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Stress concentration characteristics of concrete-filled
steel tubular truss-rib K-joint with inner studs
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Abstract: To further study the influence of setting inner studs on the stress distribution of
concrete-filled steel tubular truss-rib K-joints, a test on the stress concentration characteristics
was conducted. The hot spot stress and stress concentration factor of joints without inner studs
were compared and tested. The fine finite element models of the joints with inner studs were
established. The influences of the arrangement and geometric dimensions of inner studs on the

stress concentration factor were analyzed. Based on the results of the test and the finite element
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parameter analysis, the recommended layout of the inner stud and the calculation method of the
stress concentration factor of the joints were proposed. Research results show that the hot spot
stress distribution of the joints is not changed with the inner studs, and the maximum stress
concentration factor is found at the crown point of the main tube in the tensile weld area, but the
stress concentration degree of the joints effectively reduces. Compared with the joint without
inner studs, the maximum hot spot stress of the joint with inner studs reduces by 17. 38%. The
overall stress concentration factors of the main tube side and the corresponding branch tube side
in the tensile weld area decrease by 24.20% and 12.30% on average, respectively, and the
circumferential section stress of the main tube decreases by 16.2%. The influence of inner studs
on the stress distribution and stress concentration in the compressive weld area is so slight to be
within 7%. The stress concentration factors are affected greatly by the circumferential
arrangement angle and the axial arrangement spacing of inner studs but less by the geometrical
dimension of inner studs. The inner studs are suggested to be arranged within the range of
approximately 2.7 times the diameter of the branch tube from the center of the joint to each side
section in the axial direction of the main tube. The circumferential arrangement is within the
range of [ —60°,60°] of the central angle of connecting branch tube side. At the same time, the
interval between adjacent studs should not be less than 6 times the diameter of the inner stud but
not more than 400 mm. The calculation formula of the stress concentration factor introduced by
the influence coefficient of axial arrangement and circumferential arrangement of inner studs can
be used in evaluating the fatigue performance of concrete-filled steel tubular truss-rib K-joints
with inner studs with high calculation accuracy. 3 tabs, 20 figs, 34 refs.

Key words: bridge engineering; CFST arch bridges; joint; inner stud; stress concentration
factor; computing equation

Author resume: LIU Jun-ping(1977-), male, professor, PhD, liujunping@fzu. edu. cn.
Foundation item: National Natural Science Foundation of China (52078136)

MNERE,ERERBE LM AT K BT 8 A E P40 107

0 3l

M IR Bt T (Concrete-Filled Steel Tube,
CEST) #E45 th T 45 19 7K 28 ) & L WIS oK it T f
SRR AE D E AR R T R AR T AR A
B 5 5 A8 TR B - 14 R IR A% I ) ) G L B A S O
TR B - 1 JIORY 1) 2t L R 400 4 TR 5 0 AT Ul 5 Y
P 7 ) UBOR B 5 R R K G . BT X T84
%0 IR BE LR R, & 27 e TR Z kg
i DA Ay 50 A X DA B, HL 23 0 HE 32 00 7 A R R 2
e 00 AR X T AT T R 2 B AT N ) T i
3k 28 N TR BE 1 A3 92 bR 32 1 5 B 1R R X
ANAF TR I 23 IR 5 S5 98 57 T 2 R) R, 52 0 25 4
1) 2 4 RN AT

S AN A 5 % 0 R BE Ty 3R EE T, L R
LT URER=N N R e 2 (N K A NI i) i3
T . Myers 5857 48 0] DLW A9 48 9N 1] % B B 1)
36 A T T B A0 Bl 1 A s ) i A R

[l

TR N BE B8 T LA AR B B b i BR
RO AR ST N BE R B N AR AT R . A X
T LWE N BT B A 2 U S8 i 1 A 09 R A
H AT 28 7E Bt M B R KBRS (B VE A 1T K JE R
Mt POOBUBR R R OB AR R B A N A TR B 1 A
A A2 T

X T HE IR BE - SRR S tERE AT R T
LR Z 5T . Musa &1 1 0F 58 & B, 78 5% FF 9
W IR BE L W] LAV B AR T 2 i R AT SN
FIEE VRN s 22 38 55T AT T AN IR) 45 0 O 2AR 4
BT R 55 PR RE LA B S H Y A 05 DA A ST
S5 RWINAE IR BE L5 SO 97 VERE I T4 A8 5 455
Zheng AR R T TOY K B R EE -1
SUIYE 57 PEREOE Y, S0 UE 1 PN SRR B b R ) AR
T2 MG A s Kim 252 JF B T A TR B 1
MW f1 B P & B (Stress Concentration Factor,
SCE) iy X FEIF 52 % B 4 SFCIR Bk £ RE il SCF 2 21
ANFEFEBER TR, an b iR, 76 B9 TR BE LT DY



108 X O@ E

I £ F K 2024

SR E NRRET S . N ETIS IE AT X AT AN S0 TR
B A e — R W] 32 7 3G KT AR N
T34 b R B, DT AR T AR 0 07 M BE A B 4R
e RPCHE ST T T R AN A TR BE L K B
95 55 TR IR HEAT T AE Y B A 3 AR T 13K
PRVEWF I, & B3 PO R T AT LA B8 T a4 98 9 1k
e, HET. 26T IR T 7 0S5 B0 TR RE T I T
9% 55 VE RE B VE F O I, TR R A IF SR AR D L iR T T
Z 1R 5 HEIS B IT O R BT 9 TR B B R
55 1R RE A ITAl B TSR B AL B AR 4 .

Sk U AR SCAE AN TR B TR YRR T T AR
BLERF 5T (9 LAl 00 TR R AR AT 95 A9 1 ) 4R v
W3R, O 7 A B TR R AR ET A R
FORLAR R X615 S A B X 3k SCF #45 m BL A, IF
P& 0 A TR BE R AT R ET T AR SCF iHRA S,
A Ay B 7 TR 5 AT T PR AR T SR IO T B 55
REIPAL RS %

1 REHE

XG5 HIE

W T 2 A IR B+ K R AR .
I EEE N ENBRE 458 CFST-KS ;1 4
PER X B AN E N R 5T 9w 58 CFST-K
&I 1 iR, b D S EEER T b £
JEL R EERE d HEEHR e HERER LR
KEKE 0 WX EEIAM. £ 1K ILTS
B.EXFEHEHRIL BN 517, TERIEWL 27y N
40. 6,37 TREREEL ¢ 1. 00, X B M h 45°,

1.1

x1 XG2H
Table 1 Parameters of specimens
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Joints structure of specimens
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Fig. 1

(b) HEEE
¥ 2 CFST-KS N # 4T 0 #i B (BRA7 . mm)

Inner stud arrangement of CFST-KS (unit: mm)

Fig. 2
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Table 2 Mechanical properties of steels

BE 44 Bk | BE TR /mm | Ji IR R/ MPa [ #% BR 3R  / MPal 3R/ GPa

F 8 387.5 559. 8 203
X 8 372.6 541.9 204
W ET 13 349. 1 486. 4 204

i IR BE 9 By A MR B R 5 b ) (GB/
T 50081—2019) R AE , HlVEIREE - AR ifE {47 1
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Fig. 4 Measuring points arrangement of hot spot stress
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Table 3 Calculated and measured results of nominal stress MPa

\ & SN T REE R S £ R
B
oc or oy oc or oy
CFST-K | —74.6 74.6 —53.3 | —72.4 72.0 —51.0
CFST-KS | —74.6 74.6 —53.3 | —71.5 71.9 —50.5
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Fig. 6 Hot spot stress distribution of specimens
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Fig. 7 Distributions of stress concentration factors in intersecting zones
X 3k 1 1 7 4 R B S e AR DN S AR B IX, B B A DR 4 X
2.3 FERREBE@N ALK FRAE L 8 v A 3 A8 A 1) 48K T N g A0 A R L BT
B8 A 2 AN 3545 B4 1] 6K 1T Y R g I i HEILLT4E,
o R FAE IR ) O A 7 g AR R AR (DEFXF 2 P 34 X 3, 3K 4 CFST-K 5 i 14

BRI T BT IR BR ] R A 07, 60°) A 44 W A CFST-KS =8 24 () 8 18 _E #4107 3 43 A B0 A3 A A, fi
BEIX, RIAH B 5 4% X el 5 BR ) 80 f5 [ 60°, 1807 ] A 44 KPR F1 ¥4 F TZ1 4k, 435124 105. 01 F1 88. 23 MPa,

120 : 0r :
"""""" | —=— CFST-K
............ : —A— CFST-KS “15F '
i —o—o Rk : —s— CFSTK
60 L : ' —A— CFST-KS
g R £ -30f ! —o— o, F il
= l = :
R ! R :
& MEE\ | B X B4 ommx /0 MR X
0 : ! o)
A —60 - / i
i\ o e E
—60 } 1 | 75 1 L J
0 60 120 180 0 60 120 180
EE IR R O () FEE I RO A/C)
(a) ZHEMBRE(TZ) (b) 32K CE M AE(CZ)

B8 B R ) o AR

Fig. 8 Circumferential stress distribution of main tube



1z X o@ B

I 2 F R 2024 5

T EE & SR S, W S TZ1 ) SCF 4 51 R
—1.97.,—1. 65, )5 & X LLREAR T 16. 2% , Uk B N 12
ETSR M T AR BT IX 3245 0 0y ) 4R v R B, LA I A Y
SCF 43 %I T 0. 19~0. 64.0. 21 ~0. 63, i J1 /K F
PR ELG5 AT, 10 B P9 R T X R A BT X A N
JIHYSE AL/ PG, 75T s 2 B AR B — 0, N AR T
AT LLGZ i A BT DX A AR T R ) AEARAR T X, R
ETHAVE AN B E T P9 F BT 38 AR 1y o £
[ —60°, 607 A& F1E

(2)7E 2 FEARBEM , W9 3 14 = 45 20 1) 361 o2 )
43 A B e A L, B RO R 7 43 il 68,13,
70. 35 MPa, #{; F 1l 45 CZ1 &b, & F F45 4 XN
75 B /NFE R 143 5810 9. 49 .8, 91 MPa, ¥4 T 45
CZ6 4ib 52 A3 4 W A SCF 2 F 0. 16 ~ 1. 28,
0.17~1. 32, Hrp 9l 5 CZ1 1Y SCF fe k. BIA 5 IX
F A BRI KA s A A SCF B /)
FWAEAE B X 45 0 0 ) B R B Y B RIS . EA
o2 AN S I AR N T A 25 R R, U B AR T 6T
A 37 AR B — ) =5 B 1) A 1AL A R 7 4 A N
FI R B A R AR N

3 RNRSTABRKRGETAZIMOH

3.1 ERTEESWIE

Shy it — 25 43 BT IR BT RIS B AT TR 201
F A, R ABAQUS #5372 F Y i A
BT/ s A, an el 9 firs . oo, 848 B N TR B
d R ET AR R R T s g B A i =
HE 2 1A B o0 (C3D20R) B 48, A1 5T A7 4% Fd A A,
E BT e R EL BRI DX 3 35 DRG0 P46 5 A A i A A6
BT RGBS 1 R X 3 e PR AR 6 T % o A 42
BRI B AR . B4 A% 19 F- 8 R 40 mm,
WYREJEL 7 1A B 2 )2 s VR EE R AR T AR 1 - 1

REF 35012 40,10 mm s A BT K 48 K B G 1 48k
Bt

IR S ]

Fig. 9 Finite element model

K& HE B RS 4 mm.,
3.1.1 #HHAM
TR 56 e R L AN A Ak T SR B B LA Y
TR BE L iR T R ET 9 m AT B s BF 2445 4, Rkt
A R TTARLRL A, BORE A P 2 R R A A B
204. 0 GPa, JAMS FLEL 0. 2835 X FIR % + . # i 455 :
B 36.2 GPa, I F4 H HC 0.167, JF 24 45 15 R M
ABAQUS v ML) S8 P 45 475 450 AU A7 R 40, 52 TR AT
SR FHsE AR S50 25 A L -1 AR G R AR, R
20 — 2t <1
= (D
’ {u—%ﬂ vl
Aoy IR BE I ) 5 WA N ) 0 A s o IR BE
A WA 5 A AR Y LA s - Ry s e R R, SR EE T
[ A e e 8 % 2 i R AR G
ZAHAT R R ABAQUS w1 W7 24 RE A5 L, W
B8 G MIFRN N o, S9N EIR A
G = 10"°Gyy (fu/10)"7
o, = 1.4 (f./10)*"
K fo IR BE 57 IR BT RR s £ A IR EE A
FEARPL R s G R IEAR W 2466 .
3.1.2 JRuEm
SR AE RO A BR o0 JE A Y O HE L K 10 Ca) R &R
4 JLA I AR 40 848 1 L B 582K FH Rhinoceros
A S AR TR SE BT RL, WL 10(b) |, Bk HAE R
WS AE] ABAQUS i,
3.1.3 BMXALARE&H
T 5 IR BE 2 IR A0k 1 4 ek AT O R
FHRE 42 Sl A 4D, VI 1) 22 A7 A SR FH P A TS 458 A U A
P, ST EEA DR 0. 48% A B S5 T
Z AR G052 T e L. X T R T AR R
45 DI RE M AR AT 55 3248 B2 L R SR T e A T B
PR ETBOTIR A IR BE L BT,
A FR TS A i A5 =X L i R S e AR R
— B, B A — it B R, S — s A s TE—
R S A it 0 e 5 A 24 T S — AR i St o i 28K
3.1.4 A E
Pz IR 6 85 AR L X 2 S A IR T AR R 3% 4%
B2 A W T A B A o 2R -52 S A il e £
R R ML SR B 45 R AT X e, s 11 fros, /T
PLE A BRI 45 S R 1w K T 3 56 5 i 25
H il CFST-K Ml CFST-KS 1Y f) K i 22 73
A 6.92%F1 7.53% .,
SRy i — 5 e U AR Y (g AT SR L X B 2 A A

(2



%64 X E R F AR R AT R A AT K B B A P AR 113

4

7" AR X R FHCHK B
D20 14 itk

Bk #B X R A 57
B0 H 44 i

% Bl T

il

(b) R

B 10 i A 40 IX 5 SR G A A
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