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1. Posttensioned Energy Dissipating Connection
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connection with the energy dissipating elements (PTED) [15]
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HL v v v v v
Vv v v v v v
R2 v v v
RV vV v v

SLV: Terms H1 and V are displacement in H1 and V direction and
R2 and RV rotation around H2 and V axis respectively.
Table 2. The constraints applied between the nodes
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Stress-Strain

Element Diagram parameters Slopes strains
N KH/KO DY DU DX
T s 0.074 0.007 0.06 0.065
ED 0.005 0.001 0.135 0.14
Beam/ £ /0 Strain 0.021 0.0013 0.0221 0.0224
Column

oY DU DX

Table 1. Nonlinear specifications of PT, ED, beam and columns
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3 story 6 story
Frame Name PTED Stories Frame Name PTED Stories
3st-MRF No story 6st-MRf No story
3st-PTED All stories 6st-PTED All stories
t-1 1 s-1 1,2
t-2 2 s-2 3,4
t-3 3 s-3 5,6
t-4 1,2 s-4 1,2,3
t-5 1,3 s-5 2,3,4
t-6 2,3 s-6 3,4,5
s-7 4,5,6
s-8 2,3,4,5

Table 5. The distribution of PTED connections on floors

el plsit
o) akb pid B es adban OB Cila 55 aslsl 5o
Slesasa b Lo o5 Slle 3 03 (0dsdr 55 eds S
3,555 058 et opl gl oo 53 iolodss S bl
534S Ciltses sS85 (glgime 5 Ol e e L 435
() [35] cdlodieslizul ohos S &1, FEMA-P695

Ji5 slas, S, Slasie A sd

Earthquake ty RIB PGA PGV

Name event Year Station Mw (s) (km) (g) (Cm/s)
EQL  Northridge 1994 Be";ﬂﬂ"'s’ 67 30 9.4 0488 63
EQ2 Northridge 1994 Canyon Country-WLC 6.7 20 11.390.471 45
EQ3 Duzce, Turkey 1999 Bolu 7.1 56 12 0.805 62
EQ4 Hector Mine 1999 Hector 7.1 45 10.3 0.328 42
EQ5 Imperial Valley 1979 Delta 6.5 100 22 0.349 33
EQ6 Imperial Valley 1979 CemtoA™ 65 39 125 0379 42
EQ7 Kobe, Japan 1995 Nishi-Akashi 69 41 7 0483 37
EQ8 Kobe, Japan 1995 Shin-Osaka 6.9 41 19.1 0.233 38
EQ9 Kocaeli, Turkey 1999 Duzce 7.5 27 13.6 0.364 59
EQ10 Kocaeli, Turkey 1999 Arcelik 7.5 30 10.5 0.21 40
EQ11l Landers 1992 Yermo Fire Station 7.3 44 23.6 0.244 52
EQ12 Landers 1992 Coolwater 7.3 28 19.7 0.417 42
EQ13 Loma prieta,USA 1989 Capitola 69 40 8.6 0.511 35
EQ14 Loma prieta,USA 1989 Gilroy Array#3 6.9 40 12.2 0.559 45
EQ15 Manjil, Iran 1990 Abbar 7.3 53 12.5 0.514 54

Table 6. The ground motion characteristics

03bw 0 Calds (b3, —0
bl 5> eiime by (RPD) 5 Sles ol Lasla
wlie gims ol 53 [36,37] Conlodosling asjlu 5 Sas
O i [33,34] 0LKen 5 SV g gl slaiags
s ols bty 5 Ol e Sl 5l GBLL 5 agiy e
5> Sl S5 oY ol S0 3 e el )
BLo1 s a3k s 35 LSl & Sl e 5 o

338 o driloes Valatl, olul , RMS 5ot

O Gl 3 Il e ol s e p s se adban o5l
oSV gl G s walsl s 5 b [32] 0K
Jle 53 [33] cdodians S35 sl 5 b5k 55
o OB ez Cuglis el g PTED Jlail 51 Yo\
G I slacsts ol [34] clodss Seslinal ,She aib
5 oS3 asy 53 PTED oVl b tes b s
53 sk opl L3 eks S slie gaibaw OB piaen

Caslodss Sl Y s

S g o [34] YV Jlo ingh Aib dw CB gl slaoygd I Jgaa

Frame Tl T2 T3

The 3-story frame presented in the 2014 research 0.92 0.29 0.14
[31]

The 3-story frame modeled in this research 0917 031 0.16

Table 3. The periods of the three-story frames
wiban osle b alin 10850 5wl OO L caslsl s
de3S g SV L 5 il i IVl b s
Cj.]é ‘MS.L, & L;:L@.'\..i.i 9y U.NLM:\J.: cCJUL?L L;QLQ-.; BE

(id).l}) w‘o.lisﬁ LS)L\»JJW (J.EJ._» )\J’e‘ff’ BEES)

3-Story Frame | 6-Story Frame

Story Level Stl St2 St3 | St1 St2 St3 St4  St5  St6

Ker (tonf/Cm) 6 6 9 9 9 6 6 9 9
) 5.8

Aep (Cm?) 7 7 85 85 7 7 58 58
58.4

Leo (Cm) 58.4 38.1 58.4 58.4 584 38.1 38.1 38.1

Finiter (%FU) 0.3 0.36 0.26| 0.3 0.3 0.36 0.36 0.26 0.26

Table 4. The PTED parameters of three and six-story frames
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1. Relative Performance Index
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VDR = Wﬁ Frame : RDR= ResDrl.ﬁ Frame
MaxDirift, . ResDrift, .
RMSAR = RMSAcc,_ MAR = MaxAcc,,
RMSAcc, . MaxAcc, .

4 MaxAcc s RMSAcc ResDrift MaxDrift Yall, ;s
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Different weight factor scenarios

Weight 3 3 3 3333332333233
Factor =~ &~ & & & & I & & 2R 8 R &
1 111111111
@« 1 0 00 -0 - = == - = = = =
4 33336 6 6 3 3
g 0100+l 111111
4 3 333 6 3 3 6 6
v 001011l 11111
4 3 3 36 3 6 3 6 3
5 00011111, 11111
4 3 3 3 6 3 3 6 3 6

Table 7. The values considered for weight coefficients
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Fig. 7. Diagrams of 3st-MRF (a) and 6st-MRF (b) frame
responses (drift & acceleration)

Cfnﬁ))RPIﬁﬁblﬁij@ﬁ)b}#lﬁ o3l s Slas
53,8 mtslus Yalaoly 55 eddonls yioled &) pods Yalasl

F=—— (2)

1.Performance Factor



P e (G Sk e el

ceoslanal b ooV e O s Sas &)

=Vl eslizl cadban B 3 35,8 e salie A IS S|
3 o Oe ok ol falS o pe Slid 3 0 de2S ey
e O i Ay S 12 B 5 L 5 oy S Sl
e 3l i Sl Sl e S0l L Sl t3 LB s
et et Slib led s il VLA L OB s O
oS i 3StPTED B s Ol i dniy s
oSols Sl S o mio -4 OB s Bk O s
03 Pl Ky SIS o it 5 15 OB s St Sl e
G RPL slis aslsl 53 53,5 asdalis 3st-PTED U
Leslodys Sl 4 IS 5 aab td sl ¢l RPIy
I (b) (RPINJS Il (@) said is s RPT slis & S
RPL)J = «(d) (RPI3)J - :(c) (RPI)J!

(a) a=1, B=y=6=0
1.4
1.31
1.3 1.20
_ 12
o 1.06
11
e« s 092 0.98
091
09 085 oss
0.8 l I
0.7
“9 ‘;» 1 ‘?’ ‘s- "'
b@
(b) B=1, a=y=56=0
23 318
3
i 2.41
o 2
o 1.37
15 1.04
1 0.68 0.67 0.
. T I 0.63 =
nll 11 B
Q«& & r" -:‘ qy ‘,S') sb t;\ ag’ aq
&
(c) y=1, B=a=56=0
101 1.01
0.99 0.98 0.98 0.98
0.97
— 097
o 095 0a & 95
o pos 094
2'93 0.91
91
0.89 l
,\é’ g p o2
’0"
@ o 6=1, B=a=y=0
1.08
1.06 1.04 1.04 1.04
5 104
o 1.02 1.01 191 1.01 1.01
1 0.98 g.98
0.98
0.96

g,\@ - T N T

b‘;’
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Frame Name PT Stories RPI PF n PEF
3st-PTED All Stories 0.825 1.233 3 0.078
t-1 1 0.875 1.153 1 0.153

t-2 2 0.968 1.035 1 0.035

t-3 3 0.964 1.039 1 0.039

t-4 1,2 0.829 1.232 2 0.116

t-5 1,3 0.857 1.177 2 0.088

t-6 2,3 0.940 1.066 2 0.033

Table 8. The RPI, PF, n and PEF values of three-story frames
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Frame Name PT Stories RPI PF n PEF
6st-PTED All stories 0.83 1.239 6 0.040
s-1 1,2 0.90 1.11 2 0.057
s-2 34 0.96 1.05 2 0.023
s-3 5,6 1.63 0.67 2 0.0
s-4 1,2,3 0.90 1.12 3 0.041
s-5 2,3,4 0.88 1.15 3 0.051
s-6 34,5 1.09 0.92 3 0.0
s-7 4,5,6 1.39 0.75 3 0.0
s-8 2,345 0.99 1.002 4 0.0004
s-9 1,234 0.802 1.301 4 0.0753

Table 9. The RPI, PF, n and PEF values of six-story frames
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Abstract:

Extensive numerical and experimental studies of self-centered steel systems have been conducted by
researchers in recent years. Despite this extensive research, their use is still not common enough due to
differences in the performance of such structures. The need for skilled manpower and equipment to create post
tensioning and installation of energy dissipating elements are among the factors that increase the cost of self-
centered structures compared to the implementation of structures with conventional welding connections. Due
to the relatively high cost of retrofitting using post tensioned connections, the optimal use of such systems can
be considered as a way to increase their use in seismic improvement. For this purpose, the seismic
improvement of the steel moment frame by creating a self-centered system has been evaluated locally and only
in some floors in this paper. In the evaluations performed in this research, the PF and PEF coefficients have
been introduced and used. After performing two hundred and eighty five time history analyzes on nineteen
three and six-story frames using Perform-3d software, it was observed that if the appropriate pattern of location
of post tensioned connections is selected in the floors, a higher performance can be obtained compared to the
frame performance with the post tensioned connections in all floors. However, the use of post tension
connections in all floors has resulted in a performance improvement of only 0.1% more than the t-4 frame.
Among the eight three story frames evaluated in this study, the t-4 frame has been selected as the most
appropriate improvement plan. The mentioned frame has resulted in a performance improvement of 23.2%
compared to the frame with welded connections in all floors. The t-4 frame has post tensioned connections in
only two-thirds of the floors, indicating that for other frames in various seismic improvement projects, the
evaluation of different modes can have appropriate economic consequences. Among the three story frames,
the t-1 frame has improved the performance of the structure by 15.3% by using post tension connection in only
one floor. If this performance enhancement is sufficient for the frame, the t-1 frame can be a good choice.
Also, in a retrofitting project, if the financial resources are not injected together, the initial upgrade of the
frame can be done in the first step by converting the frame with welded connections to the t-1 frame. Then,
after financing, it converted the t-1 frame to a 3st-PTED or t-4 frame and provided the highest performance.
Among the eleven six story frames, the s-9 frame provides the highest performance and highest efficiency.
The mentioned frame, using post tensioned connections in the first four floors, has caused a performance
improvement of 30.1% compared to the frame with common welded connections in all floors, which is even
higher than the performance improvement of the 6st-PTED frame. In other words, the 6st-PTED frame, using
post tensioned connections on all floors, results in a performance improvement of 23.9%, which is less than
the value for the s-9 frame.

Keywords: Posttensioned energy dissipating (PTED) connection, Performance Efficiency Factor (PEF), Time

history analysis.
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