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A-1 700 6 3500 (2920) | SM53 4400 2.59X10*
B-1 700 6 3500 (2920 SN53 ~ 4400 2.771%X10*
c-1 700 6 3500 (2920) SN53 4409 3.01x10°
D-1 700 12 3500 (2520 SH53 - 4000 2,57 %X10° B
A-2 700 6 3500 (2920) | SM53 - 4400 2.62X10° Repeative Loading
B-2 700 6 3500 (2920) | sSK53 - 4400 - 2.62%X10° Repeative Loading
cC-2 700 6 3500 (2820) SH53 4400 2.62X10% Repeative Loading
D-2 700 12 3500 (2920) | SK53 4000 2.62%10° Repeative Loading
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Type _ A1 [ B-1 [ 61 [ o1 ] A2 B2 c2] D2

Axial Force N : (ton) - 700 | 700 } 700 | 700.] 500 | 700 | 900 | 900
Strength of Concrete (kg/al) 21 341 436 | 264 219 | 219 218 -1 2719

Thickness of Stesl Tube (um)

6 6 6 12 6 6 ] 6 12

Bending Moment Mesured Values(Mw) 93.61118,7 ] 155.6 ] 158.1 | 112,01} 114.0 113.0 179.0
at vhich steel

Calculated Values(Mc)] 98.9]123.5]151,2]136,0 ] 119.0]101.0] 76.0]119.0

tubes yield(ton-») Ma / Mc 0.95) 0.96{ 1.03} 1.16§ 0.,94] 1,13] 1.48] 1.50
Bending Morent Mesured Values(Mw) 187.0 ] 228.0] 239.0 | 315.0 | 204.0] 190.0] 225.0 312.0
at vhich XatN<4§ y 215.0) 270.0] 295.0] 371.0 | 238,01 233.0 | 267.0 ] 381.0

the displacerment | Calculated Values(Mc)} 197.0 | 230.0] 250.01 300.01 203.0 1 202.0 | 173.0 | 280.0
at upper edge
becones 48 y(ton-w)| (WmtN-458 y)/ Hc 1,091 1.17] 1.18] 1.24] 1.140 1.15] 1.54] 1.36

Km / ¥c - 0.95| 0.97]| 0,96} 1.05] 0.98] 0.94] 1.30] 1.11

0.850 ck*

Stress cc

LOAD P (TON)

Note; § y ,the displacement at vhich stesl tubes yield
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F—-M1 {HRAKDHET
Type of specimens A B C D E
Diaseter (um) 609.6 609.6 609.6 . 609.6 609.6
Thickness (=n) . 9.5 9.5 9.5 9.5 9.5
Designation STK41 STK41 STK41 STK41 STK41
Col Yield st th
uen | Teld strens 3,500 3,500 | 3,500 3,500 | 3,500
(kg/ct)
Breaking strensth |\ w00 | 4,800 | 4,800 | 4,800 | 4,800
(kg/d) ? ? ? ? ’
Vidth (ea) 450 - 450 450 450 450
Height (sm) - 450 _ 450 450 450 450
Thickness (mm) 13 19 18 19 - 19
B Designation - Ss4l SS41 SS41 Ss41 SS41
ean
Yield strength 3,000 3,000 | 3,000 3,000 | 3,000
(kg/d) ? 1 ] ? 9
Breaking strength ‘ ‘ o
. - 4,500 4,500 4,500 4,500 4,500
(kg/cd)
Column vithout vith vith ~ vith © vith
Concrete
Bean vithout - vith vithout vith vith
Concrete strength (kg/cd) — 251 251 | 251 251
vith
Stud vithout wvithout vithout vithout
9.5¢ X80
vith
Diaphram vithout without vithout t=16en vithout
(ss41)
effect of | effect of
Remarks
diaphranm stud
#-M2 HFMHavsY -t
Fine Coarse Air
Nominal | Unit | Cement C | Water W | W./C Sluep
5 aggregate | aggregate content
strengt :
_ (m) (kg) (kg) (%) (kg) (kg) (cm) (%)
240 1.0 251 148 59.0 839 1,119 : 8.0 4,0
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. -3 FEEIGH imﬁﬁﬁéiﬁﬁ
Specisen Bendlag Cracklieg Load Steel Tieldlas Load Gatisce Load
Teasloa Side . Cospressioa Side N
Typa | Sesucred Calucleted | - Neseted Calcalated Nasured Calcelated Resured Calcalated
Yaluve Pc; Yelue Pec Peasiee Yalus Pys Yalce Pye PrasPre Yalus Pre Yalve Pyc Prarty VYalus Pps| - Yalve Ppc Frastee
A Coluns - - - 5$57.3 96.5 |0.59 75.6 80.4 |0.94 88.4 113.1 ]0.178
Baae .- L - - 72,2 165.8 |[Oo.44 - 143.0 - - 186.1 -
a Colusa - 10.5 - 121.35 105.9 §1.,15]140.3 117.5 [1.19}177.2 146.2 |1.21
Ba1a - 15.3 - 102.9 165.8 J]o.62 - 165.2 - - 192.1 -
c Calusa - 10.5 - . 117.9 105.9 |0o.74}131.0 117.5 |r.11{165.7 146.2 |1.13
X1 - 15.3 - 87.1 1685.8 0.5 D= 143.0 - - 186.1 -
o Colusa - 10.5 - 927.6 105.9 ]0.92|130.2 117.5 j1.11}178.8 146.2 |1.21
Bess - 15.3 - $3.0 165.8 10.36]1103.1 165.0 |0.62 - 192.1 -
E Coluza - 10.5 - 116.1 105.9 {1.10}1123.0 117.5 }]1.05]173.5 146.2 |1.19
Sess - 15.3 - 917.3 155.8 10.59 98.3 165.2 |o.60 - 192.1 -

1) Colcllnod Vslues of Mezrisua Losd lndlutu Load corraspoading to the full-plastic resistiag boa.u.

2) Esch Lni shors uhu of Ssction A-A ina coluaa aad Srllu B+B in a2 ders,

Ink

C e

os = gsy
oSy F-=—- -
: 0.85 0 ck* o¢ = 0.850ck
. ) . ac :
° f 0 ]
a : ° :
) S~ gs=Es ¢35 2 {
% ! g \ ec=0 85Iackx (2
! & b 0.002 002 0.002 002
: : I
0 sy‘csy/Es 0 0,002 0.0035 N ;
Strain s Strain te¢
——
(a) Steel . ) (b) Concrete
M-I.5 EBAH-OTHEEORITEFN
Asks2 Less2 T [— ' : (Tension)
e " . . st/ lck"h"?, . € sk Gst ? S
? : 2 ? ——!-‘g-“ ': 1;1;11111{11‘:1r —-—-{'g R N ’ ‘c.i i 7 OrF o H
0.1 J‘g o o __l*e . f
Z N ;'.‘ 11);11111(11111 = fch Oci
1022V 52 i O Ces s :
l . : - . . / R (Co:_;{rc#sioq) -
. L L D i_ . L (‘) 'Sl/cr:-lA'A (64)’ CJt;t;CI:nic v
(3) Coluan (b) Beas (C)Disst::il:ution (d) Stress Distribution
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Input Data )
Videh B| Plate Thickness (cw)
{mm) Type=A | Type=8,0,E | - Type-C
| Column B, |45.72 1,922 9,266 |- 8,266
By | 7.62 5,987, 7.924 - 7,924
Beun . 8, | 30,00 1.788 7.550 1,738
Bal 7.50 18.260 21.830 18.260

“ Note'; Young’s Modulus E=2,1X10°tg/od

Poisson Ratlo "~
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I. BEHAVIOR OF CONCRETE FILLED STEEL TUBES AS A BENDING MEMBER
1. INTRODUCTION

Last year, the behavior of concrete-filled steel tubes was discussed
under compression. High resistance and good ductility of concrete-filled
steel tubes were observed, because the local buckling of the steel tubes
was prevented and the concrete is triaxially compressed due to the hoop
tension action of the steel tubes. However, shear connectors are sometimes
needed to secure the composite action of the concrete-filled steel tubes.

In this report, the behavior of concrete-filled steel tubes under
bending is discussed. Although the concrete=filled steel tubes are not
expected to be used as beams, bending tests are effective to know the behavior

of beam~columns. The beam-column tests are expected to be made next year.
2. OUTLINE OF THE TESTS

Six specimens were tested, the dimensions of which are shown in Table 1.
Specimens A-1 to A-3 have diaphrams which are designed to satisfy the Highway
Bridge Specifications in Japan. The shearing forces between the steel tubes
and the concrete can be shared with diaphrams. A-1 has 16 studs in every
15 cm section, which transmit the shearing forces and prevent the local buck-
ing of the tube. A%*2 has no stud, the shearing forces are transmitted by the
natural bond of the steel tubes and the concrete. A-3 has grease between the
steel tubes and the concrete, which will remove the natural bond.

Specimens B-1 to B-3 have no diaphrams, B-1 has enough studs to transmit
the shearing forces and to prevent the separation of the steel tube and the
concrete in elasticity. The separation occurs because the Poisson's ratio
of concrete is smaller than that of the steel tubes in elasticity. B-2 has
studs only to secure the transmission of the shearing forces. B-3 has no
studs, the shearing force being transmitted by the natural bond only. k

The test was performed using 3000 ton testing machine of the P.W.R.I..
The strain of the steel tubes and of the ccencrete, and the deformation were

measured in the test (Photo-1, 2).



3. RESISTANCE

The Load-Deformation curves of the specimens are shown in Fig. 3 - Fig.
8. The theoretical curves are also shown, supposing gross sectidn, net section
(reinforced concrete theory), and steel section are effective. The loadings
corresponding to the full-plastic bending moment (Pp), and to the tensile
yielding of the steel tube (Psyt) are also shown in the Figures. Concrete-
filled steel tubes will not collapse even if the yielding of the materials
are observed, therefore, the resistance of the concrete-filled steel tubes
can not be evaluated by reinforced concrete theory. In this report, full-
plastic bending moment is used as a measure to evaluate the resistance. The
tensile yielding of the steel tubes are indicated to show the biginning of -
plasticity. 7
The full-plastic moment is evaluated supposing the following conditions.
1) Stress distribution is shown in Fié. 9, because local buckling of the tubes
and shearing failure of the concrete is prevented.
2) The steel tube and the concrete will confine each other strictly.
3) -The hoop tension action of the steel tube and the triaxial compression of
‘the concrete are not considered.
4) The thickness of the tube is much smaller than the radius.
Then, - the full-plastic moment (Mp) is evaluated as follows. First, the

location of neutral axis (d) is obtained by solving the follows.

osy'

g S . T
+ ¢ - =) * \T = . = — sesesessssesese
(1 + 4 - Ock) (2 - a) + sina cosa = 2 . (1)
d=r * cosa. - . UL . Ceseceacessecasal2)
Then the Mp is obtained by the follows. .
My = Mg + Mge + Mgt e . [P ¢ )

where, M indicates the bending moment due to the concrete and can.be estimated .

as,
‘Mg = Ac * Yo ° Ock cerieneneeaenea(4)
were Ag, Yo are given by

if a 2 3/4
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Ac=r2(a&sina:cosa) . ! ’ ) . ;-‘.'o.-oaca-ou'-(s)
Y. = r(= 2sinda. - cosa) o _— . v i (6)
| C 3(a-sina .cosa) bt e e e e B 8BS s 0B e b
%
: if a < /4
A = §R2a3(1 - 0.202 + 0.019a") - - AU ¢ )|
Y, = 0.2Ra2(1 - 0.0619a2 + 0.0027a%) PR ¢ )

and Mg, and Mgy denotes the bending moment of steel tubes in compression and

in tension, which can be evaluated as follows.

Mge = Age +-Ysc * Oy _ ‘ _ ererraeneeeeen(9)
Agc =2 -a - t - - ‘> .l....;....;..(ld)
Yoo = r(E2% _ cosa) . AP ¢ & B
Mgy = Agg + Yst © Oy o ' S C eseeesaesssses(12)
Agp = 2 - o ->t -r | R .....,.,.,..,;(13)_
Yst = r(_s_i_ng’_ cosa”) S . ..(14)

Now, the following behavior of the specimens is observed from the Figures,

except for specimen A - 3.

1) Gross section is effective at the first state of loadings, but after thatwc
net section (obtained from teinforced concrete theory) is etfective'dqe
to the cracking of ‘the concrete in ten31on.,, . o
2) Even after the yleldlng of the materlals, the load bearlng capacity of the .
specimens increases steadly, flnally exceedlng the full—plastlc bendlng .
moment due to the triaxial compre551on of the concrete.

3) High ductility can be expected.

Whlle in spec1men A - 3, the full—plastlc moment cannot be expected and

% poor ductlllty was observed because the natural bond of the steel tube and
the concrete was removed. R R A
Therefore, as far as the re51stance of the beams is Concerned, hlgh

resistance and good ductlllty is secured by the natural bond between the steel °
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tube and the concrete, and studs are not needed. However, the resietance will
be reduced significantly when natural bond is impaired.

After the loading, local buckling of the steel tube ahd_cracking of the
concrete were observed at the center span of the beam (Photoe3,4). However,
even after yielding local buckling, the resistance of the beam is secured,
because of the hoop tension action of the steel tubes. The concrete in tension

has many cracks (Photo-5).
4, STRAIN OF CONCRETE

Typical behavior of the strain of the concrete (specimen A - 1) is shown’
in Fig. 10. At the loading of 60 tons (about 2/5 of the maximum loading),
the strain of concrete in compression can be estimated conservatively by
reinforced concrete theory. Of course, the strain of the concrete in tension
can be dlsturbed by the cracking.

At the loadlng of 150 tons, measured strains exceeds the theoretlcal
values because of the yielding of the steel and the concrete. However, the
location of neutral axis may be estimated by reinforced concrete theory.

Therefore, the strain of concrete-filled steel tubes before yielding can
be evaluated conservatively by reinforced concrete theory, whereas the strain
after yielding is pretty complicated. The resistance of the concrete-filled

steel tubes should be evaluated by plastic theory.
5. STRAIN OF STEEL TUBE

The strains of the steel tubes in compression at the center span of the
beam is shown is Fig. 11 to Fig. 16. The strain in the right side is compres-
sive axial Strein;'tbe strain in the left side being hoop tension strain.

Two theoretical curves for the hoop tension strain are shown in the Figures.
Supp051ng that the steel tube and the concrete will behave’ 1ndependently

without bond, the straln is glven by
eh = vg + €y B PP & 5-) )

where £h denotes the hoop ten31on straln, ex 1s the ax1a1 straln and Vs 1s the
Poisson's ratlo of the steel tube. Whlle supp031ng that the steel tube and

the concrete w111 behave together, the straln w1ll be glven by



)

Vg - Vg :
¢h = - (Vs - S e ) ey S £ 1|
t . Eg ’
1+ (l—vc)§_~—E—c

- Now, the hoop strain of the specimen A - 1 shows that the strain follows
the curve (16), where the bond between the steel tubes and the concrete is
supposed, and the steel tube and the concrete behave togéther,'because of the
studs between them, However, the strain of A - 2 and A - 3 shows that the
bond is not enough. Similarly, B - 1 has enough studs to secure the composite
action of the steel tube and the concrete, whereas the strains of B - 2, B - 3
indicates that the studs in B - 2 and the natural bond of B - 3 are not enough
for the steel tubes and the concrete to behave together.  As dispussed earlier,
even the sPecimehs A-2,B-2andB - 3 has high resistance and good ductili-
ty, however, the behavior is doubtful when subjectéd’td tépeafed loadings,
because the steel tube and the concrete do not behave together in elasticity.

More research works are required in this regard.



Table-1 Dimensions of the Specimens

specimen | material stud (mtm) (é\n%) 1 (cl:ni )' | o ck(rg/ed) o sy (kg /cd )
A—1 S S 41 with - 4.4 4916 41 284 2800
A—2 | ssa | without 4.4 4916 a1 284 2800
A—-3 S S 41 grease 4.4 4916 41 284 2800
B—1 SM50Y | with(768)] 6.8 1642 212 249 4540
B—2 SMS0Y | with(288)] 6.6 " 7648 206 247 4400
B—3 SMS0Y | without 6.7 7645 209 247 4490
(Tyée A)
_Loading Point
<3t
<4 I |
<7 1 I
[ ) [}
. O
S |
2 I
N T
I
3800
| |
(Type B)
Loading Point
Ac
!
(o]
As —— =
Q 1
- O
=
A D T R T,
=}
w
4500
I |
(in mm)
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Fig.-1 A-type Specimens

(in mm)
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(Location of studs in B—1.)

21@ 100= 2700

10| {1500 300 | 300 | 300 300 | 300 | 300 15 [100
1 s b
(Location of studs in B—2)

1
250] 450 | 4s0 9@300 = 2700 450 450 {250

(Cross Section of B—1)

Fig.-2 - B—typé Speéimens 7
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II. BEHAVIOR OF CONCRETE FILLED STEEL TUBES AS A BEAM-COLUMN
MEMBER

II. 1 STATIC LOADING TEST
1. INTRODUCTION

From the results of former two tests, it can be said that the concrete-
filled steel tubes have fully toughness due to the composite action between
the concrete and the steel tube, and do not lose high capacity even when a
large displacement produces.

This test is carried out to clear up the fact whether the concrete-filled
steel tubes haVe such high capacity and good toughness as beam-column members.

Main purposes of this test are as follows.

1) In case of beam-column members, the second-order bending moment must be
considered, Calculating the second-order bending moment, the horizontal
displacement has to be calculated. The method to calculate the flexual
regidity must be established, whlch the condltlon of concrete and the
composite degree between the concrete and the steel tube are taken into

consideration.

2) From the former test on compression members, it is ascertained that the
concrete separates from the steel tube due to the difference of Poisson's
ratio of two in the elastic region. Therefore, it is feared that the
concrete -filled steel tubes as beam-column members would hehave like the
bullt—up beam and lose their merits as composite structures, when the

bending moment applies on them under the ax1ally load.

For these reasons, the behavior of concrete-filled steel tubes as beam-

column members must be made clear up experimentally.
2. OUTLINE OF TESTS

2.1 SPECIMENS
Four specimens, type-A to type-D shown in Fig.-2 and Table-1 were fabli-
cated for tests. All specimens were same in diameter, 700mm, and in height,

3500mm.



Type-A, type-B and type-C have 6mm in the thickness of steel tube -and
271kg/cn, 341/cm, 436/cm in the concrete strength respectively.

These specimens were set to investigate the influence of the concrete
strength on the behavior of concrete-filled steeél tubes. The concrete strength
of type~Dkwas almost the same as that of type-A and the thickness of steel tube
of type-D was set 12mm in order to investigate how the difference of the -
thickness of steel tube influences on the behavior.

Shear connectors such as studs were not provided for all specimens between
the concrete and the steel tuhe. And also specimens were stiffened with double

panells in ordex: to fix the test machine by bolts.

2 2 METHOD OF TESTS
H ‘Tests were carrled out by u51ng Large Structual Members Bl ax1a1 Test
Machine of P.W.R.I.. o o

The loading process was composed of the only aYiaily loading and‘the
bi-axially loading. In the only ax1ally loadlng, specimens were set at the
fixed p051t10n of the machlne not to produce the eccentrlc load. And then
the ax1ally load was 1ncreased to 700 ton with 50 ton in the pltch of the
load. Photo—l shows the condltlon of spe01mens.

In the bl—ax1ally load1ng, the horlzontal load was 1ncresed till the
load when bendlng cracks produce in part of the tension side of the flxed
edge. Continuously, the repeative loading was carried out at ten tlmes,
which the load was 0 ton to the cracking load. ' After that, the load was

incresed till the ultimate load.

2.3 METHOD OF MESUREMENTS

2 dwrectlonal straln guages on a surface of the compreSSion side of steel
Vtube and 1 d1rect10na1 straln guages on a surface of the ten51on 51de were put
on to mesure strains of steel tubes at every loadlng steps as shown in Flg.~3.
And also mould»guages were set inside the concrete of the compression side,
the center of cross sectlon and the tension 51de as shown ih Flg.—4

In addition, dlsplacements in the vertlcal dlrectlon and in the horlzontal

direction were mesured at positions shown in the same figure.
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3. SUMMARY OF TEST RESULTS

3.1 PRO?ERTY AS COMPRESSION MEMBERS _

Fig.-5 shows the relationships between the load and the displacement in
the vertical direction of each specimen.

As shown in the same figdre, ail specimens shdw proportional load -
displacement relationéhips'to 700 ton. The theoretical displacements of each
specimen versus 700 ton in the vertical load shown in Fig.~5 are calculated,
taking account of the ratio of Young}s modulus between the concrete and the
steel tube.  Young's modulus of concrete is determined by the specified cylin-
der test. All mesured values ‘are larger than theoretical values.

Theoreticél values of type=A and type-B afé about forty per cent lager
than mesured values and type-C and type-D being about twenty per cent lager.

This is attributed to the difference of Young's modulus of concrete
between the concrete for the cylinder test and actual concrete.

'Fig.<6 to Fig.-9 show the relationship between the vertical load and the
axial strain of steel tube, the reiationship between the véf;ical logd and
the circumferential strain of steel‘tube, the relqtionéhip between the Qertical
load and the axial strain of concrete, and theoretical linesrof the é#ial
strain versus the vertical load. Théorétical lines are based on tﬁe following

assumptions.

1) The relationship specified by the

Highway Bridge Specification of ‘ vy SR ; _
'AJapéﬁ'is'uééd as the stress and ‘é» E 0c= 0850k
strain curve of concrete. E E
(referrencé on Fig.-1) o mo \‘%=0&%kx§§5(?"’éﬁﬂ
2) The rélationship of stress and strain ‘ ,»sﬂgfsc 00035
) Rt

of steel tube is linear. Young's . O
Fig. = 1 Strees—strain

modulus are set from the material curve of conbnﬂe

test. 7 . ‘ e ] .
3) The strain distribution in cross section follows the rule of'plane pres-
ervation. '

)Ac B O £ T I

‘ : L € N
N-= Esehs + 0.850ck 57505 (2 - 5l002
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where,
; vertical load
£; axial strain
Es; Young's modulus of steel tube
ock; concrete strength
As; cross sectional area of steel tube

Ac; cross sectional area of concrete

In Fig.-6 to Fig.-9,:two theoretical lines between the circumferential
strain of steel tube and the vertical load are indicated.  One is got by the
assumption that no bond between the concrete and the steel tube occur, and the
other is got by the assumption being enough bond.

In case of no bond, the circumferential strain can be calculated by the

following equation.
€h = “Vg - Ex ) . P V3 |

where,
€h; circumferential strain
‘Vg; Poisson's ratio of steel tube (0.3)

€x; axial strain

On the other hand, in case of enough bond, the circumferential strain
is as follows.

Vg - V¢

h=-(Vs - R )

- o t°Es
+ - Vay o =2
(1 + (1 - Telgthe
where,
t;. thickness of steel tube
R; radius of steel tube
Vei Poisson's ratio fo concrete

Es,Ec; :Young's modulus of steel tube, concrete

From Fig.-6 to Fig.-9, the following results are obtained as‘éompression
membezs of concrete ~-filled steel tubes. ; ‘ o
1) The relatlonshlp between the vert1ca1 load and the ax1a1 straln calculated
by equation-(1) expresses mesured values sufficiently. However, as

shown in tYpe-B and type-C, the theoretical values obtained by equation-



mmerioras

(1) give small axial strains when the concrete and the steel tube in-
dependently resist against the vertical load.

2) Concerning the circumferential strain of steel tube, the mesured values of
type-A and type-D may agree well with the theoretical values obtained
by equation-(3) based on the assumption that enough bond is secured.
Alternatively, the mesured values of type-B and type-C approach the
theoretical lines assuming no bond. The difference of concrete strength
between type-A,D and type-B,C may lead to the results. And a cast of
concrete and a curing method of concrete and a curing days of concrete
may be influent on this results. Furthermore, a bond of type-B,C may be
small due to a shrinkage of concrete.

3) In comparison with the rélationship between the vertical load and the
axial strain and the relationship between the vertical load and the
circumferential strain, mesured values are away from the previous theo-
retical lines obtained by equation-(1) when the steel.tube and the

concrete resist against the vertical load individually.

3.2 PROPERTY AS BEAM-COLUMN.MEMBERS

As mentioned in the beginning of this report, it is proved that the
concrete-filled steel tubes have high capacity and good todghness in case of
beam-column members.

Photo-2 and photo-3 show type-D during the loading and éfter the loading,
and photo-4 shows the situation of local buckiing.of steel tube.' In addition,
the state of concrete in the compreséion side and the tension side are re-
spectively shown in photo-5 and photo-6.

As showh in these photos, local buckling of steel tube and cracks of -
concrete produces. -However, the capacity does not drop down even in the
plastic region.-

Fig.-10 to Fig.-13 show the relationships between the load and the dis-
placement in the horizontal direction. These figures indicate that all
specimens may almost hold the load corresponding to the full plastic bending
moment (Pp) .

. In these figures, the mesured loads and the calculated loads when behding

- cracks produce in the tension side of the fixed edge arerindicatéd..,addition—

ally, the loads when the yield of steel .tube produces in the,compreésioh sidé

of the fixed edge are shown.. - It is assumed that bending cracks produce when
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the tension stress of concrete becomes 30kg/cm2. And also, two theqretical
lines which express the relationships between the load and the displacement

in the horizontal derection are indicated. One is based on the assumption

that whole section is effective, taking account of the ratio of Young's modulus
as above mentioned. The other is based on the assumption that the only steel
tube resist against the bending moment. '

From these figures, the relationships between the load and the displace-
ment in the horizontal direction are linear to the load when the yield of
steel tube produces in the compression side of the fixed edge. Afterward,
it is proved that the displacements tend to be getting larger.

Regarding the flexual regidity of specimens, when the thickness of steel
tube is thin, that is, in case of type-A, type-B and type-C, the flexual -
regidity of concrete contributes to whole flexual regidity under small hori-
zontal load, but the ratio of Young's modulus should be taken a larger value.

" When the thickness is thick, this tendency is remakable. The flexual regidity
of concrete cannot be expected, because the experimental lines nearly equal

to the theoretical lines based on the assumption that the only steel tube is
effective. On the other hand, it is proved that the horizontal displacements
under the horizontal loads corresponding to the'full—blaStic bendihg moment
nearly equal to the theoretical displacements, supposing that the only flexual
rigidity of steel tube is effective.

Fig.-14 to Fig.-17 show the relationships between the horizontal load
and the axial strain,‘thevrelationships between the horizontal load and the
circumferéntial strain of steel tube, and the relationships between the hori-
zontal load and the axial strain of concrete.:

In these figures, two theoretical lines which express the relationships
between the circumferential strain and the horizontal load are drawn as above
mentioned. One is based on the assumption that the steel tube énd the concrete
behave individually, the other is based on the assumption that the steel tube
and the concrete behaie'together. The strains corresponding to O ton in the
horizontal load indicate the strains after the oniy axial loading. From
these figures, it is'proved that all specimens have similar load - strain
relationships. ,

Mesured circumferential strains of steel tube nearly equal to the theo-
retical lines supposing that the concrete and the steel tube béhave’inde*f
pendently. And the axial strains are graduately’gettingvlarger from the load -
when the yiéld of steel tube produces in the compreséioh side of the fixed -

edge.
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Table. — 1 Specification of Specimens
.. |Thick- . Yield Young's
D,lé: ness of | Height (mm) Strength| Conerete | 12 e of
meter Steel Steel jof Steel Strength Concrete
Tube | (Span Length) (kg/cm’)} (kg cm’) | (kg/ cm®)
TYPE (mm) | (mm) :
A 700 6 3500 (2920) | SM50Y 4400 271 2.59 x 10°
B 700 6 3500 (2920) | SMS0Y 4400 341 2.717 x 10°
C 700 6 3500 (2920) | SM50Y 4400 436 3.01 x 10°
D 700 12 3500 (2920) | SM50Y | 4000 264 2.57 x 10°
13
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Fig.-2 Conbfigura'tion’ of Specimen
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II. 2 REPEATIVE LOADING TEST
1. INTRODUCTION

Bridgé.piers in Japan are required to have sufficient resistance against
earthquakes. Furthermore, the size of bridge piers in urban expressways and
monorails is considerably limited to ensure smooth traffic on existing roads.
Therefore, the applidation of concrete filled steel tubes to bridge piers is
expected because of their good ductility and high resistance.

The results of tests on short columns, beams and beam-columns mainly
subjected to the static load were presented at 14-th, 15-th and 16-th UJNR
J01qt Meetings, respectively. As described in each paper, it is ascertained
that concrete filled steel tubes have good ductility and high resistance as
a composite column composed of the steel and the concrete.

However, the following items are needed to examine so as to apply concrete
filled steel tubes to actual bridge piers.

(1) Behavior of concrete filled steel tubes subjected to the repeative load
as the effects of earthquakes.
(2) Method for estimating the load carrying capacity of concrete filled
steel tubes based on the theoretical approach.
| For these reasons, the repeatiﬁe loading test for beam-column members and
the.theoretical approach by using the column-deflection-curve method (CDC

method) which was developed by Von Karman were carried out.
2. OUTLINE OF REPEATIVE LOADING TEST

2.1 Specimen

Four beam-column specimens as shown in Table 1, A-2 to D-2, were fabri-
cated for the repeative loadlng test. Their shape and dimension is showh in
Fig.-1. The properties of A-1 to D- i, whlch were used for previous beam-column
test, are shown as reference to compare their test results with analytlcal
results obtained by calculating w1th the CDC method. The steel tubes were
made by means of rolling steel plates with the thlckness of 6mm for A-2 to
c-2 and 12mm for D-2. The ratio of diameter to thickness of steel tubes is
116.7 for A¥2,to C-2 and 58.3 for D-2. Thé_strength of concrete is 279kg/cm2
for all Specimens and also studs between the éteel tubes and the concrete is

not provided for all specimens.
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2.2 Method of Repeative Loading Test

The repeative loading test was carried out by using Large Structual
Members Bi-Axial Testing Machine installed in P.W.R.I.. To begin with, speci-
mens were placed at fixed position and connected the lower edge with bolts.
The axial force was applied at the upper edge procided that the magnitude of
axial force was 500 ton for A-2, 700 ton for B-2, 900 ton for C-2 and 900 ton
for D-2, respectively. The lateral load was increased by controlling the load
to.the load at which the steel tube yields at the lower edge under constant
axial force mentioned above. The repeative loading test was performed by
controlling the displacement as shown in Fig.-2. Axial strains, circum-
ferential strains on the steel tubes and axial strains of the concrete inside

steel tubes were mesured by electric resistance strain guages during the test.

3. OUTLINE OF ANALYTICAL APPROACH (CDC METHOD)

Concrete filled steel tubes have gobd‘ductility and high resistance
mentioned above. However, the calculation method of the load carrying capacity
musf be provided in order to reflect this feature to actual design of concrete
filled steel tubes. 1In this regard, the theoreticél approach by the CDC method
was attempted. 1In this calculation, it was considered that the evaluation of
the relation between stresses and strains of the concrete inside steel tﬁbes
was important. Therefore, various relaticns were assumed. The outline of the

CDC method is given below.

3.1 Assumptions in Calculation

The following assumptions were set in the calculation.

(1) No slip occur in the boundary between the steel tubes and the concrete.
That is, the distribution of axial strains at any section follows the
plane preservation.

{(2) The relation between stresses and strains of the steel follows the
relation as shown in Fig. 3.

(3) Shear failure and local buckling do not occur.

(4) The tensile strength of the concrete is able to be ignored.
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3.2 Method of Calculation
3.2.1 Relation between applied force and diplacement

Fig. 4 indicates the analytical model and the definition of abplied forces
and displacements. The analytical model was diVidedAinto small elements in
axial direction. Therefore, the angle of deflectlon 81, the deflectlon w)

and the bending moment Ml at section i are as follows, respectlvely.

0;

9i-1 = (%5 = x5.1) ¢5i-1/2 ’ )

. . . . 1 -
Wi =Wio1 - Ry = X5.9) 0503 + 5 (X5 ~ %5-002%5-972 Lo

M; = Py - Xi+PV'-’ Wi

in which, ¢j.1/3; the curveture at the central section between section i and

section i-1

In the calculation, the initial value'of the:angle of deflection at the
upper edge is obtalned, assumlng that the analytlcal model is an elastlc body.
And in turn, the angle of deflectlon at the each section are glven by equation-
(1). The angle of deflectlon at the upper edge is rev1sed to make the angle
of deflectlon at the lower edge below the allowable value by the procedure of
Newton—Raphson method,‘because the angle of deflection at the lower edge must

be zero.

3.2.2 Relation between curveture and strain

DiViding arbitrary section into infinite small elements as shown in Figq.

5, the strain at the point sk, ¢ sk, is obtained from the following eqnation.f
€ gk = ¢ (Zgx - e) ~ I )

in which, ¢ ; curveture, e ; eccentric distance

Zgk -; distance between the point sk and the center of section

3.2.3 Equilibrium of force

The stress of steel is obtalned from the relatlon between stress and
strain.as shown in’ Flg.~3, while the stress of concrete is calculated from
assumed relations. Therefore, the difference between the external force and

the 1nternal force at arbrtrary section is as follows. (see, Fig. 4)
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(1) To the axial force

m n ,
fp (¢ €) =Py - (k:‘l' Oak-Rsk * Jf) ocj’AcJ) W
(2) To the bending moment L pesees(3)
m ‘ ' n
fm (6, e} =Mj 370 - (kz Osk*Zsk*Bsk * & 0¢j2¢j Acj)
J“ P

3.2.4 Successive approximation of curveture and eccentric distance

f (¢ , e) and fy(¢ , e) in above equations must be zero in order to

satisfy the equilibrium of force. Therefore, their values are converged to

zero by the procedure of Nowton-Raphson method with two parameters, ¢ and e.

The initial values of ¢ and e are given by the elastic calculation.

4. RESULTS OF TESTS AND DISCUSSION

The bending moment at which the steel tube yields at the section with the
distance,.883 mm, from the lower edge and the bending moment at which the

displacement at the upper edge becomes 4 § y(8y; yield displacement) are shown

in Table 2 for each specimen. And also, ‘the relation between the lateral

load and the displacement of A-2 to D-2 cbtained from .the repeative loading
test are shown in Fig.-6. Furthermore, the S-line expressing the elastic
load—displacemeht'relation with‘only flexual redigity of the steel -tubes and
the S+C-line‘indicating one with both the steel -tubes and the concrete are
drawn in same figure.

Calculated values of the bending moment at the yield point of the steel
tubes are calculated by the successive approximation, assuming that the tensile
- strength of the concrete can beiignored, and the ‘relation between stresses and
strains of the concrete based on the relation in Specifications ForaHighway

Bridge as shown-in;Fig.~7(a)_and the-relation between stresses and strains
of the steel tubes has the bi- 1ineat relation as.shown in:Fig.-3. . -

Flrst of all, it was found that:calculated values of the bending moment
at the yleld point of  the steel tubes agreed: well with mesured values except
for. D 1 and D- 2,'whlch ‘the thlckness of the: steel tubes is greater than those

~of- other specimens, and C-2 and C-2, the ax1al force of. hhlch is greater
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than those of other specimens. The reasons that calculated values are smaller
than mesured values of D-1, D-2 and C-2 are considered as fbllows.
(1) The difference between actual stress-strain relation and assumed stress-
strain relation of the concrete becomes greater with the increase of
the axial force.
(2) When the thickness of the steel tubes is thick, the slide in the boundary
between the steel tubes and the concrete is apt to occur, as a result,
the assumption of plane preservation is not satisfied described later.
As for the bending moment at 4 § y of the displacement at the upper edge,
mesured values due to only lateral load are slightly smaller than calculated
values except for D-1, D-2 and C-2. On the other hand, mesured valueé which
is strictly taken into account the secondary bending moment due to'the axial
. foxce are greater than calculated values being the full-plastic resistance
. bending moment -for all specimens. Therefore, it is said that the load carrying
capacity as beam-column members is greater than the full-plastic resistance
bending moment regardless of the strength of the concrete, the thickness of

the steel tubes and the fepeative load.

As for the ductility. no effects of the repeative load ié considered
because the results of A-1 is almost same as those of B-2 in which A-1 and
B-2 have almost same strength of the concrete and the tﬁickness of " the
steel*tubes.‘ And also, the relation between 1load and displacement
indicates good toughness at plastic region as shown in Fig. 6, though some"
reducﬁion of load is observed after the repeative loading. Thus, it is ap-
parent that concrete filled steel  tubes have high resistance and good
dﬁctility against the repeative load as well as the static load.

The relation between load and displacement of A-1 to D-1 obtained from
previous beam-column test are shown in Fig. 8(a) to 8(d). As described in
previous section, the theoretical approach was tried by using the CDC method
in order to trace the relation between load and displacement of concrete
filled steel tubes. ' Two analytical curves are drawn in same figures. One

-is based on the relation between stresses and strains_ofrthe concrete as

shown in Fig. 7(a). The other is based on the relation as shown in Fig. 7(b).
Compared analytical results with the results of the tests, it is proved that
appreciate results are able to obtain in the case of latter relation. Provided
that, some difference between the results of the tests and analytical reéults
of D-1 is observed in the region of high load and its flexual rggidity,is
almosé same as one with:cnly steel-tdbes. The reaSon for this is considered
that the assumption of plane preservafion"is not satisfied described above.

For example, pretty slide is observed in the distribution of strains: of D-1.
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to slight slide of B-1 as shown in Fig. 9.

5. CONCLUSION

The folloﬁing'tesults were obtaiﬁed from the reéeative”loading teét and
the analytical approach by u31ng the cDe method.

(1) Concrete fllled steel tubes have hlgh resistance whlch is greater than
the full-plastic resistance bending moment and splended ductility against
the repeative load.

(2) The relation between load and displacement of concrete filled steel tubes
is obtained by using the CDC method provided that the relation between

strains and stresses of the concrete is needed to be examined.
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Proparties of Sbéciiehs

Table, 1
Thickness of Height [irade of {Yield Strength [Young’s Xodulus
Specimen Pianeter { Steel Tube [(Span Length) | Steel of Stesl of Concrete Remark
] (um) (an) (us) : (kg/od) (xg/al)
A-1 700 6 - 3500 (2920) | SMS3 4400 2.59X10°
B-1 700 6 3500 (2920) | SM53 4400 2.717X10*
C-1 700, 6 3500 (2920 SH53 4400 3.01x10°
D-1 700 12 3500 (2920) | SM53 4000 2.57%X10° : - ,
A-2 - 700 -6 3500 (2920) [ SN53 4400 ~ 2.62X10* - | Repeative Loading
B-2 700 6 3500 (2920) | SM53 4400 2.62X10* Repeative Loading
Cc-2 700 6 3500 (2920) | SM53 - 4400 2.62X10% Repeative Loading
D-2 700 12 3500 (2920) | SM53 4000 2,62X10° Repeative Leading
£
TErROTEa
e
1 1,02
Filled Conorete
A A ) . i P 58y 1
i } Section A—-A § H
b b<d 48y 1
o 0 i
o o § 38y T !
o I
o 28y w i  ———————
a’ i
0 1 —
] Number of Repetition
=~ & 3 Yield Displacement
R ] Lower Edge Fig. 2 Hethod of Repeative
0 | Loading
1 580

Fig.1 Shape

and Dimension

of Specimens




: 0s= osy o
osy [~ - - :
' i Xo )
A
@ e |
> /0 X
] g -
o v o
& s = Es €8 R
& o Xi-p
. aX' T
0 € sy=o0sy/Es X/
Strain €3
— .
Fig.3 Analytical Model
of Stress-Strain
Relation of Steel
Xe2-1
Xt =~
Fig.4 Definition of Applied
Forees and Displacements
£
r ve'sl’ DS .
'ﬁ e.c. . ’ -.U cj
K ‘
N —_— - - -
{a) Distribution (b) Distribution
. of Strain. of Stress -
Fig.5 Disti‘ibu't%.ion of Stress and S‘t;.'x"a‘in
o in Composite Column

’Tllg;‘_u



Table 2 Results of Tests ' -
A-1 B-1 C-1 D-1 A-2 B-2 Cc-2 D-2

Ty

pe
Axial Force N (ton) 700 700 | 700 700 | 500 700 900 900
Strength of Concrete (kg/cd) - 271 KLY 436 264 279 279 |-218 279
Thickness of Stesl Tube (mm) 6 6 6 12 6 6 6 ‘12
Bending Mosment Mesured Values(Mm) 03,6 118.7]155.6 ] 158.11112.0] 114,04 113.0] 179.0
at vhich steel Calculated Values{¥c) 98.9]1123.5]151,2]136.0]119.0]101,0]| 76.0]119.0
tubes yield(ton-m) Hm / Mc . 0.95] 0.96] 1.03] 1.16] 0.84| 1.13)] 1.48)] 1,50
Bending Moment Mesured Values(Km) 187.01 228.0 | 2398.0 ] 315,0] 204.0 ] 190.0 § 225.0 | 312.0
at vhich : HatN-48 y 215.0] 270.0] 285.0 | 371,0] 238.0) 233.0 ] 267.0 | 381.0
the displacement | Calculated Values(Mc)| 197.0] 230.0 | 250.0 | 300,0 ] 209.0 | 202.0 | 173.0 | 280.0
at upper edge " Ma /M 0.951.0,97] 0.,96] 1.05{ 0.98) 0.941 1.30} 1,11
becoses 43 y(ton-»)| (HutN-4 35 y)/ ¥c 1.00] 1.17] 1.18] 1.24) 1.14] 1.15] 1.54] 1.36

Note; 5 y ,the displacesent at vhich steel tubes yield
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IITI. ' BEHAVIOR OF CONNECTION COMPOSED OF CONCRETE FILLED STEEL
TUBES |

1. INTRODUCTION

”‘4),‘concrete filled steel tubes {here-

As described in prev1ous reports
inafter called "CFST") have large capa01ty and good ductllrty as one of
composite- structures composed of steel and concrete. For these features,
the appllcatlon of CFST to bridge plers in urban expressways and monorails
for which large capac1ty and good ductlllty are requlred in small size is
expected However, good features of CFST- a1e conflrmed for only simple members
such as a beam and a column, and it is doubtful whether such features are
secured or not in the case of applying CFST to actual structures.

One of questlons is the de51gn of the connectlon whlch connects a member
to a member. That 1s, 1t is feared that the collapse of the connectlon leads
to the collapse of a structure in the case where the features of CFST are not
taken into c051derat10n suff1c1ent1y.

In general, conditions required for the connection will be as follons.

(1) Not to collapse before brldge plers show or191na1 strength and ductlllty.
(2) To possess ample strength and rlgldlty to be satlsfled w1th the as-
sumption in the calculatlon that the part of connectlon is a rigid point.

Againstbthese requirements, there are a lot of studies on the connection
of steel plers, and practlcal des1gn method is presented by Okumura et al .

On the other hand, there is few studles on the connectlon 1n the case of u51ng
CFST as a column, and the de51gn method and structual detalls are not realized
enoughly. Though the 51mp11f1cat10n of the connectlon of CFST 1s 0051dered to
be p0551b1e by fllled concrete, 1ts connectlon needs to have hlgh load— re51st—
ing performance than that of a steel column because CFST have large capac1ty
and good toughness as mentloned at the beglnnlng. »

From thlS standp01nt, 1t 1s 1ntented to flnd out the de51rab1e typed con-
nectlon of CFST 1n thls loadlng test. For thls purpose, flve typed models of
the connectlon in rlgld frame typed plers are'made, and statlc loadlng tests
are carrled out 1n order to 1nvestlgate the dlfference of the load—re31st1ng
behav1or w1th respect to fllled concrete, studs and- d1aphnams as well as the
region OL fllled concrete.: Then, the estlmatlon for the regldlty of specimens
by two d1mensronal f1n1te element method, the comparlson of test results
and theoretlcal results by the calculatlon program for bendlng capacrtles

under changeable axial force are done.
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2. OUTLINE OF TEST METHOD

2.1 Specimens

As described in the introduction, five typed models of the connection in
rigid frame typed plers are made so as to f1nd ‘out the desirable type of con-
nection of CFST. The dlmen51ons and the spec1f1cat10ns for each specimen are
indicated in Table 1 and Flg.—l. Ready-made steel tubes with thin wall are
used as a column, and beams are made from steel plates. Stlffened plates are
attached to the part near the applled p01nt of force not to produce local
deflection due to the concentrated force. On the other hand, double regid
steel plates are arranged at- the lower edge so that the spec1men can be fixed
in the bed of the testlng machine. V

In the de51gn of spec1mens, ‘the part of beam is made not to fail before
the collapse ‘of the part of column so as to know the dlfference of the 1oad-

're51st1ng behav1or for each spec1men haV1ng the follow1ng features (see.

Fig.-2).
Type A --- This type is the standard specimen without filled concrete in both
a beam and a éolumn. A diaphrams in attached to the inside of
a column adjacent to "the lower flange of a beam prevent local
buckllng. A
Type B --- This type has filled concrete in a column. A part of beam does

not haye a stud or a diaphram. A thin steel plate'is fixed in
place of the torm to fill into concrete in the prescribed part
of bean. - ' ' ‘ -

Type R This‘type with filled concrete ln'only column is‘made'to check
the necessity for'filling concrete in a beam. '

Type D --- This type is almost same as Type B, but solid dlaphram is ar—

‘ ranged in a beam. Thls dlaphram is expected to prevent the
slldlng in’ the boundary between steel and concrete and the volume
"'expan51on of concrete in the plastlc reglon. ‘ '

Type E —-- ThlS type is almost same as Type B, but studs are arranged near
the 301nt between a boam and a column This stud 1s expected to
prevent the slldlng in the boundary between steel and concrete
and the separatlon of concrete from steel due to the dlfference

of P01sson s ratlo in steel and concrete.
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Concrete used has the specification as shown in Fig.-2 so that the com-
pressive strength of 240kg/cm2 can be obtained. Average compressive strength
at the age of séven days of three cylinders, which have 10cm in length and

20cm in diameter, is 251kg/cm2.

2.2 Loading method

Loading tests are carried out using the 3000 ton large’structual members
universal testing machine installed in the structure engineering laboratory
of PWRI, Each specimen is fixed in the bed of testing machine by bolts not
to subiect to the eccentric force. Photo-1 shows the set eituation of specimen.
Static load is applied to the'top'plate of specimen until the horizontal
displacement of specimen reaches to the allowable stroke of testing machine
controlling the load in the region of low’load and the displacement in the
region of high load. The upper edge is possible to move freely in the hori-

zontal direction and the rotation by the above equipment for loading.

2.3 Mesuring method

Strain guages and diéplacemeht indicators are set as shown in Fig.Fj(a)
to (b). sStrains on the surface of steel and displacements at prescribed points
are mesured at flxed loads. Particularly) three directional guages are attach-
ed to the surface- of steel near the 301nt between a column and a beam so that
detailed distribution of stress ‘can be known. Also, the change of deflectional
angle at the ]01nt and the lower edge is 1ndlrectly mesured by setting the
rolllng typed dlsplacement 1ndlcators. The beparatlon of mill scale and the

out-of-plane deflectlon are observed durlng the tests.
3. TEST RESULTS AND DISCUSSION

3.1' General

Type B to Type E w1th fllled concrete 1n a column show large capac1ty and
enough duct111ty in comparlson w1th Type A w1thout fllled concrete. Flg.~4(a)

to (e) show the 51tuat10n after loadlng for each spe01men (ref Photo 2, Photo~

3). Type A 1ndlcates large out-of-plane deflectlon near the ]01nt in a column

at almost max1mum load, and its deflectlon grows 1n proport1on to the 1ncrement

of load. Slmultaneously, the separatlon of m111 scale is seen at only lower

flange in a beam.



Type B shows the separation of mill scale near the joint in a beam at the
load of 160 ton and also the out-of-plane deflection near the joint in a column
at the load of 170 ton. Thereafter, the out-of-plane deflection near.the joint
in the lower flange of a beam is observed.

It is recognized that the performance of Type C to Type E is approximately
same as that of Type B. However, Type C indicates the mode of local buckling
toward the inside of a beam near the joint. This is probably because this type
does not have filled concrete in a beam. Also, the out-of-plane deflection
near the jeint in a beam in Type D and Type E is comparatively slight conpared
with that of Type B, This is considered to be effects of a stud and a diaphram.
From these points, it is understood that filled concrete prevents the out-of-
plane deflection toward the inside of steel, and thevarrangement of studs con-

trols the out-of-plane deflection toward the outside of steel.

3.2 Capacity

Table-3 shows theoretical results and test results related to three kinds
of lcad.

The followings are assumed in the calculation of capacities.

(1) No slip_occurs in the-boundary between steelyand concrete. That ls, the
distributien of longltndional strains at a section fellows the assumption
of the plane preservatlon (bendlng cracklng load and steel yielding load).

(2) Nelther shear failure nor local buckllng occurs.

(3) The ten51le strength of concrete is negllglble 1n the calculatlon of
steel yleldlng load and the full~plast1c re51st1ng moment.

(4) The stress-strain relationships of steel and concrete follows the

relationship as shown in Fig.-5(a), (b) respectively.

Based on these assumptions, the section is divided into small elements
as shown in Pig.~6, and numerical analysis is done using Newton—Raphson method
with two parameters, whlch are the p051t10n of neutral axis e and the load P.
In the ana1y51s, flrst of all, the 1n1tlal values of the vertlcal 1oad
and the p051t10n of ‘neutral’ ax1s, Po, eo, are obtained by the elastlc theory,
and in turn they are corrected in ‘accordance with equatlon—(l) to equat10n-(4),

so that the equlllbrlum of force can "be satlsfled and stralns of upper or lower

flber at a sectlon become prescrlbed values.
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- Equilibrium of force -

(1) To axial force

n

n
Fn = N+{ X (osk-Asktock.Ack) = X (0sj-Asjtoc)-Acj) }=0
k=1 j=1
(2) To bending moment > .. ()
‘m »
Fm = M-{ ¥ (osk.Ask-Zsktock-Ack-Zck)
k=1 ‘
n .
- % (0sj-Asj-Zsjtocj-Acj-2cj) } =0
j=1 : )
in which, N ; Axial force due to external force (kg) -
Column : N = P . cos0
Beam : N=P . siné
M ; Bending moment due to external force (kg.cm)
Column : M = P.cosb x (11.2+e)+P.sinb x 168
"Beam : M = P.cosf x109.5-P.sinf xe
A Fm(p,e) -Gn,e-Fn(p,e) -Gm,e b
p = -
Gm,p-Gn,e - Gn,p-Gm,e
> ceecsssnons ceesf(2)
A Fn(p,e) -Gm,p-Fm(p,e) -Gn,p
e = - — -
Gn,p-Gn,e - Gn,p-Gm,e : J
. Fn(ptApo,e)-Fn(p,e) "Fn(p,etAeo)-Fn(p,e) )
Gn,p = : Gn,e =
Apo T Aeo
. ) o - ' - o R «ee(3)
_ Fm{p+Apo,e)-Fmn(p,e) ~ Fm(p,etheo)-Fm(p,e)
Gm,p = - , Gm,e =
Apo Aeo J
' " p o e o ' o : ) . : ,
,APO":—_-' Aeo = . - } ..7--..‘...1._.:_-..'(4)

1000 1000 °
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It is supposed that the capacity of all specimens are determined by the
capacity of a column as considered in the désign of specimens. This is also
realized from the fact that the out-of-plane deflection is large near the
joint in a column. However, as long as Type C without filled concrete in a
beam concerﬁs, the influence of the out-of-plane deflection in a beam upon
the capacity is seen because the capacity 6f this specimen is 1argér than the
load corresponding the full-plastic resisting moment, but its capacity is
slighfly smaller than that of Type B, D, E. Type A indicates the increment
of out—of—p}ane deflection from almost the steel yielding lbad, and its capaci-
ty is considerably smaller than the load cdrteéponding to the fuil-plastié
resisting moment. From these points, it is obvious that filled concrete inside
a column or a beam does not only have enough resistance against the load, but
also hold the increase of strength after yieldihg of steel. This is because
filled concrete prevents the development of out-of-plane deflection of steel.

Compared calculated values with mesured values regarding the steel yiela—
ing load, mesured values are smaller than calculated Values for all specimens.
Especially, mesured values for Type A and Type C related to a column are
comparatively smaller than calculated values. Therefore, the influence of
shear lag is needed to consider in the case of the types of connection like

Type B, D, and E, to say nothing of the types of connection like Type A and C.

3.3 Rigidipy and ductility

Fig.-7 to Fig.-10 indicate the relationships between the vertical load
and vertical displacement, horizontal displacement,'the ratio of vertical
displacement to horizontal displacement and the deflectional angle at the
joint, respectively. Furthermore, the results of linear analysis by the finite
element meﬁhod, in which specimens are replécéd-to the two diméﬁéional piéte
moael as shown in Fig.-11, are indicated in Fig.-7, 8, and 10. S-line-shows
load-displacement relatiéhéhiﬁs.provided that flexual ;igidity of 6hly steel
is taken in%o account, and S+b—line indicates one when both concrete and
steel. The ratio of Young's modulus in steel and concrete is considered in

. the evaluation for rigidity of filled concrete. The pléte'thicknegs’énd the
plate width of analytical model are determined so that a fiber strain ¢ in
specimens and the analytiéal mddei can be coincide. That is, area of cross-
section A and section modulus W in the>foliowing equation are made to be equal

in specimens and the analytical model.
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It is conSidered from Fig.—3 that the relationship between the load and

the displacement becomes unlinear in Type B to Type E, because bending cracks of

filled concrete occur. However, it is found from Fig.-? and Fig.-8 that

their relationship between the load and the displacement including that of

Type A are almost linear to the steel yielding load, and thereafter the dis-

placement becomes larger. -
Compared the slope of straight line of Type A with one of Type B to Type

E before the stee. yields, it is realized that the regidity of spe01mens

becomes large by the effect of filled conc1ete. For 1nstance, the displacement

of Type B to iype E is almost 50% of that of Type.A at the load of 50 ton.
Furthermore, the ductility of‘Type B tobType E is improved by filled concrete
compared w1th that of Type A because dropping of 1oad is seen in Type A and
not seen in Type B to Type E. *

The relationship between>the load and the ratio of horizontal displacement

to vertical displacement shown in Fig.—9 is dispersed by the setting error and
Thereafter, its relation continues

mesuring error in the range of small load.
This

to be almost constant value and finally ‘increases near the maximum load.
means that the deflectlon of a column abruptly 1ncreases near the maximum
load, and the capac1ty of spec1mens ‘is determined by the capac1ty of a column.

It is found that both ‘filled concrate and steel re51st against the load
cooperatively as supposed in the theoretical calculation, because - mesured
values of Type B to Type E.in Fig.-7 and Fig.-8 lie on S+C-line approx1mately.
On the othervhand, mesured values ofrhorizontal displacement of Type A in

Fig.-8 lie on almost S-line, but mesured values of vertical displacement of
Type A in Figl;7'is’considerably~larger'than“theoretical values. This reason
is considered that Type A is affected severely by the shear lag and the out-

of-plane deflection compared‘with other specimens. °

3.4 ‘Characteristics of strain:

' Fig.—12 and Fig.—13 show the relationship between the load and the tensile

strain at p051tions 1nd1cated 1n same figures.' Fig.~l4(a) to (e) show the

dlstrlbution of longitudional strains 1n a column at representive loads.

—129 —



First of all, it is found from Fig.-12 and Fig.-13 that a beam of Type A
yields after yielding of a column near the load of 60 ton, and there is little
increase of strain in a beam after yielding of a column. This means that only
column goes\toward the collapse.

On the other hand, Type B‘to Type E indicate almost same relationships
between the load and the strain. The strain in a beam increases even after
yielding of a column because a column does not collapse by the effect of filled
concrete. But it is realized from Fig.-14 that the influence of shear lag in

Type C as well as Type A is larger than that of othernspecimens.
4, CONCLUSION

The follow1ng results are obtained from this loading test. _ ‘
(l) The following effects are acquired by filling concrete 1n the connection.
;1) The influence of shear lag can be decreased.
2) The out—of—plane deflection can be controlled, and the strength in
the plastic region is expected. ‘
And it is clearified that the capaCity larger than the full—plastic
resisting moment and splended ductility are securedl A
A{2) Judging from the capacity, the\ductility and the characteristics of
. strain, Type B, Type D and Type E which have filled concrete in both a
column and a beam are deSirable types of connection when concrete filled
steel tubes are used as a column.
(3) It is found that the rigidity of concrete filled steel tubes in the
elastic region can be evaluated as a comp051terstructure prOVided that
the ratio‘of Young's modulus in concrete and steel is-taken‘into con-

sideration.
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Table,l -

Specifications for Specimens

Type of specimens A B C D E
Diapeter (un) 609.6 609.6 609.6 609.6 609.6
Thickness (um) 9.5 9.5 9.5 9.5 9,5 -
Designation STK41 - STK41 STK41 STK41 . STK41
Coluen Yield strength : :
3,500 3,500 3,500 3,500 3,500
(kg/ k)
Breaking strength
4,800 4,800 4,800 4,800 4,800
(kg/cd)
Yidth (ma) 450 450 450 450 450
Height (mm) 450 450 450 450 450
Thickness (mm) 19 19 19 19 18
B Designation SS41 Ss41 S541 SS41 SS41
ean
- | Veld strensth 3,000 | 3,000 | 3,000 | 3,000 | 3,000
(kg/d) s ? ’ 14 ]
Breaking strength
4,500 4,500 4,500 4,500 4,500
(kg/cd)
Columen vithout vith vith vith vith
Concrete
Bean vithout vith vithout vith vith
Concrete strength (kg/cf) - 251 - 251 251 251
vith
Stud vithout vithout without vithout
9.5¢ X80
vith
Diaphran vithout vithout vithout t=16zm vithout
(ss41)
effect of | effect of
Rerarks
diaphranm stud
Table.2 Specification for concrete
_ Fine Coarse Air
Noeminal | Unit | Cement C | Water W | W/ C Slump
N aggregate | aggregate content
strengt '
(m) (kg) (kg) (%) (kg) (cm) (%)
240 1.0 251 148 53.0 839 1,119 8.0 4,0
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Table.3 Theoretical‘ahd Bxperimental Resistance

Specinsn Beading Crackieg Load - Stesl Flatéles losd Tziess Load
o ; Tensica Side Covpression Side
Trre | Sasured Caluclated Rasured Caleulates Xesured Calculated Hesured Calculated
hln; Pce Velve Pe PeasPee Yalce &y» Vllu>Pn ﬁllhc Volus Pre Yalue Pyc bl Yaluve Ppe 'ni:; Pic Fonstre
R Colura - - - 57.3 96.5 9.59 715.6 80.4 |0.94 88.4 113.1 |0.78
Bese - - - 72.2 165.8 {0.44 = 143.0 - - 186.1 -
Colusa - 10.5 - 121.35 105.9 §1.151140.3 117.5 |1.19¢1177.2 146.2 J1.21
8 Bass - 1§.3° - 102.9 165.8 Jo.62 o - 165.2 - - - 192.1 -
Colusa - 10.5 - 17.9 105.9 |o.74}131.0 117.53 J1.11]165.7 146.2 |1.13
¢ Besy - 15.3 - 87.2 ] 165.8 10.53 - 143.0 - - 186.1 -
Colua - 10.3 - 97.6 105.9 [0.92}130.2 117.5 {1.11]176.3 146.2 |1.21
o Bers - 15.3 - 93.0 165.8 J]0.561103.1 165.0 |0.62 - 192.1 -
E Coluea - 10.35 - 116.1 1:1085.9 |]1.1Q0]123.,0 117.5 J1.05]173.5 146.2 j1.19
2enn - 15.3 - 97.3 165.8 1]0.59 98.3 165:2 ]0.60 - 192.1 -

1) Calcalated Valus of Mazinca
2) Each Load shovs valses of Section A~A is a colusa 433 Sectica B-B in a beas,

Load indicates Load g_etus»zidlu to tds

fsll-plastic resistisg scseat.

oS = o8y
g8y - .
1 oc =0.850ck
! 0.850ck*F-——-——~-——=
] ]
: ' o '
a : . ° . 1
s ™~ gs=Es &3 % \- '
7 i 1 —
? o a °°'°“’*xow2“ 5.002
g 3 1
tsy=gsy/Es ) 0 ] k0.002 0.0035
Strain ¢ s Strais té
(a) Steel ) ; - (b) Concrete
Fig.5 Stress—Strain Curve
Ask/2 - 1ex/2 v 2 - : . (Tcnsior;)
. hek - B . lfllz ek : Ask/2 . £ % S st : o
N,: - 1( —Irg. _ l:]— 111-‘1“1111{{1‘111 -—-—’—g : N L C‘i “ . Ock ',‘_
- 0""' : _1? @ - 0'_".‘ IE . S
5 = A VITITTIITI ST IS S e dci
B | : :
Aull 2 Aej/2 Asjl2 2 .:Asjll f_sj Osj
: i » (Cosprossion)
) L RSP A :’-'”, -
B2 le o (3) Steel (it) Concrete
(a) Coluan (b) Bean (C)stst::ilgution (C)) Stress Distcibution

vFig.G Element Division of Seclion for
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Input Data

Thickness (cm)

© Wldth-B | Plate
: (wm) " | Typo~A | Typa=B,D,E| Type-C
| coluan LBl 4572 | 1922 9,266 9.266
18, | 7.62 | 5.987 7.924 7.924 |
'8y [ 30.00 . 1.788 7.550 1,789 |
Boom g =750 | 13,260 | 21830 18.260| . .

. Note : Young's Hodulus E=2,1X10°kg/ad . -
". “Poisson Rotio vu0,3 )
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(e) Type—E

Fig.14 Distribution of Longitudional Strains-in a Column
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VI. BEHAVIOR OF PARTIALLY-CONCRETE-FILLED STEEL TUBES
1. INTRODUCTION

The type of the steel pier of Kansai International Alrport Bridge, which
connects the airport island at off the shore of Sensyu w1th1n Osaka bay to
Izumisano city located in about 40km southwest from Osaka city, is two stried
rigid frame structure as shown in Fig. 1. This etrueture was designed as a
composite structure by filling concrete inside the loﬁer column under about
sea level. This aims to resist effectively 1a£ge bending moment at strong
earthquakes. The region of the fillea‘cencrete was so determined that the
increase of pier weight does not make the design of foundetion structure
uneconomical. ‘

The behavior of wholly-concrete-filled steel columns is already verifiedl{
On the other hand, no study on the behavior of partially-concrete-filled steel
columns is reported. For this reason. in applying this structure to the
acturai'bridge pier,‘it was needed te identify the following items related to
its behavior.

7 (1) Applicability of the calculation method 2 of ultimate capacity proposed

‘ for wholly-concrete-filled steel columns.

(2) State of the stress flow around the boundary between concrete?filied
part and non-concrete-filled part, and the effect of a vertical diaphram
attached for making its streés flow smooth.

Accordingly, Public Works Research Institute (say, PWéI),‘Ministry of
Construction, performed two:directional loading test for almost'1/5 scale
model specimens of the lower column of the actural bridge éier in orxder to
identify these items in collaboration with Kansai International Airport Co.,

Ltd. This paper deals with this test results.
2. TEST METHOD

2.1 Speeimens

Four spec1mens, whlch are almost 1/5 scale model of the lower column of
the actural bridge pier,’ were fabricated. Thelr dlmen51on is 90x90x350(cm).
Fig. 2 and Table 1 show their shape, size and ‘chief propertles. A lateral
diaphram was pronded for all specimens, and a vertical dlaphram was provided

for Type-A, B and D in the same manner as those of the actural bridge pier.
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As for a lateral diaphram, a closed type diaphram was used for the boundary
between concrete-filled part and non-concrete-filled part for the purpose of
imparting vertical load to the filled concrete, while a hollow type diaphram
was used for other parts. The plate thickness of steel column was determined
considering the ratio of the steel column area to the filled concrete area in
the actural bridge pier. The steel plate of grade SM4l, which is smaller in
the yield strength, etc. than the steel of grade SM50Y used for the actural
bridge pier, were utilized taking'into account the capacity of the loading
machine. The concrete used was so mixed that the compression strength (240
kg/cmz) of the concrete used for the actural bridge pier can be obtained.
Table 2(a) and (b) show material properties of the concrete and the steel
plate obtained from the material tests which were done immediately before the
loading test. »

Each specimen was so designed that the items mentioned in Introduction

can be clarified. The features of each specimen are as follows.

Type-A +-- This specimen, which is identical with Type-B, has almost same
structural details as the actural bridge pier. A vertical
diaphram was provided. The thickness of steel plate in non-
concrete-filled part was thicken for preventing failure due to
substantial local buckling. This specimen and Type-B differ
from each other in vertical load (the vertical stress under
vertical loading in this specimen is almost same as that in
the actural pier).

Type-B ... This specimen is identical with Type-A, Vertical load in this
specimén was raised by five times as high as that of Type-A in
order to examine the effect of vertical load on the behavior of

" partially-concrete-filled steel columns.

Type-C ... This specimen does not have a vertical diaphram. Other structural
properties and vertical load are same as those of Type-A.

Type-D -.- The thickness of steel plate in the boundary between concrete-

 filled part and non-concrete-filled part was thinned in order

to examine the stress flow.
2.2 Loading Method

Loading test was perfogmed'usingrthe large structural members bi-axial

loading machine (loading cépagity; 1000 ton in vértical direction, 200 ton in
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lateral direction) installed in PWRI. The lower edge of specimens, which is
reinforced with double steel plates, was fixed to the bed of the loading
machine with bolts, and then lateral load was statically applied to the point
of 20cm lower from the upper edge under constant vertical load (100 ton for
Type A and C, 500 ton for Type B). In the case of Type-D, lateral load was
applied under the vertical load of 65 ton until the specimen yields at the
compression side of the lower edge, and subsequently vertical load was in-
creased to 500 ton in order that the specimen may reach its failure within

the capacity of loading machine.

2.3 Mesuring Method

In the loading test, vertical and lateral dieplacemeht'of specimens as
strain in the steel plate of the steel column and the vertical diaphram were
mesured. And also strain inside the filled concrete was mesured with mould

gages which were embeded inside the steel column using prestreSsihg wires.
3. TEST RESULTS

3.1 Load;Displacement Relationship

Fig. 3(a)v(d) show the relationship between lateral load and lateral
displacement at the loading poiht for all specimens. In all specimens, a
bending crack of the filied concrete firstly occured in the tension side of
the lower edge, occurrence of which was estimated from the strain mesured by
mould gages, and subsequently the yielding and small local buckling of the
steel column occured in the compression side of the lower edge. Maximum
lateral load for all specimens was obse:ved after these phenomena. Photos
1 and 2 show representative bending cracks of the filled concrete and the
local buckling of the steel column, respectively.

Two lines in Fig. 3(a)%(d) which express the theoretlcal load—dlsplacement
relationship, are drawn on the ba51s of the elastic theory. A‘broken line is
drawn considering the flexural rigidity of only steel column. . While a chain
line is drawn considering the combinedxflexural xigidity of the steel column
and the filled concrete in which the flexural rigidity of the filled concrete
is calculated using the secant elastic modulus as shown in table 2(a) ~ From
these flgures, it is notlced that the flexural rlgldlty of the fllled concrete
leads to the 1ncrease of the flexural rlgldlty of spe01nens partlcularly before

the occurrence of the bendlng crack of the filled’ concrete.
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Photos 3 and 4 show failure points of Type-C and Type-D, respectively.
Type-C lost its resistance due to the crack of the steel column in the tension
side of the lower edge. Type-D. lost its resistance due to substantial local
buckling of the steel column near the boundary between concrete-filled part
and non-concrete-filled part. The ratio of the lateral displacement to the
yielding one was about 6.3 for Type-C and 3.5 for Type-D. On the other hand,
although the 1ateral loading for Type-A and Type-B were performed until their
lateral displacement respectively reach about 5.3 and 11.3 times the yielding
one, their failure points were not observed.

Figs. 4(a) and (b) show the distribution of lateral displacement in
longitudinal direction for Type-A and Type-D, respectively. It is observed
from these figures that the distribution of Type-A with a vertical diaphram
is smooth near the boundary between concrete-filled part and non-concrete-

filled part compared with that of Type-C without a vertlcal diaphram.

3.2 Capacity

Table 3 lists concrete cracking load and steel yielding load at lower
edge as well as the maximum load. - Theoretical values are calculated on the
basis of the assumption of the longitudinal strain distributions as shown in
Table 4. the theoretical concrete cracking load was calculated on the basis
of the assumption that the crack occurs when the stress in the filled concrete
reaches the splitting tensile strength (concrete cylinder size; 10x20cm).

The value Ptys expresses theoretical steel yielding load in the case that
«only steel column resists lateral load, while the value Ptysc indicates
theoretical steel yielding load in the case that both the steel column and
the filled concrete resist lateral load in which the concrete tensile strength
is neglected. The value Puh expresses theoretical maximum load based on the
‘calculation method proposed for wholly-concrete-filled steel columns, while
the value Pup indicates theoretical maximum load corresponding to the full
plastic resisting bending moment in which the effect of the strain hardening
of the steel plates is not considered. Test results for. every specimens in
Table 3 show that the mesured concrete cracking load agrees well with the -
theoretical value, but the mesured steeityielding load is smaller than the
value Ptysc and almost equal to the value Ptys. ~On the othér hand, for
specimens excluding Type-D which lost its resistance due to substantial local
buckiing:in non-concrete-filled part, the mesured maximum load exceeds the

value Puh and almost reaches the value Pup. Thus, it is realized that partial-
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ly-concrete-filled steel columns do not entirely behave as a composite
structure in the elastic region, but do not lose its resistance abruptly

before almost whole cross section reach the plastic region.

3.3 cCharacteristics of Strain Distribution

Figs. 5(a)v(d) show the’longitudinal strain'distribution of the steel
column and the filled concrete under only vertical loading for all specimens.
In this figures, a broken line is drawn assuming that only steel column resists
‘vertical load, while a chain line is drawn assuming that both steel column and
the filled COncieté resist vertical load. it is observed from these figures
thafylongitﬁdinal strains in the steel column of conctete~filled‘part exist
near the chain line, but approach the broken line as fhe position géts neax
the lower edge. It is also noficed that the distribution for Type-B, whose
vertical load is larger than that for other specimens, is scattered in non-
concrete-filled part, and is close to the broken line around the boundary be-
tween concrete-filled part and non-concrete-filled part compared-with that of
other specimens. In addition, it is observed that longitudinal strains for
Type-C and Type-D exist widely around the boundary between concrete-filled
part and non-concrete-filled part compared with that for Type-A.

Figs: 6(a) and (b) show the longitudinal strain distribution of the steel .
distribution of the steel column and the filled concrete under two directional
loading for representative specimens, Type-A and Type-C. From these figures,
it is noticed that their distributions are similar to those under only vertical
load, which approaches the broken line as the position gets near the lower edge.
It is also observed that longitudinal strains for Type-C without é vertical
diaphram exist widely in non-concrete-filled part compared with those of for

Type-A.

' Figs. 7(a)~(c) indicate the correlations between longitudinal strain and
lateral load at representative three points along the flange for Type-A.

In these figures, a broken line is drawn‘assuming that only steel column
resists lateral load, while a chain line is drawn assuming that both the steel
coiumn and the filled concrete resist lateral load. - From these figures, it is
noticed that. longitudinal strains at the connection point 5etween the flange
plate and the vertical diaphram exist near the chain lihe, but longitudinal
strains at other points exist near the broken line. Thus, the longitudinal
strain distribution alodng the flange plate shows the similar distribution in

the case that the shear lag phenomeﬁon'occurs.
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4. CONCLUDING REMARKS

To identify the behavior of partially-concrete;filled steel columns which
were applied to Kansai International Airport Bridge under construction, two
directional loading test was carried out using alhost 1/5 scale model specimens
of the lower column of the actural bfidge'pier. the results obtained are as
follows. ‘ »

(1) It is realized that partially—congtete~filied steel columns do not
exhibit ehtirely the behavior as a composite structure in the elastic
region, because the mesured steél yielding load relatively agrees with
the theoretical value based on the assumption that only steel column
resists lateral load. ‘

(2) It is, however, verified that partially—filled steel columns do not
exhibit substantial local bupkling before whole cross section reaches
the plastic regioﬂ, and have high ultimate capacity corresponding to
almost full plastic resisting bending moment.

(3) It is ascertained that the stress flow and the lateral displacement
distribution around the boundary between concrete-filled part and non-
concrete-filled part become smooth‘by providing a veftical diaphram.

(4) It is observed that vertical load affects on the stress flow and the
lateral displacemeht distriﬁution'around the boundary between concrete-

filled part and non-concrete-filled part. ' : o
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Jun Hikino; A Study on Behavior of Concrete Filled Steel Tubes, Proc. of
the 2-nd Bridge Workshop, 1985. » _ _ ’

2) Guideline for Design and Constrﬁctiqn of Steel Piers consistipg of Composite
Columns (Concrete Filled Type)-Draft-; Hanshin Expressway Public Coxrporation,

1986, 3.
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Table 1 Properties- of Model Specimens

: Concrete filled part

-~ Lover column

'Specimen Type-A Type-B | Type-C Type-D
Height (cm) 350 350 350 350
Cross Section (cm) 290x90 290x90 " | 90x90 90x90
Thickness of Upper 16 16 16 8
steel plate {mm) Lower "8 "8 8- 16
Vertical diaphram with with without with
Vertical load (ton) 100 500 100 65+500
‘Table 2(a) Material’ Properties
of Steel Plate (SM 41)
Thickness (mm) ' 8 .16
Yield point (kg/cm?) 3,540 | 2,950
Tensile strength (kg/cmz) 4,770 4,480
Young's modulus (x10%kg/cm?) 1.98 2.03
Table 2(b) Material Properties of Concrete
(concrete cylinder 10x20cm)

Specimen Type-A | Type-B | Type-C | Type-D
Compression strength (kg/cm?)| 267 260 253 -219
Tensile strength (kg/cm?2) 26,1 21.6 . 23.4 1 25.7
Young's modulus (x10°kg/cm?) 2.27 2.17 2.14 2.08
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Photo.é Local Buckling of Steel Column  (Type-a)

Photo.3 Failure due to Crack of Steel Column near
Tension Side of Lower Edge  (Type-C)

Photo.4 Failure due to Local Buckling of Steel Column
near the Boundary between Concrete-Filled Part
and Non-Concrete-Filled Part (Type-D)
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Table 3 Test Results (concrete cracking load,

steel yielding load, maximum load)

o Unit; ton
Specimen Type-A | Type-B | Type-C Type-D
Vertiéal load 100 - 500 100 65 500
Concrete mesured value PCm 29,7 54.7 30.0 34.8 -——
cracking | theoretical value Pcc 32.2 47.5 | 29.7 38.3 | ---
load Pcm/Pcc 0.92 | 1.15 1.01 0.91 | -—-
mesured value Pym 114.6 74.7 109.8 179.5 99.8
Steel theoretical Ptys 108.3 73.0 98.3 174.4 | 115.5
yielding | value Ptysc | 141.2 137.3 128.9 210.4 | 179.7
load Pym/Ptys 1.06 1.02 | 1.12 1.03 | o0.86
Pym/Ptysc 0.81 0.54 0.85 0.85 0.56
mesured value Pmm 192.6 194.5 | 184.6 -—- 187.0
_ theoretical Puh 169.4 168.9 150.1 - 253.9
T::;m“m value Pup 178.3 | 201.0 | 1s8.2 -— | 308.2
' Pmm/Puh 1.14 1.15 1.22 — 0.73
Pmm/Pup 1.08 0.97 1.17 —— 0.61

Table 4 Assumed Longitudinal Stress Distributions

in Calculating Theoretical Load Values

Cencrete crackirg Steel yielding Kaximun
“load load Ioad
Pec Ptyse Ftys Poh Pup
Steel; . Steel; Steel; Steel; Steel;
|7’ mi .
J S L
os T sy
Concretes Concrete; Concrete; Concrete; Concrete;
|7¢ ﬁ olgs_alcc' o ce
C oq
O ctilensile stre- | o,y sTeld | ogyiWield | oy slocal | o, svield
rith of concrete] . point of polnt of bucklieg point of
steel steel strengh of steel
steel O cc iConp]
O ¢ sCompr] resslon
ession st strengh
recgh of of concretd
" concrete
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INPUT DATA

00100
00200
00300
00400
00500
00600
00700 //GO. SYSIN DD +
00800 @ D(S58)

00900® 292.
010000 29
01100®
01200®
01300®
01400 /+
01500 //

/!l EXEC FORT 7CLG

70.

100
4000.
264.0

700000. 60000.

®

(CDC.- CNTL : MAIN) .

1

EC’

pH | ppH |

Jd

@ TYPE (A8): i (UtBiks 4 7)

® SPAN (F100) : KESREAOEE (cm)
D (F105) : BE/E (cm)
T (F105) : HEE (cm)

® 11 (110) :B3IHAIEN

- MN( 10)

: fﬁfﬁ?\lﬁ}%‘lﬁ

@ SIGSY (F20.10) samp:.s{x;!i
- ES

(kg bm?)
@mw)ﬁw+/aﬁﬁﬂquﬂ
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.2 T
- 2100000.

75400."
20000.

:/au~bﬁm%%®mhbﬁi7na A(mma)

//DWO0SC15D JOB (DW0SC15, 5M), CLASS=A., NOTIFY = DWO0SC15

/1 FORT, SYSIN DD UNIT= OPMT DSN =@CDC. FORT (B), DISP=SHR
/! LKED, SYSPRINT DD DUMMY
'11GO. FT09F 001 DD UNIT=OPMT, DISP =(RNW, KEEP ), DSN =@CC. DATA (Do),
/] SPACE=(CYL, (2 1, 1)), DCB=(RECFM =FB, LRECL =80, BLKSIZE = 4098)

- ANF =4

® SIGCK (F20.10): 23~ Y — F3REE
(kg/cm?)

EC (FZO 10:av7 Y — oy

v &3 kg/cm?)

® PV (F100): 4EHE (kg)
PH (F100) : K¥ERFEAHGE (kg)
DPH (F100): « 35 (kg)
J d10) 1 » HF-=¥



2. OUTPUT -~ : AN

1 R=F s f Y Fy b F =2 F 299
(2 R—D e 1 EM=a by 5P v (O0) ICX B 1 EH K= 1) DERE (R 1)
0 Sl AU ” o (o). - »  EHEERE (ER2-1)
] 4=—ve - (00q) e A (BR1)
5t ” N BSIHER (Bk2 - 2)
L 6= k=i OIHRICLE k=i +1DLbHo Aoo m%ﬁ&;@ (BR3)

UTF, 2~6—Y0EELEED (k=1, 2, 3. ), R 2 -1 OTAWAMIKAKU o
ETHRADME(0) , ECHAMELINICIE 20, KA Limit ic}§‘§"6ﬂ>’§‘%& ibitstc
“END OF PH=0O0, O (TON) +++++ "
AL T, 1{7EXT/7°0)§éf&fIZ>o , ,
o>T, COWRICLZHMITHALIE, “END OF PH=00, O (TON) ++ " o+l
DIER2—-1Th b, ch'C_. BME BRI AR LE KRB LT,
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K ; 1&;5(“1—»/77°//?£(0)0>[1§& »

SHE( ; ) n B DB 2 b B S (00 )

NO. I ¥V P PR EX.a, b fifia &HAD O
NEWTON; N  ZOADHEMN= 2 - b v HOFABIATCHKRT Lich

: (2£§ﬁ(¢.e)——a—-l~/ﬁ:0)&ﬁbﬁ)
LAST-FP i RTHOM(NEABRIOHAAVS )

LAST—-FM p (BEANE—2 Y FOHA )

LAST—DFAI ; P (FAI OZAbH )

LAST—-DE v (E O ) - A
END—CODE ;: #7802~ ¥ [FP, FM - AADHENT, , fn HEFFERN

DFAL, DE - FAI, EOZCEMEAMGA .

| N—LiMIT -Q--~-Nbf&‘lﬂfﬁ*ﬁ&%rﬁbfdﬁf’@')l_b

DIVIDE—E---: x5 —%4:-DFAI, DE 0 (Z{LH ) £ A2

(BEx5-) CULCREPDEL
L GMF+ GPE=GPF+GMEp & &

SEIDO : $5IF EX. 1 & & i3 W) IS EEA G T
2Pt ExR
FP.FM [~DFAL DE O
® (F;:»* 2500, D; * 1.25) .
Wi = Commie) « (K- 1) « {251
® (Fi++ 100, D; ++ 50)
wir= Comme) » {120} « v k-1

SN H
fis No.
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k2 -1
+++  METHOD OF NEWTON-RAPHSON ; K= ++3

/ 1B =a-bv e3PV EORM
4 W iSPAN, D, T ( =—KTHRREAETOHS, WEE, WEF) 4
SIGSY, ES, SIGCK, EC ( =#oB{RA, Bov vy 7ER, a2 ) — rARE, 2
Y- v oYy IR o
PV, PH  ( —REHE, KPHE)

NO. A (DERED 1 2% - TAWAMIKAKU
TAKASA : BAOBS (em)
TAWAMIKAKU : #5AICRY 52:D58 (0)  (rad) —
TAWAMI ; i’éﬁO)fcb.J}(\V) Cem) |

~ S ‘ | TAWAMI

Bl ¢ BEOMTEA) (mem)

FAI ;K AR (PRA) TOMBES (rad)

E ; # B (em)

(thixgEEhiEsoTh)

JBR 2 — 2 -eeeeeees ER2—-1055, {EE2W->T 5,

@® SHE0 ;A 1D7cbsAHHEo

® SHEL : SHEQ ICX DI LR T Az b 0g
DSHE0Q; SHEO %353 ¢ 5l dbog

SHE0Q ; SHE0 +DSHE0Q foq

SHELQ ;: SHE0Q K hEHEULLBETALDLAM 04
FD ; ﬁ%ﬁiﬁi==df

® DSHE04;—3%—=A00
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®

AMABRIFEMTOY S5 L (CDC . FORT : B)
v : WA WN)Y 1)

® ® ® |
MAIN NEWRAP NEWTON |—| MENNAT CONCRE
7
PLOT 1 - STEEL
® MAIN  ceeeeeeens A4 v 7FTassa .o
® NEWRAP oo 1EK (Bo) = — b ¥ 577 23k
® NEWTON - 288 ($r0) 22— b vk
® MENNAL -oorerene THADHD AL (fp.fm)
® CONCRE - -eoeee EPZAEEY Y
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4.

OV NOAVIHWN =

- -

[ R X S oA Y
OVON VNS WN

NN
WA =

~N
&~

- XXFORT

IaYS5SnYR b
JCL

//DHOSCI5A JOB

S ss¢ADHIY

/7 EXEC
PROC
XXFORT EXEC
XXSYSPRINT DD
XXSYSPUNCH 0D
XXSYSLIN 00
XX ’

XXSYSUT2 - . DD

EXEC

(otttttt).CLASS A, NOTIFY DWOSC1S

" FORT7CLG

LIB='SY31 HIXYPLOT'.LIBl“'SYSl ASL"®
PGM=JMKFORT , PARM="NOIAP.SUBCHK,ARGCHK"®
SYSOUT=A,DCB=BLKSIZE=3429
SYSOUT=B,0CB=BLKSI2E=3440

DSH=88SYSLIN, DISP=(MOD,PASS) . UNIT=0ASD.,
SPACE=(3120,(100.15)>.,0CB=BLKSI2E=3120
DSN=2&SYSUT2,UNIT=0ASD,SPACE=(2048,¢10.10))

" //FORT.SYSIN DD UNIT=SAVE,DSN=CDC.FORT(B).DISP=SHR
XXLKED

PGM=LNKEDT, PARM=(XREF, LET.LIST).COND ¢8,LT,FORT)

//LKED.SYSPRINT DD DUMMY

X/SYSPRINT 0D
XXsSyYsLIB 0D
XX 0D
XX oD
XXSYSUTH 00
XXSYSLHMOD DD

XX
XXSYSLIN 0D
XX -

XXGO EXEC
XXFTO5F001 0D
XXFTO06F001 DD
XXFTO7F001 0D
//GO.FTO09F001

SYSOUT=A - -

DSN=SYS1.FORT7LIB,DISP=SHR

OSN=8LIB,DISP=SHR

DSN=8LIB1.,0DISP=SHR
DSN=8B&SYSUT1,UNIT=DASD.SPACE=(2048.,(100,50))
DSN=B&SYSLMOD(HAIN) ,UNIT=DASD.DISP= (NEH‘PASS).
SPACE=(1024,¢50,20,1))
DSH=8&SYSLIN,DISP=(OLD,DELETE)

DONAME=SYSIN

PGH=¢ .LKED.SYSLMOD,COND=C(8,LT,FORT), C4,LT.LKED))
ODNAME=SYSIN

SYSOUT=A

sysour=8

0D UNIT=0PMT,»DISP=(RNW. KEEP).DSN aCC.DATALCODC),

/1 SPACE=(CYL.,(2,1,1)>,0CB=C(RECFH=FB,LRECL=80,BLKSIZE=4098)

//GO.SYSIN DO *
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© MAIN

o
3 -
o

- —h b b - b
QCQUOUANOCVNPTWNSOOVONOAWVNWN

ISN

00001

00002

00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014

-Q001S

- 00016

~00017

d

000t3
00019
00020
00021
00022
00023
00024
00025
00026
00027

00028
00029
00030

00031

00032

00033
00034
00035
00036
00037

00038
00039
00040
00041
00042
00043
000446
00045
00046
00047
00048
00049
00050
00051
00052
00053
00054
00055
00056

00057
00058

00059, -

00060

. 000617

. 00062 5 .
00063 .
00064 - . -
00065, - -
00066 -
00067

00068

00069 - -
00070 - -~
00071~
00072 °
00073

SDURCG STATEHENT

$

IHPLICIT REAL‘B(A H, 0 1y

COMMON /BLK1/W(500),SHE(500). IHIlZ(SOO)-TH(SOO) HIIZ(SOO)-
TAKASACS00) ,NW(500) . TMM(500) ., FAI12(500),E12¢500)

COMMON /BLK2/PV.ES

COMMON /BLK3/SPAN,ASC,SISC, 11,PH.KAUNT

COMMON /BLK4/R.SR.MN.,SIGCK,SIGSY .

COMMON /BLK6/TYPE

COMMON D, T.EC, KH

DATA pPL/2.0/

READ(S,1000) TYPE

READC5,1010) SPAN.D.T.

READ(5,1020) II.MN

READ(S5.,1030) SIGSY.,ES

READ(S5,1040) -SIGCK,EC - =

READ(S5.1050) PV.PH OPH, JJ

- HRITE(6.:2000)
‘HRITE(6»2010)~TYPE C
. "HRITE(6.,2020) SPAN.D:T

.HRITE(6.2030) II.MN

30

HRITE(C6,2040) SIGSY.ES

HRITE(6,2050) SIGCK.EC

HRITE(6,2060) PV

HRITE(6+,2070) PH,DPH,JJ

PI=3.141593

R=D/2

SR=R-T -

YSC=ES/EC

AC=PI+SR+SR

AC=0.0 - - :

AS=PI+R*R- PItSRtSR

ASC=AS+AC/YSC e C o o Tus
Sic= PItSRtt4/4 s . i : : o
$1€=0.0 L R s
SIS=PlesRes4/4- PItSRtt&I&

: SISC=SIS+SIC/YSC

- TMC(1)=0.0

.;:-_-::::::::: LOAD: s]’éP -.;====é’$=?=='==i§======;=======:=,

00 100 J=1,JJ
W(1>=0.0
SHEOQ= PH‘SPAN.SPANI(Z&ES*SISC)

KAUNT=0 . . S E

memmmemdoas NEHTON*RAPHSONl(SHE) R

CONTINUE

KAUNT=KAUNT+1 .- . .

DSHEOQ=SHE0/1000.0

gsEgﬂ SHEO*DSHEOQ S

CALL NEHRAP(SHEO SHEL) T R R
I1FCPL.EQ.1.0) .60 TO 30 SR s

CALL PLOTH IRTRE

KW=2 N

CALL NEHRAP(SHEOQ.SHELQ)

FO=(SHELQ- SHEL)IDSHEOQ Qﬁf;:

OSHEO=-SHEL/FD ;

HRITE(6.3000) SHEO.SHEL-DSHEOQ SHEOQ SHELQ.FD-DSHEO i
SHEO=SHEQ+DSHEO " ; L
LKAUNT=7 ~ Ba ;liis .,}- ST T

::88=0,5€-6 : 1::75 e D e
IF(KAUNT.EQ. LKAUNT) GO IO 20 :

21000

. 1010

1020
71030
.. 1040
1050

2000
2010
2020

2030

- 2060

2050

I1FC(SHEL:GE+0.0),AND. (SHEL. LE SS)) GO 70 20
GO 70 10 -

CONTINUE =
WRITE(6,3100) PH/1ES

< PH=PH+DPH . . . .

CONTINUE. ;.. .

srorfjxaaf' IR,
FORMATCAB) .. - - S
FORMATCF10. o.zrio 5) S - e o
FORMATC2110)" B T TSR : Lot )
FORMAT(C2F20, 1o> e R R S :
FORMATC2F20,10);r 3
‘FORMAT(3F10, 0.110)
FORMATCIHA v Y-~ ; -
FORHA1(1H+.36X.'IYP£- cEonnd sany . s Lo
FORMATC1H. ,'SPAN *LF10.1,'CH dD=1,F6.14'CH +T="4F5.2,'CH")
FORMAT C1H - 'BUNKAISU SUU s TAKASAHOUKOU="*,14," ,DANMENNAI=',14)
FORMATCIH .'SIGSY— 2 F6.,0,'KG/CHe92 +ES=",F10.0, 'KG/CMes2°)
FORMAT (1H .'SIGCK- +F6. 1.'KGICMtt2 ¢EC=",F10.0, 'KG/CH++2")
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00074
00075
00076

00077
00078

NEWRAP

ISN

00001
00002
00003

00004

00005
00006
00007
00008
00009
00010

00011
00012
00013
00014
00015
00016
00017
00018

00019 -
00020
00021
00022
00023
00024

00025

00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046

00047 -
00048
00049

00050
00051

00052 -

00053 ~

00054
- 00085
00056

2060 FORMAT(iH
2070 FORMAT(1H
3000 FORMAT(1H1,'SHEO =',E12.5," SHEL =',E12.5//" DSHEOQ=',El12.5
//' SHEOQ=',E12.5.,' SHELG=',E12.,5

$

$ /
3100 FORMAT(1H

SOURCE STATEMENT

END

»'PYV="LF9.1,'KG") TR
»'"PH=",F9.1, 'KG »PITCH=",F9.1, 'KG +STEP="',13)

/' FD =',E12.5,* - DSHEO=',E12.5)

o77777° END OF PH=",FB.3,"C(TON) +#+s4ttitis?)

SUBROUTINE NEWRAPC(SHEO.SHEL)
IMPLICIT REAL$8CA-H,0-2) -
counou /BLK1/W(500) . SHE(500) , THI12(500) . TM(500) . HI12(500)

» TAKASACS500); HH(500): THM(500) ., FAI12(500).E12(500)

COHHON D, T,EC,KN/BLK2/PV,ES/BLK3/SPAN,ASC,S1SC,11,PH.KAUNT

IBLK‘IR.SR MR, SIGCK,SIGSY

COMHON /BLKS/KA, SO DA
KA=KAUNT
SO=SHEQ
DA=D

SHE(1)=SHEO

OL=SPAN/I1

TAKASA-HOKOD ~-==--=mmmom—mommeocom oo

D0 200 1=2,1I1+1

IND=1

WI12CI)=W(I-1)+0L/2+SHECI-1)

X=DL#<(I-1)-0L/2

TMI12C1)=PHsX+PYsHI12CI)

FAI=TMI12C(I)/C(ES*SISC) -

E= PVITHIiZ(I)tSISCIASC

TMITI=THMI12(1) -

C HRITE(6.3000) I-1,1.FAI.E, SHE(I -1),RI12C1) . THI12C(DD
‘ CALL NEWTONCFAI.E,TMII,INO)

FAI12(1)=FAl

E12(I)=E

SHECI)=SHECI-1)-DLsFAI -. -~
WCI)=W(I-1)+DLeSHE(CI~ 1) -0. 5:DL¢DL¢FAI
TMCI) =PH&(I-1)sDL+PVsH(I)
WRITEC6,3010) I,FAI.E,SHECI) . HC(I), THC(D)

CONTINUE

¢ o B

20

10
300

IL=11

WRITE(6,2000) KAUNT

IF(KH.EQ.2) 6O TO 20

WRITE(6,2100) - Pl :
HRITE(6,2110) SPAN.D.Tt10 e
HRITE(6,2120) SIGSY,ES/1E6:SIGCK, ECIiES
HRITE(6,2130) PV/IE3 PH/1E3

CONTINRUE

NRITE (6, 2206)
00 300 I=1,11+1
HHCD) =HCIT+1)-H(I)

TAKASA(I)=

SPAN-(1-~ 1)¢SPANIZL

THHCAI) =TM(I) /1E5

WRITE(6,2300) 1,TAKASACI), SHE(]) HH(I).IHH(I)
IFCI.EQ.11+41) GO TO 10 -

" WRITE(6,2400)" FAIlZ(I*i)oElZ(I*I)

CONTINUE -
CONTINUE

SHEL=SHE(II+1)

RETURN

2000 FORHAI(IHi.'tttttttttttettt HETHOD OF NEWTON- RAPHSON =K='.

$ 13, 4544409000852 ")
2100 FORHAT(1H0-'CONCREIE FILLED SIEEL TUBE (( HETHOD OF C.D. C )"
2110 FORMATC(1HO, 'SPAN= .F? 1.°CH*. Y 0—,.F6,1.'CH "y F5.2,"HM')
2120 FORMATC(1H ,°*SIGSY=",F6.0, 'KG/CHss2*,* ~ ES *,F6. 3-'01E6 KG/CHe22",
$ ' 3 SIGCK=",F6.1,'KG/CHes2", f =',F6.3,%¢1E5 KG/CHee2"')
2130 FORMATCIH ,*PV="',FB.3,"CTON)'," PH *.F8.3,'CTON)")

2200 FORMAT(1HO.® NO.' .SX.'TAKASA(CH)'-SX-'TAHAHIKAKU'.SX-'TAHAHI(CH)'

$ 4X, *BENDING-MOMENT CTON. M) ', 10X, *FATI*,12X; "ECCM) *).
2300 FORMAT(IH ,13.6X.F8.2,6X.E11, Q-SXoFio 5 7X9F12 4)
2400 FORMATUIH’ -78X-513 6.6X1513 6y o i
.3000 FORHAT(1H0-'I -l3o 113, FAI .EIS 8., "-Eis 8,
: © % SHE= vE15 8,*% HI JE15.8: "' TMI=",E15.8)
3010 FORHAT(1H AP LANS - TR '-(FAI EIS.S- CE=',E15.8,.
END o ") SHE’:'vE‘S 8." H "_'0515 8," TM =',E15.8//>
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® NEWTON

CARD

155
156
157
158
159
160
161
162
163
164
165
166
167

168
169
170
171
172
173
174
175
176
177
178

179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
234

232

233
234
235

1SN
00001

00002

00003
00004
00005
00006
00007
00008
00009
00010
00011

00012

00013

00014

00015
00015
00017
00018

00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035

00036

00037
00038
00039
00040
00041
00042

00043
00044

00045
00046
00047
00048

00049
00050

00051
00052

00053
00054
00055
00056

00057
00058
00059
00060
00061
00062

00063
00064

SOURCE STATEMENT

9

co

CH
CHW
CH
CH
CE
CE
co

999
999

SUBROUTINE NEWTONCFAI.E.THI12,1NO)
IMPLICIT REAL¢8(A-H,0-2)
COMMON /BLKS/KA,S$0.DA/BLK?/NR °
FAIG=FAI

EG=E

1JK=0

ND=O .

ENDCOD=" - :

CONTINUE

NO=ND+1

CONT INUE

FAI=FAIG

E=EG

- NR=0~

EV

IFCENDCOD.EQ. 'DIVIDE-E') GO TO 19

 IJK=1JK+1

7

60
10

19
11

98

99

70

80

SEIDO1=2. SOOt(IJK -1)

SEID02=1.25+C1JK-1) -

FORMATC(tH .3X, 'NO." .SX.'NEHTOV N'.?X.'LASI FP'»11X."LAST-FM*,
$ 10X, *LAST-DFALI'+:10X, *LAST=DE"*,6X. "END-CODE".3X,
$ *SEIDO(F:+2.500.D:%1,25)*/)

IF(SEIDOY.EQ.0.0) SEIDO1I=1.0

IF(SEID02.£Q.0.0) SEIDO2=1.0

FF=FAI/10000,.0+SEIDO2

EE=0.01+SEIDO2

FPP=1E1¢SEIDO1

FMM=1E3+SEIDO1

LIMIT=30

IFCCINO.HE.2).0R. C1JK.NE. 12> GO TO 60

HRITE(6.6) KA,SO

HRITE(6.,7)

CONTINUE

CONTINUE

IFCENDCOD.EQ. *DIVIDE- E') GO0 TO 19 -

DFAIO0=FAI1/1060.0 -~

DEO=E/1000.0 -

GO TO 11

DFAIO=FAI/100.0¢ND

DEO=E/100.0sND

CONTINUE

ENDCOOD=" '

NR=NR+1

FAIQ=FAI+DFAIO _

EQ=E+DED i

CALL HENHAI(FAI E-TMIlz FP.FM) o

WRITE(6.2) FAL.E.FP.FM -~ - :

CALL MENMNAICFAIGQ.E.THI12, FPF.FHF)

WRITE(6,3) FAIQ.E.FPF.FMF

CALL MENNAICFAI,EQ,TMIt12. FPE-FHE)

HRITEC6,4) FAI.EQ.FPE,FME -

GMF=C(FMF-FH)/DFAIO

GME=(FME-FH)/DEO

GPF=(FPF-FP)/DFAIO

GPE=CFPE-FP)/DEO -

HRITE(6,1) GHF.GHE.GPF GPE

IF(CFP.EQG.0.0).AND.(FM.EQ.0.0)) GO 10 70

IF(GMF+GPE.NE.GPF*¢GME) GO TO 99 :

HRITE(6,2) FAI.E.FP,FM ,

WRITE(C6,3) FAIQ.E.FPF,FMF "~

HWRITE(6.4) FAl.EQ.FPE.FME

- HRITEC6,1) GHF-GME;GPF:GPE

ENDCOD=*DIVIDE-E’ .
IFCND.GE.2) GO T0 98 -

WRITEC6.8) INO-1.INO, NR.FP.FM-DFAI DE.ENDCOD, IJK

CONTINUE

DFAIO=FA1/100.0¢ND

DEO=E/100.0¢ND

GO TO 9999 SRR

CONTINUE :

OFAI=-(FM+GPE- FPoGME)/(GMF#GPE GPE#GME)
DE=-CFP+GMF-FH4GPF)/ (GMF+GPE-GPF¢GHE)

WRITE(6,5) DFAI.DE R _

CONTINUE e :
IFCCABSCFPY.LE.FPP) JAND. (ABSCFM) .LE.FMM)) ENDCOD='FP.FH  *
IFCCABSCFP) .LE.FPP) .AND. CABSCFH) .LE.FHM)) GO TO 20
FAI=FAI+DFAI - -

E=E4DE = :

IFCC(NR.EQ.10).OR. . CHR.EQ; 207.0R. CHR.EQ.30))

$.AND. (SEIDO01.EQ.1.0)) GO T0 80

GO 10 90 -

CONTINUE ,
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236
237
238
239
240
241

242

243
244

245
246
247
248
249
250
251

252
253
254
255
256
257
258
259
260
261
262

®

CARD

263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304

305

306
307
308
309
310
311

00065
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080

00081
00082
00083
00084
00085

00086 -
00087

00088

MENNAI

ISN

00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011

00012
00013
00014
00015

00016
00017
00018
00019
00020

00021
00022
00023
00024
00025
00026

00027
00028 -
00029

00030
00031
00032
00033
00034
00035
. 00036
00037
00038
00039
00040
00041

00042
00043

HRITE(6.8) IND-1,INO.NR.FP,FM.OFAL.DE,ENDCOD,IJK"
90 CONTINUE
IFCHR.LY.LIMIT) GO TO 95
ENOCOD="N-LIMIT®
IFCIJK.NE.1) GO TO 999
WRITEC6,8) INO-1,INO,NR.FP.FM.DFA1,DE.ENDCOD, IJK
GO 10 999 -
95 CONTINUE = -
IFCABS(DFAIY .GT.FF) GO TD 10
1F(ABS(DE).GV.EE) GO TO 10
20 CONTIRUE

IFCENDCOD.EQ. "’ ') ENDCOD='OFAI.DE °*

WRITE(6.8) INO-1,INO.NR.FP.FH,DFAI,DE,ENDCOD,IJK

HRITE(6.9)

RETURN .
1 FORMAT(1IH ,°'GMF='.E15.8,' GME='.E15.8.' GPF=',E15.8,
¥ ' .GPE='.E15.8)

2 FORMATC(IH ,°*FAl =',E15.8," € =',€15.8,° FP =",E15.8."' FM =',E15.8)
3 FORMAT(1H ,*FAlIQ=',£15.8,' E =",E15.8:' FPF="',E15.8,"' FMF=',E15.8)
4 FORMATCIH »'FAI =',E15.8.' EQ=',E15.8.,"' FPE=',E15.8."' FME='.E15.8)

5 FORMAT(1H .'DFAI=',E15.8,' DE=",E15.8)

6 FORMATCIHT, "$55838888884888% ='.13." ,SHEO=",E15.8,' $$388$383$

$$$$588$°.38X,°$888S NEWTON-RAPHSON'")
8 FORMATC(IR ,I3,°',',I3,4X,13,5X,E15.8,3(3X,E15.8),3X,A8,5X.14&2

9 FORMAT(AH &%= oo — oo e o mmm e oo oo m e o oo mmm oo s m—mm e

SOURCE STATEMENT

SUBROUTINE HMENNAICFAIL.E. THIiZ-FP FH)
IMPLICIT REAL+8(A-H,0-2)
COMMON IBLKZIPV-ESIBLK‘IR.SR.HN.SIGCK SIGSY
7118§=0.0
THTS=0.0
1€C=0.0
1€$=0.0
THCC=0.0
THCS=0.0
IFCE.GE.R) GO TO 10
IF(-E.GE.R) GO TO 60

cCC +44++ ABS(EICR +++4+4+
MM=INT(MNs(R-E)>/(2,.0%R))
IFC(MM.EQ.0) MM=1 :
IM=MM .
RDOEH=(R~ E)IZH

C WRITECS6.4040) -
D0 100 M=1,MM -
RH=RDEHsM-0. StRDEH
RR=ABS(RH+E)
1F(SR-RR)Y 21.22, 22

21 RBS=2+SQRT(R*¢2- (RH*E)*‘Z)

C - WRITE(6,4020> M,RH,RBS -

GO T0 23 .
22 CONTINUE -

IFC(SRes2- (RH&E)Q:Z) GE 0 0) GO TO 24
HRITE(6,9999) EoRH

9999 FORMAT(IH ., 'E= +E15.8," H='-E1S 8) :
24 RBS= Zt(SQRT(RttZ C(RH¢E)*+2)-SQRT(SRe*2~ (RH*E)‘O2))

c WRITE(6,4030) H,RH.RBS
23 CONTINUE . - . - :
RAS=RBS¢RDEH
CALL SIEEL(RH.FAI.SIGSY.ES.SSIGS)'
¢ HRITEC6,4100) SSIGS - :
TIS=TTS+SSIGS+RAS
THTS=THTS+SSIGS+RH*RAS
100 CONTINUE
©UNN=MN-MM : S
ZH=NN T
UDEHC=CSR+EX/IN :
IF(SR.LE.ABSCE)) UDEHC= z.snlzn
 UDEHS=(R+EX/IN
D0 200 H=1,NN .
UHC=UDEHC¢N-0.S+UDEHC SR
IFCSR.LE.ABSCE)) GO TO 80 . v :- ...
UBC=24SART (SR*42- CUHC-E) #92) -

C HWRITEC6,4005) N.,UHC,UBC "

UAC=UBC+UDEHC
CALL CONCRE(UHC.FAI.SIGCK:SIGC)
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Ao adan oo

ittt i I

RO

312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377

378

379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397

00044
00045
00046
00047
00048
00049
00050

00051
00052

00053 -

00054
00055
00056

00057
00058

00059
00060
00061

00062
00063
00064
00065
00066
00067

- 00068

00069
00070
00071
00072
00073
00074
00075

00076
00077
60078

00079
00080
00081
00082

00083
00084

00085
00086
00087
00088

00089
00090
00091
00092
00093
00094
00095

00096
00097
00098
00099
00100
00101
00102
00103

00104
00105

00106
00107
00108
00109

00110
00111
00112
00113

80

GO 10 90

CONTINUE
UBC=2+SQART(SR*$2-(SR-UHC)I++2)
UAC=UBC+UDEHC

UC=UHC+(E-SR)

- CALL CONCRE(UC.FAI SIGCK., SIGC)

CONTINUE

WRITE(6.4200) SIGC

UHS=UDEHS*N-0.5¢UDEHS

TFC(SR.LE.ABSCE)) .AND.(UHS.LE.E-SR)) GO TO 31
IFCE.GT.UHS) GO TO 32

UU=UHS-E -

IF(SR-UU) 31.,32.32
UBS=2+SARTC(R++2-(UHS-E)*+2)

WRITE(6,4000) UHS.,UBS

GO TO 33

UBS=2+4 (SQRT (Re+2- (UHS-E)s+2) - SQRT(SR"Z (UHS-E>**2))
WRITE(6.4010> UHS,UBS

CONTINUE

~ UAS=UBS+UDEHS

CALL STEEL(UHS.FAI,SIGSY,ES,SIGS)
HRITE(6,4100) SIGS
TCC=TCC+SIGC+UAC
TCS=TLS+SIGS+UAS
THCC=THCC+SIGC+UHC*VAC
THCS=THCS+SIGS*UHS*UAS
CONTINUE .

GO T0 50

CONTINUE

teser ED=R *4ese

WRITE(6,4050)

NN=MN

IN=NH

UREHC=22SR/ZN

UDEHS=2*R/IN

00 300 N=1.NN
UHC=UDEHC+N-0. S'UDEHC )
UBC=2+SART(SR*#2-(SR-UHC)*+2)
WRITE(6,4005) N.UHC.,UBC
UAC=UBC+UDEHC

UC=UHC+(E-SR)

CALL CONCRECUC.,FAI. SIGCL SIGC)
WRITE(6.46200) SIGC
UHS=UDEHS+N-0.5+UDEHS

UU=ABS (R-UHS)

IF(SR-UU) 41,42,42
UBS=2+¢SQRT(R++2-(UHS- R)ttZ)
HRITE(6,4000) UHS.UBS .

GO T0 43

UBS=2+(SQRT (R$+2-(UHS-RI #+2) - SQRT(SROOZ (UHS R)+22))
WRITE(6.4010) UHS,UBS
CONTINUE -

UAS=UBS*UDEHS

US=UHS+(E-R)

CALL STEEL(US,FAI,SIGSY,ES, SIGS)
WRITE(6,4100) SIGS
TCC=TCC+SIGCaUAC
TCS=TCS+SIGSsUAS .
THCC=THCC+SIGC+UCsUAC

" THCS=THCS+SIGS+US+UAS

CONTIRNUE

GO 10 50

CONTINUE

<LK -E>=R >>>>>
WRITE(6,4060)
MM=MN -

1H=MN

. RDEH=24R/IH . .

90
31
C
32
C
33
C
200
10
ccc
C
C
c
41
C
42
C
43
C
300
60
ccC
C
7
C
72
C
73
C
400

50

DO 400 M=1,MM ’
RH=RDEH¢M-0.5¢RDEH

RR=ABS (R~-RH)

IF(SR~RR) 71.,72,72
ABS=2+¢SART(Re¢2-(RH-R)¢¢2)
HRITE(6,4020) H.RH RBS

GO 10 73 .
RBS=2¢(SQART(R++2-(RH-R)*+2)-SQRT(SR*+2-(RH-RI*+%2))
WRITE(6,4030) M,RH.RBS

CONTINUE )

RAS=RB8S*+RDEH

RS=RH+(-E-R)

CALL STEEL(RS,FAI.SIGSY.ES, SIGS)
WRITE(6,4100) SIGS
JTS=TTS+SIGS*+RAS
THIS=THTS+SIGS+RS+RAS

CONTINUE

CONTINUE
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398 00114 FP=PY-TCC-TCS+TTS

399 00115 FH=TMI12-THCC-THCS- THIS&PV.E -

400 C HRITEC6.4500) FP,PV.TCC.TCS,TTS -

401 . ) C HRITEC(6,4550) FM.IHI!Z.THCC.THCS THTS, PVeE

402 00116 RETURN . o

403 C4005 FORHAT(lH .'COHPRESSION N .13- 3 CONCRETE UHC=',.ES8.3,
404 ¢ ' UBC="',ES8, 3.15x.-;') e C
405 C4000 FORMATC1H+, 71X, *STEEL *', ' UHS=',E8.3,' UBS= +E8.3)

406 €4010 FORHAT(1H+.71X.'SIEEL /',* UHS=',€8.3,' UBS=',E8.3) -
407 . C4020 FORMATC(1H »*TENSION - - .. H- .13 SSX.'STEEL 0' ' RH=',E8.3,
408 C ¥ ' RBS="'ES8. 3) - ; : .
409 C4030 FORMAT(1H ,*TENSION M— .13.53X:'SIEEL -%'+* RH=',ES8.3,
410 C ¥ * RBS='E8.3) .

411 C4040 FORMATC(IH ,'++4+444 ABS(E)<R ¢¢¢4+')

412 C4050 FORMATCIH o '#se%s ED=R s4442') .

413 C4060 FORMAT(IH ,*<<<<< ~E>=R >>>>> ")

414 C4100 FORMAT(1H*.1OSX.'SS- +£E10.3)

415 C4200 FORMAT(1H+,55X,'SC="',E10.3) . . .

416 C4500 FORMAT(1H ,'Fp=" .EiZ S¢' ¢ . PY=',Ef12,5." TCC=",E12.5,
417 C $ ' TCS=',E12.5.* - . T1S=',E12.5) -

418 €4550 FORHAT(IH s "FM=" .E12 S5s' $TMI12=",E12.5.,' THCC=',E12.5.
419 C $ . ' THCS=',E12.5,' THTS=',E12.5,' PYeE=',E12.5)
420 00117 END :

® CONCRE
CARD ISN SOURCE STATEMENT : .

421 00001 SUBROUTINE CONCRECZCJ,FAL,SIGCK,.SIGC))

422 00002 IMPLICIT REAL$8(A-H.0- ~1) ..

423 00003 COMMON O, T.EC.KW . :

424 00004 COMMON /BLK?/NR . .

425 - CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

426 c SM=0.8%SIGCK ]

427 C EM=2.0sSM/ (Y. 26655&415 Otsﬂ)

428 c ECJ=FAI*ZCJ -

429 (o IFCECJ.LT.0.0) ECJ= 0 0

430 C ECIM=ECJ/EM :

439 (o SIGCJ=2, OOECJMtSHltifECJMth)

432 CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

433 C ECJ=FAI*2CJ . :

434 - C IFCECJ.LT.0.0) ECJ=0.0 S

435 C - IFCECJ.GE.0.0035) GO TO 30 . s

436 C IFC(ECJ.GE.0.002) GO TO 10 :

437 C SIGCJ=0.85¢SIGCK*(ECJ/0. 002)#(2 0 ECJ/0. 002)

438 C GO0 10 20

439 C ~ 30 CONTINUE

440 CHH HWRITE(S,1) NR,ECJ L .o :

441 C 10 CONTINUE - R I

442 C SIGCJ=0.85+SIGCK L .

643 C 20 CONTIHNUE : 4

444 C 1 FORMATC(1H ,9X.13. 4X.'ECJ 'L F20. 16) ;

645 : CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

446 00005 ECJ=FAI*ICJ

447 00006 IFCECI.LT.0.0) ECJ=0.0

448 00007 IF(ECJ.GE.0.0035) GO TO 10

449 00008 SIGCJ=EC+ECY

450 00009 GO 10 20

451 . 00010 10 CONTINUE

452 00011 SIGCJI=SIGCK

453 . 00012 ) 20 CONTINUE

454 CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

455 00013 RETURN

£56 00014 END
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® STEEL
CARD ISN
457 00001
458 00002
459 00003
460 . 00004
481 ° 00005
462 00006 . .
463 00007
464 . 00008
465 00009
466 . 00010
467 :
468 00011
469 00012
@ PLOT 1
CARD - ISN
470 . 00001
471 ° - 00002
472 00003 .
473 o
474 00004
475 . < 00005
476 . 1 00006
477 - - 00007
478 © : 00008
479 00009
480 - 00010 -
481 . 00011
482 . - 00012
483 1 00013 .
484 - 00014
485 00015
486 . 00015
487 ° 00017 -
488 00018
489 . . 00019 -
490 - 00020
5. Hj h

SOURCE STATEMENT

10

20
30

SUBROUTINE STEEL(ZSK.FAI.SIGSY,ES,SIGSK)
INPLICIT REAL*8(A-H,0-2)
EY=SIGSY/ES

ESK=FAI*ZSK
Q=EY-ABSCESK)

IFC(Q) 20.10.10
SIGSK=ES+ESK

GO 10 30

SIGSK=SIGSY

CONTINUE -
SIGSK=ABS(SIGSK)

RETURN

END

sbuncs STATEMENT

SUBROUTINE PLOT1 -
IMPLICIT REAL8CA-H,0-1) -

COMMON IBLKi/H(SOO)-SHE(SOO) TM!iZ(SOO).YH(SOO) HIlZ(SOO).
s -

.- TAKASA(500).WH(500), THH(SOO).FAIlZ(SOO) E12(500)
COMMON /BLKZ/PV.ES
COMMON /BLK3/SPAN,ASC.SISC,11.PH, KAUNT
COMMON /BLK4/R.SR,MN, SIGCK sI1Gsy
COMMON /BLK6/TYPE
COMMON D.T,EC,KW

“HRITE(9.,1000) TYPE,SPAN, D.T II.KAUNT

1000
1010
1020
2000

. 3000

HRITE(9,1010) SIGSY.ES., SIGCK'EC
WRITE(9,1020) PY.PH

HRITE(9,2000) (CTAKASACI). SHE(I) “H(I)-TH(I)).I Ip[l*i)
WRITE(Y, 3000) CCFAT12CI) ,E12CI)) 1= 2.[1*1) ’
RETURN __: .

FORMAT CAS, 2X.F10.0,2F10.5, 215)
FORMAT(4F10.0)

FORMAT(C(2F10.0) -

FORMAT(4E15.8) .

FGRMAT(2E15.8)

END .

@ 4J7wh7 9§1w7

- -

SPAN=

INPUT DATA
! » D=

-i;—ﬁ;-ﬁé—‘ TYPE- o<sss>‘;
“70.0CH: i »T= 1.20CH

'‘BUNKATSU- SUU‘STAKASAHOUKOU=..29f{DANHENNAI- 100

" SIGSY= 4000.KG/CMs22 & ; + K6y :

SIGCK= 264.0KG/CHss2

PY= 700000.0KG
PH= 60000.0KG

LPITCH=

JES= 2100000.KG/CHes2 - - -~

20000.0KG' ,STEP= 1.
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@ ®R1

$3SRITEISLSEISSS Km 7 .SHEOw 0.717512000-02 $$3555353555333335S $35535 NEWTON-RAPHSON
NO. NEWTON:N LAST=FP LAST-FM LAST-DFAIL .. LAST-DE END-CODE SEIDO(CF:#2.500,0:#1.25)
PN hpbummm gumemne enemmes s
ET DLESERE ummane cupiimie St mmet o o
I 0.367808700+00 _ 0.306266000+05  0.580464450-05 -0.544573950-01 Fripm " Ty
A 0.731821560-01  0.678554510+02  0.141804390-00  0.742141250-02  Fp. e R
S TToRiousenzo-0r  o.2a3072ibe0r o.issesesveie ooir3iesiaraces TERiEwTTTTTTITITTITe
s e 3T 0.373219720401  0.293498400+03  -0.367514600-05  0.661741700 02 Feopn I i
e 73T 0.134419240001 _ 0.572266230-02  -0.181431040-09 | 0.215505170-07  Fripm T T
R 3 0.59593420100  0.52802157D%01 | -0.100398900-00 . 0.850357570 08 Feipm T TTTTITTTTII
R 0.27182950+00  -0.305085300%01  ~0.598318830-10  0.380234570-05 P T3
Tsoa0 3 016060986000 0.506960550+01  ~0.374753530-10 . 0.185132510-03  Feupm Ty i
. 113 0:912998490-01  =0.484511310401  =0.241620420-10 - 8.955385000-00  Fe.rm T i
1.1z s 053489775001 0.347811450+01  ~0.158076420-10 0511835140200 FeuEm Ty
213 3031719752001 | <0.27147e7abe0l  ~0.103433550-10 o.37938¢1s000 ERleM T TTTTTTTTTITIII
B e 30 186606550-01 | <0.189581883501  -o.685030050-11 o.15213%0emm0s FeiEm T o
e, 1s 3 0.105792340-01  ~0.123736080+01  ~0.408843310-11 | 0.803041360-05 ~ FriEm < TTTTTyTTTTTTTT
516 3 osus11131b-02  -0.719840410000  ~0.22736780o11 o 3sresaareces ReiEm T i
617 2 0.816237020001  0.575068425505 | 0.544753180-00  o.334csrorocas RRiEmTTTTT T T
17278 3 0.2is7a7eono | 0.326256e80+03  -0.136040130-0 o.2756551smm08 ReiewTTTTTTIIT T
18,19 2 0112205740403 0.40eea3860-06 . 0.150975620-08 | 5 355cairrecen mRAIE T o
19:20 3 -0I514381580-03  ~0.144594780503 | ~0.35914164pmt0 15.3339%507am0n ReiEm Ty
20 21 4 0.306166640-01  0.481516250501 015409081010 ~o.133430830m0e FeiEn T K
21022 G 0.274805200100  ~0.761963563402  ~0.378s2330-00 | 5.15223635mm05  FeiERTTTTTTTTyTII
(220233 0.637538520000  <0.613054130500  0.27584024p-00 a117es50ezan0n FRiEn T
23, 2 3. =0.305267520-00  -0.632721860-01  ~0.207654570-11 -0.10335050000 FRiEm T o
2625 3 0.218848370e01 0201834880402 -0.72é943340-10  0.103672610-05  Fpapm o
-55.- 26 ) 3 - 0.36?3147;3:8; 0.122586235:32----5-596189450 -08 0. E;EEEEE;E-SS"-EFM.DE- . ) 1 )
(26,27 3 10.411694560s01  0.103116500+03  0.211351350-05 -o.735¢03150m00  FRIan e T
(27,28 4 0.129316570-02  ~0.134117320000  0.7397¢58%0m12 o 22093577006 Fp.eM 1
2829 4 0.174i35950-02  -0.127683930e00  ~0.747355530017 0310345830008 R IRRTT T
“29. 30 . 0.236344360-02,  ~0.211550290200  ~0. 122841010711 0.293335040-06  Fp.FW
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® ®BH2-1

LAX T I LTI YL Ty

METHOD OF NEWTON-RAPHSON :K= 7

CONCRETE FILLED STEEL TUBE (¢ METHOD OF C.D;C'))

" SPANw

292.0CM° D=

70.0CM - -Tw12.00MM

SIGSY= 4000.KG/CMew2 ES= 2,100#1E6 KG/CH"Z :
Pym 700 OOOCTUN) :

B NO.
1

=TT - T - JENRN TS 7 S N S )

K ¢ . i L . : :
W N N NN VAN NN NN a2 o o e - a ary
O Vv O N Qe UV P NN 2O Vv B NN LW -

TAKASA(CM)
92.00-

| 231.93f?.~
271.86.. .

261.79
25172

241.66° "
231,59
221.52°
211,45
2012387
REART- 1 EEE
‘131 .26
171 1?. :H
161,10

151,03
160,97

130,90
1 120.83 )

110,76

100069
90.62 -

" 80.55"
- 70.48

6041

- 50, 341”~'

40, zsuvr-‘
30.21,

20,14
10.07 -
0.0

TAHAMIKAKU

0.71750-02
0.7167D=02-
0.71430- oz'“

0. 71020 02

0.70450-02
' 0.69720-02 "
o.ess3p-02
L 0.67770-02 "
0.66560-02 '
 0.65180-02 "
0.63640-02 "
0.61940- 0z . .
0. 60080 oi.v
- 0.58060-02 .
. 0.55880-02 -
. 0.53540-02
" 0.51020-02 |
0.48360-02
10.65540-02 .
'o;4és¢o-oé.ﬂ_“
[0.39420-02
0. 360?0 02
0.32510-02
w'q.za71n-q;}j ’
- 0.26650- -0z
0. 20310-025
" 0.15690- oz‘

0.10770~ 02
0.55420-03

~0.32530~18 -

-\PH- 60 OOO(TONJ

TAHAHI(CM)
1.462255

1.35035.

1.27831
1.20659
1.13537
1.06480
1 0.99505
" 0.92627
" 0.85864
L 0.79232
0.72746

«0.66424

0. 60280

0.54333
0.48596
1 0.43087

0.37823

0.32820
"0.28092

0.23657

 0.19529
_ 0.15729 -
L0.12276

009194

-~ 0.06508 -
0.04245 -

0.02432
© 0.01100
0.00279

0.0

CPREREREPREIRNNQ

SIGCK= 264.0KG/CMwe2 "ECm 0.754e1E5 XG/CMes2

" 'BENDING-MOMENTCTON.MY . -
: 0.0 : :

6.5668
13.0925
19.6359
26,1758
32.7112

39,2408
45,7636
52,2784
58.7840
65.2794
71.7634
78.2348
B4.6925
91.13564
97.5624

103.9723

110.3639

L 116.7362
123.0881

129.4184

135.7258

142.0089"

148.2660

156.49564

160.6952

166.8635

172.9981

179.0970

185.1579

FAI

0.8138650- 06
0.2418660-05
0.4031220-05

0.5642850-05

0.7253820~05
0.886294D=~0S

0.1047060-04"

0.1207650~04

0.1368030-04

0.152817D-04

. 0.1688040~ -0¢
0. 1867620 -04
0.2006880-04
0.2165780-04
0.2324310-04
0.2500980-04
0.2646620-04

0.2799030~04

0.2958150-04
' 0.3124220-04
0.3319760-04
£ 0.3538610-04
6,3777640-053
' 0.403404D-04
0.4305210-04
0.4590300=04.
. Aaéézso -04

0. 5191280 -04

0.5503830-06

ECCMY
0.1048120+04
0.3526860+03

0.211605D+03
0.1511690+03
0.1175960+03

0.9624620+02
0.814686D+02

10.7063530+02 °

0.6235450+02
0.5582020+02
0.5052350+02

0.4616890+02"
0.4250520+02
0.3938660+02 .
0.3670020+02
0.341129D+02

0.3226560+02

0.304844D+02 .

0.2884590+02
0.2732740+02
0.2580130+02
°f2‘4°14°f02
0.2314830+02

0. 2196360*02

0. 2089170002

0.1996650002

0.191406D+02
0.1840370+02
0.1774590+02

I s
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@ 1

$$TSSSISTSTTSESS Kme 7 +»SHEO= 0 718229510-02 $533SSESS5S55885S $$33S NEWTON-RAPHSON
NO.  NEWTON:N LAST-F LAST-FM . . LAST-DFAI LAST=DE END-CODE  SEIDOCF:#2.500,D:%1.25)

1, 2 - 10 =0.49103461D+03 . ~0.563909810+06  0.74970343D=05  =0.27949671D+04 ' 1

1. 2 11 0.174744260+07  -0.38980071D+10  0.74970343D-05 -0.279496710+04 - DIVIDE-E 1

13T GrAgsissaenier - oo-garazoceowto  0.163328340-04 0.785425000501 _ FpLEM - :
:'g:'f;""";"' 0.367219850+00 0. 305897980403 0.579940610-09  —0.843682330-01 - FP.FM T

RS T4 0.735227570-01  0.679905120008  0.141975090-05  ~0.742916350-02 PP P 1 T
TSR 0.210304810-01  0.222963430002 049566386010 013177561002 FPiFm T B
5. 63 0.373067420501  0.293324860503  ~0.369412540-00  0.66145335008 Fpupm T TTTTTTITTTTTTTTC
e 7Ty 0.134367820+01  0.571888120002  ~0.181381480-00  0.215412440-02  FP.FM P
7. B3 0.504370460000  0.826731330401  ~0.100369170-05 0.549950340-05  FRiFM 1
'--T"S"""5"""5'5358;55;5:38"':5'5555ESZSS:S?"':S'ESZ24EZEE:?S""E'§§3825555-55-'-FFTF§'-"'-'--"? """""
TTel 10 30 160547790000 0506986340401 . ~0.374672070-10  0.185068690-05  FR.FM 1 7T
T30, 113 0.312630380-01 . =0 464448740001 —0.24154392010  0.95ep3eren-0e FmiEM ) o
1. 12 1. 3 0-534668310-01  -0.367729210501  ~0.138022020m10 0.511579660-04  FPiFH 1 T
Tz s s 0.317048910-01 - =0.271396190001.  =0.103393790-10  0.279233490-06  FRupm 1 TTTTTTT
Y3043 0.186507860-01  ~0.189509880001 . —0.664737180m11 - 0.152092570m08 | FRuFM T TTTTTyTTTTTT
e 15 3 0.105725370-01  =0.12387456D007.  <0.408617900-11 - 0.802474850-08  FREM T TTTyTTTTTTeeS
X5, 16 3 0.565650530-02  ~0.719323530400  ~0.23719427011  0.387284470-05  Frim PR
6. 17 2 0.840330930001°  0.58749150040%  0.555070890-00  ~0.327538890-03  Fpopm " P
Ti7.is 3 0.247626940401 - 0.330606950402  ~0.136123350-09 | 0.276088530-05  Frirm T
18, 19 2 0.112251980503  0.400678280004 | 0.15071506D-08 . 0.30805365002  DFATIDE i TTTTTTT
1. 20 3 0.23672379D-02  -0.144649800002  ~0.361324630-10  0.336026390-04  FPiEM " 1
20, 21 4 -0.295882230-01  0.455241190901 | 0.151529160-10 « ~0.130011490m04  FRiFM T TTTyTTTTTTTTC
T21.22 4 0.277940130400 | ~0.783070330502  ~0.277223780-00 0.192710280-08  Fpipm T TTTTTyToTTmme
22, 23 3 0.644922490400  -0.612987010402  =0.278380650-00 0117718153003 FrirM YT
23, 24 3 S0.310217100900  =0.636062720501  ~0.214145050-11 —0.103275350-04  FpiEm 7T i
26, 25 3 0.220128560901  0.200090890+02  ~0.72430854D-10  0.106383500-05 « FRiFm T TyTTTTTTTTT
25, 26 . 3 0.37831144D+02  0.126087150004  0.307486410-08  0.268511150-08  BFAI.pE T TTTrTTTTTTe
T26. 27 0 3 0.41219608D401 ~0.103212390003  0.211504220-00  =0.740581010 00 FpLpm T TTTTTTTmmmmmmmme
27,28 - 4. 0.131006520-02 --0.134082120-00  ~0.74008608013 022159853008 FpiEm T TTTTTTyTTTmTes
T28. 29 ¢ 4 0.174457520-02  =0.12642916De00 =0, 740983750-12  0.208864740-06  FP.EM P
"53?'5Sf"f'fZ'f"'-o'556?;??55'55"f:3'553522535358"':5'121653525'11 0.291004610-06  FP.FM TTTRYTTTT
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® E2-2
M R
NG. TAKASACCM)
1 292.00
2 281.93
3 271.86
4 261.79
5 251.72
6 241.66
7 231.59
8 221.52
9 211.45
10 201.38
11 191.31
12 181.24,
13 121.17
14 - 161.10
1S 151.03
16 140.97
17 130.90
18 120.83
19 110.76
20 100.69
21 90.62
22 80.55
23 70.48
24"
25 50.34
26 40.28
27 '30.21°
28" 120016
29" 10.07
30 ° “0.0

y

60,417

TAWAMIKAKU
0.71820-02

0.71740-02
0.71500-02
0.71090-02
0.70520-02
0.69790-02
0.68900-02
0.67850-02
0.66630-02
0.65250-02
0.63710-02
0.62010-02
0.60150-02
0.58130-02
0.55950-02
0.53610-02
0.51090-02

- 0.48430-02

0.45610-02

0.4263D-02
0.39490-02

0.36140-02
0.32580=-02

0.28780-02"

0.24710-02
0.20380-02

" 0.15760-02
0.10830-02 "

0.56070-03

0.64370-05

METHOD OF NEWTON=RAPHSON :K»= 7

TAWAMI (CM)
1.42459

1.35231
1.28020
1.20841
1.13712
1.06648
0.99665
0.92781
0.86010
0.79371
0.72878
0.66548
0.60398
0.54443
0.486%9
0.43183
0.37912
0.32902
0.28167
0.23725
0.19590
0.15783
0.12323
0.09234
0.04541
0.04271
0.02452
0.01113
0.00286
0.0

LI 2T I YT YY)

BENDING=MOMENT CTON. M)

0.

6.56473
13.0935
19.6374
26.1778
32.7137
39.2438
45.7671
52,2824
58.7886
65.2845
71.7689
78.2408
86.6991
91.1425
97.5700
103.9803
110.3725
116.7452
123.0976
129.4284
135.7363
142.0199
148.2775
154.5073
160.7076
166.8764
173.0114
179.1108
185.1721

FAX
O.813§280-06
0.241884D-05
0.4031530-05
0.5643290-~05
0.725438D~-05
0.886363D~05
0.104714D=04
0.1207740-04
0.1368130~04
0.1528290~-04
0.1688170~04

0.1847760~04

0.2007030-04
0.2165950-04
0.2324490-04
0.2501090-04
0.266484D~04
0.2799240-04
0.2958380-04
0.3126490-04
0.3320100-04

0.3539010-04

0.3773080-04
0.4034530=-04
0.4305760=-04
0.4590890-04
0.488689D~04
0.5191960-04
0.5504550~04

ECCM)
0.1048040+04
0.3526590+03
0.2115890+03
0.1511580+03
0.117587D+03
0.9623880+02
0.8146230+02
0.7062980+02
0.6234960+02
0.558159D+02
0.5052960+02
0.4661654D+02
0.4250190+02
0.3938350+02
0.366976D+02
0.3411140+02
0.3226290+02
0.3048210+02
0.2884380+02
0.2732520402
0.2579910+02
0.2439920+02
0.2314630+02
0.2196160+02
0.2088980+02
0.1996480+02
0.1913900+02
0.1840230+02
0.17744660+02



® ®BHX3

SHEO = 0.717510-02  SHEL ==0.32526D-18
DSHEOQ= 0.71751D=-05 '

_SHEOQ= 0.718230-02  SHELG= 0.64367D-05
FD = 0.897090+00 DSHEO= 0.362570-18

END OF PHm 60.000CTON) ++s+ssssss
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