Available online at www.sciencedirect.com

ccrence ()oinects ENGINEERING
@ GTRUCTURES

ELSEVIER Engineering Structures 27 (2005) 699—708

www.elsever.com/locate/engstruct

Parameic study and design of rib-reinforced steel moment connections

Cheng-Chih Chef Cheng-An Lu, Chun-Chou Lin

Department of Civil Engineering, National Chiao Tung University, 1001 Ta Hsueh Road, 30010 Hsinchu, Taiwan

Received 11 August 2004; received in revised form 10 November 2004; accepted 24 December 2004
Available online 24 February 2005

Abstract

Seismic behavior of momeéigonnections used in moment-resisting frames can be improved by adding vertical ribs to beam-to-column
joints. A parametric study is conducted here to investigate effects of design parameters of the rib on the connection behavior. Three
geometrical parameters were set for the rib characterized with an extension. Moreover, nonlinear finite element analysis was used for the
parametric analysis. The stress distribution and plastic strain demand for various combinations of these parameters are also presented anc
compared. The numerical results indicate that a single lengthened rib can eliminate the concentrations of stresses and strains found in
the unreinforced conneoti, and reduce the potentiarfbrittle fracture of the connection. Onetlasis of the numerical results and the
confirmation of previous experiments, rib design variables are recommended, along with a design procedure.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction demonstrated that unreinforced connections can also
develop significantrielastic behavior. Rles et al. tested
The Northridge earthquake in 1994 significantly damaged 11 welded unreinforced moment connections with a high
steel moment-resisting frames, which are supposed totoughness weld metal and modified details, including beam
provide ductility in connectins during large earthquakes. web attachment detail and weld access hole geometry.
Numerous steel beam-to-cofun connections did not behave Generally, satisfactory plastic rotation can be achieved
in a ductile manner, and failed to provide the expected by strengthening the connection or weakening the beam
inelastic deformation]]. Since the Northridge earthquake, section. Accordingly, several ductile-behaved moment
many studies have been undertaken to investigate theconnections were recommended as presented in the FEMA
behavior of the moment connection. Numerous specimenspublicéion [7].
have been tested to find ways of enhancing their ductility Among the various strengthening schemes, it is common
for use in future stedduildings. Several tests have displayed to use vertical rib plates to improve the seismic performance
that connectins with pre-Northridge details may fail at of steel moment connections. Such ribs generally have the
low plastic rotation 2—4; in most cases those unreinforced form of a tapered triangular plate. The ribs welded to the
connections fail to develop the plastic rotation of 3% top and bottom beam flanges at the column face are used
rad required by the 1997 AISC seismic provisior§. [  to reduce the stresses at the beam flange groove weld, and
The specimens typically failed owing to fracture of to move the critical sectio avay from the column face.
the beam flange and groove weld, caused by through- Popov and Tsai§] tested thee connections reinforced with
thickness cracking riginating at the root of the weld two vertical ribs to each beam flange. One connection was
access hole. However, tests performed by Ricles et6al. [ attached to the column flange, while the other two were
joined to the column web. The strong axis connection had
_ ) only 1.46% rad of plastic tation due to the failure of
* Corresponding author. Tel.: +886 3 571 2121x54915; fax: +886 3 572 L .
7109, the bottom flange weld and the weld joining the rib to
E-mail address: chrischen@mail.nctu.edu.tw (C.-C. Chen). the colmn flange. However, two weak axis connections
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Table 1

Summary of test specimen$112]
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Specimen Bearh (mm) Columi (mm) Rib plae thickness (mm) Rib plate geometry x Ly x he (mm)
SRL20 H588x 300 x 12 x 20 H550x 550 x 30 x 40 20 125x 800x 20
SRL30 H588x 300 x 12 x 20 H550x 550 x 32 x 40 30 125x 800 x 30
SRE6-1 H588« 300 x 12 x 20 H550x 550 x 30 x 40 18 110x 680x 20
SRE6-2 H588« 300 x 12 x 20 H550x 550 x 30 x 40 18 94x 460 x 20
SRE7-1 H700x 300 x 13 x 24 H550x 550 x 36 x 40 22 93x 700x 20
SRE7-2 H700x 300 x 13 x 24 H550x 550 x 36 x 40 18 97x 640x 15
@ Dimensions are shown for depth, width, wiblickness, and flange thickness, respectively.
exhibited excellent ductile behavior, and no weld fractures /Flange it /Beam
occurred. Tests conducted by Engelhardt et ). gnd /
Anderson and Duanlf] demonstrated that connections - ="
reinforced with tapered triangular ribs exhibited sufficient
hysteretic behavior with plastic rotation ranging from 2.5%
to 30% rad. Engelhardt et al. tested two connections Col’umn
reinforced with two taperedibs welded to the top and (TYP

bottom beam flanges. Gradual tearing of the beam bottom N 45°

flange at the rib tips caused the connection failure. Anderson N itoreadpart
and Duan tested three connections using a single rib welded e

to each beam flange. Failure was caused primarily by AN <
cracking of the weld betweengtrib and he column flange. F
Chenet al. (4] tested twoconnections reinforced by a single
triangular rib welded to the centerline of each beam flange.
One connection failed owing to a brittle fracture in the
beam flange at the ritip, while the other displayed stable
hysteretic behavior.

Chenet al. [L1] proposed another rib type. A single
lengthened rib is welded to the centerline of the top and /
bottom beam flanges to increase the rib effect. As revealed
from the numerical and experimental studidks & single rib
is more effective than double spaced ribs for reducing the
localized stress concentratioear the weld access hole, and
decreasing the potential for fracture. The lengthened portion
of the iib is an intentional design feature that prevents
beam flange fracture at the rib tip. Previous experimental
study, to be briefly presented in a subsequent section,
has demonstrated that single lengthened rib-reinforced

Rib extension

F10T M24 bolts

H550x550x30x40 7

N | H588x300x12x20
|74
12 \_|>__(TYP
TYP 8
35°

Specimen SRE6-1

Fig. 1. Typical connection detail43].

proof-test [L1], and four specimens were further tested for
the parametric studylp]. Table 1tabulated the specimen
dimensions and the geometry of the lengthened ribs. Various

connections can sustain cyclic lateral force and provideI thened rib desianed f dina b
sufficient ductility during the large deformation. This study engthened ribs were designed for corresponding beams.
Fig. 1 presents a typical connection detail, afdy. 2

investigates the effects of the geometrical parameters of. . .
the lengthened rib on the behavior of the rib-reinforced lllustrates the geometry of the lengthened rib. A single

moment connection. Three-dimensional nonlinear finite lengthened rib was welded to each beam flange in the

element models are designed to study the stress and straif? Iatr;]e of ltge beam r\]/v?b to _prev_(la_ﬂt thg fractur_e |n|t|at|ng
distributions at several critical sections of the connection. On In thé weld access hole region. The rb comprises a main

the basis of the results of theametric study and previous re!nforced part, a curvgd'part, gnd an extension. The main
experiments, a design procedure is proposed for practical reinforced part of the rib is designed to reduce the demand

o on the full penetron groove weld joining the beam and
applications. ; o .
column flanges. The rib exteios is proposed to mitigate
the potential stress concentration on the beam flange at the
rib tip and consequent tearing of the beam flange.
Specimens represent an exterior beam-to-column con-
investigated the cyclic nection; therefore, a T-shaped subassemblage was isolated
from the inflection points of the beam and the column of a
moment-resisting frame subject to a seismic lateral load.

2. Previous experimental work

Experimental research has
behavior of moment connectionsinforced wth lenghened
flange rib [L1,12]. Two specimens wertested in the pilot
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Table 2
Test resuts and failure modesifL,12]
Specimen Interstory drift Total plastic Failure mode
angle (% rad) rotation (% rad)
SRL20 5.06 4.37 Rib fracturghat theplastic hinge location
SRL30 4.59 411 Lateral torsional bucklingjnor crack in the weld between rib and beam flange
SREG6-1 4.84 4.05 Rib fracturing at the plastic hinge location
SREG6-2 4.84 4.04 Beam flange fracturing at the rib tip
SRE7-1 4.37 3.15 No connection failure; onlynr crack in the weld between rib and beam flange
SRE7-2 4.37 3.27 Fracturing of rib and beam flange at the beam—column interface
L —— Column face .
_tr! max R W,—/ Rib r/Beam 1rP
hy i L
= ()L he i
| E— 4
L[’ hrI_ / :R :-* h. :
B Lr | ~ l;ma,nl ! i
b g “* | Location of !
i plastic hinge :
M. qpj 4 | i
Myon, i M, )/Flexural capacity E 41,‘_/1//” )
2000 § 5 S Mueme 5
i S~< Moment demand ;
o : ~< )
= : !‘\:. - i
1000 ; B "
g : =
é £
= 0 Ly |
Q 1
=
e}
=

1000 Fig. 4. Plastic hinge formationf ¢eengthened rib connection.

observed on the hysteretic curves of several specimens
resulted from local buckling of the beam. The maximum
flexural moment of the connections developed at a story
drift angle of 4% rad exceeded the nominal plastic flexural
capacity of the beam. Furthermore, failure modes, as listed
Fig. 3. Moment versus plastic rotation relationship of specimen SRE6- in Table 2 differed among specimens depending on the
1[12). size of the éngthened rib. The failure modes included the
fracture on the groove weld joining the rib and the column
flange, the fracture of the beam flange at the rib tip, and the
propagating crack on the rib.

-2000

i
-45 -30 -15 0.0 1.5 3.0 4.5
Total plastic rotation (% rad)

Moreover, incremental increasisplacement was applied to
represent the cyclic load. A predetermined loading history,
following the loading protocol]3], was imposed at the end
of the cantilever beam. 3. Parametric study

All the specimens behaved in a similar ductile manner.
The beam section displayed intensive yielding. Ductile 3.1. Geometrical parameters of lengthened rib
behavior was guaranteed by forming a plastic hinge at
the specified locationTable 2 lists the test results and A parametric analysis was performed to examine the
failure modes. Th specimens could sustain a story drift effects of rib design variables on the connection behavior
angle of at least 4% rad. All the specimens developed owing to only a limited number of tests being conducted.
reliable plastic rotation greater than 3% rad, which was Test results have shown that seigmibehavior and the failure
primarily contributed by beam yieldingig. 3shows ypical mode of rib-reinforced connections are mainly dependent
loops of moment versus plastic rotation. Hysteretic curves on the reinforcing rib. The flexural capacity of the beam
demonstrated that specimens had stable energy dissipatiolis considered for determing the effect of the rib design
capacity under cyclic loading. Slight strength degradation variables ontie connection behavioFig. 4 illustrates the
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relationship between the flexural capacity and moment (a) Story drift angle (% rad)
demand of a beam subjected to seismic force. The effect = =2 0 2 4
of gravity loads on the moment demand distribution is B0 = B o= = e s
neglected assuming that the ment caused by gravity loads
is small compared to that caused by seismic force. A more
specific curved moment diagram should be considered if
the gravity loads are extremely large. Plastic hinging of the
beam is assumed to occur d&etinersection of lines of
flexural capacity and momentchand, which is located at
same distance from the column face. The most important
geometric aspects of the lengthened rib are the cross section e
of the main reinforced part and the extension, and the | |
rib length. Accordingly, thre geomeical parameters are | |
defined for configuring the rib plate. _goo| mEE——T | I
First, a parametes is used to determine the plastic flex- — L " —

. . . . —180 =90 0 90 180
ural capacity at the location of the plastic hindyy : P g IO SHE (R

400

Beam tip load (kN)

Mpr = pMpe (1) (b) Story drift angle (% rad)
-4 _2

where 800} — b b — | — o
Cyclllc __o

[~
s

Mpe = ZoRyFy. ) = Mogotortic gl 7
Mpe denotes the flexural capacity of the beam section, o
which can be calculated using the expected yield strength
RyFy; Ry is a multiplier accounting for expected material
overstrength, in accordance with AISC Seismic Provisions
for Strudural Steel Buildings14]; Z, representghe plastic
section modulus of the beam; anBy is the specified 400 |-
minimum yield strength of the steel. The valuewfelaes ]
to the anount of reinforcement of the rib extension, and is
defined as an extension reinfement factor. Furthermore, -800—"— — — — = == =
larger p results in higher beam flexural capacity at the ~180 —90 0 90 180
location of the plasic hinge. On the basis of the flexural Beam tip displacement (mm)
capacity at the location of the plastic hindép,, the coss
section of the th extensdn can be determined by calculating

Beam tip load (kN)

Fig. 5. Verification of hysteresis cugs: (a) &periment; (b) finite element

the pastic section moduli of the beam and the rib extension. anayss
Second, a parameter is used to deterine theflexural
capacity at the beanotcolumn interfaceMcap j : Third, a parametey is used to determine the overall rib
length, L., on thebasis of the following equations:
Mcapj = Mdeml (3) ) — M pe (5)
whereMgem j denotes the moment demand at the beam-to- Mdeme
column interface, which cape calculated as follows: and
Lp _ Lb— L¢
Mdemj = r'-p Mpr (4) Mdeme = Lo— Lo L, Mopr (6)

where Mgeme denotes the flexural demand at the tip of
the rib extension. The parameterrepresents a factor that
deternines the rib length. Highey results in a longer rib
and higher margin of safety at the rib tip.

whereLp represents the length of the half span of the beam
andLp is the distance from the column face to the plastic
hinge location. As indicated in Eq3), the parametet
denotes the ratio of moment capacity to demand at the beam
to-column interface, and is daéd as a main reinforcement
factor of the rib. Furthermore, should exceed 1.0 to ensure  3.2. Finite element modeling and validation

sufficient margin of safety at theeam-to-column interface.

Consequently, the cross section of the main reinforced part The parametric study was conducted using the finite
of the rib can be detenined onthe basis of the flexural element analysis to study the behavior of seven connections.
capacityMcap j - An unreinforced connection was modeled to represent the
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Fig. 6. Verification of longitudinal strain distribution: (a) strain gauge location; (b) on beam flange 40 mm away from column face; (c) on beam fatige at p
hinge location; (d) on beam web at plastic hinge location.

pre-Northridge moment connection. Additionally, six rib- the rib extension90-123 mm high for the main reinforced
reinforced connections were designed to reflect three designpart, and 460-690 mm in length.

parameters of the lengthaheib. A control model of rib- This study used the finite element analysis program
reinforced connectionmeployed parameteks = 1.10, p = ANSYS [15] for model analysis. Each model consisted of an
1.05andy = 1.10. The other five rib-reinforced connections H-shaped '['588‘ 300> 12x 2hO beam and an HSE:?55OX I
changed one parameter at a time from among parameter 0> 40 co umn, assummg't e ASTM AS72 Qra e 50 steel.
& = 1.05and 1.15p = 1.10, andy = 1.05 and 1.5 while urther modeling for materials can be found in Réf1][

keeping th o " tant. The rib di The numerical results were compared with the experi-
eeping the remaining parameters constant. 1he rb USed Ny, o i) results for both global and local responses to validate

the @ntrol model of rib-reinforced connection was 19 MM he accuracy of the finite element modeling. Global behav-
thick, 107 mm high, and 580 mm long, with @ 19 mm high jor s presented in terms of hysteretic loosg. 5 presents
extenson. The other ribs used in the models had dimensions both the numerical and the experimental hysteresis curves of
ranging from 19x 19 to 27x 27 mm for the cross section of  the beam tip load versus the corresponding displacement for
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Line CJ P\

Continuity plate Line

s

CJP weld

Fig. 7. Critical sections.

specimen SRE7-112]. Good correlation between the nu- pre-Northridge connections34,16]. Finaly, line RT is
merical and the experimental work was obtained. The stiff- located at the rib tip becauseress concentration in the
ness and the ultimate load at each cycle can be reasonabljbeam flange in this region caused fracturing of the beam
simulated up to a stgrdrift angle of 4% rad, except thatthe flange, as demonstrated from the triangular rib-reinforced
experimental curves are smoother and wider at yield than the connections4,9].
numerical ones. Moreover, as showrHig. 5b), the numer- The stress distribution and strain demand in the con-
ical results of a monotonic loading are also presented with nection were demonstratedimig two sgnificant indicators,
those obtained cyclically. The monotonic results can corre- normalized longitudinal stress and PEEQ index. The nor-
late well with the envelope of thoyclic force—displacement  malized longitudinal stress is defined as the normal stress
curve. 011, along the longitudinal axis of the beam, normalized by
The verification of the local behavior was performed by the yield stres$,. Meanwhile, the PEEQ index, which rep-
comparing the strain distributions at the locations concerned.resents local strain demand, is defined as the plastic equiva-
Fig. 6 shows the normalized longitudinal strain distribution |ent strain (PEEQ) divided by the yield straip.
on the beam flange and the web at the story drift angles of  The distributions of normalized longitudinal stresses and
0.6%, 1.9%, and 3.8% rad. Aasonable agreement between PEEQ indices along lines @Jand WAH are shown in
the numerical results and the physical tests was generally Figs. 8 and 9, resgctively. The longitudinal stress was
achieved. On the basis of thetiséactory performance, the  considered at a story drift angle of 0.5% rad to evaluate the
finite element modeling with monotonic loading was used to connection behavior withian elastic range, because many

proceed with the parametric study. pre-Northridge connections failed prematurely at limiting
plastic rotation. The other indicator, the PEEQ index, was
3.3. Analysisresults used to assess the connection behavior under high strain at a

story drit angle of 4.0% rad. The unreinforced connection
The stress and strain distributions in three critical sections demonstrated stress concentration and highly localized

of the connection were studiedhe seéction of critical plastic strain demand in the middle of the beam flange,
sections was based on the fracturing location in pre- especially at the root of the eld access hole. Evidently,
Northridge moment connectionfig. 7 shows thecritical the rib-reinforced connectiorffectively reduced the stress

sections, presented by lines running across the width of distribution and strain deand at the CJkveld and WAH

the beam flange. Line CJP is located at the complete jointregion, during both the elastic and inelastic stages. With the
penetration (CJP) groove weld joining the beam and column introduction of the rib, the maximum PEEQ index at the
flanges because many fractures have been found at thigoe of the weld access hole was considerably reduced from
groove weld during the Northridge earthquake. Line WAH 21.2 to 9.6, a reduction of 55%. The inherent concentrations
is located at the root of the weld access hole (WAH), of stress and strain of the unreinforced connection were
from which the beam flange fractured, as shown by the significantly reduced by the presence of the lengthened rib
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Fig. 8. Distribution of normalizedongitudinal stresses and PEEQ indices  Fig. 9. Distribution of normalizedohgitudinal stresses and PEEQ indices
along line CJP: (a) at 0.5% story drift angle; (b) at 4.0% story drift angle.  along line WAH: (a) at 0.5% story drift angle; (b) at 4.0% story drift angle.

at the centerline of the beam flange. The potential for brittle strain demands at the critical sections of lines CJP and WAH

failure in the weld access hole region thus was diminished. can be significantly reduced by the rib. Nevertheless, the
effectiveness of the rib in reducing the maximum stress and

3.4. Effects of design parameters pladic strain reduced with increasing It is reasonable to
usex = 1.10 for design purposes.

To assess the influences of the rib on the distributions of  Fig. 11 shows the décts ofp values 0f1.05 and 1.10 on
stresses and strains in thetical sections the maimum the normalized longitdinal stress and plastic strain demand
normalized longitudinal stress and PEEQ index along in the critical sections. Different values pflead to differ-
the lines were captured for comparisdfig. 10 shows a ent cross sections of the rib extension. Although parameters
comparison between the rdisuof the unremforced and a andy remained unchanged, a larger cross section of the
rib-reinforced connections for different values @f along main reinforced parnf the rib was required owing to the in-
lines CJP and WAH, at storyrift angles of 0.5% and crease ofp. Therdore, increasing the parameterreduces
4% rad. Since it is the main reinforcement factor, the the stress and strain demands, especially in the PEEQ in-
value ofa affects the cross section of the main reinforced dex. Reductions of 71% in line CJP and 52% in line WAH,
part of the rib. At line CJP, the maximum normalized compared to the unreinforced connection, were noted in the
longitudinal stresses of rib-reinforced connections with  PEEQ index of the model witlp = 1.05. The model with
of 1.05, 1.10, and 1.15 were decreased by 40%, 44%, andp = 1.05 achieves significant improvement, while parame-
47%, respectively, compardd those 6 the unreinforced terp = 1.10reslts in smaller stress and PEEQ index values.
connection and also were reduced by 28%, 35%, and 38% Fig.12 shows the décts of the parameter on
at line WAH. Fig. 10(b) shows furthereduction of plastic normalized longitudinal stress and PEEQ index at lines CJP,
strain demad. These figures indicate that the stress and WAH, and RT. The value of affects the rib length. Three
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longitudinal stresses at 0.5% story drift angle; (b) PEEQ indices at 4% story longitudinal stresses at 0.5% story drift angle; (b) PEEQ indices at 4% story
drift angle. drift angle.

values ofthe parametey, 1.05, 1.10, and 1.15, were used designing the ribs used in the specimens. Specimen SRE6-2
for the models, and the corresponding rib lengths were was degyned to have the smallegt while specimen SRE7-
460 mm, 580 mm, and 690 mm, respectively. The figure 2 had the mdlest p.

demonstrates that different values jpfexerted edigible

effects on lines CJP and WAH because the valueyof .3

altered only the rib length. The longitudinal stresses of the vajues ofparameters used in specimens

rib-reinforced connections at line RT were only slightly

. . . Parameter

higher than those of the unreinforced connection. Moreover, Specimen m S ;

the longitudinal stress is insensitive to the variation of

the parameteyp. Nevertteless, increasing the value of the ~ SRL20 117 1.05 122

. SRL30 1.22 1.12 1.15

parametery constantly leads to a decrease in the value of SRE6-1 110 105 115

the PEEQndex. SRE6-2 1.05 1.05 1.05
SRE7-1 1.05 1.05 1.10
SRE7-2 1.05 1.03 1.10

4. Design considerations

4.1. Determination of design parameters Because the parametey the main rinforcement factor,

provides the margin of safety at the beam-to-column
The geometrical parameters of the rib are determined oninterface, design safety increases withA largervalue of
the basis of the results of the experiment and finite elementa requires a larger cross section of the main reinforced part.
analysisTable 3lists the values of three parameters used for Consequently, a thicker and taller rib becomes necessary.
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(a) 4.2. Recommended design procedure
B2 Unreinforced

i On the basis of the parametric study and experimental
e results, parametersaf= 1.10,p = 1.05,andy = 1.10can

be used reliably for design purposes. The design procedure
for a lengthened rib-reinforced connection is summarized as

follows.
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1. Compute the expected plastic flexural capacity of the
. : beam,Mge, using Eq. ).
LineCJP  Line WAH Line RT 2. Calculate the design flexural capacity at the location of
(b) the plastic hingeMpr, by sekcting a minimum value of
i p = 1.05 and using Eq.1)).

30.0 ? Py 3. Select a cross sectidn,x he, of the rb extenson on the

Y1.10 .

0 AT basis ofMp .

: 4. Assume the location of the plastic hinge by setting
as the larger ofl/3 and200 mm, wherdly, is the beam
depth.

5. Use EQ@s.3) and @) to obtain the design flexural capacity
at the beam-to-column interfac®lcapj, Setting o =
1.10.
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Fig. 12. Comparison of results of different valuesjaf (a) normalized .
longitudinal stresses at 0.5% story drift angle; (b) PEEQ indices at 4% story ! - Calcu'?‘te the.”_b length,.;, from Eqgs. 6) and €) by
drift angle. assuming a minimum value of = 1.10.
8. Selectl max as the larger ot /3 and80 mm, and set the
radius of the curved part to equia.
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Furthermore, none of the specimens failed at the beam-

to-column interface except specimen SRE7-2. For design Furthemore, a strong column-weak beam criterion
purposes, the parameteris conservatively set to 1.10 or Should be checked for the rib-rdorced connection because

greater to avoid the brittle failure mode occurring at the the welded rib increases the flexural strength of the beam.

beam-to-column interface. This study also suggests that the
height of the main reinforceplart should not exceed the slab

thickness, which is generally less than 150 mm. 5. Conclusion
The parameterp, the extasion reinforcement factor,
directly influences tb crosssection of the b extersion. A The following conclusions are obtained on the basis of

high value ofp is not suitabledr the formation of the plastic  the results of the parametric study conducted via finite
hinge in the beam, as observed from specimen SRL30, thatelement analysis. Analysis results demonstrate that a single
displayed lateral bucklingfothe beam at theib tip. As lengthened rib can be used to reduce the stress concentration
demonstrated by the finite elent@malyss, the distributions  and plastic strain demand in the beam flange groove weld
of stresses and strains of the rib-reinforced connection areand the weld access hole region, and to diminish the fracture
not very sensitivéo the variation of parameter. Although potential of the beam flange attheam-to-column interface.

rib fracturing eventually occurred in most of the specimens, The numerical results for the rib-reinforced connection

p = 1.05 leads to acceptable behavior. revealed that extensive yielding occurs in the beam away
The difference between flexural capacity and moment from the column face, and the plastic hinge reliably forms
demand at the rittip becomes small with reducing. That in the beam. Moreover, the rib extension can effectively

is, given smally the potential of the stress concentration eliminate the localized higbtress that ccurs in the beam
occurring in the beam flange increases. For example,flange at the rib tip. On the b of the efécts of three
specimen SREG6-2 was designed to have minimum rib geometrical parameters of the lengthened rib on the stress

extenson with y = 1.05, and specimen SRE6-2 failed and strain distributions, this study suggests parameters and
because of the cracking andestual fracturing of the beam  confirms them with the test results. The parametric study
flange at the rib tip. The remaining specimens wjthof showed tlt the parameters of estision reinforcement

1.10 or more did not suffer this kind of failure. Therefore, factorp = 1.05, main reinforcement facter = 1.10, and
y = 1.10 is suggested as a minimum; however, economic rib length factory = 1.10 are reasonable for use in rib
concerns mean that should not be too large. design.
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