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Abstract: Problem statement: Extended endplate connection is one of the mod¢lwiused beam-to
column steel connections because of its fabricasiomplicity, good overall performance and cost
effectiveness compared with other connection typés. objective of this research is to develop three
dimensional finite element models to study the be&haof large capacity eight-bolt extended un-
stiffened wide endplate steel connections, usingeot-technology elements instead of legacy
elements which were previously used by other rebeas. Approach: A finite element software
package (ANSYS, version 11.0) was used to creadeaanlyze three finite element models. Two of
the finite element models were compared with pnesiip reported experimental results to validate the
accuracy of the finite element models. The thirddelovas based on a modification of the second
finite element model to improve bolt force distiiom. Eight-node brick solid elements were used to
model the connection members. The bolt shank wadelad using one three-dimensional spar
element that connected the bolt head and nut tegeBretension in bolts, contact algorithm and
material nonlinearity were considered in the filstement modelRkesults. Results of the first and the
second finite element models were compared wittegxgental data. The comparison was based on
moment-beam rotation and moment-endplate separatiorihe finite element models and the
corresponding tested specimens. The results ofiite element models were used to compare the
behavior of the bolts in the tension region adjadenthe beam bottom flang€onclusion: The
comparison showed good correlations between tlite fslement models and the corresponding tested
specimens which confirmed the validity of the pregd models. Thus, a modified connection was
proposed to improve the connection response. Aefigiement model of the modified connection was
modeled, analyzed and compared to the originalefielement model prior to modification to show
their correlation.

Key words. Beam bottom flange, finite element model prior, en@ nonlinearity, earthquake
environments, design alternatives, technology etési@stead, corresponding tested spe

INTRODUCTION Yalciner and Hedayat, 2010; Choopool and
Boonyapinyo, 2011; Abu-Lebdedt al., 2011; Aziz and
Over the past four decades, steel moment resistinGhing, 2010). Brittle fracture in column webs, aolu
frames have become popular and widely used in stedlanges, welds and shear tabs were reported. Most o
construction, mainly due to their tremendous energyhe reported damage was located within the bottbm o
dissipating characteristics under cyclic loadingialth the beam flange. Cracks were initiated at weldigts
represents the ground-shaking and earthquakand then extended into the column web and/or flange
environments. In January 17, 1994, the NorthridgeThe tragedy created the initiative of testing and
earthquake (6.8 on the Richter scale) struck Lostudying the response of the steel beam-to-column
Angeles causing significant wide range damage t@onnections. Six full-scale connections were tested
various buildings of different heights (Yeeal., 2011; the University of California (Popost al., 1996) and at
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the University of Texas. The results confirmedshene  (2003) conducted a series of experimental tests on
brittle fracture behavior of the connections. Based eight-bolt extended endplate steel connections and
the experimental results, design alternatives wereleveloped three-dimensional finite models to
suggested to replace the pre-Northridge conneetiin - investigate the column flange bending strength. Six
post-Northridge connections, which have been testegdndplate connections were modeled, analyzed and
fracture behavior. Further testing was done tOncluded modeling of four-bolt extended endplate
investigate the causes of brittle failure in steelpaam-to-column stiffened and unstiffened column
cr?nnehcuonsl.dAs ,al_res_tulgof the te?tmtgh, |tl;/vasnr?ﬂtt flange connections, eight-bolt extended stiffened
that the welders’ limited access to the beam DOUOM, 1516 connections and multiple row 1/3 endplate
flange and the imperfect welding processes resutted beam-to-column connections. The study of Sumner

welding discontinuities, which significantly affect ;
the be%lavior of steel connectiongs (Kaufrr):aetnal., (2003) reported moment versus endplate separatidn a

1997 Rahmart al.. 2009: Farcet al.. 2010: Hussein column flange response curves. It should be ndiatl t
20115_ b ’ B ' ' pretension of the bolts was not considered in thdys
Since the 1994 Northridge earthquake, a significandany and Dunai (2004) conducted numerical and
amount of research has been conducted and papars h&*Perimental analysis on bolted endplate connestion
been published (Fema, 2000; Sherbourne and Bahaafi-Pi€cted to monotonic and cyclic loading. Theirdgt
2000; Sumner, 2003; Adany and Dunai, 2004; Maggi&V@S mainly concentrated on bolted endplate steel-to

et al., 2005; Shiet al., 2007; 2008; Yanget al., 2009: steel and base-type steel-to-concrete connections.
Lamom e al.. 2010- Ebrahimi et al. "2010)’ Geometric, material and contact nonlinearities were

participating in positive design modifications to considered in the finite element models. Maggiel.
improve the behavior of beam-to-column stee|(2005) conducted num(_arlcal investigation to s}dulgt
connections. Sherbourne and Bahaari (2000) develop&ffect of endplate thickness and connecting bolt
three-dimensional finite element models to studg th d|ameter on the connection behavior under monotonic
behavior of eight-bolt large capacity extended ¢mep 02ding. Pretensioned 16 mm and 19 mm diameter

steel connections. Two endplate thicknesses, M@ i ASTM A325 high-strength steel bolts were used to
and 1 inch, were considered in their study. For the connect the endplate and the column flange. Thaystu
inch thickness endplate connection, it was repatited showed gxtenswe prying action a_nd double curvature
the finite element results showed good correlaggh ~ deformation of the endplate. Maggie and co-reseasch
the experimental results over the entire loadirggony. ~ '€POrted that the endplate thickness is proportiona
For the 0.75 inch thickness endplate connectiowas the pIaspc behawolr qf. the connection, while using
reported that the finite element results showed@9er size bolts significantly decreased that affe
unacceptable correlation with the experimental ltgsu | fe€ failure modes were reported as: (1) yiele In
where the model showed about 15% decrease inliniti&ndPlate, (2) bolt tension failure and (3) comhioraof
stiffness and about 50% decrease in tangent stdgfne both. Shiet al. (2007) propo§ed an analy‘uqal model to
after yield occurred. Also, the advantages of tierid e\_/aluate the moment-rotation rela_lt|onsh|p of _bolted
bolted connection versus the two-row bolted corinact Stiffened endplate steel connections. Experimental
were discussed and reported that the hybrid boltelfivestigation of five different bolted stiffened dplate
connection showed better behavior. Conductedt€€! connections subjected to monotonic loading wa
experimental  investigations on bolted extended?!S0 conducted. The out-of-plane deformations were
endplate steel connections. The study was madedn t restrained during testing and the contact surface
parts. In the first part, the objective was to dafe the Petween endplate and column flange was prepared by

current design procedures for low seismic loading?!@sting, - where friction coefficient of 0.44 was
conditions, thus six different multiple row extedde achieved. The results of the experimental testsewer

endplate steel connections were tested under cycligSed to validate the analytical model, which showed
loading. Also, analytical models were developed andicceptable agreement. S#tial. (2008) utilized finite
compared with experimental results. In the secaart, p €/ement software package (ANSYS) for the modeling
seven full-scale eight-bolt wide extended endplate’ €ight different endplate steel connections idaig
connections, six bare steel beam-to-column cormesti 1USh endplate, stiffened and unstiffened endpéate
and one composite slab beam-to-column connectiongiifféned and unstiffened column. Different endgplat
were investigated. They concluded that the devdopeth'Ck”esseS' bolt sizes qnd arrangements were used.
modified design procedure, conservatively, predicte 1€n-node tetrahedral solid elements (SOLID92) were
the connection strength of both configurations. Sem used to model the entire connection including holts
483



J. Computer <ci., 8 (4): 482-493, 2012

beam, column and endplate. Pretension section wasurrent-technology elements instead of legacy
created in the bolt shank using pretension elemengélements which were previously used by other
(PRETS179). Moreover, material nonlinearity wasresearchers. Materials were modeled as multilinear
considered as tri-linear for bolt material and #tas materials based on a typical stress-strain curve fo
perfectly plastic for all other connection membdfse  each material type. The endplate-beam end
experimental results of Shi al. (2007) were compared connection is taken as perfectly welded. The load
with the results obtained by the finite elementtid |, 55 applied as slow incremental rate of vertical
models. The comparison showed good correlation Wiﬂi‘jisplacements to the beam tip. The slow loading rat

average accuracy of 96%. Shi .aI. (2008) Fiiscussed_ is adapted to avoid element distortion and to enban
other outputs from the numerical analysis, which is

very difficult to measure during testing. This ingés conversion. The f|n_|te element re_sults of this stud
s I were compared with the experimental results of
distribution of friction force between the endplated Sumneret al. (2000) to validate the finite element
the column flange and the distribution of principal j o

stresses, which helps in the evaluation of stee o_d(_els. Atter qo_nflrmlng the accuracy and_ _the
connections behavior. Yangh al. (2009) conducted a validity _Of the finite element_ models, a mod|f|eq
series of experimental tests on bolted stiffened anCONNection was proposed to improve the connection
unstiffened extended endplate steel connectionsyavh r€sponse. A finite element model of the modified
H-shape beams were connected to endplates by nofonnection was modeled, analyzed and compared to
complete penetrated welds. Twenty-four connectiondhe original finite element model prior to
were tested under monotonic loading and sixmodification to show their correlation.

connections were tested under cyclic loading to

investigate the effect of the non-complete penettat \jogeling and analyss methodology:  As

weld on the behavior of the steel connection. Theifforementioned, three-dimensional solid finite eban
monotonic loading tests showed that beam flanggnggels were developed to study the behavior ofelarg
Ioc_al elastlc_ bucklm_g occurred in some connectlon%apacity eight-bolt extended unstiffened wide eatipl
while plastic buckling occurred in others. BoltS gaq| connections. A finite element software paekag
behaved elastically during testing and no weldufal (ANSYS, version 11.0) was used to create and aealyz
was detected. It was reported that regardless ®f thine finite element models. Eight-node brick solid
type of weld, the connection would exceed thegiements (SOLID185) were used to model the beam,
predicted deformation capacity. However, neither th c5ymn flange, endplate and bolt heads and nuts. Th
endplate thickness nor the beam inclination had ago|t shank was modeled using one three-dimensional
obvious influence on the connection’s ultimate gnar element (LINK180) that connected the bolt head
resistance or the behavior of weld. The cyclicang npyt together, where rotation was restricted at
loading test was set in three loading levels. Dyirin ¢onnecting nodes. The spar element cross-sectisn wa
the first level, a little plastic deformation inetbeam gt 1o equal the actual bolt shank cross-section.
flange was observed. During the second level, alloc pretension in bolt was modeled by defining initiiess
buckling in the beam flange in the compressiongiate of the spar element to simulate the slijieatit
region was observed. During the third level, thecharacteristic of the connection. Since the bolesew
compression flange buckled severely. No weldyetensioned, all coincide nodes that were in commo
failure was observed in all tests. It was concludegyenyeen the bolt heads and the endplate and between
that the weld type had no obvious effect on theyne polt nuts and the column flange were merged and
connection bearing capacity and the completggnsidered in contact at all times. The contactspai
penetrated weld had no advantage. Also, Y&@d.  \yere defined using three-dimensional ~ Target
(2009) created finite element models, using thédin (TARGE170) and Contact (CONTAL74) elements to
element software package (ANSYS), to comparemylate the interface between the endplate and the
with their experimental results. The results of the.qiumn flange. It worth noting that the column is

finite element models were compared with congidered fully stiffened, thus the column flangas
corresponding experimental results, which showegysdeled as a rigid member. Applied loads were
acceptgble agreement. determined from the vertical displacements apptied

~ This study presents the development of threethe heam tip. Symmetry about the vertical plansipas
dimensional solid finite element models, to stulg t through the beam/column web was considered and thus
behavior of large capacity eight-bolt extendedhalf of the connection was modeled and analyzed as
unstiffened wide endplate steel connections, usinghown in Fig. 1. Materials were modeled as mukiir
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materials based on a typical stress-strain curve foln this study, the current-technology homogenous
each material type: ASTM A36 steel was used forstructural eight-node solid elements (SOLID185) aver
the endplate; ASTM 572 Gr. 50 steel was used foised to model the beam, column flange, endplate and
the hot rolled sections; and ASTM A325 steel washolt head and nut. The element SOLID185 is defined
used for the high-strength bolts. Materials, by eight nodes with three degrees of freedom ah eac
geometries and contact algorithm nonlinearitiesever node: translation in x, y and z-directions. It has

considered in th_e proposed model. Surface-to-serfacmasticity, hyperplasticity, stress stiffening, epe large
contact separation and the resultant moment Wer§qfiection and large strain features.

monitored. Also, moment-endplate separation an The beam was meshed in two stages to avoid

moment—bea_m rotation curves were obtained angh,aiig shape topology. Initially, the area at theam
compared with the experimental results of Sumeter s \vas meshed using four-node quadrilateral elésnen
al., (2000). After the solution was done, the Generaly then the meshed area was swept along the whole
Postprocessor was used to view the analysis resulifgm length. Mapped mesh was created for the entire
and to plot the deformed shape of the entire model poam o enhance results accuracy. Also, properegiem
portion of it. . I aspect ratio of 3:1 was maintained to avoid element
Boundary conditions, loads, initial states andgisiortion. The beam was entirely meshed with three
other significantly important parameters are deline imensional hexagonal shape solid elements as

in the solution processor. Parameters were define dicated in Fig. 2. The endplate and the colurangke
properly to allow the simulation to run smoothlyias were meshed entirely with SOLID185, where

it was an actual lab test and to avoid localized trahedral sh | i d ted ta ad
stresses or false results. For instance, bolt nut rahedral shape eiemenis were degenerate adap

translations were restricted in all directions. Bol N€ |rregu!ar|ty_ due to the bolt holes existence as
heads translations were restricted in y-directiod a Indicated in Fig. 3 and 4. Element edge size was
bolt shank ends translation in y-direction wasProperly managed to ensure proper contact pairs
restricted so that no rotation is allowed. ANSYsdefinition when it took place. All coincided nodes
output file was monitored to ensure that the imitia Petween the endplate and the near beam end were
stress state was set and defined successfully. THeerged and considered as perfectly welded.

load was applied as slow incremental rate of vattic Surface-to-Surface  Contact Modeling:  The
displacements to the beam tip. The slow loading ratcomplex interface between the endplate and theruolu
was adapted to avoid element distortion and tdlange is defined by surface-to-surface contact ehod
enhance conversion. Nodes of interest and theiThree-dimensional target element (TARGE170) was
corresponding variables such as contact surfacessed to model the rigid column flange target area.
separation, beam tip displacements and the resultaWARGE170 is, generally, used to model three-
forces were monitored at each load step throughouiimensional target surfaces for the corresponding
the solution phase to be postprocessed and presenteontact elements. The contact elements overlay the
solid elements defining the boundary of a deformaabl
body and are potentially in contact with the target

if not all, previous finite element analysis, thates
. : . surface. The element degrees of freedom depend on
eight-node solid elements for the modeling of
the element segment type.

connection members, utilized the legacy eight-node
structural solid element (SOLID45).

Endplate, beam and column flange modeling: Most,

!Elcments

Volumes no. Jan 18 2010
22:06:13
Applied displacement

Fig. 1: The symmetry model showing the load ditetti Fig. 2: Beam solid elements
485



J. Computer <ci., 8 (4): 482-493, 2012

Elements

ny AN
gaﬂolgﬁ 26010 L Jan 16 2010
S Volumes 11:46-42
Volunum
s
s
Fig. 3: Endplate solid elements @
a
1
Elements NN .
Jan 15 2010 Elements Jan 16 2010
03:17:53 Type num = 11:49: 40
p
2 i
) o
R 3
Ko 'y
RS =
Keree
st

Fig. 4: Column flange solid elements
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NS Fig. 6: Bolt modeled parts (a) Solid and line elatae

(b) Size-scaled elements

It should be noted that a friction coefficient ab(s

defined herein to simulate slipping action betwémss
contact surfaces.

Bolt and pretension modeling: The bolt head and nut
were modeled using the same solid element

(SOLID185) that was used for the endplate, beam and
Fig. 5: The Endplate to column flange surface-to-column flange. The bolt shank was modeled using the

surface contact model current-technology three-dimensional spar element
(LINK 180). The spar element cross-sectional agea i
In surface-to-surface contact where areas are tsed defined to be equal to the actual bolt shank cross-

define both target and contact surfaces, the elemesectional area. This spar element is used herein to
has three degrees of freedom at each node. connect the bolt head and nut together as showigin
Three-dimensional contact element (CONTAL174)%. It is worth noting that an initial stress statas
was used to model the flexible endplate contad ase  assigned to the spar element to model the pretensio
indicated in Fig. 5. CONTAL174 is, generally, used t action in the bolts. The applied pretension forakies
model contact and sliding between three-dimensionalvere defined in accordance with the AISC Steel
target surface and a deformable contact surfadeadt Construction Manual (13th Edition) recommendations
the same geometric characteristics as the undgrlyinfor minimum required pretension for high-strengties
solid element face with which it is connected. Thestructural bolts. Vertical displacement and rotatizere
contact occurs when the contact elements peneirete restricted for the spar element nodes. It shoelddted
of the target segment elements on a particularetarg that LINK 180 is a three-dimensional uniaxial temsi
surface. The element allows Coulomb friction, sheaicompression line element, defined by two nodes with
stress friction, or user-defined friction. Also, eth three degrees of freedom at each node: translatithe
element allows separation of bonded contact tolsitau nodal x, y and z-directions. The Element has pagti
the interface delamination. creep, rotation, large deflection and

large strain
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features. It supports elasticity, isotropic hardegni Modal sotutiun
plasticity, kinematics hardening plasticity and loear
hardening plasticity. Also, it allows a change noss-
section as a function of axial elongation while the
overall volume of the link element is kept constant

AN
Jan 16 2010
01:41:46

MATERIALSAND METHODS

The materials were modeled using multilinear
isotropic hardening material models that use Vosddi
yield criteria coupled with an isotropic work haniteg
assumption. Material behavior is described by dnac
true stress-strain curve shown in Fig. 7. The ahiti
slope of the curve is taken as the elastic modafus
elasticity (E) which underneath is the materialséta
region. When the material reaches the yield stithgs,
curve continues along a curve defined by a number o
linear segments that represent the material plastic

@)

Nodal solution AN
Feb. 82010

23:26:23

region. ASTM A36 steel was used to model endplate OB
material; while ASTM A572 Gr. 50 steel was used for \ e g Rl
the beam and the column flange and ASTM A325 steel

for bolts. The true stressd) and the true straired are
functions of the engineering stress)(and strain ).
The values of the true stress and the true streén a
calculated from equation (1) and equation (2)
respectively. The two equations are used to corttiert (b)
engineering stress-strain curve and a true stragsai
strain curve, which is used to define the multiline
material data tabulated in ANSYS.

Fig. 8: Contour plots of the entire model and dipar
of the model (a) Vertical displacement of the

The general postprocessor: After the model is built in entire  model (b) Endplate/Contact pairs
the Preprocessor and the solution was successfully separation

executed, the nodal and element solutions were tosed
display the effect of the load in the entire finilement ~ Both tabular data and the calculated values wegd tes

model or just a portion of the model as shown mp Bi ~ generate moment-endplate separation and moment-
Both nodal and element solutions were used to wbtaibeam rotation curves to be compared with actual
tabular data of contact pairs separation, displargsn experimental results and to validate the finitereat
and reactions. The tabular data were used to eatcul model as discussed in the following sections.
beam rotationf) and applied moment.
Validation of the finite element models: Experimental
(<10 results from testing of eight-bolt unstiffened exted
2000 ' ‘ ' wide endplate steel connections conducted by Sumner
yeedl I I I I I I I L et al. (2000) were used to validate the proposed finite
G 00 i element models. The tests were conducted at Vagini
5 1200 Polytechnic Institute and State University and
e sponsored by SAC Phase 2 Steel Project. Two test
600 specimens were considered for finite element arglys
400 Each specimen consisted of a W183 column, a
e | (x107) W30x99 beam, a total of sixteen high-strength steel
%0 02040608 1 12 14 1613 2 1.25 inch diameter bolts and an endplate of 1.128 i
Strain (in‘in) thickness for the first specimen and 1 inch thicgsnter
the second specimen. Continuity plates and a double

Fig. 7. The Bolts Material (ASTM A325) Model in Pplate of 0.75 inch and 0.375 inch thickness respelgt
ANSYS were used to reinforce the column.
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,— 11/8” End-plate (A36) —\

/ N\ __/\ -
= | — [ |\ Beam

- W30x99 (A572 Gr50) |

Column

W14x193 (A572 Gr50)

N\ e j i
11/4” Dia.A325
Bolts typ. 1w
,,,,,, Bol
(@) !
-—\/\—- " Endplate
Fig. 11: Endplate separation and rotation
/ 17 End-plate (A36)
¢ \ The joint rotation (endplate rotation) is definasl

the relative rotation between the beam top andbbott

flanges adjacent to the endplate. The endplateigota

(@) in the finite element model Fig. 11 was takemnhes

ratio of the endplate separatidn)(at the tension region

\ to the distance between the beam top flange cérderl

\\ y and the beam bottom flange centerline. The endplate
Bt oD separation and rotation are illustrated in Fig. 11.

- W30x99 (A572 Gr50)

™

W14x193 (A572 Gr50)

(b) RESULTS

Fig. 9: Connection Configurations (Sumnet _al., The experimental test results of moment-beam

gg??g) (Sa)ecl(:)lr%t SSpe?:?:rran(égEﬁ/lelZéSllS%)zs rotation and moment-endplate separation of the firs
P ' specimen (8E-4W-1.25-1.125-30) and second specimen
e gl (8E-4W-1.25-1-30) were used to Vvalidate the

g o 2 corresponding finite element results. Comparisothef
7 P e results is shown in Fig. 12 and 13. The moment-beam
s My ) rotation curves showed that the finite element rhode
e had less initial rotation stiffness (slope of theeér
F portion of the curve) than the tested connectioraby
B - ol average of 3% in the first specimen and 1.5% in the
\ I second specimen, while the tangential rotatiofingts
s \\ T R (after yield) of the finite element model was alinte
e N7 same as the tested connection. The moment-beam
s sodjee | rotation curves also showed that the finite element
f ?% 2 il model had less moment capacity than the tested
e ] s connection. The finite element model behavior was
'\ Usy | L4 almost linear when subjected to moment up to 1200 f

—F L kips in the first specimen and 1170 ft-kips in the

; . second, while the tested connection behavior was
Fig. 10: Endplate Layout (Sumnetral., 2000) almost linear when subjected to moment up to 1280 f
ASTM A572 Gr. 50 steel was used for the hot rolledkips in the first specimen and 1220 ft-kips in sezond
sections; ASTM A36 steel was used for the endpthe, specimen. On the other hand, moment-endplate
continuity plates and the doubler plate; and ASTRBRB.  separation curves Fig. 12b and 13b showed that the
steel was used for the bolts. The connectiorfinite element model is in very good correlationthwi
configurations and the endplate layout are illisttan  the tested connection, where both curves followed
Fig. 9 and 10 respectively. almost the same trend.
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Fig. 12: Comparison between the FE Model and ts Te (b)
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- Test (Sumner et al., 2000)
14/ FE model

0.5
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Momentat column centerline (in-1bf) ()
b
® Fig. 15: Comparison of the Endplate Deformation
Fig. 13: Comparison between the FE Model and TFest t (Specimen 1) (a) The Deformed Shape of the
Results (Specimen 2) (a) Moment-Beam Rotation Endplate after simulationThe Deformed Shape of
Curves (b) Moment-Endplate Separation Curves the Endplate after testing (Sumeeal., 2000)
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e AN The finite element results were used to compare the

== endplate rotation with the beam rotation Fig. 14eT
comparison showed that the endplate has highealinit
rotation stiffness than the beam, but the beaniarger
ductility and rotation capacity than the endplate a
indicated in Fig. 14. The comparison also showed th
the endplate and the beam had the same moment
capacity values.

Additionally, an image of the connection after
testing was compared to an image of the connection
after simulation to show the correlation betwees &b
test and the simulation of the endplate deformadioa
to the applied load. The comparison between the two
images showed very good correlation between thgefin
element model and the tested connection as indi¢ate
Fig. 15 and 16. Finally, the results of the firilement
model were used to obtain the bolt force-momentesyr
which were used to show the behavior of the foutsbo
based on their layout in the tension region adjeitethe
bottom beam flange, as indicated in Fig. 17.

)
Fig. 16: Comparison of the Endplate Deformation

(Specimen 2) (a) The Deformed Shape of the |5 Figure 12 and 13, the initial rotation stiffses

Endplate after simulation (b) The Deformed the slope of the linear portion of the curve. Itynize
Shape of the Endplate after testing (Sumnezompared with the flexural stiffness of the bearg (E

DISCUSSION

et al., 2000) Io/Lp). Thus, the connection might be classified adrigi
V108 semi-rigid and pinned based on its initial stiffees
i Poit2
Bolt3
_ 3 Bolt 4 1% h@i”ﬂ PL. 28"x7.25"%0.125"
:é/ 25
e e o0
15
L R
* «107 g
i 2'-0 3747 2-0 374"
00 02 04 06 08 1 12 14 16 18 2
Moment at the column centerline (in-1bf)
@
4r x10°
35 E / —|® @ | ® @ Tﬁ. o0
o Bolt 3 | - [z ] 5
3 | kY /L
g . :%‘.Bolt-l J’/ 1]3@ [ N ] [ .\-\m% e13 ngg 2
% 2 J1E5;~L38,L5~J,38J%l
& LSt
||l " Fig. 18: The Proposed shims and endplate layout
03 - 7 %107 . . .
. . L In the Euro code 3 (2002), the connection is rigiten
002 ";[”tf*ll‘(’ll:l{g L2 the initial stiffness is larger than twenty-fivengs the
() beam flexural strength (25/Ly), pinned when the
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Fig. 17: Varigtion of the Forceg of the Bolts'ineth strength (0.5f,/Lo), semi-rigid when the initial
Tension Region (a) Specimen 1 (b) Specimen 2 stiffness is in between of these two values.

490



J. Computer <ci., 8 (4): 482-493, 2012

5 x10* 352107
8.5 Specimen 2
S| ° Specimen 3 |
. 3 )
8 / /
/ [ < [
= / = 25 /
S |k . 2 /
. 4 4] /
275 _— s 2 /
M — —Specimen 2 1.5 /
7 Specimen 3 /
1 —
) x107 — 106
6.5 . . . L . . . - ] 0.5 . . . . . . . . )
0 02 04 06 08 1 12 14 16 18 2 0 2 4 6 8 10 12 14 16 18
Moment at column centerline (in-1bf) Moment at column centerline (in-1bf)
(@) (b)
x10* .
8.3 Specimen 2 3.5 X107 Spcc%men 2 )
—Specimen 3 Specimen 3 J
. |
3 |
8 ‘ |
[ | /
g e /
= | o 25
3 | § 25 //
& | < //
S s /J :, /
2 _— = V4
— g
e L5
7r s’
g
1 L
x107 ——ee—""" x106
6.5 . . L L L L . . . 0.5 . . . . . . . .
0 02 04 06 08 1 12 14 16 18 =2 0 2 4 6 8 10 12 14 16 18
Moment at column centerline (in-1bf) Moment at column centerline
(© ()

Fig. 19: Comparison between the FE Models of Spegithand Specimen 3: Moment-Bolt Force Curves (d) B
(b) Bolt 2 (c) Bolt 3 (d) Bolt 4

21 =107 2.51 %107
g M et z
£ 16 £ 2
E 2
5 —FE model (Specimen 1) 5
E —FE model (Specimen 2) § L5
= s FE model (Specimen 3) c
E £
2 5 1
E s / Test 1 (Sumner ez al., 2000)
£ 04 €05 A - FE model 1 (Specimen 1)
= . b Vi Test 2 (Sumner ef al.. 2000)
I / FE model 2 (Specimen 2)
0 L . - —*— FE model 3 (Specimen 3)
0] 0.002 0.004 0.006 0.008 om 0.012 0

0.005 001 0.015 0.02 0.025 0.03 0.035

Lindplate rotation (rad.) Beam rotation (rad.)

Fig. 20: Moment-endplate rotation curves of thetdin

Fig. 21: Moment-beam rotation curves of the finite
element models

element models

The comparison between the results of the finite
element model and the experimental test Fig. 121and As indicated in Fig. 17, the comparison between
showed overall acceptable correlations. The finitethe four bolts in the tension region showed thathiblt
element moment-beam rotation curve followed theforce was initially distributed almost equally angoall
same trend as the test results as well as the memeriour bolts in the tension region till the conneatio
endplate separation curve. reached about 50% of its total moment capacity.
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Thereafter, the inner bolts (bolt 2 and bolt 4) ever showed that specimen 1 had remarkably higher moment
subjected to significantly larger forces than theéeo  capacity than the other two specimens, but it hess |
bolts (bolt 1 and bolt 3). The inner bolt adjacenthe  (otation capacity when compared with the rotation
beam web (bolt 4) developed the highest force vatue capacity of the other two specimens. Further, niame

remarkably lower applied moment, when COmp""redoeam rotation curves of the tested connections were

with the other bolts in the tension region. The . -
developed high force indicated possible fractuiteifa compared with the three finite element models wwsh

of bolt 4 first while the outer bolts (bolt 1 anglb3)  heir correlation as indicated in Fig. 21. Specinien
are in their elastic comfort zone. The inner btiglt 2~ Shows higher moment capacity when compared to the
and bolt 4) of the second specimen had almostahees moment capacity of the other two specimens. But the
plastic behavior when the tension bolt force exeded beam rotation capacity of the specimen 1 was velti
250 kips. The overall comparison between the finiteless than specimen 2 and specimen 3.
element results and the test results verified teir@cy
of the finite element model. 3 _ CONCL USION

The second specimen was modified to improve bolt

force distribution, especially for the inner badidjacent Due to the hiah cost of steel connection materials
to the beam web. The modification was based OMabrication and tgesting' and since steel conngction
strengthening the endplate in the region between thtesting is a destructive test, it is important tedict the

beam top and bottom flanges. Two thin plates o¥ 23 . ; . ) -
0.125 inch were used to strengthen the endplate@and f@iluré modes and connection behavior using finite
distribute the bolt forces better. The thin plafglsims) element analysis. This research focused on three-
are made of ASTM A36 steel and attached to th |menS|onaI_f|n|te_ element mo_delmg and anaIyS|s_of
endplate by the connecting bolts as indicated gn E8. arge capacity eight-bolt unstiffened extended wide

A three-dimensional finite element model was créate endplate steel connections. The objective of the

and analyzed to study the behavior of the modiﬁecfesearCh was to develop three _finite e'em?“t mddats
connection. The results of the finite element maafel could predict the steel connections behavior. Resd

the modified connection (specimen 3) were compareahe first and the second finite element models were
to the finite element model of specimen 2. Resafts compared to experimental results of tests conduayed

moment-beam rotation showed that specimen 3 hagumneret al. (2000) to validate and confirm the

: : : - ccuracy of the finite element models. The comparis
8“?:}; Iywp]ligﬂer;eggrsn?hn;t fﬁgiﬁ'gcﬁgznsﬁﬁsc 'E‘aznﬁﬁl b);sﬁhowed good correlations between the finite element

no influence on the connection moment capacity. Or{nodels and the corresponding tested specimens which

the other hand, the bolt forces were monitoredetjos g?enr]:remn'?drgggel\{sa“qlltﬁle aggcghned agﬁﬁéacée?;etgf tr?]r(])' del
for each bolt in the tension region adjacent tolibam .

: (specimen 2) was modified to improve bolt force
g(gtt?hn; ff&?ef;?CZtSUdd%Si?i%uet];genCt Omfnggﬁ ggﬁm;grce distribution which contributed in reduction of thelt

curves were obtained for each bolt in the tensemion forces, especially for the bolts above the beanobut

to compare between the modified connection (spetime/2nge- The results of the finite element modeitiu
3) and specimen 2, as shown in Fig. 19. Thi:Odmed connection were compared to the results of

: : e second finite element model (specimen 2) tdystu
comparison between the two specimens showed th tPe effect of the modification on the behavior bét

bolt 1 and bolt 2 developed forces reduction ond a dmodified connection. The comparison showed that the

2% respectively, while bolt 3 and bolt 4 develope o
forces reduction of 7 and 8% respectively, due tobolts above the beam bottom flange of the modified

: . oo ; tion developed forces less than the second
installation of the shims in specimen 3. Apparenihe connec ;

bolts attached to the shim (bolt 3 and bolt 4) fitee specimen by 8% suggesting that the proposed
more than the bolts below the beam bottom flangit (b modification improved the bolt forces distribution

1 and bolt 2) which were not attached to the shim and _reduced the developed bolt forces WithQUt
) affecting the overall performance of the entire

Results of the finite elgment models were _used t(?:onnection. From the results of this research, the
compare the endplate rotation for all three spengras following conclusions may be drawn:

indicated in Fig. 20. The comparison showed thah bo
specimen 2 and specimen 3 had relatively highéiini «  The inner bolts in the tension region develop
rotation stiffness than specimen 1, while specirien remarkably higher bolt forces than the outer bolts
had higher tangential rotation (after yield) thamttb in the tension region, which indicates possiblée bol
specimen 2 and specimen 3. The comparison also fracture of the inner bolts
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e Strengthening the endplate using the thin plate$ema, F., 2000. Recommended seismic design criteria
improves bolt force distribution, which may be a for new steel moment-frame buildings. Federal
possible remedy to prevent bolt fracture at early = Emergency Management Agency.
loading stage Hussein, A.T., 2011. Elastic-Plastic non linear

* In the modified connection, the bolts above the behaviors of suddenly loaded structures. Am. J.
beam bottom flange have reduction in bolt force by = Eng.  Applied  Sci,, 4: 89-92. DOL
8% due to better bolt force distribution 10.3844/ajeassp.2011.89.92

+ Since all the parameters defined in the finiteKaufmann, E. J., F.J.W. DiJulio, R.M., Jr. J.L. €&0al997.
element program are considered ideal and free Failure Analysis of Welded Steel Moment Frames
from any defects or discontinuities, the finte ~ Damaged in the Northridge Earthquake. The
element modeling and analysis will always be used ~ National Institute of Standards and Technology.
as a tool to predict the behavior of a specimertaot Lamom, A., T. Thepchatri and W, Rivepiboon, 2010.
evaluate it. The finite element analysis will not ~ Hybrid connection simulation using dynamic nodal

replace the experimental testing, but complementsi ~ humbering algorithm. Am. J. Applied Sci., 7:
1174-1181. DOI: 10.3844/ajassp.2010.1174.1181
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