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It 1s the purgese of thisz report Lo sumparizs, wader one epver, all

availeble infermabion on the fivwe exporimental vibrabed soncrete phvemsni

vrojects couvleted to dante in Misbigan., %hees experimental vibrated consreie
savenont sbudies are ideniified wiih the following eomstruobtion projsais, snd

their locsdions, wlih respsct bo lmnsing sad to eseh obher, ave shown in

'-_;;i E‘mﬂ,‘@%}r@ 1 M

le Frojects 3321, 06, and 19-27, £2 « on W78, H,%, of Lansing.

Havorted by J, W, Hushing, Foslnesrine Yews fseord, Avpril 26, 193,

2e TFrojeet 30-41, 06 - on Ul-1Z, eant of Jankson,
Reported by H. 5, Tulion, Dooarbmenial Repord, December 23, 1936,

He  Froject 359, 01, and 193, OLR - on WH-RY, Hd, 1imlts of lLansing,
Heporjed by 9, H, dash, leparimeninl Hemort, Wesearch Projest
36 B2, Hovember, 1999,

b, Frojest 6i-27, 05 - on ¥-128 (now Yi-16), Huskcegen,
Repovbed by 4, H, Unvh, Depsrieentel Herord, keasarch ¥rojesed
36 B-2, Hovembar, 1939,

5e Froject 41-34, 06 = on Grand ieplds dast Beld (nov by-prss UH-131),
HQeported by ¥, A. Kervanen, Heparimeninl Heporh, Researsh Froject
3% Fu7 (5), December 15, 1981,

ALY avellable informnitlon concernlag thess projects hus besn collsched
and presented as separate revoeris. The revovied meiarial, wiith the ezecepition
ef reeent eondition svrvey laforsetion, i in ihe expel werding of the suthere

who flrst reported on dhelr respecilive prajsuis,

in the fired erperiment, elsctrisally powsred wibrators wers nitiavhed

dleectly to the forwnrd sereed of the finlzhiny machlne, foneveie wizes of
nigher cenrss aggragaie npod refduced water snd cenent contents were sunocessfully

placed. Dot the strains ond shresees develoved by the vibratbing wids on the

sguipsent end forms wers eudtirely too great, %This resulited 1o the vejection

af wibrated conarets ags o nethod for gonsyel povement eanstruciion pracklee,




Far the pecend s

b

serinental siage, vibrating fubes of 10- snd Z20-Lfoob

lengths were lpneluded on leve nod fll-widibh construption, Thosse tubes wers
gapoerhed by the Finlshing waohine ahesad of the Torwerd sersed, and oonld bs
mpenanloally falsed and lowered for transverse Joind instellationse oy obher

ohevrastions, Yhe stroin on the squlynent wap reduced somevhnit, But the wibhroe

tion fregqusaoles bbrosghont the langih of the fubes wers aet uniferm, Tae
viarebory tubes, when ln waa, maderially rebtavded the Torwerd motlen of the

Tipi shing wmaehipes,

daokner deslign of wibratory eguipmend was given 5 Hrinl on the Srend Hooplds
project in L9841, in this sase, the plasement of $he ponoreie was mafds with a
perew sprender having o vibratling beoard adinehed direcily behind bhe serew,
that acted simultanamusly 25 a v&bf&%ar and airike-off for the surface of the
sonorate, The fipishing wmechine followed the concrste serew spresder, snd this
wrid also had & vibvrating board attochsd abead af Yhe fronmt sarvesd. Yhe vibrat-
ing bonyd consicted of dwo-ineh planks sed on end dn flve-foob lewngbhs, with
vibrators conneobed directly %o the beonrde. A% 3he gonorels pavement was cone
sbrasked in eleven-foald lanes, two mugh vibrailng wolls of flwe-foot lengths
ware atischad bo the spresder and finlsher, The agppliscaiion of thin methed eof
vongrete vibration 4314 not produse resulis ag expseisd, and bherefore was Als-
conbinued on the balanpe of the project, wiieh wns finished in 1942,

The primsyy parposs of thess vibzated conerels projsots wes ke study the
effest of +ibration on the economy and gunlily of consrebe phvement surfioss,
Feom the standpoint of economy, the work dsmonsftrated the pospdbility of placipy
harsh mizbures wilkh 2 lowey wanier conbdnd, snd with s reductlon in coment, az
coupared wiih nopmal portland cement miviores; the eoonomy is weinly 1n the
rodeeed guandity of cemeny, whish, =s Indlenied through incressed pirenghh,
would aporexlmate 10 percent, I the satier of gualidy, thers 1a no substaniial
sridense o prove et the quallity of the vibrated conerete, wilh refervence %o
goalliag and struchuenl performance, 18 any webiey than that placed withoud
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In the oase of wibrated alr-snitrained gonorete, dots se far awailable
infleantes no anberial advaniage of vibrated oconersie owver thad of non-vibraied

aonarate,

Presant Biajus of Proiscts
Oondldion sureays dove beeo made in 1931 of Projects Wo, % and He, 3,
Phe reaulls of bthese survers have besp appended to the reporie for the re-

spastlve projeali,

Frojest Ho. 2 was covered with i tuminoui sonorede in 1997: therefors,

pe condltion zurvey cguld be mads,

Jonstruction records for Predect Yoo 1 were destroyed in the Stasts (iflies
Building fire, =0 W zumet leoeailen of the vilbrated sress cannsd be identified
ter condition barvey,

Biage the primary purpese of Froject He. & was te siudy the operabing
eifivcloncey of o 20-Ioot ﬁiﬂiﬁh»n* mashine with vibvrabery bube, rather than s

agomnerison of vibrased asd wnvibratsed conervelds, no @amﬁl%iﬁﬁ Eurvay has boon
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LOCATION OF VIBRATED CONCRETE PROJECTS IN MICHIGAN






| VIBRATED GONCRETE PAVEMEWT M-78
Projects 19-97, 02 end 33-21, C6 - 1933

Po explore the pogsibilities of economy and improved guality in
cencrete~pavement congtruotion by the uke of vibratory finishing
nachines, the Michigan gtate_highwmy depariment condusted a ammyarﬁg
tive investigetlion on vibradtory and regulap finiéh@d sections of -

pavemant., ‘The investlgaiion proper was cwnduéted in 1933, bub pfe;

liminary tests were made in 1932. Ths prelimivary tests éemwnétfaﬁgéﬁfj},‘

1. ?hat'vibraﬁéry machines could handle extrensly dry coﬂéréiéa“.

2. That 112:2-1/2 wix by volume coniained excess movtar for
this type of finishing.

3. That mizes having 1/2-in, slump or less were difficilt to
spread in fromt of the finishing machine by hend, and that it waer
praotically impessible for hend finighers to remw e high spols.

&e That it was imposslble to place premolded joint material
to proper depth and alignment with such mizes.

In view of the abﬁﬁa conclusions, 1t was dseided to use lp thé
imvestigation proper only sumek mixture as could be spresd snd finighed
in the rouatine mannaf_with results comparable to gtandard fiﬂiﬁhing |

m@thodsa

Tecting Hethods

The investigation was conducted on Trunk Line Highway Wo. 78,
nesr Lensing, Wlehigen, where & 9-in. uniform pavement 20 [t. wide
wag being construeted: Reinforcesent was used in the greater part
- of ite lengtb. The sﬁbgr@da varied from clay and clay loem to sand.

Gra%al and erushed limestone were used a8 coarse aggregate, buh
ag gravel was b@iﬁg naed throughout the project, gremter atiention

wag givén to this materizl. Cearse aggreguies wevs furnlshed in two



i

sizae preporbtlonsd 50 per cent of emeh by welght snd batchsd by the
same method. The nixbures were deplpned on the moriar-volda theory,

Vibration wazs gecured by means of electric-motor vibrators and

wag transsitted o the conoy througn sor s on the fin

mechine, the fromt sereed belng equiosped with thires vibrators wnd
the rear with two.

The dnvesti fTon gan be congldered sg divi

Lot twelve

spoerding o the differsnt wixes used as shown in Table TV,

w1 tn this the voarlows ol

woare slEo

as Lo sodulng of rupture are = The eoncrete bsap-
tegt specimens, 6~ by 8- by-36-in., wers melded from concrets lncor-
porated in the work, snd every effort was made Lo produce concrate

in the tsst molds lilks thet produeed by the vibratowvy fintehing

The vibration of the molds

machine in the ahtsined

by mesns of & table with wibrator atisched.

Conclugicn from tests

Any conclusions to be dresn at this time masl necessavily he besad
on §ield observaitlon and the besm bresks, sg the cores Hwt were taken
will not be by &@u wntll one vesr old.

Eonly=sing fielé reports, 1t wes found that wix 6-6 wes the nost

neprly Ldeal frowm the steodpoint of wmixing, plecing, handling snd

findshing. & swooth surfsce eps oblained, and it wes vossible to

install the lonpltudinel econtrsctiom joint in 2 satisfeclory nenner,

these results being secured with the sgme smeundt of laboy es with
shondsrd gravel mix. Beosuee of these faete aboub 4,320 Lin.-ft.

of thlg wlx wers lsdd.
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In comparing mix &6-G with the standard gravel wmix 1% #1ill be

noted that the 7- 2nd 28-day flesural strengths sverage practically

2

the mame for = totel of 14 hbesm-test speciamens, or 28 breaks for

ench period of Lime.
It is also to be noted thet io general the olumps for the shabderd
wiy snd 6-G weve lefﬁ and 3/4 in., vespectively; thabt the cement

per cuble yard of conceete wos reduced from six . that the

weter-oement yatio inceressed slightly from 0.592 to 0.699. For

£

Lo

goch aack of cewent the welght of flne aprsrepate

B

20% o 221 1b.; the gravel toarsge agrregete was Inersssed frow 350
Lo AR4 1B.y the wabter wewx incveasged glighbly from 42.7 to 47,8 1b,

The excess popte was decrensed from 20 to 18 per cent, mnd the excass

mortar fren 24 b V7.5 vey cent.
Tn comelusion, 1t may be stated that the vibratory finishiog
mochine was efficient lu handling, compsobting smd finishing dry harsh

miztures. Ihe efficiency, howsver, could not be entirely wbillized
dus Lo diffienlties sncountered with hend-sprsading end hend-finishiog
eperationg.
In gplte of this fachk, esrly rvesulis of the Ilnvestigation meen
te dindleate the possibility of reducing the cost of concrete in

pevenents, without sacrifice of ouslity, by redueing ths cesment

conbent per cubie yard of concrets.
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VIBRARAD COWOREDS OF PROSECT ¥ 38-bL, 06 (A 267 4-2)
US-12 - 1936

A new tyve of vibrator for conarebte pavements hag bsen instslled on the
finishing machine used on the sbove project by the B. D. Beker Cowpsny, The
vibeator Lta manafeotured by the Hlegtric Tamper & Zouwlpment (o., of lLudlagion,
bHiehigen, whose olaim iz that o denser concrete ig produced by its vee and,
conseguently, greater atrength obislned with possible decresse in cement conbent.

The machine consists of a horizontal tubular wunilt upon which ig integrslly
mounbed an unbalenced rotor mobor which lapsris o vibratery motlon throughoud
the leagth of the bube, Thipg unit is mounted on the forward end of the frane
of the finighing machine, snd lg raised and lowvered by mesns of a laver placed
convenlently nesr the operstor's hand, The one horse power motor ig run by soesns
of n portable gus-electric generator of 2 XVA caprclty, whleh slse is mounted on
the finishing mschine. The motor driving the tube turns at 3450 H.PJM. for an
slgven foot pavement sechion.

The tubular vunit 18 in 2 position %0 be lowered inito the freshly placed
conerete epproximstely one foot shend of the front acreed of the finishing maching,
¥hile opersting, the tube is vartially or whelly submerged in the concrete ag
desired, The lower side of the tube osn be dlpred to approximately 2 inches be-
low the finished surfuce, or elightly nbove the reinforcing steel, snd ezn be
ralsed to a posiilon clearing the concrete entlrely. The finishing machine itself
ia of stamd&r&.mak@ nnd wan unaltered for the use of th@-?ihratara

It was declded to experlment wilth the congrebe provertions to find s mizbure
wore =uifable than the regulsr paving mizture for placing with the wibrator. Ab
ihﬁ sams bime, i% wey bhopad that grester economy sounld be ohbalned with the stand-
ord cement content by =z dncresse ln strength. Also, by esintalning the same
strengbh, o decressas in the cement content might be possible,

R



The first variation from the regulasr paving mixture wes made wlth an incresse

in the proportion of coarse aggrogate with the cement content remaining at 6 sacks

per cuble yard and the relative water conteant remeining at 1.23., Table I contains
the various proportions used and shows the veriation of the material constants of
the experimental mixtvres. This mixture (Bo, 2) was very slightly harsher then
the regular mix, and in the beginning only s few batchey were made of 1t. The
second change (mix ¥o. 3) showed more nobleenble evidence of the incresse in

gravel content, and the mixture was continued for study.

The vibrator puddled the mixture very nicely with the first passage of the
finigher, There secemed to be 21 exdess of mertar for finishing, and it was neces~

gary for the gcreeds to pass over the concrete the second time for the fine finish,

&% Tirast, on the second pagsage of the machine, the vibralor was allowed to ride

the concrete just at the surface 1o bring up mortar for the final finidhing pur-

poges, but iln so doing it cansed much water and laitance to gather there. This

not only retarded finsl finighing, dut left 2 surface thet mlght be subject to

scaling. Therefore, the second passage of the vibrator was discontlaouved, and no

further difficulty wes encountered,

Mix Ho. 3 was emniinued for approximately a day when‘Mr. MeCarthy, of the

Electrie Tamper & Equipment Uo., requested that the gravel factor be feducad from

: b/bo = 0.84 %o b/bo = 0,80, ;The mixture appeared %o him as not finishing preper-

iy with the higher gravel content.

Paring the garly part of the period that the vibrator was used, the casting
took place on a super-elevated curve on the side of a hill. According to the

cement count an excenslve over-run had occurred while the vibrator was used, The

contractor belleved the vibrator, szg well z2s the mix, to be the cause, snd objected

t0 the mix being used as not produeing sufficient yisgld.




Therefore, & trlsl batch of thres cuble fe@ﬁraf gonorete wie aade up uwelng
the propovilons from the chart. Thls material wes wessursd in en aceurately
ealibroted steel cuble foob box. The hox wia choken and gpeded vigorously vwhile
heing filled, then wae struck off By a strelght sdge. The under-run of materials
wawg spproximatsly 0.3 cercent., Substantlstlog this wns the yleld obiained on the
firvet level secblon of saveral hundred Teet which woes vidrated, and only » elight
:avwrmrum of cament sxisted. HMr. A. Forrest, Superlintagdent, was dresent during
the yield teas,

Mix Wo. 4 wap used for only 18 batches. The yield checked out ng sebimated,
bt the concrete &ppﬂ&réd vory horgh and diffiouwlt to finish. The shovelses
worked much havder to spresd the concrete, sand the vibrator falled te bring up a
sufficient cusnbity for Cinishing, nmmeaaitaﬁing padlbional ewcens fiﬁiﬂhinga

Further adjustnenta in the nroporiions are conbemplabed, snd nay be vsed
later. HWesnwhile, the gontractor regueshed that he he allowed %o procesd using
the regular vwevlng chard.

It is intended that pores will be taken of the section from sbation %28L60
%0 §39}3G@ wvhepre wix Wo, L wos casb, to determine the compresslve atrength. The
watsr-coment ratio of that wix was .40 gollons per sack of cement, as conpared
to B.27 Tor the regular paving @ixtﬁre.

A cherseteristle of the vibrated concrete thei met with the Superinbendent's
approval was that aftar.thm vibrator had done iis work, the congrete was of more
fipm texbtureg and allowed the finishers to work mueh closer to the pﬁVﬁr; The
consrete would besy s pefrson’s welght shortly sfter the finlghing mechine hed
pagnel.

Foasibly with further experlmentablon of the propurtions a mixture mizht be
developed that would pernis s reduction of cement content and yeb mesot the regulre-
metts desired for vibratory placement as well as good finishilng gualities. Attached

to this report are the conorets proportioning cherts uaded during the experliment.



TARLY I
Taperimental Bixtures for Vitretory Kethod
of FPlecement for Gonorete Pavaemand

i ot Y . N i P e e Tt i e

{emend Spgelfic Oravity 3410
Fine Ageregets 4w 2,63  Abgorption 1.3 %
Gonree Azgregote U toon . 2.60 " 2.1 %
Sonrse Aggregate 104 neoow 2.58 i 2.3 %
Welght of (Bone Dry) Loose Coarse Aggregate - 100 1lbs. per cubic foob.
L Gemend Yok er- M ver Hack of (emant
Sonbend Gemant Hatar
Wiz Snoksg per . Ratie Coerse Free and
Hg, Ou, ¥de  BaVeOe BBy  Gal.f%cdk  Sand  Agreesate Absorbed lbg,
1 6.6 1.23 0.76 5.27 189,0 - 3420 53,8
2 6w 1,25 0.80  5.00 1h.0  362.0 52,6
3 6,0 1,23 0.8 B.92  160.0 379.0 5L, 0
L!' 505 1a33 Gugﬁ 5;1‘4{3 201»0 393;0 56@2

% Regular paviang chart

P Hoted The cswent was obtrined from the Peerless Cement Go. of Detrolt, and the
' nggregetes from the Rrown & Hosenbarger Oo., vland st Grass lake.

Present Qonditlon of Pavement

This project was resurfaced with bituminous conerete in 1947. Yo record of

the physical condition of the concrete at the time of resurfucing is svallable,

It is known, however, thal the project zealed badly, with aress ehowlag marked

disintezration from the surface dowaward.
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PAVEMERT OF US--27

PROJEOTS 7 39-39, C1, AND 19-73, 012 -~ 1937-1078

Txperiment U4, 3



THE U. 8. 27 PROJECY
1957 - 1938

fii; K

rojeel projoots ¥ O3

srd ¥ 1929 0-12 (Fod. 62-B-0-1). Tt consipted of 1.72

widening, 1.2073 wiles of 47F conerete pavesent snd OL984 wiless of 20% gonorate

1 e of 3 etles. ¥4 la leoceted on U, 5, 27 in

exiands intersection Ferris

7

Lereh Streets iln Lansl in # nertherly dirsction o Chendlers Hersh.

|

g portion hetwuﬁn shationsg O snd 2%, within the cliy of Lansing, lg s

runteinel sectlon =ith conerste corbhe sud storn sew remmindar 18

of vurel desizgn with 8¢ ghoulders nnd open ditehes., This rosd esrries moderstely

2

he yery and iz msbleeted to

nenvy brafl hanteal and chemiasl

smow eud Lee resovael methods during the winter,

o)
=
s

vemant ia of saoh lane naving

centber It i veinforosd w

mesh reinfcresment welgh 5.4 pounds pevr zousrs veard. Lood transier exe

3

panslon jelnte were pleeed throvph the pove

nt ot diontervals of &0 Feeb spd

interpadiote plore of weskness jolnts were pleced aidesy belwesn ewpavn

d

Jolnte te divide the psvesment into sectioms 20V in length, The 421 pevesent

wasg divided inte 4 lepes havipg »idibeg of 107 Por the bwe oulelide laves

100 for the two ﬁaffar lanes,. Fach love s tied to the séjzcent lane hy

L bas

menng of 1/2% % At vound deforaed de

fdéﬂ“ﬂpm¢5m6¥w3.hﬁﬁ

B0 LAY kevesya. 24Y vonerete wag made up of

filler sirine on sooh side of en sy¥lsting 12Y conersie pavenent. The filler

whed the widenivg slabs fron the sxisting osvenent were

10" thick, weee tied to the 11 widaning elsbha by 5/8% ¥ A4Y round deformed

bars spraed ADW andd by 1 OL/AN X8 1/8% keyways.

the o wvament wag Adb,

1




1148 feh

Tnne bebs

AAAAA 150 were povred in Oetober

and Movembay 15%7 using the ard paving sixture with steudzrd asthods

Tor plaed prg finlshing the gonerete. The rensivder =

g pourad in 1937

whiah were poured

during cold @ dry oowdar, onloium

ghiloride method apet and Lhe paves

e o 12% laver

of gtraw. The portlon wihleh w cured ln 1938 was cvred Ly the weltbed
eprth method.

Beseriotion aod Oneveblon of ¥

eirg alond

Hixar,-1The Dover

it was pn ooastant source of mechanicosl btrouble. The eontrpetor atbi

requleed to

pueh of thie trouble to the a 1 itional

dryer wixbtures. Howsver, slmilloy troubles were encounter with the reguliny

3 £ "

noving wixtore, Hors powey i requlved for heveh drvy mlxtures then is

she but 3t e deubifol whether the mixtures

reguired o aly more fluld concre

uged on thig project would have caused any 2 0 8 modern paver.

At fleet the governor wag sst go thet the drus turned st the ve

L7 rapem. Dud the notor 414 not have powe

to move the paver shend

v 2t the same time. For this rssson the

rrockhe o

and

her rate of spesd.

was ineressed to operste st » b

A7 seek beteh hoavieg a mlxed volume of 31.6 cublp feetb

the repular poving mlzture. 8lu s which produc

AEL2 to 23R4 enble fest of conorets



wnieh wers

sried.

paver btelors paving wes

There was

sxhlon of

aharglng of the bateh frow the drus

had 5 tepdeney Yo oroell to the b

the front side,

pleney snd wap

of the egolpsent. It G

5 ote produce

1l Liros Ceehed workebhi

ne pookels

one-hati lneh wes

Fhen concrsle heving o slump of 1

7

frowm the buckel w AP g

it owasy dischary

for the puddlers to Plow of the oconars

soporets which
Cor uns with nors

The

bl ooured

+
W

o0 pazbeide of the

of e

DY E
A Uiﬁ

and the boos rated on an sngle.  This reduesd ths ven the boom

ag that 1t esuld pelt properly dlstributes the belehes over lthe subgrade,

For thiz veps

nesasEary o 1 4 or & pud

spresd the copnorebs,.

3

Vibratory Bouloment,~The souipnent used

s ibratory

va Tampar and

sl D,

Paving Tube numufacturer

bedt of o 4 inch

wag welded & 4 ineh e¢hannsl. It was in 2 pavris,

jeined dn the senteyr by s saddle

LT

Lte petion

e

"t to preduce the vibretlong., It wss ¢

i



volt, 60-80 cyele & € genevstor drives Dy & 5 8. P, elr cooled

in belilog, was leca Ty

st

loe, The tube,

nte . eoboy A
sy LR WA g

shorie deok,

Fss

Fron the ops:

untll the bhottom wes sbout

Whien in :rption, the tube wap subme

of the top of the

1 4/2 inghes helow the

conerebe was cavrrisd shead of the fropt poreed

Hlong the Uregpey

wan entlrely subney

e

Ttude o L4 to 08 inchen.

b ARDD wite ot and

The welght o the vibrating unld Tor the 0 fool w

of prvement.

e Type O Lakewood

hine.-The Finishing pechine w

two seresds.  fhesoopersting perselly wlitheul the vibrator it

trevelsd at o of sbout 17 fseeb per sloule.

il ntom

in spevstion i ing meehine trav

The aotor

minute depending on the elze of the lowd shesd ol ithe

&14 not seem Lo 3 B dhe sdditional lged when the vibretor ws

engnred bl tha by sllpo

af the drive wheals

Fisld Mintores

The standard mizbture which was uaed

entive length of the feojsel, In the mme foot [lller

the widening

exiating

gard of conerete, ‘:m/bij of D76, and & L3 which

4



Tata on Fleld Mixbores

Backs of

{iamerd,
Pour Oewsnt A : par en. yd. Cemant | Dot
Ro. GConbont  bfbs R, W. 6. n/e  of Horber /e Brand Btp, to Sta. Poured

1 8.75 0,74
2 5,75 0.20
3
2

1 11.1% 0,620 lelnma 0438-4490 L B 1638
L2
L5 .80 1,20
L
L

11, 14 0,670 # LA30-941L L Iy
L 1. = w?}« e {"r?{} i ms;}"}"f, 2 1L ﬁ“&?{j”’j%
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iw £.00
13 500
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g
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R B A o fen y
wap of 1158 B 2 172 inches.  Letne cswent

1 min beobween

af the un

T fhe miztures

EHETE

st 127 o Lv,

118 bhe pluced by wesne of vib

thal suoh

and wers $LITenlt to dleohavee feow the Mmokeb

Iy = "jié: i

1,20 was found to produce the proper consd

af 0.0, 3.75, 5.50, 5.25 and 5.00

P P I
wers used wilth ?);qu

from Q.76 to .84, Date pertaining to

the variove wivtures sre showe in table Heo T

o)

loeationg of the

“# L

ahilng the Conarste

Tre first laver of conerets below the

gkl mannsr

made its

gonorete wes Garriad

talse dn opsvation.

s¢ thet the Lube was entlrely covered. Thin war necseEsTy in

giffectively trenenlt the ¥ilbratlons through the mage of conerete. Thig

made the conerate nore that 1t inte pls

g b bhe

e The

front sovrss seresd cxrried & roll of ponerel

dinmeler which zel

i
3
o

in slze. AU

ip front of the




ware suliicient.

The hand Dloating shich followsd the machine finlshing

the sams ar with the slendard miy exeept that 1t folleowed

geldom avy fres wabter to be reked ofl

pparetions nore elosely, There we

from the surface, The fnlghers werve working with morter of good gquelity

and there wee n deslired abisemeoe of soupy moterisl.

¥ibrating ripg Miw

To deternine what effect vibratlon would haeve on pur peving

fong 29474 and ALER

mix, 2087 of 10! pevement hetween stad was pla

using the standard peving mix with 8 27 slupp. The mk s

A thlok lever of excssns

OV g e d too wet Dor vibratory

morter wse brought te the surfece and the

artirely deveild of gante, The oft was that the

e

pavenent had been over-finighed and b

(4]

fpeding of Bidewalls

The Fibretory tube wag soulpped with a tool on ssch sod which wag

5 the pidewsll. Hepresenletives of the mem

paad Lo

atated thabt very good resulis hed QP@H obtained with these sulachmenty on

proviovs projeots. Thie wesg the first time it had

Aav no hond gas done, Whien the

kavwoy Joint, Duriag the flrst

Found thot the atiachmants

Fovng wers

oved on the following cay it

punyd.  Hend soe

stive in the sres belew the

had hsen irv

regulred thevesfier,

ebviously heavily



nien]l Trouble

Abeut 2 aller of

vonred wl

F3

various plyberes when the vibvatory equipsept beosme leps eff

Tha trootile neticed ot stetlon 12051

threa tripe of the Minlshd

. It pentinuved for zeve

were wode oo every detsil of propeoriioning, sevloment,

TEGE LY

the glumn to 1 "‘/( Inohew, A8 ooy

@ bfb, o 0,78 snd Lo ineres

well known, such & miziture could sloced without of

-31

nt.  LL owes Lanovarad thel oong baonmne

2

fepcalted on 2 switeh Yvn such 2 menger ss Lo cause g2i of the 5

e

dhsre eleetric moter. The wenuiao!

s

opluion that the sl ¢ had been nbsreitient sed st s pontinuous

e

oh

) )

ghort oireuwlt of this kind would have burped ocub the wo

Treguency deberninsilong were node by uves of B reo.ume counter opersted

fron the zhaflt of the gesoline engine and It T that resszon foilsd te debeck

af the vours s wibe

the trouble. For the remsin =tay was poad to

o

determine the Trequensy. £p o resull of this frouble the memulactarsy
‘desided to snecloze the switeh on the paw models of this waui3u:n%, The

P

Pooted was the wesiaerly widening zlebh betwesn stationn

120 snd 15%46%. After

heen repnired the hargber aixtorss

dno oleesd withont trovble.

WETE HEN

ility of #ixberes

Hors

Fopnd Ehet & wizbure heving a'h/%@ faoter of

arialile W sleasd by vibratory peans 88 & sbendard sl

tor of 0.76 when plsced by ordinmsry mesns.

h/bg of 0.78 hed more surplus mertar than neeessery and b

w3



a bfby of ¢.76 whish wibratlon hed s hesvy surplos of

wortar on bop of the

ing m b/iba of 0,82

gonld be plaesd witheut undue JLITlenlty o navipg & bib, of

0.84 were ohvioely tee harsh. It was noted thet the fiper csmsnd

produced the sore workable nlx for the s

K }“ e o #, E
we h/b,. & hfi‘.‘;g of 9,82 wonle

have been vary ssbisfeotory for generel vse with the fiper cepent while

it venld have been rether hargh for gens wnd cement.

In the sape wooner the swount of Flnes

gifested the workebillty. In the fine e Dainy pped
paeging the Ne. 50 sgleve warisd {rvom 48 to 10%. 109 was found to be
ety

bighly deglirable and 8% is suggested sz o minimum.

fanting and Testing of Heang

o

The fisald beansy were o ant snd in the

ggulype

smne manner ag the Iaborstory baams except that s vibration pericd of
s : o D n . )
10 seconds was wsed for all vibeeted besme. In each seriszg of 6 hesug,

4 were ¥ibrsted spd the other 2 were cmst by the stenderd hand methed.

The besuns were buried nlong the edpe of the pavesent s sud gured for
m period of 7 days by the vetted earih methed, the ssme mp bhe sdiscent

21

B

pavement. At the end of 7 days, 2 of the vibrated ong stenderd

£

bhesm wers broken, The other 3 besps were enred for the remplnder of ths

28 day peried when they were broken. The vesulir of these e
ghow in teble Mo, TL.  The strenpgth of wost of the 28 day besus s¥oeeded

the cspaseity of the bean bressbker. For thel resgon they provids o goor

besis For comparigen. They de indlonte, however, thet patl

strengthe wers obtained with the low cement covbsnls used.

i0
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Congerisaon on Bater Gewent Relio fasls

Forkabild

vibratory sgulpment Indiestsd

p relobive sater ponbtent of

ahaodrrd miz wl srgnt. The welghts per ouble

Foot of looge b e 105 1bs

and 104 Iha. By using dhese valuss for bhe

the acesart contenle

stendord veluee for the steoderd methaod
for vibratory plocement which wonld provide a water cswent waiio egusl do

This

mixtore heve bheon deternd

thet provided in the glands

1g sghown in table Ho. Vll sad indicates that on an aves

of B8 ke oper ouble yard for vibretory placspent oro

havd

s

sment content of &0 smoks per oubile yord for the

water coment robio

“efter Ons Yesrs Hervies

Cemditiorn of the

The surfuce of the pavement wes sremined in August 1939 after 1t &

s

been In uge for 2 perdod of one venr. Purface sealling

hind taken plsce op

the wuniolipal seotion betwssr shetlong 0 and 25 on both the vibrated snd

on the rorsl seebtlon

phendsrd povensnt. The vibrated pavesent widening

sling aud the standard

hetwean steblons 29 and 154 wagp

sutively fres of ¢

Front of business

pavement on the sane ascblon head only #)ight
pimges hetwsen stations 115 ond 1259, The harehesl nmix st sbation 524064
53+94L, the pavemendt zb ghetlon 1351990 whers

recuived due te treuble with the vibrator, snd

st wtetion SM74-31487RC which wes flolshe
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TABLE I11

YIBRATED
WUEHENT RATIO

Haron Cemend

Vibrated Havibreted
Wy, per cu. Dh. Unerse Aggregete 105 104 103 104

b/ by 0.80 020 2,76 0,76

R .0, 120 120 1,29

o
«

2%
il

HBacke sement per ou. v Mertar 1078 L0.83 1124 11,38
8/ 276 2.7 25 256

wie ' 0.625  0.622 0.685 0,622

Snelke cement per 0. yd. Oonorete £ b adS Bal) Gl

Letng Cement

Vibrated Tevibrabed

103 104 103 104,

Bt. per o, Tt. Cosrse Bgg

h/t‘-f:) ‘Oa@ﬂ {:}agu Gn?() ‘D »7&:

Ea?ﬁlwﬁ# }L’H?Q .}uu’E@ 1933 1%23
Saeke coment per ou. yvd. Hortsy 10.88 0 11,02 11,29 11,38

ale o 2,57 2.52 240 R

w/o D.654, 0688 0ubg9d  Duéas

Sncke cement per ou. yd. Concrete 558 5.55 6.0 £.0

12
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entirely free fvosm sesling. Ou bhe mapieipel section, sealing wae acst

ol o greade at sietion

pevers slong the gutter lines sad sl the Dot

0‘” J!a, L]

e AT WETE

ot

sonbeats, hevshnees of wiwbores, web and

11 ferent

gavibrated pavement, preperly finished and over finished

=
e
e
ik
a8
g
L)

2
o
petl
-
o
P

brands of cement. Theme compsrigons friled to indieste that the sesiing

e aonld be sbbributed to

had been

el aslefum chloride for the removal of lee pnd snow. b

of enleium chloride pnd smalted

Taman w

ained Lo the

or wer whlpped off by freffle, sesling we

s b the

ation hed baen inore

heen ineressed. On the inside of & super

gleveted owrve and st dhe bobtom of grade wharve the uress of

gl apt, the sesling wss the mesh severe. Op the rupsl

gepetion where the sppliestions were lighter and vhers thers wsre no gurbsz

reationg to prevent the solubion From Jdralniog

thers wog ne =oaling vhatevsr.

Symmapy of Begults on the U. 8, 27 Project

Lo HWimer.-The paver wose insdeguate fop fthls

dry mixtnrss taxed its vower to the limlt. Fregueni vepalvs wers necepgeyy

tuh the pge of the nixer wes believad to be | Ay responzible. Gonerste

aiftionly from the

leas the S ﬁﬁch

makat,



tletvotoritly

H)’ g 1LY widine of

priegte b 81

Y
whesls on the forms,

Tt ig doubtinl whebher this neve had epoush treetion to

push the vibrator sedd findsh & 20 pavement.

2. Vibvetory Foulpsent.-This egulppent ploced harsbh dry sixioves

satisfeotorily. A& f{reguency of 4000 vibrsiions per mlmite

s ndegunte
whert the Piniehing maching speed was & to 8 feet ver minuis.

:1 § e

Hlxtures.~lonerete deslivn factors of bfb = 0,80

.0, = 120 provided the mont desirveble mixture for vibrstory placement.

¢ ured = oement Tsetor of 5.40

Bhen these Toolore we

pay onpd

senh conhant

provided the gams weisy cenent vetlo s wes reguirséd for » ce
of 6,0 pecks per ouble yard in o stenderd vaving sixiure.

silg.~fhe attachwments for speding the

not el fective in the esrpe of » keywey jolnt,

6, Doam Birpengthe.-Adecusie bean strengtis were obtel

contents as low ss 5.0 ssghe per euble yavd., Ap the sive

51l of the 28 day i aressdad the capacity of the bens i
Ceomparisos of bhe affect of the various feectors wes not oblained.
Ta Surface Boaling.~The chemlozl rvesistsnce of ths #)

ad by vibrotory plecement. Sorisce

wae not inopes

the flept vesr of service on bolh the vibrelsd and

DEVBINGITT
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Teble IV ir terssz of cracking
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g, 5, &2, 5,

4 B8 reppeoe
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the cerment conlent in the vibeated sorilor

ashlog in

Y
Lively.
with velersres Lo Table TV the extent of ors
mors then in the opvibrated

te ha gonsi
e srcepticn of

sortion wag found
i infrin with th

the belonee o

the onss
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TABLE IV

TOHDITION BURVEY DATS

_ . Grookine Total Eealing
L oeg. Type Lin Pl Bneks of  Bo. of L. Fo fGeade Hoo of H Saa Bt € Ponling
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VIBRATRD CONCRETE PAVEMENT ON M-126 -~ WOW US-16

G, H, Cash

Frperiment Wo, &




THE #-126 PROJECT
1938

Losation.-The o

-t

Yool consisted of 1.387 wiles of 200 conorete

pavement on stute projeet ¥ 41-37- 0-% whioh woe locsted on tronk 1ioe

#3126 from Peck fdreet, Mushezon Helabite, southesst to Cebty Avenue.
Purpops.-4 vunber of thinge were not determined op the #. &,

27 projsct largely due %o the wanner in which the contrnetor slacted

to do the work. Twe guestiong in particular sroce becouss the pevesment

at oo time. Flrat:s Woeuld s gtanderd finlshing
meahing hipve enough power angd irsetion to push the vibratory wolt and
propevly finish o 2 lene pavesent? DNecondd Cowld the plane of wask-

it with the

ness center Jolnt be properly instelled in vibrated povey

gtanderd agulpment now used for that purpese,  FTurther endighbenmeny

on these two ooints were the pidincipel objentives of ihé Envestigation
: thie projscet.

History.-~The pavenant was povred during Sepltesber 1938, The

cewparinental work in comnectlon wilth the vibrrtory placement of cconcrete

puvenant was osrrisd on in con) hnctlun with seversl other regesrch

profects. These investigntions deslt with the vse of o Portlund-Naturel

cement blend, a pozzcleplc sdpixture, contraction snd expsnsion Joints,
surface Cinlebing end curing. Some of these feeiors wey heve wors
effect upen the durability =nd surfece appesrvance of the pavessnd Shan

the vibrotory method of placenant. ‘The effect of 2ll factors should be

gempidersd in future surface-condlition surveve.
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Genersl Donstvuction Detall

2

uwnreinforesd snd was giandard cress seetlon,

7 Anehes thiek st the cspler and 9 lnchss thick at the ¢ Tha

erown waw 3/4 inech Tor s 20 foot slab. Expapslon jointsd were spoced

120 feet spert and plane of weskwnesy joinks wers spaced at intervale of

20 feet on pari of the prolect end ot intervals ef 30 feet on the re-

mainder. Suring was by spplleation of asphalt emulelo

he subgrade soll woe Leke Michi

s
[l
@
%
oy
Loin
ol
o
=
ze
=
@
i
.-

ok

woa lept well bie paver.

The maberials uued were grovel cosrse sggr ey ang natursl sand

From Grand Bspdds Gravel Compeny, plant No. 4, snd Huron cecent from the

son warehouse. On pards of the project the Portlsnd cessnt

=

Atk Lusment netoral cewend Srom Utles, Tilinois. A svwmery of ihe
detailed anslveee of theps weterlsals ts glven In the Pepsvtwent repord
on the Tee of Portlend-NHatursl Oement Blends and Pospolith addmixture

in Coneorets Povements, dated Jctober 28, 193%, but bse pot been’

repented here heos

it ig wob perbtinent Lo thls vepori.

Mixture Deslesn Feotors

\

The design faotors which were found to producss the mpost setlsPaciory

mirtore on the U. 8. 27 projects were used on this swoject. They wmeve:

s

camant aontent - 9 wpake per euble yardg h/bE = Q.80 R.H.C, = 1.20.
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This for a1l sour
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of bhe
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e poreg

Poving Soenipsent

lpment ou thils prolect was the sbhool

A

nte.  Treubles with the paver,

webiine,

c sgquionent esused numerous ﬁsai*’ ¥e and hesvy overrans

oxl pensnl. paver Iy troublay

AT sevaral delavs.

beloye the paver

Found bo s

started bub subseoverctly becowme dess

securetely after the oroject wasn i, The forss

were of

iy hed strips w o weet the beay

et

ide for the whesls of the

ning paehipe was an old type Urd whieh was of

gonptroetion and fravel ot s lower rete of ppeed thon apy of the dern

nnchines. TInscouraey of the batehery pealss coused overr e gement

of &4 to 126 thruout mosbt of the prolect, Alvhough they were repsired

and chegked “ﬁ?@“ﬁl tiags durlog the paving perisd,

52
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i

nat

which hed haen esusing the trouble, - Leaoveced
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Vibretory Souinment

The vibrats

N

Loment wep the gsme ze thal vsed on the U. 8. 2V

rodeeh except that it war 2 20V mschipe, It wao equipped with new type

K

pomciing attaet eliminating porousity sleong the formg. These



attechments conplgted of metal sbout /8 of an inch in

whd en vihes Led

thickne

WaE NaaaiBaly

Plecing and Winishling Goesrations

e conorets wasr pleesd and {ints

et per minvie on the firsi

sad of sbout 6 feeh ner mimute shile

sond R

engy of 3000 vibrations per minnte wag

cred to opitate the concrete move then

nmrle wo

maonine to vun off from the Forme st freguent intervals, I4 wes

ry bo Ingtall double Plang

shs on bhe two {ront drive sk

53

il bhe beck of the wmechine dowm with ¢ veilroed rail, wel

sod to wel

ghowt 800 vounds, to remedy thls condiiion and fc prevent ithe {inlshilng

waebine from vipplng fevwsrd when the vibrstory tube raiaed. %The

aontreoter used s anell ervew and 414 noet atienpt besvy oreduslion
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et regeon, the finishiag

shile Lo Lth paver in

TN U

Ve o =]
H ,!-,{JE:')" fla ;,‘ﬁf ) a

Sentreotion Joints

ioint snd the trensverse

*E

=

pre

B
2

Longlindinal csnber

sere inptelled by means of 2 oleft

Jolnte were of ribhon type snd

3

Jeint aschine. Tn genersl, ne i

f{leulty wae sweousntered in thip

cr noveel conditionsg.  The Jolnls were wvery difficult tbo

operstion

tpetadl =t polnts where delaye cecurred betwesn the v

er Jolot

unyl

wpdmment ar was used on the L 8. 27 oroject. The

i

o]
ke
g

shown in teble I,
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Puamory of Fesulis op the %-126 Project

4

Thie profect fwrither euphssixed the deslrebility of using

henvy wowerful equlpseat i gonnectlon with vibestory ploces

Longitudinel and tranaverse plans of wesknesg joints were not

?ﬁrti@ui iy dif7ieult to inetadll dn the vidbrated vevenent.

The new spedlng sbischment was very effsctive 1o elisminstin
porounity along the fomme.
:

ved on this prol

A Tower wil

iast then

(X

Aon Drecmency wEs re

hed been previoeely used becpuge of the slowsr soeed of the

finlsting machine.

Entielactory aedulus of ropture sivengths were obialned ueling s

essent content of 5.5 gacks per ocuble yard of conerebe. Thers
wos very little difference belween the strengths of the vibreted

and ynvibreated besms.
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VIDRATED CONCREWE PAVEMENT Ox BY-PASS US-131, GHAND RAPIDS BAST BELT

PROTECT ¥ 41-3h, C6

W, A, ¥ersnen

Bxperiment No, 5




GRAID RAPIDD BAST BIELY, BY-PASS US-171

1941 - 19

This veport covers the fleld ingpection work done on the vibrated
congrete prvemend, project ¥ Bi-3l4, 06, locsted on by-pasg US-1731, Crand
Hepids east belt betwesn US-16 snd 28th Street, or soubh belt, Grand
Haplds,

lﬁhig project was seb up bo determine the Feasibility of the vse of
low conslabency goncrets with the mechanlesal snd vibeatory methods of
placement and consolidation now being developed. %his projedt should have
given thisase methods s faly best under 1dessl conditiong., Hatural spand and
gravel, oll from one source, woe sneedfled in order to eliminate crushed
gpand and grevel, which the advocates of vibratory wethods admiit will nod
woek sablisfoctorily by thelr methods. The marximum grede on the ssation of
these tests was 2,84, The earth grade wig congtructed with & one-To0%
gsund oughion over clay. Unfortunately, Just before the conbrect was leb,
priority designations regquired that reinforeing steel be kept al s minlmum,
gauning the elimination of all steel exgept the tie bare ab the center
Joints.

This fact did redues the effect obisined from the vibratory eguipment
0 & annﬂidérable extent, and then oo, we were unabls o evaluste the
differencs in effeol of vibration on o 10" = & = 10 peinforced slab as
gomparad to the same trestment on sp equivalent 9% wnilform nnresinforced
navement,

Bouipment s
Lo One 27-8 Fulti-Foote paver,
2, Dne eleven-fool screw ftyve Jnezer spreader with n {plank)
vibratory sirilke-bff,

- 1w

SR R
Py



%3, One gleven-foot Jasger-Loakswood finicshing machine with =
{plznk) vibratory atrike-off on the back of the front sersed,

Y. ¥Une Oleveland Fform hanpers. |

5.  Stasl forms 9% = 100,

&1L aguipment was in good condition with the exception of the finighiﬁg
mashine, vhieh 4id nod heve n "bull-nosed sgresd, zg sveeiflied, and slse had
g very irvrvegulay snd erocked front goveod.

Hoterinlas
1. Buron cement,
e DBreen astuwrsl sand snd gravel, Urand Baplda,
%, Qrvas,
b, Vultex jolnt seal.

Order of HWorks

The vibrated section wog started ab station B#EE on Hepbember 22, 1981,
sad the right, or east, eleven-fool slab wea poured %o siation 87455,  Luping
this pour, the paver traveled on the oubteldes of the forms on the wesd half of
the gradé, snd the subgrede pleser was pulled by sn R.Dowb trackor. Ganber
Joint sbeal wes held in place on the east slab by woeoden strips bolbed to
the cenber fﬁrm; Ths paver was then returned o the point of beginning, and
efter finighing the in%@fg@ctian the west eleven~foot slab was poured. Trom
stehion S400 o statlon BOLT2, the pav&r'rad@ the enst glab with the subgrade
planer hehind an E.D.-b6. At stetion %ﬂ%?& the peaver was plaged betwesn the

.fmrmg and gomplebed the job to station 87455 that way.

Afbar the forme were pet the subgrads wes prepared by a planer and

aprinkled with water, if dry.

-



ihe gonerste was deposited on the subgroade o such o manner and in sueh
guentities sbat only one pese of the spreader way Becesgery 10 copnlately
411 the spaoe Hebwsen the forms to the regulred depth snd grade. Immediolely
behind the horizontel serev of the sprerder, = vibratory bosard strike-off
provided the inltial conpolidation of the concrebe mess. The wechanigal
sprender wee followed by = finishing muchine with & vertieal vibratory bosrd
athaahed o %he vear of $hw front soreed. The finighing machine did nod huve
s, "oull-noseld" screed am specified. A% ghabion 5AML o halferound ateel bar
was atbached %o the front bottom of the forwsrd screed. According to the
Jeeger foobory representablve, thig bar was supposed o do the same work ag
A "hull-ncsed® doreed, Yhe finieking machlne with the Wlbrator was 0 furnigﬁ
the finsl consolidablon of $he concrste with one nase.  We found that iY was
necesaary to nske two ﬁéaﬂeﬁ of the Tiaishing maching »% 21l Simes, snd on
plus gredesy three pssses voro somsblmes necessary. 1% wes slso hoped 0 re-
duce hand finishing to o windouwsm, bud band finlebing was becsssery over the
entire Job,

Mizes Triedl

hdmizbure bibe R.HW.0, Btation $o Btabion

1. Urvas 0,054/bbl., 0,80 1.1% 22 RA29 R
2. Oryvs 0,054/0bl. 0,84 1.15 2fe9 Lilg B
3. Orves 0.055{bbl, 0.84 1,10 Wi BAOO R
LB Orvas 0.05)/bbl. 0,80 1,10 ' BAOO 8450 R
T ) Orves 0.05¢/vbl. 0,76 1,10 giH0 28450 R
be  Orvus 0,058 bbl. 0.80 1.00 (HMedified by Cnsh)2giR0 765450 R
7. Orvas G.OB#/bbl., 0,80 1,00 (Hodified by Oash)38{50 brdel B
B. Grvus 0,054(bbl. 0,80 1.00 (Modified by Cash)b7ich THAE0 R
9, Orvas 0,053/bbl. 0.80 1,00 ( ¥ by Tulton)75400 87455 R
G (Left Strip) ofer 26445 L
1. Hone 0,80 1.00 (Lef$ Strip) 36445 UL20 L
11, Orvas 0,054 /bbl. 0,850 1.00 {Left Strip) BiA20 bydol 1L
12, Hone 0.73% 1.30 (Left 3trip) B340k bbi70 L
13. ©eyus 0.08F/bbl. 0,73 1,10 (Lefb Strip) BRATO 70420 1L

fhe (bone dry) loose welght of sand, %A and 104 coarse ageregnte per

- bwag of cement for the above nixes wag ag follows. The amound of waber

-7 m
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in pounds 1g also given.

i, R.W.C. Sandg haf 10AF Haterd

0.80 1.15 218 205 2ok Lg. 4

0.84 1.15 20k 216 236 47,0

0.84 1,10 206 236 236 U5, i

0,80 1.10 belebes pan 2ol 46,6

0.76 1,10 237 213 a13 47.9

0,80 1.00 23% 225 22k b2, 4 (Moddfied By Cash)
0.80 1.00 225 225 22k 42,6 (Modified by Falton)
0.80 1.00 2Ly 225 2eh 3.4 (Without Ovvaa)
0.73 1,10 213 205  BO5 51,4 (Without Orvus)
0.73 1,10 260 205 Ho% 50,0 (With 0.05# Orvus

per bbl. of cement)

The modulus of rupture strangth tests indicate a follure to @eet
regqulrements of grede YA" concrete, particularly on the seven~day itest
resalte. Bub thg addition of Orvus does not seem to be the factor, because
goncrete without the admixture algo failed to meet minimum specification
roguirenents. The tweniy-ezight day tests compare fovorably with the required
strengths. The concrete mix being & five sack per cubic yard, although vi-
brated, could be compared with grade "B" concrete. If the conecrete is so

congldered, the results would in most cages be satisfactory.

Orvus Modulus of Hupture
Adnizture b/ b, R, ¥W. Q. 7 days 28 days
Hone 0.7t 1.20 Lg7 806

B4l 722

None 0,80 1.00 435 713

| 160 816
- Ol /bhl, 0,80 1.00 5l43 731
516 788

05/ bbl, 0,80 1.00 Lo 122
421 628

Bk 718

Bl 169

356% 610*

272k 506%

Oh#/bbl. 080 1.10 553 713
‘ 572 6g5
gpecificntion requirements Grade A 550 650
Specification Fequirements Grade B 475 K15

* These beams very porous, affecting modulus of rupture strengih,

T
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Mizes 1 %0 Ut looksd hmreh. The éprﬁa&er pnd finishing wechine lefy
then very compacgt and &@ﬂse; tut waeven, The finleher could not Fload
anybhing but the thin leyer of moriar on top, 20 he could not i3k the
larger snd despor irresuiaritiss. Wim 5 looked and worked fine, dub 4%
wss found with 2ll these mixas that 4 we weed the ammunt_uf waﬁar el i
lated from the chart the wlx wap aloppy web. Oonsecuently, the water ab
th@ paver wag kept from four to slx gallons wnder chart figures. 7This
fact, sad & low Tine grade, contributed $o an average over-run in cement
of 6% Toy the first three days. ‘Thﬁ wix was then wodified to obbuin the
ealevloted yield. In the wrovess of modifying. more sand wos pdded to the
miz, e#iving wore finey on top snd contribubing meterlally bo the ease of
Finisghing operations.

One day's run was made without Orvus and o bfby, v 0.80 and RW.0. = 1,00,
This mlx looked harsh and doy. Vaber csme Lo the fop 1n l&rger_qumnti%iaﬂ
than with mizes usiug Orvos, Yt 434 not seem %o carey mush cement. Donzideprs
ghle sagrogotlon wae nobleeable when the concrele weos dumped from the sklp.
The ooncrets wag very compect bebind the finisbing machine, making 4 41771-
cult to pound in the weaknsss Joint steips. ¥When the gnrender and finishing
maciine did » good job, hond finlshing wes spey. HMost of the tlune the spresder
left holes which the finisking machine did net cover, ana for which the finldh~
er could not Float enough merdar. Oonsequently, concrete had to be earrled
bagk,

4 wdx with b/by = 0.77 snd o R.%.0. of 1,10 wes tried with and wi thout
Upvan. The nix without the Urvus looked over-panded for a wibyrated mix.

Songlideorable sesgregation was noblceshbls which was nol aorrected by the
spreader. With fhe additiun.af Urvuz, bhe segregation wam cowrected, but the

mizx looked as though 1% would work hebter without vibration.



Ohgarveilons durine constrichiont

There were many deloys during the Plrat deys due %0 lack of organization
and inerperience on the part of the overazborm.

The front soreed of the Finlehing wachine wes too chord, pushing asncrele
ovar the formse ab évary poga,  This woe corvected by walding exiensions %0 the
end of the soresd.

4 seriss of hollows and bumps sppssred behlind the finishing mechioe.

They sppesred $0 be flve ov six Feet aosrt on plus grades, snd Forther zport

snd flabter on mlous grades, These frregulariilies weare very hard for the finleh-
ar bo Tload out. If emall, he could {lost wmorisr inte bhem, bmﬁ if large, the
only smolution geemsd 0 be To tuke s third psse over the sacﬁicn with the finlahe
ing meohine, as he covnld nob cub into the dense, compnct consrete just under the
thin layer of mordar. In trying to eliminste fthene irregularitiesn, %h@_manuw
Tacturer's reprasentntive exverimented with various freguenclies of vibrabion,

and also tried rumning without vibration on the apresder. It was found that

the higher frequencies of vibratlen 414 nct improve the situsiion., Flnelly,

it wan decided to meke a trisl withoudt wlbration on ihe ﬁpfﬁ&ﬁ@f and & low frae
gquency on the finlshing machine. %o dwo psases wvere mrde with the finlshing
machine; the secend passy witheut vibratiaﬁ, and withowd uwse of the fronbt sereed,
unleny too large a load budld wp in fronb. ths mathod seemed 0 glve belter
rogulits ab bh@.ﬁiM$; hut 1% seems ag 1€ this wag cdue $o the foet %hat we Just

hepenad to pasa the P.I. of o vertical curve, and go from a £2.84% grade ia f
(. 03% grade. Subsegnently, we tried vibrasion on the spreader {low frequencyy
and two pasges of th@'fingahing paghine, the ﬁecega withovut vibrotion, and
achieved the smme result. Later the toe of the resr flnisher seresd was lowerasd

ta bey to eliminste this condition, but 1% did not have any noticesble effect.

The bumps seemed $0 be coused by the flow of the mix which conbained Urvus and

b -



were nodloenbls during the endira Job, The nlx with Orvus nlao aluwmned tow

ward hha lover form,  TSevaral fimes 3% he

yune negasnary bo go back over aa
papeclally bad spot with s third moas of She Tindshing wechine.

Thyovghout the entlro eval sbtrlp thera wan very bal honeyoonh underneath
the wood atrin thet held the center gheel in place, Thore were slaeo mome
secblions of the vavemont aqnite bedly honsyoswbed on the eubside edges of the
pavenant. 4 ig obvlous, from observing ithe vibraiers, that there is » desd
goot at both ends of the vibratory strike-efl and the cely solublon is 1o use
a hond vibestor 2t the Torms snd sxpsnslon Jolsts. There ls undoubbedly hohey—
gowb a2t expenslon Jolnts, as the vibrebore were lifted over the jolnt and the
conarate £14 not pet any vibratlon st that point.

Qonelugions ~ Pavipg and Vibratlon

L. It does not spoear ihat the vibrebora, wiih thelr pressnit set-up,
do the work slaimed for them. Pa shown by the honeycomb st the edzes, the
Forms are not being vibrabed enough and the smme probeably holds true for ths
oxponaion jointe. Unkil the vihratory screeds cnn do better work st the forms
snd Jolnts, hapd vibretors showld be gpecifiéd. Hlgher Froguenclew of vibra-
tdon 4o pet zesm to be the answer o the problsm, so maybe a lov frecuvency
with greater ampliinde mlght wark.

2. 'The mpresder gertainly 4id extre work on the top of the mix, bgt 1t
did nod correct o pile thet wae dumped oub of the akip snd segregated wpon
hitting the subgrade,

%. It does nobt seem posalble with the present set-up to reduce the fiaal
finighing to an aﬁv&n@aﬁ%@ua point. As long 2z the eouioment Lesves irremulap-
ities, the pavement mawt be hand finished. 4nd, in order to hand finish, some

moriar must be on Bow, whish will eventunlly spall off,



L, %he mixes with DOrvis in thesm roll 1n front of the Tinishing aachine

aorands, ingtesd of shoving shand as snixes without Urvus do,  Thisg 1o the resson

the finishing machine dees not 7111 the laveer eavities left by the spresder,

It is alan nodtleasble thet the densze Orves mirzas work sg mach op three feeb

hehlnd the raar soreed of the finishing manhine,

Presend Gondition - Grand Honfde est Belt Prolech

A econdition survey of the OGrand Bapids orojsct was mede in Februwswry, 1951,

The resulte of this survey sre shown in the following table. %he dabe presend
covers shras sections of the project, in which the performange of the vibrated
onf wnvibrated congrete can be Advectly compared. The dads ao far does nod

indieate any signiflicant difference in pavewment performance dus 0 the two

sethods of constructlon,

GORLITION SURVEY OATA < GRAND RAPIDS PROJ ROV

3ec. Type Lin. Ph,  Sacks of Cracking Potal Senling
gement/0y. PFo. of Lin. ¥4, Ho, Yo, of Sg. Fé.
Siebe  Orecks . Sinbg  Slabe  fesline

A ,
oz W 3528 5 9 96 17 0 0
BESE 1 R HaR % 5 39 _ 7L (3 [
35p o

SUL20 v 97h 5 0 0 49
o R g7l B 0 0 hg
. bEdgk

O
S o

1) 104 0 0

o o
Bbiro ¥V 2085 5
] 11 104 1 &0

o R 2085 5
81455 '

2 g

Tyﬁ@ ¥ = Vibrated Concrevs with Orvus

Type B 2 Regular (onersta with Oprvus
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PLAN OF GRAND RAPIDS EXPERIMENTAL PROJECT
F-41-34-C6 = 39-F7-(5)




: Jaeger Screvw-type Spreader
with a plank vibratory strvike-off, Project 4l-3, G6




