MTCHIGAN
STATE HIGHwAY DEPARTMENT
Charles M. Ziegler
State Highwey Commissioner

PRGGRESE REPORT ON L0OAD DEFLECTION TESTS

DEALIRG WITH LENGTH AND SIZE OF DOWELS

By

T, A. Finney

and

rar

W, 0. Fremont

Presented at the 27th Annnal Meeting of the
Highway Regearch Board, Washington, D. .
December Z2-5, 1847

Highwsy hesearch Project 359 F-1

Regearch Leboratory
Testing snd Research Divieion
Report Ho. 104
Hovemper 21, 1947



TABLE OF CONTINTS

Introduction
Load Deflectlion Tesgt Method

Testing Apparatus

Method of Determining True Relative Deflection
Load Deflectlon Characteristics of Dowels

Test Specimens

Obsarvaltiony

Load Deflection Characterisbics

Infiuence of Dowel Diameter on Residual Deflaction

Rigidity of Load Transfer Unitg
Sumnmary
Acknowledgment

Biblicgraphy

1rrd

o
iy
€

o ® N W %

10
11
12
12
14
16

17



Finoey~Fremont

PROCGRESS REPCRT ON LOAD DEFLECTION THSTS DRALIRG

FITH LENGTH AND SLYE OF DOVELS

In 1934 the Michigan State Highway Department became vitally in-
teregted in the problem of evaluating load transfer devicep and established
a comprehensive investigation on this subject. The primary obliect of the
investigation was to develop a test method for evaluating load transfer
devices to the end that a definite gpecification for the selection and use
of load transfer devices could be developed. Progress reports on the re-
sulbs of this work so far have been published previousgly in the procesdings
of thé Highway Research Board (1) (2},

There is unguestionably a grealt need al the pregent time for such a
teat procedure because of the continuval appearance on the mérket of new
mechanical load transfer devices to replace the common dowel bar and also
becauge it ig imperative that we know the mechanical and physical charac-
terigtics of all typea of Lload transfer devices and csn predict with
reasonable accuracy the performance of guch devices under continual ser-
vice, in order that they can be intelligently designed and properly spaced
in & pavement joint.

The purpose of this paper ls to pregent the results of a wvhage of
this investigation on the evaluation of load lrensfer devices dealing
specifically with the development of & load deflection test procedure and
its uge in studying the mechanical charactecistics and efficiency of
dlfferent types of load trancsfer devices, sgpecially in regpect to the

length and dismeter of dowel bars,

() See bibliography
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The study invoelved the subjection of common dowel bars of different
lengbhes and diameters embedded in concreie blocks to shear foreces of vary-
iﬁg magnitudes and measuring the relative vertical defleciion of the block
feces. The opening betwsen the blocks being held coustant at 1 inch aad
1/2 inch. Thkree dismeters of dowels used were 3/4, 1 and 1-1/4 inches.
Lengths of 10, 15, 20, #4 and 50 inches were included for sach dowel dia-
meter. Resldual deflections under repeated lcads were observed and s
measure of load transfer wnit stiffness, designated joint nodulus (shear
force WW" divided hy true relative defleciion "m") was introduced.

The regulbe of thig work indicate that the length of the dowel for
10 inches and greater length appsrently hag very iittle infiusnce upon
the deflections of the dowel-concrets systen. The diameter of the dowel,
however, is definitely & controlling factor, in this respect. The 3/4
inch dowel is approwimately 1L/2 as effective whereas the 1-1/4 inch dowel
has only about 1/4 greater efficlency than the 1 inch dowel., Under the
loadinge of different meznitudes the dowel-concrete syghbem asgumes a re-
gldual deflection which varies in ameount for the differenit conditions
imposed, Ths residual'dmfleétion varies with the dowel diameter bﬁt for
the dowel dismelbers lovesblpgated, the 20 inch dowel length appears to
develop the lowest residunl deflection value for different load values.

The work further indicates that the stiffness of the Joint, {joint modulus),
ig fairly constent for chear valgés within the normal working range and
that there Lls a markable different in joint modulus valueg for each dia-
meter of dowel. It is believed thal such a value as joint modulus may be
guccessfully employed as one criterion in setting up performance apecifi-

cations for load transfer devices,
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Further work in this investigation is in progress desling in general
with the performance of dowéls and commercial load transfer devices under
the contlnual action of repeated loads of megnitudes experienced on the
highways.

The report includes a description of the load transfer device tegb-
ing muchine and test procedure and a discuselon ¢f the load daflection

charscteristics of the dowel units included in the study.

LOAD-DEFLECTION TEST ETHOD

This test method is intended to detefmiﬂe cortain mechanical charac—
teristics of conorete and a load transtfer device when used in combination
as g structural mit. The resultsz obtained will he uged to determine the
required rigldity of such load ftronsfer deviceg when used in a joint of a
concrete pavement for the purpose of esgtablishing definite spacing for the
units to accomplish, within epecified 1imits, adeguate gtress relief in
the concrete and prevent faulbing of the slabs st the joint.

The test procedure is wlyus Ifrom the standpoint of other known
methods, published (3) (4) and uppubliched (5) (8) (7) (8), in that it
permits the testiﬂg of load transfer devicss under known conditions of
shear and bendingrmovementu In this particuisy casge the type of loading
apparatus, clze of gpocimen, and specimen loading arrangement have been
arbitrarily chogen for convenience in conducting the tests. Obher arrange-

menbs of these features could no doub® be employed with egual success.
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Testing Apparatus

The testing apparatus is comprised of four distinct mits: (L) the
machine, (2) loading mechanism and specimen supports, {3) the auxiliary
equipment for measuring the relative suxiliary deflections of the two
aecﬁiome of the tegd gpecimen in which the load trancsfer device is embedded
and {4) the test specimen. A view of the complete test assembly may be
geen in Flgure 1,
particular work. A1l parts were careiuvlly designed and febricated to in-
gure maximum gtabiliby with aninimun deflieciion and accomodate the test
gpecimen with all ncocessary measuring devices. Ag ghown in Figure 1, the
load is obtained by weens of a manually operated 50 ton hydraulic ram
wounted in such a wanner that it may be moved to one gide during the in-
stallation of the specimen. There is algo provided a sghort adjustable
cantilever beam to which & holst is abttached o facilitate Lifting and
placing of the spacimen on the gupporis.

By meens of suspended WeightS"Si’and"Sglthe dead weight of the
gystem ig counterbelanced and, if desired, the load transfer device may

be subjected to the action of a definite bending movement in addition to
) ) ) = . t
shear by slmply applying the proper welghts at"s."end"d,.”
The pystem wag alge deslgned in such a manner that the moment on

the load transfer Jdevice could be kept constant and that the ghear force

wag one-nalf of Lthe load.
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Loading Mechonism: As illustrated in Flgure 2, the Tload ig applied

to the specimen through a dynamometer ring "A" and specizl loading head
bridge "B" and bearing wmembers ”Bl” and ”BQ”. A ten thousandths dial is
mounted on the dynamometer r;ng TAY to mezsure ibg deflection from which
the magnitude of loading is determined. ILateral displacemeni of the load-
ing head bridge ¥BY le prevented by means of the horizontal bars."G” which
bear againgt the upright supports of the machine. The bearing nember "By"
of the loading head ig provided with a ball and socket arpsngement to effect
point loading on block Ho. L of the spscimen., Bearing member "BP” axerts
frll bearing across block NO‘,Q Bj'means off a roller bearing arrangement,

Special ﬁ&pports“ﬁi'und"ﬂgnwith a single roller on top and double
rollers on the bottom are provided to insure freedom of action in a hori-
gontal direction only. The supports are agsuued to be rigid in the verti-
cal direction,

For the measurcment of the angular deflectlon of the blocks, level

bubbles "H® were mounted on the top bars "BY, ag sghowm in Figure 5.

Auxilisry Egulivment: The purpose of the load trancfer device test

is to measure the relotive deflectlon of the faces of two concrete test
blocks in which a varlicular losd transfer device has boen embedded and
subjected to predetermined loadingé. Auxiliary deflections are measured
in a direct manner and the deplred deflsctlons are caleulated from estab-
lished inter-relations between the auxliiary and desired deflections ex-
pressed by an enalyiical formula. herefore, in this particular test sét«
up the auriliary defleciions Wiil be measured and the true relative de-

Tlection for amy shear "V computed.
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In order to measure the auxiilary deflections in this test procedure,
a system of yckes and bars heve been provided ag showm in Figure 3. Four
speclally designed demountable yokes "AY, two to sach block, are attached
to the blocks by set sorews ag shown in sketeh, These yokes serve to
suppert the four dial bars, "B apd "C", two on gach side of the specimen.
Four di&ls"le“ zguDs”and"Déuare provided Lo measure the awddliary deflec—
tion of the blocks., The dizls are atiached to the long top bars "B" and
thelr stems make contact with the short lower bars "CW, gSince the top "BM
bars follow the movement of Block 1 and the lower "C" bars move with Block
2, the relative movement of the two blocks will be recorded by the dials,

Speclal lugs "FY are capt into the sides of the specimen blocks to
sccopmodate handiing devices and to whlch the gpecial parallel bare "EM
are attached during the test to prevent horizontal digplacement of the
gpecimen on the supports; The ends of these bars engage with the vertical
mempers of the machine frame by mesns of rollers YU which allowed move-
ment in the wvertical bBub not horizontal diréction.

Specimenss The concrete test specimen 1s composed of two sections or

blooks each 292K inches long, 12 inches wide and 7 inches deep where ™"

T

is the widih of joint opening. The losd transfer device is incorporated
into the center of the twe epecimen blocks during pouring operations, per—
pendicular to the jolnt opening and parallel to the Dtop and sides of the
gpecimen, The joint opening may be of any desived width. The joint
petween the specimen blocks may be constructed with prefabricated joint
filler materisl or left open. A vewmovable jolnt form is necegsary when

Joint is open.

g
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Figure 4 shows the specimen form with load transfer device completely
assembled ready for receiving concrete. Also note removable joint form
apecial lugs attached to glde forms and longitudinal marking nember scross
top. The side forms are securely bolted to & machined base plate to pre-
vent loas of mixing water. The load transfef devices are insgtalled exsctly
ag in o pavement project with expansion shields and bituminous coating to

breask the bond. Figure & shows method of curiug gpecimens.

Method of Determining True Relublve Deflection gt

The various relationships between digplacement of the block faces and
auxiliary dial movement are derived in the following manner with reference
to dimensional dlagram given in Flgure ¢ and deflection diagram illustrated
in Figure 7. The.following equations way be established for the compara-
tively small movements of the blocke which take place under this teat

method. The equatlons sre:

(1) gr=cr+ B (5) @ =2l gd2

(2) d1=al-art

2y e (Ef-pldi - tdp
T ) B e A
(5) dg = pB~ (f-pi
(4) m=qp-acC Y = 134.__1*,:_@3
L+ pu ug
(6) m=57="d - d2
Yhere u = lrf-{-
wmp = éw%wﬁﬁ and my = %ﬁ

(9) True relative deflection m = my dy + mp do

When w equals 1 lnch my = 1.00155

i

-0,0662

H

V)
fihen w equals 1/2 inch m) = 1.001%5

o = -0,0388

T



Figure 4. Specimen form with load tranafer device
assembled ready to receilve concrete.

Figure 5. Method of storing specimen during
curing period,
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The compufation of relative deflection "m" is arrived at in the
following manner: The dials are designated "D and "Dt (front side) and
"D and "Dot (back eide). The differences in dial readings "In" for both
gides in relation to initial readings for each load increment are averaged_
to give value "dy", and in the same manner the differences in dial readings
"Dot are averaged to glve value "dp". The values "d)" and "d," are substi-
tuted In equation {9) to give the true relative deflection "m" of the block
Taces for any shear walue "VV,

In order to erpedite the compilaiion of the test data and calcula-
tions of the relative block deflections, a special record sheet was pre-
pared ag illustrated in Table I.

A typical shear deflectbion diasgram is presented in Figure 8., The
pointe a, b, ¢, eto. represent the shear deflection values used in com-
paring the relabtive performance of the warious dowel bar units. The resi-
dual deflection values are represented by the points at which the sloping

dash lines intersect the ® axis or line of zero shear value.

LOAD DEFLECTION CHARACTERISTICS OF DOWELS

By means of the testing procedure pr@vidusly deascribed, sgpecimens
were cast and load deflection tests conducted on single units involving
dowel bars of 3/4 inch, 1 inch and 1~1/4 inch in diameter and lengths for
each diameter of 10, 15, 20, 24, and 30 inches. The particular length énd
diameter of dowels selected for this study were based on those now in

common uge throughout the geveral States.

B



N I N C H E S

T

C

D E F L E

16*% 600 |-——{ DOWEL LENGTH 15" -l k—{DOWEL LENGTH 15" J--— oo DOWEL LENGTH 207 Jowony DOWEL LENGTH 24"} ——
T -

500 \

e ot it i ot e o+ ot it s st st e e e e T T o o Sk S A= Lk i e S S S e AL A8 S ks

400

\ \SHEAR F(.JRCE. LBS. \\

300

200

160

600

Q0

400

300

200

190

EFFECT af DOWEL LENGTH and. DIAMETER oz DEFLECTION

Fieure 13




1BLE L

TYPICAL LOAD DEFLECTION TEST RECOGD OF &4 LOAD TrAKSFER DEVICE

R EGEE ' FRONT SIDE, ) BACK_SINE A s Joint
LOAD FORCE { Auxiliary Deflections in 10~°% [Awdiliary Befisctions im 10=5W i HCOWPUTATIONS TN 10 IN{EE{EE : Hodutus
v- | Dial | Diff. [ blal { Diff, | pial | DifF, | Dial | Diff. | d dp 3 |Total 1 ..
lbs. lin lbad T d3 D2 dp D1 d1 Dp dz ave, | ™% § ave, | 8292 iner. m g% 1bs/in
0 0 5272 | 5085 5550 5301
2000 | 1000 | 5897 | -425 | 6042 | -956 | 4284 | 41086 | 4824 | +557 {+320.5 }4320.9 |-190.5 |+ 6.74 1+327.71 +305.1
0 ol 5902 | -6%0 { 6275 | -1189 ] 44%0 | +920 | s089 | 4312 l4145.0 {4145.2 |-438.5 |+14.8 [+160.01 O
4000 | 2000 | 5300 | -228 | s783 % —s97 | 2801 | +1549 ] a4z ) 4049 [4660.5 {+861.4 ]4126.0 |- 4.3 [+4657,1 | +304.4
0 0 6189 | -917 | 6578 | —11B7 | 3982 | +1368 | 4705 | 4676 |+225.5 {+225.8 [-405.5 {+13.7- [+zme.s]| o
6000 | 3000 | 5204 | +68 5515 | -429 | 3510 | +1840 | 4199 j +1182 [+954.0 |4955,3 [+376.5 [-12.7 [+942.8 | +518,3
o 0 8190 | -918 | 6578 | -1492 4 4808 | 4174z | 4808 | 4773 {+412.0 {+412.6 |-358.5 |+12.1 {+424.7] 0
8000 | 4000 | 4932 | +z40 | 5275 | -189 | s3v2 | +1978 | 3978 | 41408 |+1159.0{+1160.6{+607.0 |-20.5 |+1140.0 +350.9
0 0 1 8274 | -lo02 | 6868 | 15807 %580 | 41770 | 4450 | +931 14384.0 14384.5 |-324.3 {+11.0 {4895.5] O
10000 | 5000 | 4862 | +610 | 5032 | +54 308l | 42269 | 3736 | +1645 |+1430.5(+1441.4{+849.5 |-28.7 {+1l412.7 +355.9
o 3 6559 | -1087 | 6688 | -18021 354z | +1808 | 4431 | +970 |+360.5 [4361.0 |-316.0 |410.7 {43707 ©
# For joint opening of 1 inch # For joint opealng of 1/2 inch o Fm o= ompdy +‘m2d‘2
m = 1.00135 , my = 1.00135 : _ v
my ==0.0662 ‘ my =-0.0538 _ Toe = o
8000 C e ”’,;’iﬂ?
. gonWs A
{0 P :
g 300 ‘;fé = -
e // P4 g
=5 . o’
D 4000 d;>' o e
a s e .
wj oA,
O 2000 : ol 5 "
. L / ’
6] 7 - o ,/
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Figure 8
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Two complete geries of tests were perforied for each lengbh and gize
of dowel, one with a specimen jolnt opening of L inch and the othcrlat 1/2
inch. The 1 inch dimengion was Seleétad to simuiate the expansion joint
opening employed in Michigsn., The 1/2 inch opening was introduced in the
gtudy because it wag believed that under extreme conditions such an ﬁpening
would occur at contraction joints cregting the 100 footb continuoué pavenent
élabs such a8 now consldered in Michigan's concrete pavement design
pr&cticg.

Test Spvecimeng

The gpeclmens were cast in the nsnner previou$lj described under
testing auparatus employing the open joint method. Three specimens consti-
tute a tesd on euch size of dowel. ALl spvecimens were cured 24 hours in
the meld with wet burlap covering, then 6 days oul of the meld in a moist
room and tested at 7 days. The strength of the concrete wag determined by
parallel compressiomland’flexural tegts on speclmens cast from the same

concrete used in casting specimens.

An attenmpt way made Lo insure the pame quality of concrete in all
specimens, The Portland cement used conformed to current specifications
A3 T, Designation €180, Type I. The coarse and fine aggregates met the
Departmeﬁt‘s grading and physical requirements respectively for 6-A mate-
rial and natural sand 2-N8 ag specified for pavement concrete. The coarse
aggregate conslgled of gravel from Ureen Qak, Michigan. The sand also came

from the same source.

-
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The concrete mixture was designed 1n accordence with the Mortar-Void
pfinciple enployed by the Department. The mix design was basged on 5.5
sacks per cubic yard, 5.45 galicons of water per sacik of cement, which pro-
duced an average compresgion strength of approximately 2,000 poundg per
souare inch in 7 days. The conslstency of the moisture was held to an
average of 1-1/2 inch slump.

The gteel in the dowel bar uniis met the requirements for inter-
mediate or hard gfade steel of the Current Epecifications for Billet-Steel
Bars for Concrete Reinforcement, A.S5.T.M. Designation A-15. The respective
ultimate tensile strengbh characteristics of the steel were 96,755; 84,185
and 86,920 pounds for the 2/4 inch, 1 inch snd 1-1/4 inch diameter dowels.

In order to dﬁplicate field conditlions, each dowel received a com-
plete coating of asphalt cut-back material (RC-1} before the concrete was
poured in the specimen mold.

Observations

The sawe test procedure was amployed on all specimens. Simultonecus
readings were taken on all four dials at 100 pound shear increments. At
1,000 pound shear incremeants, tle load was releaged and dizl readings
recorded at no load. The same 1,000 pound shesar increment was again
applied and repeated 20 tlimes ag fast ap the load could be applied and
releaged, Ab the end of the twentieth load application, the pressure was
released and dlsl readings talken at no load to determine residusl deflec-
tion. This loading procedure conbinued uptil failures occurred as mani-
fegted by bending of the dowel or Iracture of the concrete specimen or hoth.

The shear at this point was desiznated as the ultimate cghear strength of

the specimen. Typical spaclmen failures are shown in Figures 2 and 10,

30
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Pigure 9. Typical failure of A/4 inch dowel.

Figure 10. Typical faillure of 1-1/4 inch dowel,
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Although special precautions were exercized in an attenpt to insure
concrete of unifcrm sbrength in all specimens, there prevailed a noticeable
variation in compressive strength as indicated from the test cylinders.
Average specimen strength wag approximately 3500 pounds per sqﬁare inch.
Subgeguently, any marked variation in concrete ghrenglths was readily
detected in the deflection values from the Spécimen loading tegts. The
resulls of epecimeny obvicusly cut of line of concrete gtrength and deflec-
tion values‘were discarded and new gpeclumens were prepared and tested,

The testing program had a threefold purpose; first, to obtain reli-
able data in order Lo egtablish salisiachory load deflection characteristic
curves for dowelg of different leagths and dismeters; sgeond, to compare
the regiducl deflection characteristics of the individual dowel units; and
finally, to develop information on the rigidity charscteristics of the
dowel-concrete system, all of wihich would he directed %Qward the golution
of the load transfer problem. A summsry of test data is presented in
Tableg II and III.

- Load Deflection Characteristios

The load defliection characteristica for the varicous dowel wnits at
joint openings of 1 inch and 1/7 inch are presented graphically in Figures
1l, 12 and 1%. The curves in Figures 11, 12 and 1% represent the relation—
ahip betwsen chesr force, deflection, length and diameter of dowels for the

two joint gpacing distances of 1L inch and 1/2 inch. Bach point on the

curves ig an average of three test values.



TABLE Z

SUMMARY OF AVERAGE TOTAL DEFLECTION, RESIDUAL DEFLECTION, AND JOINT MODULUS DATA
FOR DIFFERENT LENGTHS AWD SIZES OF DOWELS AT JOINT OPENING OF ONE-HALF INCH

Units for Deflections = 104 inches, Joinmt Modulus # 103 pounds per inch

PIAMETER = 3/4 INCH DIZNETER = 1 INCH DIZIETER = 1-1/4 INCH
SHRAR FORCE
Pounds Langth Longth Length
10 15 20 24 30 10 15 20 24 30 10 15 20 24 30
1000 : '
Total Desflection 57 52 43 61 a1 37 42 28 38 30 26 20 22 28 37
Residual Deflectiom 16 16 -2 10 20 15,1 14 11 19 [ 12 5 9 15 26
Joint Modulus 175.4  192.3  232.6  163.9  212.8 2703 2381  357.1  263.2  333.3 384.6  500.0  454.5  357.1 270.3
2000
124 127 123 133 99 76 80 (33 78 50 49 a8 44 53 71
8& 21 11 27 4 31 22 16 20 9 21 17 18 21 35
232.6  157.4  162.6  160.4  202.0  263.2  250.0  392.2  256.4  400.0  408.2  416.7 454.5  377.4  281.7
3000
239 202 207 263 167 115 132 80 123 87 70 83 69 81 132
110 28 14 a1 53 49 34 23 33 10 31 30 24 26 a4
125.5 148.5  144.9  114.1 1796  260.9  227.2  375.0  243.9  344.8  428.6  361.4  434.8  370.4  267.9
4000
337 302 292 397 247 154 178 111 178 122 96 117 g6 112 149
184 38 26 83 66 &8 40 28 40 12 33 44 32 29 46
113.6  132.4  137.0  100.8  161.%  250.7  228.6  360.4  228.6  327.9  48.7  341.9  416.7 357.1  268.5
5000
541 424 430 551 353 205 22y 144 226 185 126 151 135 144 183
253 28 35 29 95 78 &7 35 44 13 39 53 33 3z a1
$2,4  117.9  116.3 90.7 141.6 2439  222.2  347.2 221.2  303.0  396.3  331.1  370.4  347.2 273.2
6000
531 605 541 680 441 254 283 158 238 211 140 191 188 a7y 227
387 .12 17 122 108 49 53 L1 14 50 92 40 - 40 53
108.9 99.1 110.9 88,2 136.1 236.2 212.0 31%.1 208.3 284.4 375.0 314.1 3797 342.% 264.3
7000
600 330 359 236.5 362 265 208 233 184 224 259
130 52 36.5 72 13.5 39.5 125 48 44 27
116,17 212.1 195.0 296.0 193.4 264.2 336.5 300.4 380.4 312.5 270.3
Ultimate Shear im lbs. 6000 6500 8667 5917 6417 8750 88133 8083 9750 9250 9833 9167 11,000 9667 8187



TABLE 3

SIRRARY OF AVERAGE TOTAL DEFLECTION, RESIDUAL DEFLECTION, AWD JOIRT MODULUS DATA
FOR DIFFERENT LENGTHS AND SIZES OF DOWELS AT JOINT OPENING OF ONE INCH

Units for Deflectioms 2 10™2 inches, Joint Modulus ® 103 pounds per inch

By s 1 THCH METER & 1-1/4 INCH
SHEAR FORCE
Pounds Length
10 ig 20 24 30 10 24 30 10 15 20 24 30
1000 :
Total Deflectian &7 73 43 69 64 57 34 39 45 52 27 18 23 23 37
Besidupl Deflsetion 27 20 7 is 18 23 4.4 4 16 23 17 g V. 8§ 26
Joint Modulus 149.3 13700 232.6 144.9 15643 178:.4  294.1 2564 222,2 192.3 3704 555.5 434.7 434.7 270.3
2000
149 139 123 152 144 100 &6 79 a8 104 g5 41 a7 48 68
48 28 8 26 26 41 1303 ] 22 35 26 6 7 13 31
134.2 143.9 162.6 131.6 138.9 200.0 303.0 253.2 227.3 192,.3 36306 487.8 425,85 416.7 294.1
3000
272 227 207 259 239 162 1138 124 134 164 89 62 71 78 97
43 25 10 42 32 66 25 12 27 43 39 8 9 19 35
110.2 132.2 l44.,9  315.8 125.8 188.2 260.9 2481:% 223.9 182.9 333.3 483.9 422,58 384.6 30903
4000 :
403 348 292 318 360 237 184 71 133 229 129 %0 103 ios 129
150 35 14 &4 a7 90 . 34 15 30 53 64 9 11 19 37
9903 11499 13700 125-8 11101 168.8 24399 23399 21806 184.7 31001 44404 383.3 331.0 31031
5000 '
585 443 430 570 578 320 224 226 233 290 185 118 132 135 183
301 B7.8 %0 128 91 117 81 16 43 62 8o 17 iz 25 39
85.4 112.9 11663 87.7 86.5 185.3 2333 221.2 214.6 172.4 27003 431.0  378.8 370.4 305.7
£000 726,8 650 541 913 653 402 304 289 2¢7 361 19405 143 171 i71 211
394 .18 238 204 201 67 2% 48 &7 8g 2z iz z5 a4
82.6 $2,3 110.9 é8.7 91.9 149.2 197.4 207.6 202.0 166,02 308.5 425.% 350.9 350.9 284.4
7000
‘848 378 360 347 407 223 167 188 203 262
227 79 25 70 73 79 35 iz 30 69
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Finney-Fremont

Considering the limifations of the test procedure, the results
obtained indicate that; flrst, within the normél load range expected on the
pavement, the length of the dowel has very llttle influence on dellectlons;
second, the diameter of the dowel greatly influences the deflection, but to
a much lesser degree as the dlameter excesds & inch; third, dowels have
greater reslstance. to deflection ag the joint opening decreases, but a
chanpe from 1 inch bo 1/2 inch was not sufficient to develop msrkable dif-

ferences in deflection valuss.

Influsnce of Dowel Diumeter on Recsidusl Deflection

As mentioned previcusly wnder test procedure, 20 repetitions of
loadings were made at each 1,000 pound shear increwment, and at cessation of
repeated loading the deflection at no load was recorded, It was thought
that such a loading procedure might give some indication ag to the relative
efficiency of the varioué dowel units under ?epeated loads. The residual
deflections resulbing from these tests are summarized in Tables I and III1
and presented pgraphically by curves in Tigure 14, The date bring out the
inherent weakness of the 3/4 inch dowel in this respect and for low shear
values there 1s wvery little difference between the 1 inch and lml/é‘inch
dowels. It is logical to expect, however, that the 1-1/4 inch dowel should
have a lower regidual deflectlon due to ity greater bearing ares and etiff-
nees ag compared Lo dowels of lesser diameter,

Rigidity of Load Transfer {nits

The stiffnese or rigldily of lead transfer devices may he expressed

by a physical quantlty nroportionate to the shear force and inversely pro-

il s

portionate to the deflection which is expressed by L where”V'ie the shear

Jit
force in pounds and In the deflection of the unli in inches. This

expression hag been termed the Joint Modulus,

10w
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Fioney-Fremont

When joint modull are

plobtec sgainegt shear force, the celative
rigidity of the dowel units for different conditions arve clearly defined.
This is graphically iilustrated in Figuece 15, The date show that within
reagonable load limitﬁ the Joint meduwlus for bLhe different dowel unite
remains falrly constant, This Eeing true, it would appear then that such

oL

physical velue as Joint medulus could be successfully employed as one of

coveral criborls nscessary for setting up performurce specifications and
for creating cowparative plandords for use in evaluating commercial load

transfer devices versuy dowel bars

1%
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Flaney--Fremont

We do not regard the results of thie stady as conclusive, but we feel
that sufficient evidence has been adducted to warrent recognition of a load
deflection test procedure for the purpose of evaluating load transfer
devices in order to prepare specifications for their performance and use,
and to determine bagle inforwation necessary Lo advance the design and con-
struction of trangverse jointe in concrete pavements. Significant findings
of this study are:

1. ¥o eglgnificant relationship exigts betwoen length and

relative deflection of the dowel-concrete system.

2. Dowel diameter ig bthe most ilwmportant factor in controlling
deflection. Dismeters less bhan i inch are relgtively
ineffactive in controlling &efleetionﬁ under normal shear
loads. On the other haud, dowels with dismeters greater
than 1 ineh tend to rupbure the concrets before falling in
flexare. Thig would indicate the need for congidering
glab thickness in relaiion to dowel dismeter.

5. Por slwmilar load conditions the residual deflection of
dowsls diminishes with increasge in dowel diameter, but
appears to be at a minimm awount for dovels of 20 inches

in length irrespective of diamster.

14



Floney-Freamont

The stiffness or rigldity of load transfer devices may
be expresged by & physical quallity proportionazl to the
ghear force snd inversely proportionsl to the deflection
termed the Joint Moowlus and exprecsed by %. The joint
mnodulus for all prsctical purposes snd within reascusble
lead valuss pay be congldered a constant value. Dats
indicates the poselbillty of using such a value for

comparing the relative efficiency of load transfer units.
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