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INTRODUCTION

The present investigation was undertaken in order to
obtain information on steel WF continuous beams tested from
the elastic range through-the plastic range until ultimate
strength was devélopedo Special interest has been given to
the study of:

a. FRedistribution of stress in the beam after a portion
of it went to the plastic range.

be The combined . effect of stress concentration, resin
dual stresses, and tle change of mechanical propertiss
in the heat effected zone in the beam due to welding
on the general behavior of continuous beams in both
elastic and plastic range’,

Brief discussions are also inclﬁded in this report
which consider the effects of lateral buckling, strain hardening
and local buckling on the ultimate strength of continuous
beams,

Sincé the program is only partially completed, this
report will emphasize the information observed on the tests
completed thus far, Tﬁree tests were made as shown in the
following table. One was tested as a simple beam to provide
the basic information for the analysis of the results of the

continuous beams,.
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Test No. Type of Test Size of Distance between Load

Member Suppor ts
By Simple beam con- 8VWF40 14! 1/3 point
trol
By Continuous beam 8%F40 14! 1/3 point

with central sp
fully, restm ined{l

Bz Continuous beam 8WF40 141 1/3 point
simula i?g rigid
frame, 2

(1) Force at end of cantilever sections regulated
“to keep beam level over support point.

(2) Cantilever load regulated to keep end in
same horizontal plane as support points.

Test Specimens By and Bz were made from a single member
8WI'40 section and were tested in the as-rolled condition.
One~half inéh thick stiffener phktes were fillet-welded to the
web at the supports and loading brackets were welded at the
loading points as was done in previous simple beam testsa

Deflection, angle rotaticn and strain were measured by
Ames dials, level bars and SR-4 strain gages 1vo cated as

shown in Figs. 6, 7, 8, & 9,

TEST SET UP AND TESTING PROCEEDURE

The same apparatus weas adoptéd in ﬁhe control test as
described in the previous progress report "Plastic Behavior of
¥ide Flange Beams™., Fig. 1 shows the general view of the test
set up.

A new set up was designed for testing continucus beams,
The general arrangement of test is shown in‘Figs. 2 & 6+ The

specimen was supported on two roller s as shown
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in ¥ig, 5, A deflectiocn gage rig wes attached to plates for
mounting of Ameé dial zages, |

Four hydraulic jacks were used for loeding. Aluminum
fibe dynamometers were designed and calibrated for measuring
the load., Forces were applied by jacks and dynamometers con-
nscted bétween thé loading bracket of the specimens and the base
bzam as éhown in Fig, 3. |

A 1lateral bracing frame was used for the prevention
of 1a teral deflection as shown in Figs, 4 & 6.

~ Load was applied by hand pumps,

Load was kept constant during the time that readings
‘were taken, Curves of some deflection gage and strain gage.
data were plotted during the tést for genersl informatioﬁ.

In the plastic range, yielding proceedsvery slowly.
Unless the test procedure were modified, considerable time would
.elapse»before absolute static equalibrium conditions were ob-
tained, 4 criterion was adopted for taking readings under such
circumstances as followsg: Vhen the increase of deflection in |
the central dial gage of the beam was’less than 002" within
15 minutes, a whole set of recadings could be taken, The test

then proceeds with another increment of load,
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RESULTS AND DISCUSSIONS

A. Initial ¥ield Strength and Ultimate Strength of the Control
Test (B1)* ‘

M - @ curves of the central section of the beam are
plotted in Figs, 10 and 11. The load deflection curve is shown
in Fig. 12.

The observed.and calculated initial yilelding strengths
are tabulated as follows:

Initial Yield

Strength Ultimate Strength'

L Load Moment . ‘TLoad  MNoment )

Observed from load 27.5 770 in.kips 50,3 1806 htna kips
deflection curves kips ' kips

Obéerved from 4248 1200 in.kips 503 1406 in. kips
M =@ curves kips kips

Calculated 46.2 1294 in.kips 55,4 1550 in. kips

kips kips :

The ihitial yie;d’strength of the beam as observed
frmn Figa 12 is about 27.5 kips corresponding to a moment of
770 indh;kipé; This load value observed from the load deflection
curve 1is apparently éue to local yielding around the loading
braékets and is probaﬁly induced from welding residual stress
and stress concentration. The remaining parts of the beam are
still in fhe elastié range at this load as shown by M - @
curves in Figs. 10 and 11.

At a load of 38.5 kips, yield lines Were observed on
the upper flange of the beam betwsen the two_load points. The
whole ¢entral span probabiy started to.yield at this loads The
M - @ curves (Pigs. 10, 11) show an initial yield load of 42.8
kips which is very close to this load« The lowering of the

¥ The term "load" in this section only,refers to total load on
the simple beams
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‘initial yield strendth of the whole section from that predicted
might be due to rolling residual stjp'esses°
The ultimate strength of the beamfseotion'is about
9% lower than calculated. . Similar results wepe reported

in. Progress Report-No. 1, "Plastic Behavior of WF Beams"

'B, Initial Yield Strengph of Contlnuous*Beams

The exact load at initial yield in actual struotures
is difficult to determine. Due to such factors as stress
concentration and residusl<stresses-structﬁres'do-nOt behave
in perfect elastic fashion even at Low loadso ‘

The initial yield strengths of the continuous beams
in this report are estimated from the change of slope in the
load displacement curﬁes? |

In both test No. B2 and B3, theiwhitewash near the
supports stabted to show Lueder lines at a load 50% below the . -

-data from the

calculated yleld load. The,strain gages on the top flangs of
centinuous beam B3 at the load and supporﬁ points are_pldtted
in Figs, 13 and 149f Local yield is observed at a load W = 21
kips?. |

| Ths general behavior of the beam is not'significantlyp
"affected by such}local yielding'as.Canlbe seen from the load=
displacement curﬁes shown in Figs?‘lS to 189’" |
| ' The calculated and observed initial yield strengths

are tabulated as follows:

* The term "load" in this section refers to load in one dyna-
mometer.
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Initial Yielding Strength

Calculated Observed
B2 W = 34,7 kips W = 27 kips
B3 . W = 46.2 kips W = 39 kips

Different behding strengths were observed at the two
support points of beam Bé. End moments are plotted against
load in Fig.\lQ._ The east end started to yield at lower load
than the west end. |

= @ curves are plotted from strain and deflection
gages for tests B2 and B3, Figs. 20 - 22, It is clear that

M- - @ curves would begbffected by re31dua1 stresses due to

. rolling through the whole length of the beam but generally will

not be g@ffected by the local failures.

These curves show an apparent hlgher 1n1t1a1 yleld

strength than the values observed from load dlsplacement

curves (Figs. 15 = 18},

In Fig. 22, data from gages 43 and 44 shows 1nereased

@ for a lower resiSting moment. Eventually it developed the

same strength as at other sections as plastic yielding progressed.
This isvevidence that residual stress does not decpease Mp;

After the initial yield strength of a beam is reached
redistribution of moment occurs. For example, in a restralned
beam, yielding at the supports is accompanled by a distribution

of increased moment to the central span upon subsequent loading

The end momcnts are relaxed as.a result of pl a s t1c .. 8&:)
flow caused_by'residual stresses and stress concentration near \

the support.



%T |
0 Tﬁqwm V\w - M‘L‘kﬂ"‘

M\)W W
“W o poly b




-7 -

- For test B2 the end moments and moment at the centfal
section are plotted in Fig. 19. The tangent straight lines are
values caluoulated in the elastic-range. (

The central span in both tests are oontinuouszwith
, overﬁanging ends. Only 1/4" fillet welds were appkied to the.
stiffener plates at the supports. In tﬂe future ‘program butt
welds at the supports will be studied.

In test B3 and moments are plotted against the. moment
of the central section in Fig. 23. The curve closely follows

a straight line up to the plastlc range. . ‘ ),5§3‘
_ N

In both cases it seems that the relaxation of end

_ momentsAdue to plastic'flow resulting from selging residual stress

and stress concehtration at the end Suppoftsgéé% smelle
Luedertlines were first observed in the upper flahgev ‘L

in the central span'in continuous beam B2 at a load W = 46 kips.

The lines appeared in lower. flanges at a higher load, W = 50.5

kips. This may be due to the combined effects of a slightly
_hléher tens1le strength observed in coupon tests (see appendix)

and thé/;eII:;g re81dua1 stress distribution. The compres51vei( 7()
residual strains observed along flange edges are higher than )
tensile stfaihs; This-was described in Progress'Report Noe 1. -

A set of plctures are shoun in Figs. 25 to 29 to s h © WA

the development of Lueder lines on both flanges in test B2.
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C. Ultimate Strength of Continuous Beams

The ultimate strength of a structure as defined by
the general plastic é®e&gm theory is a limiting load that the
structure can withstahd.

In estimating this limiting value no consideration
i1s given to the deflections of the structure. Also, it would
be impossible in some structures to approach this limiting valve
| Furthermore, some yielded portions of the structure
might become strain hardened which is also not considered in
the usual theorye. This changes the be¥aior of the structure.

In both tests B2 and B3, the limiting ultimate load
was estimated as the load which would develop plastic hingses

in the two supports and in the central span as follows:

o 2Mp
W= 3;7§- = 50 kipe

Where L = length central span
Mp= Limiting resisting moment for the

section = 1400 inkkips (From the

control test).
M - @ curves are plotted from strain and deflection gages for
both tests in Fig. 20 =-:22. M - @ curves are also plotted
from-strain gages in cantilever beams in Figs. 30 and 45,
They all show good agreement with the result obtained igizontrol
test. Different depth of plastic zone penetration in the web

the-
ofncantilever beam under different r631st1ng moment in test B3

is shown in Fig. 32.
In Fig. 19 end moments were piotted against l1oad for

tost B2+ Plastic hinges were formed aﬁ the supports after the
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oend momentireached the.iimiting resisting moment. At a load
W = 46 kips the centraljconstant moment section started to
yield which reduced the pigidity of the beam and this rapidly
brought the beams at the supports.into the strain hardening

range. The end moments increased above Mp befors a plastic

hinge was fully.déveloped at the central section. The maximum
g i —sgp. ’

observed load W = 56 kipé on the stmucture is, thus, higher

than predicted (50,0 kips) because of straiﬁ hardening at the
two supports of the beqm.t
| | The load-deflection curve plotted in Fig. 15 shows,
approximately, two stralght lines in the first part of the
curves. The first straight line represents the load deflection
relation of the restrained beam before the initial yield strength
has Dbeen reachéd, The second straight line indicates the behavicr
after the ends becams plastic hinges and prior'to jielding at
the center,

End moments are plofted against thé,moment~at the
- central section for test No. B3 in Fig.YBS showing that the
two end momonts were only sl:ghtly raised by strain hardenlng.
Tne observed maximum load applied to the beqm was 49 klps Whlch
s very closs to thg predicted valus., Whercas in B2 there weres
two straight llnes in the 1oad defloct:on curve, in B3 there
was only one (Fig. 16), Thls is because in the latter case tho
supports and the centfal section (under constant moment) reached

the initial yield strength at the same time.
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The deflection contour for test BS is shown in Fig.’

- 10 -

18A.
Inslastic local buckling‘and 1atera1,bﬁckling may
affect the ultimate strength and is discussed briefly as follows:

/

(1) Inelasti¢ local buckling

N When stresses exceed the .yield point, some-portions
of beam“flanges under compression may bﬁckle‘inelastically;'
The results of an’aﬁaljtical study* of this problem show
that local inelastic buckling may in some cases prevent
the'section from approeching the limiting resisting moment.
The lower flange at the support of beem B2 failed in

this’fashion as shown in Fig. 31.

(2) Lateral Buckling '

_ Lateral buckling strength is soverely reduced in the
plastic range which is also reported in seme inveetigations
in England. A | | )

The two continuous beams tested buckloed. luterqlly in the
bplastlc range in spite of the 1atera1 support provided (Fig.

' 4). Two level bars were mounted on contlnuous beam B3 to
measure the 1atera1 rotation of-the beame The 1oad—11teral
rotatlon curve is plotted in Fig. 53. The beam buckled in»
two half-waves betwcen the three lateral suoport p01nts in
the central span at a loed W= 47 klps. The beam was twisted
1after test due to lateral buckllng. A picture of the twisted

beam 1s shown in Flg. 34.

* 0o be included in a later report.
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The la t ema 1 _support frame had, however, prevented
the beam from collapsing due to this deformation. Thus, the
limiting bending résisting moﬁent was dpproached in the
beam sections as can be seen from the M - @ curves plottéd
in Pigs. 20 = 22. '

The torsional stresses developed by lateral buckling

are revealed by yield lines as shown in Filg. 344.

B. Shear.Failure in Beams

By the maximum shear failure hypothesis‘#F the web
beam will start to yield by shear as soon as the shear stress

in the neutral axis reaches the valuse

T 3
= o ' '
H P ﬁ?. l/ yp » e .
Where(j;p = yield point stress of web material in
a simple tension test = 38,72 kips per
- 8Q. in.'
The corresponding load in the continuous beam will
then be ‘
bl
[ == == (] = 1
W qQ ¢ yp 51 .3 kips
where W = load at each of the loading points in the

central span.

b = Web thickness = 0,383 in.

I = Moment of inertia of the beam section
about its neutral axis = 14243 in.

@ = Static goment of beam section about the

- neutral axis = 41.05 in®.
The local shear yielding lines were observed in Test
No. B3 at a load W = 39 kips, which is shown in strain gage data

Fig. 35+ The Lueder lines began to extend in the web at a load
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of W = 45 kips. ‘A series of pictures were taken to show
the development‘of shear yielding in the web (Figs. 35 to 39).
From shear strain gage date plotted in Fig. 40 it is seen that
the web started to yield at a 1oadAW»= 45 kips. However, at
this load the magnitude of shear strains measured had not yet
reached the yield point value. Thus, it appears that yielding
occurred elsewhere at 45 kips, the area under the gages not
yielding until a load W = 51 kips had been reacheds

Strain distributions at various loads and at several
cross sections of the beam are plotted in Figs. 41 to 44 for
beam B2+ In the central section under constant moment without
shear (Fig. 41) it is seen that the strain distribution remained
plane even after the beam flanges went far into plastic rangs.
But in sections under high shear, strain distributions became
'irregular after shear failure occurs. This is shown in Flgs.
42 and 43. Fig. 44 shows the strain distribution of a.SGCtion
on the cantilever beam which was under small shearing force and
~ in which the web was not yielded by shearing stress.

Some analytical study has been made on the problem of
shear failure in.beams. It has been shown that shear failure
in the web would cause a redistribution of normal bending stfess
along the section and the yielding and ultimeate streﬁgth of the
section under bendihg 1s reduced. M = ¢ curves were plotted
from strain gage data in both test No. B2 and B3, Figs. 45 & 46,
These show the reduction of bending strength after shear failure
occurred in the webs. For the symmetfic reaction on the canti-
lever beam, which is under small shear load with the web still

in elastic range, curve were also plotted for comparisone.
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E. Rapeated Loading After thé Beam Has Been Loaded intq

the Plastic Range

The continuous beam B3 was repeatedly loaded between
a load of W = 3 kips and W = 23 kips as shown below. The upper
limit of load was chosen to make the maximum moment in the
central span a little higher than initial yielding moment but
lower than the maximum moment reached during the continuous
beam tests

The test was made to see if the beam behaved elastically
and if the deflection of the beam would remain constant.
Decrecasing deflection between the loads W = 3 kipsvand W= 23
kips was obser#ed in the first few ioadiﬁg cycieé as is plotted
in Fig. 47.

The permanent set at initial 1oéd was increasing during
the.same cycles of loading as shown in Fig. 48. It is evident
- that not enough repetitions of load wers aﬁplied to definitely
establish that the curves in Fige 47 and 48 were approaching
a limit. Repesated load tests will be made in succeeding"

continuous beam tests to further explore this important subjecte.



APPENDIX

Coupon Test Results

Thirty-seven tension and compression coupon tests
were made for.determining the mechanical properties of the
material., Spsecimens were cut iﬁ different locations in the
croés”section of .the beuams,
| Some of the tésts were carried far into the plastic
range to observe the strain hardening effect. Very slow
testing speeds‘were'adopted (strain rate = 1 micro=-inch per inch
strain per second. IYYOJ ,0&000{

Typical results are presented in Figs. 49 and 50.

Results are tabluated as follows:

TEST COUPON RESULTS

Table I

Tension Tests Compression Tests
Coupon Upper Yisld Lower Coupon Upper Yield Lower

No. . Point~ Yield Point =~ Wo. Point =~ Yield Point

L -1 37.1 37,1 FL -1 38,4 38.2

-2 5647 36.5 FL -2 377 37 .4

I, =3 3540 35.0 B, =3 306 3944

I, -4 35.2 34,7 FU-1 35.9 35.9

]?[,-5 4:008 40.6 FU-2 5702 57 02

-1 38.3 38.1 =3 37.0 36.8

FU-2 5745 37«5 Average 37463 3735

FU-4 38.3 38.1 W=l 3444 3442

U-5 40,7 40.2 W2 3942 39.1
Average 37.75 37«55 =3 3849 38.9

. V=4 38.2 38.1

Wiy 3846 38.4 W =5 39,7 ‘ 39.3
Wy 39,7 3943 Average 38,08 37 .92

Wz 42.2 41.7 '

Wa 40,0 39.9

Wg 38.3 38.3

Average 39,76 39.52



COUPON RESULTS

Table II*
Tension Te st s

Coupon Upper Yield Point Lower Yield Point
No s :

FL-1 3845 3843

FL -2 377 3745
FL=3 3740 56,9
FL"4 57-1 56.9
F‘U"l 59.4 39 .O
FU-2 3745 - 37.5
FU=3 37.0 3740
FU-4 37 .5 374
Average 37471 37.56
W=l 3844 ‘ 3844
-2 3946 39.6
W3 37.4 : 37 ¢4
Average 38447 38447

* Test carried into the strain hardening range.



Fig. 1. - Set up of simple beam control test.

Fig. 2. ' Set up of continuous beam test.




Fig.“s, The dynamometer and hydraulic jack asseﬁbly for Yoading
the continuous beam.

Fige 4. Lateral support frame for continuous beam
tests,




Fige 5« Detail of vertical support in
continuous beam test.



}
St o

E : |
| |
| |
r 28’ | |
i 5 LATERAL SUPPORTS :

1 al Vs ,/ i
[9) 4-8 I 4-8 7 4’-8" o 7! |
| | | TEST SPECIMEN 4 |
i
. | :
g o ?
| WYDRAULIC JACK
' | 0 :
T | | || sverorr |
= | | |
| A | | |
| i | | |
f ;i o |
. ; f
| orvmOmETER %
| BE -
rn ¢t F il ;.
! | Ol asE BEAM ] Bikd
i ¢
|

i
W-‘o -
i
|
i

FI6. & = CONTINUDUS BEAM TEST JHWI




>e— 28"

:
.

R

Test No. B-1

Fig 7
Deflection and Strain
~ Gage Locations







v
i i NS LY OIS
W PP

)
iz

o
Level Bar

b

H

{

4

|
“a2.

]
/
A
™
"o a
,i%b—'i

i
H 0'""‘
] i
!

Dy
i

!

+
f

(#
6

Dy Dy B

0,

§

i
>

R
H i <

|
5

8 X
i
ot
N o
i |
=
e e
,Le_.L
1055/,

j
PN s

D
I}
i

A,
2
| |
‘ &'m
e
b}
Z' rin! ¥ !
lI
a8 8

.
<]
¥

=t

o
e

{
|
3

{
!

PR o
-

i
i i
Fz

Y I3
| |
! |
oot
&N . {
k%
i '
X
% '&
u—-K'\?/

o

|

2

|

%

\i®
|

Fig. 9 _
s »_Deﬁecﬁoﬂ;,‘éﬁ‘afn & level




MOMENT IN IN.-KIPS

200

— v — o—
—— —

e, — e . e e o —— —— —

1400

1200

1000

800

600

400

— — Calculated Curve

- Experimental Gurve

TEST NO. Bl

FIG. /0 MOMENT - ® CURVE

(Plotted From Deflection Gage Data)

500

1000 1500

® IN INCHES PER INCH x 10°©

- 2000

2500

/o



. MOMENT IN INCH-KIPS

1600—
1400 3
1200}
‘ ' — — Calculated
Strain Gages of Section A 8 Ag Caleulated Curve
| — Experimental Curves
1000 \ i
Strain Gages of Section Az
800
TEST NO. Bl
600 FIG.// MOMENT-0 CURVE
(Plotted from strain gage data)
400 A3 |
M=ot
VRN
L AL aS
200
% 500 1000 1500 2000 2400

® IN INGHES PER INCH x 107®

Va



2/

in Kips

Lood

50

45

40

35

30

25

TEST No. B-1| o
FIG 72
LOAD DEFLECTION CURVE
Deflection Gage at the Center of the
Beam ‘
05 10 5 20 25 3.0 35 40
Deflection in Inches




. ;H ,.,. 1 I _
* ! { 1 i
g w o~ > | : ;
: ’ H w ~ i . N
; i | i P —~ i
| W/% : <s35
". B _ 203w |
. o LA woolw .
: Matiachn - s v V 3 :
i i ;M v ¥ s
| | me=mh i B S
B | : R e olowbatrs i o (PN o £ ' , :
| ] w. w 5 @ §§§ 3
: - w : o % <) : X
! “ : N . NI - i )
. by H | .O j S~ m
AN SR e e, ik o Pz w N~ O
: b MIL P I o _ / ) 3 3 ,Mnxﬂl!l
S H ¥ 4 ] N : - ™ ; W
« ] o ! ; <+ O . . ! \
& i o2 |
: 4 T s !
A SV POV, | (OGIGRY) L. -
4 o

O

;5traih~l'n.,//r)_ x/0

S

" SPunog Ut p¥oT

/3

R S




j: ° //—W/@ff—p—i—f_‘_, .
, // f
INARN/
30 l{ ; | /// n
25 -. s/ /
20 j j j // '
TEST No. B‘-3_-
I ey
NBZimaa
R VAVAREER R
0 % i/ / s = ”

Strain (1 Inch =

2000 Micro-Inches)

77




TS Gy s T T e o S s A i

S e s S U AR S S

R

K

52

et g e e et e e R

b e e e i RN
b |
“ “ L St SRl R
| i .
w | |
w } “
i . i
M w
_ﬂ
N
S\
S
- o
o
LS
| 13

e i e e b s .

in Curve. |

1‘; 4/1'

'f(7-:z_f/ 3 D:?f/c" i

/
/
-

~
.

Fig £

H
4.4

T

.
)

" i
T N
i

,.v |
“. Lt % $
{ .M4...in,-.. 5 M
| RN 1ia S OU SRR - 1 hm.w‘w ;
0 h

W

i

i

{

4£0

x e 9

L ’I!}?/" 6

ok
Ci

@
4.
fmru,
o et - +

2.8 72
/9 1 2ERES.

2.

2.0
Detlection

loe

60+

S
5

404
4]

w&» (A 2 =% N

%r._ B
17

et et}




in Pounds

Load

45000

40000

35000

30000

25000

20000

15000

10000

5000

Deflection in Inches

e O
./ |
g
TEST No. B-3
FIG /6
{ |
LOAD- DEFLECTION CURVE
Detlection Gage No.7
I
i
7
04 08 12 16 20 2.4 28 3.2 36

40




B S

DUNPUNNSEp SIS
o e

/1700

/200

/200

¢
Q
9
~

8

L8]

6C0

200

SGLY Ul U 2B PUT

s e —

S o s

/00|

Gy T A B R

- . e e o e i + . : 3
) . b N : 1 m ¢ :
-t . . ‘ ; ] m 3
¥ _ * _4 _, ; b *, g :
. ¥ ; ! ! w _ “ | : : .
H X t - . t H ! : H i ¢
3 . H . i N " T H .vm
; ' ' X S | ! M i | ! o
. ; . : : ! : : ! i e
. ' . N ) N ; i _H { H H i
.Kiuv\txi!si;zll:.\..x.}..\.... . ﬁm.. ey W e v ey e S ;vrl,x):(..lﬂrffr «.vsi“\:. ,.x.f...xrk\w-J..(!»::i;f....a,x‘r.x’w.x.\:.l P - ._ ’ - ”4
. E n = “ W “ | w | i B
= W S g
: L “ m M w | | | S
, i : i : ; “ ! | i i [
. : B ; H i H H . * T,
: ! : : W i b o P S}
e ] e i
T - . » } i _ ; : ! T
' H . . H ” H i t I S w
. i . . ; i ! : : .* g.
; ‘ : : : ; [ A : i
! ! ; : . p i ! i . : -
I N - : : i : ! M W |
i ; v : ; w : i g ! ] | :
{ j - . i H i : ! o R .
i ; G : g . i | ! i i
[} H . n : s , -
" " —5 e I R e ;
M : <P N : i i ! i i
i : \ ! : ! ! i ! ‘ i ;
i * : . H ! ¢ * | . T ] .
; { : : i i { ! i .
0 N . R m T T
! : ¥ : : I J ‘ . o -
: i i : ' \ ; ; { W Q
i i ., i ; /UL m . o) ; G = w N
w i . : ‘ ! i R I
i : ! m _ | ; : . { ‘ i m % :
P ! ., : i . H : i i 1 I
~ i ~. i . » & d/ RN ¢ —Av : ) i w -
1 | ) » m . . . v s
” i | w W ¢ io | w | i |
; ! i I . Y N i : " S
M w . ! . AR L : w m Q -
e R Y 8§ —— et -t
! H 2 + H r
: s § : ! 1 i H i R
i A ! @ ! N ) I VR ¥ ! : : ; i
! | ; : : i WoQ I ; ! : B .
. , : M m _ , B ,__ : |
4 3 { j Y o } M . ! - (d
. } : ! N m ! M : 5 . Ay
: ' : f ; | Q- 1
A ." @ L - R B T 0 : : , O m
! : _ _. W A i _ " . ; N
: * + 3 N ! § w N
; ; : ] i e A ~ : . , RE
; { { . : * i ! ; : . | } ) -
H ' A ~ . 7 ‘ N & - -
: i Y ! { ~ w . . :
: ! ol® " { . , { %
| .m 4 ,M St u “ o N
; , i O ‘ A v L~
' | ' H ! : ! ! m J/
. . ¢ . . i .
¥ . ; o e i e e I,M e e - —f— - e O &y
! : . ' ' . . : )
: i : i . : . ; : ; " . R p,»
: ! : ” _ ; ! . . . .
i i i ; { : w { i R :
| : .m u m i | : w M <
! ” i ) A . : ) .
| | , | v | | QO g
: , : : w : { Q3 <O
— R O — - 1% X
: ; m ) _ i ! : { i QN . 0
i ) . : ) . | : , : & .
o H ” A | &
! ” ; i ! ; ; . ; _ . ! ; -
w b_ : _ . ., u w . _, “. : . g
! i i i : ! . : ; ' i : > N
: . . . t ! . . . . i H : i ') Q
! : : i : : : : : : o . S o
t : H ! l H l i . .
i i i <, s : ¥ . ! i , : .kn
! ! ] s : ; i i : N . ?I
i | ! : ; i i , | ! w RS
i i ! . ; : i ; ; i -
' ; w i ; : : A. ¢ i i o XX
" . ; ! ! : ; : . i ; . E
; i m i { ! i : ; ' ] ; L -
. 1 N + : H } ..
! : ” ! : i . : H i s w H O .
w m - xwi - I‘Ml.\'nll.l SR AR T .».l PUNY - w.lu.. r o g et oo e gt = e el A3+ e+ s o 1o - l’).;iwl - m 4 O
: : : } i ‘ : . i : : i ! i 0.
) : ' ! ! . . M i v : i H o . ~
. i i i ; : : i ! ! m : { T
. S T | .
: ,. H i ! w t ; _ , R ! _ N w
: ; _ i m . | ! ; ; : i : !
: . ! i _ : ! : i : : : N S
H ’ i { .
Y T S T S A S PR AR S DU e
: H ! i L L L : L ! o m b1 Q
: } : f f b H : t s ' : :
_ w ! ., : j M w m NI
H H M 4 H : i Lt
; » w J : { M y u A .
p ! i ' ~ . | 1.
! | i ; : ;
m | w ! Q
: ~ : e ’M'I.A)..!.ll ) O
v | i | | 50
m i ! 1 t L PR
: : ! ! , f . <
! W i ] [
¢ N l ty
I H i t
. : | 4 ‘
. ' H . ,
S — B I Q
: ' IS R : .
m.. : T ! |
! . i i i
i . Vo i i
i M ' ~ i . | m _
v
Q - Q- -
Q :
»
~

PO TN PP 2

e oA b3 e St pon s
. em e

5 s v i et e

o~

B L S

R

L e T s T VR RPN L

o mbEas

pwot
a S S

Lmsna Sy skbion + iimre

e

ey -t




R e T e I e o e i)

CATUWE AL AT TR RN AN LR R TR T O I ¢ A

IQ-“‘ — - 4 - o eaoren e e e e S s b e n
14 e e e S - - o ol D, A,,,_,,_,,__ e -

o E—

1004

/.~ &5 Ps

Moment 17
%

&

or+ te A ot nss B

Test Bz | |
F76.18 Momernt- Delfectrsorn Curve |

s T LT . N e Attt S

O = Measr = Deflection Goge 2
| AT Mwesr -Oeflecion Goge /2

— ey
¥
4
kot e me e i o o]

B
PRGRPE PSR-

- A
£ -
e vy e e 0 2 e

oAt dn a3 o . St - 4y v, -

- b'fale}

1600

/200 |

Deffec P10

1500

~

/600 - /800

/}z'c/zgg, x/0 %

At soii.




207

3.0t

Deflection in Inches

" e Ien__’

e 18" e [ 9"l 20" e

TEST No. B-3
FIGIsA

(1) - W=2IKips
(2) - W=39Kips .
(3) == We 43Kips
(4) - W=46Kips
(5) -

W= 49Kips

DEFLECTION GONTOUR GURVE




6

MEA‘JF

= Mwesr
. VEST
o [~ Q) w
A % .
¥ v
w W
20O =i — e e — e e ae i = - - R e c— —— ——
G i o L ) e A e AL
16004"’“_“—‘“""‘f""”‘"" g ,7;. NG JUNENES. ‘.; E TGN W S LA ) N SCer SO o i
1400+ ‘ SRS S
@ ROOY———— V00 ffiney St ot — :
.:‘ ~J \\ i -
3
.
~
100D 1 e
v
=
3
£
4]
S 800 - U - e
L]
60D ‘I . e Ly R
%
ﬁ Test No. Ba
' F/g 19 Load-Moment Curve
4004 - . © East End MomenT
& © West End Moment
& Central Section Moment
200 + e £ TSI S SLT RO
A
O o - lY T T L A Sp—— T -
O 10 RD 30 40 5¢ &d
Load 1n Kips
I




/4004 : ; : : ‘ |
j ‘ {

E i 0
1200 1
P 47
/ e
1000 i * L
3 ] o /
| f i |
P / ! !
e | LW AT st Wo B
= ool . | )
j 4o I Fig 20 Momeni — ¢ curve ;
£ 1§ ! | 0 - Plotted fromdata of sira/m gages at 5ect‘/p7;: B
T { »’g 4 - 1 ,1 "o ’ £ 1 i “  Az
Jn ? H - 2.4 ’ 7o ' 1t ¢ Iz, ,43
5 e g B g — Flatted f/am dm‘a of deflectivn gages e, 788
Y & g ?{;
g : [ /¢ M—¢ Diagrars,
2 ool d [
400% Y -
i [
I "

Ry Wbl i W,

I
py
.}

':k
A ;‘
¥
4 A ;
909-—2 | é} |
- . ! .
| L «—— 1000 » ,
; : | g
0
gﬁ /77 i 75;”/2; ¥ -’f{‘)— ‘




/600

/400

b7
4/

y

4

B S )

1200

\a"\r

[0
NMoment
7

/N //':)5

8O0

— e

e R e

Y

y \\\@—*«m“_@

400

" (D From data of deflection ga

Jes? Bz
Fgg/ Moment - G Curve
(M w0 ment of centert/

/ ecv‘/on)

67 88

.
T .

@ -

2090

.

00

/000

i . -6

925

BT D ST

-

2




Moment in Inch-Kips

1400

1200

- o-
a °
[
.F B4 43
A | 11| W
w4

1000

800
TEST No. B-3
FIG.22ZMOMENT-0® GCURVE
400 @ M(39,40) Vs. ¢ (39,40)

()] .
Q
M . '

@ M(41,42)

Vs. §(41,42)

e M@3 44) Vs, $(43,44)

200

o M e ek At e ' .~

O

500

1000

1500

2000

® in Inches per Inch xl‘()'6

2500 3000

3500

4000

4500

W) .
NI




£ o
" ¥,

s i b

S~ S

o '.d\.-. o~ -..--J,N_,-.n,- T w:@.I . A SR PO
‘ Hie) ed

Nt

_Mwesr -
vaog m..-» N

1
]

-

91&f‘~‘?-4~'—~'~¢4d e T -..‘,T, et 138 | A -'r%;rw:-——:' PSSR e

LIRS .] SN Sl e T S

o -

Lo .]v..)!..l\‘..q.lu.vi.l...iy e R

,_
!
|
i

|
1
]
|
!
|
)
SRS s
!
f

1 }

|

e s -

b

i

sient -
|

al Cenntral/

{z
L

sk End |

23 Fnd p

.

R Bl NG 1
. @ FEast Fnd Mupent

LB We

£

t

]
!
§

b T

e i a8 e+ g i g

|
i
w

({eels)

EL

SR

6oc

4co

y 1 oA Y pe

S BT R S S M S I Tt PR e St e

FRDERER LRSS S

; Ay., ”., o .:i e .47-: e s TR e e e e e e T o wehe bant g v........l:..,_ﬁ,l it o &
v T . 5 Rt j
s : v m—— . 5,5 # . & &
0 End  Mement Znch - Kips

= « 5 11 1( 5 P WA y - - ’ .~.. > A W g ~.
e : L ¥ v e
K e e e e e e b, e o i e e e - - -
gk e i o . NH« MJ b e i o i 0k o I il e I = i 0 -8 1 e TEm B o
s 5 ¥ ]
_” % iv i s —~— ey, B IM g o s Gt m e e g e e ) ¥ ,M S v &
W ) R ¥ 3 t &
) _ g | 3 e = m £- |
! 2 : o — /Q o Q9@ . r ~ ] ]
{ & % : A ¢ o R M Q , ”
A i < s w O TN . v
44 : K : i . N Vi bl NS > : .
t 4 % 8. Y O £
i 5 i Xor b A N U - o
iy * ™ . H C S Wﬂ ] <
i Ylllllt..\‘lwv' o e e i b s 5 mmvsasiiogs diied . Y T - ke u.w - i oA M. T—

Moment at (e




Eig.m « Lueder lines developed around the support of continuous
beam B2 at a load W = 44 kips.

Fige 25. Flow lines commencing on the top flange cf
the central span at a load W = 46 kips in continuous
beam BZ2.

D S ———




Fig.lé . The progression of Lueder lines on the top flange of
the central span at a 1load W = 47 kips in continuous beam test 3.

Fige 27+ ZLueder lines eppcaring on the lower flange
of the central span at a lcad W = 50,5 kips, test B2




Fig.2¥ « The progression of Lueder lines in the lower flange of
the central span at a load W = 54 kips in continuous beam test EZ

Fig.iﬁ . Side view of central span, continuous beam
B2 after test.
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Fige3/

Local buckling of lower flange near the support
in continuous beam B2,

Figs%2 . Lueder line patterns in the cantilever

portion of . continuous beam B3 showing the

penetration of plastic zone into the web at a
Jdoad W .z .51 Kips.
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Figs 34. Contlinuocus beam B2 twisted after test du~e
to lateral buckling.,.




Fige34h . Lueder line pattern near the supoort of
continuous beam B3 showing torsional stress developed
due to lateral bucklinge.



Fige 35 . Lines developed by local shear failure in web near
support at a load W = 39 kips. Continuous beam test B3.

Fig.36 . Progression of shear yielding in the wel.
W= 47.5 kips, test B3.

¥




Fige37 . Progression of Lueder lines developed in the web by
shear failure at a load W = 48 kips. Test B3.

Fig 38. Shear pattern of continuous beam B3.
W = 51 kips.




Fige39 . Lueder line pattern of continuous beam
B3 after test.
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