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BOLT CONNECTION BEHAVIOR AND DESIGN OF A FOUR-ANGLE
ASSEMBLED STEEL BUCKLING-RESTRAINED BRACE: THEORETICAL
ANALYSIS

GUO Yan-lin , WANG Xiao-an

(Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The bolts in an assembled buckling-restrained brace (ABRB) will combine the outer restraining angle
steels together, and undertake tensile and shear forces while the ABRB deforms laterally. This paper presents a
simplified design method for the bolt connections among angle steels, and the method is suitable for the situation
that the ABRB only deforms in one direction. Firstly, the interaction between an inner core and outer restraining
components is studied. Then, the reaction of the inner core to outer restraining components is decomposed into
two states, namely one symmetric deformation state and one anti-symmetric deformation state. In the former state,
the bolts prevent the outer angle steels from separating one another without a global lateral displacement; while in
the latter state, the bolts make the angle steels bend cooperatively in the lateral and longitudinal directions.
Relying on theoretical derivation, the equations to determine the bolt forces in the two states are obtained
respectively, where the prying forces due primarily to local deformation of plate components of angle steel are
taken into account. By the combination of the two states, the bolt forces are determined accurately. Finally, the
influence of bolt distance on the amplitudes and distributions of bolt forces is introduced.
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Fig.1 Schematic diagram of a four-angle ABRB
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Fig.2 Interaction between the core and the restraining
components when the core overall bends
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Fig.3 Multi-waved deformation of the inner core
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Fig.4 Torsional deformation of the inner core
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Fig.5 Interaction between the core and the restraining part
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Fig.1 Decomposition of force state in restraining components
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Fig.2 Force state of angle steels in the symmetric state
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Fig.8 Simplified model for angle steels in symmetric state
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Fig.9 Force state of angle steels in the anti-symmetric state
) 5% s 77 Fo/d AEARET N AP, WOfE vH S
1132 ) 522 TE I A 8B x J7 1) 49 R DLARIE LA A A
WIARLRS o ANGREBE LR G BAEAL S AT B0 AL
RO f A 3, dE ST TR SRR,
K10 B, [FIRERE A ANSE R0 LM, 5 B AL



€T

Vi 2 61

AR BY AT, (R 7 3R SR T ) oy
RA I SONTR S 7 B TR £ O A EL By SE Y —
BB /2 IRIPERTF, Al y J5 1 A
&, LA by P A AN AT AR 8] RS R B
BBy SRR, WU R By AR x 5 1R
B o FEAANBRAT 2 L5 3By A IR 50 G, ALt y
JT AR, DABHU RO 4042 TE I 29
VeAb [ 180 e )y 05 -

as
Fbvhl

10 OMFREZ FPIRZS TP AAN R S Y
Fig.10 Simplified model for angle steels in anti-symmetric
state

ST, TR B (R E ) By, ot
h .+h h 2 F
Fas — arF 1 + arq as |7 x 13
bl L dhyy g 20 J ;P
Xy g’ A ROFRSZ JPRE T IR R A, 1%
A
:ugs =[_3h]3harl + 2],larll/lar]:(lflazrl _hazqu

Ry g + hoe — By ) + Iy (2B +3h0 By +

arl

Y+ k(3R

arl

arl”“arF arF arl”“arF

2harlhasz - 2harlhazrq2 - hathazqu )] / [4harq2 (Zharl ’
(h

arl ~ haqu )2 + h12 (3h haqu) + h] (3ha2rl -
A Py + )] (14)

arl
b, #SHIE UL 10,
ﬁﬁm%@ Bz E‘]ﬁ-—‘xj(‘fjjj Fbat;,sec o .

h hyge +hy | F,
Fassee _ || ] arq2 as _ "arF X (15
b2 K ho +h /2}” Y } ;

EAF VLI, KT B9 PRIt ar T 52 ho il i)
SR 1SRN 3 TS, R M BLERREE B WA, (H
T ARZR AL T 52 M AN 24 fl 4 1=
$& W) HH DLAE IR B, S
42 MEERETSIEERIZEA T

N PRAES FANAED AT b ) %2 05, (0 T4
e _E R R S ARG BT AR . i A B

arl —

SEIPERR S RN oA, 255 XK b
R OEAERTR” U, a5 4l
Rk NIRRT MR BT T B

2
Fog =2 :;’f(fj;f D2 e
Afe Vo, AN i S AR T BT 0, $%
KUz AE § AU 5 AR P F i i A )
PR L NSRRI AR A A PO AN
B PAT R I ER RS, WLE 1. Ry Sy, ok
K(17)5X18)IHEH .

v, =301 1 (411 1) (17)

y =\3LE | ALk + 3L | (ALK) (18)

Hrpe A 1302 A AN R AR . 5845 i
ATEICRIE 1 A o PR s 1, 240 R AR I
B ZNIEE, 4% SCHR[41vH 5

BEAh, ER A ) 2 AR TE R, DA AR AR A
A7 T2 P PR B RS EA S, R
ek b AR e, ke AR AR R

Wi 11 W, A3 ARPE L, LA
IR AL AR AR TP S FEAE . My, My, EHIEAE A
W) Fy, 7o, My =Fo b /20 S5 M, 15
FAENAR AT AE B AR B AL R AR AR TE 0y, FESEIR
WA A 55 Dy Bl s A P = AR THTAMETE Apre WM
TR IEA IE AL LA R 5 A BNAS e AR AT A ik
POk R R 1 B A ()% A1 AR B 1T Rk AE IR 3,
TEM AL Dy ReITRIANE TR0 A, =0,¢,, /2, Hir
ot NI (1) 058 15 o AH IR PR JERE A
—EL A Ap<Ay, WAERYA T DAL ERE T O
LORFFIM A o 4% 030 M IRAE S AN 4 AHE A F e
A Dy Kb, IXPIAR R )R/ NS . T A

&1 Op TSR My, B EE, O] IAh —
BERNMEAIG, W) On IR AN

O =g, M, zaQbIFbvl,xhl /(2b,)) (19)

AT, gy WIBHR B RHL

() N HALTE 538 ) 70 A



62 T T

J1

(b) B 1Mz

SEBRARTE /2

(c) HIVIMIALIR )52
BT UTOh R AR S R 4 )

Fig.11 Prying forces caused by lateral bending
B_EIRII M IR Axii % FE E BRI IS 52 Ty o 3
PAAZ NS 2 Dy Dy AR IIVERT, SE—
IR EAE R R AL AP ERAS, HER Y
FANR A 2 o)A AE H A R A i 12 P
N XN BIRATE R E Y TR, AR R
Dy 5Ig R AL O Ly e R fLIL Geab o

HEREARTT Qs LLPTHI3E TS Ou 77 AR T3 4

Oni 9w

Ne=

QbZ

! dDI Foutas

D,

K12 &5
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Fig.13 Influence of bolt distance on the bolt forces
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