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Fig. 1. Setup of the samples in Sato's study [5]
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Table 1. Contact-constraint properties defined
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Bolt Post tensioning Nominal diameter
category  force (MPa) (mm)

A325 193 12.7

A490 476 254

Interstory Drift Angle (%rad.)

Table 2. Post tensioning force of the bolts
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Fig. 2. AISC 341-16 Loading Sequence
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tm (mm) L/d

Specimens ID

Al 20 12
A2 30 12
A3 35 12
Bl 20 9
B2 30 9
B3 35 9
Cl 20 7
C2 30 7
C3 35 7
Dl 20 6
D2 30 6
D3 35 6

Table 5. Differences of modeled specimens
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Yield Ultimate Young

Steel
stress stress modulus e
(MPa) (MPa)  (MPa) typ
240 370 210000 ST 37 (Plates)
900 1000 210000  A490 (Bolts)

Table 3. Mechanical properties of steel pieces and bolts

[T1A490 slagy LS i 53,5 £ dsir

Post tensioning Nominal diameter (mm)

force(KN)
257 24
334 27

Table 4. Post tensioning forces of A490 bolts [7]

W0 s sl (2 a5 sk (0 isibns 4w Jlasl (Al adute i ¥ K3

O

PL380x180%30 for D3 & 8M27
PL340x180x28 for D2 & 8M27
PL320%180=28 for C3 & 6M27
PL380x 100x20 for C2, DI & 5M27
PL380=100=18 for B3 & 5M27
PL300x100%20 for B2, C1 & 4M27

/AN

12M30 for [\3, B3, C2, D2 2PL.520:320%40 for D2
12M27 for C1, DL 5p1 544%280x35 for D1
14M30 for C3, I3 3p1 600x320x40 for C3

2PL600=<340%x45 for D3

2 PL 400=45

&
R

PL260x100%18 for A3.B1 & 3M27
PL260%100x15 for A2 & 3M27
PL260x100x12 for Al & 3M27

[/

4PL310%170%28 lor D3
4PL310x175%22 for D2
4PL310x170%25 for C3
4PL310x=185%20 for C1, B3
4PL310x180x%22 for A3, B3, C2
4PL310%180%20 for A2, B2, D1
4PL310x185%18 for Al, Bl

)

/

O

3 5
14M27 for A2, B2 3p[ 52032035 for C2 N PO s
LOM27 for AL Bl 3p1'336%32035 for B2 R 31055 for €
2PL3 35 for B2 N DL 310x35 [or B3, C2,D2
2PL544x280%30 for Al N PL310%40 for B2, A3
2PL520%320%40 for A3, B3 N. DL 310435 forDLA2
2PL336x300x35 for A2 N\ _PL 310x30 for AL BI, CI
2PL344x280%30 [or AL BLCl  FETNUNSS
(z)

2 PL 180%35 for A3, B3,(3,D3
2 PL 180=30 for A2, B2,C2.D2
2 PL 180x%20 for A1,B1,C1, Dl

PL 430x10.5 for A3, B3,C3, D3
PL 440%10.5 for A2, B2, C2, D2
PL 460%10.5 for AL B1.C1.D1
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Models | Column , Beam i Top/ Bottom Plate Web Plate
Row 1ID E bte dec tic twe E bm dp tin twb E tpf Lpf Nbpf dhpfi bpw pr tpw Nbpw dbpw
1 Al 400 400 45 30 180 500 20 105 30 544 10 24 100 260 125 3 24
2 A2 400 400 45 35 180 500 30 10.5 35 536 14 24 100 260 15 3 24
3 A3 400 400 45 40 180 500 35 105 40 520 12 27 100 260 175 3 24
4 Bl 400 400 45 30 180 500 20 10.5 30 544 10 24 100 260 17.5 3 24
5 B2 400 400 45 40 180 500 30 105 35 536 14 24 100 300 20 4 24
6 B3 400 400 45 45 180 500 35 105 40 520 12 27 100 380 175 5 24
7 ClI 400 400 45 30 180 500 20 105 30 544 12 24 100 300 20 4 24
8 C2 400 400 45 45 180 500 30 105 35 520 12 27 100 380 20 5 24
9 C3 400 400 45 55 180 500 35 105 40 600 14 27 176 320 275 6 24
10 DI 400 400 45 35 180 500 20 105 35 544 12 24 100 380 20 5 24
11 D2 400 400 45 45 180 500 30 105 40 520 12 27 176 340 275 8 24
12 D3 400 400 45 60 180 500 35 10.5 45 600 14 27 176 380 30 8 24
Table 6. Details of modeled connections
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(=) NV Sl Slasie ¥ Jpas
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L=« B e O+ ] 0\@: ,4:
1 9000000 pEs Column W14x233 A992 355 527 28
5], 6@76 mm
(z) Beam  W30x108 A992 359 534 30
Bottom/
Fig. 4. Details of experimental specimen, (a) Connection view, Top Plate Plate A572 417 603 25
(b) Top and Bottom plates, (c) Beam flange [5] Continui
oaeY Plate  A572 391 554 20

Table 7. Mechanical characteristics of steel
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Fig. 6. Deformation and failure mode Comparison, (a) FE
model, (b) Experimental specimen
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curves
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Fig. 7. Hysteresis curves, (a) Al, (b) A2, (c) A3
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Specimens ID  Maximum stress(MPa)

Al 247
A2 254
A3 250
Bl 246
B2 249
B3 249
Cl 246
C2 249
C3 248
D1 248
D2 241
D3 244

Table 8. Maximum stress in top & bottom plates
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Model ID m Mn
Al 5.5 6.2
A2 4.0 5.8
A3 39 5.9
Bl 4.1 6.5
B2 4.8 6.4
B3 6.0 6.6
Cl 15.9 8.8
C2 12.8 15.7
C3 13.3 114
D1 15.7 15.0
D2 15.3 14.2
D3 15.0 13.7

Table 9. Ductility of specimens
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Fig. 13. Stress distribution in Al (Pa)
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Fig. 17. Stress distribution in B2 (Pa)
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Fig. 18. Stress distribution in B3 (Pa)

53 Cl &d 53 S50 05 5 (V) S8 e L

Wﬁjlcjpﬂjlﬁéjjéﬂ&b'\o ULy ol
sdalie LB (Y0) Ko 55 a5 C2 wiges > ol ab, I3
35 G el A BT ol 3 55 058 A5 wod
S 53 48 53 C3 Wga 3 5 03 R e A 5l Ot 5

G 63 gl>=e 43 )Jcﬂ u}_é J'L.J ol 0 03l QL.L.: (Y\)

Mwbﬁjloﬁﬂﬂjlfébéﬂ&u\n
Jl;r_ﬂ g_i:lw)k._g J..a_UgLGJ.:J BE) ol JSJ 63 9d>=e > Sl

b‘}«.::‘_sﬁ

(Pa) CT w5u5 53 25 s N JSS

S, Mises
+2.626e+08
+2,413e+08
+2,1992+08
+1,926e+08
+1,772e+08
+1,559e+08
+1,345e+08
+1,132e+08

+9,124e+07
+7.049e+07
+4,915e+07
+2.780e+07
+6.458e+06

Fig. 19. Stress distribution in C1 (Pa)
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Fig. 14. Stress distribution in A2 (Pa)
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Fig. 15. Stress distribution in A3 (Pa)
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Fig. 16. Stress distribution in B1 (Pa)
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Fig. 23. Stress distribution inD2 (Pa)
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Fig. 24. Stress distribution inD3 (Pa)
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Fig. 20. Stress distribution in C2 (Pa)
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Fig. 21. Stress distribution in C3 (Pa)
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Fig. 22. Stress distribution inD1 (Pa)
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Abstract

Understanding the exact real performance of rigid connections in steel moment frames is very important. Not
paying enough attention to the connection design process may lead not only to local connection damages but
also other structural members' failure or even building collapse. According to seismic requirements of the tenth
topic of national building regulations of Iran, and ASNI/AISC 341-16 clear span to depth ratio of the beam
(L/D) in the prequalified bolted flange plate moment connection shall be limited to 7 and 9 or greater
respectively for intermediate moment frames and special moment frames and the beam flange thickness shall
be limited to 30 millimeters too. Although the beam depth is limited to 1000 millimeters in this type of
prequalified moment connection, due to architectural limitations and urbanism requirements, it is usually
unacceptable to design such deep beam in the conventional residential buildings. So, in spite of its wide use
and practical utility because of exceeding the clear span to depth ratio or beam flange thickness limitations,
applying this kind of moment connection in steel moment frame structures is sometimes impossible, especially
in big span structures. To study the effect of these limitations on cyclic behavior of aforementioned rigid
connection towel samples in L/D of 6, 7, 9, 12, and beam flange thickness of 20, 30, 35 were considered and
modeled in a finite element software. First of all, the moment connection designed to have enough strength.
Then, in terms of ductility, the moment connection acceptance criterion is to count the rotation corresponding
to the related inter-story displacement of 0.04 and 0.02 in special moment frames and intermediate moment
frames respectively. The results show that applying this type of connection in special moment frames in L/D
of 7 and beam flange thickness up to 35 millimeters provides required ductility, and thus, is acceptable. In
addition, the moment connection in L/D up to 12 which it's flange thickness limited to 30 millimeters has
enough ductility to pass seismic requirements of the tenth topic of national building regulations. In
intermediate steel moment frames, applying bolted flange plate connection in clear span to depth ratio of the
beam up to 12 and the beam flange thickness up to 35 millimeters fulfills the seismic requirements.
Comparison between models showed that although by increasing the beam flange thickness and decreasing
clear span to depth ratio of the beam, the strength of the connection is improved up to 37%, the connection
ductility is reduced and so, the connection capacity is decreased. The von Mises stress distribution in samples
shows that the plastic hinges are almost located on the last row of bolts from column faces. The maximum
stress in beams observed in the distance range of 20 to 100 centimeters from column faces has exceeded the
yield stress and shows a protected zone. As expected, the beam's failure mode is top or bottom plate buckling.
As a research suggestion, it seems that it is possible to combine these three limitations (clear span to depth
ratio of the beam, beam section flange thickness, and beam section depth) to gain a more comprehensive and
useful phrase.
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