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A BTUDY OF THE RIGIDITY OF
VARIOUE DOWEL BAR JOINY AGSEMDLIES

Bince 1546 the Michigan Sinte Righway Depariment has been pormitling the
use of dowel bar jolst ansembliss somplying with minimwy reguirements 28 sot
forth in Plang B-4-130 and B-4~4-131 of the Roud Design Diviglon, I the sumoer
of 1863, Mr. 8, C, i‘;’@m&,, Deputy Commiasioner-Uhisf Logineer, approved on a
Hunited ha@iﬁ; a dowel bar joind sssembly prosented by the Bethishem Blesl Company,
This assembly was wider and more sturdily soostrusied than hal normally cbiained
ueder the Department’s specifisatioss and, in addition, 1 would sccommodate 18-inch
dowels,

Aftey this walt bad been used on several projeels, it was go well Hked thal the

Construstion Division requested the Testing and Ressaych Dlvislon to establish new
apecifications using the physical sropertiss of fhe Bethlohemn aggemblies as o basls
to obtaln the feotunl stiffuens of not culy the Bothlehem asserbly bt that of geveral
othor aspemblies submittad {o the Researdh w@amw@ for tast.
in addition, an incidental stady was made to determing the deflestion amd tipplug

due 10 load of the various sssembliss while supsorted on a sand avbbage %mh with snd
without sand plates and, in certain vases, with & wide runge in the number of aand
plates uped, - o | -

| Thia veport presents the resulis of this study, including » deseription of the
spesimens tested, mothod of test, and summary of regults. It 15 prescoted in two
paris; part one oovering the structural stiffusss of the various agsembliss 2nd part two

proventing the sand plate study,




The fdllowing dowel bar jolot assembliss weve festad

Spasimen Boures

i, Type A -~ Expansion Joint Amaricen {Bee Figwres 1 &
8. Tymo A~ ﬁe}ﬁém@mm Jolnt American {Bee Figures 3 & 4)
3. Type B - Supansion Jol Priversgal {See Figures 6 & 4)
4. Type B ~ Contraction Jﬁiﬁi Universal {Hea Figurea T & §)
5. Typs € - Enpunsion Joint Bethishem {See Figures D & 10)
8. Type C - Contraction Jolnt Beothishom {Sge Figures 11 & 13)
7. Type D - Expansion Jointd Springfield {Bee Figures 13 & 14)

PART 1
The Determinaticn of the Btructural Siiltness of the Various
Dowsl Bar Joint Asgemblies

In the fizst phase of this study the dowsl bas joint assembliss were tested for
vertical atiffuess by supporting the assemblies on an 5-foot apan and loading with a
sonsentrated load at the venter of the span. (Bee Figurs 18). The aspemblies ware
supportad from the test rame by four pivaps, two at ench end, which hosked around

the dowsls {Bes Flgure 18). The load applied st the ceunter of the span was measured by

weans of dynamometere, (Soe Figure 17) which sould be adjusted by threading to vary
the magnitude of the lead, Dials were used io meusuwre deflection ot sach end of the

support dowsls and m% fm* the éawl subjecied to load. The slight seitlemant of the

@@gﬁfﬁa during loadi gd in anslyzing the é:afi%ﬁim data, %}aﬂwﬁgm

Was aarma
were observed ag the load was spplied ln 25-pound inoremesnts to & maximwm of 200
povnds,

To determine the styuotural stiffness of the sspemblies subjected to hovizontal

loads, the testing arrangewent shown In Figure 18 was uged. The assombliss were

supported from the test frame by straps while horizontal resctions were obialued by

LI assembly was an exoansion jolnt assembly but It was tested 45 3 coptraction
jotot spasuwbly and will bereaftor be referved to a8 such.

-
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A_ FIGURE i5. TESTING ARRANGEMENT FOR DETERMINING THE RIGIDITY OF VARIOUS
DOWEL BAR ASSEMBLIES WHEN SUBJECTED TO VERTICAL LOAD.

A FIGURE 16, DETAIL OF METHOD OF SUSPENDING DOWEL BAR ASSEMBLIES WHEN
SUBJECTED TO VERTICAL LOAD.




A FIGURE 17, DETAIL OF METHOD OF LOADING DOWEL BAR JOINT ASSEMBLIES
FOR VERTICAL LOAD.
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A FIGURE 18. TESTING ARRANGEMENT FOR DETERMINING THE RIGIDITY OF VARIOUS
DOWEL BAR ASSEMBLIES WHEN SUBJECTED TO HORIZONTAL LOAD.



| means of @:ﬁ&ﬁh&ﬁwm blogk #m%mﬁ. The hovizental load mgm,@aguﬁﬁ by moans of a
dynamometer, Reactlons and loads weve applied ot the end of the dowals to oblaln o
untfors: provedure for all assemblies. Io the 2ase of the Type B nasemblies, whizh
had loose dowsls, it was vecessary to spot weld one and of the twoe support dowels ag

well az the center loaded dowels io the holding hsaembly. The ramsining dowsls were

Left in the normal sondition. Bending of the sssenbly in the horivontdl plane was ob-
sorved a8 the load was inoreased In 2h-pownd orementy to o maimam of 189 pounds

for the stiffest zusembly.

|

L

In order to determine the relative rigldity of the dowsl bar joint assembiies
aubjout to %ﬁié&ﬁ and horlzontal leads, a comparison wé,as% made of the maximum
deflections undey a tolnl swerimponed losd of 6§ powmds,

Aegording to the data represonted in Figure 18, the "Ti"‘ygm A asgemblies for |

sxpansion and sopteantion joints were those which were most pigid vertically, The

defleciion of the two asseuwblios was 0, 06 and €, 10 inches, respectively. The Tvoe
¢ assemblies, for whith deflections of spuroximately 0.7 inches wore recorded, were
the loast rigid of the sssemblios tosted. |

. The Type E_&ﬁ.ﬁgg-ﬁy was far superior to the other _a@ss@m&m&s on the basis
of horlzontal rigidity, (des Figure 50) The deflection of fo Typs B @W@% jolst
assembly, the assewmbly which was the least rigid, was 10,5 times the deflection of
the Type D sssembly (2.45 in, ve 0, 138 in.). |

Tuble I gives the moment of lnertla of ‘the vavious ﬁwél bar joint asseumblics

loade. This moment of insrtia is the value -aa!emiam'

for vertical and horizonial
from the experimental tests of load and deflection. Ar attempt was made fo caloulate

this value theorsiieslly on the bauis of the size and location of longltudinal wires in the

-8 -
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aggetubly frame. However, these sssambiles are highly indsterminate strustures
“whieh, it way found, are not readily suscepiible to theorstios] eslowlntions.
TABLE I

Luperimentsl Moment of InerHla of Various
Dowsl Bar Joint Asssmblies

| Momentof Inevila  Moment of Insrtin
for Verttoal Load®  for Horigostal Load?

 Type A - Expansion Join - 0.677 4 . 086 15, 2
Type A - Comraction Jolu 0.317 it 0. 080 in,
Type B - Expunaion Sobst 0,190 tn.4 0,026 in. 4

' Type B - Contrastion Joint 0. 148 tn.t 0,021 in. 4

Type € - Expansion Joint 0. 048 in, 4 %, 026 n. %
Type ¢ - Contraction Join 0. 048 in.? 9026 it

Tyoe I - Contraction Jolnt 9, 115 jn, % . 250 tn. 4

1 Calenlations based on vestical load of sither 75 or 100 pounds.
2 colewntions based gn horisontsl load of either 75 oF 100 pounds..

Conclusion

It appenrs from the data gathered that the rigidity of all devel bar joint
apaemblios tested was oqual {o or better than that of the 'Tsrga% ¢ spsemblies, The
Type € aspewmblics wore suthorized for use on a trial basie during the 1553 gonstrue-

tion season snd agparently proved satisfectory in field performance.



.. bage of 2 ME mason sand with & Fim

. PART 3 o _
The Determination of the Eifect of Sand Plates on the Stability .
of Lowel Bar Jolut Assemblies on & Sand Subbase A\

The testing frams aﬁam in Figure 21 was construeied te supply the ﬁm@%ﬁi%ﬁ L

for the vertical lond on the a:ﬁwreskﬁ ami tw facilitate the §mﬁimamﬁagg of the Hals Wﬁzﬁﬁh n 'i:. \;\ \\
i\. R

woere used to measure the vortioal movemont @f %%@ ﬁm%ﬁ }mx‘a. An %Wﬁﬁ&%’ﬁ sand: ﬁaﬁ;»

pss m@ﬁﬁiﬁ% of 8,21, Was vlased wnder the % .

E?%%m. Before the beglnning of xam%’a m&’is thig subbaze was leveled nnd then h&ﬁﬁ
\

Mm_ga@a, Bather than weltlng the subbase surface, which 19 the procedure in sctusl

practics, it was thought that & deley cond ttdon of the sand would have a more -mﬁw&%ﬁ

misbure content durlng the tes) peried, The &:’@ﬂi&?ﬁ%@ molaturs content of the tup

- & B inchos of the svbbase varied from .i, B to 2,8% during the testing peried, The | \

various joint assemblies ware placed on the prepored sand ubbase snd ivads wem AN
applied to the two central dowals at & polnt 5. 5 inches from the end of the dowels o
ono gide ouly, Bach of the assemblies was tested under the following conditlons: |

1) no sand plates and (3) four sand plates. also, in sdditios o this, several asssme '

%;&%@a ware teated with & grester numbey @f mand mai:@ﬁ to é&mrmim the mintmum

o u bor @i el %il&%@ﬁ for & very %m&i&i m&iﬁu&i ﬁaﬁ@mﬂu of the a&%m%ﬁy aﬁar ﬁm : _

" zm& wag mm@vmﬁ. %%’hgm E@mr aand gi&m WERE . a&mﬁ m,y wisre pﬁa@@d m :sa,
wanner a8 to offect & soven-foot span. The load was applied in the punler of this |
geven-foot ﬁg&%m éx@agsi; for the Type B aﬁwmbiy which wag loaded %&@twaam supportig
plates. All of the sand platos used were metsl -_.':fgjf_mg 6 % 67 % 0. 075" (See Figure gﬁy.

only to determine e ampunt of vortioal setilement of

fx@s@ﬁwﬁ@% ware chasyved not
the assexmbly but also the amount of tipping — by the londing of valy one side o

the assembly frame,



A FIGURE 22. DETAIL OF THE METHOD OF SUPPORTING THE DOWEL BAR JOINT
ASSEMBLIES USING SAND PLATES.



Iis i be gﬁgmt%@é% that, in genersl, only one toat wnder 8 glven set of son-
dilons wug obtalned. The testing program which, of necessity, was pondusted outelds,
wig not bogun untll Coiober and luclewend wesiher made it imposeible to gondust & more
extenaive testlog progvam, I woudd be desivable io obisin wore date on this phase of
the stady and 4 i3 g&i&km&@ﬁ that the study will be &@ﬁ%&ﬁ@ﬁ_&ﬁ the spring.

Beguls of Tests

Table 2 sontulne the data pertsining to the tendenoy of the sosembliss to sink
fto the swporiing sand sl to Hp to one alde when & Joad was applied eseentrically,
The Typs U asgembly, baving fhowee beaving plates as as integral part of the assembly,
was losded midway botwoen the somler and ono end on the uhraced side of the assembly.
This wag the most severs vase of loading g&%ﬁ%ﬁﬁ&}i&. Al othey nesembiies were loaded
socpntrienlly nesy e center of the gpan, Figure 28 {llustrates the deflection dus o

Joad of one dowsl bay joint segseubly with no sund plates sad with four sapd plates.

With veforsnee to Teble 3, when the sssemblies wore supporied solely by the

sand, and Joaded to 255 pounds, the Type 4 aseembly foy exponsion Jolnts dallented

least (2. 44 in.) and the Type B assambly for cuntraction jolnts deflected e mout

(0. 93 in.). Afior the loads were vamoved, the residual deflection of the Type B ageenilly
for sontraciion jolnks (0. 37 in.) was greatest. The residusl deflection of the Type B
%ae%%m?@i&* {8.908 In.) wan mﬁmﬁmﬁﬁr gmall even though the deflestion had been the second
iargest when it was loaded. {Bes Flgure 24).

When the %%am%}i% wers supported on four sand plates, the Type A a%@m&zy
for expansion joinis deflected least (0. 41 In.) and the Type B nasersbly for costraction
joints deflscted the most wonder $he load, The residual deflections of these same two

assemblies were 0,05 in. and 0,24 in., vespeetively, whick veprepented the mextmum

aod the sminlwum deflections vecorded alfter the load was yemoved, (Hee Figure 25).

wﬁ-m
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0 emall value by using send plates under each eud of every third dowsl, Bight s

L ﬁéﬁ'ﬁmﬁ indioated that there was 10 mﬁ&é&-'ér consistent differense resulting fmm ﬁw o B

The vse of four &&éﬁi@a%@a ;;1%% il not resull in 2 sporesiable decresss in the
maglhmem deflection resuliing from the applloation of an eccentyie load ot the center
of the span; howevey, Se residuml deflection at the center of the span, aller removal
of the load, was considerably lers when the assemblies were gupporisd on the fowr
sand plates. The roduction in residual deflection resulilap from the swport of the
four sand plates varied from 36% for the Type B aseewmbly for vontraction joluts to 85%
in the case of the Type A assembly for expansion jolnts. |

Two dowel bar lodut assemblies were tested with a varying nweber and aryanpge-

mont of sapd plates. Figure 28 illustrates the arrangement of sand gﬁmﬁ;@% sud gives the

daflection of the agsembly mnder a total load of ﬁ'ﬁé{?—w: ds and the residual deflection
aftey the iméwaﬁ mméﬁa@% 1t should be polnted out that the @ﬁé@i of sspl plates a%ai: '_
in the lmmediate vieluily of the load wae neglizgible and thes s some casps & groateyr .
wanbey of sand plates &d aot vreduss %&m deflection of the ssaembly dus to the ﬁg@gﬁi&é

load, Howover, 2 study of the arrangement of plates adjacent to the loads illueivaten

that the defleslion under load and the residunl deflention may be koot 1o 2 reasonably b i

3&&5@@ i
plates instend of four would be needed to support a twelve-foot aﬁa@-mmy in ﬁmmam

- A vomparison of the deflection dats for twe assomblise supported on both r;iry

two conditions, The molature content of the dry sand was approgimately 8% aoid s:h@
sverage molsture content of e top 2.5 inches of the wet sand varied from 3,8 10 8. E%

Conclugion

For dowel bar joint sesemblies which are placed on a sand subbase iﬁ& iéa x@@-ém;i

mended ﬂm the pumber of sand plates be tnorensed from four 1o eight to ahtats a mots

ugiform guppovt for the assemblies and to minmize the misalignment of the dowel h&m;_ '
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