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Figure 1. Shear force transfer at the connection face.
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Figure 2. Moment transfer at the connection face.
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400
350 =
——
/ /
300 / //
250 d
E 200 // —— FEM Model |
Z / — Experiment
X
-1
s 50 {
100
50
0
0.000 0.005 0.010 0.015 0.020 0.025
®ep (Rad)

Sl 9 [4] 2 iilogl ooy o990 - S (&)
a) Moment-Shear rotation[9]

350 =
/7
300 /
250 =
3 /(
2 20 —— FEM Model | |
X — Experiment
2
150 I
100 I
50
0
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

&, (Rad)

Selosi 9 [4] (o ilosl el Gyg 090 - S ()
b) Moment-Endplate rotation[9].

YA



YAA B VAD docio OFAA Jlo o oyl DY 093 €3S paol (3 yos (it &y

(M) 63U CSew 9  2leS) 89 b azes )l YLl i gos Slaskie N Jous

Table 1. Properties of the four -bolt extended stiffened endplate connections (mm).
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Figure 8. Skewed beam to column connection.
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Table 2. Ratio of friction strength of connection with skewed beam and connection with non -skewed beam.
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Table 3. Ratio of friction strength of connection with skewed beam and connec -
tion with non -skewed beam with 107 increase in the bolts’ diameter.
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Table 4. Ratio of friction strength of connection with skewed beam and connec -
tion with non -skewed beam with 207 increase in the bolts’ diameter.

O-¥ES dig05 F-¥ES diges Y-¥ES diges Y-FES diges \-¥ES dig03 aly

(Okah)ohss 4l (Okah)ohss 4l (Okah)ohss 4l (Okahiohss 4l Okhohoagh S
ofof  ofod  ofof  ofof  ofel ofef  ofef o/l ofe¥  ofof  ofod  ofof oo  ofel)  ofof 2
o/ o/q o/q) o/AY  o/4Y  o/A¥f o/ o/AY  o/AY  o/AY  o/AN /AR o/) o/ o/qY* Yo
o/q o/q o/q) o/AY  o/AY  o/F  o/aY  o/AY  o/AY  o/AAN /A8 o/q o/qY /Y o/aY Yo
o/ AY  o/AN /AN o/q o/ o/qY o/q o/q o/9q) o/AY  o/AQ o/ o/4¥%  o/AaFf o/A0 Yo

o/NY  o/NY  o/YE  o/AY /AP o/AA o/AY  o/AY  o/AY  o/AN /AR o/q o/AF /40 LYAY4 ¥
a2 oo olias ) g a8 ol yeus a0 b Ll Jlasla g pad (s0uo)s o ioli3Ib g0 Jlasl STasl cwglio coms Jouz olaslimogi*

“-’>3"L’-\-‘-“L’Ls‘° 0-YES ¢ Y-YES Gbéﬁ;’d‘ﬁ‘)_élﬂ"“"‘&b'&“ é&b..ol W9LOA w‘).: l.&:('*_u_: Q‘Jau).ul.: o) -0-Y
lods (6510053 S0 sladigas (glayloges all)fliladiges aslis as eNlas!
Sbioe (@ o8 Oge) adsl JLaslboltA ] polase laylages ol ps - STl casglie il talS Glya (sl 5o (soloidun bs,

s e oty 595 2 bl b JladbolY sboltessline s 51 IS llan oo g ity 59 b S 358l copgn s
rloas ganaez £50 gz pdlalogelsl foloml.aisbice lagas p zen sl 136 (Goaima s Las VF ¢ WY (sla JSCo .ol o WY

(@ W) (Sloo g 09y 90 099381 1\ S (e 10) 53 boo g indy S (339381 1) Sl
Figure 12. Adding two rows of bolts (12bolts). Figure 11. Adding one row of bolts (10bolts)

vy



YAA B VAD docio OFAA Jlo o oyl DY 093 ¢3S paol (3 yos (it &yt

&S cwl gam jo mlidl ol ciloas sll Jlasl  Slaol
S Blasl cuglio a4y 4z FO Bloul b s Sl cwglis

P lonss S35 (428 ya0) Sl g i

u.u.s‘)S‘ Ll “53—“’6“ odaliw V¥ 9 WY 6LDJ&M 39 AS)BJGJLQ-Q
sl 4l Sl oYLl SISkl anglie lagess s, sl

Cooglie )5 g BB Linlydl az)o YO Ll b ¥lasl o o

150 model 4ES-2
a 120 angle=30°
g 90 0-8bolt
f 60— 30-8bolt
<
g S ... 30-10bolt
= 0 T T 1
5 — — — 30-12bolt
E 0.00 0.02 0.04 0.06 °

Rotation(Rad)

150 model 4ES-2
\g 90 / 0-8bolt
S 60
& / ......... 10-8bolt
g 30
- 7 10-10bolt
5 0 - - -
h= — — —10-12bolt
& 0.00 0.02 0.04 0.06 ©

Rotation(Rad)

Y-FES digos (41)90 - S asol (5955 510905 33 g Ol 3G AT i
Figure 13. Effect of the number of bolts on the friction force -rotation diagram of 4ES -2 model.
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Figure 14. Effect of the number of bolts on the friction force -rotation diagram of 4ES -5 model.
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Table 5. Ratio of friction strength of connections with adding one row of bolts.
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Table 6. Ratio of friction strength of connections with adding two rows of bolts.
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Figure 15. Effect of the beam length on the friction force -rotation diagram of 4ES -4 model.
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Figure 16. Friction force -rotation vs. shear force -rotation of connections with deviation angle 0f45.
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Figure 17. Friction force -rotation vs. shear force -rotation of connections with non -skewed beams.
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Figure 19. Failure of shear force -rotation diagram.
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