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A STUDY OF THE .RIGIDITY OF 
VARIOUS DO\VEL BAR JOINT ASSEM:SWS 



~~~~------~~--~~- ------~------

l, 'I'YPfi A - E;gp~ioo Joint 
2. '!)pe A ~ Co:ntraotlon Joint 
3. Type B ~ E;gp~ion Joint 
4. Tn.>e B - Contraction Joint 
5. Type C - Expanl!liOll Joint 
6. Tjlpo C - Conmction .totnt 
7. Tn.>e D - E;gpansi oo Jo!lltl 

PART l 

Amo:doan 
Amo:;•ioan 
Umverllial 
Univo:rsal 
Bethl~om 
Bethlehem 
l.'lp:rtngfteld 

(See Figw:o& l &. 2} 
(See Figures 3 & 4) 
(See Fi.gw:il!S li & 6} 
(See Fipes 7 & 8) 
(SillS Fi~J.~l"U i!l liz 10) 
(See J!'igm:'el!! 11 & 12) 
(See :l!'igu,re$ Ul & 14) 

'too D'llier:milleti.on of thJ!l $truotwalll1Wfaess of tile Vario1.111 
Dowel Bar Joint Alil!l.emhUos 

illl.IJll.POl't dowels and also for the dowellllluhjeeted to load. Tile l!lipt settle:ment of tOO 

lll.IJllp&rill dwing lo~ was co:rreeted in analylillg tOO deflection data. Dt>~il.eeUona 

1 This assembly was an e:~~;,o=s!on joint iiU!sembly but it was teeted ,t!.lil a contraction 
joint II;Stlt>llnbly imd Will Jle:reaitell.' 00 refe:rred tG !ill !OU~ 
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• - FIGURE 15. TESTING ARRANGEMENT FOR DETERMINING THE RIGIDITY OF VARIOUS 
DOWEL BAR ASSEMBLIES WHEN SUBJECTED TO VERTICAL LOAD • 

• - FIGURE 16, DETAIL OF METHOD OF SUSPENDING DOWEL BAR ASSEMBLIES WHEN 
SUBJECTED TO VERTICAL LOAD· 



• 111111111111 FIGURE 17, DETAIL OF METHOD OF LOADING DOWEL BAR JOINT ASSEMBLIES 
FOR VERTICAL LOAD. 

LEFT 
REACTION 

?-,DIAL 
1 I I I I I I 

RIGHT 
REACTION 

2~DIAL 

~~-------~-----==1--4 ~'------==--.==---·---~~~-0~A.:-_'_D_IA_·_L __ 

1 

______ ~ ==F2= ___._· 

a'------------------------------~ 

PLAN VIEW 

• _._lllllllllllllllllb.. FIGURE. 18. TESTING ARRANGEMENT FOR DETERMINING THE RIGIDITY OF VARIOUS 
DOWEL BAR ASSEMBLIES WHEN SUBJECTED TO HORIZONTAL LOAD. 



meau of cour~te blook anchors. Thill hol'illlolltllllead was measured by moon!! of a 

dyumo1u~ter, ReMtiOlll!l and 1o;,;ds Wll>t'lil II.Pillied at the 111nd of thlil dowels to obtain a 

Wifonn proo<~d!Jl'e for aU ll.l!l!ll!mlblies. h1. th~> ~!Iilli® of the Type B i\l:l!l!emlllill>!li, which 

had loose dowels, !t wss neeeslilaey to l!lpot weld o11e end of the two suppol?t dowels as 

Wlllll as th@ oonter load<>d dowe.lll to th" holdi~ ass®mbly. The ramatl!.~g dowellll w~:re 

left in the normal conditb:m. Boodt~ of thtl ii.~~JI:IIembly ln th101 horizomal pl11~ wss oo

!lierved oo th<i! load was bMllreal!led in ~~~pound bwrementl!l to a mmmun'l of 11'10 po~~nds 

for the siUffll!lt !!llilli!embly. 

R1>ilHllts of Test~:~ 

:m o:rdsr to ~tewmb'l.e the relative :d!Pdity of the d!>wel bar joint fl,li!!lemllliem 

lll'!:lbjo~ ro ve:rti!l:itill snd hol!'l.llontl!llload!ll, a com.parll!lm was made of the miiJI!mu:m 

deUectiOWiJ omdet a totl!llsupedmpOWI®d lo;,;d of 11(1 pollnde. 

Ac<.~ordi~ w the data represented in F~!Jl'e 19, the '1'ype A ll.li!~>Omblillllil f~»r 

pP!lWil!on and cont:ra~;~tl,on joint® w®we thOl!le which were ml'Jst rigid veri1oally. The 

ddection of the two asl!!emlllilll!!i wss ll. 01.1 md 0.10 tnollu, rWiJpectlvely. The TYJ!llll 

C lll!llllembltes, for whil\lh dafleet101:11il of liiWl'Qlldn>ntely G. 'l !.neh>JJs were re<~orded, Wffre 

the lenl:li :rigid of ihe oosemll!hllil tosted. 

The TYJ!le D l!.llliiOmbly was far supli:do:r w the oihlill' MIUilmblles 0111. the bruiiis 

of horizontaldgidity. (SM Fl~Jttrlll lliO) Thill dl:lfle~:!tl.~m of the TYJ!)e B contraction joint 

ii!IIIIJE~mllly, the S.l!iS!'Imbly Wbiob Wal:l the IO<>St l!'~id, Wa!l! 10. 5 times the dafll!letilm of 

thlli> TYJ!)I!i D IUI!;Il!lmbly (1, 4Jti in, V1!1 0, 131! in,). 

Table 1 ~Pves fila mome!lt !)f l.ne:ttia of the VliU'lous dowl!!l bar j~:~mt al!lt~~embUes 

fo:r vertical l'lnd horizont!U loads. This moment of inertia is the value cnlculaied 

from the e:tq>~Jrtmentel t®!ilt® 00: load all<'! dafleetion. An att~;mpt wall m11.de w c:Uoulll.te 

thii!i value thteOreticlllly on the !.'lams of the l'd.lile all<'!loo;,;tion of 1onll,1tud1U!Il wi:r'lllllln thtl 
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CENTER D E r L E C T I 0 N I N INCHES 

VERTICAL DEFLECTION OF DOWEL BAR ASSEMBLIES 
TESTED WITH A CENTER VERTICAL LOAD ON AN EIGHT FOOT SPAN 

FIGURE 19 
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FIGURE 20 



TABLE I 
E~¢~rtmi!intlll M001.ent of lne:rtia of Va:riotW 

Il.:>W!itl »ar Jol.m: AllllllitmbUeJi! 

MOM!il:llt j!)f lnlit:t'tllll MOl!llil!'lt of l~l'tia 
for V111rtiotd Mila<il fo:r Mort~ Milad2 

-----------------------------------------------------------·-

1 

-4-

o. 6'1"1 bl:*' 
IUU't in,4 

!), 1'111 in. 4 

o.:t4sm.4 

0. \146 !ft. 4 

0. MS ill. 4 

o. nil an. 4 

o. Olll tn. 4 

o.oa' m. 4 

o. 021 in. 4 

o. 0211 ln. 4 

o. Oll5 ill. 4 

(1. 230 ill. 4 



'I'Iw! testing ~~·1un;a sb"wn in :fisure lU. WJ~~;e (lml!i~tl~Jd to i!!upply the 1'$JA~ti!.Mia '\ · .. 
' l :~ 

for tM V!U."tiealltll!.d m tbe dawelll! and te facmtaw th~,~ posil:i!m!ng ot tlllill dtala~ ~hlch J'. : 
L I\ 

werE~ umed w me11sure tlle Vl!lrti!ml moveme~ of tbe dowel barli!. A~ iiHW~h sand·!i!~lb~' \ 

ba111e of !ll :MS m!llllon lll$.nU with 111 '"'~Iii mooulW~ of 2 •. 11, wu p!.lllced \mde:r tll"' ~~~t · 
i\ 

frame. Beforl!l thlil ust~ .·of 11110\'ih tlill'!t, this i!llibbal'!l!! was l®veled .U tbea h$.~¢1,\ 
\ 

tillll\Ped. Rather tli~U~ we~ the ~~~~Am'lltl1lUl'flle.e, whlltlh is the proc<MWI'e in lilotua~ 

(l) B !lial.ld pliWIII and (i) f(!V ~ l}latos. Able, in addition W Uris, H'\l'lillrl!.l!Ullilam

tllies we:re teswd with a ptll!.~e:r nmnber ~ 191'100 plaW$ to dlilto:rm1B tbe mltd'mum 

nmnblillr o.f.tll!.md plat$$ fQ't a vlill:ry ~:~mall telllld~ d$fie~on of th<~~.a>sse:mbly !~!tor th!il 

t \, ,, 
\ 

!Jil!l'ill'illl-foot fiiPO llllit~t for the 'l'yp«:~ D il!!llllll«:!mbly wl'!.ich W\\1'1 l~!il l:xi!tweel)n t!l\IWOi'Ung 

platN. All of tlla Nnd plates ~d Wftti!J meW! ~tes IJII x 6'' x 11. 11'15" (fkl(l F1t~;lll'$ tl!), 

D;)fiecU<>~Iil we:re •tllrv<M net o~ to dete:rml¥ ~ ~~<mount of vortl.ll!al ;ettlem~ of 

the lUIMmbly but all!lo the 111monm of Upping oa~JSed by the ltll!.dtng of t'l~ one aide of · 

\ 
I 
I 

.\ 



• - FIGURE 21. DETAIL OF TEST FRAME AND LOADING ARRANGEMENT • 

• - FIGURE 22. DETAIL OF THE METHOD OF SUPPORTING THE DOWEL BAR JOINT 
ASSEMBLIES USING SAND PLATES. 
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AVEFIAC.E DEFLECTION BELOW THE LOAD& -INCHES 
TYPICAL DEFLECTION CURVES 

FOR A DOWEL BAR JOINT ASSEMBLY 

~ SPECIMEN- TYPE C CONTRACTION JOINT ASSEMBLY 

F 1 G U R E 2 3 , ,__ __ r_'_'_"_M_'_L '_w_'_'_T_"_T~' __ o_w_'T_H_A_B_A_'_' _'_L_A_T_'_' _ 

? 
/ 

0.3 0.4 OS 0.6 0.7 

AVERAC.E DEFLECTION BELOW TH£ LOADS- INCHES 

0.6 

VERTICAL DEFLECTION Of DOWEL BAR ASSEMBLIES 
SUPPORTED BY THE SAND AND SUBJECT TO TWO VERTICAL LOADS 

,/ 

0.9 



1 

No :Plat. 25!} 0.32 1 '&.43 2 &.4'1' 3 6.$ 4 0.13 5 11.1n 7 0.81 6 ,.., 
1 
<!$ 

1\1\1 
N~Pla* t)* ~.32 5 D. IIi 5 0.14 2 6.25 :11 a.u 5 0.41 7 il.IIS l 

Ill -
. ~ 4Pla* 2W 11.57 ~ 1!.66 3 fl. ill 1 3.91 6 1!.74 4 IJ.'1'1 i 
.. ,& 

li-t 4P~ 0* ~~~oo 2 G.li 4 0.1}7 1 0.2'1 6 6.15 3 0.20 5 

l Av~ge De~ of tw<:>leaded dowel& 
.2 mffe-betwee:11 ~Uon of~~ (11iw. of I gaps) Wid &dlec:Uon .of ;mi-.:!ed moo (ave. of 2 gage& oppot~iie leads} 
* The wl- ML~lfi"t'ied for 0 1ood were th& res:Wotll defi~ons after ·.the l011d was removed. 



The use of fm.u:· l!ll!Wii-bame plates did not lC®I!lult in an appll'IMii!lbll!l daerel!lJM~ in the 

:mub:;:mm dafh;ction :rel!lulti~~~g: from the appU()l!ltion of an eccl!llt:r!c load 11.t the <llenww 

o-f the I!IPII.i!!.; howev'llr, the re!iidlml def!eetion at the center of the spb, llfter removru 

of the load, was coruJ~ldarably lelillil when the IM!loombUes we:trl!l SI.!,PPO:trted on the four 

lfl~<md plaws. Tl:w reductton in re!llidool deU~oa :relilulti~~~g: fret~• the 1!1\!il?Oll't of the 

:tour sll.nd plates varied from 3$% for the Type B Ulllembly for eontraoti<~a joint~.; te 8&")1;. 

in the c~<l!le of the Typii! A IUII!lG:mbly for expauion joints. 

Two dow~l bar joint ~Jtsse:mblies W'!l~ te111ed with a va.ryi.~~g ll!mWet> mod arra~~~g:e

ment J~>f sand plaU!I!l. J'!'igure lUI Ulootrates the arll'l!mgl!lmem: ilf ll!liiM plate; am liJ;!VIlllll th~ 

deflection m the lliiSe:mbly ml.der a total load of l.UHI j)l)omda and the :t'Slllidool dl\!tlelltiml. 

iilfter th<11 load wa11 removed. It l!ihould be pointed out that the effect m lillu¥\ plllms not 

in the immedb>te vicinity of the l<ll!ld ~oo Di!lgiiliJ;ibl® and thWil in I!IOI~<o eues a gr<N\ter 

number of <N\lld plate1.1 dl.d not :reduce the daU~on of the usembly dWil te the applied 

l()l!ld.. Howe~r, a study of the ar:ra~~~g:ement of pl11.tes &dJ1illlent te the loadll i.ll!ie~bmtl~Jll 

thllt the defletJtion wde:r load and thl,l\ re&id'!IIU dllfleotion may b® kept to a :rl!lasonably 

small v&lue l:ly ~ illtiiM plaws Ul'l<ler eooh end of <~ve~:y ~rd dowltll. E~t ~ b®llll) · 

plaw.e inswad of foUl' would b® uedad te s~o:rt a twelvlll-foot uae:mbly in thillnulm1$r. 

A CO~t~pll:dl!lt'm m .tOO deflection data f()l' two lll'lllilembltu S~.~,Pporied on both dry !UI.d 

wet illan.d b1dioated &at there was oo ~:rkoo o:r cOM!atent tii!f~.t:reooe :resulting from th11!! 

two conditiou. The moist~Ue eo•nt of the dey sand wu app:rommawly 2% .and tOO 

average :ll<OI.sture content ilf th0 top 2. 5 i~s of the Wl\lt s~:md VIU'il\ld from 3, S to 8. 6%. 

Conelooioo 

Fol' dowlill bl!l:r joint asse:mblieli!l whwb. are plaeed oo a ~ subbut~ it il!l :rl!leom,. 

mended that the nombi!lr of l!lllnd plates b® inllNilllcd from four 00 ei~t to <1btem til mot~e · 

ml.ifo:~~m ~~~·on fow the a$1lllll:mblillllil and to mini:mizlil th~J mimalignment ilf the dowel bars. 



~ 
~ 

~ 

" ~ 
I 
z 
0 

~ 
'-' 
~ 

~ 
~ 

~ 
0 

~ 
~ 

~ 
u 
~ 
I 
z 
0 
~ 
u 
~ 

~ 
~ 
~ 

0 

p p 

H 
laaooopgpppp\ 

0.2 

0.4 

0.6 

0.8 

1.0 0 

NO PLATES 

5 

p p 

H 

i 
I 

10 

poonooooop\ 

NO PLATES 

0~ r~ 
. . 

~ 
02 

o.~n 
~· 

0~ 

~~ • 10 

p p 

H 
lgopqopoggo\ - -

p p 

H 
ponpopooooo\ 

- - / 2~NO PLATES 

' ' 

p p 

H 
nonopoppopo\ 
I 

+----- -+---+--. -~ --
! [_ TYPE B CONTRACTION JOIN"!"_ ASSEMBLY ~ 

0 • 

r 

10 

L E 

0 • 
N G 

p p + • p p 

T 

10 

H 

0 

N 
• 10 

F 

p p 

H 
roooppogppg ++ - \ ennppoooogo - \ 

agopqooqooo r \ 
SAND PLATEsZ~--- _ _.:ps- ,!J'8 - - --

., 

--- +-+--~-- l-

·;., ~ ,_ 
-------t-1 If_ 

•• 
---, ---- ~----t--:lff ~--

TYPE C EXPANSION JOINT ASSEMBLY 

-----t------

E 

p p 

H 
goopopgppngn 

I )> - ----
. 

p p 

H 
oogogppQppgn 

I )> -----
-~ =60 

~ 

:!! ~
P·o• 

-------

~ : '\' ...... '-~ ! 

- 0.2 

l 
0 • 10 

E T 

p p 

H 
0 0 9 0 Q Q Q 0 9 Q Q 

L ' -----
~ 0.2 

'• 
~ 

,;:, --- 0.4 

0.6 

o.a 

,,,, 
~· 

-----------:- • - ~ ------0.4 

0 

_.............._ _____ 0.6 

o.a 

10 

• 10 

NOTE: 
O[tLECTIONS SHOWN FOR 

"o"LOAD WERE RESIDUAL 

DEFLECTIONS AFTER THE 

LOAD WAS REMOVED. 

0 
s 10 o s 10 -----~---~ ! s L __ __l_~----c~o~-----:o,-----~-'---~-",~-- 1.0 

10 

L ENGT H IN FEET 

FIGURE 26 

THE EFFECT ON DEFLECTION OF VARIOUS NUMBERS AND ARRANGEMENTS OF SAND PLATES 



~ 
w 
r 
v 

p p 

H 
0 o a· 0 0 a 0 0 o a a a 

I \ 
NO PLATES 

0 

~-
0.2 

p p p p p p 

H H H 
loaagooonap'\ lo noooaaogo\ noopgoogoooo r ~ - -;::£.:PLATE:-/ 

,,-' \;/,<~~ 
-~<1"1 ' ' 

p p 

H 
a g a a a a a a p a a a c 3 - ----

~
Poo• .. 

. 

-
. ,~ 

<t~ ! ' 

p p 

H 
loon_ooaonoos, --- -

P, 
.:;._o+ ro 40 

~ y"' ' 
I ~ 

~ 
illl 
~· 

-- 0.2 

~ 0.4 

I -+r-

'-[---~--------L ·r ------------------- ------..--,-,-------·--- - ------- -l~----04 

z 
0 

0 o.e ---- I I 

~ ~ --L ---- -----H 
T I TYP;~· CONTRACTION JOINT ASSEMBLY I + 
! 

c 0.8 -- ---- ------- ' . ~'""! 

~ 
w 
r 
u 
~ 
I 
z 
0 

" u 
w 

" ~ w 
0 

v 
I.O 0 5 10 0 " !0 

____ L_~-~ 
0 5 10 0 5 !0 

L E N G T H N F 

p p p p p p p p 

H H H H 
ppoooogpnoo 

I \ 
NO PLATES 

ognppQQQOpo 

I .. ~ - lp6poggopop - \ 
SAND PLATEsZ---- __ _;- .,JI-

nogppooggoo c \ - --

04 

0.6 

' 
' 0.8 

• ~ 

;r i 
I 

;;' ~----+--'--+-
~ 

I 

1-;...:, 
~ 

i ---- ~+---- -,.------- ·t·-- . 

! 

' -+---- L I TYPE c EXPANSION JOINT ASSEMBLY I 

E 

0 ; !0 

E T 

p p 

H 
0 0 0 0 9 0 9 9 9 ° 9 

r - ' -----
P=o• _ -~-,,-~~1-<r'' 

0 

-0.2 

'• 
~ 

'" ~. ---0.4 

--~--------- 0.6 

' ' - ----·---L ·-··-· ---~ Q.8 

,0 I 
0 5 10 0 

! ~ - i T -- r 
_.:_Llj_J I _.,_ ___ l_____._______i__. _ _L__c7---~-'-'-'--o--" 

5 ro o ro o s ro o s 
1.0 

!0 

L ENGT H IN F E E T 

FIGURE 26 

THE EFFECT ON DEFLECTION OF VARIOUS NUMBERS AND ARRANGEMENTS OF SAND PLATES 

0 

--------- 0. 6 

~--- -~ ~ o.a 

'.0 
; !0 

NOTE: 

DEFLECTIONS SHOWN F'OR 
"o"LOAD WERE RESIDUAL 

DEFLECTIONS AFTER THE 

LOAD WAS REMOVED. 


