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PLiiCF.:id.ENT Of' DOII:BL2, BY 1.1HE 
FI!EX-PLJH~ ~; t1ECLAH lCAL DOt~·EL Bt..h Il\ f~~rii-Ll~E.i.-~ 

Oli PWJ,JEC'I' iMl--31, Cl 

1fhe developraent of a machine to instal,l dOJ'/81 bt:trS mechanicc..lly in 

concrete pu.veJn8ntB to eliminate the use of' r~·,Gtal baskets or other holdinb 

devices has attrttcted the attention of hit)n-,;ay Glj,ui.:~ment m&nufacturers 

.for some tiJr.e. This is the s{:;cond undertb.kinii:, by the Department to try 

made in 1903 on P:cojoct 75-·-31, Cl on US·--2 in the U:t))er Peninsula. In 

thi.e. case the do·,.-;el-instullint; device ·-.vc .. ~.s hand- operntc~d. It re~~ted on 

thr:-; formn and he~;_;:1 the do :e1f in proper position &nd. E.d.:it~mnent during 

placem~~nt of the concrete, after :vhich th-·-, d.o·;;els \:Jere released, the 

machine re1noved c;.nd carried to the next J oJ_.nt 1oca t:Lon" J~he device \/£LS 

not succesef'ul in holdint:, the do·-:.rels in correct aJ.i~.nmGnt and conEle--

quent1y was not rr::commended for uFe. 

This report covers obs:."!rvc.:.tions on the placement of do't,'el bars 

by tb8 Flex-plane Mechr-nica1 Do.1el Bar .Cnstaller on Construction Project 

l'/JS-31, Gl located on County Hoad ex.tendinr; north .from w-45 in lia[;tings 

E~pproximately one-half mile .. (See cover) . The expc::ri,;:r:mt;:tl. ·~::ark nas 

initiated by the Cm1struction Divi~ion who re'iuG~>ted thut the Research. 

Labo:-.:oator;y e~~tablir1h the ex;?eriment &s a reset::trch projecto 

The- concrete 1Javement on Project l'Ji8-·7"l, Cl is 2~: feet ·vdde ~:~nd 3 

inches thick ViitL contrEtction joints nt EO-foot intervals. In this 

CaS(! !52. 5~-pound f;teel r~inforcing lil.BSh ·'-'laS Used •· ri'ransverse dowelB 

c:.oru:.is'Led of l--ind1 b~y lG·-ineh round bars spaced a.t 12-inch cent~r0o 

The lon£,i tudinal tie ·oars \·:ere l/2-inch b;y 48--inch rods pp&-ced c_t 40-

j_nch centers. The Cont:cc;.cto:c :·.ae hay f)ablc,in of Lc.ne.inc, iJlichiLB-ll. 



The Flex--~lane J.~·iechanical Dowel B&r InE~taller ~vc s wo,d~l 'b;y the Flex­

ible Hoad Joint lJlachine Company of ;~{arren, Ohio. The mach in§ 1'.'as 

cqJr.ble of installing both transvorse dowels and lon,oi tudinal jgint tie 

bars. A general vier.· of the ec1ui.pmt~nt is tJhohTl in Figure 1. The 

approximate VIeif;ht of the iWJ.chine is 9600 pounds~ It is understood 

that ec:;.ui.pment m, ... nu±\!3.ctured by thEJ same company has been used with con--

siderc..ble succ8GS or.l ai:t:T)Ort iJork ·vihere )/ .vement deEdt,n called for 20-

foot eon traction joint spacj_nt b.nd :no rc:Ln.forcement in the slab. tv·e also 

understand thc1t the~ mr_,_c};_ine has been used to a _i.iEli ted extent in Texas on 

normal high,;ay pavint; rwrk. The operation of the machine is ro.thf;r ::dmple. 

The do~;-el bars are supported in pro :per position above tlm surface of the 

slab, as sho1un in Figures 2 and 3, and then subsec_._uently forced do\m into 

tho fresh concrete; by the dowel--placing fint,ers thr-ouf)l d:Lreet presFure 

and vibratory action of the members supportinc the finr~er:' G The machine 

al~1o contains a ~1tGel dmmny joint cutting bar 'ii·hich descend::! \{l;ten the 

transverpe dov{el bars are placed to dispJ.ace th<:J asgrega.te and thereby 

facilitate subst:; .... 1ut~nt pJ.a.cement of' the bars \~.'Lich form the contraction 

joint groove. Ji'igurco 4 sbOirs the condition of the pavement sur· face upon 

reHov&.l of the transverse a.nd. loncLtudinal do\;el--placint, finger~~: and also 

the dmr.my joint cutting bar. 1'hef>e demarcatiqns in the fresh concrete 

are rr"adily removed by the 1ongi tudinal flost v,hich fo1lovm thie machi.ne. 

FiLure 5 GhO'.--'s the mothod of placm~o steel templates to mold contraction 

joint Grooves.. Figurt.~ G sho.-.-s tYiO uncovered trf-J,nsverf.te do~1ol bars after 

placement. 

Effic~9Y of lviu.chine in Placin12 Transveree DoV{fJls~ 

On Aue}.tot 4, ::J, (.;.nd 10 measurements were made by the authors with 
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a stri.ding level to check the alignment of the do"el bars ilimlc,;diately 

after their placement in the concrete. The measuroillentr obtai,nced and 

presented in 'ric,ble 1 indicate that the docJel bars varied considerably 

from specification tolerances of 1/4-·-ineh slope per foot rnax:Lmurn. The 

figures in Table 1 in,.i.icate verti.cal disp: .. dcement of the_; dowels, from a 

po~~i t:Lon· paraLLel to the 1ongi tudinu1 surfac.e or grade line of t.11e pave­

ment. Tho figures are Liven :in Gixteent.hs of an inch. A posittve number 

indicator that th'.' be,r 11as ti.LLed up1mrd ·,;ith re:1pN:t to t"radc and a 

negative nwnb\-H' indicat,~s that thE', bar \,-a::: tLltod dormtmrd~ 

Th•::oretically the rnachine should place the. dowels at the pcoper 

depth and parallel. ~"J":i.th the longi tudina1 r:n,:.r.f<"1.Ce of the pavement. All 

dtY,-iel;:! \ihi.ch were tilted more thnn J./4 inch1 ol' t;~/lG, \-,'er;-; exaruined for 

cautie of displacement by carefull~y removinb the cmic:cete from abov-e thf;;m. 

Tho .fol.lov,ing condi ti.ons ·<~ere no ted: 

l ~ In evGr~v case ·,.fhere the c1oy;rels v;.·ere til ted ar lJ.lUCh as onr;;: inch 

or more, it. \.:as oboorved that one end of tht:! bar -.;Jaf3 ref~tin~; on a trans­

ver8e ·.-dre of the reinforcing mat.. This condition c,<:cusr-::d. the d.o·\~.'81 to 

rotate .in & vert.l·~~u.l plane about the adjacent dor.rel-p.lacint:, fincer, 

forcin~ its oppo [3i te end to a t~rea ter tha::_;_ normal deptb in the concrete. 

v~hen this condition '.va::.< first rccocnized an attempt v.'<':'il:' 111ade to have 

the mesh placed so that tb.e t·iires Hould not come in contact vii th the 

dov1els. Ho"l.::tever 7 in thP prer::~ure of actual production, ctpparPntly the 

mesh cannot be laid with enough accurt:~cy -as to vertica.L po~>ition in the 

slab or SJ.Jaci.ng at joint locations to guttJ."antee aJ.l;rays suffic.ient 

clearance for tho dor.re1s. 
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Trm other conditions inherent in the concrete mixture itself Villich, 

apparently_, caused similar misali(;nmEmt of the dm,els were' (l) the 

preGence of large pieces o.f aggregate di.rectly under a dowel end Vlhich 

,·,ould offer greater rerir•tance than the concrete at the other end and 

(.2) heterogen<"i ty of the concrete mix. In severfiJ. case<< the concrete 

a 1YJe&red more dense at one end of a bar them at the othclr end. lihen 

this occurr8d the (:;:nd of the dm:;el in the leSE' dense concrr:)te would 

come to rest lower in the slab. 

This rotary movement of the doriels i8 due to the fact that the 

dowel--placing .n.ngers which force the dov~eh< into the concrete are spaced 

only ll-3/B···inches center to center, whereafJ the dowel bars are 15 inches 

lon<o. Thus, the cmds of the dowels extend 1---.5/8 inches beyond the outt?ide 

edge of the fingers. It can readily be seron thcct a fixed object under 

either of th<O extreme ends of a dowel would caupe a rotary motion about 

the adjacent placing finger which actp. as cc .fuJ.c.rum thus reGultin§. in 

considerable verticf-.;,1 rotation and consequent misalicnment of the dohel~ 

In some instances it Has observed that the do.m1s ·,:,ere consJ.derab1y off 

in horiz,ontal alie;nment as \7(~11 as verticaJ. ali 0 nment o This is due to 

the fact that once the dorcel has dropped a very slic,ht distance bel01; 

the stabilizing influence of th8 notch in the :)lacinr; finger, it is free 

to rotate horizontally. The gre'-<ter the amount of' vertical displacement, 

the [;reater the horizontal disp1acP.tnont c.s.n bec01ne o These eondi tiorw can 

no doubt be easily corrected. by making changes in the spacine; and derign 

of the doYJel-.plu.eint, fingt=:rn & 

In eLse of the 1ont,i tudirwl tie barr' any internal red stance 

encountered in their dorm;-oard travel from at:,gret./J.to· particles, VBry dense 
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concrete.? or from the reinforcement vmuld result in bending of the bars~ 

It is impel'at1ve tLat the rltcoel mee.h be placed tmiformly and at proper 

depth, at all times. 

FurtherJltOre, it Yii-lS observed the. t the vibration procer,s involved 

in placin[; the do·,,ele resulted at timen in considerable puddling of the 

concrete in the joint area. In some instances it reduced the concrete to 

a fluid consistency. Such a condition of the concrete would be undesir­

able from the; ctandpoint of uniform strength and subsequent durabi.li ty. 

This condition can no doubt bo succe;::sful:Ly- overcome by changes in t.he 

technic1ue of placing the dohc-318 perhaps usinf._; less vibration, more 

pressure 2 and ~)ossib.ly slm7er in~~ertion s~~et=::ds. 

It kill be observed in 'I'able l that the dmwls in contraction ,joint 

at f.~tation 1 +2fi o,;vere in exceptiono.lly good alit;_,n;nent. The concrett~ at 

thi~~ point httd been ,}oured ju;:'lt prior to th(: lm1ch per·i.od of th8 pEt-vine; 

crew and the dor,'el~3 ·,-;ere in~3ertcd about l hour after pouring i'Jhen the 

concrete had r"cclwd a relatively t:1:Lck consistency. Very I:Ltt1G puddling 

of the concrete occu:cr'8d from vibration dt:rin&o lnt<ta11a-Lion of the dowels. 

'['his might indicate the desirability of using as 1i ttle vibration as 

por,r!ible in placint; doYJe1e- to minimi;:je any local distui"bance to the 

concrete. 

The data in rrable 1 also shov.-·s a preponderance of negative v~:lue;:. 

v;hich ~~.·'Ould indicate a generE1l do\mward tip1.1ing of the do71els tmJard 

the mixer. Vie have reason to believe that this condition 1ms due to 

the fact that thrl vertical axis of the d01rol-plac:Ln&, asroetjlbly, including 

thr:J sup:;Jort.inG member and dmr,rel-placing fingers, v.ras not perpendicular 

to the grade~ The construction of the machinf3 is sueh that a very slight 
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deviation of the vertical axis of the Rup;}ortint, mel!lbur ,.i th respect to 

the axes passing throush the centers of the \r,:heelf: Hhicb riG.e on thf.:; forms 

can caut~e a magnifying error in dov;el alignment. measu.:rqlnwnts taken on 

the first day, but not included in Table 1, indicated thq.t the v:hole 

douel-placing assembly 1/aF tilted r:ith respect to the grade a;oproximately 

l/4 inch. This matter was cq.llfod to the attention of the manufacturer's 

representative prenent v1ho suppoc:edly correcteci tLe conditi.on by proper 

adjustments. 
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Figure l. General Vier,: of Flex-plane Mechanical Dovrel Bar 
Installer 

Figure 2. Showing Transver~1e Dowr;,l Bc:.;.re in Place ready to 
be purhed into concrete by do>Iel-placing fingere. 
d.irectly above them. 



Figure 3. Sho'.·.cing Longitudinal 'L'ie Bars in pl<.:tce r8ady to 
be in~erted in fresh concrete by do0el-placlnG 
fingGrE'. 

Figurt:~ 4. ConcH tion of pavement surface upon l'Gmoval of 
dO\wl--plac:i.nL; fingers and dummy joint--cutting bar, 



Figure 5. rv;ethod of placing steel templa t.e to mold contraction 
joint groove. 

Flgure 6. 'rvw uncovered dovrr.::l bars after placement 



STATION 1 

lL .f. )5 -2 

14 .. 05 - 4 

i 
: 13 • 55 - 2 

I 5 • 75 - 4 

1 , .. , 2 

l 4 • 75 - 9 

4 .. 25 3 

I 3 .. 15 - 2 

2 .& 15 7 . . 

l 2 • 25 5 

I 1 + 75 - 1 

1 + 25 1 

·~ 

Left) 

' 2 3 4 5 6 7. 

6 6 6 2 2 3 

1-l - 1 - 4 -11 - 4 

' - 3 -11 - 5 ! .. '4 

3 - 1 - 4 - 2 · 
1
- 1 0 

I -1s 
I 

- 2 - 1 - 9 - 1 - 1 

1 I - 2 - 7 -10 1- 6 -20 
I 

6 5 1 -18 1 4 0 

1 -4 1 -27 -31 - 4 -22 

6 - 2 - 7 0 - 1 -18 

- 1 -.5 - 2 . -16 -13 - 7 

1 5 - 4 1 - 5 0 

0 2 3 3 1 -11 
---' - -~ 

TA3LE I 

Sl"..r.BL~ ... •;:y Of ALIGN:35r('r >,1EA,S'JRE?.;E.::TS 0:1' !lOY.'EL 3A:!i5 
D!STALI.E:U 3Y FLEX-PLA..liE il.ECHANICAL DO';'tEL IJ.\lST.A.LLER 

RASTI:CGS .. PROJSCT J,[ 3-31. C1 

' 
-22:":EL E.A.R NU'K'"iER 

1411 I 8 9 12 13 14 15 

3 3 o 1 _ 2 8 -26 -30 - 6 

~f~~ -5 
I - 1 - 4 0 - 1 -19 

3 -~ -11 -.1 1 -31 I -11 -17 

-11 -19 . ' - 7 5 \ - 1 0 -12 -11 

' 0 1 -18 0 1 - 1 3 I 0 

-19 - 6 I -6 -22 1 - 1 -20 -20 

' . , 
2 No Readings Taken -23 

I 
- 6 i -6 2 -10 -22 - 6 -12 - 2 

I, 
- 3 1 - 4 3 3 4 -32* - 1 

-20 -11 - 6 - 7 - 2 - 2 I-s - 5 
• 

- 7 - 4 -12 - 5 3 ·o 2 - 4 

- 3 -11 0 - 6 1 2 2 1 
I 

UOTEI Values given are in 16thS o:f an inch. J,arimum specification tolerance is 4/16 o:f an inch. 

• Beyond li~~s of level whioh is 2 inohes. 

. •. 

(F.igh~ NO. 0!' PER I 
I - DOWELS CE}:T 

' 16 17 18 19 20 . 21 22 .· OVER .i» 
' 

. ! 
0 -24 ~10 -4 - 8 6 2 I 11 so 

- 2 - 2 - 4 - 4 - 3 - 4 2G 23 

' ~I ' 
-23 -15 1 - 7 - 1 6 3 11 so 

... i 

- 9 - 4 - 3 - 1 -4 5 - 4 a 36 

- 1 I - 1 - 2 0 -· - 3 - 1 - 2 3 14 

-19 2 - 1 -.I - 1 I -2 - 4 10 45 . I 

- 3 I - 1 - 1 - 1 - 1 -15 I - 4 
I 

5 23 

-32. ! .. 2 ' - 7 -13 - 6 - 4 I - 4 13 59 
I 

I I 
• - 2 - 3 2 - 2 - 4 - 1 1 - 1 5 ! 23 

-13 . I - 1 -11 -11 I - 6 - 3 - a 16 73 
' 

1 3 1 0 - 4 3 - 6 6 i 27 

- i. 0 0 0 - 1 
I I - 1 - 3 I 3 G_j 


