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tubfl!lll, 1d1.en in 1Hillll, m%l.terl'1!:l . .l;v :ret.a.rdlild ·the .fo:rwt~rcl motion of' the 

fin:! shl.n1: mB,chl.nen, 

Another desi"n of vi'bJ.·:•J..to:ry eqtli}?mlllnt WP<" e!>i ven a trial on th!l &·.r,md %l-9•]:l:l.U~ 

were ,51,ttm.chfltl t.o t:he ~rp'tt11ft/!ar and fiuiitll:t'lYlre~ ~t'hllW a:cnH .. 1.C¥ttion of i~hi~) 

fi ,~.nd th~.rei'ot'€1 W<:R~ 

e±'feot of ·yi'h:rati,~n on the \l(Jonomy !'Jl.d qw.\lity of nono:rete P''-V€lm•mt 

From th€l "·t,tntl·poin t o:f <H!ouomy, the work denvm.s t!'[<ted t;he poe11i bil 

:r~dnc"<t que:n ti 

woulli 10 

,"J..:nd ~tructur:~ . .l pex·for.m~)..:t1ce, itS tlny 'hette:r· tha_n that 

vi ~>T+!.tl.on. 
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~~J.:r-?td;r,J,.-:t&u~<:l c.")neratr~~ ('t•tt\:1. f•O :fa.r i9,Vt.!1il.ti!,ble 

o.f vib:tt:lterl contn•et0 ovfn' thr.d~ of non-v:lt>r-att?Jd 

~t'"''''t~l~~ project2. 

Project 1~o. 2 w,q,11 cover<lld with bHnminous ooncreh in 1947; ·tlHn"e!ore, 

no crmd.i tim! aur·.-ey OQt!ld lw• :made. 

lluilding fbe, so the 

f<:n" oonrU tion ISttrvey. 

~inc~ ·t.h.e 
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LOCATION OF VIBRATED CONCRETE PROJECTS IN MICHIGAN 





VIBRATF,D CDNCHETE PAVEMFJIT 11'!-78 
Projects 19-27, C2 e.nd 33-21, c6 - 1933 

To explore the possibiHti.es of economy and improved quality irl 

concrete-pavement corw truotion by the 1we of vi bra tory fin:ifJhlng 

machines, the Michigan state highway depm;tdne!YL conducted a eompara-

tive invest.ig!;tion on vibratory and regular finished sections of 

pavement. 'l.'h¢ investigation PI:'Oper was conducted 1.n 193:3, but pre

liminary tests were ma.de in 1932. The preliminary tests demonstrated:. 

1. Tha.t v.ibra'tory nw.chines could handle extreH~<lly dry concrete. 

2. That 11212-1/2 mix by volume contained excess mortar for 

this type of finishing. 

3· That mixes hHv.ing 1/2-in, slump or less were difficult to 

spread in front of' the finishing machine by hand, and that :i.'t "'"" 

practically impossible for hand finishers to remar e high spots. 

4• That it wa.s impossible to plaoe prer!lolded joint material 

to proper depth and align.'l!ent with AUCh mixes. 

In v:Lew of' the above conclusions, it was decided to use :ln the 

investigation proper only such m5.x'tt1re as could be spread and fintshed 

in the routine manner with results comparable to standard f:tnishing 

methods. 

Testip.g Methode 

Th(l) imre~;tigation was conducted on Trunk Line Highway No. 78, 

near Lansing, Michigan, where a 9-in. uniform pavement 20 ft. wide 

was being constrncted, Reinforcement was used ilt the g:r,oater part 

of lts length. The subgrqq,de varied from clay and ol~<Y loam to sand. 

Grmrel and crushed limestone were used as coarse aggregate,, bnt 

as gravel was being used thranghout the project, grea·ter attention 

ws.s given to thls materiaL 00arse aggregates were ft.trnit;hed in two 
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Conclusion f:rom tentr:.: 

w.i.11 not be broken until one yeR.r old .. 



Sec
tion 

*1-G-S 
1-G 
2-G 
3-G 
.!.;..-G 
5-G 
6-G 

*1-S-S 
1-B 
2-S 
3-S 
4-S 

R .. w .. c. 

l ~" --r..~'i 

l.-35 
1.35 
1 .. 35 
1,.35 
1.35 
1.1,0 

1.23 
1.35 
1.35 
1~30 

l.35 

Excess 
Paste 
Per 

Cent 

20 
16 
16 
20 
12 
15 
Ul 

20 
16 
16 
16 
16 

.76 
"" .. u? 

... 30 

.so 

.875 

... 62.5 

.76 

.. .825 

.. 85 

.. 875 

.85 

T.ll.BLE IV 

' W/C Nm 

Sucks s~c}:s 

GHA'~TEl, 

~80 .. 692 6.00 11.10 
.84 .684 5 .. 10 1CJ'"41 
.84 ,_,....' 

.. t)t\4 5~40 10.41 
~80 .. 63b 5 .. 64 11 .. 53 
.88 .758 I M; 

""'"e.~:. 9-29 
.ss .699 4.80 10.13 
.. 82 .699 5 ~.J6 10.64 

STONE 

.so .729 6.00 10.20 

.$4 +6$4 5~77 10./;l 

.84 .681,. 5.63 10.41 
~84 ,.63-8 5.70 10.80 
.84 .684 5 .. 63 10 ... 41 

Nomencl8.ture E..n.d ex.olanation: *Stanrlnrd mix not -vi __ brated .. 
R.W .. C .. -reJ&.tive ;qater content'"' 
Excess p85te--per cent by· volume~ 

"Mix 

S$nd. 3 

Lb. 

203 
231 
;::jl 
199 
271 
240 
221 

232 
231 
231 
223 
231 

b/h -vol o-r· ., oo~" co~.,.c:""' ""c:--~Yrt::>c;;'!t~ in :q ...... ~ I~+. of'' CO"C~"'t"' ~o • ""- ..t. ,___ ___,_.,. • .-c o-:::·c ~e.o-·· -v - ... .,_,,.,"' "'" _.._ -"' ~. ~- ~· ~ 

am/a0-vo1.~ of loose :"i.n.e. Hggrege-te in a cu., ft .. of mort~oT" 
w7c-water-cement :r.P.tlo by volume .. 
W.-SB.-cks of cenent ·per cu.. yd ~ of eonerete .. 
Nm--sr,cks of cement per cu .. y·d ... of mortrr. 

per S~:lC.k f o_ 
Cf'J.Hent 

C.!., Water, 
Lb. Lb. 

350 4.3 .. 2 
460 42.7 
409 lr,2 ~ 7 
415 :3-9 .. 8 
1,57 47 ... _3 
502 43.6 
424 43.6 

308 45~5 
347 42.7 
367 4;2.7 
374 39 .. 6 
367 42.7 

Volumetric Sp~ \Toids, 
Fronortions cific Per 
{A;o"~Y ) -- -J-'- ·~- ,,., .. - ' Gra.vi- Cent 

ty 

1:1 .. 92"~3 .. 1..3 
1:2~18;4 ... 51 N '-.0 0 
1:2 .. 18:4 .. 01 r-i'-D r-- r-i "' . . . . . 
1:1.38:4 .• 07 0'1. ("-,: (\( ""' 0' 

c;, \"""', - l:2~56:A .. l~.8 ~ ~ 

-;.o .-'. .-; 
1:2 .. 26:4.92: " ~ "' ~ ~; 

G Cf5 > '0: ,. 
l:2.0S:4.16 5 ;:: c: " E (\) ,.,, ;_, G; u (!J u D"} (';; 

"' ""' r:-
1:2 .. 19:3 .. 4.2 rl' ·...o \.[) rl 0 . . . 
1:2 .. lB·: 3 ~ 8'.6 0"", ('"-d "' ,00 

1:2.18-:4 .. 08 +' ~ 

("!'"\-...:[ 
~ ;:: ~ Q ~ iJ) 

1:2..-J.O:~ ... l~S C) 'C § .., 
" E " " 0 1!2 .. 18:4 .. 06 0 Cj +' C!j +' 0 c~ u; OJ. (Q 
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In emnparing mlx 6-.G vd.tJJ the r.tgnd:_::n:•(l g:r.,~vel ndx :tt wtll be 

not'l.'l:d thnt the 7- .:·~.ud 28-d.ay flnxura1 ~.:t.ren_f.:thf:1, HV€f.t"Bf:·:e prHcttcr::lly 

the sn.me for a tote.l of l.t} benm-t....est specimfmf:;, o.r 2B 'bi'(?aks for 

E~,9.ch perlod of' ttnH& .. 

It ts nlr.o to be not(7)d tLtv.t in genereJ. the ;;~lumps for the r.~.te.DrJ.~.· . .rd 

mi:x a.nd 6-G were 2·-l/~ .. 9:nd .3/4 .in .. , Y't:Hrpe.ctively; that the cement 

pe-T cubic ;'l'3I'd of cm:ncretr: vm.s re\lUcf::d fr·om !?li.X ,::~c:ks~ e:nd that the 

'WH.tel'~~nc,,ment ra.tlo increr-1.6ed sligl·1tly from 0 .. 692 to 0~699~ For 

ev.ch ~w.clc:: of cernent tYe VHeig;ht. t:l.f fine n.ggret.;Bte wne. increBeed i't'orn 

r:eh-e e>rcer;;s p::::~ .. :~te w~u.i d.eer!~~tt;;-;(0:d f:r·om 20 to 1$ .Per cent, cu:t6 the eYXCEHss 

mort::~.r, from 2/1 to 1? .. ,5 per c~nt .. 

In conell1?-ion,. it, may be r~.tB.tF:r~ that the vihrr:d,ory f':h1.:lr:~hing 

mn.ehJ.ne wr3.H effici.ent ln handling, compfwt:i.ng nnd ftnishtng· d.r;v h.arsh 

ntl:v:turPB.. Its efJ'-.J .. cieney., how,::::-vt=n··, corrld not be en·t::l.:rel,y util1zed 

due to difficultief) encounte:r·ed vrith hnnd-~.1preac1~ .. nt-t nnc;1 ha.nd-f'J..ntahing 

operati.c~ns .. 

In. rrpi te of this fact, early r<H'lllts of the lnve,3ti.gation fleem 

to indicate Ute pOIJ€,ibili ty of x-edncing th<~ east of concrete; in 

pnvnments, w1thQut f.ncrif.:tee of C)tlali.ty, by reducing the c.ement 

content per cnhi.c ya.nl ~>f' concrete. 
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Sec- "" " tion "' C!J 

Lbs. 

1-G-S 203 
1-G 231 
2-G ?--::, 

--~...\... 
;:; 3-G 199 

4-G 271 
5-G 240 
6-G 221 

1-S-S 232 
1-D 231 
2-S 231 
3-S 22.3 
4-S 231 

TABLE V 

Dl-.TA OF :l'liXT'"URFS OF- Gp.J, VEL J\l,TI: STCNE .P.liD HE-STILTS OF 
8TB1':1~GTH ~1~STS OI' C~JNCEETE BE1U;~S H.H::E 'CURING INVE.STIG!;_TTON 

OF VIBP~~T()RY FINISHING '""H'-'-" 

Water-Cemer~t 

Mix Per Sack of Cement Ratio "" !!i I Cos:cr·E< ;~fi:g:r-egS.ty · Wate:e +' ;::; 
~ rn _.<,.,, 

;:..,r-f "' 4-' lOA Total m- Used Useil 
em ,., 

Inches 'l'heo. .tneo .. "' "' +' 

-"' ''" 0 Lb. Lb .. Lb. Lb. Lb. Gal .. Ge.l., £-< < 

({RAVEL 

175 
1 "'" 350 43.2 ~ ~ t),.9 5 .. 4 .692 .719 2-l/2 ~~I / -'"" 

230 230 1.60 42.7 5.1 49·5 5·9 .. 68L · .. 793 3/4 
204.5 204n5 /.-09 42.7 5 .. 1 50.9 6.1 .684 .. $16 3/4 
2.0? ·5 207.5 415 39.g 4-~8 47.4 5 ,_, . ; .,6J6 .760 3/4 
2-28.5 228.5 4:>7 47-3 5~7 52.,,4. " "' ~758 ..840 "/ 4 0·/ ~,-

251 251 502 4).6 5.2 51.9 6.2 .. 699 .832 7/S 
?:12 212 i;24 43.6 5 .. 2 1,6.7 5.,6 .. 699 .. 7.49 3/4 

STONE 

154 154 3C3 45-5 fr ~ 

?•/ 53 ... 0 6~4 ,--r,-,,-, .. ;,,::_-;; .849 2 
+.7.3~5 173.5 3~,7 42.7 5.1 4Lr .. 2 5 .. 3 ., 6.3L~ • 7a::l 1/4 
183 .. 5 1"'" " 36'7 42-7 5.1 48.0 5 .. S .. &34 .769 1/2 ~.-~ .. ,..,. 

187 187 374 39.15 4·8 48~0 5.8 ... 632' ~769 1/A. 
133 .. 5 lB3~5 36'7 4.2 .. 7 " ' :; .. ..L 5C;~8 6#1 .,6$J, ~81L 1,/2 

~.fodulus of Rupt·!J:re 
Lb .. Per Sc ~ In .. 

7 days 28 cl!i!.~VS 
{f..; 'OJ. 1'{-.;t;;. 

0.-"-~ 
Alrer. 

0~ 
00 !$ver 

•lD •W 
Ot:-.; OM 

"'"" zp:j 

28 668 2.3 805 
4 673 !, 826 
4 735 4 810 
4 716 ; 906 "'" 4 518 L 617 
4 S23 4 707 

28 663 ""'9: ,<(;._. 785 

4 l,. 830 
4 b#:a: 4 .g?l 
4 599 !+ eoo 
l, 783 L 937 
4 f-,-:;;";( 

'---~" 4 ?67 







US~l2 - 1936 

A new type of vibrntor for COllCrete 1w:vemenh hn,J!l been in11hlled. on the 

finishing ma.chine uaed on the abOVEJ project by ·the R. D. llc;clter Company, ~'he 

vi brntor h man:ufactured 'b;y the ]lleotrl.o ~'ampar & .lJJquipment Co., of Joudington, 

Niohigtm, whoee claim is thd a clenme:r conor~Jte ia produceil by its UI!EI and., 

consequoJntl;r, greater strength obtained with possible ileorea.se :l.n cement content. 

The mnohine conshh of ll, horizont.,.l tubular unit upon which is integrnlly 

mounted !ill unbalanced rotor mo·~or which imparts a vibratory motion throughout 

the length of the tube, This uui t h mountecl on the forward end of the frame 

o:f the :finishint~ machine, and ia raised. and lowered by means of a lever placed 

conveniently near the operator''J hand, The one horse ~er nwtor is r1<n by manns 

of '' portu.bl e ;,j:f1s-e1 ectric gener&o.to.r of 2 KVA Cll}l!lCi t;r, which o.lso is mounted on 

the :fi.nishin,g; Jllt~chine. ;!;he motor driving the tube turns at 311-50 R,li',t>!, :for an 

ol even foot ;pavement section. 

The tubular unit im in a position to be lo~Jered. into the freshly placed 

concrete approximately one foot ahe,.<l of the front screetl of the finishing ms.oh:i.ne, 

\1hile oper.e.ting, the tu'be is partially or wholly submerged ill the concrete ,,s 

desired, The lower side of the tl:!be oaJ'l be dip ned to n.ppro:dma.t1.1l;r 2 inches be

low the finished surface, or slightly above the reint'orc:l.ng steel, and can be 

raised to a position clearing the t~onorete entirel;r. The finishing mnchine itself 

is of stccndard mHke Hll>i wt<.ll unaltered :for the use of the vibrntor. 

It wns decl.tietl to experiment with the concrete proportions to find. s. mixture 

more suitable thnn the regu.l~\r po.ving mixture for pl~,oing ~Ji th the vi bra tor, At 

the ~ame time, it wae hopeti tlwt ,g;re<.J.ter economy could bEl obtained. tfi th the et~J>nd

''-rd. cement content by r1.n increame in strength. Also, 'by mainte.ining the same 

strength, n clecr®aee in the cemEJUt content might he possible, 

- l -



The first variation from the regular paving mixture was made with nn increase 

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

per cu"bi.c ;~rard and the relative water content remaining at 1.23. Table I contains 

the various proportions used and shows the vo.riation of' the material constants of 

the experimental m1xtures. This mixture (No, !!) was very slightly harsher than 

the regul,'<r mix, and in the beginning only a few batches were made of it. ~'he 

second change (mix No. 3) showed more noticeable evidence of the increase in 

gravel content, and the mixture was omntinued for study. 

The vibrator puddled the mixture very nicely with the first pa.sse,ge of the 

finisher, There seellled to be an excess of mo,rta.r for finishing, and it was neces

sary for the screeds to pass over the concrete the second time for the fine finish. 

At first, on the second passage of the machine, the vibrator wa.s a.llo;1ed to ride 

the concrete just at the surface to bring up mortar for the final finishing pur

poses, but in so doing it ca. us eel much 11ater anrl lni tance to gather there. This 

not only retarded final finishing, but left a surface the.t might be sul>ject to 

sce.ling. Therefore, the second passage of the vibrator t<as discontinued, and no 

further difficulty wa.s encountered, 

Mix No. 3 was CDntinued for approximately a lli<J.y when Mr. McCarthy, of the 

Electric Tamper & Equipment Co., requested tha.t the gravel factor be reduced from 

b/b0 " 0.84 to b/b0 .. 0.80. The mixture appeared to him as not finishing prpper

ly with the higher gravel content. 

During the ~a.rly pB.rt of the period that the vi brat or ·~e.s used, the casting 

took place on a super-elevated curve on the sirle of a hill. According to the 

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

contractor believed the vibrator, a.s well as the mix, to be the cause, and. objected 

to the mix being used as not prorlucing sufficient yi!jld. 

- 2 M 
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•,~herefore, e. tri,oJ be.toh of three cubic frHJt of cc.ncret e •rw.s mad.e up using 

thEt proportions from th.;; oh,;rt. This mtl.teri~cl w&~ me"•.sure<i :in an ,•,courll:~ely 

oalibrated. flteel <Jtfbic foo·t bq,x. The box "'".s Ghaken anti >J!Ja<led. vigorously v;hile 

being fill<'ld, then '""'~ ®truck <1ff by a etrHi,ght eclg;e. The under-run of ma·~erials 

'n•a approximahly 0.3 percent. flubstnntbting this ''''s the yield obtained on the 

first level !H,ction of ~'>eV<lrlll hundred. ft'lE•t «h1ch "I"·" vi.brated, and. only a slight 

ovor-run of cement o.xisted.. Mr. A. D'orrest, fiuperl.nten(lent, ;ras prtl3ant d.m:ing 

the yield te~t. 

l!t:l.x No. l<. was used for onl~:r 18 batches. The yield ch<lckecl out ns e<J~Umn.ted, 

t)>1t the collcrete nppen.:red very hr.rnh arui ciiffl.oul t to finish. The shovelers 

l•rorke(l much harder to opreec~:l the concrete, antl thl3 vi brat or f"ile•i to bring up a 

sufficient qw>.nt1ty for ftn1.shing, n~Rcesa:ttating .:.>.d/dtional e~n:eas fin:tahing. 

~0'u.rth1:1r a(tjustments ln the proportions o.re contomplata:1d~ and, mn,y be used 

later.. Nint~mr.d'J.ile~ ·the oontrt'\ctor requm~terl th.<::\t .ht!} be ri.llowed to procf.HJil U!f:11ing 

the reg-ular Jm.ving o.M.rt .. 

It h intend.ed that cor<?s 1,111 be taken of the t'ection from str"tion 528(.60 

to '529t30, whel·e mix Ho. tf wr;.~ cast, to tietermine the compressive atrliln<;th. The 

>~ater-oement riJ.tio of that mix vre.~ 5.1+0 ga.llona per s,,,ak of cement, ItS oompl·\red 

to '5· 27 for t.he regulrAr pn.ving mixture. 

A clw.r.acterl.atio of the vi brr,ted oonor•ete th11t met with the Superintendent 1s 

t1:pproyal was that after the vibrator he.d clone its work, the concrete was of mo1·e 

firm texture an<.l nllowod the finishers to «ork ~tmah olose:r to the fH'-Ver. :!:he 

oonorate ,,,ould. bear t\ person's «eight shortly ~:<.ftor the fl.nhhin,g m•1ohirw he,d 

p e. s n ed .• 

l:'os!!i 'bly with further experimentation of the proportions a mi.J~:ture millfll;t be 

tlevaloped. th,"'t would permit a recluction of cement content ''llcl yet meet the req.utre

ments d.esi:red. for vibratory placement as >•rell ns goo<l finishing quali tiee. Atte.ohed 

to thh report a:re the concrete proportioning oh9.rtr> ull.ed during the experiment, 



Oeruant 
l1'1ne A~gregate 
Coo.rae ;\ggregata 4A 
Coar~e Aggngate lOA 

TJU3Ll1 I 

Specific Gre.vi'a;r 
u " 
II It 

" u 

3.10 
2.63 
2.60 
2.58 

Absorption 1,3 % 
II 2.1 jli 
II 2,3 % 

Weight of (Bone Dry) Loose Coarse Aggregate - 100 lba. per cubic foo~. 

Cement Wate:r- Mil! ]ler Sack of C§lment 
Content Oemen:t 14t3.t6l'" 

Mix Sacks per Ra.tio Coe:rse ll'ree and 
Ho. cu. Yg,. R.li.O. b{b0 Gal. /<>aok §and AiifA:t'ega te Absorb<a§, lbs. 

l"' 6.o l,23 o. 76 ~5.27 189.0 3l.f2.0 53·8 

2 G.o 1.23 o.eo 5.09 174.0 362,0 52.6 

3 6.0 1.23 0, Sl! l+.92 160.0 379.0 5l.lt 

li 5·5 1.23 0,80 ,. 4o 
)• 201,0 393.0 56,2 

* Rlilg1Uar paving chart 

· Note! Th.e oement was obtainerl from the Peerless C: ement Co. of Detroit, an(l the 
agiJ:reg&\h$ from the Brown & Rosenb~;rgar Co., :plant }~t Grass Lake. 

Pres en~ Oondi tion o:f h.vexnen~ 

~his proj act W<'S resurfaced w1 th b1 tuminoua concrete in 1947. :No reoorrl o:f 

the physical condition of the conox·ete at the time o:f :resurf!'.cing h available, 

It l.a known, however, that the project scaled bs.d1y, with a.reaa showing mflrked 
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C-1 (f',l\~ A) 

The 'tot8l.l vii i!t.h of 
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dnTing col.d we~~:.ther, > .n wh .l eh cr::u:.~e the 

chl,)ridE"J rnet.hod. T~'CL; ur:'ed tHt( the 
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in 

of the 

• " ,,, t"' ,,. ··• ··t ·· "/'b "" 0 7'c fn·!t., 0_. C.,.10C1f:,, ~:., .u O tJ.t .,·'> .._,, o.f l .. 



Seeks of 
Co111ent 

Pour Ceto~~nt per cu .. • Cement Date 
~1o, Cont<:'nt bLbo R. v·, '· C~ n/c of Mortar vr/o Bt't:Uld Btu.,. to flta.'l Poured 

1 5.75 o. 1.20 ;: " 11.15 o.6JO Aet.na 0+ 3~:1,-Lt.+ 30 L 5~·16-.. )8 
2 t;~75 oi>go l.;w 2 .. 39 11.1), 0.670 " M·.30-9+1J, I, 7--;JB 
:3 '" ?5 o.eo 1~20 2 * :~9 ll.M, o~67o " ~'12+4.2-39·F/l L 5-20-
25 5.75 0.112 1.20 ,, •. 11.60 Q.665 II 1'7+5/r-?5+65 LC 6-14-38 
1, 5.50 o. 1.,~!,{) ") '"'1 ~:· ,:.;. ;,) 10.9;3 0.619 Huron :39+?1-!52-+06 r. 
5 5.50 O.·S4 1*20 2 ~5~1 11.57 o .. 59/~ II 52+06..:..53+9/+ L )-;:5-3B 
6 5.50 (L.l32 1~ ~; ~ 6;1 n.n (), 607 " 53+94:_591-flO J., 5-26-3g 
7 5 .. 50 0.$0 l,.:;.o 2,/Jy, 10.')3 o. 9 " 5()+1?0-6.;I+ 39 L 

(;?+17- 69+44 . • t.; 

lil 5.50 (1.80 1 .. ;;'.0 2~~r76 lO~fM .. 0~622 " 9+1,4.<L6+30 L 
'"!.I) 5;,50 0 .. 210 1 .. 20 " 1o~e2 0.695 Ar:JttlB 1(•+~3D-?1+2l T 

?:. ·~ .1.\ 

.!0 5,50 o.no 1 .. 20 '• ..::, ~ 10~ o~ " 1 .. < 

:21 5 .. 50 0,$0 1~20 "• 10~82 0,.695 n ?3+t;~6-?7~r6.~1 1 " ' 
5 .. 50 09{3;2 1,.20 

,., 
11~ 1}.6()1, " ;;::?+65-·31+~)0 LC 6-.1.4.-.3:'{ ,; .. 

27 ;I) ,.:)0 0 .. 82 1.20 2_.,49 11 .. 13 \.!., " 0+311.-16+76 RC 
;.:g 5<~50 (\ t.:'''J 

.,.) ~ •.:'If; 1 ~" h'· ~ ,C.:_l., :<: ,1!.9 11.1:; 0~6dL~< « 16+76 ... ;2Fi;+62 ltC 
8 ). o.go 11'20 2 .. f!9 10, 11.'7 o .. 6J9 Huron 69+l.rl..'r~f-'1+5"3 L 5-JJ-:)13 
9 5~.25 o.so 1.20 2"f119 10.1,7 0 .. 639 " L 
10 5 .. 25 0<1$0 1.20 2 10.47 01>6,39 " 9J,+75-1D0+50. L 6-
?3 5 .. 25 0.78 1.20 " ... '}.85 0.7?4 .Aatnf.t 0+.3El-G+OO t~a 6..-13-:J/9; 
?I, 5,2~i o.E\2 1.20 2 .. 66 10.62 (V/03 " f!+00-17+54. I.e 6-1J-Jf1 

11 s.oo 0,80 1.20 ;.09 9.91, 0.669 Huron 100+50-106+75 L 6- l-38 
1;2 5 .. 00 0.80 1 .. ?0 3~t09 ().669 " W6+75-116+J,e L 6- 1,-J,f!, 
13 5.00 0.80 1 .. ?0 3~09 9 ·'~4 0.669 " llf-+L/l-1? MOO L b'- 6-3fl 
14 5.()1) o .. so 1 .. :?0 . 3 'l:J 9 .. 0.673 " 121,+00-129+41 L 6--.38 
15 5.00 o.so L20 3~13 ').85 o .. t)73 l! 129+61-1:'-9+00 L 6- T-JF~ 

16 .'i .oo 0.78 1~20 .3'121 9 .. 65 0~ 6~34 " 13?+00-11,6+27 L 6~ .. ?~JB 
? 5.00 0.?8 1.20 J,.;?l. <;~.65 o.6S4 " J./+6+;27-1~'· 'H69 L 

d2 5.00 0 L20 2.96 9.86 0.673 .P,at.n.a 27+65- ~52+1¥? L 6-11'-:JS, 

'J(l. 6~0 tJ,.f:\0 1~20 i"?6 n.oo 0. 65L, " 2e+62 .... ~~9+7L HC 6-16-.38 ;li"J 

30 6~0 en 1..2:1 (? *1}0 11 .. 29 OJ:ii4 " ,.vl+?!:, ""'] t"l2 ..::-':r <!--) .. +'>.~ .. nc 

5 



i& ()f ' to 2 ] '') i.n.cht;;lt.J 11 l, p; tnt,) e ~ m eq:-~ ·t j_ '""j,r;, 

m1:x. ~.'let•,veen i.t '.tionH (I ~:-~t;-{1 ' nnu Hu:ron eefJ;c:1.1t 

In 

L 

¥ ,,.., • t 1;;// :Ltt c ) 

7 



!.ibrr~.ting 11 Ebntdnrc1 I·\:v5.ng IVLLx 

~J,lo det,rrrmin-t: Y'fh!:4.t &ff'{:H~t V:i.h~~n.t1o:n "/;T!t:th} fu1.V8 ;)fl f)U1' Pt.DJ'H'h.rd 

mix, :20fH of 10 t 

pHvewent h;;_J.({ been oYer·-f.'i:n.ic-hed Hnd that, ~-:et-!.l1.r~g wc)1'ilC~ 

Spe.d int:t of [~·idt~lwt.:~lln 

Tbe 

,.}oint, 

tu.be Vlnt~ equ:ipped \'J'l t'h. tl t'-'201 on BaGh enCl v;-h:i_ ch v;rav:i 

the s:ldew:o.ll~ [-{eprEJsent<:.\t:l.Vef. o.f t.hrF' ma.n\Lf'rH~bxr·er h,~;::d 



"'"11 

op:htion tl·tt_~.t th~" 

from the ":hnft of the 

the trouble. 

foun.Cl 

b/b fpr;tor of 0.?6 when 
0 

the 

&. 

9 



of' 

of 

Tbe 

10 



Be:t'JE•s 
No. 

1 

2 

3 

Avw. 

4 

5 

6 

.11. 

16 

Ave. 

7 

8 

9 

15 

~"'"· 

10 

11 

12 

13 

!r'ile ~ 

-

·-

- - - -

-

-

855 938+ 
[:)72 938+ 
83? 819 
fli,6 ?69 
'7?3 i*J..l,.+ 
?6A 81,4+ 
e24 859+ 
- -- - - - - .. 

78.3 ')3?-+ 
861 
769 
591 841,.+ 
?69 938+ 

750 

7Lt1 93!5+ 
?52 938+ 
76o 929+ 

- -· - - -

<::o6 
?59 ;f-1?2. 
tU6 
722 

938+ 
?50 ")3H+ 
??P:. ~J38+ 
7.:17 93~+ 
71l9 930+ 
- - - - - - -
'709 93!l+ 
'113 938+ 
8i,/++ 93n+ 
BL,.L,+ 9J1f,+ 
?03 9?13 
?0"3 
79? f.)Jg+ 

f2L 9Jg+ 
76g+ 9J4+ 

- - - -
m(ldul;Jm Qf 

The _plus rrtg:ns 

841, 

853 

BL;J, 

81,7 
- -
778 

810 

?50 

71,1 

786 
- -· 
'1/;l 

825 

~53 

666 

?71 

615 

62?; 

71,1 

705 

rupture 

1:nd1.r.-=-~--te 

't'.~BLE NO. II 

828> 

797 

(!;20 
- -

778 

;1,1;1,. 

':08+ 

8$7+ 
-· -

81,1,,+ 

928 

9J8+ 

2.96+ 

919 

??5 

9Jf\+ 

8!:!9+ 

;:.:h•)W;n i.e 

th~t t!J e:: 

Cement 
Content b/b0 

5. '75 Ot~?'PA 

5~75 o.eo 
5 .?5 o,.eo 

5.75 
·- -· -

:; .. so o .. ao 

5 .. 50 0 \>g.l~ 

5~50 0.82 

5 .. 50 n ~?:so 

5~50 0 .. 132 

5 .. 50 

5\b o~so 

5$25 o.so 

5~25 0.2.0 

5.,25 Q,,f:!2 

5,. ;~:5 
- ·- -

5~00 0.80 

5.00 o.Bo 

;; .oo Oot'O 

5.00 0 .. 7f! 

5.00 
- - -

the o_vr:n:'Jf!gti1: of ') 

'· 
lonl! 

B/c 

1'!20 2"5S 0.6.30 

1.20 2.39 0 .. 670 

1.·~~·w 2')39 0.6'70 

-· - - - - - - -· -

1.20 2 .. 7.3 0.619 

1~20 
,, 
~ .... 0" ~-!';)l~, 

l.,f?O ~2 ~ 6:~ 0,.607 

lfl20 ;? /?6 0,.6;?2 

1 .. 20 ? "L/i o .. 6S4 

- - - - - - - ·- -
1 .. 20 2'..-2:!9 0 .. 6.39 

1.20 2 <;'f!.9 o. 

1.20 2. (), 

1,.:2() :<. .. 66 o., 

-· .. - - - - - - .• - - -

1~20 ).,09 0 .. 66\1 

1.120 3o0(} D<t66') 

1 .. 20 ).1:3 (L,6?3 

1 .. 20 :1.21 0~ 

- - .. -· - •. - - - - - -
breF_\(G" 

f'Plled to breal< the 

-· 

-

-

-

C0cks of 
Cem;;:;nt p;xx· 
cu .. yd., 

11.15 

11.1;/, 

1LM, 

10.93 

11~57 

1L:21 

10 .. 84 

ll,]J 

10 .L,? 

10 ,1,'7 

10 ./,.'7 

10~62 

- - .. 

•I'"· 
'/"' 

9 .. 94 

9. 

9.65 

- - ·- ·-· •. 

ht~e:tn .. 

... 

.• 



of tha 

f.)_ 

ll 



rc.w .. o .. 

"/c 

w/c 

a/c 

w/a 

~ Concrete 

~'AHLE III 

Huron Cement 

103 104 

o.Bo 0.0:0 

1.20 1.20 

10.?8 10,83 

;;;.78 2.76 

Q .. 62.5 0.622 

:> ,),6 ~) \il..jc5 

103 104 

Q,flQ o.so 

1.20 1.20 

10.88 11.02 

'Jl,._57 2.52 

o .. taL~, o.Ma 
t:: £''"1 
,J" )~. 5.55 

12 

Unvt tn·nted 

103 101,. 

0.76 n "~6 ~ '! < 

1 cq 
~f.-·--" 1.23 

11. 11.38 

2.59 'l .t:·L 
,::., ,1!',.,, 

o. 0,6:22 

6.0 6.0 

103 10~ 

Oij76 o.7E, 

1.23 1.23 

u.;'9 n 

2.40 ?~37 

{1.694 o-_~6ns 

6.0 0 



e;·trtter liJ:;;Bt:> the 

f~l~avr~ te-O eUl'VIf'. r:n;J r:._·t ·bottom .:;;f :.: 

fl,i0. to tl·1e 

r:,;ftOl'B· the. n.ppJi()D.t:tont1 'tllli:'rt'6 l.ighteT !'md ;,vbe!"\1~ thetl'B '?ii8:t"t2 t\0 cu::rb~~-

01' oi:ju-·;11:' f..~b~~·t.ru.ct.ivns to p:t'eve:r:tt the solution f'rof(t dr~tning: to the 

Smmnary of' ftesul tfl on thG U. s. 2? Pro;! ®ot 

the h&-rsh 

.from the 

lJ 



It 

}Jl.~·tcement .. 

14 



In October 

Tnb1.e IV in 

to btl 

15 



A 
39+71 v 
to 

69+/44 H 

B 
69+1.,4 v 

to 
10{)+50 R 

c 
100+50 v 

> 
Uil+OO R 

----
Type v "' Vibt." 

'ryp€' H "' 

2973 

2973 

Sacks of 
Cemt:mt/CI>YJI 

5"50 

6.00 

'l'ABLT~ IV 

COi·--lDI'TION Bl.1PVEY DNf.f>, 
UB-~~7 Pro~ject, 1'')!51 

Cr0.cl~:inv Tot.f\1 ~·-
:No .. of L ... F .. Cl1 ... ~'-de No,, ·Gf 
Sle.bs SlfJ_bf! 

27 _321 80 

27 293 go 

L.'i 

% 

- -----~--... 

3106 5.25 54 605 105 4-=~ 

no6 6.00 23 '2L,i, 105 

1{150 5.00 45 162 60 

1,750 6.00 ~23 282 .l """' ...,.().:: 57 

------------------
te:<;; 

Con.ox·;;;~te-

16 

2004. / '1 ""d Q, LJ!;, 1v 

l"40l1 13:. 

l?it5 3"' 65:£ 

1710 

3471 6466~';; 

J70S 7, or~;:t 

~ ... ~ 
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lf!J3RlVl1TI;D GOl'TCl\_t~rr~:s ?.AV@-1FNT ON 1'-1~126 ~-' NOW US-16 

PRO,J~CT 6 J~ 2? ~ C 5 ~ 1938 

Experiment. No. IJ 



'.I'HE tJt-1.26 PHOJECT 
19,38 

cement blend, " po[.zohmie Bdmixture, contnwtlon 

1 

"/ 

'N.i th Ul8 

expm.ns:lo:n ,joints,. 



'"/.; • t- P ~'.·(.) r t cro\;;n w~_·( r.1 ..? Ao- :t:.UCd J. or f'i. ,. ... oo 
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t-:1 +3 
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This 

In o:n th.'lr.: 

forms 

of 

Th~; l/iln:·r~. on the t!. S. 2? 

5 



l 

of tho f'int 

abo·ut 500 pounds, to 

6 



to 

1n;:rtY51l::.ttici:n or C(nrtr~.cti(1!1-Joint~~ 

·Th,e 1ongitudtr.uu1 center ;joint r.:rH:1 tbe ti'~7.'lBVe.:···$.B 

tn5Jtr:Al.J , .. :'t po'ir.~t;p, ?ih~·;rf~ 

'""''"''''i,ton.t;.o ~ It v:~1;::; 

.rLn.iz~b1t'1C?: mt(:iJtne .~.:-~, 

TentH~~ 

7 

r./ 



1 

6 

Ste:ndnrd 

Portlr!.n<l
NatnrBl 
C(5tm£>n ·b Bl ~mr~ 

55 

TABLE NO, II 

,.8() 

,57L,. 

.80 

l PM 5 PM 

1 "/1 -~·' «J• 

1 1/2 

1 .l/4 

1 1/2 

1 1/2 

4813 
656 
676 

6<'.\2 
655 
6?0 
65~: 
700 
662 
6'!1,. 
709 
673 
61\2 
E!,l') 
691, 
691 
708 
bJC( u 

694 

627 

665 

')00 
$55 
c~B·3 

865 

Bf.:\0 
900 
~" /. ":~ '10_, .. 

R56 
900 
81:\1 

'!:34.7 
81!3 
13'71 
B81 
868 
!.~26 

874 

1\80 

699 
773 

6t12 
?1~,6 
71;.6 
673 
628 
?27 

698 
700 

711 

883 

1\71 
855 
{565 
ftt)9 
8'74 
900 

'6f!:? 
g7? 



f.::'d. the deslrr-d:.d.llty of' ·\:u:Ling 

Ln nonn.ect1on 1il!~l th vlbro.tory 

weD rf:qu1 rec1, 01'1 th i ;.:, 

l.H..ted. be:ernwe of the ~1lower 

eot tl'wtl 

a 

l'iHB very little dl.fferenc.e bet·Neen the etrengthm e>f th;; vibra.ted 

and 11nvi bra ted besmll,. 
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\i" Ao Kere.nen 

'Experiment No~ 5 



Rapicla east belt between US-16 ~:J,nd. 28th Street, or south belt, Grand 

Thh proj eot was Hat up to iletermine the fea!li hili ty of the uae of 

placement n,ncl conaolirhttion now· being developed.. Thir; project ahould have 

given these methods 11 f~>ir test under id.eal con<li t:Lona. li!!l.tural sand. and 

gravel, n.ll from one source, wng ST,>edfied. l.n order to eliminn.te crushed 

work s;,.ti sfnctorily by their methode1, 'J:ihe maximum grv.do on the section of 

aaMl <lllshion over clay. 1Jnfortmw.tely, just before the contra.ct ·llal.'! let, 

cauming the elimination of all ateel except the tis bars at the center 

joints. 

Thh fMt d.id reduce the effect obtn.ined :!'rom the vibratory equipment 

to ''· oonaid.erable extent, and then too, we were unv.ble to evalu.nte the 

rl:l.fference in effeot of vibra.tion on a. 10" - 8 - 1011 reinforced sl~b as 

compa.rerl to the grune treatment on IUl equivalent 9" uniform unreinforc®d 

pavement. 

l'louipmentl 

1. One 27-:!1. l'lulti-ll'oote paver, 

One eleven-foot screw type Jaeger mprea.d.er with E (plru:tk) 

vibratory strike-l!i:ff. 

- l @ 



3· One eleven-foot Jaeger-Lake\,OOd finhhing nm.chine with :e. 

(plank) vibratory st1·iko-of'f on the back of thl\l front !l<l:!'eed, 

Lf, One Cleveland form tamper~ 

5· r>teel formrn 9" x .10 1 • 

All equipment ""'s in good con<litl.on with the exc<i'ption of the finishing 

l!lll,chl.n$, which tli<.l not hs:ve a ''1nul-nose" screed, nfl 8}lecified, .and also had 

cc. very irregul!lr and crooked front mcr®ed. 

Me.t!j!:'iabl 

l. f(uron cement. 

3· Orvua. 

4, Vultex joint ~eal. 

Or:ier of Work: 

'!'he vibrated. section wa.a starte<i t\t station Of22 on Sept<~nllEJr 22, 191>1, 

rmd the right, or east, eleven-foot r,~l~.b ~re.a poure<l to stfl.tion 87f55· lluring 

this pour, ·the p~.ver traveled on the outside of the forms on the west half of 

the grncll!l, amL the aubgZ'i•.de pbner wit$ pulli!d 'by con R. D.-6 tx•aoto:r. Center 

joint steel w&.e held in place on the e,c,.st slab ill! wood.en strips biJlted to 

the canter form. The paver vm~ then returned to the point o:f beginning, and 

after :finishing the interseotiou the west eleveu-:foot sl11b was poured.. l'rom 

stD.t1on 5f00 ·to stRtion 50f72, the paver rode the eB.st ale.b >Jith the subgr11.d.e 

planer behin(i tm l\, D.-6. At ate.tiou 50f72 the pa,ver WF1$ placed betc<een the 

form$ 1l.nd. oomplated. the job to station B7f55 that >m.;r. 

Qon!!t:ructi.on F'roced.urel 

After the forms were set the subgrHd.o was prepared. by n plnner en<l 

sprinkled with -.rater, if ilry. 

- 2 -



provided. th$ initial conBolirl.at:ton of th€> concrete m~.e~. ~he mechanical 

attacherl to the rear of the front screed. The finhhl.ng machine did. not hB.ve 

.,, 11 bull-nolileli 11 soree'l "·" opecifie(l, At station 5f44 a half-round bar 

n 11 bull-nosed11 screed, 1'he finishing lill\oh1ne with thO!> vilnm.tor wa.e to furnish 

the fim>.l C1onsol1dntion 

entire job, 

!ixes Trli!!sJJ. 

Admixture ~ 1-t.vJ .. O., S7ation to Station 
l. D~•s 0.05f/ool. o.so 1.15 2f29 :a 22 
2, Clrvus 0, 051}/bbl. o. !l4 l.l') 2t29 ltf19 I 
3· Orvu11 o.05#•Jbbl. o.st1 1.10 4f19 5t00 :R 
)f. Orvum O.O')fl{bhl. 0,80 l.lO 5t00 s';L;o :a 
5· O~vus 0.05f/bbl. 0.76 1.10 3f50 28t50 :a 
6. Orvua 0, 0511•/bbl. 0.80 1,00 (Modified lly 0<JJilh)28f50 3'6t50 R 
1· Orn1s 0, 04hl/bbl, o.so 1.00 (Modified by Oa.ah)3!lf50 67{.24 :a 
13. Orvus 0,05~/bbl, 0.80 1.00 (l!odHied by Oa.ah)67f24 75f00 R 
9· Orvus 0,051/bbl, 0.60 1, 00 ( · 11 by Jl'u1 ton) 75t00 !!7t55 R 

(Left Strip) Of22 36f4') L 
10. !~lone 0,80 1,00 (Left Strip) 36jL4') 54f20 L 
11. Orvns 0,0')-lf/bbl. 0.30 1.00 (Left Strip) 54f20 63f94 L 
12, .None 0.73 1.10 (Le:rt Strip) 63f94 66f70 L 
l). Orvu!l 0, OJ1f{bbl. 0.7J 1.10 (Lef~ Strip) 66f70 70t20 I, 

~he (bono dry) loose weight of mand, 4A nnd lOA coarse aggregate per 
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in pounds is alno given. 

~ R.\1.0. Sand# l~A# J.OAI,> '!Ia tedfo 
0.30 1.15 218 225 224 48.4 
0.34 1.15 201+ 236 236 47.0 
0.34 1.10 206 236 236 1+5. ~~ 
o.so 1.10 '?')':) 

t~(~0.4 225 2211 4G.6 
o. 76 1.10 237 213 213 47.9 
O,i.\0 1.00 233 225 2211 1>2 .l~ (~iodHied by Cash) 
0.30 1.00 225 225 224 42.6 (Modified by Fulton) 
0,30 1.00 247 225 224 1+3.4 (Without Orvus) 
0.73 1.10 273 205 1!05 51.4 (Without Orvus) 
0.73 1.10 260 205 405 50.0 (With 0.05f Orvus 

per bbl. of cement) 

The modulus of rupture strength testa indicate "' failure to meet 

requiremen·cs of grade "A" concrete, particularly on the seven-day test 

results. But the addition of Orvus does not seem to be the factor, because 

concrete without the admixture also failed to meet minimum specification 

requirements. The twenty-eight day tests compare favorably with the required 

strengths. The ~oncrete mix being a. five sack per cubic yard, although vi-

bra ted, could be compared with grade 11B'' concrete. If the concrete is so 

considered, the results \<Tould in most cases be satisfactory. 

Orvus Modulus of RuQture 
Ad.ml.lttnr.e ~ R. \1, c. 1 da;ts 28 da.;ts 

None 7 1.20 497 so6 
544 722 

None o.eo 1.00 435 713 
460 816 

Ol.J#/bbl. 0,80 1,00 543 731 
516 788 

05fi'/bbl, 0,80 1.00 461+ 722 
~21 628 
554 713 
544 769 
356111 610* 
272* 506* 

05#/bbl. m;3o 1.10 553 713 
572 685 

SpecificeJ.tion requirements Grade A 550 650 
Specification iteq.uirements Grade B 475 '5l5 

111 These beams very porous, affecting modulus of rupture strength. 
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Nixes 1 to 11 looked hatHh. The Sj)l'"'"'ler o,n,l fl.nhhi.ng rrw.chintl left 

them very compu.ot n.ud d.enne, 1Tut Ul'lt.'lVen~ 1:Vhe flnisd11:n~ coulcl not :float 

<ucything 'but the tj!;in lll;y·er o:f mort•e1r rm top, no he could not :fill .. the 

laz·ger and rlOiJJ)Or irr<Jg\llm•i ti.es. Hix ·§'5 lookecl rm•l c/OI'ke·i fin••• but :l't 

>las founcl with n,lJ. these mlxc?S thn.t if we useil the 8,mount of 11at~Jr calr;u-

the. wo:ver \<Ia~ kept frorn :four to "l.x gallons uuder chart figurem. This 

fact, au•i " low fine grEcle, contnbutecl to en ~verage over-run in cement 

of' 6% for the first three clay~. 1'he mix wn~ ther> tuodi fied to ohLd.n the 

calculuteli yic;ld.. In the p:roee!la of mrJc'lifyl.ng, tw:re ••nnd. wa~ add,EKl to the 

mi.1t; givin.~; mo.re fine~ on top E•.mL contrHlut'i.ng waterially to the aMe of 

finishing opera.tione. 

One dr•cy 1 ~ run \ifl.tS ma.\l<'J without On•ua an•i ,,, h/bo"' 0,80 MJ>i n.:•J.O. "' l.oo. 

This mix looked. heu•sl! •md. dry, 'hvter came to th€• top in k.rger qu:·•.nti t),ea 

thecm vi th mixea using Orvus, hut clid not lletlJll to carry much cement. G<.m>iil.er

B.llle segregn.tion Wl!l notiaeahla >lhen the concrete l<!ilfl dUXilped, from the skip. 

:t'he conereto was Vt1.ry compu.ct, behinc't the finishing mc>.ahi:ne, llW.king ;l;t diffi

cult to pQllll<l in the ~<eakXl<>SS ,joint stri'pm. 1~'hen tha ~:pre:.<d.er nn•:l finishing 

machl.no tll.d ~~ good ,job, ha,nil. finishing val.@ E>a.sy. Most of the ti1"1 the spreader 

laft hol•Ja 1;hioh the fininhing machine dl.tl not ''over, and. for which the finish

er could not float enou.o;h morto.r. Con~oqutmtly, conc:rote ha.d to be carded 

back. 

A mix with b/b0 ::: 0.73 .B.nrl n rt.VI.C. of l.lO we.s trhrl with and without 

Orvus. l'l'Hl mix 1-1ithout tho Orvua looked over-sanded for a 'l<ibrnted mix. 

Condderttble segreg~ttion wa~l notioef'l,hle t!hl.ah 1ms not conected by the 

spreeder. \JJ.th the ncl<lHion of OrVU$, the segreggtion >ms oor-t"ected, lnlt the 

mix lookecl as though it t<ould 1~ork better ~tlthout vi'br.ation. 
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Obaernctioml ctur·in•; DOl).~truotion: 

TX.tere TVe~re man~.r dBlnys clJn:.tng the :f.t:r:~t <le_,ys tlu0 to lack of ore;Hni%tttio.n 

<.'l.Ui.l inexpe.'J;"i. f:H:lCfJ Oll the rftrt of thH 01')r:;::rFJ,tO:Ml" 

cfhe front •wx·c.·~d. of the, fl.ni shir>g m>Jcb1.ne li\UJ t<JO r;ho:rt, ·pu.eh l.ng concrete 

O"V\.~:c tho forJ;t~ p, t every pn.sn I> IJ:!.hi s wn.'8 nor·i~ec, t nd, by t.~l',;)ld.'t n.~;:: nxt:ont1io:us to th® 

en<l. of' the se:roed. 

11 aeries of hollo~r$ an<l bwnps A.J)p<:n•.X'<ld b"himl. the :finisllinf; m,,,ohirw. 

They "'J'}Jeared. to b<8 five or Eix :fe<~t A.IJ"•rt on plus grailos, mvl fe>.ri;h,,r ;o,pn.:rt 

c>.n<l fV•tt"r on mirrll.B g:rnd.es. These irre,gulari tl.es \J<'lt"e v<;ry hc•.!';i. :for th<; finl.sh

'"r to f'lo&!t out. If r>mnll, he co·,tld floe.t m.ortL•.r l.nto them, but if large, the 

only solution ~~Jometl to be to take a third P"·sa over t,he section i~ith th•l finish

ing mtcohine, its he o01~lil not cut into the <lenBe, compact conoret<l ,just uniler the 

thin lt\\'el:" of mortar, In trying to elimim1te thane l.rrEJgulg,rities, tho mn.nu

faoturer's repr®sentative experiments(( v1ith various fr,~quencies of vib:rt,tion, 

and. a.l so tri <l(l rmmhlg lvithout vibration on the Hprea(ler. lt ,,,,,.<> found th;lt 

th<:l high'i!r frequencies of vibration <lid not improve the situation. li'inPJ.ly, 

it H>ti'l drH::iiie<L to Cli0.ke a t:d.Rl without vi b:ration on the 11p:reo.d.€1r 8.nd ll .. low fra~ 

quency on the fl.nhhing machine. So tHo passes were ma·J.e with the fin·hhing 

m;o.chino; the S<Joonll: paaa 1vi thout vi b:r>1tion, l'l.ncl wi tho·ut ·ase of the front screed, 

U!l.lea~ too lHl:'IJ:EJ a loa(l built U:P in front. This method seemeii to give better 

r.osul h at the time, hut it seams a.m if thh wc-ts 'lua to the f>1ct that we just 

hctp:pened to pasa the P,I. of''- ve:t:'tical cv.rve, and go from a f2.f!)+% g:racle to a 

-0.03% grade. Subseqmmtly, we tried. vibmtion on the spree.(ler (low frequency' 

Rnd h10 pn.s8ee of the finishing machine, the second wHh.out vibr,clt:i.on, and 

achieved. the sl!!ile result. Inter the• toe of the rc0ar fin:tnhex- acx-eed was lowered 

to try to elirnilll'•.te thh condition, bu·t H di(i not have ,;,ny notice!lble e:ffeai. 

The lnmps oc;emed to ·be ct~used. by the flow o:f the mix which containe(i Urvus IJ.lld 

- 6 



f:'H1pocL0.lly 'b;;i.d. npot ~:11. th ::<. third. pa t1:1 of tht:: f:1,ni :::1hinp; rru~chi:ne. 

'l1h:rou.ghottt tho F.mtLt(.1 or.:~.~,ri~ ~1t:tl"J', tf.-.t.pt•n l!,r,~;.n v"--H":Y IJr:r. .. t twnoyooJ.Hh Ul:t:~lerneath 

t.h~,! vwotl at:ri-:) thH.t hq;ld tho co:ntor nte(!\1 in pl;9.e'l.fo ThtH'E! '\.'fOro n1C~O ~?:omo 

pmrement. It in obvicms, from obser·ving the vibi'!i.t(Yrs, thnt there is o. d.ea<l 

s·pot r,t ho·i;h ond.•.; o'f the vibr9.toQ Btrik~,>-o:ff '>.nd the cwly Bolu.tion J.g to U'le 

n. h~:md vibr~,-~_.to:c ;--,t the forr::H:t £1.!\d. f~xpa.n.sion jointr1~ ~:'1-.u:~re ir.; uudou'b·~ed.ly honey .... 

conclr<l'~e d.ic.1 not .1C"t any vib.re.tl.ou >l.t tlw.t ;:>jint. 

OQt>.clu~ion$ - h·.vlng 11nc\ Vi br~.tion 

la lt d.oes not1 appear t.!u:;.t the vi'brti·t.ors 11 wlth th8ir present net-UJl, 

d.o th€"1 work cL~i1ned for them.. i"s shown 1;~y· thn honeyeumb a,t the C!d.f;;t::t-1» the 

fo;r•ms n."t!f-l not 'being vi br~).ted enou.g·h tHl1i the ®rune _probn.bly holtlf5 tru.e for tha 

axnr,nal.on joints. Until tho vibratory ACl'flads on.n d.o l:>E>ttnr Hm;>k Ht thEr forms 

ru1.il jQi.nts, hs"tlSl. vi brfLtora should be speeifi<ld. Higher fv<>quencie•B of vi't>rfr·.-· 

'tion .'lo .not S01ll!l to be the Wl$W!lr trJ the p.robl ern, tlO M<t;vbe D. lov tx·~,quenc;;,. 

11fi th greater runpli.tu<la might worh:. 

2. The apreacier o®rtrdnly ilid. extrr· work on tho top of tllQ mh:, but it 

<i:ld not oor:rect a ;1ile tiw.t HH;; clumped out of the sk1.Jl k\lld aetgrege.ted u:oon 

hitting the sube<;rn.d.e, 

3· It does not seem ·possi bl<~ 1d th th•l :ore'H'nt set-llp to reclnce the final 

f.ini shing to ~.n A.tlvantll~flOU!II point. As lon,'l: as the eo.ui:omoot letW<'R irregular

ities, the .P!l.vmnent must be hand. finisher!, il.nd, in order to hanci finish, \f\Ome 

mortar must b<>, on top, 11h:icll will c\Ventually S)ltrcll off.. 
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A condition survey of the Grand R~.pid.s pro,ject '""'" mo.t!.e in li'ebrur,ry, 1951. 

indio";.te '"IY significant differ~nce in :P<~vement performance due to the t'"o 

methods o:f.'' eont:~truction. 
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