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70 THS CIVIL FEGINKERISG PROPESSION W "

By Thos. H. xmﬁmlﬁ
Chief of the Iuress of Pudlie kosds

Under several sames and with a gradually M m
of activity, the Buresu of Sublic Hosde bae M . & Sme
istence as o branch of the United States Department of wmm
since 18%3. , _ .
1t was crested in that yesr by the Ssoretery of -

ture to carry out am act of Congress that directed m

"to mske inguiries i regard to the systems of M ey |
throughout the Uaited States, to make iovestigations is regard te

the beat methods of roadmelking, to prépsre ymmzm m m
subject suitable for distribation sud te * % * % ssstet he aget
cultural collsges snd erperizent stetions in %Mmm iafore

sation on this subject * » =%,

From the date of {te creation until 1912 e P&

functions were thoee of Lnvestigation ssd edusation m.
thst year it was charged vith admizistration of the soastre
of the Pedaral post roads for which provielon was m s :
anount of #500,000 by the Post 0ffice sppropriatice det m. m’
fiscal yesr 1913; and ths sdwinistrative sxpariesce m ogaly
togethor with ite long comtact with the development of the m&

for road improvement led to its dssignation as e FYedaral W



to cocperste with the highway departaents of the “tstes M
15146, the crincisle of Ysderal ald for vosd building wae &
The work then begun hme contimmed snd grows lan importance M’
snd now constitutes the largest of the Buresn's sctivitiss.

Thuas, historically, the Twresu of Public hoads was Tivet m
sgency of lnvestigation, then arn sdninletrative agency. Mt ﬂ. m
not permitted the maliiplicstion of administrative duties to QM‘
the spirit of lavestization with shich 1% hes Deen imbued from m
beginalng; and it is sigaificunt of its mitituds toward mnum :
that at ftes insletence the ssction of the law making provisios tw
the cost of sdministering the Pedersl-std rosd work, alee pmu
for neceasary highway resesrch. : ‘

Though the change fn the Puresn's duties hss somevhat sltered

the motive of its researches, it has not essentislly changed m

eharscter. It does not now snd never has looked upon itself am wm

agency of resesrch in pure science. 21l of its investigations, -

tests, mnd studles have had a practical object - if sot fomedi tely

in view, st lesst not far removed. The centrsl objest, m&w
all of its regsarchss iz the devising of ways by which MM
portation wsy be made more efficiest, sad that is true smwf

study im hand be the testing of comerete or the solutien of & pp

of fipnance. The sepects of ohysical aad econemic phencsens tuvesti~
guted sre studied by no other govermsent agency, and the Bureeu Tadan

studiously svoids suny work ¥oich can be sove sldventagen
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sach otber agencies. Always the application to the road snd te
Bighway irsnaport is the thing thet holde the Pursau's intersst.

¥hile, in conseguence of its deliberate concentration apan
ebjects of interest to the highway enginesr and tranmsortation
speciaslist, the resalis of its investigetions are of special interest
to & particular Yranch of the civil enginesring profession, there
are naturally rsmifications and by-producte of fts work which touch
apen the interests of those engsged in other fields. These are waf-
ficiently nunerons and useful to Juwtify the sugrestion that members
of all wraschee of the profession may find 1t worth their while %o
geauire a generzl familiarity with the Paresu's rescurces of infor-
mation and date, some of the more importsnt items of which are briefly

catalogued in thie peper.
Phreicnl Dats

Saberade soll studles.~ Perhaps the most generall usefel of
the physical researches fs that which desls with the Qmwﬂu of
solls tn relation to thelr sultabllity zs subprafes and foundatious
Ffor rond sarfeces and sirecturss. In this field the Juresu bms
sntegvored ®ith considerable succese to supplant the insdeguate
end uncertain empiriesl data of common knowledge with facte,
rationally snd expevimentally developed, besring uwpon the be-
revioy snd meshssical propertiss of solls and soll constituente.

fu the heele of the facts thas developed 1t has slready proposed
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& general classification of solls with respect to Velir efficieacy
as subgrsde and foundation materials, asd By further ressarches
it ig providing the mesns of closer definition. 1%t hae Mﬂlm&
laboratory and field tssts which permit of a fairly sscurate iden-
tification of differeat soils; and has zade some progress in the
development of methods for lupreviag namtiﬁfmwn 2011 materinls.

The results of this work slresdy obtsined conatitute s bedy
of factunl materlal previously unavsilable sad highly waloable $o
all branchee of the engineering prefession hoving to desl with the |
design of structures of all sorts resting on the soil.

Hatritution of pressure through sarth fills sad earth
preasares on culverd pipe.~ Similerly wseful are the resalta of
studies of the dlatridbution of pragsure through earih fills re-
sulting from the applicatien of concentrated losds at the surface,
sad the pressure of earth on cmlvert pipes laid under wvaricus
conditiona. In the lstter stulies the furesu has cooperated with
Dean Yarston of the lows State Cellege wnd with Desn m of the
Universiiy of Yorth Cerolins, mud "a. large body of m&ﬁﬂ MM-

‘mﬁ been obisined under the immediate direction of mm‘ w0
suthorities.

The study of the distribution of pressure through sarih
fills uot only resmited in the determinstion of the goverming laws,
but also, s¢ & by-product, ihe development of a gnosmatic pressure o
cell, known as the Soldheck Soil frewsure Cell whiek, MW “
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in en esarth ziss and comnscted by tubing to the esternsl mmu
gege, is cspable of sessuring the static pressure applied to it
with an accurscy of s tenth of & pound per squars inch. This
auparstus hes slsc been used by the Puresu o wexsure pressures
back of retainlng walla, and by others in varlous other ways,
notably by the iiaml Conservancy District to determine the progress
of solidification of puddied cores in esrth dsms sw & contrel of
the rate of constraection.

¥otor truck lmpact investigations.- Yor more thean tes years
we have beem enguged iz s study of the inteneity of lmpacts de-
livered to road surfsces by motor trucks snd other vehicles. Thise
work nag resulted lo s ssszx of cosclusive date with regurd to the
intensity of such lmpscts in relation to the welght of the sprung
and unsprang losds, the effscts of spring stiffness, whesl designm,
speed of veiicles, and rosd roughness, the relative cushioniag
properties of molid, pneumstic, and cushion tires, wnd %t & cwrtaisn
extent the effect upos road eurfaces. £ large part of the m Mﬁ
bean done in covperation with the Soclety of tatomotive &&W
and the Pubber ¥smulecturers' Associsticn. Abdde from the diyect
vilue of the msasurements in thelr psrilouler applicatien o motor
vehicle and highway snd dridge design, ithe msasuring spparetes
designed, developed, and calibrated for the work, snd the know.
ledge of tie possibilities and lisitstions of such spparstus

soquired in the course of the imvestigetion, is of pronsunced



¥zlue to anyone concerned with prodless of SMWM
tavelving lmpact of say kisd. of Wﬂm W“ﬁ
nsction la the study of various types of u&ﬁmm
comcieted with the cooperation of the Jureas of W

©f the instrumeants aud apparaine employed inm thia
Tour wore developed for this apsolsl purposs by enginesy
Turese.  These are, (1) s practical wackine for applying
siows of verying intensity, (2) s»n ifnstrusent for the 44
sessurenent of lapsct forces by the deformation of small
cylinders calibrated ander stetic leed, (3) a epsce-timy
levice for the gravbical neswuresent of deceleration of
sad 14) a coll epring accelercsster, nseful for the sase

tudies of censal comcrete.- Nomerous studies of
sroverties of cement concrete conducted by the Ruresu ha
veloned data of epecial inmterest to voad builders; bub o
these data are 50 funiemestal in sheracter as te have sq
interest for all engineers. Among the items of lsformst
this charscter are measuremsats of the expsasion snf eon
of conorete whes sudbject to tempersture and molsture m
teruinations of the sffect of siternate fressisg and the
furing and subsequent to the aetiing pericd; detemmimaty
effect of tize of mixing in full-sluze paving sixers an §
s5d unifornity of the product; the effect of slkeli salt
wnd water on concrete with which they cowe im contast; w



T

of protscting the concrete sgainst slkali sttack by bitusinoss
paint costs.

tmong the most uselul of the Buresn's stulles of this chaye
agter sre those desling with the affect of the kind amd propertion
ef cosree sggregute upon the strength and deasity of the resuliing
concrete. These investigationw, not yet entirely completed, give
prasize of supplylng, when fully ssalysed, new k:mhm of the
ef fects of these consrete factors comparable in importasse e the
dlecovery of the effects of the water-cement ratic, i

spother isteresting growp of investigxtions of the same
genersl clsse, i3 thet which luclules geversl studies of the
varicus methods of concrete curing, the lateet of which has
recently been completed in cooperation with the Tennesses
Uepartment of Highways.

rractically sll curing methods thus far proposed wers
tested in thls imvestigation, which was carried out on & section
of Tennesses highway 15 siles in length. One-half of the pavement, |
tbroughout the entive length of the roxd, was cured w&ﬁt wet W.
snd the charscter and bebavier of the concrets thus trested hae bess
taken as the stsndsrd of compsrison by which the relative effects |
of other curing methods used on the other hslf of the pevement bave
been detersized. The seversl bitauinous curing wethods, surface
spplications snd admixtores of celcium chloride, sodizm silicale

spplications, ponding, wet burlsp sud sissliraft coversgs, and
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tar paper lsid or the subgrade are all included n&a&m the M |
tested. The criteria of stremgth and freguency of crackimg heve
both been employed in determinming their reletive effscis; and the
report to b8 published fa just & fow days will srovide some of tha
nost illuminating data yet disclosed with regard to this guestion
shich is of Interest to all who heve to desl with concrete ia eny
of ita various uses.

To menilon Just one more of the Duresu’s studiss of oot~
cretes which may have spulicsiion outside of the special field of
car interest, I would refer you to the tesis of the sbrnsive
resistance of concrete slabe, compoged of waricus types of cosrse
sggregete and mized in eeverzl proportions, cempleted several yeare
ngo. The weighted rudbber-Sired wheels, Lo repeated veusages of shich
the slebs were firast sublected, snd the subseguent spplication of the

same wheels eguipped with steel non-aild chains were chosen ss the

wearing sgent becsuse of their spegial appropriateness for & M 3

of pavemsnt conorete; but the relative wear of the various k&uﬁa)ﬁ{

concrete under say other abrasive action would probably met amw

grestly from the values determined by these tests. "
Studies pertsining to the design of coucrele psvemesnt m& .

tridge slabs.- As the result of 15 ysars of contiouous effort fo

rationalise the desigs of coscrete rosd slabe, the Pureau hes

sxperimentally eveluated prsctically every factor inwelived exesyt

the importsnt one of subgrade support; and the light thet hase




appeared in She evhgrade Lavestigations in recent weat
fmpawisat prelem is sot far ff.

ke el b
o o AW mattere.sew stead, our expsrineats hwve ylelded sl)
necessary dats with referssce to the goat Lon,. expansion,
solators. . Piiferesses of tespersture buteses the. be m

oF..he. slab, coourring daily snd sessomally bere Dees g
mm spd resgsnsble dseign ilimdte detoruined.. The
besti dodbermined: with gll necessary socursey. The éittﬂm of
pressure 40 the: subgrede from lesde spplied st wvapions. polate.

the pavensnd bas. bosn: semsered quite adeguabely by #oll. pires
onlln. - $hm related offuets wpen pevesent stresses, of Jelst spast
smbgrede frintdon, snd idnd sed yesition of skeel yeinlpreing bay
¥ explozed, - dud, Tinaliy, ihe dishribubls

- Ak Sheee factors Bave been dedaruiom
hisental. pewolis have beon fouwnd 4o w
iibe of paibenatical sealyels. |
i similay ond eves mors perfect sceord exisis betwesn %

conclasions resched by experimentel sud zethessticsl provesses
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in the deteraisstlon of the distribution of stress im bridge floor
#lnbs resuliing fres losds spplied in verious positions relative
to the mbutmente wud sides. In this case the methods of design
bave Yeen completely evolved.

hoother useful ovlt of informziicn to bridge desiguers is
the deternianticn of the distribution of sbutwest pressures for
sxer archea; and the tests of the full-size opew~spundrel con-
crete sreh bridge over the Yadkis Tiver, condocted im cospsration
¥ith the forth “arslins Bighway Comuission and with the sdvice of
rapreseatatives of this Jociety im 122¥, ave perhaps alresdy
faniliar to mest of you.

Zputine teets of rowd materisla.- Por twenty-five yeers
the Turesy laboratories have carrisd oo continuounsly tasis of
rosd materizls of 811 kinds subniizted for the purpose from every
wart of the Unlted Statea. The recorda of ihese tesls are a@aylﬁta
and aveilsble to anyone who wishes to conealt thes. OF ga&fﬁa&inr
ugefulness are the records of testz of natursl m&&«fi&ig sugh se
rook, sravel, and sand; sad ihese hove hesn gsthered together
and sublished from tlee to tize in bulletiss of the Depariment
of Agricultvre which togelner comstitute a valushle scurce of
information in regard 4o & large part of the coualry's rescurees

of thege mpterisls.



1.
Studies of the Sfriciency of ¥oad Construction Frocesses

Another department of ihe Puresu's resenrch work which Yas
eroduced results that should be woluable to mesbera of the pro-
fession at large are the gtudles that heve been wvade of the
efficiency of roxd consiruction provesses and esquipment. YThewe
studles have thus fur deslt salnly sith processes of grading,
and concrete and bitumisous concrete pavemeni constructlos,
slthough less extensive studles have been nade of guarrying
oparationg snd bridge congtreciion.

In thie work stoo-wateh gtodies hwve bess sade of &4
very large nusber of sctusl construstion projects in the sfferd
to learn wiat preventable lowt timw snd waste mobtion there muy
B¢ in the varisus provesses se coomsnly sracticed, and vhat are
the soeential relations batween ithe rates of opevration of the
various pleces of eguiment sud labor eupply secessary to pro-
dace the meximas sreciicable efficlemey. The findings of the
stop-entch studies heve been spplied uader the Fureau's dirsction
on awwercus Jjobs with truly remsrksble resulte in inerssse of ef-
Ticiency snd sutput. Highwey cemtraciors bave msuifesied great
interest in this work and higlwey enginesrs srs vell scouainted
#ith the demonsirated possibilities of this extennion of sclentifis
managavent to the sphere of engiaeering constyucticn. Wt the

principles svelved sre egually applicable o sonstruction oulside
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of the highway fleld, sad engimeers gemerslly should soguaint thes-
selves »ith the very interesting reports that heve bhesn pudlished.

The studies of grading opevetions cover prectically sll
avallable forms of equipment from the simpls slip saraper to the
upual combinstions of power shovels and trucke, snd im sll of then
the essential time relations have Deen setablishbed betwssa the
rate of operation of ihe key squipment and the supplementary
squipzent sad labor supuly.

Taking concrete pavement construction as sn exampls of the
character end effect of the gtulies, the analyses of thig class of
work berin with the mixer as the ey equipment which must st the
nace for the entire operation. The wtudies have first developed
the length of the siziag »eriocd and corresponding length of the
conplete mixer cycle necesssry for the produnction of a unifown
goncrete. They huve then discliosed the various time losses, both
preventable sud unpreventable, thel reduce the actusl productive
operation of the mixer and lower the theoretlecsl maxious oubput.
Yext, they bhave devoted themselves to the eradication of sveldadle
delsys; and finelly, after the hizhest precticable rete of sizer
operation has been deterained, ihe stulies have desll with the
proper sdjustwent of the truck supply, the operations of the
batehing and losding plent, snd the placing snd finishing oper-

ations to meintain the prasticable amximum rate of the mixesr.



The reporta of theee atufies should be femiliar to all
saginesrs lnterested in having construction work under their 4i-

rection carriad out with s asxisum of efficisncy aand econsay.
Teafflc Surveys, Tconomic, and Statisticel Tata

"he highwsy traffic and transport surveys conducted by
the Fureau in several Steles in cooperation with Itate and coundy
officinls as the baste for highway systes ;lanning provide another
source of dete thit say be uselul to a wmuch wider group of engle
neers than ihose concerned directly with highwey plunsing aad
traffic contrel. Feporte of suoh suwrvers in daine, Yew Haupshire,
fermont, Teonaylvanis, Ohlo, snd im “uysboge sod Jook Countiew
hgve sniready been published. Dihere desling with eleven western
Statee will ehortly be published. Im all #2111 be Found & wealidk
of iaforastion in regard %o the traific oz the mein rosds of these
Stmtew asd counties. They also vrovide auch wseful iaforsstion
with rescest to the origls sad destination of treffic and other
scononie d4ata which may serve as infices for vse in the soalysis
of wrobleng entirely spart from the higheays.

the Puresn publishes s sonthly Joursel of higheey research
#hich 1% calle "Public Foeds.® I this publicetion we endesvor
to report resmlariy sil svallsble iwformation $o regerd %o the
variocus lianes of investigsticn under wey. UWalfortunstely ouy

tadget strictly limiis the afige of the elition that can be
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published for free circulation snd the amaber of copies pablished
is scarcely sufficient to meet the demsnd of highway officials and
otbers directly concerned with highway work, so $hat it is wmm
to supply it regularly to all clesses of engineers. However, theve
aré ususlly « fow extre copies available which way be used to weet
requests for particalsr back oumbers, cad the sagasins can de
obteined on pald subseription fros the Superintendent of Docu-
mnents at #1.00 per yesr.

rertsin classes of informstion, not pubdlished im full in
the magasine, are published in specisl reports and bulletise, and
thege sre genersily avallable in sufficiest nunbers to couwply with
ordinsry demsnds. There is slso s stetistical service wiiok takes
the form of separate one-sheet {ables, dealing with the uileage
sad type of sll roads constructed in the United 3tates anmually,
the mources and smounts of highway revesue, the smounts ssd pur-
poses of road sxpenditures, the regietration of moter wehicles,
and the revemue collected from owners of metor vehicles in the
form of license fess and gusoline texes. The stedisticsl records
of the wages of labor peid iz the veriocus secticas of the United
States on Faderzl-aid road work snd the uwalt cosias of mablerials
need, which have been kept for several years, constitate ene of
the best avallsble sources of data %o serve zs the basis of
eetinnleos of cost of reproduction asd olher studiee requiring
% rnowledge of the fluctestion of labor and material prices over

z period of yenvs.
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The Buresu will be glsd ab &ll times to furntish fall fafor-
mgtion in regard to pliwses of ite woark to any one interasted.
within the limits of this gaper 1t has been nossible o touch
upon only the more lmportant lisnes of our work. Watever we Dave
of fsot or date or useful informetion will be ulsced at the dla~
posal of any englneer who way need it, whesever it lg within ouy
power to do w0, and we welcome the opportunity to gerve the

profession in every proper way.



