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IMVESTIGATICN OF HINGED BAR MAT

The Bethlehem Steel Compeny heve subnitted 2 sample of hinged her mats
af their om pztent for considerstion snd approvel Gf the Michigan State
Highway Depertment for use in concrete pavements@ They propose thig type of
mat for eonvenience in shipping snd handling becausse it can be folded at the
center by meang of s speclslly designed hinge. The tolal welght of the mat
ia camparable bo that of ordinsry bar mats and alsc the febricstion ls simi-
lar in every respect execept for the hinge. A careful study has been mede of
the hingéd mat te determine if 1t would meel the Depariment's requirements
in all respects.

The tests covered by the study include those reguired by thé Michigen
gtate Highwey Depariment in the 1942 Standesrd Specificationg for Hoad snd
Bridege Construction plus additional tests designed to bring oul desirable
or tndssirable festures of the hinge. Since the hinge i# the principle
feature differing from the reguler bar mat, its perfcrmence was most closely
cheerved.

The investigation disclesed that the yresent hinge constructicn will
not develop the full strength of the tronsverse rod and slsc it is by no
nesnc comparable in strength to a lep joint. It wag also dlscovered that
the method of e¢lipping the bars together should be improved in order to pre-
vent laterél shifting of the longitudinel bars. The hinged feature has
congildereble merit but must be improved hefore it should be permitied to be
uged in concrete pavements.

This report presgents in detail the nature of the work performed and

the results obteined from the verious tests included in the investigation.



THE HINGED MAT

A geriess of pictures is shown to give a genersl idea of the fabricated
mab.

Fipure 1 presents a general view of the mat showing the hinge congtruc-
tion thyough the center. When the mat is installed in the pavement the hinge
would be parallel te the center-line of the pavement and in the center of
each ftraffic lane. The bars are all wniformly spaced except the first longi-
tudinal bars on either side of the hinge. hlm@mel'mebM°mmmelﬁt
of the hinge is spaced at 6 inches and the one on the right is spaced at 8
inches while the remainder of the longitudinal barsg are spaced at 7 inch
centers. Apparently the reason for this 1g to allow the longltudinal hars
to mismateh when folded in order fto provide o thinner bundle as shown in
Figure 2. As a result one half of the mat is spprowlmately 2 inches wider
than the other.

Figure 3 ghows the mat partislly folded snd demonstrates free movement
at the hinge. The hinge normally cannot be disjointed unless the clips are
loosened thereby freelng the trangsverse bars completely.

Figures 4 and 5 show the hinge in the open and feolded posiiion respee-~
tively. Figure 5 shows also the mismatehing of both the longitudinal and
transverse bars.

The method of elipping the transverse and lengltudinal bars iz also
showm in Figure 5. Figure 6 shows the elip itself. The method of clipping
influences the manner in which one bar may slip along the other under the
loading specified in the A.8.T.. Designation:'ﬂw184—37, This matter will

he discussed later.
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Figure 4. View showing how hinge is fabricated,
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PHYSTCAL TXAMINATION OF BAR MAT

The results from the examinatlon of the bar mait, whleh are given iﬁ
Table I indicate that it meets the requirements of the Michigan State
Highwsy Department; 1942 Roed and Bridge Specifications relstive to dimen-
siong, welght, and ecross section‘area of the steel. The barg meed the
physical requirements for the grade of steel indicated. The clips meet the
slippsge requirements along the longitudinal bars but fail in glippage along
the transverse bars and also in the load test for the determination of loogen—

ing effect.

EXAMINATION OFF LIPS

The slippage test on the clipg wasg performed by exerting e lateral
force firet on the transverse barg and then on the longitudinal bars by mesns
of a calibrated spring balance. The apparent reason for glippage along the
tranaverse bhar but not along the longitudiaal bar is believéd to be due to
the manner in which the elip is installed. The clip appears to be shop bent
in three places before Ingtalling but field bent in the fourth st the time
of fabricatlon of the mat. A close exomination of Figures 4 and 5 shows that
all elipe are ploced one way end thet the end mest clearly vigible is the cone
which i uged in making the final field bend. This operation tends +o form
a better bight sround the longitudinal bar then arcund the trsnsverse bar
thus regulting in no slippage slong the longliudinal bsr. The shop bent por-
tions sre mede only for convenience snd exert nc more than encugh pressure to
merely hold the bars in contact. One method of reducing slippage would be Lo
reverge the clips on alternate intersections in order that the blght of the
field bend may engage the frensverse as well as the longitudinsl bars.
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TABLE I
SUMMARY OF TEST DATA ON BAR MAT

Dimenslons and Weight of Mat

Dimensicns of Mat, feet
Welght of Mat, pounds

Welght of Mat, pounds per 100 sg. Ih.
of pavement

Welght of Mat, pounds per sg. yd.
of pavement

Average spacing of 1ongitﬁdinal bars,
inches

Averege gpacing of i{ronsverse bars, inches

Average proJection of longitudinsl bérs
beyond the last dransverse bar, inches

Aversge projection of tronsverse bars
beyond the last longltudinal bhar, ianches

Efficiency of Clips

Siippage of clips along transverse barg,
A.S,T.M. 184, percent slipped

Slippage of clips along longitudinal berg,
A5, 0. 184, percent slipped

Load test of clips perpendicular to plane
of mat, A.S.T.M. 184, percent loosened

Load test of c¢lips verpendicular to plane
of mat, complete geparaitlion, pounds

Phyveicel Chorscterigtics of Steel in Bars

Pogiticn

Clage

Grade

Ares, sq¢. in. '

Dameters, in.

Dept's Regulrements

12x13.5
137.0
91.3

8,2

7.0

25-3/4
4=1/16

1-3/4

50

100

968

Longitudinal
Deformed _
Haxd

0.108

3/8

11-2/3¢ x 13-1/2!

134.3
89.5

8.1

1.0

Trensverse

Deformed

Intermediate

©0.108

- 3/8



Tengile Strength, 1b. sg. in. 83,300 72,950
Yield Point, 1bs. sq. in. 54,800 51,450
Elongation in & in., percent 20.3 25.8

Cold bend test Passes Pagses



The methed of installing the clip mey be the reason why the elip fails
2lego 1n the loosening test. Figures 7 and & show the menner in which this
test was performed. Welghis were guspended on a rod &ttache&-%o 8 vlate to
w@iéh wag fagtened twoe eye boits. The eye bolis were hooked over one of the
reinforeing bars while the other attached bar wes placed acrogs the top of
a built up freme. The loogening effect was determined when the two barse
pilled apart sufficlently to permit glipping a thin plece of paver hetween
them.

Since il was necessgary to cubt one bar which tended to loocsen the
clipped comnection, later tests were performed in a similar wanner except
that the basrs were not cut from the mat. The whole met was placed uver the
fromework snd each jolnt tested separately by heoking & yoke over the lower

bar upon which the weights were suspended.

EXAMINATICN_OF HINGE

) . =% mich

Sectlong of the ber wmat including the hinge were cul for exasminatlon
of the hinge wnder tensicn. Flgure 9 shows a gection which contalng three
hinges. One hinge is in the testing machine, the one in the foreground has
been tested and the midcdle one remzings to be tested. TFigure 10 shows the
middle hinge sfter tept ond ihe digtorticn due to.loading, The hinge was
congldered to have failed when 1t took no additicnal load on the teeting
machine to gause further deformeticon. The average strength of the three
hinges wasg 1988 pounds which represents a development of epproximately 25
percent of thé uitimate strength of the bar itself.

Two hinges were embedded in concrete cylinders for tensile strenglth

tegts and two in cuncrete beasms for test In modulue of rupture. Aleo twe
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Figure 9. Testing hinge in tension
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Tigure 10, Distortion of hinge under tension.




transverse bars with forty dismeter laop were molded in esch of two concrete
cylinderss{ A single transverse bar was algo installed 1n a concrete beam for
comparicon with the hinge joint. One plain concrete beanm snd four plein con-
crete cylinders were cegl for conltrol strengih of conerete.

The bers contalning the hinpe snd the forty dliemeter lap were cut long
enough te extend through the eylinders to provide for the engsgement of the
jawg in the testing machine. These were tegted in tension. In cesting of
gpecimens the bars contelning the hinge and the gingle transverse ber for
modulus of rupture were pleced in the beam molds and suspended 2 inches from
the botlbom by wire bar chelirs. Directly beneath the hingeg end in the center
of the beame 2 inch by 1/9 ineh premolded fiber strips were installed to
provide plenes of wealmess to lnsure breakage of the concrete at the hinge ov
at the center in the cage of the single bar. The third point loading method
wag used In bresiing the beams.

The method of testing the embedfed hinge in tension is shpwn in Figuvre
11. The picture was faken aflter the crack in the concrete had occurred. In
thig test the yleld point of the hinge berg ccourred outside of ithe concrete
cylinder before the concrete broke as shown in the firsgt column, Table Tl.

At the moment of failure of the concrete the loazdsg were sg ghown in the third
column of Table II. The gecond column of Table IT is the yield polnt of the
steel while the third column ig the strength reduced te pounds per square
inech of the cross sectlon of the concrete. No further gtrength was developed
by the hinge after the concrete failed. Figure 12 shows the cyli@der COHl
taining tﬁé hinge after it hag been pulled open forrobaervationo

Figure 13 ghows the cylinder containing the barsg lapped forty dismeters.

In this test the concrete failed to break thereby developing the ultimste

km5“
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TABLE IX

RESULTS O TENSION TESYS ON HINGE

Arrangement
£
of
Specimen

Hinge Bar Embedded
Hinge Bar Embedded

Average

(Transverse Bars)

Load to Produce
Yield point of
Steel

Load to FProduce
Failure in

Lond to Produce
Failure of

Concrete Hinge
Total Yield point Total Total
1bs. Do 8o do ibg. Do So da 1lbg. Do So de
(1) (2) (5 () (5 (@

5325 49,300

549% 50,850

6660 256
7000 247
6850 AEL

Hinge pulled out
when concrste
failed.

Hinée pulled oul
when concrete
failed



strength of the steel which bhroke ocubside of the cylinder. The test vesults
are shown in Tsble ITI.

T compare the characteristics of the hinge ih conerete with those of
o plain bar under similar cilrcumstancesg, beams were cast containing the {wo
types and tegted In flexure using the third point loading method. In both
cages the steel was embedded in the 6"xSwxa36w beams_at a height of 2 inches
from the bottom. To facilitate testing s 2" transverse plane of wealkness
was created at the bottom of the besm midway between the two ends. All
tegt specimens were cured in a fog end broken st 7 days.

Figure 14 1llustrates the manner in which the gpecimens contzining the
hinge failed. When the concrete failed in tension under &ﬁaverage load of
5120 pounds, as given in Table IV, no additional tengile strength was de-
veloped by the hinge.

The specimen containing the single 3/8" rod developed a crack st a
totel applied load of 13,700 pounds. TFigures 15 and 16 show the conditlon
of the beam at the appeavence of the first crack and at uvltimate failure
regpectively. |

The results from the bests show that when the ccnerste cracks the
hinge offers no further structursl strength. Furthermore, there is evidence
from the testg that the constructicn of the hinge may constltute a source of
wesknegs in the concrete sectlon at the hinge.

The compressive gtrenpgth of the concrele used In the gpecimens is

given in Table V.

SUPTLEMENTARY TESTE AND STUDILS

A test was made to debermine the rigidity of the mat at the hinge hy

stretching and compregssing the sections of the mat when unfolded. Very little

-l -
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figure 15,

Pigure 16,

Failure of concrete specimen containing continuous bsr

Specimen with countinuous bar. Conecrete failed in
compression. Bar still unbroken.



TABLE IIX
[

RESULTS OF THNSION TESTS ON LAP JOINT

(Transverse Bars)

Load to Produce Load to Produce Load to Produce

Arrangement Yield point of Failure in Fallure in
of Steel Conerete Steesl

Specimen Totel YTleld polnt Total , Total

ibg, De Se La Iha, el 1bs, Deg.i.

(1) (27 G (4) 57 (8)

Bars Embedded :
40 Dlameter Lep 5420 50,200 No failure in bond 7800 72,200
Bars Pmbedded
40 Diameter Lap 6110 56,500 No failucre in bhond 8230 76,200

Average ST65 55,350 801% 74,200



TABLE LV

Behavior of Beam Specimens with Hinge and with Continuousg Bar.

Hinge Embedded
Hinge Embedded
Average

Gontinuoug Bar

TABLE V

Total

Load Lo Produce Cracking
Poundg

5280

4960

Comipressive Strength of Plain Concrete Specimens

Gylinder
1

Average

Compragsive Strength

PoSelo
2650
2740
2370
2870

2535



megsureble movement resulted because the design of the hinge holds the iwo
gsections quite intimately comected.

Mnother test to determine the possibility of wracking the mat through
hendling when in an wnfolded condition was mede by holding the mat firmly
along one gide and wracking in the pleane of the mat as far as possible.
This was repeated holding the opposite edge. The average totsl movement
of one edge with reference to the other was 24 inches. This movement may
be attributed to the loogenese of the clipeg becouse none was evident relative
to the hinge.

Data concernlng the amount of trangverse steel required in pavements
of different thickness, gs well as the tengile force which may be expected
st the lecation of the hinge are presented in Teble VI,

In view of thiese caleulated values and taking into congiderstion the
fact that ithe hinge in iteelf hag practically no structural strength, it is
obvicus that the hinge ag congtructed is not a 5atisfactéry substlitute for

continuvous bar reinforcement.
CONCLUBIONS

The hinged bar mat mey be consideréd as subﬂtantially_meeting the re-
guirements of the Michigan State Highwey Deperitment, 1942 Road and Bridge
Specifications with the following exceptions.

One feilure was found to be slivpage of the clips aleng the trensverse
bars due to the wmethod of bending and instelling. Another feilure occurred
in loosening of the elip under a load perpendieunlar to the plane of the mat,
which alge may be traced to the method of fabricabting snd Installing the
clip and finally the hinge does not develép the gtrength of the steel bar

in direct tenglon regardless of whether or not it is embedded in concrete.
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' TABLE VI

~

COMPUTATION OF TRANSVERSE STERL IN PAVEMENTS

Trangverse Unit Friction Pulle

At longitudinal joint per unit length Pp = 1/2 Wh ¥ fs
At Widdle of Lene per Unit Length P'T = 1/4 (EPT) = 1/2 Frp
At Third of Width W per unit length P, = 1/3 (QPT) = 2/3 PT

For Pavement Width W = 24 ft,

Peiction Coefficlent 1

1.5

Unit Weight ¥ 150 lbs, per cu. ft.

i

Safety Factor & 1.25

Yield Point

[}

53,000 peg.i

Thickness of &lab = h
, U.8. Gage Diameter of
Sleb Thicknese h Pull Steel Ares Steel Steel ~ in.
in incheg 1be. /ft. pav. per ft. 0. in. Spaced one fool
(PT = 2250 0.0450 3 Oe244
an (P*T = 1125 0.0225 7 0,177
(P"T = 1500 0.0300 5 0,207
-(PT‘ = 2540 0.0506 2 0.263
on (PQT. = 1270 0.0254, 6 04192
(P"T = 1690 0.0338 5 0.207
(Pp = 2815 0.0563 ! 0,263
10" (PvT = 1408 ' 0.0282 | 6 0.192
(B = 1877 0.0375 4 0.225

d = 1/2% dowels AO" apert at longitudinel joint amount to 0.1963 = 0.059
3.33
souare inches per foot.



The first longitudinal bar on either side of the hinge was not equally
spaced although only one was outslde the specified cne inch tolerancs.

The gize and gpacing of transverse bars does not meet the requirements
of the stendard plan in that they are specified at 1/4 inch dismeter rods
gpaced at 12 inch centers while those in the mat were 3/8 inch dlameter rods
spaced et 25 3/4 ineh centers.

The weight of the mat meets 81l vequirementa.

The vhysical tests on the individual bars show the steel to be within

the specified sirengith requirements.

ADDITIONAL REMARKS

The gpaecing of the longitudinel bars may have been deslpgned to provide
better folding but in any case they could easily be made to more closely
meet sll spscing requirements.

The weskness in the c¢lip installation may be everéome by belter fab-
ricating prasctices ag maﬁy approved ordinary ber mats are clipped in a
gimilar manner,

The ides of uneing a hinge joint in bar mat construction has merit.
However, it is believed that the efficlency of the hinge could ne doubt be

greatly improved by fabricsating it in a different manner.



