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INV1WTIGATION OF l!INGED DAR I.Wl' 

The Bethlehem Steel Compccny have submitted a sample of hinged bar mats 

of their own patent for considera.tion and approval of the Michigan State 

Highway Department for use in concrete pavemen-Gt1. They propose this type of 

mat for convenience in shipping and handling because it can be folded at the 

center by mea.tlf.l of e. specially designed hinge. The total weight of the mat 

is comparable to that of ordinary bar mats and also the fabricntion is simi­

lar in every rec:pect except for the hinge. A careful study has been mrde of 

the hinged mat to determine if it would meet the Department's requirements 

in all respectEl .. 

The tests covered by the stucJy include those required by the Michigan 

Stnte Highway Depa.rtment in the 1942 Standard Specifications for R.oad and 

Bridge Construction plus additic,nal tests designed to bring out desirable 

or undesirable features of' the hinge. Since the hinge if: the principle 

f'eatuf'e differing from the regule.r bar me:t, its performance was most closely 

observed. 

The investigation disclosed ·that the pres.ent hinge construction will 

not develop the full strength of the transverse rod and also it is by no 

mev.nc comparable in strength to a. lap joint.. It wan also discovered that 

the method of clipping the bars together should be improved in order to pre­

vent lateral shifting of the longitudina.l bars. The hinged feature has 

considernble meri. t but must be improved before it c<hould be permitted to be 

used in concrete pavement::J .. 

This report presents in det8.il the nature of the work performed and 

the rer3ults obtained from the VD.riotH:l tests included in the investigatlon., 



'fHE HINGED MAT 

A series of pictures is sho~m to give a general idea of the fabricated 

mat-a 

Fie;ure l presents a general view of the mat showing the hinge construc­

tion through the center. When the mat is installed in the pavement the hinge 

would be parallel ·to the center-line of the pavement and in the center of 

each traffic lane. The bars are all uniformly spaced except the first longi­

tudinnl bars on either sio.e of the hinge. In Figure l the bar on the left 

o.f the hinge is spaced at 6 inches and the one on the right is spaced at 8 

inches while the remainder of the longitudinal bars are spaced at 7 inch 

centers. Apparently the reason for this is to allow the longitudina.l bars 

to mi;omatch when folded in order to provide a thinner bundle as shown in 

Figure 2. As a result one half of the mat is a.pproximately 2 inches wider 

than the other. 

Figure 3 shows the mat partially folded and demonstrates free movement 

at the hinge. The hinge normally cannot be disjointed unless the clips are 

loosened thereby freeing the transverse bars completely. 

Figures 4 and 5 show tl1e hinge in the open and folded position respec·­

tively. Figure 5 shows also the mismatching of both the longitudinal and 

transverse bars. 

The method of cUpping the trensverse and longitudinal bars is also 

sho~m in Figure 5. Figure 6 shows the clip itE:elf. The method of clipping 

influences the manner in which one bHr may slip along the other under the 

loading specified in the A.S.T·M· Designation: A-134-37. This matter will 

be discussed later. 
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Figure 1. View showing hinge construction in center of mate 

I 

'·I ~ .. I I 

i 

l 
li'igure 2. View of mat when folded. 



Figure 5. Unfolding hinged mat. 

Figure 4. Vievr shovving how hinge is fabricated. 



Figure 5. View of hinge in folded position. 

I 
Figure 6. Metal clip for holding bars in place. 



I'HYSICJ\L EXJ\lV!INATION OF BMt MAT 

The results from the examination of the bar mat, which are given in 

Table I indicate that it meets the requirements of the Michigan State 

Highway Department, 194.? Road and Bridge Specifications relative to dimen­

sions, weight, and cross section area of the steel. The bars meet the 

physical requirements for the grade of steel indicated. The clips meet the 

sli1>page requirements along the longitudinal bars but fail in slippage along 

the trfitnsverse bars and also in the load test for the determination of loosen­

ing effect. 

The slippage test on the clips was performed by exerting a lateral 

force first on the transverse bars and then on the longitudinal bars by means 

of a calibrated spring balance. The apparent reason for slippage along the 

transverse bar but not along the longitudL~al bar is believed to be due to 

the manner in which the clip is installed. The clip appears to be shop bent 

in three places before installing bnt field bent in i.he fourth at the time 

of fabrication of the mat. A close exnmlnation of Figures 4 and 5 shows that 

all clips are placed one way and trwt the end most clearly visible is the one 

which is ue;ed in making the final field bend. This operatim tends to form 

a better bight e.rmmd the longitudinal bar then around the transverse bar 

thus resulting in no slippage along the longitudinal bar. The Bhop bent por­

tions are made only for convenience and exert no more tha.n enough pressure to 

merely. hold the bars in contnct. One method of reducing slippage would be to 

reverse the clips on alternate intersections in order that the bight of the 

field bend mgy engage the trm1svel·se as well as the longitudinal bars., 
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1'ABLE I 

Sill.!MARY OF TEST DATA ON BAR MAT 

Dimensions of Mat, feet 

Weight of Mat, pounds 

Weight of Mat, pounds per 100 sq. ft. 
of pavement 

Weight of Mat, pounds per sq. yd. 
of pavement 

Average spacing of longitudinal bars, 
inches 

Average flpacing of tre.nsverse bars, inches 

Average projection of longitudinal bars 
beyond the la.st trnnsverse bar, inches 

Average projection of tr12nsverse bars 
beyond the last longitudinal bar, inches 

Slippage of clips a.long transverse bars, 

12xl3.5 

137.0 

91.3 

8.2 

7.0 

25-3/4 

4-1/16 

1-3/4 

A.s.T.M. 184, percent slipped 50 

SUppage of clips along longitudinal bars, 
A.S.T.M. 184, percent slipped 0 

Load test of clips perpendicula,r to plane 
of mat, A.S.T,M. 184, percent loosened 100 

Load test of clips perpendicular to plane 
of mat, complete separation, pounds 968 

Phypical Characteristics of Steel in Bars 

Dept's Reguirements 

11-2/3' X 13-1/21 

134 • .3 

89.5 

8.1 

7.0 

12.0 

3.0 

l.O 

Position Longitudinal Transverse 

Class Deformed Deformed 

Grade Hard Intermediate 

Area, sq. in. 0.108 0.108 

Diameters, in. 3/8 3/8 



Tensile Strength, lbS., sq. in. 83,300 72,950 

Yield Point, lbs. sq. in., 54,800 51,450 

E].ongation in 8 in .. , percent 20.3 25.8 

Cold bend test Passes Pa8ses 



The method of installing the clip may be the rem;on why the clip fails 

also in the loosening test. Figures 7 and 8 show the monner in which this 

test was performed. Weight« were suspended on a rod a.tt".ched to a plate to 

wj::lich was fastened two eye bolts. The eye bolts were hooked over one of the 

reinforcing bars while the other attached bar was placed across the top of 

a built up frmne. The loosening effect was determined when the two bex-s 

pulled apart sufficiently to permit slipping a thin piece of paper between 

them. 

Since it was necesc:ary to cut one har which tended to loosen the 

clipped connection, later tests were performed in a si.rnilar manner except 

that the bars were not cut from the nw.t. The v1hole mat was placed over the 

frmnework and each joint tested f;eparately by hooking a yoke over the lower 

bar upon which the weights were suspended. 

Section£" of the bar mat including the hinge were cut for examination 

of the hinge under tension. Figure 9 shows a section which contains three 

hinges. One hinge is in the testing machine, the one in the foreground has 

been tested and the middle one remains to be tested.. Figure 10 Hhows the 

mitldle hinge after· test and the distortion due to loading. The hinge was 

considered to have failed when it took no acldi tional load on the tec,ting 

machine to cause further deformation. The average strength of the three 

hinges was 1988 pound<; which represents a development of e.pproxinmtely 25 

percent of the ul ttrnate strength of the bar itself. 

Two hinges were embedded in concrete cylinders for tensile strength 

teE:t~3 and two in concrete beam:,_"! for test in modulus of rupture~ AlElO two 



I 
Figure 7. idethod of testing clip under tension. 

I 

I 
Figure 8. Close view of clip under tension. 



1,: I 

,, 

\ 
Fig~e 9. Testing hinge in tension 

Figure 10. Distor·tion of hinge w1der tension. 



transverse bars with forty diameter lap were molded in ea.ch of two concrete 

cylinders. A single transverse bar was also installed in a concrete beam for 

comparison with the hinge joint. One plain concrete beam and four plain con-

crete cylinders were ca.st for control strength of concreto. 

The bars containing the hinge and the forty diemeter lap were cut long 

enough to extend through the cylinders to provide for the engagement of the 

jaws in the testing machine. These were tested in tension. In casting of 

specimens the bars conte.ining the hinge and the single transverse be.r for 

modulus of rupture were plo.ced in the beam molds and suspended 2 inches from 

the bottom by wire bar chairs. DirEJctly beneath the hinges and ln the cent<1r 

of the beams 2 inch by 1/8 inch premolded fiber strips were inc>talled to 

provide planes of wealmefJS to insure breakage of the concrete at the hinge or 

at the center in the case of the sl.ngle bar. The third point load).ng method 

was used in breaking the beams .. 

'rhe method of' testing the embedded hinge in tension is shown in Figure 

11. The picture we,s taken aftcor the crnclc in the concrete he.d occurred. In 

this test the yield point of the hinge bars occurred outside of the concrete 

cylinder before the concrete broke as shown in the first column, Table II. 

At the moment of failure of the concrete the loads were as shmm in the third 

column of Table II. The second column of Table II is the yield ,point of the 

steel while the third column is the strength reduced to pounds per square 

inch of the cross section of the concrete. No further strength was developed 

by the hinge after the concretce failed. Figure 12 shows the cylinder con-

.' 
taining the hinge after it has been pulled opep for observation. 

Fi&,'ure 13 shows the cylinder containing the bars lapped forty diHmeters. 

In this test the concrete failed to break thereby developing the ultimEte 
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1 
Figure 11. Cracking of concrete specimen containing hinge. 

I 
Figure 12. Typical failtu'e of hinge. 



TABLE: II 

RESULTS OF 1'!\NSION 'rES~'S ON HINGE 

(Transverse Bars) 

Load to Produce Load to Produce 
Arrangement Yield point of f''ailure in 

of Steel Concrete 
Specimen Total Yield point Total 

lbs. 2" s .. i. lbs. T2 .. 0 i. o• 

(1) (2) ( 5) (4) 

Hinge Bar Embedded 5525 49,500 6660 235 

Hinge Bar Embedded 5660 52,400 7000 247 

Average 5495 50,850 6830 241 

Load to Produce 
Failure of 
Hinge 
Total 
lb;:;., D..! So i .. 

(5) (!3) 

Hin:ge pulled out 
vf!Je)l concrete 
fai'led .. 

Hinge pulled out 
Yfhen concrete 
failed 



strength of the steel which broke out,: ide of the cylinder. The test results 

are shown in To.ble III. 

To compare the characteristics of the hinge in concrete with those of 

e. plain bar under similar circumstances, beams were cast containing the two 

types and tested in flexure using the third point loading method. In both 

cases the steel wa.s embedded in the 6 11x811x36" bemas at a height of 2 inches 

from the bottom. To facilitate testing a 2 11 transverse plane of weakness 

was created at the bottom of the beam midway between the two ends. All 

test specimens were cured in a fog and broken at 7 dnys. 

Figure 14 illustrates the manner in which the specimens conte.in1ng the 

hinge failed. When the concrete failed in tension under anaverage load of 

5120 pounds, as given in Table IV, no additional tensile strength was de­

veloped by the hinge. 

The specimen containing the single 3/811 rod developed a crack at a 

totr,.l applied load of 13,700 pounds. Figures 15 and 16 show the condi t1on 

of the beam at the appearance of the first crack and at ultimate failure 

respectively. 

The results from the tests show that when the concrete cracks the 

hinge offers no further structural strength. Furthermore, there is evidence 

from the tests that the construction of the hinge may constitute a som'ce of 

weakness in the concrete section at the hinge. 

'l'he compressive strength of the concrete used in the specimens is 

given in Ta.ble V. 

A test was made to determine the rigidity of the mat at the hinge by 

stretching and compressing the sections of the mat when unfolded. Very litt,le 
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Figure 15. Bond test of lapped bars. 

I 

I 
F'igure 14. Failure of hinge in modulus of rupture test. 



I 
li'iguxe 1.5. Failure of concrete specimen eontaining continuous bar 

Figure 16. Specimen vd th conli~nuous bar. Concrete failed in 
compression. Bar still unbroken. 



1'.ABLE III 

HESUL'l'S OF TJJ:NSION ~-'ESTS ON LAP JOINT 

(Transverse Bars) 

Load to Produce Load to Produce Load to Produce 
Arrangement Yield point of Failure in ~F'ail u:.ce in 

of Steel Concrete Steel _m ____ 

Specimen Total Yield point Total Total 
lbs .. n. s. L. 1bso p~g .. i., lbs .. p.s .. .ta 

(l) (2) (5) ( 4) -(5) (6) 

Ba.rs Embedded 
40 Diameter Lap 5420 50,200 No failure in bond 7800 72,200 

Bars Embedded 
40 Diameter Lap 6110 56,500 No failure in bond 8230 ?6,200 

Average 5765 53,350 8015 74,200 



Behavior of BeDJn Specimens vvith Hinge rn1cl with Continuotw Bar G 

Hinge Embedded 

Hinge Embedded 

Average 

Continuous B.s.:c 

TABLE V 

Total Load to Produce Cro.cking 
Pounds 

5280 

4960 

5120 

15700 

Compr.·essive Strength of Plain Concrete Specimens 

1 

5 

4 

Average 

QQ}}!}2ressiye Stre~Q 
PoS<ti,. 

2650 

2740 

2570 

2570 

2533 



measure.ble movement rerml ted because the design of the hinge holds the two 

sectiont3 quite intimately connected. 

Another test to deter-m:ine the possibility of wracking the ma:t through 

handling when in en unfolded condition was made by holding the mat firmly 

along one side and wracking in the plane of the mat as far as possible. 

This was repeated holding the opposite edge. The average tottcl movement 

of one edge with reference to the other was 24 inches. This movement may 

be attributed to the loor;enerJS of the clips because none was evident relative 

to the hinge. 

Data concerning the amount of transverse steel required in pavements 

of different thickness, {lS well as the tensile force which may be expected 

at the location of the hinge are presented in Table VI. 

In view of these calculated values end taking into coneid.eration the 

fact that the hinge in itself has practically no structural strength, it is 

obvious that the hinge as constructed is not a satisfactory substitute for 

continuous bar reinforcemEmt. 

The hinged bar mat may be considered as substantially meeting the re­

quirements of the Michigan State Highway Depa.rtment, 1942 Road and Bridge 

Specifications with the following exceptions. 

One failure was found to be sUppage of the clips along the tra.nrwerse 

bars due to the method of bending and installing. Another fa.ilure occurred 

in loosening of the clip under a load perpendicular to the plane of the mat, 

which also may be traced to the method of fabricating and installing the 

clip and finally the hinge does not develop the strength of the steel bar 

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

COMPU'['ATION OF TRflNSVERSE STEEL IN J;'AVEMENTS 

~'rensverse Unit Friction Pull: 

At longitudinal joint per unit length PT = 1/2 Wh y fs 

At Middle of Lane per Unit Length 

At Third of Width W per unit length 

For Pavement Width W = 2!, ft. 

Friction Coefficient f = 1. 5 

Unit. Weight y = 150 lbs. 

Safety Factor S = 1.25 

P'T = 1/4 (2PT) = 1/2 PT 

P" = 1/3 (2P ) = 2/3 P T T T 

per cu. ft. 

Yield Point = 50,000 p.s.L 

Thickness of Slab =h 

u.s. Gage 
SlRb Thickness h Pull Steel Area Steel 

D:i.a.meter of 
Steel - in. 

in ins:!)es ___ . _ lbs.[ft. ~"'- J28r _l.t. sq-' in.:_ Spaced one foot 

(P 
T 

= 2250 0.0450 3 0.24~. 

(P' T = 1125 0.0225 7 0.177 

(P" 
T 

= 1500 0.0300 5 0.207 

(P = 2540 0.0506 2 0.263 
T 

9" (P' 
T 

= 1270 0.025.1,. 6 0.192 

(P" T = 1690 0.0338 5 0.207 

(P T = 2815 0.0563 1 0.283 

1011 (P' T = 1408 0.0282 6 0.192 

(P"T = 1877 0.0375 4 0.225 

d = 1/2 11 dowels 40 11 apart at longitudinal joint amount to 0.],~ = 0.059 
J,JJ 

square inches per foot. 



The first longitudinal bar on either side of the hinge was not. equally 

spaced although only one was outside the specified one inch tolerance. 

The size and <!pacing of transverse bars does not meet the requirements 

of the standard plan in that they are specified at l/4 inch diameter rods 

spaced at 12 inch centers while those in the mat were 3/8 inch diameter rods 

spaced a.t 25 3/4 inch centers. 

The weight of the ma.t meets all requirements. 

The physical testn on the individual bars show the steel to be within 

the specified strength requirements. 

ADDITIONAL REMARKS 

The spacing of the longitudinal barG may have been designed to provide 

better folding but in any case they could ee.sily be made to more closely 

meet all spacing requirement~; .. 

The wealmees in the clip installation may be overcome by better fab­

ricating practlces as many approved ordinary bar rna.t.s are clipped in a 

similar manner. 

The idee. of using a hinge joint in bar mat. construction has merit. 

However, it is believed that the efficiency of the hinge could no doubt be 

greatly improved by fabricating it in a dlfferent manner. 
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