Lehigh University
Lehigh Preserve

Fritz Laboratory Reports Civil and Environmental Engineering

1962

Behavior of haunched corner connections, Lehigh
University, (1962)

G.C. Lee.

1.W. Fisher

G. C. Driscoll Jr.

Follow this and additional works at: http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-
reports

Recommended Citation
Lee.,, G. C; Fisher, J. W,; and Driscoll, G. C. Jr., "Behavior of haunched corner connections, Lehigh University, (1962)" (1962). Fritz

Laboratory Reports. Paper 1398.
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports/1398

This Technical Report is brought to you for free and open access by the Civil and Environmental Engineering at Lehigh Preserve. It has been accepted
for inclusion in Fritz Laboratory Reports by an authorized administrator of Lehigh Preserve. For more information, please contact

preserve@lehigh.edu.


http://preserve.lehigh.edu?utm_source=preserve.lehigh.edu%2Fengr-civil-environmental-fritz-lab-reports%2F1398&utm_medium=PDF&utm_campaign=PDFCoverPages
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports?utm_source=preserve.lehigh.edu%2Fengr-civil-environmental-fritz-lab-reports%2F1398&utm_medium=PDF&utm_campaign=PDFCoverPages
http://preserve.lehigh.edu/engr-civil-environmental?utm_source=preserve.lehigh.edu%2Fengr-civil-environmental-fritz-lab-reports%2F1398&utm_medium=PDF&utm_campaign=PDFCoverPages
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports?utm_source=preserve.lehigh.edu%2Fengr-civil-environmental-fritz-lab-reports%2F1398&utm_medium=PDF&utm_campaign=PDFCoverPages
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports?utm_source=preserve.lehigh.edu%2Fengr-civil-environmental-fritz-lab-reports%2F1398&utm_medium=PDF&utm_campaign=PDFCoverPages
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports/1398?utm_source=preserve.lehigh.edu%2Fengr-civil-environmental-fritz-lab-reports%2F1398&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:preserve@lehigh.edu

205C. 27
Welded Continuous Frames And Thsir (Components

BEHAVIOR OF HAUNCHED CORNER CONNECTIONS

by

George C. Lee
John W. Fisher
George C. Driscoll, Jr.

This work has been carried out as part of an investigation spon-
sored jointly by the Welding Research Council 'and the Department
of the Navy with funds furnished by the following:

American Institute of Steel Construction
American Iron and Steel Institute
® Office of Naval Ressarch
Bureau of Ships
Bureau of Yards and Docks

Reproduction of this report in whole or in part is permitted for
any purpose of the United States Government.

Fritz Fngineering Laboratory
Lehigh University
Bethlehem, Pennsylvania

Junsg 1962

) Fritz Engineering Laboratory Report No. 205C.27



. 205C.27

ABSIRACT.

Haunched connectlons are widely used in rigid frame struc-
tures at the present time. Thelr use nakes_it_possiole;po_
achieye,a,pieesing.eppearance_from an architectural stendpoinp ,
and, at the sameitime, reduoe_phe_size of main structural

members.

When the;selecpion of the main members of a structure is
based on plastic theory, the design of the connections should
also be besed_on‘plestic*metnods.ﬁ?In“References‘1 and 2,
theories for proportioniné-papered and’cﬁrved haunched corner
connections based on plastic analysis are presentedod This_
report describes tests performed to check these theories ex-.
perimentally° Six specimens, four tapered and two curved
were so proportioned that they would verify important theo-

'

‘retical findings."
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1.  INTRODUCTION

There are three types of corner connections used in rigid
frames: ”square?,tapered, and curved. Elastlc methods of
analysisvforhthese types of-connectionshareuavailable;‘however,
they are ratner tedious to use. Studies of curved knee connec-
tionsmareJreported;ianeference‘3_and an:appronimate‘method>of
analysis whichhwaslalso checked experimentally is reported in
_Reference L. Tests of two frames having curved knees are
described in Reference 5, and tests of six curved knees areh
described in Reference 6,; Based .on the experiments In Refer-
ences 5 and 6, it was concluded: (1) that the load carrying
capacityfofaa portal frame oogld_be increased by_haqnching”the
knees, and (2) that 1t would be neceSsary to provide lateral
support for the compression. flange and to stiffen the web at
the knee. A study of a series ofncorner connections covering
the three basic types is reported in Reference 7; a detailed
description of inelastic behavior and rotation capacitj is
also includedo In Reference 8, a plastic analysis was made -

on square rigid frame knees.

Recently a program was carried out to obtain theoretical'
solutlons and design methods for tapered.and curved haunched
connections in the plastic range. A simple metnod for de-
signing'naunched connections plastically is presented in

References‘l and 2. The purpose of this‘paper is to present



205C.27 -2

the results of tests performed to observe the behavior of
haunched corner connections désignedﬂacpqp@;pg“to the princi-

ples formulated in References 1 and 2.
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2.  SUMMARY OF THEORY

Before the actual test program is described the theo;‘
retical results fgruﬁquched corner connections_wi;lbpe_gra:
sented.l Thig‘gch}onmsummqrizqs_the“}mpgrtant theoretlcal
findings for both tpg‘tapgreddand curved connections.. The
intere#ted reader can find a detalled presentation 1n_Ref;4

erences 1 and 2.

2.X Tagered Haunched Connections.

Theoretical findings reppg;gd in Reference 1 which were
to be investigated by the test program are briefly stated in
the following paragraphs. The findingg gpply to tapered
haunches of the type shown in Fig. la. o

(a) The effect of shear: upon the full plastic moment can
be neglected, and the effect due to axial thrust can be yrgapeq‘_
in_the‘qame manner for haunched conﬁqct;onsvas it is for the
adjoining po;;edwségtions; o o

(b) There is glc;iticallang;e for the sloping flaﬁge
for which the change of the resisting momeﬁt along the haunch
nearly equals the change of applied moment along the length
of the haunch. At this qg;ticél:slqpe angle which. is about
12 deg., the haunch will yield along its full length at ulti-
mgteuiqad 1f adequate bracing is provided. When the angle is
less thgn‘yhe_crit;cgl angle, full plasticity will only occur

‘&t the haunch intersection. When the angle is greater than
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the critical angle, the plastic hinge forms only at the Inter-
section of beam and haunch.

(c) The thickness of a haunch flange at an angle with
the layout line should be greater than that of a flange
parallel to the layout line. The relationship between thick-
ness should be: u

ty
- cosP

where "Q
' to = thickness of sloping flange
. {usually compression)

ty = thickness of parallel flange
 (usually tension)

B = angle of sloping flange with’
layout line

{d) To protect against lateral buckling when the com=
pression flange 1s fully yielded the maximum unsupported
length of the comproagion flange within the haunch should net
be gredter than L.8b, where b 1is fhe“gidthnof flange. fhia
assumes that the thickness of flange within the haunch is
equal to that of the rolled section.

(¢) The critical buckling length of I 8b can be in-
creased for a particular design by limiting the extent of . _.
yielding along the flange,.that is, by confining'the yield;ng
to one end of the.flang.e.° This can be.acoomplishedvin the
following two ways: | |

(l) The angle of taper B can be increased above

the critical value of 12 deg.
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(2) If it is undesirable to increase the angle of
taper, the thickness.of both_flanges can be increased to
limit the extent of yielding. The increase required .
depends on the desired unsupported length of compresgion
-flenge° In Reference l.it-was shown that the thickhess
of both flanges (originally assumed to be equalto“fhenj
flange thickness of the rolled section) must be in= .

creased an amount At where

At =Ooll( % - 14.08 ) t
s = ﬁheupported length of compression‘flange
b = width of compression flange

t - thickness of compression flange of
rolled section

provided % T 1.8

Connection specimens.No. T-LL through T-47 (Fig. 2a).were
designed to verify the theory for tapered haunched connections.

The speclimens and thelr individual purposes are described in

Art. 3.

2.2 Curved gguhehed.Connections

The procedure of analyzing a curved connection is essen-.=
tially the same as that used for analyzing tapered connections.
The theoretical results given in,Reference 2 are similar to
those described earlier for tapered connections. The results
apply to curved haunches of the type shown in Fig. 1lb. They

are summarized as follows:



E
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(a) 'The effects of shear and-axial.thrusp on the plastig
hinge moment are small provided the web and flange thicknesses
of the haunch are as large as those of the adjacent rolled

section and provided these effects are small in the rolled

section.

(b) The plasticimodulus furnished in the haqnch gustmbe B
adequate to resist the applied moment at any distance QIQ?S,Fhe
haunch. The critical sections occur at the point of tangency
of the haunch and rolled beam and at a point located at an'angle
about 12 deg. from the point of tangency (depending onbthe .
moment gradient). Plastic hinges will have a tendency to form
at these two points. | |

(c) To protect against lateral buckling, the maximum un-
supported length of compression flange should not exceed .8
times the width of flange. For a right angle connection with”
lateral support at the diagonal stiffener and at the points of
tangency, this statement implies that the.radius of the flange
may not exceed 6b.

(d) If an unsupported length of compression flange greater
than 4.8b 1s desired, it is possible to provide for stability
by increasing the thickness of the compressioﬁ flanges by an
amount ?

At = 0.11 ( ﬁg 4.8) ¢

where At = increase in thickness of compression
flange
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R = radius of curved haunch
b = width of compression flange
t = thickness of compression flange of

rolled section

For detailed derivations, the reader is referred to

Reference 2.

Connections No. T-48 and T=-L9 shown in Fig. 2b were
deslgned to study the theoretical findings for curves
haunches. Thess specimens and thelr individual purpose are

described in Art. 3.
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3. TEST PROGRAM

Six haunched connectlons, four tapered and two curved,
were Included in the program to test the theor@es‘of o
Referenées 1l and 2 which aré summarized in Art. 2. Fach
connection joined two legs of 10Bl9 rolled shape having‘equal
lengths of about three times the section depth. _The web
_thickness in all haunches was equal to the nominal web thick;
ness of a 1l0Bl9 sectlion and the flange widths were equal to
the flange width of a 10B19 throughout. Sketches of the

connections are given in Figs. 2a and 2b.

Of the four tapered haunched connections, two specimens,
numbers Ll and 45, were designed for oritical angle of taper
(12 deg.) and critical length of compression flange {4.8b).
The other two tapered connections were designed to_study‘the
Aéffeqts'of modifications necessary £o prevent failure due to
lateral instability of compression flanges having unsupported
lengths approximately twice the theoretical critical length.
Specimen 46 had its angle of taper increased in order to con-
fine yielding to the ?egion near the junctioﬁ with the rolled
section, thereby decreasing the ylelded length and increésing
the critical lengﬁh° Spepimén 47 had its flange thickpésses‘
increésed to reduce yielding ana‘thus‘increase.the critical
length even though the angle of taper remained at the critical
angle of 12 deg. .
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Curved haunch specimen 49 was designed as a 90 degl_
connection with the critical radius of inner flange curvature
equalto six times the flange width. Specimen 48 had one and
a half timeé as much unsupported chpreSSiqn'f}ange, but this
was offset by increasing the flange thickness according to
the modification described in Art. 2 and Reference 2;

3.1 Description of _Specimensg

Specimen Lli as sketched in Fig° 28 was designed to permit
yielding along the full length of a 20 inch long compression
Ifléngeo This length was equivalent to 5 times the width of
Tflange, just slightly more than the theoretical critical value
of L.8b. To bring‘about the desired full yielding, themgngle‘
of taper was made equal to 12 deg while the inflection point
was located‘32f3/4}ino out alongtthe'length of rolled section.

Diagonal stiffeners werse fitted inside the flanges at the
outer corners of the knee. Welding details for all tapered

knees were similar to those shown for specimen L6 in Fig. 3a.

Test 4LA was conducted on the same specimen as Test Ll
but had slight differences in lateral bracing which will be

described later;

Specimen 45 had its basic design identical to specimen L).
A different fabricating detail was used at the outer corner

however. The diagonal stiffener was extended past the outer
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flanges and was welded to the outside of the flapges‘as indi=
cated in Fig. 3a, detaill C'. A more positivg bracing“sygﬁgm
was used to restrain the cémpression flange at the reentyraizbr:.
corner. Also, the lengths of the rolled sections were =
adjusted to compensate for a difference in the yie}d strengths
of the rolled sections used in Specimens Ll and L45.

- The compression flange of Specimen L6 was &O‘inchqs long,
slightly'more than twice the critical unsupported length 1if
fully.yielded° However, this length would be‘stable4according
to theory if the ylelding began at one end of the.flange and
extended along approximately 20 percent of the flange length.
The angle of taper of the haunch was increased to 21 deg.

With this angle and the same moment gradient as the previous
specimens, the tapered flange would have a tendency to yield

along approximately 20 percent of 1its length.

Specimen ;7 also had a 4O inch unsupported length of com=
pression flange. The angle of taper of the haunch was 12 deg
which would tend to cause yielding along the full length of
the flange and, consequehtly, premature latéﬁal buckling. To
gompensate for this, the flange thickness was increased to
feduce the stress and thereby increase the critical buckling

length to 4O inches.
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Specimens 48 and L9 were curved haunches as shown in
Fig. 2b. ‘The radius of curvature of the flange on specimen
48 was 36 in. or 95, 1-1/2 times the theoretical critical
length. Tovcompénsate for the extra unsupported length, the
flanges were increased in thickness to reduce the stress and
increase the critical length to the actual length used.
Welding details of specimen 48 are shown in Fig. 3b.

Specimen 49 was fabricated with a 2l iho radius of curva-
ture of the inner flange. With bracing attthe diagonal line of
symmetry in the corner and at the points of tahgency,mthgngn=
supported length would be Lo Tb or apprbximately the same as
the theoretical critical length.

~ Design calculations for all specimens were based on
weighted coupon test results shown in Table 1 and measured

cross sectlion dimensions shown in Table 2.

The thicimesses of all plate members were sqitable for
welding with ordinary E60 electrodes; however, car?fulh
attention was given to welding sequence and welding positions,
so that distortion could be minimized. The_dpwnhand'pbsi?;on
was used és_muchhas possible and an alternating sequence was

adopted when necessary.
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3.2 Test §et-Up

The connections were tested in an inverted position
relative to that which they would have in a building as shown
;n.Figs. uwand 5. The column repgqsegtedﬁth.vgrt{cal”leg )
énd the beam represented the hqrizontal leg of g_lettgrl"L“a
The connection was tested in this position to facilitate
the loading and supporting of the specimenﬁ  Load.waé applied
along a diagonal line joining the two free andg or_the»cgnnec;
tion by means bf manually-operated hydraulic jacks. -?bi§ N
diagonal load systém provided shear and thrust components at
bointé representing the inflection points in the beam and
column, Thus, shear,Aaiialwforce, and moment werenprovideq
at the corner. _A.dynamometer.consisting of a rod with strain
gages previously calibrated for load was piaced in series with

the hydraulic jacks to indicate the load.

Light rolled beam sections simulating purlins and'gipts
were fastened to the outer (tension) flange of thé connection
at the cdrner, at the intersection of the hauhch and .rolled
section, qu at the load points as shown in Fig. 4. These
beams provided lateral éupport to the connection (see _
Section 3.3 following for a detgiled description of the lat-
eral bracing system). 1In addition, two of these light beams
served as the bearing supports for the dead wgight of the
connection as shown in Fig. 4. The bearing support at the

load end of the specimen was placed on a short length of
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widefflange section which served as a flexible support, and ]

the bearing support at the corner reéted on a spherical seat.

3.3 Lateral Bracing System o
Light weight beams simulating purlins and girts were

used for lateral bracing in order to make the system equiva-_
lent to that used in building construction. As shown in Fig. 2,
3;7,5_and 6B12 sections were used for lateral supporf_:° The
- purlins were fastened té the tension flanges of the connection
by means of bolted clamps to allow their re-use.. Létéral
motion of this oﬁter flange of the haunch was resisted by
axlial force in the purlins, and laterai twist of the_cénnqc?ion
was resisted by the bqndinglatiffpess.qf the purlins. These
reactions were transmitted to the compression (inner)lglange
of the haunch by the action of the web stiffeners at each
support point. It was of interest to determine if the.
stifféners and purlins could prqvide enough restrgint to pre-
vent the lateral deflection of the compfession flange of the

connection.

The far ends of the purlins were fastened to a Sup=_
porting framework by means of‘a flex bar gs‘shownvin_Eig, L.
Prqvisioné‘were made to permit horizontﬁl and vertical move-
ment of the far end of the purlin in order to keep these
purlins approximately horizontal as the test gspecimen de-

flected under load. The frame supporting the lateral bracing
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was constructed by erecting two 14WF30 columns on the heavy
base beems and placing 6Bl2 beams horizontally between these

columns. The lateral support framework can be seen in Fig. 5,

In Test Ll lateral support was provided by A ft lengths
of 3I7.5 sections. Dynamometers were attached to the ends of
these purlins in order. to determine the magnitude of the axial
thrust in the purlin, that 1is, the lateral bracing force.
However, this arrangement was found to ee unsatisfactory sigce
the lateral deformation of the connection tended to bend the
dynamometers. Consequently, the dynamometers were_hot used
on any otheg test. Connection lj)ia had a similar type of
bracing detail. Only the length of the bracing was increased.
Test 45 had the same general purlin=type bracing system that
~wag used for Test lha. However, in addition a diagonal brace
was placed between the corner purlin and the reentrant corner
of the dlagonal stiffener:. This bracing system was used for
all subsequent tests except test L6 which had additional knee

braces at the interseetion of the haunch and beam,

3.4 Instrumentation

In addition to the'dynamometer,ﬁhich measured the logd
applied to the connection as explained previously, deformation
measuring devices were used to determine the 'followinge
flexural deflection, rotation, and lateral deflections. The

flexural deflection was'determined by measuring the movement
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between the eﬂdsjof the spggimen along“the }ine of actign of
the applied ldaqo_ This displacement was measured by means
of a taut w}re gnd(pul@gy argangemgnt which‘displaged the

plunger of a dial indicator as shown in Fig. 6.

Measurements of rotation within the haunch gndvalong
parts of each fblled beam adjacent to the haunch weré;made by
a system of riéid rddsvapqmdia} gages. For exgmple,wtO'%“
measure the rotation between two:secpions along a begm;iéhe
relative.mOQQments4betwean poinys near the top and bottom
flanges at each seétioq‘were measured. From tbése measure=
‘ments the rotation between thes§”twqﬂseqtigns was evaluated.
The total rotatiqn»of_the‘gpgcimqn was obtgined by summing ‘
the fotgtion'of_gggtioyswtgkgp;gpqgnd the entire connection.

The rotation indicators are shown in Fig. 6.

Lateral deflectlons were measured by means of a transit
which was set in a fixed position’'and its te}esggpqwallowed
to move in a vertical plane only. ' A 0.0l In. graduated
" scale was held perpendicular to the plane of the web at
certain discretg pgsit;oggmonkpgthAflanges qf'thamgonnect;on
as shown in Fig. 6. _Latqrgl:mgyemént of the gonnebtion.ﬁas

determined from transit readings on the scale.
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3.5 Test Procedure

.Priorrto actual tes?ingg an ovg;al;'gheck;of~the_testing ]
apparatus and Instruments was made and zerd readings were
taken. In the elasﬁic range, load igcrements of_approximgtely
10 percent of the predicted yield load were used. After each
ldad was applied,hal;wropgtiqn and deflegtion readings were
taken, gnd_the:spgc@men#wgsméheqked for any siggs of;yiq%@ingo
Yielding wgs”dgtectéq by flaking of the mill scale underwthe

Whitewash coat on the specimen.

In the inelastic range, the load anq,deflection'no lohger
have a linear relationship; therefore the load increments were
determined by a;dgflgq#iog_critegiono“ Deflectlion lncrements
were arbitpgri;y:chqsgn,_;nq_strginigg was halted after each .
increment was epplied. Since the load would not be stable
until the plastic flow stopped, readings were not recorded

until static equilibrium was obtained.

After the maximum load was reached, the test was con-
tinued in order to find the rotation capacity of the connec-
tion. When the load fell below the predicted yield level,

the test was terminated.
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. TEST RESULTS

The flexural deflection, rotation, and lateral deflec-
tion data recorded for each test are presented in‘Figgg 7g 8,
and 9. These curves are discussed in separate artiq}esmin
»this section. The general'yieldiﬁg, formation of p}aétiq
ﬁinges, and plastic buckling of each specimen were also_gb=_
served. Figures 10 and 11 show the spreading of ylelding
and the plastic hinge of T-46 as a typical example. Lateral
buckling occurred in most of the specimens with a single
curvature between lateral supports. Figure 12 shqws a vigw‘
of the compression flange of a curveﬁ‘connect;on gf?er the

test was terminatedo It represents, in general, the buckled

shape of the specimens tested in this program.

L.l Moment - Deflection Relationships

The load and flexural deflection data are pyesenteq,in

non-dimensional form as moment-deflection curves. These

M. vs & curves are shown in Fig. 7 where

-

M = applied moment at the intersection of the haunch-
and the rolled section

M, = plastic moment of the rolled section

2 = measured deflection between the two ends of the
specimen ' ' '

Sy = theoretical deflection between the two ends of
the specimen at first yileld in the rolled section.
Reference 8 outlines the method used for com=
puting $ ye
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The M, and Sy values were computed using the tensionmcoqgon
data and measured cross section dimensions glven in Tables 1

and 2_respectively°

4.2 Moment - Rotation Relationships
In Fig. 8 the nbnndimensionalizad curves for;%; vs _gﬁ
' B ' . I . L e _y__ .
are shown. ‘%5 was defined earlier. The angle © is the total

rotation of the haunch including 12 in. of the rolled beams at
each end, and ey is the theoretical rotation over the same
totai length of haunch and beam correspondihg to the first
'yield in the rolled beam. . Some of the cdpnections‘rotatéd
more than implied in Fig. 8. Lateral bﬁckling'caused dis-
torsion of the web which caused misallgnment of the rotation.
indicator dials shown in Fig. 6. This caused errors 1n the

rotation.

4.3 Moment - Lépg;al Deflection Relationships

The‘relationships'between moments and lateral dqflections
at three points along the compression flange are shown in
Fig. 9. The %; ratio shown in the figure was defined in
Section L.1. The curves show the moment at which lateral
buckling toqk place and‘the_effect of lateral buckling on the
load-carrying capabilities of the specimen. Since the connec~
tions were braced at points (a) and (¢) in Flg. 9, the curves
also show the effectiveness of the different bracing details.
A positive brace would permit only a small amount of lateral

movement.
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5. DISCUSSION OF.'R‘ESULTS

5 1 Tapered Connections with Critical Angle ‘and Critical
Flange LengthAjgg and 45)

Connections L) and 45 represented the critical case for
tapered haunched connections; that is, they were dgsigngg_
with both the éritical angle (é = 12 deg) and the eritical
flange length (s = 4.8b). Connection Ll was tested twice,
and the results obtained from the second test (4La) were very
similar to the results of the first test (44). Test 45 was
different from.Test L only in having a truss;type brace at
‘the reentrant corner as explained earlier. Figure 7 shows
‘that Connection Ll never reached its theoretical bending
capacity CﬁP max = 0.91) whereas Conneqtion 45 reached a

maximum & or 1,06 or 16 percent greater than that of qopnec=-

M

tion Lh. pIn connection 45, yilelding occurred along the entire
haunch; and the plastic hinge formed at the reentrant corner.
Also, connection 45 had a much greater rotation capacity than
connection L), This is‘shown in Fig. 7 since deflection ig an
integrated measure of rotation° (Fig. 8 shows that the rota=
tion of Connectlons Ul and 45 are essentially equal; however,
web distortion caused misalignment of the rotation indicators
as explained previously). Thus, the bracing detail of:

connection L5 permitted larger load-carrying and rotation

capacities as compared to connection L. However, it can
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be'seen from Fig. 9 that positive support was not provided
in either case because of the large lateral movement re-
corded at point f(a).

5.2 Tapered Connections with Flangg Length Greater than
~Critical (6 and L7)

In order.to'permit a flange length greater than the cri;
tical length, Connectlon 46 had the angle of flange taper
increased, and Connection l;7 had an increased flange thick;
ness. Both connections h;d truss=typé bracing at théir re;_
entrant corners. The mgximum observed loads. were higher thaq

those predicted by approximately 20 percent as can be seen

A‘frqm Fig. 7. It can also be deduced from Fig. 7 that the

specimens were able to sustain large deformations and rota-

tions. In both tests the plastic hinge formed in the rolled
section, Figureé 10 and 11 show the extent of yielding along
the haunch and the formation 6f the plastic hinge for Connec-
tion L46. Figure 9 shows that in each case the compreséion
flange buckled and that the bracing at points (é)'ana‘(c) was
effective. |

5.3 Curved Connections (48 and L9)
| , .

Connection 48 had an increased flénge thickness to com=-

pensate for its radius of curvature which was greatér than

the critical value. This would force the plastic hinge to
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form at the point of tangency. Figure 13 shows that the
plastic hinge did form in the rolled section for Copgecpéon’_
48. Connection 49 was proportioned using the critical radius
of curvature (R = 6b). ConseQuently the plastic hinge should
form in the haunch at an angle of approximately 12 deg from
the point of tangency according to the theory. It can be
seen in Fig. 1ll, which shows Connection L9 after teéting, |
that the hinge did form in the haunch at approximately 12 deg
from the intersection of the haunch and rolled section. It
.can also be seen from Fig. 13 that yielding occurred in the

- web of the haunch of Connection 48 (noﬁ in the flange be-
cause of the increased thickness) at an angle of 12 deg

which further verifies the theory.

Both connectlons were more than adequate for the re-
qulrements of plastic design. The predicted load was ex-
ceeded in both cases as shown in Fig. 7. Considerable

rotation capacity was also observed.

5., General Discusgsion

Connections 45, 46, 47, 48 and 49 would all be consid-
ered satlsfactory for plastic design. Connection L) had
inadequate bracing as mentioned earlier. The fact that
connections L5 and 49 allowed a major part of their plastic
hinge action to occur within the haunch in no way reduced their
effectiveness because they were adequately protected against

lateral instability.



205C.27 . -22

As illustrated in Fig. 7, the maximum loads for all tests
except Tests Ll énd Llhia exceeded the theoretical predictions
by amounts which vary from 6 percent to 21 percent. The |
excess‘capacity ﬁas probably due to the stiffener at the
intersectlion of the haunch and rolled beam. The stiffener
produced two, effects. First, d& provided added strength at
this point,mereiy on the basis of added area of steqlg.
Second, the stiffener produced a stress qoncegtratiop which
caused the.rollgd section to go into strain-hardening...
quickiy,,;Rest#dint offered by the purlins used ag.lateral
bracing could also increase the carrying capécity_of the
connections, but this effect would only amouht*to a maximum

of I percent because of the sections used.

No significant difference could be detected in the be=-
havior of the fabrication details used at the outside corner.
Whether the dlagonal stiffener was fitted inside the flanges

or extended past the outer flanges and then welded made little

differénce°
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6. SUMMARY AND CONCLUSIONS

Tests of sixvhaunched connections are described in this
report. The primary objective.bf these tests was to verify
the theoretical results prééehﬁéd in References 1 and 2.
Following is a summary of tMe theoretical results which were

confirmed by the tests:

1.” In fapéred heunched connections with an angle ‘of
taper of l2"deg, ylelding occurred along the entire com-
pression flange. ' o

2. The qritical buckling length was ;ncrqased bY°1n~
creasiﬁé the angle of compression flange taper.

3. The,critical buckling length was increased by.in-
creasing the, haunch flange thlckness.

Li... In.the curved connections, plastic hinges formed at
points -in. the haunch 12 deg from the point of tangency"when
critical proportions were used.

5. Yielding in the haunch did not reduce the effective-

ness of the.connection,

The tests also showed that the dlagonal web stifféner did
not transmit enough‘restrgint to brace the compression flange
at the reentrant corner against lateral buckling. _A positive
brace must be provided at this point. All speCiméns‘which
were bﬁaced adequately were able to sustain a moment excéeding

the plastic moment and to rotate satisfactorily.
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Specimens which were braced adequately did not buckle
until M, was exceeded. Thus, it can be concluded that
haunched connections proportioned by the methods of Ref-
erences 1 and 2 will satisfy the requirements for plastic
design. However, the load-carrying capacity as well as the
rotation capacity depends greatly on the bracing provided.
The compression flange of a haunched connection must be

supported by posiﬁive lateral bracing.
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8. NOMENCLATURE

= Area of cross section
= Width of flange
. Depth of rolled section

i

W e o »
i

Modulus of elasticity

£ Strain-hardening modulus

Shape factor = %

i) mtﬁ

= Moment of inertia

=
H

= Applied moment at the 1intersection of the haunch
" and rolled section

Plagtic moment of the rolled section

'.:UT;:."
i

- = Radius of curved haunch

s = Unsupported length of compression flange

S = Section modulus

t = Thickness of the flanges of the rolled gection'

tc = Thickness of the compression flange in a haunch

th = Thiékness of the flanges of a haunch )

te = Thickness of the tension flange in a haunch

W = Thickness of the web of the rolled section

Z = Plastic modulus

B = Angle between the inside and the outside flanges
in a tapered haunch

) = Measured deflection between the two ends of a specimen

oy = Calculated deflection between the twé &nds of a

specimen corresponding to the first yield. at the
haunch-beam junction
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il

®©
e
1]

Increase in thickness of the compression flange
Total angle of rotation of the connection
Angle of rotation of the connection corresponding

to the first yleld occurring at the haunch-beam
junction .

= Stress corrésponding to the ultimate strength of

the material
Static yleld strength of the material
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TABLE 1 SUMMARY OF TENSILE COUPON TEST RESULTS

Material Location Static | Ultimate Young's Strain-
of Yield | Strength | Modulus | Hardening
Coupon Stress Modulus
oys Oult E Est
(ksi) (ksi) (ksi)
10 B 19 |Flange Tip(L)# | 35.0 | 56.0 29, 200 542
Web Center(2) | L1.2 63.1 30,600 156
Averagess 37:9 59.1 29,900: 501
% in. Webs of )
Tapered o 61, 0,200
Plate (A) |Haunches 355 3 30,2 h55
(Ul -47)
ﬁ in. Webs of (i)
Curved '
Plate (B) | Haunches bhi.3 68.7 29,600 533
(48,49)
L x {_6 Flahges, (16) Not
Stiffeners 31.7 59.6 29, 900 Re corded
(4L-46)
1
L x 3 Flanges, () o
Stiffeners 33.6 - 60.9 30,100 429
Bar (L9)
L x§ |Flangss, ()
Stiffeners .. 31.3 59.1 29,200 568
Bar 47,48)

3% Number

of specimens

#* Welghted average 1n proportion to flange and web areas
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TABLE 2 MEASURED DIMENSIONS OF SPECIMEN MATERIALS

1. Cross Sectional Properties of 10B19 Beams

O

A d b t W I s z £
| 1n2 | in in in in | in% | 1n3 | 1n3
Handbook | 5.61 | 10.25 | 4.020 | 0.39Y | 0.250 | 96.2 | 18.8 | 21.6 | 1.15
Measured | 5.5l | 10.28 | L.OL47 | 0.377 | 0.263 | 93.4 | 18.2| 21.0 | 1.15
2. ;ﬂmensiong_gf Plates and Bars
Averaéé
Measured Size
Nominal Size Thickness - wWidth
S in in
1/2" Plate 0.261 -
1/2 x 4" Bar 0,506 3.989
5/8 x 4" Bar 0.630 4,007
- 7/16 x 4" Bar 0.433 4,005
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Outer Flange
: 9

/—Rolled Section

Haunch Point —+

Diagonal Web
Stiffener

Intersection Of

Layout Line

Angle Of
Flange Taper

Reentrant Gorner

Inner Flange

Haunch And Web Stiffener

Rolled Section 4»

FIG. la Typical Tapered Haunched Connection

:0uter

Flange /—Rolled Section

Haunch Point

Diagonal Web
Stiffener

—

Web Stiffenerj{'

CLayout Line

Reentrant Corner

Inner Flange

Point Of Tangency

FIG. 1b Typical Curved Haunched Connection
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47

All rolled beams:I0BI19

All web thicknesses same
as 0B I9

1, = thickness of flange
in the haunch

= thickness of flange
of IOBI9

45

FIG. 2a

Tapered Test Specimens
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10-3175 10-6BI2
/

48

49

All rolled beams: IO B 19

All web thicknesses same as 10 B I9
ty = thickness of flange in the haunch
t = thickness of flange of I0 B 19

FIG. 2b Curved Test Specimens
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I/O'-3I 75 10-6BI2

49

All rolled beams: |0 B 19

All web thicknesses same as |0 B I9
ty, = thickness of flange in the haunch
t = thickness of flange of 10 B 9

FIG. 2b Curved Test Specimens
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FIG. 3a WELDING DETAILS FOR TAPERED CONNECTIONS
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F1IG. 3b Welding Details for Curved Connections



hydraulic
tension jack

77777

FIG. 4

K
spherical \

L —seat— =

| T
Sl
7,;:[:» purlins 7

ST

Test Setup

420502

9t~



205C.27

FIG. 5

Overall view of test setup. The lateral support

framework can be seen in the background.



fixed vertical

sight plane | —

of transit\: B

It

I
| W)lf)' scaleh

%

surveyor_‘s:_/cﬂ)\ b3
transit

END VIEW

®© Dial for rotation indicator

L2°0602

e |ateral deflection
measurement

/taut wire

SIDE VIEW

FIG. 6 Instrumentation

gt~



13 |

0.5

Thicker
Flanges

FIG. 7

Moment - Deflection Relationships

42°050¢

6¢-



Thicker
Flanges

a7

R=9
Thicker
Flanges

Relationships

FIG. 8 Moment - Rotation

42°060¢8



2|z

205C.27

.3f
i \ I’ sa
1.OF
F
| a4 45 46 47 48 49
ol — — — PR Wy IS Ny S
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FIG. O Lateral Deflection of Compression Flange
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. FIG. 10 Yielding in the haunch of tapered connection 46

after lateral buckling of the compression flange.

FIG. 11 The formation of a plastic hinge at the intersection

of the haunch and rolled section in connection 46.
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FIG. 12 In general lateral buckling of the compression flange
formed a single wave between the reentrant corner and
the intersection of the haunch and rolled section as

shown for connection 49.
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FIG. 13 In connection 48 a plastic hinge formed in the rolled
section. Also, note the yilelding in the web of the
haunch approximately 12 deg from the point of tangency.

FIG. 1% In connection 49 (critical dimensions ) a plastic hinge
formed inside the haunch approximately 12 deg from the

point of tangency.
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