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Abstract : The novel T-head one-side bolt can effectively solve the problem that the traditional high-strength bolt cannot be
directly applied to the endplate connection of beam to steel tube column joints, and the construction is relatively
simple. However, the bearing mechanism of each component in the beam-column joint with this novel bolt is still
unclear and needs to be further explored. The main difference between the traditional high-strength bolted joints and
the T-head one-side bolted ones is the shape of the bolt holes on the endplate and tube column. To explore the
mechanical response and bearing mechanism of the tube column component in this novel bolted connection, the finite
element analysis software ABAQUS was used to carry out a systematic numerical analysis on the tensile performance
of the T-stub to steel tube joints based on the component method. The main research contents and conclusions are as

follows: An accurate three-dimensional finite element model of the joint was established, and the yield line pattern of
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the column wall in the T-head one-side bolted joint was studied. Finally, the calculation formula of the bearing
capacity for the column wall under the novel yield line pattern was given based on the principle of virtual work and the
yield line theory.

Keywords: steel tube joint; bolted connection; T-head one-side bolt; yield line theory; calculation formula of bearing capacity
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Fig. 1 Finite element model of T-stub to steel tube joint
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Fig.2 Boundary and load conditions of

finite element model
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Table 1 Material properties of components
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Fig.3 Comparison of load-displacement curves
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Table 2 Model dimensions and analysis results

TR 55 b./mm) [./mm p/mm g»/mm D/mm ¢t./mm BIFAEX RBRARRE /KN
C-100-100-4 200 500 100 100 20 4 (1) 46.2
C-100-100-6 200 500 100 100 20 6 (1) 76.3
C-100-100-8 200 500 100 100 20 8 (1) 137.9
C-100-100-10 200 500 100 100 20 10 (1) 212.5
C-100-100-12 200 500 100 100 20 12 (1) 296.0
C-100-100-14 200 500 100 100 20 14 (1) 416.5
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A 4% A
A R AR
00 o o 00
Ui S Frin
0
X %° 3°
2L 2L 2L
4% 4% A
a) WA b) A E o) HAME

B9 ARMBRIAGERTR
Fig. 9 Different types of bolt hole layout

250
200
Z 150t
%
= 1007 ——
e B A
50 —— RAAE
0 5 10 15 20 25
{345 / mm

E10 ARBRABGEAFRTHTRETH-UBHE
Fig. 10 Load-displacement curves of joints with

different bolt hole layouts



5123

T Sk Bl SRR T 4 T 2 AR -4 1Y s BB R RE AT 50 15

3.2 HERrZTEEEO,

DL C-100-80-8 2y L i 19 o, B 50 #4155 14 L 22 2 (]
B /NI AT S B BE A S e . R] 11 SR K [ 8 4 ) iR
TN AR A o AT L 22 2 ] P RS 5
1 mm 3§ K Z M8 BE 4 mom i AT A5 AR R 48 T BRI
2,196, %F T 5 MR R 3R 1 s m B o B R IS YA
AT R R 2 SR v TR

300
250
200 -

<

=150 |

= 150

i 100 - —=— =1 mm
—=— =2 mm

50 —=— =4 mm

0 5 10 15 20 25
{5 / mm
B 11 A[E %3 B BT m o 8- 7 fh 2%
Fig. 11 Load-displacement curves of joints with

different installation gaps

3.3 BREEM

AT 28 AL 58 S R BE 1 it 47 T RE A B AT — ) 4%
FEl e 5% | 5 30ih BUBE#% I 2% @, A% 15 L)L C-100-80-8 2y
FEMEAT A, X E RS D 22 £ R 0°~20° A9 1Y s PP RE 2R AT
X AT, s R AN 12 R . i AT DL A -
Hh 2k 52 A F A, 2 W 207 LA PN A9 BE 5 D 22 A LT A 23 52 i
W R BPTRLERE

300

100
50 —— O(h:20°
0 5 10 15 20 25
vi#% / mm

12 AEREREERTT R Hh%
Fig.12 Load-displacement curves of joints with

different rotating deviation angles

3.4 BRILNEREA

T JE S B[] W 4 <22 2 i) 1T BB & A FL 9 I B2, &1 13
JiER o M20 8848 il 2 rh A5 B IOORT BE T W8 L DY d5c K D
R 8 mm.

TE R C-100-80-8 Jy i e 45 il , W8 A4 O % X 7 1 ) 27

(GEEAi]

BRHAL
T%’I%{\?ﬁ

\
W
LS

13 FLNEREmEH
Fig. 13 Vertical offset of bolt in hole

P HE R R 40 ] 14 BF %, AT D0 AR fi B X a5 B R B B

AE e A T ma o &1 15 L P MR R O A% B B 0 mm A
5mm T ETE 10 mm PR ALE N AEIE = B % E R
FFAL P B 5 B0 8 A8 T AN 357, A TR 52 i v N ok Ao
R R AL N R F .

—=— =0 mm
—=— /=1 mm
—=— /=2 mm
—=— /=3 mm
—=— )=4 mm

50 —=— )=5mm
0 5 10 15 20 25
(i / mm

14 AERBES T REH-G% %
Fig. 14 Load-displacement curves of joints with

different offset distances

------ HE*&E?—TIW“‘J BE | u.U2 (mm)
20¢-
=0 +8501¢+00
+7.604e+00
+6.708¢+00
+5.811¢+00
WELR Ze M AT 010
______ c
PR ) A7 A2 5 mm KT RS 121600
ArSmm i B
+4.319¢-01
4.646¢-01

B15 AEEBESTTEA-NEDTRER(EM . mm)
Fig. 15 Deformation of T-stub to steel tube joints with

different offset distances (unit: mm)

4 TRAFHNEY
41 ARES

T 3k B ) SR 1 427 4 A M 80 i IR e A =X 181 16 J9r
7~o B 16a) kML Yeomans Jim IR AR 2, AH W 1K) 2K 28 77

i



16 M A R kR

527 %

HEAKXWT R
2 0.5
ﬂ——ﬁ%f%){ %)%41g2) ](m
1— 82 bo— 1, by — 1.
boi [c

T £, b 7350 Sy B i IR i 2 R 1 8 5 (k) =10,

1 8
oy gh] | BRI S i A
{Zcéx‘ 7 i

U MR -

i
wg S

b) B IR AR
16 FEEEARIEREEN o &R
Fig. 16 Analytical models for typical yield line

patterns of column wall

P 16b) S A SCHR Y 0 BB JE Ji iR 25 X, H R
o B oy ST SR R AR BT 18T R by D A 0 BE v B
AR Bl R D) DB X e AR A S B A RE R T Y
R ARXETHES . TR RS LU A B
(1) 2w SR AR e H7 S A T (9 4 1) 220 5
(2) 9 25 i iy 4 BE T S A2 T 0 R /N IE 5
(3) Joi e £k % 17 Ak T 56 42 o MROIR 2, B my=£,2./4,
ey, Ry B R o IR ) S A BR 5 R
(4) AT 50 2% Jes IR 28 i) X 388y P X
R U IR AR B Ry Fy, F AR TR 509048 BE 1 A1 15
6 3288 0 8, ISR T3 T E 4 oA -
E,=F,0 (3)
P A O A e R A A s A B
Emzz(EAB+EBC+ECD+EAD+E(),A+E()7B+E())C+E(),(),)
(4)
A AT T AR AR R A DL AR P 3 A, A E o
R4 AB i)
H LA O 2 A 45 i R 2k AB #6401 0% -
20

Oap=tan Oy —=—— (5)
by — g2
by=1b,— 1. (6)
155 JE e AB TN
20 fytl

(p+2r) (1)

Eap="0as mylAlS -

by — g, 4

TE A BE P T N 3 A O B2k AD 9 TR 28, K
Lo, — ap T HLART 5C 23R A -

"2 _Z()1 AD

b 2 o r (8)
[
2

l()l AD — nr ; (9)

/(b1g2+rz) +r12

2
R sk AD ¥4 A -
2
o g ) e

(10)

Orp == tan O pp =
Ty

I Ji iRk 2k AD BC ) g

b,—g ’
6{( 12 2+r2) +rl2:|fyfc2

Exy=FEpc= ‘9ADmyZAD ==

mry 4
(11)
JH IRk CD % fa KAt
Ocp == tan Ocp = 7 (12)
2
. o fill
Ec,r):@c,nmylcn:? y4 p (13)
2

Sy SRR fifp S R O A TR A4 ARG 5%, 78 B S T 5
HOMEEET OABGERNIEL , IZEL S H2 AB ADM
A, WHZ ABOA Z AL E 7390 o gy, ELEE AD
O\ A Z IR TEZE R JE A 7, W AT Hy JLAT 5 28 70 BIR AT AR

2
r12+(617g2)

. : (14)
b~ r
2
b —g by — g\
! 2 2 1 2
- o 15
" r1+( 2 ) (15)
b o 2
/r12+[ 12g2—|—r2} Ny =1yr) (16)
" e (17)
b . . 2
/rf+[1{%+r2:'
2
I AR 2% O,A 5 OB i H
0 )
Ooa="0pp~tanlo,=—=+—=
7 72
2
b _
5 f?/rH{ 12g2+r2}
+ (18)
2 ror
bl_gZ r2+(bl—g2) 211
27‘1 1 2



55121 T 3k 5 ) 058 3% 452 T IR A4S I i B Mg it 5% 17
Jet IR L A ) A
b g ’
6 ,2+( 1 2 9) -
] ] Py /71 9 +I’_ fyff ) /71 2 2
El()lA:b()ZBZ6(),A7nyl()1A: > + o 4 ry + 2 -
by — g r2 4 b gz)_ o
2r, ! 2 (19)
2 2
5/rf+<blg2) /rf+<bl g2+r2) Iy
201, 2
4
by— g ray
TE A BES ) AL K O,0,, R B Wik 4 511 5 AD . BC # AH N 19 o AR AT S
L% L AD 5 4 O,D 168 BE - [/ 508 15 46 Al 4 Bt 5(51*g2+r)
2 2
K g R KR T LA K KA Eon=00.0m,lon= 2r—fo (23)
M3 T !
A (20 T IR O,0, (4% f61 6 T IRE% AB 5 CD 4 £
——+r, .
2 Z A0 B
UE nr (21) 06,0, Oap 1 Ocp = & +£ (24)
b17g2+ o by — & )
Iy
, AH I 1) Jet iR e ATy A
o Jeg
W A2k O,D 5 O,CH#fh - B o2 o\ it
5(51 ; 9o +FZ) E(),ozf‘9010277%[()‘()2* blfgz 72 TP (25)
Oop="00,c~tanlyp=—= . (22) AR LR AR SN T h
3 172
(51 g2+r )2+r2
E,=0ft 1 2 ! 1 2r,
—(p+2r)+ +—pt+t——+
by — g Ty 2r, by — g
(26)
2 2
/ﬁ(mgz) /+(bg+) by,
+ + —
T2 r (bng Zrz)p
P 3 5 81 B A D E,—E, (27)
2
by — g 2
F,0=0ft3 1 [( +r2) Jrr‘] 1 2r,
(p+2r)+ t—pt—"
by — g iy 2r, by — g
(28)
2 2
] o] oo
- + 2+( ! +1)p
raly r by — & 21,
22 (28) B EAFAE A AS B My, 1 aUHE L E FR AT fai b
éiﬂ?%@o RLAE H T Ak, % =g,/ 2, JE IR K 3 ) F, 1
bl)z )
— | +r
F,=ft2 1 ( ! 2
TH Loyt P 0
by — g 182 82 by — &>
9 2 (29)
Z/rH(bl_gz) /rf+(bzl> b 1o
+‘+(+)
8211 2r by — g 82 ?

ARG H BE 9 R I B, 0 SR AT TR — W 1) oy AR %

P =)

He B

Stk R

AN VT E WAL 0 F FyRIME e/ o

X F, T r KRG I AT 0, 1115



18 MO A i R 52T
2 2
b b, —
) (g2— b)) 1+(1) b, 1+( ! g2)
dFy 2 4 2 b] /)1 r 27'1
— 0 L2y — =0 (30)
dr, br—g, & 2lg, 2! b — o\ b\
4r? 1+( ! éz) 4r? lJr(])
2r, Il

Z 3 S OR i o &2 4%, i Mathmatica #F i

73R, BN M — 15 5 i
r1:w (31)

B8 (31) 18 g5 AT A (29) BV AT R i 55 55 i IR 7R
# 1.

EE X MR AAE A BE B, A LW Y oo KT TFp
A, R FHB B B0 TR J il e i =X 5 i 22 R Y eomans Ji iR
57 W

4.2 FERBFHITEAKXEIE

B 17 R T8 S RE A8 RS H R
TEAMHTEE XTI . T LB T 4 5 S BR T AT A R
WA RRER G, KBS R REERE 10 A, TE
T~ A4 7 25 i AR R ) R 25 R — 14.9% ~5.6% , 1%
KV N 3.7% AR EFRUELE R 4.4% . bR 2R
HIZIT A R BA R R e, 5 % BB S0 00
A5 Y {7 Ak 5 O T 04 5 ), DA R 22 1E N a2 1Y 3E R
ZW.

500 -
400
E 300 -
=200 ¢
L] Fy
100 L 1:14k
-------- 10%iR 252k
0 100 200 300 400 500
Fpon / KN
E17 HEEREFERTISNERITLIL

Fig. 17 Comparison between calculated results and

finite element analysis results
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