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Study on Seismic Design Method of Steel Staggered Truss Framing Systems
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Abstract: To achieve the ductility design of steel staggered truss framing systems and improve seismic behavior
of the whole structure, this paper proposes a seismic design method for the steel staggered truss framing system by
studying the design method of web members and the limit of the inter—story drift ratio. The typical failure mechanism
of the steel staggered truss framing systems is analyzed firstly, and based on the expected failure mode of the chords
failure in vierendeel panels, the internal force calculation model of truss members under horizontal earthquake and
the adjustment method of internal force of web members under rare earthquake are proposed. Secondly, based on the
expected failure mode and the ultimate deformability of truss, the composition of truss inter—story drift ratio under
rare earthquake is analyzed, and the limit value of elastoplasticity inter—story drift ratio under different lengths of vi-
erendeel panels are derived and proposed. Finally, the seismic design method and process of steel staggered truss
framing systems under horizontal earthquake are proposed. The calculation analysis of examples shows that the seis-

mic design method proposed in this paper can effectively dissipate the seismic energy and achieve the seismic design
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goals of “strong web member, weak chord member” and “no collapse in the strong earthquake”.

Key words: steel staggered truss framing system ; inter—storey drift ratio; elastic—plastic time—history analysis;

seismic design method ; seismic performance
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Fig.1 Steel staggered truss framing systems
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Fig.2 Two typical failure modes of staggered truss structure
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Fig.3 The calculation model of truss internal force

under horizontal force suggested in this paper
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Fig.4 Internal force diagram of chord members
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Fig.5 Axial force of web members of left half truss
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Tab.1 Sections and dimensions of members of truss
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Fig.6 Schematic diagram of finite element model
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Tab.5 Limit value of elastoplasticity inter—storey drift

ratio under different lengths of vierendeel panels
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Fig.9 Seismic design flow chart of steel

staggered truss framing systems
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Tab.6 Sections and dimensions of structural members
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124 H500 mmx500 mmx22 mmx35 mm H 144
2~4 )2 H450 mmx450 mmx18 mmx28 mm H 74
5~7 2T H400 mmx400 mmx13 mmx21 mm H
8~11)2kE H350 mmx350 mmx12 mmx19 mm H A4
12~14 )24 H250 mm*250 mmx9 mmx14 mm H
123 (1280 mmx14 mm i NE

TE « SST1 5 KU 55 13 J2 1 484 BE A1 #1102 200 mmX8 mm; SST1 Al
SST2 FL5 AL FHA 153 31 4 42.7 kg/m® 1 47.6 kg/m™.
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R T VAR BT T A AR AL SST1 AT SST2 A 41 7
AE , iz A BRIT# 4 SAP2000 *f HiAy Wil kAT 1 3o
PERTRE B, Forh 2544 B2 L IUE R 0.05, AR 4 2.2
AT AR R AT NI BE R R EUECA 1.5
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HR 5 3R P H A B A SR o iy 1> b
R U 11 U T M BT MR R R RO 3 AR
iR, P 8 B (0.2g) 5% 18 Hb 52 I 04 1B i 33 JE (Peek
Ground Acceleration, PGA) B 400 gal ; i 52 8 45 R ¥
I AF KT 25 F LA TR I 19 5 F 5 MR IC SR I V3% 5
B S I 35 78S £ BEFN 25 A6 FE AR S 0T B3 S5 (4 22
AT 10%. #5580 SST1 FI SST2 HH: A5 fly i 1) B A
H AR 705900 1.84 s F11.73 s, WAROE-PE LR T 72
5% Hh O 2 (PEER ground motion database ) H i
Ve H M2 Bh A SR (D5-95) KT 9.2 s iy Z 5hid
ST AR AT R A BE R 10 S FZ PR B A LR DY
PGA 4 T E] 400 gal , T % b 7% I 5 S8 R Rk 4
FTHE 12 7R .
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Tab.7 Information of seismic records

.. ; X . ; AREFIS
b R4k [aeS=i] e
D5-95/s
San Castaic—0Old
GM1 6.6 16.8
Fernando Ridge Route
Imperial El centro
GM2 6.5 19.6
Valley-06 Array #12
Irpinia, Rionero In
GM3 6.2 22.9
[taly-02 Vulture
Superstition Brawley
GM4 6.5 14.3
Hills—02 Airport
Fremont—Emer
GM5 Loma Prieta 6.9 17.9
son Court
LA-W
GM6 Northridge-01 6.7 20.2
15th St
GM7 Hector Mine Amboy 7.1 26.7
Chi-Chi,
GM8 CHY101 6.2 18.4
Taiwan—04
Nadachiku
GM9 Chuetsu—oki 6.8 21.1
Joetsu City
Kami, Miyagi
GM10 Twate 6.9 18.6
Miyazaki City
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B AT R AT R A i B, AT AR A AT SR 3l ) 8¢, OF
TE ) JTERR 23 B B SR R BRI B 46 ) 5 A T e o
U BRI SES 1 EEIRS IR B E VN -4
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Fig.12 Response spectrum of seismic records
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Fig.13 Nonlinear force - displacement

relationship of moment hinge
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Tab.8 Plastic rotation of chord member

under different performance levels

R IAMERE £ frad

LR AS

(mm><mm><mm><mm) 10 S cpP

2~4 M AL FF H280x280x14x19  0.007  0.062  0.077

5~7 JEMTAL L AT H250%x250x12x16 ~ 0.006  0.056  0.070
8~11 2MTEEBZAT  H220x220x10x15  0.009 0.077  0.094

12~14 24824 H200x200x8x12  0.006  0.054  0.068
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YT B0 235 46 e 1 A 451 14645 %6 L 438 . GM2 A
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Fig.14 Time history curve of roof displacement
MAIEL 14 01T, SST R RS i K TH i 37 8% K F SST2

AR . SST2 A T A5 e KA A% th ILAE 10.76 s B,
265 mm. PLI, 25 F4 3 AR AT S AL T 25 A FEATT 4L 1] 11
— [ HR B T 4 A A TR A 1 22 08 20 mm, T AT
A5 1 BoF 45 ) 5 (A A il 5 | R B T2 )2 )52 8% A 6,
90.001 3 rad. HHF 0, Bl 5442 = R g o, RIH
TR 0,24/5TF0.001 3 rad, /N THEZ SUAZ ) (155
1, P 2S5 RS 2 [R5 A% A X Bk, A Lt
AR AT R BT YR BRI T SRS 4
o 4 A il AR T 6 2 ) 57 % S MRV R X 45 /N FR 2353

P15 25 T SR Bk B AR A A A5 1T AR 2 R K
JR I e fa A 2% 1t 28, SST2 R 78 4% 122 122 i) 47 7% £ 43
AR IS, TOW RS 2 e R JZ R A% A i BRAE
H92, R 194, /NF BT AR B FRAE LR (1/86)
SRR R T IR R AR EATAE, L2 A A BRAE AT
Fie BRI HE B 45 Mg 42 1) (1/50). SST1 A Y £5c K 2 1A £
BB 22, R 1/74, K22 0467 5 /1 ik
FERTH LR R T 22 32T LA
AT 7E 55 M R R AR e R, T R E S
W A e E R Ak T 55 )2

SST1 1 SST2 45 #4) ML A Ak 58 1 45 53 A 4 L 40 (€]
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B4 kA BRI, M CP 3 T ) 15 ) MEBE A, &%
FafE LAGRAIE “ FORANED” /381 B A 5 1 1B 17 4 g
AR SR T SST2 45 #4978 F B MR /E T R,



10 I R4l (A AR BEFARR) 2022 4
- e BURTFFIR 2L TR 3 FFIBYE BRI T4
oL e WO BLIFMEFEIORAE A 25 PR PTIA S K
L e R R

58 5 % i©

B o -
L 1) T T2 1 3 B 40 4
L ) S BT KT P T4 £ 0 00 TSR
LT AP HTAERT 49 ) (0 7%

0
0 0005 0010 0015 0020 0.025
JE RS i rad
B 15 ERAs f e w2

Fig.15 Envelope curve of inter—storey drift ratio
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