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Ultimate Strength of Stiffened Plate Girders Subjected to Shear

Résistance & la ruine des poutres 8 dme pleine raidies soumises au
cisaillement

Tragfahigkeit ausgesteifter, schubbeanspruchter Blechtrager

SADAC KOMATSU
Dr. Eng.
Professor, Department of Civil Engineering
Osaka University, Osaka, Japan

I. INTRODUCTION

For many years it was recognized that the static strength of plate girder
entirely depends upon the web buckling strength. However, it has been shown
by Massonnet, Rockey, Basler and other authors having been in progress since
1957 that the slender-web plate girder has its considerable inherent post-
buckling strength. In several countries, the current Design Specification for
transversely stiffened plate girders is based on these findings.

The present effort is part of a continuing study about the behavior of
slender-web plate girder stiffened by transverse and longitudinal stiffeners,
and that is concerned with the predicting of the limit strength of its panel
under shear. To insure the justification of this approach, a series of proof-
tests was carried out at Osaka University in the summer of 1968.

Five 7m long welded girders with 3.3%mm webs, the slenderness ratios of
which were 200, 225, 250, were tested. The test panels of girders had one or
two longitudinal stiffeners, dividing the web into two or three subpanels of
equal depth, in addition to transverse stiffeners. The stiffeners were
designed by taking Prof. Skaloud's recommendations so as to allow the suffi-
cient development of incomplete diagonal tension field.

The behavior of longitudinally stiffened slender-web girder under shear
will be discussed in this report. Then the essential data of the proof-tests
were compared with the predicted values. These test results as well as ones
measured by several authors show excellent agreement with theoretical values
obtained according to proposed method.

Finally, design recommendations based on these static studies have been
formulated for plate girders subjected to shear.

ITI. MODi OF FATLURE UNDER SHEAR

A pure shear loading causes some kinds of failure mode chiefly dependent
on the relation between the slenderness of web and the strength of smaller
flange. In the case of low slenderness, a shear carrying action called "beam
action" resists at the neutral axis to the pure shear. With the attainment of
shear yield stress at the same place, the failure starts and then the yielding
phenomenon spreads all over the web by only small increasing of the shear force.
To design the girder having a comparatively slender web according to the clas-
sical beam theory based on "beam action", we need transverse stiffener spaced
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close enough so that instability due to shear is excluded.

On the other hand, it has been long recognized that the pure diagonal
tension develops in such a extremely thin web as those being seen in aircraft.
The action of a pure diagonal tension field is quite similar to that of a
diagonal member of Pratt Truss.

In the case of median slenderness, a pure shear loading results in equal
tensile and compressive principal stresses up to critical shear buckling.

After buckling, only a diagonal tension can carry any additional shear load.
Basler and his colleagues at Lehigh University have developed '"Theory of
modified incomplete diagonal tension field". 1In the state of incomplete dia-
gonal tension, two kinds of stress situation always exist together in the web
plate. One of them corresponds to a critical shear stress, another a diagonal
tensile stress. The mode of failure in this stress condition is greatly
afftected by the rigidity of the boundary members and the slenderness of web
plate. If the boundary members have sufficient stiffness, the diagonal tensile
stress will be uniformly distributed in the web plate. So the collapse of that
panel certainly occurs due to yielding all over the web plate. If the boundary
member, however, do not have sufficient rigidity, yield zone is restricted to

a narrow diagonal strip. The diagonal strip of the web flows plastically with
the development of plastic hinges in the flange. The residual flange and web
deflections shown by Prof. Rockey make it quite clear that the mode of failure
is not similar to that assumed by Baslar. It should be alsc noted that the
position of plastic hinge varies with the flange stiffness, being quite differ
from Fujii's assumption.

For high flange stiffness, the plastic hing is located in the middle point
of the panel length. While, its position is quite near a corner of panel for
relatively flexible flange. '

III. COMPUTING PROCZDURE

In order to find the ultimate strength of a plate girder under shear, the
girder may be assumed to behave according to beam theory up to the critical
buckling stress of web plate and then in a diagonal tension field manner up to
the yielding point. With the exception of extremely low slenderness of web,
for example less than 90, or extremely flexible stiffness of flange, the panel
may also be assumed to be rigidly clamped along the flange.

Fig. 1 shows the relation between the extension of diagonal tension field
and the deformation of panel-frame after collapse. In the same figure,
denotes the shearing displacement and v(x) the deflection at a point x of
flange due to its bending. If the tension field develops with the inclination

£ to girder axis after buckling, a tensile strain £g will be induced in the
direction P"R' parallel to that of tension field.

v, (x)

Etu - [J’- — ] sin @ cos @ (1)

, where a is the panel length.
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The first mode The second mode The third mode
of failure of failure of failure

(a) (b) {e)

Fig. 2 Mode of fa.lure

Fig. bt Deformation of ahear panel

AN
8 .

The ith mode
of failure

(d)

Corresponding tensile stress G,tu will be also produced with the elastic

modulus Et'

P =Et[b/-

Therefore, a distributed transverse intarnal force a, acts on the flange all
over the span AB.

v, ¢
a -

x)

] sing-cosg (2)

X

v (x)
a, = 8 [X— -—-—a-lf-——-—] sin” §- cos 4d o, (3)

- X

s Where t, is the thickness of web plate.
Vhereas it may be assumed that both bounds A'S and AS' are scarcely deformed,
a diagonal tensile stress § t; in central region may be written as follows;

Q/tm = Et Xsin g - cos@ (&)

Now, two kinds of failure mode are cosidered according to the rigidity of flange.
The first mode corresponding to a relatively flexible flange starts with bending
collapse of flange, being accompanied by web-yielding in the central region such
as shown in Fig.l. However, both upper region iBS and lower one A'B'S' remain
elastic in spite of failure of girder. Neglecting the elastic deformation, the
deflection of flange just after collaps= may be represented by the following
linear equation of coordinate x.

v(x) = z A ogx<e
(5)
v(x) = 2=—4 ¢sx<a

Substituting v(x) into eq.(3), the transverse internal force q, is written by
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13

B, (r-%-- 4 )sin39 .cosﬂ .t Osx<e

qu a=-xX

(6)

[}

9, = 9,0 = B ( ¥- afc ) sin® &G .cos & . t, C<x<a

» where 4 is the deflection at the point C.
Zgpecially, at x=0

qu=qul=Et b'sinz'ﬁ-cos ﬂ-tw (7)

For the sake of simplicity, the linear distribution of transverse internal
force q; along the coordinate axis x may be assumed as an approximation between

A and C,
x
9y = 949 - (qul - qua) e (Osx<e) (&)

By applying the principle of virtual displacement to the flange AB broken
off by the transverse action q, 2 following relation can be obtained.

12a (9)

TSlame) Mp T Syt a0) a,

y where My denotes the full plastic moment of smaller flange, being computed by
following formula.

1 2
Mp = it qubf tf (10)

In above formula, ‘fy » Dbf, and tf denote yield stress, breadth, and thickness
of flange, respectively

Substituting eqs.(6) and (7) into eq.(9), and putting
E Et Vil sinja cosﬂ-tw /@
(ac) =~ _L’iiL.

C

a—_

3

q
LE (11)

Considering of equilibrium in vertical direction at the cross section AB
gives a following relation,

Q b
Q= f Pau(x)dy(x) [ Pan(3)dy +  Tor bty  (a)
(7]

ng

s Pau and pzm are shear internal forces per unit length along the boundary at
the upper and central region, respectively as shown in Fig.l. The third term
represents the contribution of remaining beam action. From boundary conditions

of the panel,
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Pyy = Q’tu sinﬂ- cosg- tw
(12)
P, = Oy Si0 & cosd- tw'
Then, using egs.(12) in eq.(a),
Q= qulb.cota — Z [1+7:—_Cr] a + crbtw (13)

Furthermore, the attainment of yielding in the central region causes the comp-
lete failure of plate girder, so that the diagonal tensile stress § 4, can
increase up to follewing value according to the yield criterionm,

GItm = (wy - & 7cr sin2 & (14)

, where G.vy ' To:r are yield stress and critical shear buckling stress of

web, respectively.
So 91 becomes as follows,

Q1 = ( G/wy -2 7cr sin2 9) sinaﬁ- tw (15)

Substituting egs.(1ll) and (15) into eq.(13), the ultimate shear force can be
finally obtained.

g = .-;— ( (wy.—a "Z'cr sin2 @) {b sin2 @ -A{(1-cos2 8 )} t,
b Mp X

+ _—_—c(a—c) + crbtw (16)

y Where b and t, are depth and thickness of web plate respectively, and
a-c/2
= —— (17)
a-¢/3

The inclination of diagonal tension field 9 can be obtained under such
condition as the shearing resistance should become maximum; that is, .

20
26

s from which the following relation is deduced.

=0

(wy (b cosza ~0(sin2a) + 2 Z:r {D((C‘)szﬂ -—cosl@g )

-b sinha} =0 (18)

53
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For this case, the inclination should be determined to satisfy above condition
(18).

Then the position of plastic hinge can be determined by a following
empirical formula,

lt 82 ‘_ML-— O.
3 Swy bltw + 0.38
M

P
1.782
2(1.7 m +1)

€= a (19)

For flexible flange, Mp value is so small that the factor /Z of plastic
deflection in eq.(1l) takes positive value.
In such a case, the first mode of collapse as shown in Fig.2(a) will be occured.
If the rigidity and strength of flange are much enough to resist elastically
against the transverse internal force qu even after yielding of web, the third
or fourth mode of failure will be deduced as shown in Fig.2(c) or (d4).
In these modes, the diagonal tensile stress will be uniformly distributed all
over the panel. The failure of girder will be induced by complete panel=-
yielding, when the diagonal tensile stress cr% will attain to the yield point.
Therefore

P,=P, =P, = G sin & cos ﬁ-tw

1 .
= =~( (Wy-a 7

- sin2 g )sin2 ﬂ-tw (20)

Substituting eq.(20) into eg.(a), the ultimate shear force § can bhe obtained as
follows,

1 . . 2
Q = {TG’wy sin2 @ + 'Zcr(l - sin 25)} bt (21)
according to the condition of maximum value BQ/ 28 =0 again,

cosZQ(G‘wy-h"(’crsinae)=o (22)

If the slenderness of web is so large that the critical shear buckling stress
has a very small value and an inequality

Gy =4 Tor 20 (23)

can be satisfied, the fourth mode of failure will be occured. Since *Fhe incli-
nation & of tension field should become 7 /4 in such a case, the ultimate
shear force @ can be readily found.

Q= Twy bt + 4Mp/a (2k)

The last term represents the sum of the full pastic moments at the corners

A.,B,A' and B'.
This means so-called Wagner's complete tension field.
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However, if the slenderness of web plate is not so large as to satisfy
inequality(23), the inclination should be determined by a following equation.

1 .1 &
5(=£9)=-—2-51n —W\:-Z‘-o (25)

|

The ultimate force & should be, of course, calculated by eq.(21). Consequently
the third mode of failure will be occured in such a case.

As an intermediate case between the first and third mode, it will be con-
sidered that the plastic hinge at the middle point of flange will be built up
simultanecusly with the spreading of yielded scope in the web. For such a
case, the mode of failure may be called the seccnd mode and shown in Fig.2(b).
In this case, /Z takes a negative value for @ satisfying condition(18), while
it has positive one for & taking Z/4 in spite of satisfying inequality(23).

Since it must be complicated to analyze rigorously such stress situation,
the following approach may be useful to find uitimate load. From the condition
of simultaneous collapse, the following relation may be derived.

2
Mp = ‘Tag‘ ( ijy -2 {Z‘cr sin2 @) sinaﬁ- ty (26)

W¥hen  the plastic moment M, of flange is given, the inclination & for such mode
of failure should satisfy agove eq.{26).

Thus eq.(21) can be applied again to determine the ultimate shear force, because
the combined stress will be attained to yield point in entire panel immediately
after collapse of flange.

The practical computing process may be carried out in such a way as shown
by a block diagram as shown in Fig, 3.

[ Compute Mp by eq.(lc)l =
L Compute c by eq.('.9j
—l Cmp ate - hv eq.(25) l l Put e=./ I
[ Compute x> by eq.(l?L]
r Determine § by eq.(21) I r Find Q by eq. (ﬂ

LDetermine 5 gatisfying eq(lB—)I

1

l Compute 1., by 61-(;5)1 Compme qu, by eq.(15)

yes | Compute 1 by eq.(11) ¥
G rpmu o satisfying eq.(z(ij

[ Fing ¢ by eq.(Zl)J

[ Letermine « by eq.(ld

:

Fig. 3 Block diagram o uktimate shear

[ Print out &, <, = J

force compntation program
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IV. PROOF T&STS

The primary purpose of the main tests was to justify the newly developed
theory for the ultimate strength of unsymmetrical plate girder under shear.

Five girders could be loaded statically to fail for this purpose. Since
it was unde sirable to fail in any panel other than the test-panel, the
girder was designed so that the failure loads were remarkably different for
ad jacent panels.

4.1 Girder Specimens

Among the five girders tested, each of three girders had a one-sided
longitudinal stiffener at the middle of web depth shown in Fig.4, the other
had two one-sided longitudinal stiffeners on the internal trisector of the web.
The test girders were connected to a rigid supporting girder by high tension
bolts shown in Fig.5.

Moreover, two corner plates were welded to increase the ridigity of upper
flange shown in Fig.6. The dimensions of test girders are given in Table 1.

4,2 Test Load

The load was applied by means of two oiljacks with total capacity 150tons.
Five equal increments of load were taken up to two-thirds of predicted yield
load, then the load was increased by 2tons at one time until failure.

4.3 Material Properties

The actual dimensions of the component plates of the test specimens were
obtained from measurements on coupon plates cut from the various plates before
fabrication. Table 2 shows the measured values of dimefnisions and the results
of the tensile tests. ’

2050
§50 200 360 200
_8
e
5 ES
h L 200
2 i EXH
Test panel 12 81 \Comer plate
i <
Fig. + Specimen A2 =
5550, Fig. 8  Specimen A-3
Longitudinal stiffener sec{fon
740 1800 2600 154 35mme £ .

150
240

= Strain gauge

Fig. 5 Supporting pirder
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Specimen b cm b cm Ly OB by cm Ly cm & cm [}
Al [ 3z 0,333 12.5 1.0 32 1
A2 5 3s 0.333 12.5 1.0 k1 1
A3 5 24 0.333 12.5 1.0 36 2

" A-1 83 10 0.333 12.5 1.0 10 1
A=D 83 26.7 0.333 12.5 1.0 0 2

b: depth of web

b, : depth of subpanel

1yt thicknesa of web

by : breadth of smaller flange

t§: thickness of smaller flenge

a : length of shesr panel ( diastance between transverse stiffeners )}
n : number of longitudinal stiffeners

Table 1 Dimensions of panel

Section Gl_nz! Yield Ultimate | Yield I'ltimate ﬁgreql-
Specimen Size area distance|load Ioad stress | streas Stretch| s¥refch
- - - ton ton kg/cn kg/cm - g

A1 38.03 9.93 396 .50% 200 15.00 | 21.11 3783.1 | 5399.7 4.0 22.0
A~2 39.95 9.85 383,508 200 14,89 | 21,08 IR0 ha52.0 15.0 22.5
A=3 $0.00 9.65 386,000 200 14,50 | 20.80 796,09 5360.1‘ 41.0 20.5
B~1 40.07 10.49 128,348 200 15.93 | 24.02 JT18.4 5808,2 +1.0 20.5
B-2 40.07 10.79 432.355 200 15.98 | 24.16 3695.7 5588.1 41.0 20,5
B3 40.87 10.6] 423,021 200 16.00 | 23.80 4r82.5 5626.2 41.0 22.5
[ 50.04 14.0% 704,923 200 25.70 | 40.10 3646.0 | 5688.48 41.0 22.0
] 25.25 4.44 tlz.1i0 50 45.50 .46 4906.3 5762.2 16.5 21.0
E-1 23.17 9.33 TV.156 50 .50 +,35 4533.7 | 5637.9 16.5 43.0
E-2 23.20 3.35 Ti.72 30 3.29 4.19 4233.1 | 53%1.1 15.5 3.0
E-3 23.17 3.33 77.156 50 3.27 4.19 4237 .9 5430.6 16.0 32.0

A.B,C,D: SM50 for fiange E r SM50 for web

Table 2 Tensile test of material

V., T&3T RESULTS

In this paper, the typical data of many test results are shown as follows.

5.1 Deflection of Web

The lateral deflections at the middle point of each subpanel under shear
were plotted against load as shown in Fig.7.

5.2 8Strain of Flanges

The longitudinal strain of both flanges were plotted against load as shown
in Fig.8. It can be considered that these strains were suddenly increased due
to shear buckling of web plate. Therefore, actual critical shear buckling
stresses may be observed from these diagrams, Thus, the experimental critical
shear stresses could be seen to coincide with the theoretical ones of subpzanel
fixed at both longitudinal sides and simply supported at vertical sides.
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5.3 Deflection of Girders

The deflection of several
points measured by dialgages were
plotted against loads as shown in
Fig.9. Most curves tend to deviate
from a straight line just after
predicted critical shear buckling
load Pupyth as shown in the same
figures. From these facts, the
theoretical values for shear buck-
ling can be considered to be

10 mm 200m 30 om acceptable .
Deflection

Fig. ? Vertical deflection of girder A-2

5.4 S3train of Longitudinal
Stiffeners

The strains of longitudinal stiffeners were plotted against applied load
as shown in Fig.l0. After buckling of web, the longitudinal stiffeners of all
test girders, except A-4, were bent upward. This behavior was caused by the
fact that the membrane were pull up towards the upper flange which was more
rigid than the lower one. Moreover, the longitudinal strains at the opposite
side to stiffened surface of web were compressive in the case of one stiffener,
or compressive at upper stiffener and tensile at lower one in the case of two
stiffeners.

5.5 Strain of Transverse Stiffener

The strains of transverse stiffeners were plotted against applied load as
shown in Fig.ll. The strain scarcely induced in any transverse stiffener up
to web buckling. The strain of transverse stiffeners as well as flanges,
however, abruptly increase after buckling of web, because the frame consisting
of flanges and stiffeners must bear the internal forces transfered from the
buckled web.

Load g
Load
—'=—'=— lLinear theory
\_1 L.F
100t —
o0t | / Experiment
Per,
o Por.vofa — 7 —g————f .
iipg . T.F.
50t ' Otlv-
* 14 e
L.F
Dlalgauge Direction of

deflection | Il

0 10 == 20 =m -2000 -1000 Q 1000
Deflection Strain

Fig. 7 Web deflection A-2 Fig. 8

Flange eirain A-J
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S-8 =
S-15 )/:,

n

§-16

0
Strain (207")
Fig. 10

Load

1000

2000

Strain of longitudinal stiffeners

- -
Per th | |
| |
S CRTE | || RS s-1 |
Per. simple | s—n*
b 50t | |
| |
| =
| |
| |
s-2 ! < b
| |
| |
1 1
Support Suppe
L L
-2000 -1000 0
Strain
Fig. 11 Strain of traseverse stiffner A-2

z,

*




60 i — ULTIMATE STRENGTH OF STIFFENED PLATE GIRDERS SUBJECTED TO SHEAR

VI. COMPARISON BKTWEEN PREDICTED VALULS AND EXPERIMENTAL RESULTS

The experimentally obtained ultimate load QJox were compared with the values
Q¢h based on the author's theory as shown in Table 3. It can be seen that the
fairly agreement between them could be obtained.

Moreover, the strength of every stiffeners except A4 girder may be recog-
nized to be so enough as to resist elastically diagonal tensile stress.

In Table 3, the experimental results given by other authors alsoc agree
with author's theoretical values.

VI, REJUIREMA&NT FOR FLANGE 3TRENGTH

In order to establish a well balanced design of girder under shear, how
large flange or stiffener should be adopted? Concerning with this problem, it
is rational to choose such a flange as to make the girder fail in the second
mode for given dimension of web plate.

Hence, for the web satisfying inequality (23), the maximum ultimate shear
force 9 . can be given when @ is equal to 7C /%, that is

Herein, the required plastic moment M r of smaller flange may be given from
eq(26) as follows, p,req
a2 .
Mp,t‘eq - 32 ( QJWY - 27c.:r') L (28)

However, if inequality(23) cannot be satisfied for given web, the incli-
nation ¢ = &, should be decided by eq.(25). Therefore, Qp,x takes the value

given by substituting & = &, into eq.(21). 1In this case, a required plastic

moment M eq of flange should be found by a following formula.
*

. -
Mp'req -2 7., sin2f,) sin Q,-twl (29)

The required full plastic moments Mp,req of desirable flange for girder

specimens can be compared with the actual onesMy ,ct in Table 3. The strength
of flange in the girder at which the 3rd mode of failure was occured was too
large to be appropriately snd economically designed for designated web.

While, in the girder collapsing in the 1lst mode, the strength of flange was
too small to use up the full strength of girder.

CONCLUSIONS

An approach to the limit design of thin-web plate girder with transverse
and longitudinal stiffeners under shear was proposed in this paper. It was
shown by analysis that there were four modes of failure any one of which would
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be induced in accordance with the relative strength of flange .to the web.
This calculating method of ultimate strength includes both the finding of the
mode of failure for designated dimension of member and the determination of
ultimate strength.

It was shown that the test results given by several authors fairly agreed
with the theoretical ones.

‘The rational design method of shear panel, especially the determination
of desirable dimension of flange was indicated here,

The stiffness of longitudinal stiffener has only to be sufficient to
increase the critical buckling stress as much as possible and make the stif-
fener remain straight up to the collapse load of girder.
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Web

. Plastic Mode of
Specimen D) tw | Vey | bf tf VEy a hinge C | failure | °F* *B
A-1 67 (32) | 0.333} 4,534 | 12.5 | 1.0 3,783 | 32 None 3rd 1758
A2 75 (36) | 0.333f 4,233 | 12.5 1.0 3,784 36 None 3rd 1555
A3 75 (24) | 0.333} 4,235 | 12.5 1.0 3,756 36 None 3rd 1842
A=l 83 (40) | 0.333| 4,395 | 12.5 1.0 3,738 40 20.0 2nd 1450
A-5 83 (27) | 0.333} 4,238 | 12.5 1.0 3,738 4o None 3rd 1769
TG-1 100 0.25 2,037 16 0.506 2,862 | 100 15.0 1st 145.8
TG-1" 100 0.25 2,037 16 0.526 2,862 | 100 19.0 ist 145.8
TG=-2 100 0.25 2,037 20 1.008 2,862 | 100 19.2 1st 145.8
TG-21 100 0.25 2,037 20 1.012 2,862 | 100 19.2 1st 145.8
TG=3 100 0.25 2,037 20 1,643 2,862 | 100 50.0 2nd 145.8
TG-3" 100 0.25 2,037 20 1.642 2,862 | 100 50.0 2nd 145.8
TG-i 100 0.25 2,037 20 2.016 2,862 | 100 50.0 2nd 145.8
TG-U* 100 0.25 2,037 20 2,013 2,862 | 100 50.0 2nd 145.8
TG=5 100 0.25 2,037 25 2.975 2,862 | 100 None hth 145,8
7G-5" 100 0.25 2,037 25 2,972 2,862 | 100 None Lth 145.8
G6-T1 127 0.49 2,580 | 30.8 |1.975 2,665 | 190.5 3.6 1st 306
G6-T2 127 0.49 2,580 | 30.8 [1.975 2,665 95.2 b7, 2nd L35
G6-T3 127 0.49 2,530 | 30.8 ]1.975 2,665 63.4 None 3rd 741
G7-T1 127 0.4981 2,580 | 30.95 |1.95 2,645 | 127 b4 1st 258
G7-T2 127 0.498 1 2,580 | 30.95 {1.95 2,645 | 127 b4 1st 358
G8~T1 127 0.50 2,630 | 30.45 |1.902 2,910 | 381 73.2 1st 283
G9-T1 127 0.333] 3,130 | 30.45 |1.902 2,540 | 381 73.4 1st 125
G9-T2 127 0.333} 3,130 | 30.45 }1.902 2,940 | 190.5 36.7 1st 145
B 120 0.45 5,000 | 24.0 Lol 5,000 | 120 22.9 1st 328
F10-P1 127 0.665 2,405 | 39.5 5.20 1,915 | 190.3 95.2 2nd 579
F10-P5 127 C.653| 2,720 | 40.75 | 2.54 2,025 | 152.4 76.2 2nd 590
F11-P3 240(193) 0.665| 2,405 | 35.9 3.20 1,915 | 241 46,0 1st 262
Fl1-P1 241(193) 0.66 2,405 | 36.0 3.18 1,738 | 335 64.0 1st 236
153=T1 127(85) 0.46 2,690 36 3,64 2,095 | 190 95 2nd 556
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‘  udi N " ,
Specimen Logfigge;Z:l {ex 103 Qt: 103 Qex/ch Mp, req. Mp, act
A-1 1 56,5 565 1.02 5.692x10° 1.182x102
A-2 1 57.5 56.8 1.01 7.630x107 1.183x10,
A-3 > 59,0 61.2 0.96 5.l9lxlOZ 1.175x10;
A=l 1 63.0 63.0 1.00 1.271x10 1.16&:101+
A5 > 63.5 66. 0.96 7.025x10° | 1.168x10
76-1 0 15.54 14,09 1,10y (5 ooy 1.364x107 | 2.931x10°
TG-1 0 11.85 14.15 0.84} -97 1.364x107 3.167x107
TG=2 0 16.3 16.98 0.96 © 90)* 1.364x10§ 1.454:{10l+
IG-2? 0 14,15 17.01 0.83}' : 1.364x10 1. 466x10,
TG=3 0 19.4 19.32 1.00} (1 oo)* 1.364x10§ 3.863::104
TG-3" 0 19.35 19.32 1.00 . 1.364x10 3.858::104
TG-4 0 22.3 21.86 1.02 (1 oo)' 1.364x105 5.816::104
TG=41 0 21.1 21.86 o.97}' ) l.364xlog 5.799x105
TG-5 0 31.47 31.78 0.99 © 98)' 1.364x10 1.583x105
7G=5" 0 30.5 31.78 0.96} . 1.364x10° | 1.580x10
G6-T1 0 52.5 50,6 1.03 1.005x10§ 8.oouxlot
G6-T2 o] 68.0 70,4 0.97 2373x107 8.oot+xloL+
G6-T3 0 80.4 31.0 0.99 4.038;:10rs 8.004x10
G7-T1 0 63.5 65.9 0.96 4,677x10 7.732x10
a7-T2 0 65.8 65.9 1.00 4.677x102 7.782x10;
G3-T1 0 33.6 36.5 1.06 4.796x106 8.o:L1+x:LoL+
G9-T1 0 21.8 2l.b 1.02 4.549x106 8.096x104
G9-T2 0 34,0 36,2 0.94% 1.072x10 8.096x10
B 0 76.0 78,7 0.97 8.798x10° | 4.320x10"
F10-p1 0 83.5 88.1 0.95 9.589x10§ 1.936x10°
F10-F5 0 86.2 92.8 0.93 7.303x107 1.531x10;
Fl1-P3 1 127.5 128.9 0.99 2.2?1x106 1.760x105
F11-Pl 1 111.9 105.5 1.06 4. 47210 1.582x10
LS3-T1 1 63.5 71:3 0.89 8.190x105 2.780x105

Table 3

Comparison between experimental

and theoretical ultimate load.

bl ; Depth of main subpanel

C : Distance between plastic
hinge and the nearest
corner of panel

Mp,req.: Required plastic
moment of desirable
flange for given web

Mp,act : Existing plastic
moment of flange

(1) Komatsu

(2) Skaloud

(3) Basler

(4) Konishi

(5) Patterson

(6) Cooper

NSLYNON OVAVS

* mean value of twin specemens

unit : cm, kg



| — ULTIMATE STRENGTH OF STIFFENED PLATE GIRDERS SUBJECTED TO SHEAR

1 REAL NuU+KS 4 MUSMP MS
2 Em2,1#10+0un6
3 NU=0.:3
4 PAlw3.141592
5 DO 100 |=1,21
6 READ(541000) B4B1+TWsSWYsBFsTF1SFY A
7 1000 FORMAT C8FB8.0)
8 READ(5,+1001) KS+SK
9 1001 FORMAT (2F8,0)
10 ASP=A/B
11 TWY=0,545WY
12 WRITE(64+2000) BaTWSWYBF1TF.SFY,A
13 2000 FORMAT(1H s4H B=af@.2+4H TwaFB8:2+5H SWysFg,2,4H pFaFg.2,4H TF=Fg,2
114H SFwF8.2,48 A®F8.:2) ’
1a TCS=SKuPATw#24E/1240/ €1 0eNU##2) 2 (TW/B1)%n2
13 IFCTCS=0.54TWY) 20420421
16 21 TCSmTWwyn(l.,0=3:08C1,0mNy#n2) /SK/PAT#RZ/ERTWY#CB1/TH) ##2)
17 20 CONTINUE
18 TCRuKSuPAl un2#E/12.0/€10=NU##2) #(TW/B1) w2
19 TIF{TCR=0:3%TWY) 104+10,11 ‘“
20 11 TCRaTwY#(1,0=J.0%C1.0uNy##2) /KS/PAT##2/EuTUY#(B1/TW)uu2)
21 10 WRITEC642001) TCR2TCS
22 2001 FgRMATglﬂ s 4HTCR=FB8.2+13X +AHTCSuF842)
23 u0.25#SFY#BF #TF #%2
24 Cm(0:38+1:782%MP/SWY/Buu2/TWI%0.5/C1,0+1.T824MP /SWY/B#n2/TWI*A
25 CA =C/A
26 ALP=(A=C/2, 03/ CA=C/3.0)%A
27 Ti=] B
28 52 T -0.10
29 Jiml
30 BB=0.0
31 STEp=U, 01
32 NC =1
33 1 T =aT4.5TEP
34 GO TO 233,11
E1) 2 AA wSWY#(BRCOSC2.ORTI=ALPRSIN(Z. 0% T )42, 0FTCRE(ALPH(COS(2,0%T)=c08
1€, 0#T))=BuSINCA,O8T))
36 ~ GO 10 &
37 3 AR =MP=ARR2 216 0% (SWY=2.0WTCR®SIN(2.0%T))#SINKT) ## 24Ty
38 4 CC =AA%BB
39 IF(CC.1.T:0.,0) Go To 5
40 BB =AA
41 NC «NCa+1
A2 IF(NC,6T.100) GO TO 7
43 Go 10 1
44 5 T «T<STEP
LY JJ wlJ+l
46 TF(JJ.EQ+3) GO TO 6
i STEP=STEP/10.0
[Y] GO TO 1
49 6 T =T+0,5%STEP
50 T CONTINUE
51 TH =T
52 Go TO (18+19) * 1T
53 18 CONTINUE
54 50 QUl=CSWY=2.0# 'CRASINL2,0%TH) I#SINCTH) #x2%TwW
55 51 ETBa(QuUl*(A=C)=4,C#MP/C)/(A=C/3.0)
56 IFCETBY 12412413
57 13 CONTINUF
58 WRITE(6+2004)
59 2004 FORMAT(1H 4111X,8H15T MODE)-
&0 Q@ =0.5%8(SWY=2.0% 1 CR®SIN(2.0%TH)I*(B*SIN(2,.0%1H)~ALP#(1.0-C05(2.0#
1THI I *TW _
61 Q@ =0+4,0%MpRALP/C/ (A=C) +TCR*¥B#TW
C Oyt PUT
62 53 TUL=Q/RB/TW
63 MU =TUL /TCR
64 TH=TH#180.0/PAl
65 IF(SWY=4.08TCR) 22423423
66 22 X =SWY/4.0/TCR
67 TT «0,5%ATANCA/SGRT (1.0=X#%2))
68 STH= (SwY=~2,0#TCR#SINC2,0%TT))
69 PP apAx®2/16-0uSTMRSINCTT)#%20Tw
70 GG TO 60
71 23 STM=SWY=2.,08TCR
72 PP cAw%2/32.08STMaTY
13 60 ConTINUF
T4 WRITECA.2002) MPPPIALPQUL,ETBE
75 2002 FORMAT(1H «3HMP=E1l4,7vgH MP REGQ=EL4. 724X 4HALF=E15+ 716X+ 4HRUL=ELS.
174X +4HETR=ELS . T)
T6 leTE(ﬁ.ZOOS) w0C|TH0TULvMU

17 2005 FORMAT(LH «2HWREL12 0 725X+ 2HC=EL5 e T 5X 0 IHTH=EL S« T4 5ASHTULT=E15+ 745X



SADAC KOMATSU

1e3HMU=F15.7///)

65

78 WRITE(6.,2003)
79 2003 FORMAT(/7/)
80 GO 1O 56
81 12 IF{SWY=4,08TCK) 14415,15
a7 14 X =2Swy/4.0/TCR
83 TH =0, 5%ATANCA/SANT (1, 0=X%%2))
B4 @ = (0.5#5WY*SINC2.O*THY+TCR® (L, U=SIN(2,0%TH) *#2)/ »pxTw
85 GO TO 54
86 15 TH =PAlL/%4.0
87 Q@ =Twy«B*xTw +40=MP /A
88 54 QUIn(SWy=2,0%CRHINCZ, ONTHIISINCTHI *u22Tw
89 C =0.,5x%A
90 ETBaCQUI*(A=C)=H,0aMP/C) / (A=C/3.0)
91 IF(ETBY 16416+17
92 16 IF{TH,FR.PA]I/4.0) GO TD 55
93 WRITE (6+2006)
94 2006 FORMAT(LH +111X,8i113RD MODE)
95 GO TO 53
96 55 WRITE(K+2C0T)
97 2007 FORMAT(1H +111A48H4TH MODE)
98 GG TO 53
99 17 11=2
100 GO TO 52
101 19 €@ =C0.5%#SWY*SINCZ.OXTHI+TCRECL . O=SIN(2. 0% THI*%2) ) %B#Tw
102 WRITE (6+2008)
103 2008 FORMAT(1H 111xX48H2ND MODE)
104 GO TO 53
105 56 CONTINUE
106 100 CONTINUE
107 STOP
108 END
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