improper subgrade drainage..____._..._.__-----_ 35 30 
Mixer; trouble sins eee ea ee oe ah a 190 
Making unnecessary move with paving outfit__ iy 1 
Repairing old, worn-out subgrade roller___-_____ 
Poor engineering and inspection___-__._._-_-_- 
Using old forms that would not support the 

finishing machine_--_-_ Pes Feed RS A ae eS ee 
Getting late start in morning.-_______-__----- 
Miscellaneousid clayssess= eee = Se eee 
Outfit stopped work for an expected rain; no 

TAI CATO se etee eee fe et ele he 

re bo bo He O1rny © 

aN oO 

Using 2 old worn-out finishing machines_______ 40 
Vosders' atiloading plants ee 2 ee 45 

ots avoidable:delay sees 524 sea Jer 297 35 

Total time mixer should have operated during 
the: construction seasonee 2.2. -. 2-2-2 2-22 45 25 

Time lost in unavoidable delays: 
Wet subgrade due to previous rain____________ PAU Pals: 
IVA CMUbe hover \yidordreueVeRaveyblus) 2 = oe eS 53 «OO 
Moving outfit to new location________-----_-_- 54 15 
Mixer, mechanical troubles. 2.2252 22 lek 13 10 
Miscellancoue-delayd a. 2 eto es 1 15 

sLouslunevorlable-delay. 22.0522. - utes 419 5 

Total number of working hours in construction _ Be 
season from May 25 to Sept. 26, 1926 (aver- 
age length of working day, 10 hours 30 
ENLLASD Ee) petewt eke, Seek ap ge RO Se MEAS ate) 1,164 30 

Miles 

Total production during construction season____________ 8. 56 

1 Delays of less than 15 minutes duration occurring during the hours that the mixer 
was in operation are not shown in this analysis. 
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accepted as the measure of these losses, whereas it is 
far from the true measure. On a job on which the pay 
roll amounts to only from $200 to $300 a day, the total 
fixed charges which must be met during the working 
season may readily amount to from $15,000 to $20,000. 
Included in these fixed charges, in addition to the 
straight-time or continuing pay roll, are the interest and 
depreciation on plant and equipment which, on a mod- 
ern job involving pavement construction only, may 
readily exceed $50,000 and even reach $100,000. As 
improved equipment is constantly being introduced 
and as the up-to-date contractor feels that he must 
keep step with such improvements, the amount of the 
fixed charge for equipment is a product of obsolescence 
rather than wear and tear, and depreciation is properly 
chargeable on a straight-time rather than an actual 
operating-time basis. And the same is true of the other 
fixed charges, including insurance, taxes, truck licenses, 
the cost of securing the job, and getting to and from it, 
and no inconsiderable part of the pay roll—all are 
practically fixed for the season and independent of the 
number of hours of actual production. 

All these costs and expenses as well as the profits 
expected must be earned during the hours of actual 
production; and, as has been stated, the fixed charges 
may readily amount to from $15,000 to $20,000. 
Consequently, if concrete can be poured during 1,000 
hours the fixed costs will average somewhere between 
$15 and $20 per hour; and if only 500 hours can be so 
utilized during the season the hourly charge to pay 
these fixed costs must be raised to $30 or $40 per hour. 
Obviously, with fixed charge so heavy little or nothing 
is left for profits, even though the hourly rate of produc- 
tion be fairly high. Hence it follows that every hour 
of available time which can be converted from non- 
production into normal production represents a very 
definite financial gain to the contractor. 

Some kinds of time losses are more expensive than 
others. Thus, interruptions to actual production, 
such as waiting for trucks or trains to deliver materials, 
waiting while subgrade is prepared or while a break in 
the water pipe line is being repaired, usually involve 
full-time payment of the entire crew; whereas full or 
half day lay offs because of more prolonged interrup- 
tions, such as rain and wet subgrade, failure of mate- 
rials to arrive at the yard or serious breakdowns of 
the controlling equipment, usually involve only the 
full-time payment of a comparatively small portion 
of the personnel. If, therefore, the lay off is not pro- 
tracted it may be less expensive than the numerous 
short-time interruptions which occur during the work- 
ing day. If, on the contrary, it is prolonged, men are 
apt to quit and the organization otherwise becomes 
more or less disrupted and then a serious loss results. 
Very rarely do we find production during the first day 
after a protracted period of idleness proceeding at its 
normal rate. Sometimes the effect is clearly apparent 
for two or three days. 

LOSS CAN BE REDUCED BY CAREFUL MANAGEMENT 

To what extent and with what degree of success 
the various kinds of time losses can be reduced will 
depend very largely on the ingenuity and resourceful- 
ness exercised by the management. Poor management 
is certain to produce proportionately large time losses. 
Conversely, the employment of a really high-grade, 
able job superintendent is the best insurance against 
excessive losses from these causes as well as the best 

and probably the only road to really consistent and 
efficient production. 

Intelligent production managers have long sought 
to prevent, or at least to reduce, interruptions and 
delays through a careful planning of the details and 
sequence of every operation, together with an intelli- 
gent forecast of the difficulties which may be encountered 
and the means to be adopted for their elimination. In 
such work it is not uncommon to find considerable 
expenditures devoted entirely to decreasing or pre- 
venting the possibility of certain probable delays or 
interruptions. The justifiable limit of such expendi- 
tures is dependent on the cost which such interruptions 
or delays would incur, the probability of their occur- 
rence, and the degree of certainty with which they can 
be decreased or eliminated. In other words, expendi- 
tures of this kind are wise and profitable up to some 
point less than the lower limit of their actual insurance 
value. Beyond that point it is better to accept the 
loss if it comes than to make the relatively large 
expenditures necessary for reducing the probability 
of its occurrence. 

To some extent these modern management methods 
in regard to interruptions and delays to production 
are in general use in concrete road construction. 
Thus, cement and often sand and stone or gravel are 
ordered well in advance of all probable construction 
requirements as a simple matter of insurance against 
delays due to the possible failure of such materials 
to arrive in exact conformity with the construction 
requirements. The cost of the extra handling, interest 
charges, stock-pile losses, etc., are often considerable. 
Yet many contractors find the incurrence of these 
extra costs a profitable venture. Many contractors 
also make it a practice to carry in stock on the job a 
supply of certain repair parts for the controlling equip- 
ment, and find that they are able thereby greatly to 
reduce many delays that otherwise would prove long 
and costly. 

These are some of the lines which concrete road 
contractors have rather generally adopted in their 
efforts to insure continuity of production. Whenever 
intelligently applied in conformity with the require- 
ments of the particular job the results have generally 
been satisfactory. The data assembled by the Bureau 
of Public Roads during the past two years clearly 
show the benefit of such precautions and point to 
other fields in which modern management methods 
might possibly find further extension with equally 
beneficial results. 

SUBGRADE DRAINAGE SAVES MONEY 

Examples of points at which a beginning for such 
extension might be made will readily come to mind. 
Thus, on one job during the past summer 3514 hours 
of possible mixer operation were lost because of the 
continued failure to provide means for subgrade drain- 
age. Forty cents worth of common labor each day of 
the hundred or more in the working season would have 
made ample provision for any water which might fall 
during the night to escape to the side ditches. But no 
provision was made, with the result that during each 
rain water collected between the forms as in a pond 
until such time as men could be sent out to dig the 
necessary outlets. During one 10-day period this 
occurred three times. Here, then, is a case where 
about $50 worth of common labor plus a small amount 
of direction and forethought would have saved the con- 
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tractor during the season at least 35 hours for additional 
production—worth in this particular case at least 
$1,200. This one item may also offer some explanation 
as to why this contractor out of a total of 1,16414 avail- 
able hours from the opening of the season until Sep- 
tember 26 succeeded in utilizing only 448 hours in 
actual production. Of the total time losses, 386 were 
charged to rain and wet subgrade, although rain actu- 
ally fell only during 53 hours of the working time. 
Further details of this project are given in Table 4. 

It is in meeting and overcoming conditions of this 
kind that intelligent, resourceful management will find 

‘its greatest field of economic usefulness. Better 
methods for providing surface drainage as well as for 
handling the actual operations of subgrading and form 
setting with a view to mitigating the effects of rainfall 
are undoubtedly possible. Such methods might, in the 
first instance, be considerably more expensive than the 
prevailing methods and yet prove economical providing 
they can be shown to be dependable in materially 
reducing the time losses below the normal expectancy 
under present methods. 

Frequently the roads over which the materials for 
new construction must be hauled are unimproved or 
ina very bad state of repair. Roads of this kind require 
a considerable amount of well-directed, systematic 
maintenance to make possible such orderly operation 
of the hauling equipment as will eliminate mixer delays 
without the use of a large oversupply of trucks. Such 
maintenance is also usually essential to the early 
resumption of hauling after rains. Yet, in spite of 
these well-known prerequisities and the further well- 
known fact that such maintenance will often more than 
pay for itself in lower hauling costs and less wear and 
tear to the equipment, one rarely finds a contractor 
who makes even a pretense of systematic maintenance. 
In the few cases which came under the observation 
of bureau representatives, where maintenance was 
attempted it was generally assigned to some one 
entirely without experience in the work. Possibly it is 
the fact that this is generally the case that is responsible 
for the idea, firmly established among road contractors, 
that the maintenance of unimproved roads will not 
pay. The probability that it will pay if it is properly 
handled is indicated. by the fact, that, on the typical 
projects observed by the bureau representatives 
during the past two years, an average of 8.6 per cent 
of the total time losses was caused by the hauling 
equipment. This does not include the time losses 
due to the road being too wet or soft for hauling, 
although the subgrade was dry enough to permit the 
pouring of concrete. The total losses suffered under 
this condition are not known. As the distinction is 
rather difficult to make, such losses are generally 
charged to rain and wet subgrade. However, there 
was one job on which the distinction was made; and 
on that job, which showed about an average distribu- 
tion of time losses, more than 10 per cent of the total 
losses charged to rain and wet subgrade were really 
due to the fact that the hauling road was too wet or 
soft for operation of the hauling equipment. On this 
job the contractor lost about $150 per month because 
the road did not dry sufficiently fast to permit hauling 
as soon as the subgrade was dry enough for pouring 
concrete. Careful, systematic maintenance would, 
no doubt, largely have eliminated this loss. 

OTHER PREVENTABLE LOSSES 

_ Moving from one set-up to another during the work- 
Ing season seems to consume much more time than is 
generally believed. The average for all the jobs studied 
during the past two years was 10.1 per cent of the total 
time losses, the second largest item on the list. Some- 
times more moves are made than conditions really war 
rant. The economic factors involved in determining 
the number of set-ups which should be made on a given 
job are fully discussed in previous issues of this maga- 
zine.” The amount of time consumed in making these 
moves, however, seems to be so large that a considerable 
reduction should be possible when the contractor fully 
understands the actual, monetary loss incurred every 
day his equipment is nonproductive. In selecting 
equipment one of the factors which should be given 
careful consideration is that of mobility or ease of dis- 
mantling, transporting, and reassembling, not only of - 
individual units but also for the entire plant. The 
various details of the entire operation of moving should 
be planned as carefully as the operations involved in the 
placing of the concrete. 

Waiting for the subgrade to be prepared accounted 
for 9 per cent of the total time losses on the projects 
studied. These losses should be possible of entire 
elimination. With very few exceptions they are wholly 
chargeable to poor management. On the average job, 
as shown by these studies, their entire elimination would 
be worth from $2,000 to $3,000 per season—a sum suffi- 
cient to more than pay the difference in salary as 
between a poor and a good superintendent. 

The remaining time losses, such as those due to poorly 
operated or insufficient hauling equipment, mixer 
trouble, lack of materials at the supply yard, water 
supply, and the various miscellaneous causes, all of 
which comprise about 33 per cent of the total average 
time losses or about 16 per cent of the total available 
time, are also very largely a question of management. 
Few, if any, of these losses can be entirely eliminated 
without incurring excessive expenditures. But there 
would seem to be little reason to doubt that all can be 
reduced and some very materially. This is shown so 
clearly on the observed jobs on which the management 
was of an especially high order as to be subject to little 
or no question. 

Thus, on one job blessed with an exceptionally able 
superintendent but otherwise fairly typical of the many 
jobs studied, the total time losses from all causes dur- 
ing the period from April 22 to September 18, inclusive, 
consumed less than 30 per cent of the total available 
working time as compared to 47 per cent for the aver- 
age job. (See Table 2, project 8.) As the season was 
rather rainy and the soil a heavy clay, the losses due 
to rain and wet subgrade were about average, or 21.6 
per cent. Moving from one set-up to another, or from 
one section to another, also required about the normal 
amount of time; but all other time losses were reduced 
to a remarkably low percentage, and some were elimi- 
nated entirely. Thus no time was lost waiting for 
subgrade to be prepared nor from faulty operation of 
the mixer, nor because of the water supply. In fact, 
the total time losses on this job during the period indi- 
cated from all causes other than rain, wet subgrade, 

2 “Efficiency in Concrete Road Construction,’’ PUBLIC ROADs, vol. 6, Nos. 9, 10, 
Pl leseVOlesveuN Osa: 
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WEATHER DATA 
= BASED ON NEARER STATION 
o MAY JUNE JULY AUGUST SEPTEMBER 
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Fig. 1.—RAINFALL AND TimE Losses FROM RAIN AND WET SUBGRADE ON JoB NEAR CoLumBiA, Missour!, FROM May 29 To 
SEPTEMBER 25, 1926 

and moving amounted to only 2 per cent of the total 
potentially available working time as compared with 
20 per cent of the available working time lost from 
these causes on the average job during the season. 

Even in the short working season, of 1,500 available 
hours, this decrease of the nonproductive time from 
300 hours for the average job to only 281% hours on 
this particular job represented an actual money value 

of more than $8,000 if we consider only the direct loss 
the firm would have sustained if the outfit had remained 
idle the longer period. But on this job the rate of 
production was exceptionally high, not just for short 
periods but was so maintained acuattienels throughout 
the entire season. Thus ever hour of available work- 
ing time utilized in actual production doubtless rep- 
resented a considerable profit. While this project 
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offers the most outstanding example of the benefits of 
good management so far encountered, it differs from 
several others only in degree. All the studies indicate 
that the relative size of the preventable time loss re- 
corded is a fairly good indication of the quality of the 
management on the job. Poor management seems to 
be invariably associated with relatively large prevent- 
able or reducible time losses, while under able manage- 
ment these time losses are reduced to relatively minor 
importance. 

WHAT OF THE WEATHER LOSSES? 

Rainfall and its effects on the subgrade and the road 
or track over which the materials are hauled, together 
with frost and cold weather, was the cause of nearly 
one-half of the average time lost on all jobs studied. 
These losses naturally vary greatly from job to job. A 
‘sandy or gravelly, porous soil will dry far more quickly 
than a heavy clay or silt. The amount and distribu- 
tion of rainfall also differs from place to place. No 
constant relation between the amount of rainfall and 
the time lost because of rain and wet subgrade is 
therefore to be expected. However, it may be possible 
under given conditions to approximate the probable 
loss of time by consultation of past rainfall records, 
and such a forecast is valuable as an estimating guide 
even if nothing can be done to reduce the time loss. 

To ascertain what relation existed on the projects 
observed a number of them were selected for special 

study with this point in mind. No attempt was made 
to measure the rainfall actually occurring on the job; 
but data were obtained from the nearest weather 
station for the period of the job. In some cases the 
stations were located very close to the job. But, as 
rainfall often varies considerably in a short distance, 
there can be no definite assurance that the records 
represent the exact rainfall as it occurred on the road. 
Nor is assurance necessary. The contractor or super- 
intendent who wishes to learn something of the weather 
that may be expected on a prospective job in order that 
he may make a suitable allowance for delays and be 
prepared to meet and overcome the resulting difficul- 
ties generally will have no more definite source of 
information than the past records of the nearest 
weather recording station. As kept by most stations, 
these data show the rainfall, temperature, and state of 
weather during each 24 hours, and the normal or 
average condition for each month—all of which may 
be of importance in forecasting the probable conditions 
on any given job. 

Figure 1 shows the weather and rainfall during the 
past season on one road that was largely on new loca- 
tion. The soil beneath the surface was fairly heavy 
clay on the hills and heavy silt or gumbo along the 
streams. About the only indicated relation is that a 
half inch or more of rainfall caused a delay of at least 
one entire working day. Smaller rainfall, if limited 
to one day, apparently caused relatively large or small 
time losses depending on the time of day when it 
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occurred. For the period May 29 to September 25, 
inclusive, we find that an average of 19.4 hours working 
time were lost for each inch of rainfall. 

Figure 2 shows another job located on an old right 
of way and a somewhat lighter soil. Here, apparently, 
a rainfall of nearly 34 of an inch was necessary to cause 
a delay of a full working day. Here also, for the period 
involved, the average time lost per inch of rainfall was 
only 12 hours. 

RAINFALL AT NEAREST STATION TO THE HAst SHOWN BY FULL LINES AND THAT AT THE MORE DISTANT STATION 

Figure 3 shows the rainfall as recorded at two sta- 
tions between which another project was located. It 
will be noted that the rainfall was considerably different 
at these two stations and that the time losses on the 
project do not correspond very closely to what would 
be expected from the rainfall measured at either 
station. The last time loss of three full days was 
largely due in the first part to a local rain which did 
not extend to either station. Based on the rainfall as 
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recorded at the nearest weather station, and eliminating 
the time loss due to the local rain, we find that each 
inch of rainfall during the period involved caused an 
average loss of 15.0 hours of working time while if we 
use the rainfall at the other station as a basis only 12.2 
hours of working time were lost per inch of rainfall. 
Figure 4, illustrates further the relation between rainfall 
and the working time lost to actual production. 

FALL WEATHER LOSSES LARGE 

There are so many variable factors which enter into 
the relation between rainfall and time losses that the 
data so far available from the present studies warrant 
no definite conclusions except in regard to one point; 
namely, that an equal amount of rainfall and equal 
distribution under a given condition will cause a much 
longer delay in the fall or early spring than in the 
summer. Consequently, the contractor who permits 
possible hours of summer operating time to escape in 
the hope of making up lost time by operating a little 
later in the fall or starting operations a little earlier 
the next spring is gambling against heavy odds. 
Table 5 gives the time losses on a number of fairly 
typical jobs for the months of July and October, 
respectively. Here we find that in spite of numerous 
attempts to work overtime on good days in October 
the time losses averaged 64 per cent in October as 
against 35 per cent in July for these jobs. This 
difference is almost entirely due to the time losses 
caused by rain, cold weather, and wet subgrade. 

The time of day at which rainfall occurs, its intensity 
or duration, as well as the time between rainfalls prob- 
ably under some conditions affect the amount of time 
lost more than the actual amount of the rainfall. 

Comparatively small rainfall occurring during working 
hours will stop work and if falling on a subgrade but 
little past the point permitting work will generally 
cause a much longer delay than the same amount 
falling under identical conditions except on a thoroughly 
dry subgrade. 

Although the data herein presented are not sufficient 
to warrant definite conclusions, they do indicate that 
certain very similar conditions exist on many projects, 
and that these conditions have a tremendous influence 
on the actual cost of the completed work. They 
indicate also that nearly half of the average time losses 
are due to causes which are or can be made subject to 
the control of the contractor. With increasing skill 
and ability in management we may expect to find this 
type of time loss reduced in the future. The other half 
of the losses due directly and indirectly to adverse 
weather conditions it is clearly impossible to eliminate 
entirely and such losses are therefore amenable only 
in part to managerial control. All of the data so far 
assembled, however, seem to indicate that a goodly 
proportion of the time lost now as the direct or indirect 
result of rainfall is not inherent in the nature of the 
physical conditions, but rather, at least in part, is due 
to difficulties inherent in or connected with the present 
methods of operation and management. ‘Therefore as 
the probability ratio of the various forms of loss and 
the financial burden they place upon the contractor 
become better known, the faults of our present means 
and methods will surely be corrected. 

If, under certain conditions, we find that on the 
average $50 worth of attention to surface drainage of 
the prepared subgrade is reasonably certain to save for 

(Continued on page 208) 



TESTS OF CONCRETE CURING METHODS 
A PROGRESS REPORT OF EXPERIMENTS CONDUCTED BY THE BUREAU OF PUBLIC ROADS 

Reported by J. T. PAULS, Highway Engineer, United States Bureau of Public Roads 

the effect of moisture and temperature changes 
Po: THE purpose of obtaining information as to 

in concrete road slabs immediately after laying, 
and to determine the effect of various curing methods 
and subgrade friction on the concrete, the Bureau of 
Public Roads built, during August, 1926, at Arlington, 
Va., a series of 40 concrete slabs, each 200 feet long 
by 24 inches wide and 6 inches thick . The concrete 
was of 1:2:4 mix with Potomac River sand and 
Potomac River gravel as aggregates. The mixing 

‘and placing were done under weather conditions as 
nearly identical as possible. A view 
place is shown in Figure 1. 

Fic. 1—GENERAL VIEW 
ARLINGTON, VA. 

OF THE EXPERIMENTAL 

of the slabs in 

SLABS AT 

The plan of construction and curing, as detailed in 
Table 1, covered a wide range of variables.so that, 
after sufficient time and study, info 
be available which will permit a better understanding’ 
of the following subjects: 

rmation should 

1. Comparative effect of different methods of 
curing. 

2. Effect of steel reinforcing of various types and 
weights in distributing stresses resulting from shrink- 
age in the concrete. 

3. The effect of expansion joints in distributing 
stresses resulting from shrinkage in the concrete. 

4. The effect of moisture in the subgrade in reducing 
shrinkage cracking. 

5. The effect and prevention of rapid drying of the 
newly placed concrete. 

6. The magnitude and effect of subgrade resistance. 
7. The curling of concrete pavements. 
8. The possible relation between pavement behavior 

and test data from control specimens. 

TABLE 1,—Details of construction and curing 
slabs 

of the experimental 

i : 

| | Sls q oe Length of seg- 
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Curing method 
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None. 
Do. 

Tarvia B. 
2 pounds calcium chlo- 

ride. 
| Sodium silicate. 
| 3 pounds calcium chlo- 

ride. 

TaBLE 1.—Details of construction and curing of the experimental 
slabs—Continued 
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Curing method 

Tarvia B; tar paper on 
subgrade. 

None. 

2 per cent calcium 
chloride admixture. 

None. 
Do. 
Do. 

Dry straw. 
.| Dry earth. 

Wet earth. 

Do. 
Wet straw. 
Burlap and wet earth. 

Do 
Burlap and 2 pounds 
calcium chloride. 

Burlap and sodium 
silicate. 

2 pounds calcium chlo- 
ride. 

Sodium silicate. 
2 per cent calcium , 

chloride admixture. 
Burlap and wet earth. 

Dos 
Do. 
Do, 

Asphalt emulsion. 

Sufficient time has not elapsed since the investigation 
was started to make it possible at this time to give 
complete results. However, on a few of the problems 
studied sufficient indications have been obtained to 
warrant presentation at this time. These somewhat 
scattering data and preliminary indications are pre- 
sented in the following paragraphs. 

LOSS IN MOISTURE 

Two methods were used to obtain the loss in moisture 
of the concrete. The first consisted of taking a pan of 
concrete (about 30 pounds) and weighing it as it came 
from the mixer; afterwards placing it in the sun and 
weighing at hourly intervals. In this manner the loss 
of moisture from the surface of the concrete, without 
curing, was determined. 

The other method consisted of pouring slabs 24 by 
12 by 6 inches concurrently with each long slab, and 
weighing the concrete as it came from the mixer. The 
slab was then cured in the same manner as the corre- 
sponding long slab, the edges of all the small slabs being 
painted after 24 hours with a heavy tar. In this man- 
ner the loss in moisture was limited to the surface and 
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The slabs were weighed 24 hours after 
pouring and at intervals thereafter. Figure 2 gives the 
moisture loss obtained under the several different 
conditions. 

Curve A in Figure 2 represents the loss in weight of 
a slab laid on a dry subgrade and without any curing 
treatment. It can be seen from this curve that the 
greatest loss in weight and hence in moisture content 
occurred during the first 24 hours after pouring. 
Curve B represents the loss in weight of a similar slab 
laid on a wet subgrade, covered with wet burlap for 24 
hours and wet earth for 13 days. This curve also 
shows that the greatest loss in moisture occurred during 
the first 24 hours after pouring. The loss in moisture 
in the slab laid on the dry subgrade without curing is 
approximately four and one-half times the loss that 

LOSS IN WEIGHT OF CONCRETE SLABS 2412x%6 INCHES 

CURED THE SAME AS THE LARGE SLABS 
3.25 

2.60 

A-DRY SUBGRADE-NO CURING 
TOTAL NUMBER OF LOCAL SHINKAGE- 1.95 
CRACKS IN LARGE SLAB - 279 e 

= B-WET SUBGRADE-BURLAP AND WET ES 

_ EARTH CURING tC) 
= TOTAL NUMBER OF LOCAL SHRINKAGE ~ 1.30 & 
= CRACKS IN LARGE SLAB - NONE. 
bE ‘ z . 

2 065 
wW 2 ro) 
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Zz bE 
x 2 
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LOSS IN MOISTURE HOURLY FROM THE SURFACE OF ie 
> 30LBS. OF CONCRETE IN A_PAN WITHOUT CURING 

495 

| 3.30 

1.65 

0 5 10 15 20 25 
HOURS AFTER PLACING 

Fig. 2.—Dr1acrams SHowine Loss or MoisturE IN CoNCRETE 

occurred in the slab laid on the wet subgrade and cured 
with wet burlap during the first 24 hours after pouring. 
The lower curve in Figure 2 represents the loss in 
moisture over a period of 28 hours, using 30 pounds of 
concrete, with evaporation limited to the surface. 
The greatest loss by this method was found to occur 
during the first three or four hours after the concrete 
was poured. 

The effect on the concrete of the rapid drying out 
during the first few hours after placing is shown by the 
number of local shrinkage cracks occurring. In the 
slab with no curing 279 local shrinkage cracks devel- 
oped, while none occurred in the slab which was covered 
with wet burlap during the first 24 hours. 

It seems definitely indicated that the most important 
requisite of a satisfactory curing process is that it shall 
prevent or retard the drying of the concrete during the 
first full 24 hours after placing. 

EFFECT OF STEEL REINFORCING 

A series of reinforced slabs was included as one of 
the features of the investigation, the purpose being 
to determine the effect of the different sizes and types 
of steel on the distribution of stresses developed in the 
pavement under different conditions of curing from 
causes other than traffic. 

A-WET SUBGRADE - BURLAP 24 HRS. FOLLOWED 

WITH WET EARTH FOR 13 DAYS 

B-DRY SUBGRADE NO CURING 

COMPRESSION ON CYLINDER SPECIMENS 6x6 INCHES 
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Oo 
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) 5 10 15 20 25 30 

AGE IN DAYS 
Fig. 3.—Tue Errect or CURING ON THE STRENGTH OF CONTROL 

SPECIMENS 

Three types of reinforcing were used in the different 
slabs. They were: Deformed bars of several sizes 
placed continuously and segmentally; plain 34-inch 
bars painted and greased; and rectangular mesh of 
23.6 and 43.8 pound weights. All reinforcing was 
placed 3 inches below the surface of the’ pavement. 
In the case of the bar type, two rods were placed in 
each slab 12 inches apart and 6 inches from the edges, 
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Table 2 shows the coefficients of shrinkage obtained 
with several different types and quantities of reinforc- 
ing in comparison with the coefficient of unreinforced 
concrete. The shrinkage coefficient was determined 
from microscopic measurements of the width of the 
transverse cracks in the different slabs. 

TABLE 2.—The effect of reinforcing in reducing the thermal coeffi- 
cient of expansion and contraction 

| Average | 

a gh pyaees beige oer Slab ; : : of trans- | wi of | coefficien 
No. Reinforcing a me verse trans- (per degree 

section cracks verse ). 
cracks | 

| a 

| Square Inches 
| inch Inch per inch 

1+. NOn6.22 2 s-8 cote. eee | None. 6 0. 532 | 0.000011 
8 | 244-inch deformed bars_-_- 0. 130 4 . 285 | .0000066 
9 | 28-inch deformed bars-_- . 20 4 199 | .0000045 

10 | 2 %-inch deformed bars___.- 2 386 15 -125 | .0000024 
11 | 2 34-inch deformed bars- -__-.-_-- . 868 6 | .023 | .00000064 
12 234-inch plain bars painted and | | 

greased |..-e tes see ee eee - 910 6 | -470 | .0000095 
17 ) 43.8-pound mesh... 2S ee . 240 5 | -108 | .0000025 
185) 23.6-pound mesh > ees) Sane | ~ 132 3 | - 261 | . 0000061 

if 

These measurements show that certain types and 
amounts of reinforcing continuously placed greatly 
reduce the thermal coefficient of the concrete pavement. 
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Fic. 4.—Dr1acrams SHowING ReEsIsTANCE TO MOVEMENT OF 
Siass By Dry, Wet, AND TAr-PAPER-COVERED SUBGRADES 

The slabs reinforced with two continuous 14-inch 
deformed bars and with rectangular mesh of 23.6-pound 
weight are found to have approximately the same co- 
efficient, and it will be noted that the cross-sectional 
area of the steel in each case was nearly the same. 
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The greatest reduction in the shrinkage coefficient was 
obtained. by the use of two 34-inch deformed bars, and 
the minimum reduction—almost negligible in amount— 
was obtained with the use of two 34-inch plain bars 
painted and greased. 

TESTS OF CONTROL SPECIMENS 

Compression, tension, and modulus of rupture speci- 
mens were made concurrently with and cured similarly 
to the large slabs. Specimens for compression were 6 
by 6 inch cylinders; for tension, 6 by 21 inch cylinders; 
and for modulus of rupture, 6 by 6 by 24 inch beams. 
Two sets of each were made to be tested at 24 hours, 3, 
7 and 21 days and 6 months. 

AUG.31-SEPT. 1 1926 

TEMPERATURE 

TOP BOT. 

28.0 28.2 

19.5 22.6 

30.0 

A-7P.M. 

B-5AM. 

Cc 3PM. 

SLAB -23 

SEPT. 16-17-1926 

TEMPERATURE 
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27.0 i$ HF 

22.6 23.7 
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B-5A.M. 

SEPT. 24-25-1926 

TEMPERATURE 
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B- 5AM. es 
cC-2PM. 34.4 31.4 

f0) 2 4 6 8 10 2 34> 16° 18. 20° 722 (24 726 "28y 30) 1320s4 

DISTANCE IN FEET FROM END OF SLAB 

Fic. 5—MEASUREMENTS OF SLAB CURLING 

All of these, except the six-month specimens, have 
been tested at the present time, and the average 
strength curves for each type of test are shown in 
Figure 3. These results show that specimens laid on 
the dry subgrade without any curing reached a higher 
early strength than those laid on a wet subgrade and 
covered with wet burlap for 24 hours and wet earth 
for 13 days. As the specimens age, those made on the 
wet subgrade show a higher strength than those on the 
dry subgrade without curing. 

SUBGRADE RESISTANCE 

The resistance of the subgrade to the horizontal 
movement of the slab has been determined for several 
subgrade conditions. The value of this coefficient was 
obtained by measuring the force required to move 

(Continued on p. 208) 
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RESEARCHES ON BITUMINOUS PAVING MIXTURES 
Reported by W. J. EMMONS, Highway Research Specialist, United States Bureau of Public Roads 

mixtures has been vigorously prosecuted by a 
number of organizations. Although attention 

at present is focused principally upon the development 
of a test which will define the resistance te displace- 
ment of any mixture when subjected to conditions of 
service, the basic motive behind all such research is 
the formulation of a rational theory of design or the 
substantiation of an existing theory. 

At the Bureau of Public Roads two pieces of appa- 
ratus are in process of development which it is hoped 
will assist in the solution of the problem. Neither ap- 
paratus is perfected but it is felt that a description of 
the work being done will prove of interest at this time. 

DYRES the past year research on bituminous 

DISPLACEMENT DETERMINATOR 

A machine which attempts to duplicate to a certain 
degree the action of traffic on a pavement surface has 
been designed for the purpose of determining the com- 
parative strength or resistance to displacement of bi- 
tuminous mixtures. Figure 1 shows in diagrammatic 
form the arrangement of this machine. The essential 
feature is a series of 11 steel cylinders or rolls, 4 inches 
in diameter by 3 inches long, mounted between and 
near the peripheries of two confining steel disks, which 

in turn are rotated by a motor. Beneath the rolls is a 
water-tight bath or tank in which is placed the speci- 
men to be tested. At the beginning of the test the 
rolls are lowered gently to the surface of the specimen 
and the motor started. Rotation of the rolls takes 
place as they pass over the specimen, tending to de- 
form it longitudinally. A certain amount of impact is 
also imposed as each roll leaves the specimen and the 
following one comes in contact with it. A small metal 
plate held lightly against the end of the specimen and 
connected with an Ames dial by a brass rod consti- 
tutes the device for measuring deformation. 

The specimens are prepared by hand mixing and are 
compacted in a rectangular, collapsible steel mold by 
means of an electric hammer fitted with a square tamp- 
ing end. Specimens 8 by 6 by 214 inches in size have 
been used in most of the work thus far, although at 
present the behavior of a smaller size of specimen, 
8 by 4 by 214 inches, is being investigated. In each 
case the face of greater area is exposed to the action 
of the machine. 

As might be expected, widely different test values 
may be obtained by varying the conditions of the test. 
An arrangement of the machine and of the specimen 
was sought which would give a wide range in strength 

Fria. 1—Ro.titER MAcHINE FoR TESTING BITUMINOUS PAVEMENT SPECIMENS 
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Fic. 2..-RELATION BETWEEN STRENGTH AND COMPOSITION OF EXPERIMENTAL SHEET ASPHALT MIXTURES 

values between weak and strong mixtures. The weight 
imposed by the rolls is susceptible to adjustment by 
means of counterweights to a maximum of 450 pounds, 
and the speed of rotation may be varied from 4 to 10 
revolutions per minute. Thedegreeofsupport provided 
for the specimen under test greatly affects the results; 
and it has been found best to confine it in a frame at 
the rear and the two sides. The end toward which the 
movement takes place has at times been left entirely 
unsupported but it is probably better to insure againt 
slipping of the entire specimen by providing small 
plates partially closing the fourth side of the rectangle. 

For the purpose of bringing out the effect of these 
many variables, rather than of deriving definite infor- 
mation regarding mixtures, many short series of tests 
have been run. The typical series shown in Figure 
2 were made on 8 by 6 by 214 inch specimens, with a 
machine speed of seven revolutions per minute, a load 
of 250 pounds, and a testing temperature of 60° C. 
The same aggregate was used in all the specimens rep- 
resented by each group of curves, the bitumen being 
varied as indicated. 

Several indications of the test are evident from the 
chart (fig. 2). The test appears to differentiate clearly 
between mixtures varying in bitumen and dust content. 
It is very sensitive to slight variations in the density of 
well-compacted specimens. It is also apparent that a 
series rather than a single test is required to define the 
characteristics of any mixture. The failure of certain 
specimens to check with the average of their respective 

groups may be due to lack of uniformity in their den- 
sities or to certain other conditions of testing or molding 
which are as yet not clearly understood. 

Considerable thought has been given to the method 
of interpreting curves of this nature. It is evident that 
data in this form are of little practical value without a 
knowledge of the degree of density to which mixtures 
may be compressed in service. Comparatively little 
information is available, but a study is being attempted 
which it is hoped will shed light on the matter. As a 
step in that direction, dry-aggregate voids tests are 
being made on the aggregates extracted from samples 
of pavements of different ages, and the results of these 
tests are compared with the computed voids of the 
aggregate as it exists in the original sample. Insuffi- 
cient work has been done to warrant definite conclusions, 
but from the tests which have been made it is indicated 
that the voids existing in an aggregate may afford a 
measure of the compressibility of the aggregate when 
combined with bitumen. 

As a tentative method of comparison between mix- 
tures, the curves of Figure 2 are extended to the point 
of maximum possible compression indicated by the voids 
tests upon the aggregates. Unfortunately, these series 
do not include enough tests to define the slope of some 
of these curves as well as might be desired, but it seems 
that with percentages of bitumen which are less than 
sufficient to fill the voids in the aggregate, a compression 
can be attained which is, as a rule, within 1 per cent of 
the computed maximum possible density. 
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Fig. 4.—ContTAINERS UsmD IN APPARATUS FOR VOID DETERMINATION 
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VOID DETERMINATOR 

Another device developed by the Bureau of Public 
Roads is a mechanical means for compacting fine- 
aggregate mixtures in the test for voids. This appa- 
ratus is shown in Figure 3. A steel disk, 11 inches in 
diameter and +4 inch thick, carries the aggregate con- 
tainers and is vibrated rapidly between the lower and 
upper springs. Two cams driven by the motor are 
attached to the shaft, passing through the central 
column of the machine, alternately compressing and 
releasing the lower spring at the rate of about 1,500 
times per minute. The throw of the disk is adjustable 
up to a maximum of 0.04 inch. 

Figure 4 illustrates the types of containers which 
have been used to hold the aggregate being tested. 
The disk of the vibrator is perforated with ten 54-inch 
holes equally spaced on a circle concentric with its cir- 
cumference. ‘The bases of the containers are equipped 
with threaded rods by means of which they are bolted 
to the machine. LEither cylindrical or conical containers 
may be used; and each container is fitted with a remov- 
able sleeve which may be attached to it by spring clips 
or by threads. At the beginning of the voids test, the 
sleeve is attached, slightly more aggregate than is 
necessary to fill the calibrated container is introduced, 
a rubber-shod cylindrical metal plunger is placed over 
the aggregate, and the whole apparatus is bolted to the 
vibrator. A 20-minute period of vibration has thus 
far been employed although it is likely that a somewhat 
shorter time may be sufficient to produce thorough 
compaction. 

Considerable trouble has been experienced in obtain- 
ing a design for the containers which would resist the 
severe use to which they are subjected. ‘The screw- 
thread type has virtually been discarded since it was 
found all but impossible to prevent dust from seeping 
into and ruining the threads of the containers. The 
spring-clip type seems to be more durable but as the 
holes in the clips wear larger it has been found necessary 
to take up the looseness which develops by wrapping 
and compressing a rubber band between the shoulder 
of the container and ‘the sleeve. 

Cylinders should be made by boring a solid steel rod 
in order to insure the greatest rigidity. Certain of the 
cylinders originally made have lately given erratic 
results and this has been traced to a very slight loose- 
ness which developed between the bases and the walls 
which, in this case, were turned out separately and 
assembled. 

Most of the work has been done with cylinders 1 
inch in diameter and of approximately 26 cubic centi- 
meter capacity. Determinations by the method of 
hand tamping have been made concurrently with the 
machine test, using containers of identical construction 
for both purposes. Voids have also been calculated 
as they exist in 2-inch diameter cylindrical specimens 
of sheet asphalt mixtures compressed by the method 
devised by Hubbard and Field. The aggregates of 
these specimens were combined with percentages of 
bitumen from 7 to 14 per cent. 

On the basis of the work done thus far it is believed 
that in the very near future the vibration method may 
be developed to give at least as complete compaction 
as can be obtained by either the more laborious hand 
method or by the method of direct compression under 
a predetermined load. 

(Continued from page 201) 

productive operation time worth 20 times that expendi- 
ture, then the needed attention to surface drainage 
will be readily forthcoming. Similarly, if proper 
attention to the maintenance of the road over which 
the hauling is done can be shown to yield certain profits 
above its cost, then such maintenance will become ~ 
a regular part of the hauling plan. On one point, the 
data obtained are probably conclusive and that is that 
under anything like identical conditions the time lost 
will vary inversely with the ability of the management. 

(Continued from p. 204) 

slabs 6 feet long and 2 feet wide and 6 inches thick 
which were cast on the subgrade at the end of a number 
of the long pavement sections. 
A few of the results obtained are given in Figure 4. 

The resistance is seen to be larger on a medium wet 
than on a dry subgrade. Tar paper is seen to have 
greatly reduced the resistance. A large reduction was - 
found to occur also when the slab was moved short 
distances at 10-minute intervals instead of continu- 
ously over longer distances. Partial return of the slab 
after release of the force is found to take place. 

The subgrade material on which these tests were 
made was a silty loam with very little clay, an excep- 
tionally good material. In view of the favorable con- 
ditions under which these high results were obtained, 
it would seem that the generally accepted subgrade 
resistance coefficient of 2 might be too small for the 
average condition. 

CURLING OF THE CONCRETE SLAB 

The amount of curling of several different slabs has 
been measured over 24-hour periods. The method 
employed was to drive stakes along the slab at 2-foot 
intervals, and on these to mount dials which measured 
the vertical motion of the slab in thousandths of an 
inch. In Figure 5 the maximum curling is plotted for 
several periods of 24 hours. From these curves it can 
be seen that the maximum movement occurs at the 
end of the slab; that the maximum bending moment 
occurs from 6 to 8 feet from the end, and that the 
curling of the slab is restrained as the distance from 
the end is increased. 

The curling curves shown indicate that a fiber stress 
of at least 100 pounds per square inch is possible; and 
it is evident that secondary transverse cracking may 
occur from this cause before the concrete has attained 
high strength. 

O 
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