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VIBRATING PAN TYPE FI!'nSHING ~ ~ACHINE 
FOR CONCRETE PAVm: :I:NTS 

Reported by F.V. Reagel and 
T .F~ "'Hllis 

Sm1HARY AND COJ:-TCLUSIONS 

This r e port describ e s the methods used~and the r esults 
obtained, in an investigc tion of th e vibroting pan type of finish
ing mcl chine for concret e pE: vements.* The manufacturer of the 
machine claimed that it would finish dri er and 'leener' mixture s 
than could be handled by an ordina ry finish er. If t h is were true , 
concrete of improved quality could be obta ined by using drier 
mixtures with the usual cement content, or costs could b e de
creased without sacrificing quality by using 'leaner' mixtures. 
The investiga tion proposed to determine the merit of the mB nufacturer' 
contention and the extent to which the quality of th e concrete 
could be increased or th e cost d ec r ea sed • . 

Various concrete mixtures were tried on sections of 
pavement finish ed with the vibratory finisher. Th e action of the 
finish er was obs erved; slabs wer e r e~oved from the ps vement, t es t ed 
for flexure strength Dnd th e decre e of 'honeycombing ' noted; 
also, cores wer e drilled from the pa vement, some of ~hich ~ere t est ed 
for compressive strength Gnd othe rs for dur ability by subj ecting 
them to r epe ated cycl es of freezing and thawing . 

Th e da t a of the investiga tion wer e deriv ed from t e sts 
of concre t e on an ordina ry construction project and wer e affec t ed by 
the uncontrolled varic:~ bl e s always present in such t e sts. For this 
r ea son the conclusions should probably be classed as indic a tions. 
Thes e may b e SUI:l .. 'llorized as follows: 

1 • . The vibrf' ting pan typ e of finish er is c 2. pab l e of 
finishing concret e mixtur es wh i ch ~j re much l oen er, h <'lrs he r and 
dri er than mixtures ordinorily consid er ed su i tab l e for p ~vement 
concr ete. However, it cannot spr ea d Bnd 'strike off' 2 8 dry and 
harsh mixture s as v.Ter e h emdl ed vii th the vi bra tory scre ed tYT,)e of 
machine on 0nothe r proj ect. With prop er equi pment for spr ea ding 
and 'striking' the concr et e off to the ri ght dep th, it is 
possibl e t ha t this finish er could puddl e and CO~:lp8c t even hG rshe r 
mixtures then wer e us ed in t his investign tion. As in pr evious 
inve stigati ons, it VlO s the g en ,'r:::l opinion th ~l t th e vi br3tory 
finishing m2 chine hod the capa city for puddling dri er and hcrsh er 
concre t e , but the inability of the hand l 2bor to spr ea d this 
kind of concrete prevented its trial •. 

* Pr eviously an investi ga tion and r eport on t he vibr~ting screed 
tYJ) e of finishing me. ehine hed be en mo de., 



2. vI i th the rna t e ril) Is ond me t hods of he ndlinrr t h e 
co nc r e t e us e d on this pro ject, the A-4 mixture (l:1, 54~3.68) 
WB S c onsid ered the b e st if improvemen t in qU 'l li t y v' i t ho ut in
c r ea s ed cost is d esir ed; the B- ~ mi x t ur e (1:2.02:4.04) wn s c on
sider e d th e b e st if th E; .r.wximum d ec r esse in co s t yri thout 
sacrific e of quc lity is d es ire d. 

3 .. 1/j i .th the mixture r ecommend e d for improve d qu::; lity, 
th e stren g t h wa s increa s e d about 16% but the other mea s ur e s of 
quc,li ty we r e not c h an ged 8pprec i a bly. 

( . 4. 'jjith the mixture r eco~end ed for d ecr e::l s e d cost 
a bout 15% of the c os t of the c ement wa s s a ved, 

5. Vibra tory finishing n ecessi t a t e s t he u se of c on c r e t e 
mixtur e s of lower morta r cont ent end dri e r consist ency tha n a r e 
c onsid e r ed s o ti s f ac t or y for ordina ry fini sh ing . We t or o ver
morta r e d mixtur e s a r e un e con omic a l as the vi b r a tion works to t he 
surfa c e a n ex cessi ve Br:lOunt of morta r v'}: ich must be was t e d o ver 
th e forms a t t he edge of the pa vement. 

6. A consist en c y of three- f ourths of a n inch to on e 
inch slump i s the minimum tha t could b e suc cess f ully us e d on t h i s 
projec t. Th is wa s esp ec i c lly true of the mixtur es con t a ining t he 
l a r ger pr oportions of coars e a ggrega t e . Con c r e te o f lov'e r c on
sist e nc y coul d not b e hGndl ed by the hand l cho r and the con
struc tion equipnent wa s un able to prop erly di s tribut e the conc r e t e 
and 'strike offl th e s urface in a s c. ti s f 8c tory manne r p rior to 
vibrE. tion; a lso the Dr.lOunt of hon eycombing in the f j.ni shed n r: v e 
ment inc r eased f:w t eri811y vlh en c on cre t e of l o~:<rG r consis t ency v'ns 

us e d .. 

7. All the con c r e t e mi x t ur ES t c pt ed h ~ d s - t is~Qc tory 
streng t h , densi ty, Dnd dur o bil it y, v'her e pl ~' C (: 0 und e r optimuw 
concii ti oEs . Vdth some o f t he ra i x tur es , t h e: sleb sp cc i I'Lms f rop 
c e r ta in la cs tion s in t he r eO; v C'-'J:; nt sh oved c onsid er ~ ble l:1or. e ycoT'lb i n.O' . 
The t es t s s howed t hL,t t he vibrc, t o r y fini8h c r c2D.not ov c r cor:e 
e ff e c ts 01' s egreg~ tion c cus e d b y non-unifor.r.: spr c ' .. ci in g of t he 
c onc r e t e rl ixture ::md. e~:lph8Siz cd th~. t t o dev el op tlF~ f u l l c dv ·; nt ::.:ge 
of v ibrci ti on , sone for ~~~ o f E~6ch::.:n i c[ l spr u d e r i s nec e ss r. r y . 

8 > In gen erc l, b o t h th e cO:11pr e ssion en d fl exur e t es t 
r e s ult s corro bor ot eo pr ev ious s t ud i 8s i n shovJing t hc. t v i b r s t e d 
conc r e t e follows the li ' ,) t e r- CeD(;nt r ,::: tio stre ng t h l nvT . 



VIBRATING PAN TYPE FINISHING MACnDJE 
.' 5. 

FOR CONCRETE PAVEMENTS 

INTRODUCTION 

By: F. V. Reagel and 
T. F. Willis 

Hi ghway en gineers h ave r ecently evid enc ed consid erabl e 
int er est in th e use of vibration for plac ement and fin i s hing of 
con cr et e pavements. In the course of the past several ye ars t he 
Unit ed States Bur eau of Public Roads and the Sta t e Hig hway 
Departments of Illinois, Michi gan, Missouri, New J ersey, Ohio, 
Texas and oth ers have exp erimented with t he us e of several typ e s 
of vibratory fini shing ma chines. Much of t his wo r k was direc t ed 
toward investi gation of the vibratory s cr ee d t ype of mac h i ne . In 
t his ma chine vi bration units ar e a t t a che d to t he s cr eeds and vibra
ti on is transmitted t o t he con cr et e through the s e s cr eeds as t he 
finishing operati on is carri ed on. Se veral of t he investigators 
have fo und this type of machine to be eff ective i n the plac ement 
and finis hing of concre t e mixture s much l ean er and hars her t han 
t he ordinary finishing machine co uld handl e . Mor e r ec entl y anot her 
type of vibrator has b een developed wh ic h is d es i gnat ed as t he 
vibrating pan typ e . In this ma chine t he tamp ing bar, whi ch is 
ordinarily suspend ed between t he front and r ea r s cr eeds, is repl a c ed 
by a flat pan sha ped memb er on whi ch the vibrating units are 
atta ched. This pan is sli ghtly shorter than t he width of the p ave
ment and henc e r ests dir ectly on ~the concret e at all times, vibrating 
it as t he finishing operation progr es ses. 

For the purpos e of investigati ng t hi s t yn e of f i ni she r 
t he Miss ouri Stat e Hi ghway Department used one on t he cons tructi on 
of 4 mil es of con cr et e pav eme nt. The U. S. Bur eau of Pub li c Roa ds 
coop erat ed in outlining t he i nv es tigati on and furnished t h e 
appar a tus for t esting t he b eams whi ch wer e r emoved fr om t he pavement. 
The prin cipl e obj e ctive of t h e i nv esti gati on was t o d et ermi ne the 
range of con cr et e mixtures whi ch coul d be pro~erly pl a c ed and 
fini she d. 

Guid ed by the r esults of pr evi ous investig ati ons and 
pr eliminary experiments performe d on thi s pro j eet, t·wo seri e s of 
concr et e mixtures wer e d esign ed. The pro porti ons and yi eld of 
t he various mixtur e ar e shown diagrammatically in Fig . 1. 

The mixtur es of the first s eri es, d esi gn at ed A2, A3, A4 , 
and A5, wer e proporti on ed so t ha t th e cement factor, i. e ., t he 
cement cont ent per cubic yard of concre t e , wa s constant and equal 
t o t ha t whi ch had been used with the same ag gr ega te s on pr o j e cts 
wher e an ordinary finishing machine was us ed . The ratio of t he 
s and to t he tot al a ~gr egat e wa s varied fr om 38 t o 31 per cent and 
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the wat er-cement ratio varied so as to maintain an ap proximat ely 
constant consistency of the concret e . The purpose of this series 
was to obtain informa tion r egarding the increa s e in strength and 
quality of t he concrete which might result from the anticipat ed 
reduction ~f the water-cement ratio. Sinc e t he cement content was 
maintained constant, and this is the mo st exp ensive ingredient i n 
the mixture, the cost of each mixture vias approximately the same 
as t hat of the standard mixture. 

The second series of mixtur es desi gnat ed Bl, B2, B3, and 
B4 was proportioned so as to have four differ en t cement fact ors 
varying fro m 1.45 to 1. 30 barrels of cemen t per cubic ya r d of 
concret e . 'rhe purpose of this series was to det er mine (for t he 
aggr egates used on t hi s job) the ability of this t ype of vibr ator 
to finish mixtures wi th lov,,r er cement con t ents, t han woul d ordi narily 
be used, without r esulting in any obj ec tionab l e d ec r ea se in 
strength and quality of t he concrete ; or in ot her wo~dG wha t d e ~ 
crease in cost of mat erials mi ght b e ef f ect ed t hrough the use of 
this vibratory finisher. , 

Each mix ture of each s eri es was used in the construction 
of fiv e s ec ti ons of pavement, each section b e ing at l east 100 feet 
long . The t es t sec tions wer e alt ernat ed throughou t t he construction 
of the job so t hat no two of the five t ests of on e mi xtur e would 
be conduct ed on the same day or at the same time on diff er ent days . 
This was done so that the e ff ec ts of weather and t emr:,eratur e on 
t he fiv e t est sections of anyon e mi x ture would on the average , 
b e about t he same as t hos e on the t es t s ec tions of any other mixtur e . 

Tests and obs ervations of the quality and streng th of 
the concret e consisted of t he following : 

1. Obs ervati on of t he s urface durin g and aft er the 
finishin g operation . 

2. Obs ervation of the p avement edge s for hon eycombing . 

3. Removal, ob se rvation for hon ey comb ing , and t es ting 
for fl exural strength at 28 days of five 2' x 7' sla bs from e a ch 
test s ec tion. 

4. Removal, vi sual examination, an d t esting for compr es 
s ive strength at 28 days of five cores from each t es t section . 

5 . Removal and t es ting for durability by subjectin rr 
to alt ernat e cycle s of fre e zing and thawing of six cores f r on 
each mix tur e . 

6. Remo val and t esting for d ensity and absorption o f 
six cor e s from ea ch mixtur e . 
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The tests were carried on during the construction of a 
regular paving project, FAP NRH 380A, Texas County . Plans and 
specifications called for a standard A. A.S.H.O. 9-7-9 cross
section , twenty feet wide. The aggr egates used were local creek 
gravel and sand~ the gravel consisting of rather angular chert 
and the sand a cher t-quartz mixture, the particles of which wer e 
angular . The same materials had previously been used on another 
paving project where ordinary finishing methods were specified 
and were considered so mewhat harsh. The mixture desi gnated by 
the con crete control division for use, and considered satisfac t ory, 
on this other project was 1:1.87:3 , 23 by dry rodded volumes, 
whi ch is somewhat richer than the Missouri standard mixture 
of 1 : 2:3.5 

Provision for Removal 
of Slabs from Pavement 

At some point in each test section a 
spec i al test panel was provided which was 
seven feet long and extended one-half 

the width of the pavement. Wooden headers were placed at the 
ends of the panel and along the center joint. The subgrade was 
formed so that the slab would be uniformly seven inches thick and 
was covered with tar paper . A batch of concrete was dumped 
between the headers and spread by hand to a uniform depth. Then 
four 2" x 2u wooden separators were set parall el to the cent erline , 
and at the mid-depth of the slab, to provide planes of weakness 
at two foot i ntervals across the panel. The second batch of 
concrete was then dumped , hand spread, and. th e test "pan e l along 
with the rest of th e pavement vibrated and finished by th e usual 
pro cedure. After completion of the fini shing op era tions the 
transvers e headers were removed. As the concret e hardened,the 
wooden separators absorbed mOisture, swelled, and formed longi
tudinal cracks which divided the panels into five slabs 2' wide 
by 7' long. These slabs were left in place and subjected to the 
same curing and weather conditions as the pavement until 28 da ys 
old, when they were r..emoved and tested .. The steps in the preparatic 
of a test panel are pictured in Plate 2. 

Operation of the 
Vibratory Finisher 

The operation of the finishing machine was 
supervised by the manufacturer's represent a
tive. At differ ent tines during the exp eri 

ment the number of vibrations was vari ed from 3400 to 3900 per 
minute but most of the time the finishing wa s carri ed on at 36 00 
vi brations per minute. More than ordinary skill was requir ed t ~ 
coordinate the Moperation of the finishing screeds and vibrating 
pan. The surface of the concrete behind the vibrator was 
ordinarily too compact and rigid to be manipulated by hand scr eed·· 
ing and floating; thus , when any roughn e ss or un evenne ss of th e 
surfa c e was left by th e finishing machine consid erabl e work wa s 
r equir ed to float it out. Frequent occurrenc e of high spots o~ 
these test sections proved the importance of stri king the conc r e t 8 
off with the front scre ed to a uniform d epth, and making the pr oper 
allowance for settlement and compaction of the concrete under the 
vibrator. 
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First batch 
of concret e 
de p0sited on 
subgrade. 

PLATE II . 

~Ic n : ! l.:; r :; s e t 9. : .c 
t e. r ~~ a ~ ' c r ~ - ~ ~ E:. : 

.. )!-: ~ 1 :: ~ r (j j e , 
:-' :' e :-- e. :' 8 t --- r y V , 
i U!T1~ l i !"" t ~' i.. ::' s t 
bu~c~ f) :~ c.: ncre t e 
i' ~ r t.est ~ Hnel . 

First batch s ~ read 
a nd s e ~ ara t') rs 
set nre ? sra tory 
to dump i~g sec onj 
~atch o~ concrete . 
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Comparison of the action of the vibrating pan type of 
finishing machine with that of the vibratory screed type of machin e , 
used on another project, brought out that th e former cannot spr ead 
and 'strike off' as dry and harsh mixtures as can be handl ed by 
the latter. With proper equipment for spreading and 'striking ' 
t he conc r ete off to the right depth, it is possible that this 
finisher could puddle and compact even harsher mixtures than wer e 
used i n this investigation. As in previous investigations, it 
WflS the general o1)inion that the vibratory finishing nk'1chine had 
the capacity for puddling dri er and harsher concrete, but the 
inability of the hand labor to spr ead this kind of conc r e t e pre 
vented its trial. 

During th e course of thes e t ests s everal ~e c hanic q l im
perfections in the vibratory finishing ~achine deve loped. However, 
change s in the d esign or e supposed to have correct ed al l t hese 
faul ts. 

Testing 
Proc edure 

The slabs were removed from th e t est panels by mean s 
of a special hoist and t ested for flexur a l str ene:th~ 
when 28 days old, in a spec i a l t e sting appa ratus pro

vided by the U. S, BUr (3 D.U of Public Ro ods. Plat e 3 shovvs vi ews 
of the t esting of the s labs. As each slab was t es t ed 3 sketch 
wa s mad e showing the location and shape of t he br eak and the 
location and amount of honeycomb in the broken section. The honey
combed a r ea vms express ed as n per cent of t he tot a l area of the 
cross-s ection a t the br eak. This es timat e o f the amount of honey
comb was lat er checked by breaking the two halve s of eac h slab 
with a sledge to expos e other fac es about a foot on ea ch side of 
t he original flexur e br eck. 

At the time of pouring t he pav ement , c ertain loc ations 
in each t est section we r e s el e cted as cont aining concret e t ypica l 
of tha t d es i gned for th e t es t section, p ro~erl y distribut ed and 
finish ed, from which core s could be drill ed. Wh en th e p av ement 
wo. s t wenty - tv.JO d ays old fiv e 6" di cme t er c ores wer e drill ed from 
ea ch t est s ec tion, shipped to t he l abor atory, soak ed in wa t er for 
t wenty-four hours, and t est ed in compr ession (s a tura t ed) a t the 
age of twenty eight d s ys. Vihen the pav ement WGS nine ty days old 
six 4 1/2" cores wer e drill ed from r epr e s entative t est s e ctions 
of each mixtur e . rEhis set of core s was taken t o the l abo r r; t ory , 
soaked in wct er for t wenty-four hours, and then subjected to cycles 
of fr ee zing and thawing . A s econd s e t of 4 1/2" core s was drill ed 
a t the same time , fr om the some a r eas , and t es t ed in the 13borntory 
for d ensi ty r:nd absorpt ion. All core t ests v'c r e p erforrw d accor d
ing to t he A. s. T. M. Stand nrd or th e Intest A. S. T. P 

Commi tt ee r ec ommend8ti on s. 
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Ge : . ~I'~ 1 vi ew 
o ~ sl a b t e s ting 
o~-,e rc. : i ons . 

Detail view 
of testing 
apparatus • 
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Observation of the workability of t he 
various mixtures, as judged by the e as e 
with which the hand labor placed and 

spr ead the concr e te, segregation within the batches , and the 
finished surfac e , may b e summarized as follows: 

The A-l mixtur e (c ement factor 1.55 , p er cent sand 
38.5), th e standard mixture for these materials when 
finish ed by the ordinary methods, was us ed in pr e
liminary obs ervations only. It was found to b e 
unsatisfactory, r egardless of the consistency, because 
the vibrat i ng finish er worked an exc essiv0 amount of 
mortar to the surface which had to be was t ed over the 
forms. 

The A-2 mixture (c ement factor 1.55 , pe r cent sand 
36.0) was very v'Jorkab l e as CO['1I~ ared t o other nixture s 
us ed and could be easily handl ed and spread by the 
hand labor. If kept very dr y and not over-vibrat ed, 
it co uld b e fi nishe d sati s factorily. Howev er, at 
ordinary consist enci es (one in ch slump or above ), the 
vibrator brought an excessi ve amount of mortar to 
the surfac e . 

The A-3 mixture ( ce:n.ent factor J_ . 56 , per cent sond 
34.0) could be spr ead and puddl od r eadily a nd fini sh e ~ 
sati sfactorily by t h e vi br ator. How ever, unl ess t he 
consistency was k ept b elow a lit s l u.'"1p mor e mortnr t h8n 
n ec essary wa s brought to the surfac e by the vib r ator . 

The A-4 mixtur e (c ement factor 1.55, per c ent sand 32.0 ) 
wa s consider ed most nearly id eal for all the conditions 
pr evailing on this proj ect. It con t ain ed suffici ent 
mortar for pro per surfac e fini shinC' \. ithout havin G an 
exc ess. In common with a 11 th e S(;ri e S .H. mixture sit 
had a r elatively l a r ge ceraen t cont ent which produced a 
"riCh',', "fat" mortar • With s uch a mortar, variations 
in the consist ency caus ed by variations in the amo unt 
of wat er wer e not so d etrimental as they wer e in t he 
case of the B-4 mixture which had the same quantity of 
mortar. However, the A-4 mixtur ::; r e qu ir ed car e in 
placing to pr ev ent exc dssivu s egr egation of t he coa r s e 
aggr ega t e . For t h is r oason, it was con sider ed tha -c ~,'1 ; 
limit, to which tho coar s e a c.;gr c 9;at (:) coul d be i nc: 0c. se,} 
was r eached in this mixtur e . 

Th e A-5 mixtur e was harsh, unworl\:ab l e an d , wi t h hand 
spr eadi ng , t ho coa rs e aggr ega t e s egr egat ed badly, 
Also, consid erabl e diff'i.cul ty VIas exp eri c!nc ed in 
l evelinG th e:: concr et e t o the prop ,:; r cO'1tour. When 
spr ead uniformly, the mixtur 'J cont ai n ed suffi c i en t 
mortar for proper finishing and would probably b e 
satisfactory i f us ed with a mechanical spr eading 
d eviC e . 
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The B-1 mixtu r e ( cement fact or 1. 47, per cent 
sand 38 . 5 ) was r eadily spr ead by t he ha nd l abor. 
However, th e exc ess i v e mortar cont ent vras con
ducive to wast e . 

The B-2 mix tur e ( cement factor 1.41, ::;)er cent s and 
:37.0) was suffi c i ently work abl e but a sligh tly we t 
cons i s t en cy caus ed loss of mortar over the forms. 

The B-3 mixtur e ( cement fa c tor 1. 35 , per cent sand 
3 5 .0) was consid er ed t he most satisfactory of the 
l e~n mixtures under the conditions exi st ing on t h is 
pro ject. It could b e handl e d and plac ed easily 
without exc e s s ive segr ega tion. Like all of the B 
mixtures, its wo r kability was s ensiti ve to small 
changes in the quantity of wat er. Wh en pour ed at a 
consis ten cy of appr oxi ::rlat el y 1" s l ump , t he r e wa s 
s uffi ci en t mortar f or s a ti s fa ct ory fini shi ng with-

.out wast e over t he forms . However, t he mo rtar wa s 
sandy and la cked pla sti city which made the surfa c e 
rather diff i cu l t to'lfloat ·t • Th is mixtu r e vra s 
cons i de r ed t o be about as l ean a s coul d be us ed 
s at i sfactori l y und e r t he condi tions of this 5ob . 
Aft er compl eti on of t he t e st se ct i ons it V,ras 
approv ed f or use on t he r ema i nder of th e Dr o:e ct. 

Th e B-4 mixture ( cement f acto r 1. 30 , p er cen t s and 
34.0) wa s ha r sh , unwor kabl e , di f f i cult to spr ead, and 
t en ded t o s egr egat e tadly. The vibra to r brough t up 
suffi c i ent mortar fo r f i ni shi ng t Ile sur face , ex ce'lit 
in ar eas wh er e t he coars e aggr ega t e I/'!as conc ent ra t ed . 
Howe ver, t he mortar was of poor qual ity . This "1ix t ur e 
mi gh t have b een s atisfacto r y wi t h bett er control of 
the quantit y of mi xing vrat er and if' spr e8 d wi th a 
me chanical s pr eader, but it was not nr act i cal under 
the conditions on t his pr oje ct. 

A consist en cy o f thr ee-fourths of an i nch t o on e in ch 
s l lh'11p is the minimum t ha t coul d be s u ccessful ly used on t his 
pro ject. This was espec i ally true of the mi xtur es cont a i n i ng 
the l a r ge r pr oporti on s 0 f coar se aggr ega t e . Conc rete of lov'er 
cons i s t ency could no t be handl ed by t he hand labo r and the 
con struc tion e qui pment was unabl e to prop erl y di s trib ut e the 
concr e t e and 'strike off~ t he s urfa c e i n a s ati s fa ct or y ma nner 
prior to vibration; also t he amo unt of hon ey combing in t he 
finished pavement inc reas ed mat eri a lly when concret e of lowe r 
con s i s t ency was us ed. 

TEST DATA AND DISCUSSION 

Unfortunat ely equipment was not ava il ab l e on this 
pro j ec t for placing t es t s ec tion s of t he stand ar d mixtur e and 
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finishing by the ordinery methoG.s , hence no dir ec t c:.uantitative 
ccmpar ison of t he vibrating pen and ord.inary finishe:rs can be 
made. However, study of other projects v!here the sa~,le materials 
we r e used shows t hat 575 lb s . per s ~ . in. and 4050 l bs . per S1 . 
in. flexural and co~pressive streng th respectively, are fair 
average strengths for the standard mixture finished by ordinary 
methods. In th e o.i scussion follov-in f?: , any statements bearing 
on the advantages of one me tho d of finishing over another, or of 
th e relative streng ths of th e ~ xturee used i n t his investigation 
and the standard mix tures, are ba s ed on observations on other 
projec ts and th e above averages. 

For the convenience of anyone interested the deta iled 
data from the t es ts of individucd. spec i mens ar e preeen ted in 
Tables I and II. Inspecti on wi l l sho~ th e gr eat variation both 
in the concH tions un6.e r VJl1 ich th e t eE·ts 1!? e l' e :nade and in the 
resul ts obtaineci, caus ed by t he uncon troll ed val' i 9 bles ah"ays 
presen t in a field expetiment of t his nature. ~~r t ~is r eas on 
th e 6.a ta are a veraged and. SlEiJ.!.llc:r i zed in T;J ble III and the di s
cussion following is based principally on these avera ges . 

~-l. numb er of the r el£l. tionships b e tv;een sO ':J.e of the 
variables are shown c raphi cally. In so~e in 8tances, the 
selection of the variabl e s plotted is sonev·h3. t I'l rbitrDry and tho 
curve has no quantit~tive significance, me r el y indic~tjnp the 
trend of the data of this eXDeriment. 

Results of Tests of 
Slabs Remov ed from 
Povement 

'1'Le results of the flexure1. t es ts 0:1 th e 
Z' x 7' bea~s t aken from the p ~ veMent 
are depict ed gr aph icelly in ?l.{" Ur e s 2 to 4. 
In Fi gur e 2 the modulus of rurture is 

plotted a ga inst the c eme nt factor of the nixture . Tho 9r 8ph 
shows that as t he cenent factor VIas r 8duced fro!'"l 1. 56 (" ' h~ . ch was 
used in all the Seri es A mixtur es ) to l. 30 t he modulus of 
ruptur e decreased from 677 to 544 l bs . p er sq . i n . The r educ tion 
in csmen t amount e O. to 17% and th e los s in fl e}:urnl s trength 18% . 
'1'he dec r ease in modulus o f rupture VIas not t he same for 8ach 
incremen t in r eduction of cement , vrhich waE:~ , due to the influence 
of othe r factors such as v:ater- cement r a tio, amo unt of' honey
combing, e tc. 

Figure 3 shows th e r e lDtion b e t"Teen the fl exural 
strength and the v'a t er - C8I1'J. Ont r :; tio of t he concret e . T~'j e curve 
shows a charact eristic trend; namely, a d ec r eDse in stren,c:sth 
with an increase in wa t er- cement r a tio. Even under the 
unusual conditions of this expe riment, i. e ., th e us e of a 
variety of mixture s ordinerily c 18ssed 9.S un"'ork nbl e and vi br 3tory 
f inishing , it i s obvious t h<.: t t he '."oter- cer1ent r e tio pas 8. major 
determinant of the flexural stre ngth of t he concr et 3 . 
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FIG. 2 

RELATION BETWEEN FLEXURAL STRENGTH OF 
SLABS AND CEMENT FACTOR OF CO;\,;'CRETE 
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FIG. 3 

RELATION OF FLEXURAL STRENGTH OF SLABS 
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Regardless of the mixture used, it was noted that 
strength of a slab was influenc ed bv its location in the test 
panel. This is shown in Figure 4 where the average strength of the 
slabs from all the mixtures, at the same loc a tion in the pavenent 
is plotted for ea ch s eri es. The figure s hows definitely that the 
#1 slab, whi ch lay ad j ac ent to the centerline of the pavement, and 
the #5 test slab which lay along the outer edge of the pavement 
were weaker than the numbers 2 I 3 and 4 slab s, vrhich came fro rYJ. the 
central portion of the t est panels . Obs ervation durin~ the pouring 
of the concret e lead th e observers to b eli eve that thi~ was caus ed 
by poor distribution of the conc r ete r rior to screeding and 
vibrating. Figur e 4 al s o shows the amount of honeycombing , along 
the cross-s ection at the flexure break in the sp ecimens, ~ith 
res pe ct to their lo cation in the pavement. The greatest an oun t of 
honey combing wa s found in slab numbers 1 and 5 l ocat ed r e snec t ively 
on the inside and outsid e ed~es of t h e t est D8n p ls; no hon e. yc O~b
ing was f ound in any of the H3 spec i mens. I t i s aDnA r ent fro~ the 
diagram that t he flexural strengt h of t he s nec i rnens ~as i nfl\l enced 
by the amount of hon eycombi :c.g .. . 

The us e of the wooden separ a t ors in t he t es t na n el s for 
forming the slabs introduc ed pos s ibl e obstAcle s t ~ t he s nr eadin g 
and compacti on of the c oncr e t e y;hi ch vlould no t b e pr e s ent in the 
remaind er of the pavement. Perhaps if the slabs ha d be en removed 
from porti ons o f pavement wher e no s epar a t ors wer e us ed th e 
degree of hon eycombing woul d have been l es s . Rov' ever, the s labs 
of the more workabl e mixtur e s had littl e or no honeycomb L1g , and 
the honeycomb ed slabs of t he l east workabl e mixtur es wer e 
generally hon e ycombed the full width of the c ross-s ection, rather 
than just at the edge s near the s eparators . This indic a t es that 
the separators we r e n ot the major fac t ors in causing hon eyco mb 
and that speci mens tak en fro n ar eas in the vari ous s ecti ons, 
outside the t est pane ls, would have had the same rel a tive amount 
of honeycomb. The r esults indicate that the l e as t workable 
mixtures approa ched t he limit of hsrshn e s s t hat c an be handl ed 
by this vibratory fini s her. 

The r elation b e t" 'een th e per cent hon eycombing and the 
per cent exces s mortar in the mixture (i.e~ the amount of mortar 
in excess of that n ecessary to fill the voids in the coars e 
aggregat e , expr e ssed as a pe r c ent of t he void space in the 
coars e aggr egat e ) is shown in Figure 5. For both Series A and 
Series B mixtures the per cent honeycombing vari ed invers ely with 
the per cent excess mortar. For any f"iv en pe r cent exc ess mortar 
the Series A mixtures showed less honeycombing than thos e of 
Series B. This can be explained by the fact that the Seri e s ~ 
mixtures contai n ed a mor e workable mortar, due to their r el at i, vely 
hi gher cement contents, than the Series B mixtur es. 
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Compr essive Str ength 
of Cores 
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Unlike the slab speci mens r emoved fro m th e 
pavement, the cores wer e drill ed from 
points at a fixed distance from the c ent er

line of the pavement in order that they b e r epr es ent a tive of th e 
same conditions of spreading and intensity of vibration in all 
t e st secti ons. This distance was selected so as t o avoid longi
tudinal j unctions between batches where honeycombing is most apt 
to occur. Naturally, this procedure caused the average quality 
of the concr et e to appear bett er when me asured by th e core t e st 
r esults than when me a sur ed by the slab t ests. The core t ests 
ma y be consider ed to shovr the r elati onshi p b et v,'een the different 
mixtures when plac ed und er optimum concH tions. 

Ref er ence to the averape core strengths in Table III shows 
that the differenc e bet v een t he individua l mixture s of e i ther 
s eri e s was small. All the mixtures of Ser i e s A gave hi gher 
str ength than any of thos e of Seri e s B, and on the average about 
750 Ibs. per. sq . in. hi gher than would have be en expect ed of t he 
standard mixtur e s fi n ished by ordinary methods. The Seri e s B 
mixtures wer e , on the average, about 200 Ibs. ~er sq. in. stronger 
than the stand8rd mixtures. 

The r elative compr essive strengths of the various mixtures 
is shown in Fig . 6 where the average core strengt h for each mix ture 
has be en plott ed against its c emont factor. This f i gur e shows 
the same r elati on for the core strength as i s s hown for t he 
fl exural strength of the slabs by Fig . 2, an~ the same r ~marks 
apply in general. Redu ction of the c ement fact or froM 1~56 to 
1. ::0 was accoffiJ ani ed by a decr eas e in comnressi ve strengtr of 
approx ima t ely 700 Ibs. per sq. in. This is a 10 8 ~ i n strenpth of 
about 15% and r esult ed from a 17% r eduction in c e~pnt, 

In Fig . 7 the cor e strengths of the various t e st sec tions 
are plott ed a gainst the corre s :,oncLi ng v;at er-cemen t r a tio. The 
curve through the po i nts has the chara ct er i sti c tr end of wat er 
cement ratio, strength curves for v:orkabl e mixtur es. Th8t t he 
r esults of th e s e tests, mad e on mi x tur e s whi ch vi t h ordinary 
finishing methods woula. be class ed as unv'or~\: 8bl e , follo\,T the 
wat er-c ement ratio, strength law is significant. It indicat es 
that t he principa l advantag e of the vibratory finish er, in a s far 
as the effect on strength is conc erned. is gained from the fact 
that the use of vibration permits the manipul a tion of harsher 
mixture s with lovrer wat er cont ent, thus bringing them into th e 
category of workabl e mixtures. 

For purpose s of comr arison, Abra~s' wat er-cemont ratio 
curve is also sh o~""n in Fig. 7. Whil e the tV'lO curves ar e not 
parall el the g en er al tr ends ar e the same . The differ enc e in 
strength shown by th e two curve s for a given wat er- cement r a tio 
is undoubtedly du e to the fact that mod ern c e~ent is consid er ably 
stronger than t ha t wi th whi ch Abrams performed hi s experiment S e. 
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A fairly consist ent r elation between the modulus of 
rupture of the slabs and the compressive strength of the cor e s 
was not ed and is shown in Fig. 8. On the average the fl exural 
strength for each mixture was about 14% of the compressive 
strength •. 

.Absorption and 
Density Test 
of Cor es 

The average absorption and density for the 
cores of the vari ous mix ture s ar e chart ed in 
Fig . 9 • . The chart indicat e s that the Seri es B 
mixtur e s had slightly gr ea t er ab80rntion ~ nd 

higher voids (lower density) than the Seri e s A mixtures. From. Q 

practi cal standpoint the difference is so '9mall tha t it is 
insignificant. Further, no individual mixture of either s eries 
showed any advantage over the other mi xtures of the series. 

Durability Tests 
of Cores 

The result s o f the fr eez ing and tha'Ninr,; on 
cores from t he vari ous mixtures a re t abu1 3t ed 
in Table 4. The va lues s hown a re the avera ge 

per cents lost from the cores of each mixture a t the end of the 
number of cycles of fre ezing a nd thawing indi cated. Perusal of 
the tabl e will show that there is no consistent relation between 
the concrete proportions a nd the results of the freezing and 
thawing tests. None of the mixtures were definitely lacking in 
r esistance to freezi ng and tha~f" ing , and all of t hem compare 
favorably with t ests of standard concrete 1'3Vement mixtures now 
in g eneral us e • . 

Obs ervations of 
Finished Pavement 

Observations of the sur face of the various 
test sec t i ons, made the morning follov'ing 
the day of pouring , did not r eveal any out

standing diffs rence in surface charact eristics except for sane 
of the A-5 and B-4 test secti ons. On thes e an occasional ar ea 
was obs erved in which the coarse aggregat e narticles wer e not 
suffici ently cover ed ~ith mortar to s ive a smooth surfa ce texture. 
Aside from the se areas the surface of the entire ~roject was 
reasonably uniform and similar in texture to that on other 
projects wher e the same materials had been us ed v'ith ordinary 
finishing methods. 

Observations of the edges of the navement aft er the for ms 
had been r emoved shovved little honeycorlbing below t he Ill"'> curb 
but a considerable amount 'Nas found i n the l i p curbinr: on 
practically all the test sections. This is attributeo not nnly 
to the harshness of the mixture but also t o the lo s s of ~'Tork
ability caused by the concrete drying out in th e i nterval b e t ween 
the time of mi xing and the molding of the curb. v{he re thes e 
harsh mixtures are used on a proj e ct it ""ill be necess ;:; r y ei ther 
to improve the ~ethod of molding th e lip curb or to nrovid e 
batches of workable conc r et e for tha t purpose . 

A detailed eondition survey of all the t est s ecti nns was 
made when the p avement was e i~ht een months old. All s ections 
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were found to b e in good condition e nd no defe cts 1."~] ich ~"ou1d 
indicDte difference s in th e structural quali ty of th e v nrlous 
t e st s e ctions we r e not ed. There wer e nu~e rous smell 8 r e~ s of n 
thin, laitanc e sco.lo throughout th e nroj e ct, but the r e ~ns no 
r e l a tion b e tv:Gen t h o cone r e t e proporti ons [l na the n c c VTrenc c of 
t h is scale . This tYP E; of 8co1 8_ oft en occur s on r ':1 v >?1"1e nts 
finish ed by ordinary methods. It i s not consid e r ed obj c ction.:\l l e 
as it neve r progr ess e s in depth. 

Les t ~ixture s for 
l..ateriels Used 

Do s ed on all the ob s erva tions a nd t e sts , 
v~ i th th e rru~ t eri ols Flnd me thods of h~ndlinG 
th e concrete us ed on this proj e ct, the A-4 

mixtur e (1;1.54:3.68) was considered the best if i rnp rov e 'J.e nt in 
quality without increa s e d cost is d es ir ed; th e B-3 mixtur e 
(1:2.02:4.04) was con s idered the b est if th e ~aximum d e crea s e 
in ~ost without sacrifice of qu ality is d esir ed, ~he l a r ge 

incr ea se in t he amount of honeycombing in the sla bs of t hese 
t wo mixture s over th a t in t he A-3 3 n(~ B-2 mixture s \lrould indicate 
t ha t t he latter should be r e coITlInend ed for us e . Hov.re ver, os 
po int ed out pr eviously, it is b eli e ve d tha t th e us e of th e wood en 
s e p .] r c tors in forming the s l c. bs C2W:.E: Q ':11or e honeycomb ing tha n 
",wuld ha v e occurre d v'h er e th e; s e pe r ~ tors If,Tr:o r e not present, and 
tha t the use of th e A-4 a nd B-3 mi xtur es is j ustified. 


