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Design and parameter analysis for new self-centering steel truss beam
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Abstract: For the different position installation and different type of energy dissipation element for self-
centering steel truss beam (SCSTB), the theoretical calculating formula of moment capacity and stiffness
at end of beam are deducted corresponding to major points of their hysteretic curve when butterfly fuse is
installed. Bending stiffness and energy dissipation capacity of SCSTB with butterfly fuse and bucking
restrained energy dissipation bar are comparatively analyzed, and the plan of bucking restrained energy
dissipation bar is optimal one. Area of prestressed bar, initial stress of prestressed bar, SC parameter are
important parameters for evaluation of self-centering function and energy dissipation capacity; seismic
behavior of SCSTB is researched by numerical analysis, on the basis of which, the range of optimum
parameters is determined, and it can be used as a reference for the design of this component.
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Fig.1 Configuration of SCSTB with butterfly fuse (plan A)
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Fig.2 Configuration of SCSTB with bucking restrained energy dissipation bar (plan B)
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Table 1 Main parameters of the steel truss beam
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Fig.7 Curve of moment-rotation under cyclic loading
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Fig.8 Moment-rotation curves with different A

AR 10 JIr 7 o G BE 23 B A 900 3 5577 T AR A 364 008 7 AR L 25 00 3 975 T AR SR T 750 mm® I FERE AR I
KT 50063 HHE S E AN 2 000 mm® B A7 280 P A9 BRI 1 Al T AERE R K

0.035 - 70 -
L |
0030 & 65 |
0.025 - 60 |-
a-}
£
& 0.020 |- = 55
R #
& 8 5|
= 0.015 | g
Elé 45
R 0.010 |- B
®
0.005 |- 40 g
0.000 | ) N - _I_/T | 35 I I I I I I ! I
“7250 500 750 1000 1250 1500 1750 2000 2250 250 500 750 1000 1250 1500 1750 2000 2250
FARE 755 T B /mm? FRE F7 555 1 B mm?
B9 AnSHERRMNBRAXRML B10 AnSRERXRMHLE

Fig.9 Curve of A, and residual roof drift ratio Fig.10 Curve of A, and energy dissipation ratio



32 TR KXKFFR %42 %

AR TS 7 A3 1T AR 2 B o3 B 45 SRR 8RR S TIOR3 A R T 4 AR 1 X 70216 (IR 1 140 mm*) 52
poREg:
4.2 TRRL 1 HFEE R T B R0

BN 3/ AR 1100 mm” . BHJE 28 4l 17 W B2 R 200 000 kN/m. ¢ SRy F00NE 7 i 00 4 1 7 5 i B 5 J32
PRUE(ELAY LU AEL, 20 51 L 0.2,0.3,0.4,0.5,0.6.,0.7 FEAT 3 H7 . il 171 fth £ 4% 52 HEWHES 6 RE T AR A A A [R] a0
B Fizs . 24 @ fH28 0.2,0.3 WK AR BRARJZE B8 AR B SRR AN 5 2 ¢ (AR /N T 0.4 1),
BRI B 88 A B RN S RCR TR . A 12 Foi

1750~ 1750
1 500 1500
1250+ 1250
1 000 1 000!
~ 150 — 750
g 500 g 500
z 250 z 250
=z 0 = 0
g -250 L)
;ﬁ_ =500 :H*EE -500
& -750 &£ -750
-1 000 —1 000
-1 250 e —1 250
-1 500+ ‘ -1 500

_1 750 l l 1 1 1 1 l l l | _1 750 | | I | | | | | | J
-0.05-0.04 —0.03-0.02 —0.01 0.00 0.01 0.02 0.03 0.04 0.05 —0.05-0.04 —0.03-0.02 —0.01 0.00 0.01 0.02 0.03 0.04 0.05
JZ BN £ frad JZ B £ frad

11 7K[E ¢ EH M-R #i 2k

Fig.11 Moment-rotation curves with different ¢

o HAKRT 0.3 I FEREAIL KT 5020 BEA& B 4R W I B9 150, FE RE R 2 M B IR, I 13 s . AR 4
B 3 R I 1 43 M4 2R 25 @ (H/NT 0.4 W RALROCR A 25 o {HR T 0.5 WF . BN ) i i i ik J= 1) 37
P fy /I PR REAR L B o BUH 0.4 BN A L.

0.015 - 0
|
65 |
0.010 |-
60
=
£
§§ 0.005 |- § 55|
= &
= ®
il 50 |
% 0.000 |- " u \.\
| !
45 L
\.
-0.005 1 1 1 1 1 1 J 40 ] | ! ! | | |
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
ST %
E12 o BEEXRREEAMNBAXRME BE13 oEE5EEERXRME
Fig.12 Curve of ¢ and residual roof drift ratio Fig.13 Curve of ¢ and energy dissipation ratio

4.3 SCESHMZEIN
SR T TN A3 755 5 BT 5 B4 5 R 6 B A BT A8 R ] il £k 2 IR L E L SC S8 Lt (10)



%1 B F AR A AR R R0 R A R AT 33
fOpIAp\
SC= , (10)
fykAfu

Ferb, f o 0 B i SR T DU 3 B A (L B 500 MPa, N J1 A R0 4G 1% 11 R 744 MPa(p=0.4) , i ¥ 77
A A, 81100 mm®, SC 2505 HHL 0.50.,0.75.1.00,1.25,1.50 #E47 201 CBIAR[R] A %R ) SC 1ED .
o ] i 2k S HEWUR B S SC SEC I, FE AR AR/ AR 14 iR
2000
1500
1000
500
ol

-500

HEAHZSHE/(KN - m)

-1 000

-1500

0.02 0.03 0.04 0.05

Il Il 1 Il 1 Il 1

-2 000
-0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01

BRI A /rad

14 [ SC B HH M-R #%k

Fig.14 Moment-rotation curves with different SC values

BRASIZ AL FBE SC 80038 ininiyai /N . SC 4 0.50.0.75 B, BHLJE % 19 3 PE AR T e K 1 85 28
Bt RVRAE 5RARZ LA R, B ALRCR A, &l 15 s,

FERERBE SC ZHy 38 iyl . SC ZHCH 1.0 B FERB F a5 323K 0.5, ¥ir [l il 4 Ak B 3% 42 2 R % AR
XN BB FERE R M Z . SC S BURMAENE J 1.2, BG4 HrEi K. SC S 1.25 B &3, X (10) Al
KAE ALK 1 309 mm?, B E 2 ANKEN 600 mm 1B &6+ mk, i 2 (5) w R A5 Bl K EE N
224 711 kN/m, WK 16 i,

80
0.020
70 u
0.015 |
= 60 |-
: g
&
R 0.010 |- &
& ¥ 50 |
=
P>
& 0.005 |- w0l
0.000 | | | - " | 30 | | | 1 | |
0.25 0.50 0.75 1.00 1.25 1.50 1.75 0.25 0.50 0.75 1.00 1.25 1.50 1.75
Scéﬁ SC%&
B 15 SCBHERAEHUBRAXAME Bl 16 SCHBHEREERXRME
Fig.15 Curve of SC values and residual drift ratio Fig.16 Curve of SC value and energy dissipation ratio



34 TR KXKFFR %42 %

4.4 EitiEE
E’Eﬁ%ﬁ]ﬁ?ﬁ”%uﬁ’%&rﬁcﬁ TN S AL 1 100 mm? L TR F3 555 400 4f . 7 S BRI 1 A 40 %
SC ZHh 1.25 (I JE 48 #m B AL 1 309 mm?®) . B&s B B &2 A7 AN HT 28 B2 AT i i, Qi i&l 17 Ffos

/ RARmBEM, /[

—/ wAscsm  / /  wAERAH. Beans S

[ oM, M, |
i
| semmERt | [ @, 4, |

| |
f
[ stoeemek. RaRRMBMA |

FERER . BRAZRINBA
WRER?

17 &itiREE

Fig.17 Flowchart showing the process used for the design

5 4 i

R —FhoET R A T AR e B S AEE B IS B LR 4SS .

1) BRI AR5 1 15 I T AR BELJE 45 14 11 52 A6 0 AT 4 2 i o g W A 0 il 2 O B R AT a5 (A B HE B LT g
e JIR 58 ) Ak g WO e 55 5 A 2K

2) % 8 i BT AR BELJE 75 RS TR A T BE AT Y A2 A AT AR R B A W R RE B R O R AT N%ﬁméﬁ
W, J5 2 FLAT B K A B S A M B T gl 2 G L RE R AR O AT, R A [ S T AR R RERE R S
AT B R

3) TN 7 A5 T AR TIUNE 3 5 0 A6 N g SC SO H AL AT AR B 1Y A5 M BB SRR BE BB 1 5 KL I
T AT

S E 3k

[ 1] Ricles ] M, Sause R, Garlock M M, et al. Posttensioned seismic-resistant connections for steel frames [ J]. Journal of
Structural Engineering., 2001, 127(2). 113-121.

[ 2 ] Ricles ] M, Sause R, Peng S W, et al. Experimental evaluation of earthquake resistant posttensioned steel connections
[J]. Journal of Structural Engineering, 2002, 128(7) :850-859.

[ 3] Garlock M M, Ricles ] M, Sause R. Experimental studies of full-scale posttensioned steel connections [ J]. Journal of
Structural Engineering. 2005, 131(3): 438448,

[ 4 ] Garlock M M, Sause R. Ricles ] M. Behavior and design of posttensioned steel frame systems [J]. Journal of Structural
Engineering, 2007, 133(3): 389-399.

[ 5] Garlock M E M, Li J. Steel self-centering moment frames with collector beam floor diaphragms [J]. Journal of
Constructional Steel Research, 2008, 64(5): 526-538.

[ 6 ] Ricles ] M, Sause R, Lin Y C, et al. Self-centering moment connections for damage-free seismic response of steel MRFs



%14 M RLELHA AL ARRHT R RN EIT RS 35

[C]. Structures Congress, 2010.

[ 7] Lin Y C, Ricles ] M, Sause R, et al. Earthquake simulations on a self-centering steel moment resisting frame with web
friction devices[ CJ]. 14th world conference on earthquake engineering, 2008.

[ 8 ] Tzimas A S, Dimopoulos A I, Karavasilis T L. ECs pased seismic design and assessment of self-centering post-tensioned
steel frames with viscous dampers [J]. Journal of Constructional Steel Research, 2015, 105;: 60-73.

L9 WIRME RMG . vt 5057, 55 1 A0 B HE S8 J50A IR TTAE I B S 805 T L) ] s S 45 2% 4. 2011, 32(3) 1 35-42.

PAN Zhenhua, PAN Peng, YE Lieping, et al. Modeling and parametric study of beam-to-column connection for self-
centering steel moment frames [J]. Journal of Building Structures, 2011, 32(3): 35-42. (in Chinese)

[10] S8/, R R e JE AR EE #8150 TR g TR 6 - HE B0 3 T PR e n pu R i 1 O ik L) . S A5 M 2 4. 2014, 35(2) 1 22-28.
GUO Tong, SONG Lianglong. Performance-based seismic design method of self-centering prestressed concrete frames
with web friction devices [J]. Journal of Building Structures, 2014, 35(2): 22-28. (in Chinese)

[11] Song L L, Guo T, Gu Y, et al. Experimental study of a self-centering prestressed concrete frame subassembly []].
Engineering Structures, 2015, 88: 176-188.

(127 BT o P 000 ) A A2 0 TR R - HE 2R i DU AR ME B B (AL LT ). T #2 J) %, 2016, 33(3) : 143-151.

CAI Xiaoning, MENG Shaoping. Numerical analysis for seismic behavior of self-centering post-tensioned precast beam-to-
column connections [ ]J]. Engineering Mechanics, 2016, 33(3): 143-151.(in Chinese)

[13] sRHeEE, M5 47 L. 35 [ 2 AR ZE 25 W e P e 3l 1 B 0 A L) . AR AR 2% 400, 2015, 48(7) : 30-40.

ZHANG Yanxia, YE Jijian, YANG Fan, et al. Seismic behavior time-history analysis of integral steel self-centering
moment resisting frame [J]. China Civil Engineering Journal, 2015, 48(7): 30-40. (in Chinese)

[14] Zhang A L, Zhang Y X, Li R, et al. Cyclic behavior of a prefabricated self-centering beam-column connection with a
bolted web friction device [J]. Engineering Structures, 2016, 111: 185-198.

(157 B, —Fh [ 52 AR 22 B2 A4 1 2 M A0 S A [ D)L H JR < 7 R K %%, 2015,

HUANG Cheng. Nonlinear simulation and analysis of self-centering steel truss beam [D]. Chongging: Chongqing
University, 2015.(in Chinese)

[16] GB50011—2010, @S HL A= WML (2016 4E RO [ST.Ab 5t - op B A S Tl i ik, 2016,

GB50011—2010 Code for seismic design of buildings (2016) [S]. Beijing: China Architecture &. Building Press.,
2016. (in Chinese)

(8 B



