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    In this paper, the results of

of reinforced concrete rocker, a

beam, and the effect of bearing

contact surface is showed.
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EntroductieR

    Formerly, some tests were made by the writer upon the reinforced concrete

rocker, a kind of movable supports of reinforced concrete beams, tofind the distri-

bution of horizontal tensile stfess in vertical symmetrical section, the effect of

arrangement of reinforcements, the effect of steel bearing plate at contact surface,

and the method of design and safety factor for working load. And from these results,

recommended method of design of reinforced concrete rockers was showedl) Further

experiments and calculations have been continued on the strength of contact surface,

and on the effect of bearing plate.

    In this paper, the fesuits of further studies are described, with some reduplications

   Note-i)The writer, "Experiniental St"dies on Reinforced Concrete Roclcers," Journal of the Ci'vil

Engineering' Society of Japan, Vol. 2Z No. 7. July 1941, Vol. p. 630w651.
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oftheformerr'eport. .,, ,
                    1. Tests on Allowahle Bearing Unit Stress

                         of Cencrete at Co-tact Surface

    Because the concrete near at contact surface of reinforced concrete rocl<er is

suffered to partial loading, that causes high compressive stress in concrete. In the

case of partial loading on concrete surface, higher allowable bearing unit stress can

be taken compared to the case of full surface loading. This ailowable bearing unit

stress depends upon not only the strength of strut itself, but the relation between

loading area (A') and total area of the strut (A). In the "Standard Specification

for Reinforced Concrete" of the Civil Engineering Society ot' Japan, allowable bear-

ing unit stresses are specified as following.

    When the surface area of strut (A) is wider than the loaded area (A'), the allow-

able bearing unit stress t7,,,' can be based on the following formulas (Fig.1):

 ' Incase(a) a,.i-lh 3J/A

In case (b)

rt

,A' A u,

    'b
-l--

d( of .>,

.Nal

  (di)A.>T. I) rs)h">-d
  t{'

              Fig. r.

    Though the limit of ,a,,,' (12Ql<g/cmL')

tests, actually, in design of reinforced,

faces, it is quite difficult to 1<eep'

Further, from the results of comPression

be expected 'that the Iimit of a,,,

there-is room for discussions about

    For such reasons, tests were

1. The Former Experiments and

    As the former experiments

tially loaded, there are those by Bauschinger, Bach and Graf.

      aenc Al

"ea'
 = actt " J/Jiill';

 j tt(o,. =g12sS)

           But a,.f shall,not･ be greater than 120

       7' kg/cm2.

               Thesetformulas are based upon tests

         . made by Bauschinger and Bach on sand
    , d/ stone, and by Graf on concrete, andthese

           are adopted in standard specifications of

           some countries. But in our country, no

      y,･, testhadbeenmadeaboutthisproblem.

              was specified by the range of above

         cocnrete rockers which have circular end sur-

     'the unit stress at contact surface below 120 kg!cm2.

        ' tests on rockers by the writer, it could

    ' would be far more raised. At the same time,

       the' formulas themselves.

     intended by the writer.

     Discussions on the Present'Specification.

    about the bearing strengtl] of concrete when, par-

                            But two f6rmers tested
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                 '
on sapd stone, and only Graf tested on concrete.2)

    (1) Tests by Bauschinger and Bach (1876)

･'

.･
 ,Test specimens of sand stone of about 10cmx10cmx10cm were used.

Bearingareawasvariedbysteelplates. . '
    Fig. 2 shows the results by Bauschinger, and Fig. 3 shows the resuits by Bach.

                                        ･ l･                                                                      1
                                              l
                                              tzaso                                              ,                                              iR
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   Fig. 2. TeSt Results by Bauschinger on Fig. 3. Test Results by Bach on
          Sand Stone Specimens. Sand Stone Specimens,

   (2)TestsbyGraf(1921). - -
   In hls tests, specimens of concrete were used, and the results are shown in

     '･ ioJ 'Fig.''4.
         ; -;,, Inthetests,strengthofconcretewasverypoor
         I os         ,. ',.,/ (64kg!cm2), and the range of tests was compara-

         ,･ i%･` ･ tivelylimited. ,
       Lf! i f` Effectsofheightandwidthofstrut,effectsof
           V4'a l partialloadingonbothends,etc,weretestedtoo.

        ,,i i'e'2" 1; Theresultsshowthatthebearingstrengthdecrea-

              !1         1 ': i. sesastheheiglktofstrutincreases,andincreases

              -L         , d , asthewidthincreases,andwhenthestrutispar-

              +± t         lk ･i         , , , tiallyloadedonbothendsthebearingstrengthis
         Lrm-        0jjo.'.oA"'7.i 'iOr' nearlyindependentofloadedarea.Herbthebearing

                            strength means the value of load diVided by loaded
 Eig. 4. Test Results by Graf on

    .ConcreteSpecimenS･ area. '
                   '                                                                        ' As mentioned at the start, in the "Specification for Reinforced Concrete"

                                           '   tttttttttttttttttttttttttttttttttttttt tttttttttttttttttttttttt tt t tt tttt               tt....t ... .Note-2)Bach-Baumann, Elastizit{it und Festigkeit, 9. Aufl. s. 213.

     Emperger, Handbuch ftar Eisenbetonbau, 3. Aut'1, I. Bd･.,' s. 350.
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                                                  '                                                        '
of the Civit Engineering Society of Japan, {r,.' = (r,. i/tdd-,'7 for line load, and a,.j

= a,,, 3J/tt'J for point load are specified '"as the formulas of allowable bearing unit

stresses. That is, the general type of the formulas is K' = K"'/ttl---II (n:=3), and this

type is adopted in the specification for concrete in Germany too. This type of for-

mula is based on above rnentioned tests by Bauschinger, Bach and Graf, but, some
of these tests were made on sand stone, and the range of tests was limited, and

there is still room for discussions about the value of n. And it is doubtful whether

the formula for line load is the same as that for point load. Further, in c4se of

consolidation of test results in formulas, the general type of formulas must be con-

tinuous at A == A'. That is, it must be K'=PK=aa2,.

    Therefore the writer adopted the general type of formulas as following, '

    ' Kt--pK"J/-A,=ao;,,"i/I-Ai ,,
                                          '    in which K': bering strength

              K : strength of strut itself

     ･ aL}s:strengthofconcreteat28days
              A : sectional area of strut

           ･ Ai: bearing area

    It was intended to determine the value of 7z, P and a in above foflnula by

                       tests, in each case of line 10ading and poiRt loading.

                       2. Allowable Bearlng Unit Stress of Concrete in Case of

                           LineLoading. ,

                           The contact surface of usual reinforced concrete

                       rocker, which is movabie in one direction, is suffered to

                       lipe load, Though the contact surface has some width,

                       we will call it line load for convenience sake.

                           The'dimensions of test specimens used in this test

 Fig.5.DimensionsofTest "
     specimens (in case of are, Width d = 30 cm, length l = 30cm and height h == 36

 .LineLoad). cm(1.2d),asshowninFig.5.
    Th.e ,strength of concrete used in, the test is as shown in '[rable 1.

       ' Tabele 1 Strength of Concrete Used in Line Loading Test

ua .Mmu -...zpt"mu suwwpttMtam=m!=m

(-
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-pt
joent

 No. of

Specimen

,P,6o.eor.-,l

Mixture
  1)y
      FIY. glu ni e.

I

2

1:2:4

  or

Water
Cement
 Ratio
 (ilii.)

l
l
L

Slump

(crn)

l

P

Flow
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 "

i

.L.

Age

Cday$)
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n

  Dimensions ofi
. Specinlens(cm)

/-. ...-/

]Dianieter Height
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"

6,5

 "

l
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ll
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{

       iWeight ofj
Unit Vol-I
urne I
 (kglin3> ii

2435

2424

I
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 Load
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47.0
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Compres-
, si ve
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IL<kglcmg)

266
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    The specimens for test of bearing streng'th were manufactured in wooden forms,

and unmolded after 3 days, then cured in water of standard temperature (about20CC)

tiil the day before test. Then, the top and bottom surfaces of specimen were

rubbed with grindstone. They were all tested at the age of 28 ･- 30 days. For each

loading area 3specimens were tested, and the loading area was varied by steel

plates with severai breadths. The range of d/d' is from 1to 30.

                                                      '    The test results are summeriz'ed in Table 2.' '

                 Table 2. Test Results of Bearing Strength

                           (in Case of Line Load)

No. of
Speci-
mens

l, .

IB.'s.a81･hog`I

l d'(cm)
i

Age

(days)

1igySavt.?t]

ju(nkigel.,) ll
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n
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Cracl< l Failure l Crack
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I
I
I
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1
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v
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n
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n

n

"

"

"

2441

2451

2444

 n
2441

2426

2441

2429

2426'

 "
 m
 "
243g

2432

2435

'2426

2432

24?O

2423

2426

2398

2407

2426

2423

315

303

360

;87

.l 7zl

295

2L;iO

242

1l5

125

103

146

215

146

,S4

83

194

 75

 82

70

60

59

55

338

372

373

224

225

220

330

297

302

166

178

181

262

253
24ij'

M9'

102

l26

75

 82

 70

60

59

6I

l
350

337

400

208

193

328

322

269

l28

139

1{4

162

240

162

93.3

92.2

104

83.3

91.6

77.6

66,7

65.6

61.I

Failure

376

413

414

249

250

244

367

330

336

l84

198

20I

291

281

272

l32

113

140

83

Crack

 .3   I
91.6･
n.6I

66.7

65.6
68.01

   I

 350

 337

400

 415

 387

393

387

 323

 383

417

343

243･

358･

?.43

56e

553

627

1OOO

1099

93i

2000

1967

1833

Failure

 376

 4;3

 414

 498

 500

 489

 440

 396

 403

 553.

･ 593'

 6ob

 437
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 408

 790

 677

 841

1OOO
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 931

2QeQ

1967
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mean values

A = dl and

    Table 3.
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of strengths for each beaing breadth are as (shown

A' =: d/l. .
 Mean Values for Each Breadth of Loading.

in Table 3,

Breadth of
 Loading
 d/(cm)

30

25

20

l5

:o

5

2,5

1

A,/A .= dVd

1.00

O.83

O.67,

o.se

O.33

O.17

O.08

O,03

A/A/ = d/d,

 I.OO

 1.20

 l.50

2.00

3.00

6.00

1.2.00

30.00

.PIA (kglcm2)

Crack I Faiiure

362

306

188

20I

127

95.6

84.2

64.5

401

344

281

248

l94

1'28

84.2

66.8

ny(1' (kg/cin2)

Crack
r

I Faiiure

362

368

281

401

38'
1

580

10IO

1933

,6' ,"" '

413

422

tl63

583

769

1010

2002

   Almost in ali cases,

    Table3 is illustrated

and P/A or P!A'.
 '

   2otio

 Ni8aO :looiEp(;nti
 " fAoctlssi4oo :Z':'tSie

str i.::j ll[

 "tw.. diOO , *. t %'
 cll 4oo ii l SNs+.."-, ,r

      1', Ifi i, 20.0 : 1,tV=:r-:- ti' ""r-

    failure occured in wedge shape under the loading surfaces.

     in Fig. 6, which shows the relation between A7A = d'/d

                      The relation between P/A' = K and

ly vai.,.. A/A' iS nearly in straight line on logarith-

                  mic section paper, therefore, the relation

                  can be represented i'n general as
    od'L PAA'

 d

Fdmt3eC

                            '              `Lzi'fa:i,.i.'-T'L'ii$';i.li}iilii}ii!i...-- ,,.

                    --'"t                      dll
                      l t, l                            -     4 Q2' a4 a6 qO LO
    . It';finy% '
  Fig. 6. Relation between AVA == d'li/"''

          andnyAorl]7A'. ･i.}f"

･･ By method of least square, we get

 ' m==O.46 ･''
               1
           n= =2.16
               771.

        ,P--O.90 .
Therefore, equation (l) becomes

  '

･' -K'' -o.goK2.'i6
vil.lil.4...IL.......

          '

   '

9X,d

   '                                 '
.."m...."...e.....""."".....m."...･...-･- (2)

       Ki==r"v/[ll-)

tt tt t

Now ,put

       Ki ., pK iiJ/'=A4,,. .. pK (. AA,)M

          == a a2s "l/ llll,i ･･････(1)

P, a and m can be determined from

test results.
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'Next,put ･･. -- ･･ ･
                '            K' =:: a d,,, ?''iGJ/--A21'-,1 ･･-･･･-･････--･-･････-･････--･･････+････-･-..-..･.....-........... ( 3 )

then a=1.28
    Therefore, equation (2) becomes

            Kt = 1.28 a2, L'J61/I/1---tl'･-･･････t･--･･･`･･b･･-･･-･･-･････････-t･･･-･･････-･-･･･････････( 4)

in which, coefficient 1.28 dercnds uron the dimEnsions of stiut, especjally upon

the height.

    Now, equation (4) will be compared with the equation specified in "Standard

SpecificationforReinforcedConcrete." . ,
    In Fig. 7, line (1) shows the test results, line (2) represents the formula speci-

fiedin"StandardSpecification"whena2sis210 ?ooo

kg/cm2 (maximum strength of concrete consid-

eredin"StandardSpecification"),andline(3) '

represents the formula obtained from thetest : 6oe
if We PUt 62s == 210 1<g/cm2. $ .....t'
                                            L
' Line(3)showslargerI<'thanline(2),and Nx '
thedifferencebetweentheseincreasesasA/A' 'eO .
increases. In the range where A/A' is from
                                               ,oo --
1to2,thetestreSultsshowthetende'ncyctose fio,rm
                                               eo.

    The formula specified in "Standard Speci-
ficatiQn"isapplicableonly{l'n,therangeto Fig' FZI..fl.O'gi.."XiliS;O,ndii',e,t)),Isete.ikdt.ii.ed

A/A'i==:8,buttheformulaheteobtaincdis Specification"andtheTestRe-
aPPIicableuptoA/A'=3o,thatis,' thelimit sults(inCaEeofLineLoading).

of allowable bearing unit stress a,,,' can be raised more than the present specification.

 ' Line (5) in Fig. 7 shows the allowable bearing unit stress with safety factor of

3.5 in respect to line (2), but in this case, applicable limit is only up to A/A'#8.

    On the other hand, line (4) shows the allowable bearing unit stress with safety

factor of 3.5 in respect to line (3), which is thes'line obtained from test results when

a2, = 210kg/cmL'. The line (4) is appiicable in all the range of tests, A/A' is from

1 to 30, and it shows that the rriaximurp. value of a,,,' is 367 kg/cm2.

    When we put a == 1 in equation (4) on safety side,

                            '             a,.,' ::=: a,. 2i6J/ttA',''･･'･t･･･'･･''''''''･'･･''''''''''''''''''''''''''''''''''''''t'''(5)

          '                                                           tt
which is shown in Fig. 8. The formula obtained frorn tests for point load, later

rrientioned, is shown together in Fig. 8.
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       I-iig. 8. Allowable Bearing Unit Stress

             when We Put a == l.

    The formula for point loading

is together shown in Fig. 9.

    From Fig. 9, it is proved that

theallowablelimitofa,.'canbe -.
taken up to 280 kg/cmL in case g-

                                vof line loading. ' w'

    Thus,byadoptingtheIarger 1

bearingunitstress,itgrowsfar ,
                                 laor
easiertodesignthecontactsurfa- soP---
                                  5o
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    Further, varying the expo-

nent on the safety side to simplify

the formula, the writer propose

next formula of allowable bearing

unit stress in case of line Ioading.

     a,.x = a,. 2'2/Itl--]･･････(6)

    Equation (6) is compared

with the present specified formula

in Fig. 9, in which assurned a2s==

210 kg/cm!, that is, d,,, -- 60

kglcmL. ･
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                                   ! 2 ade/o !o lo4a soeo/oo 2boces of reinforced concrete rockers.

                                             --la' orA' '3., Allowable Bearing Unit Stress
                                     Fig. 9. Con)parison between the Present
    of Concrete in Case of Point specitied Formula and the Formula
                                          Proposed by the Writer.    Loading.

         '                            The contact surface of rocker, which is movable in

                        any direction, is suffered to point load. Strictly speak-

                        ing, it has some area, but for convenience sake we

                        will call it point load.

                            The dimensions of test specimens used in this test

                        are the same as those used in case of line loading, that

                        is, width a :=z 30cm, length b = 30cm and heigt h =36

Fisgs.i,ei;..?g"Il."S60.",gO.f,Ve.Si:, cm,asshowninFig.Io.

 Load)･ The strength of concrete used in this test is as
shown in Table. 4, and the mean value of strength is 156 kg!cm2, which is smaller

                                            ,thanthatinlineloadingtest.･ ' ., .'' ''
                                                        t
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Table 4. Strength of Concrete Used in

         Point Loadig Test.

Contact Surface 49

No. of

Speci-

men

   1

   2

   3

Mean

Propor-
tions of
Mixture
  by
1Volume

 1:2:4

    p

    n

Water

Cement
 Ratio

62

"

ll

Slump

 (cm)

6.5

 p

 v

Flow

l95

 nt

 "

Age

(days)

28

"

m

Dimensions of
Specimens (cm)

Diameter

[

15

ll

"

Height

I

30

"

ll

Weight of

  Unit

 Volume

2403

2403

2399

2401

Ultimate

 Load
  (t)

27.5

26.2

28.8

L
/

-pm･Compres-
sive･

 Strength
(kg/cm2)

    156

    148

    163

    156

    The

of strut),

    The

dimensions of steel plates used for loading were 30cm

25crn × 25cm, 18cm × 18cm, 9cm × 9cm, 5cm × 5cm,

test results are summerized in Table 5.

         Table 5. Test Results of Bearing Strength

                    (in Case of Point Load).

×30cm (total area

and 2cm × 2cm.

 No. of

Specimens

 1

2

3

4

5

6

7

8

9

IQ

11

12

13

14

l5

I6

l7

18

19

2e

?･{

22

  Area of
Loading (cmp･)

ae × bt= Ai

E

30×30=900

    nt

    n
 9× 9=: 81

    "
    y
25 × 25 =625

    v

30×30=900

25×25=625

 5× 5= 25

    v
    "
18 × 18 == 324

    n
    ,v

 2× 2== 4

    v
    pt

¢10.2= 81 .8

    "
    n

Weight of
  Unit
 Volume
 (kglm3)

2392

2426

239g

2448

2438

240I

L,･448

2414

2444

24l4

2441

240l

2457

2407

243g

2414

245I

2420

2454

2417

2420

2- 401

Load P (t)

Crack

170 ･

193

II3

55.e

70.0

66.0

151

94.0

4;.O

44.0

45.0

82.0

85.0

90.0

 11,O

 11.0

 14.9

45.0

63,O

58.5

Failure

268

235

197

 58.0

 70.0

 66.0

168

I85

?05

;59

 41.0

 44.0

 50.0

97.0

114

115

 2I.4

 20.8

 19.8

 46.5

 63.0

58.5

P/ab (kg/cm2)

Crack Fqilure

Platbt (kglcm2)

189

214

126

61,1

 77.s

 73.3

168

104

45.6

48.9

50.0

91.I

94.4

1OO

 l2.2

 i2.2

 16.6

so.e

70.0

65.0

--!---

Crack Failure

298

26I

   .219

 64.4

 77.8

 73,3

187

206

2[8

177

 45.6

 48.9

 55.6

108

1L,7

128

 23.8

 23.1

 22.Q

 51.7

 70.0

 65,O

 189

 214

 126

 679

 864

 815

 168

 ;50

1640

I760

1800

 153

 262

 278

2,'iso

2750

37L5

 550

 770

 715

 298

 261

 219

 716

 864

 8I5

 269

 296

228

 254

I640

1760

2000

 299

 352

 355

5350

5200

4950

 568

 770

 715

No. 20 - 22 were

    (All

loaded

 specirmens were tested･at age of 28

by circular steel plates having

days)

 diameters of IO.2 cm,
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for purposes of reference.

    When the loading area was 2 × 2 = 4cm2, concrete showed bearing unit stress
in excess of 5000 kg/cm2, far larger value than in case of line loading.'

    The mean values of strengths for each loading area are as shown in Table 6,

in which A= ab and A' -- a' b'. '
                   Table 6. Mean Values for Each Breadth

                        of Loading.

  Area of
'Loading'(cm2)
 (st × bt ==At

30 x 30 == 900

25 × 25 == 625

18x18=324

9× 9== 81

5x 5= 25

2x2=: 4

AtlA

l.OOO

O.694

O.360

O.090

O.028

O.O04

  ====

AIAt

 1.000

 1.440

 2.778

 11 J ll

36.000

225.000

f'7fl (kg/cni2)

Crack

l74

104

 95.2

 70.7

 48.2

 13.7

Failure

252

190

l21

 71.8

 50.3

 23.0

/')/A' (kg/cmg･)

Crack 1 Faiiure

 174･

 150

264

 786

l733

3075

2f.2,

273

335

798
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     Fig. rs. Relation between Arl.tt =

         (tib/ltib and I7A or IltA'

be determined from test results.

   By method of least square, we get

           m == O.58

                 1
            n = -"- = 1.73
                m
           B - O.86

    Therefore, equation (1) becomes

            K, =. o.s6 Ki'731/-tt-] .........･-･･･t･-･･･,-････v-i･･i･･･.･･T･･････-･ny･--･･t･･ny ･`･i･･

    When failure occured, steel plates

were pressed in concretes, finally causing

longitudinal cracks on sides of specimens

almost in all cases.

    Table 6 is illustrated in Fig. Il,

which shows the relation between A'/A

== a'b'/ab and PIA or P/A"

    In this case too, the relation be-

tween K' and A/A' cari be represented in

general by following formula, as same

as in case of line loading.

     K' -= r nJ/J--i l-

Now, B, a and m in equation (1) shall

(7)
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Next, putking a == 1.39 in regard to a2,, equation (7) becomes

           K' = 1.3g a,,''73J/11tt-IJ-･･.･.･･.....-..･.....･...............i1･.....-'..............(s)

    In Fig. 12, equation (7) or (8) is compared with the formula specified in the

presentspecification. ,
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                                     nIA'
                 Fig. !2. Comparison between the Formula Specified in
                      "Standard Specification" and the Test Results

                   ,GnCaseofPointLoading). , ,, ,,
    Line (1) in Fig. 12 shows the test results, line (2) represents th6 formula

specified in "Standard Specification" vsfhen oL,s is 210 kg/cm2,･ and line (3) represents

the formula obtained from the test if we put ff2, == 210 kg/cm2.

    Comparing line (2) and (3), the difference of K' increases as A/A' is larger.

and the increase of K' is larger than that in case of line loading.

    In this case too, in the range where A/A' is from 1 to 3, the test results

show the tendency close to line (2).

    Further, the formula here obtained is applicable up to A/A' == 200.

    Line (5) shows the allowable bearing unit stress with safety fagtor of 3.5 in

respect to Iine (2), in which applicable limit is up to A/A' -= 8.

    On the other hand, line (4) shoWs the all.owable bearing unit stress with safety

factor of 3.5 in respect to line (3). The line (4) is applicable in all the range of

tests, A/A' := 1t-200, and it shows that the maximum value of a,,,' is 1803 kglcm2.

    As sarne as in case of line loading, putting a = 1 in equation (8) on safety,side,

            d,,,' == d,,,i'73/IItilll '''''''''''''''','''''.b'''r'''''''i''''''''''･'l:''"llI.'T'',''''''':'';,'(9)

which is shown in Fig. 8.

    Further, varying the exponent on the safety side to simplify the foumula, in
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case of point loading, the writer propose next formula of allowable bearing unit

stress.

 . 6,.'=a,.i'S/Ilt-'"'･-'--'･･'･ny'･･`･･'･','''''''･'･･'･･'･･'･･････-r･･-････--･････t･･･(lo)

In Fig. 9, equation (10) is compared with the present specified formula.

    Equation (10) is applicable up to A/A'= 200, and from Fig. 9, it is proved

that in case of point loading the allowable limit of o,,' can be taken up to 1140

kg/cm2 (when ff2,= 2101<g/cm2), far larger value than the present specification.

4. Proposal to Revise the Present Specification and Simplified Formulas.

    From the results of tests, which were held in wide range of d/a' or A/A', the

writer propose to revise 'the present spcification as follows.

    When the surface area of strut (A) is wider than the loaded area (A'), the

allowable bearing unit stress o,,,' shall be based on the following formulas (see Fig.1):

           Incase(a) a,.t=a,.i'3/L-A4-uatl'

            Incase(b) d,.'==a,.2'21/IZ-;

               a2sin which aea == '

    But a,.,,' shall not be greater than 1140 kg/cm2 in case (a), and 280 kg/cm2 in

CaSe kbe)kt, to simpiify the caicuiation of d,.i, it was tried to derive simpiified approx"

imate formulas in the range of A/A' or d/d' == 1-30.

    Generally put

            a,,,' :=z ar O,･., 1/-i'Ti' Or tt-

then, next simplified formulas are obt'ained.

                                                                    '           II".C,a.S,e,lab)) d.111I,=rm=lalollgcr.Ci,JJ//'I///.ll (11)

Errors by equatioh (ll) are as follows:

    In case (a), error is +10--10% in whole range of A/A', but only +6-

- 3% in the range of A/A' =2-10. In case (b), error is - 10-- +5% in whole

range of d/d', but only -7-- O% in the range of d/d' ==2-10.

    Practically, errors in these extents are permissible, and above mentioned approx-

IJmate formulas can be adopted in these ranges of A/A' or d!d'.
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                 SN, Effect of Bearing Plate on Stress in Concrete

    Usually, on the contact surfaces of reinforced concrete rocker, steel bearing

plates are used to prevent the crushing of concrete due to narrow strip load, and

to make better contact between the rocl<er and bottom surface of girder or upper

surface of pier or abutment (see Fig. 13).

    Bythebearingplate,loadPisdistributedonsome . p

width of concrete. .                                                      '                                                             '    In this chapter, the width of distributed load on con-

crete, the distribution of compressive stress, and the rela- -62 $':zl.:£f

tion between these and permissible bearing unit stress of

concrete mentioned in the former chapter, are treated.

1. Distribution of Load by Bearing PIate on Concrete.

    Takingunitlengthofrocker,thebearingplatemay '
betreatedasabeamplacedonelasticfoundation.Strictly Fig･Z3
saying, it is a curved beam, however, because the deformation occurs in narrow

part, it can be treated as a straight beam.3･) , ,
    The general differentiai equation of elastie deformation of a beam is

                                  d2y
                              EI .d .li == -ny M'

                                  Solutions of the equation when a straight beam        `

･g e

          3paT
        ?     --r-
         '''anrp7sri7-m'-

          Fig

            y

            p

            A4' ..,

in which

            K

            L

            2

LNote: 3)Following

      ihre Anwendung

                 is laid on elastic foundation loaded with a single  --ttif -Y C?Fni9ge,nti4a)Y.ed 10ad P on the center, aTe gs follows

:4

h-

 2't7L' [[q[+ a cosh6cos6 -l- b sinh e sin e] '

:= '2tt"[[8]i+ a coshecose + b sinh e sin s] ･･･････-･-･･･-ny･･･(12)

   -P-4L- [[q,- b cosh6coss + a sinh e sin 6]

 = coefficient of elastic ioundationx

   4 /4I'Eli-

= Jf K
    l..

-L
                      '                  '
 calculations are refered to "Theorie des Trttgers auf elastischer Unterlage und

     aui' den Tiefbau", by Keiichi Hayashi, Berlin, l92i.
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            6-2 1
  ,',, a==,2+,CiO.ShRR-+S,i,l.RR+e-f l'''-''-'''''''''''''''-''''''''''''''''(I3)

  ･--･,..99,-,,.Ri,g'tttt,t;,ei- l

           [e l, = e+' [cose -F sin6]

           [8]3 == e-9[cose - sin8]
                                                              '
    In the case here treated, it shbuld be assumed that the bond between steel

plate and concrete can not take any tension in portion where y is negative (Fig. 15).

     ･･ g-.--H .. Then,thewidthofcontactarea,f,isgivenby

4-

P

      '
Under the

 ,IC=reL

Fig. x5

        P
  y ==

        P
  P - '2'

  M=- - -4'

    tt

point of

    Now, with reference

K, when a steel beam

considered as follows

    Let y is vertical

beam, then

And let y,
                  Es

                    f::= rrL .
                      = . .`/' mttKE'mil ........･......................･･･(14)

                         '                 tt           and y, p and M are given by following formulas.

2KL[[qi+O･0903(cosh6cos8-sinhesine)]t' ''''

p 2... 11 [[i]]l l oOloOg9o033 [,C.O,Shh l'[,O,Si .-- gi."hhi ,SI." l] ]]j''''''''''''''''''(i5)

 loading,

                        P
             y. =- O･545 k' t7'

                       P
             p.-O.545 L

             Mb -= O.273 PL

   ,,,st9f,:,dh.eonC08ofnf2Ci12?etbOefd,eiStStrCayb'ebd6 ,i,,x--.j[IPL/2ik!,

                                                     mpMy?    displacemnent of axis of a deformed

                                                ft",r 2v

                                             Fig. :6     P -= Ky
    == deformation of bottom surface of steel beam

  y, == deformation of concrete

     == modulus of elasticity of steei

  E, = modulus of elasticity of concrete
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                                     '                      Es' '                     -..tt                 n==E,J '
                                                       . /t

   then･ .v,=LEJ'==i'
                      1
   Therefore y,'='fi'y. ･
                      '   And y=y.,.+y,==y,(lt+i)=y,(n4--)

   Therefore. ' y,･LJi-Z-iy and ys =.Iiy

   Strain

                                   1
                        ,.. -y.i .. E[tY=T?-y

                           -ZL･ h (n+1)h
                            22

                    'a'='p -･   Stress

                Es--"e-='2'N'"== 2Ty-'

                   , (n+ITt

                         K = '-Py-.=: (.2+E'IS>'h ''''''`''''''''''''''''''''''''''''''''''' (17)
   Therefere

   Put n == 10, then equation (17) becomes

                          I "",                              2Es
      ' '' ･K=11h･･-････････"･･-･･････････-･-･･･-･･･････････---･-････(ls)

   Momentofin6rtiaofqrectanguiarsectionwithunitwidthis. ･'

                      '                              h3 ,
                         I- "1"2-
                                                  tt                                                '   Therefore '
                                                                 tt           . ,= 4,/!--4.Eir =, iiv/I,r(i[S--E"Il･ll.,1.l!IL- 4/l,6'il h .., i.i64h .........･･.･･ny ･･- (ig)

                      '
   From equation (14)

           f -= rr L -= 3.1416 × 1.164 h -i 3.66 h･･･････････ny･-･･･････#････-･･･････-･･--i･･(20)
                                                                ,   Equation (20) indicates that concentrated load P is distributed by steel bearing

plate on area having a width of 3.66h,.

   Substituting equation (19) into equation (16),

                             'O,545P                                          P
                ' Po--'1.164'tt=O･468-n-

   If it were uniformly distributed

                            PP P                       Po = }i-Z - {il.666n - O･273 h'
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which is of 41.8% smaller than that.

    Substituting equation (19) into equation (15), we get

                   '                 pr           P == 2":'3' 2s h L[e]i -f- O･0903 (cosh 8 cos s-sinh$sin e)

   Values of p in the contact area, calculated by equation

Table 7.

] --4i----4---------

(21) are

(21)

shown in

Table 7. Values of P Table

e x

o

n16

n/3

nf2

]
1
1

o

f/6

f/3

f12

E p

L
I

8. Values off

Thicknesses of

and p

Bearing

for Various

Plates.

O.4683 nyh

O.3753 nyh

O.t993 IiVh

o eh

h(cm)1 f(CM)[ ,1)o

2.0

1･5

1.0

O.5

i
I

1

L

7.32

5,49

3.66

1.83

O.2342P

O.3122P
I
IO.4683P
i

lO･g366p

i pt

('j.1877P

O.2502P

O.3753P

O.75]6P

t pt' 1 P t･

O.0997P

O.I329P

O.1993P

O.3986P

o

o

o

o

   Values

Table 8 (see

of f

 Fig.

and

17).

P for various thicl<nesses

p

of

g

bearing plates are shown in

mu
P"

pY2S
)e･gt

Fig. x7

  -"il'--op' X ( tru"t)

O xe ".o J.u "."

   From Table 8, Fjg. 18 is obtain-

ed, which shows that the thinner the

thickness of bearing plate, the distri-

buting width is smaller and the com-

pressive unit stress under the point of

Ioading is larger.

   Assume that P is distributed as

          rrx
P =T- P. cos 'tt", as

.L S/f s-

pdx =

      f
.. 2 Po i'

Therefore

   Table 9

distribution.

shows

Bortsch did, then

   .c.
PoS:'..t cos !flx. dx

    2

      rr
 P. == -2F' P

the values of p for

N.
 .. ･Ne

         al  Y
    N A--idw o.i
  (=lfC,.t
         N
    4--ze a

4=es
  N

.4

  q

2p･･S
a7

q

e

xo

'
t

   7 777/7

7

"-'-'- P taft ceo

Fig.x8. Distributions of p for Various

   Thicknesses of Bearing Plates.

verlous values of h in the case

-za--1-

f

of cosine
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        Table 9. Values of p in Case of Cosine Distribution.
'l

I

57

h (cm) 1 f (cm) 1 7b o

2.0

1.5

1.0

O.5

l
e

7.32

5.49

3.66

l.83

O.2146 P

O.286t P

O.4292 P

O.8584 P

L

? ll

 fi
p IL

 3

E

I

O.1784 P

O.2478 P

O.37I7 P

O.7434 P

:Il2i? ･$' I

        igli;g2 pt

        l

p i.
 ,?t,

o

o

o

o

    In Fig. 18, by bfoken line, the differences between the two cases are shown

for h= 2.0cm and 1.5cm.

    Ratio of value of p calculated by assuming as consine distribution to the value

of P calculated by equation (21) under the point of loading is

                             7T 7T                       Po -- 2'7- P =:: 71.-3-2rh P

                                            =- O.92
                                     P
                           p, -- O.4683 '7,

                                                                     '
Value of p at Ioaded point calcuiated by assuming cosine distribution is 8 % smaller

than value of p calculated by equation (21). However, approximately, we may con-

sider it as cosine distribution with few error, for convenjence of treatment of cai-

culations.

    Knowing the distribution of load oR concrete by bearing plate, bending moment

in bearing plate may be calculated by equation (15), and the unit stress in plate

                                                  /may be found by '
                                     M
                     , a==tt'
                   tt //
    Here too, it is unneicessary to treat it as a curve"d beam, because the thicl<ness

of plate is far thinner compared to the radius of curvature.

2. Uniform Distributed Load Equivalent to Actually Distributed Load.

    Though the distribution.of load has been found as shown in Fig. 18, this must

be translated into equiva'lant upiform load, to check whether the stress intensity is

within the aliowable bearing thnit stress of concrete loaded by !ine load mentioned

in former chapter. That is, the width b of equivalent uniform load must be deter-

mined.

    Because the actual distribution of load may be assumed as cosine dl'stribution

with neglisible small error, as before mentioned, the writer intended to find the

width of uniform distributed load, causing deformation of top boundary surface

nearly equal to that caused by cosine distributed Ioad.

    It may be assumed that there is few effect of type of load distribution on the
                                                         i
side boundary surfaces of a rocker. Therefore, in caiculation of the equivalent
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distribution of ioad, we may treat this as a plate having infinite length, neglecting

                            the boundary conditions on both sides.

                                When a unit load Pdr acts on boundary sur-

                            face of semi-infinite plate, as shown in Fig. 19, the

                            vertical displacement v. at point x on boundary

                            surface is given by next formula.`)

                                                    (1 + v)
         Fig.:g vm ==irE-'lmp.'im'Mim'ftM'E' Pdi'

    Therefore, the displacement at point x due to any distributed load is obtained

by integrating on all the loads.

    In the first, in case of uniformly distributed load, iet b is the width of distri-

bution, then the displacement becomes as follows.

              .b    At the portions where x.<.. '2 (outside of loaded area)

                        iJ b            wx = -,,'2E pS'2', lnthtt l ar- -li:-ii-t- p j"'7,',d.

              -- .PE-[ii-/let,d(2Lb,)2-2bntxinX.+av;/-;112I-v)] (2)i

    At the portions where O;.:ggx .<..-. -2'b (inside of loaded area)

                         nJ''b b            v,, == .2E p[S c,. In-.-4=s: dr+ S'2lnfowwd=;.dr] - 1.+i pS'2', dr

                         M'o -' 'o'                           "X d              == .PE [in({}.fll., de -2bxinlilii+lhX.+(i--v)] (22)2

            b
    At X = -2-

                            '                                                 '           x,a= ,,PE [ln L21;- + (1mv)]'''''''''''71･'''':''''''''''''''''''''''''`''''''''''''(22)3

                               i･                                                                   '    Next, in case of cosine distr'i'bution, let f 1's the 'width of distribution, then
                                                '                                  '
                                        lzr r
                              P==P,cos f

             tt
    At the portions outside of loaded area

               '           / tt                       b t)            v, E= 2.l-uuPEthS7'.,-cos nfr. Ig.nx-d.dr- 1+'E" p,S121, cos L{lf dr

                       -p - .                        .2                                 '
    To integrate the first term, vii'6 expand cosine into series.

 Note-4)Timoshenko, Theory of Elasti//it'y, 1934.
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        ,.,rr,r..ILL(,i'ifri.L(,izitk-):i,I,Ill]'.'......,ny,,.Si-1--f･--i･lii'li'' '

                                   //･               "'''''''''"''' (･ ., .,. .rv:... 'T,･' .-g.) .

Let; =s[.ls`
l/e-,:le, fkd;' :.k"."..'L.rti: sill'ii･l･i,.is".x.,.lf.dE.ar +･･･'''

       Sr2n in t-d'. ar - z'ili"l in.-d -. - 2-.-iiiS.rl "';i dr

         == 2.1't'+"':'l'lnllrr{':ne;. + 2.l+rl' iti- L(-X"2i//':)l'lt'ti '+2,,1.,c,x L(''X-=2-.")'e'm

       ･ T2.+i C2x2 '('X"'tt7-zZ[L)rOiL-i +･-･--･+x2n+ibz(xthr)]

       SI2Is,.cos '!f'- inim!Z;. dr

         in-[tSin.2bd(2.2c)2+f'x'in:-1"ifi-'] ' '

         L ,1'i (f)2[(:' )3in .g{'l6-),+ Z (5)Ilo' +(/1)i] - g3 in; :{']

                                  '     ' .t, (f)`[<-/'2-)5..,fg),.Tl- (.S){., . gi (g)2. L,i,- (.,,.)`l

            '.:2;:"/in-Xx'IIil.lk.'1' i' '''

         - 6-!- (tt']6{[(-t?-l)7inff(/L),+; (-f2-)i xG + 't7' x` (S')2,

              + -,i- .2 ･(t,-)`. g Cg)6} m- -g,-i･i.//- -"-IA/7.] +･････-･-･･･ny･･･

                                            m
Integratingthesecondterm '' /
        S[ileL..Cos'-rrf'Z'ldr==2}ti . ...,..,.,.,,.

                b ,,/ 1'l.        ,!.'ipoSJ'"g,s'itf'rdri2?o'f-TJrtl.",i,. ,'

Put P, t･= 2tt P into abOve formulas, then w. at ttt.:, portion outside of loaded area

                                  '



becomeS aS fOii.OYgL.p-E- rrtf {[fny2 i..-..i:dr i'tz)2 + f m Xi":rm±-LS-]

            .- ,ii (f)O- Pi-Z' 2i)3 i..,fi.-), + g (-6-) ix2+ k';)2] - "-? in -Xi'rl"I' 1',pu

            'i!'.(/i) I.[/lllilin.fd( ;.)2 t 2,- (-g-) i.4. -G,i (6)2. L,l. (.s.)4}

            - 6'r (f)6[(l')' in.',.{;/-)L･ + ';' (S)i x6+.-a ('f2-j)2

                                          '             + -g- .2 (-f2--)` + " (S)6]- -9-7 i. .X '- iE]+･････-･･nyi

               1+ v
            -P                rrE

    'f   Put x := }7z', then in the result, v. at the portion outside of loaded area becomes.

as follows.
          w.= fiiE' [[bz..Ld(i)2] +rri- 'i!,-in". -ill it]

            - 3rrI'"+ ii2]- ':'s' inf "- .i'-] + s"-I X4 + T5-,,2 + g'bl

            -Ljl,s in.X pm";/]- 71 !7[i-js'6' +'iShi + soi.f + 41-s] - 'i:,i7 in::'i'fr'.]

            +------i----- ,. 11/
            - (1 + v)l･････ ･･･ny･････(23)i

   Simiiarly, v. at the portion inside of loaded area is 6btained by calculating the

formula,

                  x. b'/l/･ '          wx == ;"/'O'[ S-.J.-T.cos -rrf-r-- ini-d--ma---}- dr + S;cog !fr- ir -i =du.-th a.]

            - l.-".U poSl!'l, cos rrf" d)t

   In the result,
          v:v :' ,si,i {i Ii5, "s/ g-/k'I/1:,///'illl,ll/i.S"ii'i,111 iil,+-,si:･'+ s!o}
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              - 'jlT" ln{t2. ha+ .X]-H 7i' [IL.16 + ntli,4 + -sol.2 + di-slrm tt7 lnft-uniLX.] +

              - (1 + v) l''･･`･-'-'v(23)z

           f
    At x == -2',

           v., - L.-tt-{bz ;llil +z- 3T'rii'jl,2 + 72']

                                                                '             + srrS ['.ri4 + Li-S'T,2 +' s!ol- 7mp1['ttfi' + NiT2iuz." gg?,2 + i,Iss'l +''''''''''''

             - (1 + v) ] ････ ･････ ･(23),

    Table 10 shows the displacement of boundary surface computed by eqaution (23)

in case of cosine distribution for the thicl<ness of bearing plate h = 2cm, that is,,f

=-:- 3.66h == 7.32cm, assuming that d (depth to the point where the vertical displace-

                                                               1
ment is zero) == 45cm, m (Poisson's number of concrete) = 6, aiid v = iil (Poisson's-

ratio) ==O.6667. Here, Value of d has effect oniy upon the relative situation of

displacemant curve, and has no effect on the relative quantity of displacement.

                   Table 10. Values of v. Due to Load

                           of Cosine Distribution

                 (h ==2cm, f ==7.32cm, d = 45cm, v = O.6667)

x

Vx

l o

  "'--'p''
6.090
     nE

i fl6
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5.85? ' IP

f f13

     p''
4･765 nk-

l f12

I'p-

nE'

t

3.613

f

     p
2･048 nb'

l 2f

     Po.59I -ith'

    Plotting the values of Table

10, the curve shown in Fig. 20

is obtained.

    Next, the width b of uni-

formly distributed load, giving

a curve as nearly equal to thiS'

displacement curve, should be

determined.

    Now, the displacernents due･

to uniformly distributed load,

computed by equation (22) for

b - f, O.8 f, O.7 f, and O.6 f,

are as shown in Table 11.
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    Fig. 2o tsompa"ison of Displacements

          of 'Bbundary surface.
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memvan
   x

L

Table

    '  '

Wb= ,r

Vb=.e･sf

Wb.O,7f

bb==o,6f

.O

5.352

5.798

6.065

9:373

P
rr.E

ll

"

 ll
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 11. Values of v,, Due to Pniform

 Dis2r/Tbu4tse,d.?o,ad= (oh.6-6627c)m, f, - 7.32cm,

-muxv,m=trva" .b!6

5.238

5.685

5.952

6.260

P
nE

ll ,

"-

 "

b!3

                               '
                      '
    Plotting the Values of Table 11

nearly equal displacement when b is

on onFeOrcuCOrvMe?ariSOn, magnified curve

                           -
          , .iig 7ft     '''' ' ''TTHF.mT,t/tl ..                   tt         tt
                    1

4.s66 iP
E-

5.3.13 m,

5.579 "'
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                 1on Fig. 20, we can

equal to O,7 f.

is shown in Fig, 21,'

 -tttrt=l t ..vttt.
 't.,･it '

find that

in which

  r.

 the

both

two

are

by

we

 show

neariy

b/

tslq.

{

,e

1
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.t

.
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-

'

 By above compai"ative

uniform distributed

Above calculations

can put

        b =- O.7 f

          F O.7 ×3.66 h

          :.=:. 2.562 h

11`111111ill'IIII[ii.i'.111iii'111i';"''''';1,""'' ･'r tt ''''l1

                        '        '
                        nP n- .. . :`l,l.ii':+i'ttth.fCO':t..,f.rntlad"), ,,,

        '     ./.                   '
-;-;,,-,!xes,-,T.'

                                   ttt t  Fig2z.ComparisonofDisplacements ' ''''''1

                                 '         (Magnifie,dCurve).,,l, -'''''''''
i..,CX.'k",LaliZ"V'.,8,XSi:e, 81Sl;iP//.eS,g,o4S .E,gs..s..,,? s"?s,tifuteg

are applicable for any values of f, there(?fe i? thl ,,end
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For change of d or dff, the curve will vary its relative situation upward or

downward.

    In design, after calculating

       PP
       b - 2.562h
                                     'the intensity of stress may be checked whether it does not exceed the allowable

bearing unit stress, gained in the former chapter. Reversely, strength of concrete and

                                    t/ ttthickness of bearing plate may be determined so that the stress intensity of concrete

is within the allowable bearing unit stress.

    In above, load P has been treated as a concentrated load, but in actual,. P has

some width of distribution. Therefore, if negessary, this width of distribution may

be taken in consideration.

3. Practical Example of Design.
                                       t    To design the thickness of bearing plate and the strength of concrete in con-

tact with the bearing plate, in case of the reinforced concrete rocker as shown in

                                                                8
                                                            b li
                                                               cEr

20cm

s"ts

R

Oae

g
R

12t

                                                        /tl
                                                              s

                       ijve-qm ' g
                                 --- e                      L-'--ifOcm -. <>
          Fig. 22 Shape and Dimensions of
             Reinforced Concrete Rocker.

Fig. 22. Fig･ 23 Contact Condition
    Both rocking surfaces are circular, having its center at one half of the height

of rocker.

a. Design of Steel Bearing Plate. -
    Because the thicl<ness Qf steei plate is far thinner compared to the depth of

concrete, and the deformation of steel is about one tenth of the deformation of con-

crete, we may consider the contact condlS,lon as same as the .case of contact betwg.gn

concrete and concrete (Fig. 23),

    The breadth b of contact area is given bysHertz's formula.

                                  / rm"''1"
                          b-41/ 3iPE -11tLtTilll.zlill

                                       -" + -i
                                       rl r2"
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'fore,

Put in above forrpula

        P'== 100,OOOI<g, l :[= 60cm, E = 210,OOOkg/cm2, 7n ::= 6,

        ri == 45cm, r2 == oo

then

        b -= 4- 1/'5-I-ltri,t',Ttil'2'L,i't/T-'9 ,O-?---g?6b-,. !-l'i'tk.t.i.E6i -- i.gs,. .

Therefore, maximum compressive unit stress in contact area becomes

              4P 4×100000        ffm"･e = -ib7" = 3'11-4I6"'R-1-g'-s- . 6o : 1,088 kg/cm2

Contact un;'t stress for stgel may be permissible up to 6500r-lt-7500 kg!cm2, there-

       ' thereisnoquestionastocontactstressofplate.' '
Next, the streSs of bearing plate due to bending moment will be determined.

                                                         ,From equation (16), bending monent at the loaded point is

        M, -- O.273 PL (in which P represents the load per unit length)

From equation (19)

        L == 1.164h -= 1.164 × 2 == 2.328cm

    Therefore

                         100,OOO
           Mo = O.273 ×                           60

    Section modulus

                 bh2 4
           W -= 'M6-" ==' -6-

    Therefore,

                M6
            a -r'L rtu' - 1059 × r2I.'

    This value is greater than the

kg/cm2, but this may be

its allowable bearing unit stress,

P is distributed on some width on '

    Reversely, when the thickness

ting ff = 1200kg/crn2, h becomes

plate having thickness of 23mm.

b. Design of Strength of Concrete
                   .    While the width of load on

tion (20),

           f = 3.66 h == 7.32cm

Concentrated load P is aiready

surface, therefore, in the end f may

           f = 7.32 + 1.95 --

× 2.328

     e

= 1059kg･cm

         =:: 1589kg/cm2

           allowable unit stress of steel, usually of 1200

permissible if the stress of concrete under the plate is within

        and if it may be taken into consideration that load

          its loaded mint.

          of bearing plate, h, would be determined, adop-

        2.3cm. Of course, it is better to use a bearing

  in Contact with

concrete distributed

 distributed on a

     be considered

9.27cm

Bearing Plate.

by bearing plate is from

width of 1.95cm at the

approximately as

equa-

contact
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                                                                '
    The width of uniformly distributed load equivelent to this is frorr} equation (24)

           b=O.7f--.-6.5cm･. . ,. .･.
                                        tt
    Therefore, the intensity of compressive ,stress in concrete becomes

              '      .'p--LbPi--g-2-sQg-060oO-2s6kg/cm2 .,.'''. .'/,,

    By equation (6), the pertrssible bearing unit stress of concrete is

       .･','dca==oga2'2J/ttJt ,,.'.,.
                                                           '

              d'40 '･' ･･-    Put -it-,--tt-,6-=-6.15. . ...
                    '                           '           2d2J/7t7=2.283 . .. ,･ .'. '

    then 'd',.=2,283a,.(itisnecessarytobePS-l.La',.)'･

             6'ca, 256
       be"=lll.lil2srmt==2;'2'-s-3=:112kg!cm2'. . .

reinf?tec,96a,XSe,entlhe aiiOWabie bearing uint stress mg.y be raised about 2o% by use of

                                   / /. ･･･1,･/                112
   '. aca==iTl.'i2-'T-93･3kg!cmL' .･, .., . .,.

    Therefore, adopting safety factor of 3.5,

           d2s == 3･5 × 93.3 == 326kg/cm2

    It is necessary to use the concrete whose streOngth is greater than this value.

    If the bearing plate does not be used, the intensity of stress in concrete be-

comes very large as follows. ･

           b= 1.95 × O.7 == 1.365cm

                 P 100,OOO
            P "Z LbJ = Ll136-s'× 6-o" == 1220kg/cm2

            d 40
           'd7 == 1.36's" - 29.3 < 3o

             dtc. == a,,,,2'2J/ild!ldL) == o,,, 2'2J/29.3

             '                = 433kg!cm2 <1220kg/cm!

    Thus, we find that it is necssary to use the steel bearing plate on the contact

surface, or else it will be difficult to l<eep the stress in concrete within the permis-

sible bearing unit stress. '.
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       '' -' /Copclusion
    Contents of this paper are summerized as lollows:

    1. Tests were made upon the allowable bearing unit stress of concrete when

it･is suffered to parti'al loading, and in result ot these the experimental formulas

were gained, and thus, it became clear that in design far larget bearing unit stress

are permissible than the value given by the formula specificedl in pressent "Stand-

ard Specification for Renforced Concrete".

    2. Treating the steel bearing plate as a beam on elastic foundat'i'on, the state

of distribution of load in concrete by bearing plate was calculated, and it became

possible to design the thickness of steel bearing plate and the strength of 6oncrete

       th
in contact with the plate.

    3. The width of uniform load equivalent to the calculated state of distribtition

of load was found by computation, and it was made possible to apply the test results

to design of strength of concrete.

    4. In the last, a practical example of design'was showed] to provide better

    Further the rocking resistance of rockers is under studies by the writer now,

and the result will be described in next report.

    Adding: For this study, a subsidy was granted by the Department of Education.

                                                  , (TheEnd)


