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"Financial Value of Highway Eé'search?’f' '

It is highly gratifying to those of us who have been intereste«l in

he development of this Board for carrying on hlghwav research tc see th'l
attendance and recognize the inierest of those who are 1n the audlence.
I shall try to set a good example. I think we have’ come to the tlme -'-when

we can deny to the world at large that research and science are tn-esoma. ‘ :

high-brow and of no financial value, interesting only as a’ pw:smt fur.'
those who lebor in dusty laboratories or uaventilated li’braries. &

My topic, The Finmancial Value of Highway Research, ought, : it seems
to me, fo introduce into this meeting a note of the —Prﬁét‘ical app'li;::at'izaﬁl

of those scientific principles and facts which we arrive at through rem- -i' "

search, and it cught to bring out, it seems to me;, througnout t.hese dJ,s» S

. cugsions, the actual valne in dollars and cents to the ;s_aeople af the m ;

'..-States, Terefore, I do not mtend to read a pa;aer, hscause T feel '
- time is also the most valuable poscession that we have, : A
Resea.rch to me ‘is a vital, hvmg thing, a process wh:.ch we may
:: compare to the process of reflmng ores. e bag:m with a, rather 1arge
?’mass. sone of- whx.,h is good end some of which is dross, ami we, selér.:t B

:good and reject the poor. There are two kmds nf research, - fu'st t}ﬁ i

enalysig of PrOble;.&S o segregate thﬂm J.nto their major or essent1a1 eie-—_;_,f:.;___."'

: ment.s. ani second, the intensive study of these essentlal elements *n order

to develop them to their utmost. It seems to e uhat the part}.cular f’lmc~

. tion of the © 1g‘~wa:,f Re,r_searcn Board is to analyze the problems and atﬁempt
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f'to segregate them into their several elements and m.'s ..r:r.bute these fi}

solution, for study., ard {or investigation among the researcl' agPﬂcxes A

of the United States. Speskirz on behalf of _the_ m:ecu;zve_ Bq_a_z;r.d, anria}_so
| for the Buresu of Public Roads, I think I can say it is rot our idesl ‘it
o we should build up in Washington a large or overbalanced researchagency
of any character. The place %o carry onm research 51 n 'e?ef‘.'yk State,m
- every 1.-..'bo*'a,tory, in every Statz highway commissi on, and every p‘iace else
where we can induce men to taink. Without vision the people per:.sh,
that vision cacnot be segregated in one place or left to a smal'l grn"xjg of

© people. t mast come generally and 1m1vs-r=eaﬂ ¥

It wounld be possible o develop out of this tmnc est.»m tes ef the-

savings that are being effected by higlway research that would Tun 1:11:0

-~ wvery large amoun®s of morsy. ¥Waen you consider that there were reglstered

“the first of July over fifteen and one-half mllmn mo'tor . ?ehlcles. anﬂ

. that the consumption of gasoline in the Uzited Sta-.es amoun..s to over--'éii"

}‘bllllens of gal"lans annuaily, that the tire and accessory b111

“in the neigkbor hood of eight hundred million Goll lars, an& that we )

If you think

b"uu the cuestion from ﬂus angle - uhat there'-

111 see that the refinement im the i;ype of *oa& m 1n'the

15 m'-.zltiplied egnorrously. But I zm pa.ssing over thase sav ms tha,



“be caleulated in general terms, caliing atter.tion to 'thi's”iitem-o'f asyﬂ

cific crarccter - the use of the thickensd edge in the desugn of concrete::,

: roads by which the old sectiors have been reduced, at. a savmg, we. will
say, of some 390 cubic yards of concrete per mile, which a.t £10 per' cubm”
-.E--yard would mean a saving of $3900 per mile. There are 24 States tha.t hav
adopted this policy or this new type of consiruction. If each of these
;" States constructed 100 miles of concrete roads constructed. per year_.::the ‘
saving effected would amount to $9,360,000, in tkat 1tem alona 1n a year;_
Take another znzle. In Iowa tne supply of sand 1s about three

- times as great as the available supply of commerc:.al coarse aggregate.

g That maltes commercial coarse sggregate and concrete roads bu11t m.th it
_-..expensnfe. Since 1913 the Iowa State College and xowa_ﬁg_ghway_ Cpm?_%sm:n_i;
had carried or a syétema.tic survey of thé material resources of t_];ie State
~and up to 1920 undevelopefi deposits of gravel had been em:‘med iﬁ 63 :
'f::; counties, and a number of the more ymmsmg deposlts were developed wa.th

_State assistance. Much of this local ma-terial contalned_ from 507 ﬁaﬁo : |

':per cant of sand, and was decidedly vana'ble in character. ﬂ%‘-ﬁiﬂimﬁ

and at the same time secure uniformi ty in the resuliing Poncrete requlred
that the p*'oportvons of the concrete be varied ?:11;11 tae az',;mg chaxaat'

Eo;. the aggregate. Ihe local materlals used were subgecte-d to freqaent

j«.;:ch.eck tests and, accord_ng to t;he in dzcatmns of t‘mesp tests. +h'l"'pmpor

t..ons wer'e varied from 1:2:3- 1}2 to 1:2-1/2:1, wita tae resalt tha.t.,_.the

'.concreto produced with these agg,regatus was troroughly sat;.sfactury a..d

'?-surprlsmgly umiorm. During 1820 and 1921 such loc:al saurces c:f mat

'f"were developed for eleven of the thlrty paving contram-s completed_{iurwg



the period. The average price for the 53 miles in which the local ma-

torial was ussd was $39,300 per mile. That of the 111:6 .mi'j,eé:,' 1&1} ‘unds

the some market conditions but using commercial :iﬁaterigl's was $43-00 a

mile. The Commission estiueted, therefore. that the use of the '_1{}]{;#.11

materials offscted a caving of approximately $143,000 on the 5311111380

In TJowa, algo, a3 a result of several years study d:f thevam.o
reperted researches into the consiituenis and cor:poszt;on of concretea
and data secured in the fisld, the hlghwag commisesion became convn.nced
that the common method of weasvring zraterials by 100‘53__17911@@ 'wa's' _'subjegf_t
“to comsiderable error and variztion and that if the aggr'egateé were";:;'-..:._‘ |
- weighed some of the most important of the vavla‘nle factors cm..ld be el:.mm
inated. Accordingly this metnod was trled 1n a small wa.y on two contrac;

in 1923. '“he results were so sat1sfactorv that «he procee ure’ of reqm,r-

ing the aggregates to be welghed was aﬁopted as stand.ard. Some'fear—'s
were entertained that the costs mght oe Ancreaseqi on accomt of e
t.;onal equ;.pmﬁnt needed and on account of the fear of uhe contr,_ Lox
t}:;at their operations would be .slowed down. But t*ze *emlts showa

thece fears were groundless. The years 1923 and 1924 were compar’

respect to labor., material and transporta‘blon cests._, in -*931':5_,}133&9,

was by loose volume and in 1924 the aggregates Wers we;xgheflw

unit costs were zs follows:
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Let and Built in 1923
Ionse Volume Measuremant

Couaty : Iv111§__§_ i Prlce per Souare Yard o
Clinten : 2.7% $ 2.7 RN
R : 1.60 : 2.7
" : 2.80 2.76
Greene : 2.01 : 2,45
" : 1.53 : T 2.34
Polk : 4,95 : 2.44
" : 4.10 : 2.48
L : 4,96 : 2.48
Scott : 7. 55 : 2,77
» : 4.79 : 2.62
u : 5.46 : 2. 523
Aversze Unit Price P $ 2.60 -

Let apd Built in 1924
Amgregates W eighed

County : Miles : Prlce per szare Yard
Black Hawk : 13.8 : $2.39
i n : 4.38 : 2.44
u i H 14.00 2,54
Clinton - : 14.53 2.58
u ; 1.30 2.42
Gresne : 17.22 2.8%
Polk : -5.22 > 2.385
W o T . 2.48 .
B : 1.51 . . 2.42
Averare Unit Price $ 2.5% -

This generaﬂ d.ecrease can hardly be cremted 1;0 the w«nz.gh:mg

: methocl for the contractors were hdd.a.ng Wi thoa‘t much. prevmus experien'
but appa:cent-ly the price was not affected by the Lew metho&-. b
The data co"lectea in the ‘”1eld thz.s year shcw that tiae §r

' _bgect of this refinement, namely 1mprovement in the mfomty oi’ the

concrete, has been in some measure acconrph.f:hed and fux%he*mre -uh
_to other importent refinements hac- ‘been poznted out. e

These facis and others of a similarjnajﬁurs,i_arel



They represent specific instances of m‘butaz*tlal savzﬂgs effected ’shr'
_research. I now want to take a few minutes of your tme for an attack
an attitnde of mind, shall we call if, or, pe*‘haps, a current 1mpressm

-that the building of higlways by contractors, is azm unsafe propontwn.

I am sure you have zll heard contractors bewailing t}m fact that_ ,th_e:xrs' _;-'s'

mot a paying business. Certainly if any of the wen who have been ea:ag:' ser

- of a State highway department oT a county department, or have carrled Q]
roa.d construction in zoy way, have ever heard a contractar admr!; that.he
Tias made any money on a job, he has had an exper;ence ,that is rathardi f

- : ferent from my owa. We are continually met with thls 'attit‘tﬁé o'f mimi
that every contract job for road construction 13 a loswg gob I hﬁw-"bi‘

. mothing that this convention cam attack to beiter purpose than tha.s feaL-

ing that ths engzneas are crowding the contractors o the’ wall or that o

the con+ractors are failing to deliver to the en,gxneers. I -am not takmgé
& position of.antagonism to the contractors. I merely suggest. that the

Feeling that now exists is an exceedingly unhealthy one, ami tha,t 13&' ‘the

“ i g any basis for it the facts should be brou@t to hght and B remedy

" Found, and that, in my Judgment can only come abmzt through IEEearch

'-have all heard various and sundry excuses offered. for the faxlme
to go properly. I merely @;ggest that it is time. now * investigate
excuses, and determine, on a bas:.s of concrefe facts rather 'Eban
Feeling or any such 1ntang1ble en.dencn exactlv wha‘x; fﬂmdatmn £

: ,f or the constantly recurrlng statement ‘ha* mgh?.'ay ‘E}m’iﬁlnga.ls a

We have lately been do:.ng samethmg of t"as sort 1:1 th& u

Public Roads, acd tl‘!:t.s is. what we find,.
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engineers over a period of 14 months the cavses ass;gneti for msatisfac-.
tory progress on current work, reduced to a percenta.ge bas:Ls, a.re aa fa]..
lowis! Iabor shortage, 7 per cent; material shortage. 3.4 pez' csnt" :.n- 1
adequate equipmeat, 2.9 per cent; financiel, 2. 5 per cent; m‘agement,‘-;*
27.1 per cent; weather, 33 per cent; construction difflcultles, 2 4. per ’ 7‘
cent; cause not siated. 19 per cert; legal, 0.5 per cent; and prelzﬁmyf
difficulties, 1 per cent.

This is the result of an analysis of the sober reporis 6:_&' dnr_. _‘
engineers as to caunses of unsatisfactory progress. I éo not want to be . -

understood as saying thet all these jobs are fa:.lur-és. iiae great ma.gority
of them have not gone that far, but all oif them are ma.k:ing nnsatzsfaactory o
progress, and our engineers have tried in each case to place their fingersi__ft:'
npon the cause. XNow, what I want to direct your attention to. especmlly,}_:'
is that when these causes are sumnarlzed and analyzed the only items tha‘b

appeer as considersble factors are weather conditions and the ma.nagemg;lt_ e

-Qf the contracts. Sixty per cent of the ﬁnsa;tisfactol‘y progress:.s _.Ifé-.:._:f
ported as dae to these caugses alene. ﬁﬁirt%—three.éer &ﬁt 'i-s‘rjlne:' 'w.‘a-"-‘
weather conditions, over which it may be sald. the contractors ha:ve no cﬁn
trol, although an convinced that more tl:ne is. lost because ei‘ weather
bonw:x tions than there isg justification for. But, 1t 1s the 2‘? ner cent'
that is attributed to bad management that tc my ming, suggests the i‘:l.”
in which research can be employed to ths grea.test advantage a:ad I ’beli'
!;he contractors. themselves will welcome such research C :
Vie have been meking some 1Pvestzgatmns in - that partlﬂular i‘iel&,
ﬁlndr we have puo‘:.s}*ed recen*ly in Poblic Roads several repori*s of What

ve found. Thus far we have _Lmted our s’cmhes 1',0 medmds of muvmgv



:d.irt; there has been ro atfemni as yet Ho amlyz.a ﬁxe dompli;catéd;l?fs@ﬁ;
~of pavement coustruction, w0 we are net yet prepared to oﬁ‘er coi:crate.
S‘-Jggestlons for the eliminatior of all mshegement 1Osse"s. I should '3.5.
~to refer to a few of our discoveries, however, mereliy as’ ma.s.cat:.ng a
method of approach by which such losses may eventually e materi'ally '.!fﬁé"r:',_..

-duced.

From a long seriss of stvdies by stop-wetch timing it"has':-'&eesn"-- ik
found that the average time required to load, unload end tm'n wheel sc:mp—--fﬂ.

ers at the two ¢nds of trke havl ig 2.9 pinutes. This time is 8 cohsta,nt

hich is not affected by the lungth of hawl, and, as I say, it represanta
very closely the actusl time consumed on the aversge jo‘b in the perform- -
ance of these operations. DBut wher we attemni to bresai ‘down thi  _ -A.me

nto the several periods of which it is composed, that 15, the time for

load:.ng, for durping, for turning at tae cnt and at the £ill, atc.. we

Find that only about 75 seconds of the total of 2.9 mimztes CAn _‘bé_ ac
counted for in these essentiel operations, and the balsnce o'i‘:'.99: secm&ﬁs
'.c"an only be scecunted for ae miscelleneous delays, most 'of wh:.ch mus__ ’2;
1preventable by parsistent effort on the part of the fareman ’Jh il
: ;-’!_-.r 1te what this loss of 99 secornds may mean on an acmal job 1et us :

;pose that the aversge haul is 400 feet. Our studles shoa that the averag
ime required to meke such & haul is S-3/4 mimztes. whn.ch includes ¢
ime for the actual haul as well as the tim oonsumed in 1oa_.d.;ng,_ u:cl 2
ng, ete. Of this timre, then it appears that 1-—2/3mm1tescrnaar
.ur cent is expended %o o hse¢u1 end. | | e

To illustrate what may be done by carefnl managamant te
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such losses, I should like to mention & séécific éase_ in which such a
gaving was made. QOn one of the ﬁontracts sturiied by our investigators
the contract price for excavation was 43 cents per cubic yard. YVher our -
~ man arrived on the job it was costing tne contractor praciically the ‘ull X
43 cents to move the diri. The foremen realized in that instance that he
. was losing money and asked our engineer to help hlm straighten out the
Jjob so we made the job & test of the practieability of our theories, and
the results were highly successful. Using the sama. foreman, the same
teams, and the same men, and changing o_nly the character of the manage- ”
. ment we were able to reduce the miscellansous ﬁrevenft;able delays to such
a degree that the cost of moving the dirt wé-s low:ara'ci' to 34 cents - .a
saviné of S cents a cubic yard. In my judgment, much of the difference
between profitable and unprofitable highway construction is expressed in
that operation, and it seems %o me that thj.s body, by encouraging the
application of the scientific method to our ever,,r-da.y congtruction opera-— a
tions as in tm,s msta.nca has i:he omormmity not only to help the con-_
¢ tractors to increase thexr leglbxma.te prof:.ta and imidentally the quali ty

of their output, but acmly to decrease t'.he cﬁst of the ha.ghmays to t.he-”-- "_‘
- public.

When we are spending in thzs cmm‘:‘/’ ea(;l.*i‘:ye'ar-one billion dollars =
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mansgemsnt of the projects, the highest percentage atiriduted to any. camse
except weather. Tc me it scems that highway rescerch will EIMmtea ‘
very considerable percentage o7 these deiays, wiil im’prbﬁ_eﬁ the quality

our product, and will give us what I conceive to be the wiole reason for

highway resecrch, which is: %Io direct correctly efforts to atimin the

widest utility and greatest ecoromy of nigimway trensport for the public.




