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Fig. 2. Properties of specimen fabricating parameters and
location of strain gauges
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Fig. 4. Column and End Plate Configuration of Test
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Fig. 3. Grid Dimensions

Setup
J‘i\‘j S o lasiin N J i
Group Specimen a Bolt Layout End plate Weld Bolt
test name thickness(mm) type Diameter(mm)
UEP-0.00-R  0.00 Snug-tightened 30 CJp 24
BUEEP UEP-1.00 1.00 Pre-tensioned 30 CJP 24
UEP-1.43 1.43  Fully pre-tensioned 30 CJP 24
Jlast caliss gl s ozl ¥ g
Measured Measured avera Measured average
Material Application average yield l:ni: tee mo de 1 gs(EMPa) elastic
strength(MPa) w wu modulus(MPa)
ST37 Beam 243 371 195,164
ST37 Column, End Plate 238 365 187.183
A490(Gr.10.9) Bolts 943 1073 -
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Fig. 7. Installation of strain gauges on bolt shanks
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Fig. 5. Out of Plane Bracing System .
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Fig. 6. SAC97 Loading Protocol
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Fig. 8. Details of the Test Setup
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Fig. 9. Circular graduated instrument
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Specimen test Torque in calibrated wrench

Match marking turn of

Average rotation of the

name method(N.M) nut method nut(Degree)
UEP-1.00 1230 0.5 turn 170
UEP-1.43 1770 More than 0.75 turn 290

el o O Bpbe e L g s ool o
Sadly et S a Bl e (1) PSS s el
g 03 SE5 oh 25 pds Sl 0d b (M) 3
ke T B Ol 4 (S SAS5L (5l s
358 HSL AT OLL 53 s 5 ) amio o
GleplS 53 Olsly /Y Ol il ci s 4 bgse &S
33 e et g 53 (VY ISE) ol (1080 ol
e o lhdle BB e S e S
0Ll Lo ol eols &y dlall s il 5 A Al

YA

UEP-0.00 4g05 -1-0
Sy S Y s w s b Sl IS8 s
o3l & Ogiw 3l e (Sl A oo 38 o3l 4 (gladols s
Ale Olss 03 s 5 db s s b S8 Lol
GMELL slaplS I Lo st e ST 0L, /e YO
SIS R 95 e s e S, Sl gla IS s
" S el G S i 5 b ol
53 GIELL s Jgb 55 5 Jps 55 s b

o3ls OLES (sla pove 53 Ll ol sl OLAS aY) Ji&



N

w3 B (Sa i Ol 80 a0 5T anlas

)

Strain in Beam Flange(us)

Strain in Beam Flange(us)

15000
10000
5000

-5000

-10000
-15000
-20000

15000

10000

5000

0

-5000

-10000

-15000

-20000

-1/5 -1

-l UEP-1.00 |—----

-0/5

0 0/5

1 1/5

Normalized Moment at Column Centerline to Mp

-1/5 1

-0/5

0 0/5

1 1/5

Normalized Moment at Column Centerline to Mp

Fig. 11. Strain variation history in beam flange
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My

Specimen (llqu“j;‘;) IZIL:‘ M, (kN.m) 0, (rad) (k;n:/ril) E (kJ) (g‘(‘i)
UEP-0.00 75 0.89 52 0.025 2072 58 0.07
UEP-1.00 95 1.12 64 0.0175 3667 71 0.07
UEP-1.43 104 1.23 68 0.015 4533 76.5 0.07
Jlasl slad sal @Lg dslie 4o 0 g
Group Specimens #jjd % EREef Failure mode
UEP-0.00 1.00 1.00 1.00 Plastic hinge in the beam
BUEEP UEP-1.00 1.27 1.77 1.23 Plastic hinge in the beam
UEP-1.43 1.38 2.18 1.32 Plastic hinge in the beam
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Fig. 12. Specimens at the end of loading
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Fig. 14. Total Dissipated Energy of the Specimens During
the Loading Process
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total rotation for all specimens
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Abstract

During the construction of steel structures, the executive groups often fabricate some stories and tighten the
connection bolts, defined as the snug-tightened bolt in this research. The lower stories, in which the
connection bolts are snug-tightened, will be pre-tensioned at least to the level of preloading based on design
codes, called pre-tensioned bolts, in this paper. The connections will be complete, while some upper stories
will have snug-tightened bolts. As a result, the stiffness of the bolted connections varies throughout
construction, and the structural characteristics change with time. So it is necessary to investigate the seismic
behavior of bolted extended end-plate moment connections in both snug-tightened and pre-tensioned bolts
while constructing high-rise structures. Bolted unstiffened end plate moment connections are one of the most
usable connections used as prequalified connections in special steel moment frames. According to the AISC
design code, this connection can be considered one of the most important parts of moment-resisting frames
with enough bolt pre-tension levels. In this paper, using three full-scale bolted unstiffened end plate moment
connections designed according to AISC, the effects of bolt pre-tension levels have been examined
experimentally under SAC cyclic loading protocol. Bolt pre-tension level has been defined as a coefficient to
show the pre-tensioning level in three specimens. The bolts of the first specimen are not pre-tensioned,
called snug-tightened bolts, and is reference connection. The bolt pre-tension levels of the second and third
specimens were created in accordance with AISC and Iranian National design code and more to Fu of bolts,
called pre-tensioned and fully pre-tensioned, respectively. The bolts' moment capacity, total energy
absorption, initial rotational stiffness, ductility of connection, and stress and strain variation are investigated.
According to the results, an increase in bolt pre-tension level would significantly improve the cyclic
behavior of connections. Further, an increase in bolt pre-tension led to the initiation of the inelastic
deformation from a minor rotation, and the ductility of the connection improved. The results show that the
increase in moment capacity and energy dissipation in the pre-tensioned compared to snug-tightened is 27
and 23%, respectively. However, In comparison with the pre-tensioned, the fully pre-tensioned specimen has
increased by 11 and 9%, respectively. As a result, the connection with bolt pre-tension level, under design
regulations in comparison with the reference connection, can be considered a connection of a special
moment resisting frames. So bolt pre-tension level higher than the value mentioned in the design code is
better but not needed.
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