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PLACERENT OF DOWELE BY THE
PLEX-PLANE nBCLANLCAL DOWEL Bai [NSTuLLED
Ou PROJECT 831, C1

The development of & machine to install dowel bare mechanlcelly in
concrete pavements to eliminate the use of metal bagkets or other holding
devices has atlracted the attention of hlbnuay eyuinment menufactursrs
for some time. This lg the mecond underteling by the Department to try
ouf mechanical dowel bar installing euioment. The first experiment was
made in 1938 on Project 7531, CL on US-2 in the Upper Peninsula. In
thisg case the dowel-installing device was hand operated. It rested on
the forms and helid the doveles in proper position and aligonment during
placenent of the concrete, afler which th~ dowels were reiessed, the
rachine removed and Caf?LCd to the next joint locatlon. The device uas
not successful in holding the dovels in correct aligmment and conse-

nently was not recommended for uce,

This report covers observationé on the placement of dowel bare
by the Flex-plane wechanical Dowel Bar Installer on Constructiocn Project
18-~81, U1 located on County Road extending north from w-4% in hastings
approvimately one-half mile. (See cover). The experiuental work vag
initiated by the Construction Division who reyussthted {that the Regesrch

Laboratory establish fthe experiment zs a resesrch project.

o

The concrete pavement on Project uf-F1, C1 is 21 Feet wide and
incheg thick with contraction jolnts at E0~foot intervals. In this
cage 52.5-pound steel reinforcing mesh tms used. Tranaverse dowels
conplated of i-inch by 1lé-inech round bars spaced ot 12-inch cenbers,

The longitudinal tie bpare were 1/2-inch by 48-inch rods epoced ot 40~
£ 3 k

inch centers. The Contractor vue Hay Sabloin of Langing, wichigan




The Flex-plane iechanical Dowel Bar Installer wes uwede by the Flex-

ibie Road Joint Machine‘Company of Warrven, Ohio. The machine was
cipable of instailing both transverrse dowels and lon:;itudinal jojnt tie
bars. A general view of the eyuipment is shown in Figure 1. The
approximate welght of the sachine is 9500 pounds. It is understood
that equipment munufactured by the same company has been used with con-

ldersble success on alrport work where movement design called for 20-
foolt contractlion joint snacing and no reinforcement in the sisb. tlie also
uanderatand thet the machins ha been uged to a ilimited extent in Tﬂma: on
normal highvay paving work. The operation of the machine ig rather simple,
The dovel bars are supported in proper position above the eurface of the
glab, ag shown in Figureg 2 and 3, and then subsecuently forced down into
the fresh concreie by the dowelwplécing fingers through direct presrure
and vibratory action of tihe members supporiing the fingsrc. The machine
alsc containg a gteel dummy joint cubting bar which descends wlhen the
transgverse dowel bars arve placed to displace the aggregate and thercby
facilitate subsequent placement of the bare which form ths contraction
joint groove. Figure 4 shows the condition of the pavement surfsace upon
regoval of the trangverse and longltudinal dowel-placing fingers and also
the dunmy joint cubting bar. These demarcations in the fresh concrete
are readily removed by the loamgitudinal float which follows thie machine.
Flgure B shows the method of placing stesl templates to mold contraction
Joint grooves. Figure § shows two uncovered trunsverse dowel bars after
placement.

Efficacy of WMachine in Placing Transverese Dowels

On August 4, 9, and 10 measurements were made by the authors with




a siriding level tc check the alignment of the dowel bars ilmmediately
after their plecement in the concrete. The measureaents obtalped and
presented in Tuble 1 indicate that the dowel bars varied considerably
from specification tolerances of 1/4-inch slope per foot maximum. The
figures in Table 1 indicate vertical displacement of the dowels, from a
pogition parallel to the longitudinul surface or grade line of the pave-
ment. The figures are glven in sixteenths of an inch., £ positive nuwber
indicates that the bar was tilted upward :ith reapect to grade and a
negative numwber indicatss that the barvaz tilted downwvard.

Theoretlcally the machine should place the dowels at the proper
depth and parallel with the longitudinal surface of ithe pavement. All
dovele vhich were tilted more than 1/4 inch, or 4/16, were exanined for
cause of displacement by carefully removing the concrete from above thenm.
The following conditions sere noteds

Lo In every case where the dowelg were tilted ap much ag one inch
or more, 1t wag obgerved that one end of the bar was resting on a trans-
verse wire of the reinforcing mat. Thls condition caused the dowel to
rotate In & vertical plane about the adjacent dowel-placing finger,
forcing ite opposite end to a greater thas normal depth in the concrete,
when thlg condition wag first recognized an  atbtenpt wap made %o ha§e
the mesh placed so that the wires vould not come in contact with the
dowels. However, in the precsure of actual production, apparently the
mesh cannct be laid with enough accuracy as to vertical position in the
gisbh or gpacing at joint locations to guarantee always sufficient

clenrance for the dowels,




Two other conditiong inherent in the concrete mixture itself which,
apparently, caused similar misalignment of the dowels were: (1) the
nresence of large pleces of aggregate directly under a dowsl end which
would offer greater resristance thaen the concrete at the other end and
(2) Theterogensity of the concrete mix. In several cases the concrete

apnesred more dense al one end of a bar than at the other end. When

this occurred the end of the dovel in the less dense concrete would

8l
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cone to rest lower in the slab.

This rotary movement of the dowels ig due Lo the fact that the
doviel-placing fingere which force the dewels into the concrele are ppaced
only 11-3/8-inchea center to center, whereas the dowel bars are 15 inches
long. Thus, the ends of the dowels extend 1-5/8 inches beyond the outside
adge of the fingers. It can readily be geen that a fixed object under
elther of the extrems snds of a dowel would caunge a roltary motion about
the adjacent placing finger which acte ag & fulcrum thus resultlng in
congiderable vertical rotation and conssguent misalipnment of the dowel.
In some iunsbances it was observed that the dowels were considerably off
in horizontal alignment as well ag vertical slignment. Thig ig due to
the fact that once the dowel has dropped a very slight distance below
the stabilizing influence of the noteh in the placing finger, 1t is fres
to rotate horizontally. The grester the amount of werticsl displacement,
the greater the horlzontal displacement cen become. Thege conditions can
no doubt be easily correcited by making chenges in the spacing and derign
of the dowel-placing fingers.

In cage of the longitudinal tie bars any internal resistance

sncountered in their dowmmward travel from aggrecate narticleg, very dense

. .




concrete, or from the reinforcement would result in bending of the bars.
It is luperative that the ptesl mesh be placed wniformly and at proper
depth, at all {times.

Furthernore, it was obgerved that the vibration nrocessg involved
in placing the doselg resulied at times in considerable puddling of the
concrete in the joini area., In some instances it reduced the concrete to
a fluid congistency. Such a condition of the concrete would be undegir-
able from the ctandooint of wiform strengbh and subseguent durability.
This condition can ne doubt be successfully overcome by ch&nges in the
techaique of placing the dowels perhaps uging less vibration, more
pressure, and pozeibly slower insertion sneeds,

It will be observed in Table 1 that the dowels in contractlon jolunt
at Station 14285 were in excepblonally good allgnment. The concrete at
this noint had been poured just prior fo the lunch period of ﬁhe paving

crew and the dowels were inserted sbout 1 hour after pouring when the

concrete had recched a relatively ithick consistency. Very little puddling
of the concraie ccourvad from vibration during installation of the dowels.
Thig might indicate the desirability of using as little vibration as
posaible in placing dowels to minlmise any local digturbancs to the
concrete.

The dats in Table 1 also shows a preponderance of negative values
which would indicate s generel downward tipping of the dowels toward
the mixer. Ye have reason to beglieve that this conditiocn was due to
the fach that the vertical axls of the dowel-placing asrenbly, including
the supnorting member and dowel-nlacing fingers, was not perpendicular

to the grade. The congiruction of the machine is such that a very slight




deviation of the verticail axis of the supporting meuber with rezpect to

k) '

the axes passing through.the centerg of the wheels which rids on the forms
can cause a maghlfying error in dowel alignment., weasuvements taken on
the first day, but not included in Table 1, indicated that the whole
dovel-placing assembly was tilted withrrespect to the grade approximately

1/4 inch. This matter was called 4o the attention of the manufacturer's

repregentative present who supposedly corrected bhe conditicn by proper

adjustmente.




Figure 1, General View of Flex-plane Mechanical Dowel Bar
Installer

Figure 2. Showing Transverse Dowel Barg in Place ready to
be pushed into concrete by dowel-placing fiangers
directly above then,




figure 4.

Showing Longitudinal Tie Bars in place ready to
be inzerted in fresh concrete by dovel-placing
fingers.

Condition of pavenment surface upon removal of
dowel-placing fingers and dummy Jjoint-cutting ba




Figure 5. lethod of placing steel template to mold contraction
joint groove.

Figure 6. Two uncovered dovel bars after placement




TABLE I
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NOTE:t - Values Ziven are in 16ths of an inch, lsximwn specification tolerance is 4/16 of an inch.

LoD *  Bayond limi%s of level which is 2 inches.



