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Stress Concentration Factors Impact Analysis of Concrete-filled

Steel Tubular K-joints Under Axial Force

ZHENG Jian
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Abstract; Concrete-filled steel tubular (CFST) K-joints have been widely used in CFST trussed arch bridges, but fa-

tigue damage of the joint has been observed in existing bridges. Based on a practical engineering, the finite element

model of K-joint of CFST was established. Five parameters (main diameter-thickness ratio 2y, wall thickness ratio 7 of

main branch pipe, diameter ratio 8, angle § and eccentricity p) were provided for the parametric analysis under axial

force to reveal the influence of the parameters on SCFs. The results show that the maximum SCF of K-joints of CFST is

much smaller than that of hollow tubular K-joints, especially around the compression branch pipe. Among the influence

parameters , the diameter ratio 8 of the main branch pipe has the most significant effect on SCF, and the diameter to

thickness ratio 2y of the main pipe has the least effect on SCF.

Keywords; bridge engineering; CFST K-joints; stress concentration factors; parametric analysis

H SR — JAE A0 45 TR e - AT s 8 A8 LA
oK, B TRLGE A R A v AT DR 1 22 J AN A %
Ve g1k, R T 400 J3E [ AR TR 1 A,
HfT S R R R S IE S, 24 5 XA TR e Lt
HF B 38%

M AL ol A TR P A8 VR R - A AN S 0
AL S AR, — SR FH 58 42 ¥ o AR 4% AT M BT 0%
P IR — 2 B B TR R 135 5, 4 K AU 5,
i

WRLT
LFE%;I-\]_:_I:\Y ﬂ%;ﬁ*nNﬂ%/ﬁ%O :/H\:EF‘ 7KilF_!d|_—? N 7\%

IR R — R fOE A &t T E SRR X
BAFAE R N T A T ), S O A TR e 1 S
AT, HAT, EA AR A E T
FEVRRE -1 R 57 BT UE U], 8 B A TR 6
+HFR I RITEY Y (JTG/T D65 — 06—2015) {4
th 44 SO IR AS VP T TN TR e 115 U 55 3
o TESERR AR I, K BY AT g i 95 55 2L B8 9
B — P PR SR TR R AT AR P i A
95 55 544 Sy AN 1 1 FNE 2 FiR o

%5 B #7:2021-08-20 1&7%5 H #9:2021-09-12

PEZ B A @(1991—) 55 b, TR, 2N F LR TR 1 1) TAE, E-mail:784180370@ qq. com



KBt Ahin) 52 00 AR BE - KR RN AR o R B R S 95

B NERELIHS

B2

A KR RIFSE 224 X B 25 L4 45 A
0 55 [ A, T LA 34 ) % 1 R T 3 P 2 R A
(IR IFBETH NG . SATIT , o T A0 TR 49 5 i
SFRFFEAR A, Tong 257 8 R B6 2 W1 N4 TR
BE - K B S 2 A KB R T 4R T R B
(SCF) BE/NAI¥ 4], Wang 25 B 58 & BT P4 25
SEAE R AR TR E L T 28095 S K SCF /)N 53
BAY T BT 5 . Wang 255 fORFSE 4 78 B4 TR+
AT RS S A A 0 LB T AR R B
FEIATE N, FF4R 7 B e — 25 B X A9 4 R B
SRFFE LR T SRR BT S - N 2k . Chen 257
(IR UG RIFFE % TR 28 945 15 15 1 SCF B A T T
A IR 1 R A R AR ST R . R A
BRI R T B IR R KR R 4R
MG, HAR A FRIT /M 45 45 7 SCF 23 A LA
Liu 2612058 1 4 50 #0338 40 0775 51 PBR 7] DL
RCHR T A ORI A S A, BB K Z
PEAT A IR 1 4 5 2 A 1T 509 SCF A e,
1 TR TR BE 3 55 LA 2 50%) SCF 521 ) BT
TR

DRI, AR SE i 3 2 52 Wi o 5 R LA 250
X A S I AE Rl A R A TR R 1 K R
R SCF 2 . A3 Hr LT S50 T 350
BRI (B=d/D) B MRIEL (2y =D/T)
KB (7 =0/T)  EXEZ R J A (0) Fl
L (p=e/D) , JATBEAL I 3, HMHT4E RS
TEAS B AR E L K B S L] S50/ SCF 2
[HESES

B3 LS

I AR TR

1.1 BRTER

A BRICTELAR R 3 B 84 MSC. Mare 47 4
B, ANETREE 1 09 A PROC A 7 A SCHR[ 13 ]
CLIE. PRI, SR 90 0E A 14 B By v T R A
ShOIVER T TR EE L K YT S AN N ) 40 A o
XA FNTRLEE - 1 b BB 4 1 38 O 2. 05 x 10°
MPa F13.25 x 10* MPa, JA1#5 Fe 43 $13& & 0. 3 F0I
0.2, JRAERIPRHR: I B B AN S — 3, fRaETE
FAE S B SR B S By ¢ A 0. 5, A
PAIER FZNE TS R4 /\ 1 s5 7S TR SE R 50T, I
KT ABOE AR B AT HIfe . B9 TR R O Il Y
PRI EH S B X T K e 2R 1
KA AT R 43, AT KIS RS 2958 2 mm,

FE 5 IR BE 4 2 R) 42 fi A T v RE R
“Touch” PJREMHATHIAL . 1% DI RE ALV H2 Ml AR FE VL )
J5 1) a] DA b R0 53 85, A8 U0 1) 5 1) 2R A7 E 45T B
B TR R A () X TN TR 115 8 SCF 150
AREZME, M EEHE R BCRAE o 0.3, By 37
ZAE R A B — i R [ 2 A, A T — S R
B RERA H o AR A B 57 A R O
TESE 55 TRV FH R I 20 4 ) A PR e 7R 5
B b Ry Ak ) Hs st Sy 3750 kN, Y
Bl N A 109. 84 kN, A FR JTAE A FIAH G IX
B R ER I AS R A ] 4 FNELS TR

B4 BHRTKRE

BS HERXEBHEHBME

1.2 # @ A1F0 SCF i+ B 5 ik
T SETBE XA I G0 TR FHEREL ST Ar 4 2R



96 IR R TR

%19 &

PEATERNESMIETT 5. 1 T o A S A A,
RIS s 07 ' B AP HE X8R, 4n &1 6 sk
1R o I3 4 B RIS — A AN 1Y g AR
(LB 200 0. AT (R B R4 0L 1 1Y) e /NI R
T4 mm) FI 10T, 15 3 SCF —JBE L 1
3545 SN Z IR HAE o DR, S A (F)
PERTT BOANAE TR E - K RS 500 4% SR ) U
(o, =F/A) Horpr A Oy SO I T AL

A HE X 4

Eo6 SMEREHRIEX
F1 MEREMIBRENX

HE R 58 (1) £ S
s Egey 5 A B I 1
Lyin 0.47 0. 4t

Ly ™" 0.045D  0.4Y0.25DTdt 0.65,/0.5dr

e o Ly EZIME R 4 mm; s s Ly e At IMEN L, in +0.6t6

1.3 HIRTALE R

5 WRIE 5 W SRR R LA RS R 2 %
ST A TLAT 2 B0 R 1 4330
y=[20,40] ,7=00.4,1.0] ,B = [0.30,0.45],0 =
[300,57°]ﬂ]p=[ -0.13,0.43 ], ZE0HRE, 1
AU BEAEAS AL, AR TL AT S8 4 5
PRI B, SHOMTIAT 19 T ITH,
A BRI B MO 4 0 3 R

T2 fRAEER

D/mm d/mm T/mm t/mm 0/(°)
550 219 8 8 57
Y 4 B
34.38 1.0 0.4

®3 ARTERSH

v 20.00 30.00 34.38 40.00

T 0.4 0.6 0.8 1.0

B 0.30 0.35 0.40 0. 45
0/(°) 30 40 50 57

p -0.130 -0.110 -0.090 -0.045 0.000 0.090 0.430

2 WERE LY S SERE TR ZE

) b

A BROGAT Br A5 B A0 A TR K R R
2 AT K ORI S5 S SO A B IX R K SCF, A
TR K IR 0 3 S A B K I s I n i 7
Fiise T E8 SIREE M08, SR L K 5
5 A G AR X T i g R S s
BAY K I AR, SR, YR AT LA A2 TR S
BRI S . T8 G IR EE A e i 0 R i
S A5 RSP, 5 B8O e HAt 3R 67 7K 52 B 22 1Y
farzk o PR, R EE - K B9 S 0 2 hr W Bk
SCF 38 H HBIFE 5, , 525048 K R SR, 8
TR EE L K BT 2 A2 S8 ek SCE H BLAE
TR, 254N K AT S AE CIDECT Bt piys'™
) SCF 280k 2= (1) Fis .

_ Y mr T .
SCF = [12] [0_5] SCF, (1)

FEROx o o T B TR S B 2 ox
X2 F1SCF, BB AEB T HEAL I 3% D rhgy b
KA By 2y = [24,60],7 = [0.25,
1.00],8 = [0.30,0.60],0 = [30°,60°] 45|45 H
ARG P L B 2y (R EE LR SRR K o
CIDECT M AE 0 B9 7R SOl 248 5 SO IR
T A8 Iy, o T2 A B SR A B A A AR TR
5 AR PATI

B7 FTESRERIZENMAERE

A BRIT T AT B R 2 B K R A B
K SCF 523 (1) AR E H & 8—I&T 11 fir
ANo B TR BE L7 AU R R A SCF
PIRT 38 SCEF, W i e Kk SCF BUE T 15 .
R R A FROCES A (D) B REY & .

P 8—I&] 12 SR AR TR BE 10 S S AT
SEK SCEF Z [H] (% EE , 32 WA B TR 358 7 i 0 B
K SCF /T2 B 1Y i, o2 52 s SO A 1A
R, A, DS EO N TR EE 177 F 2 hL 3
B JE AR B X S e K SCF (52 ) 55 28 4045 15 1



5 6 3]

KBt Ahin) 52 00 AR BE - KR RN AR o R B R S 97

SEAL . RIS, A AR L (2y = D/T) (F 50
MR L (B = d/D) Fifiis 3 (p = e/ D) X A TR BE
B AR R X R R SCF (832 Wi AN [F] T 23 A
TRl

3 HBUONT I R EE LT SCF Y

Al
3.1 EEMRELL 2y( =D/T) %M

8 R, A S 2y IR, AR £
K 45 2 52 10 ST AR B DS Bk SCF 3k
ASEAYEA 0. 08 , (FL2 JE S A R SCR B/
LA -0.05,

5 D RS H T RS, T A ¢ 2 B
SR 2y WRIKTTRN T AU 2 S ECEE
2 RS R A DI 5 B2 O EE N, £
VDS AR 43 5 e A
Ko FESEIIR A ¢ AN £ 3 B0 S
IR BEARE I N, B R 1 0/

RIERERTRER T 44 UL W R B2 o PR, 8k
LD IIE S LS

SR, i TR EE T SRR R SO, B2 IR
S TR AR B DX SR R AT 25 I B WP AN Il ) o
I, FARI ST R JLF- AN o 24 SO R B8
2y B RMIAE R, 32 SCEF 22/

141

B8 B¥2y SRASCFHXAR

3.2 EXEMERL 7 (=v/T)%Mm

W S8 r 93K AN TR BE £ K B 52 4L
32 e SR TR 0 AR BT DX I8 e K SCE f 3 R84k
RERAHI R 3.92 f1 4. 67, A9 iR, XiEHT
FAE S Z AT RIS R . B SR
T IR, (AR T T (B K, 32 7EA
B DI B e BE AR X T S g AL /N, S AR
HOVAZAE S L NS

B9 ¥ r5&KSCFHXHE

3.3 EXEMERIB (=d/D)FIT
Wi S8 B B R A E TR E K TR 552 ir
SO TRIIAR BT DX Y B K SCF i/ VIR AR AR Ry
= 8.47 11152 1 S JH AR BT XA e K SCF (4%
KA R ANy 16. 53, WN1& 10 FroR. 14 A7
L 2HB MR 2 T B SOV T AR G ) A I
No RS TR AR BT X R 5 K SCF H BLAE
T E T R R 1 BEE S8 B BHE KM AL
/I, AT RE S S SR KR RN 7 i/ I W J8E R 44 S
JTBIIINIEEE o DRI, I T SR BN A /N
20
18

16 t
14

12t .
s12p g ; . .
wva IO L
) A N A
6 /A
A
4ta———A—
2 1 1
0.30 0.35 5 0.40 0.45

E10 SHBERKSCFMXER

SR, 52 Hs S8 i) i A BF XS0 e K SCF ) B
1. MBS B IR, g HBEH L/, FEMZ
FISZAE Z [ I NE ) A% 386 3 i AN 3515, 3 B KR
A D - 4 NP N AR VAP E* =L 25 S Vg
3.4 EXEZEBER 6 FN

A 28 0 HIYER , BETR BE 1 K AU Sz hi
RS TRIAR T X ) oK SCF 3 R AR fb
4354 0.16 0. 14, 4nf&l 11 firs. FE S50
30°HG R B 57°, SCAE 1R 0] 53 S DA 0. 5 F 15 K]
0. 84F B 43 Sy 3G KA 1. 68 i, 2 iz Hs 38
JROARTE X S B K SCF 43 3il3G K h2. 344570 4. 50
Vo B SCF 78k 258l T S8 4l i %8 ) 43 )
ARG R, LRAEARTRIN S5 0 T ¢ (HIm AR it
M5 R, FEEZSE 0 M 30°HE KEF 57°, g {HM 515



%19 &

IR S TR 4

98

MBH p BRI EARFESEp F, &

mm J/NE] 96 mm, Bl g {EE/N R 0. 19 4%,

s
WA 32 R4 78 A

N
N lej\

=
SRR . B9 AR

B3

i

N

A H SRS TR 0 A B X 3 1) #
P 58 A ST Y174 2 fih 1 A e
5 g

I

|28
1

EIZ
75 i

e
S

)

=]
rE

HEt o

J

NI=|
e

)

b L (R )
% F)
B (%

AW
i

i
i

o
T
kil

—A- i
-0
A

—k— 7

B, I HAE

fii

=
pd

3 e [ LR S N

(CIDECT)
lu}

o
=1

il

SCE A, 52 R
52 RS A A
SCHE AT LA R

VANYS)

52 SO L TR REAT A 5, AN 13 B

o

2

S TR T B 53 O P LA
BRI E W B PN
&

50

A
30

Zgﬂ%

i’

’

fHoL T

|

iy

it

0/()

TEARFRZE p &, BB Z RSB AR X

X SCF KX &

¥ o5%
3.5 RO p(=e/D) IR

1

—

HFH ERT E
e 13 fr

SPELH
i

VA

%

£

’

N

3

p Wy

iR

o HZ

) JIN

/X\
(4
2

il
:

[P
Kt
IHMISL

i}

ib)

N
p?

T

4

H

7

/N ALY

K SCF #

Tk

K SCF

i

i
i
N

RE1
H

(R g i) Lo s

[i]
i

[ fry

PIEZ
(1

’

RE1
H

%
N

i

3
S

3
>

KA

(=]

I

G

-3

A

-9.66,{H%

4

A AEAN G X S A

]

HAH T
N

7S

2

o

AR 3,48, T 12 fip

BT SE A

SPECE

N

s

1FhS HhAZ E

A BT XS AR R B T3 B
SNBSS

3.6

1)
)

P
P
57
X

e L (
(% )

[t
R Bk L(

1
¥

IR

23
T

,’lg;
Sk

A4

- ECZ )

—A—
-0-7

ML ZH00 SCEF /Y52

P
oo
Mg
=B
R o«
=2
o X
=&
T
=

______n._______________-_-_--D

A AR BT X 3k ) e K SCF H B

o SR Xt

0

JEHARBE X4 fe K SCF H BUAE e

20
151

e

SCF IR AR R AE LA S S e o 5 1

-0.1 00 01 02 03 04 05

-0.2

350, ZH2 y X SCF HYRZIR AL AR IE AR R /N

S8 p ERASCFHIXR

& 12

{7
mm“ Wwwww\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
: .

.
.
.

=0

0.13,g

(a)p

.

.

SN

.
.
.

-
|
-
.
2

5

=8t

=-0.045.g

(b)p

I
G
V
v
:

Lt

Ui
t
G
«\\\\\\\\\\\\\\\\\\\\\\\\\\\“““\\

K

=0.43, g=50¢

©)p

FASH ) FTEESEEL 2 AOMATH

o
—




KBt Ahin) 52 00 AR BE - KR RN AR o R B R S 99

F4 NASH3TERK SCF BEMm
, TR T
TS
SCF BER SCF BER
20 — 40 5.98 — 7.61 5.64 — 4.63
Y ) O N R G S
0.4 1.0 5.00 —» 7.35 2.11 -5 4.91
T (M (M 3.92 M 4.67
0.30 - 0.45 8.56 —7.29 3.62 —6.10
B SN T O
30° — 57° 3.14 —7.35 1.09 — 4.91
o %) P N ) 014
-0.13-50.43 5.62 —7.57 7.35 > 1.94
P %) oy B ey T

e MM S—i, FRI, BRI,
4 45 w

(1) A7 T TREE L K B S 2RI
2y, EXEMRERELL ¢ L B A 0 AL p
SHOT, B R H A Sl 52 1R U S 500 by 5
T RB R

(2) B IR B+ K B 5 2 P 34 R i Al Bt
X8 B K SCF M BRAE # a5, 52 He S48 R AR 11X
B Bk SCF LR S o B/ F s i K A
T, e A 2 S A A

(3) AFFH RN EENER(B=d/D) .
FEMNRIEW (2y =D/T) \ FXERERL (7 =
t/T) EXEZ M IE A (0) Al L% (p =e/D) Ti
NS ECR, FZENER LS E B X SCF 15
i o i Y, A AR R EE S8 2y X SCF 1%
M 2 d5e /N

Sk

(1] BREER, FENL &, 5% BE WA R BE L BN
MBUR SR ]. AR TR 4R ,2017,50(6) :50-61.

(2] FWHEXUEMS, o o A - REE L4l A HEE R
M EHE R S R B[ T ). KR 5 B AR 4, 2014,
12(4) .143-149.

(3] 58, S0, KA. SEHE IR EE L BT S PR3
J12E5 R LT ] KR SR TR 2% 4, 2012,10(5) :33-
36.

(4] 2 BEWI A BF B BT LS JTG/T D65 - 06—2015
[S].dbat: b B R AS i ik, 2015.

[5] Wang Q, Nakamura S, Chen K M, et al. Fatigue evalua-

(6]

(7]

(8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

tion of k-joint in a half-through concrete-filled steel tubu-
lar trussed arch bridge in china by hot spot stress method
[J]. Proceedings of Constructional Steel, Japanese Soci-
ety of Steel Construction, 2016(24) :633-640.
S DRME, BODURE, FRERWT, 45, B4 K2y i RUBER
W FFPEREIR IR W E [T ], L 41, 2020,41(5)
157-167.
Tong L W, Sun C Q, Chen Y Y, et al. Experimental
comparison in hot spot stress between CFCHS and CHS
K-joints with gap [ C]//Proceedings of 12th International
Symposium on Tubular Structures, 2008 :389-395.
Wang K, Tong L W, Zhu J, et al. Fatigue behavior of
welded T-joints with a CHS brace and CFCHS chord un-
der axial loading in the brace [J]. Journal of Bridge En-
gineering, 2011,18(2) ;142-152.
Chen J, Chen J, Jin W L. Experiment investigation of
stress concentration factor of concrete-filled tubular T
joints [ J ]. Journal of Constructional Steel Research,
2010,66(12) :1510-1515.
S DRME , ST DURE , WRHERT , 4. YR BE 1 K R A
RO R 55 PERE 6 [T ] A S E5 44~ 4l , 2020, 41
(10) :80-89.
Liu Y J, Xiong Z H, Feng Y C, et al. Concrete-filled
rectangular hollow section X joint with Perfobond Leister
rib structural performance study: ultimate and fatigue

experimental Investigation [ J ]. Steel and Composite

Structures, 2017 ,24(4) .455-465.

LiuY J, Xiong Z H, Luo Y L, et al. Double-composite
rectangular truss bridge and its joint analysis[ J]. Jour-
nal of Traffic and Transportation Engineering ( English
Edition) , 2015,2(4) :9.

Zheng J, Nakamura S, Okumatsu T, et al. Validation of
finite element model of concrete-filled steel tubular
(CFST) T-joint for hot spot stress calculation [ C]//
Proceeding of Annual Conference of Japan Society of
Civil Engineers, 2017.

Zheng J, Nakamura S, Ge Y J, et al. Formulation of
stress concentration factors for concrete-filled steel tubu-
lar (CFST) T-joints under axial force in the brace [ J].
Engineering Structures, 2018 (170) ;103-117.

Zhao X L, Herion S, Packer J A, et al. Design guide
for circular and rectangular hollow section joints under

fatigue loading[ S]. CIDECT, TUV, 2000.



