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Influence of filling concrete on the axial tensile performance of
steel tube inner and outer flange joints

LIU Yongsheng, WANG Hao, TAO Xin, LIN Gang, ZHANG Chuanjin, WANG Qiulin
(Nanjing Electric Power Design &. Research Institute Co. Ltd., Nanjing 210009, P. R. China.)

Abstract: Steel tube inner and outer flange joints are widely used in large-span transmission towers. Filling
concrete in chord has become an effective method to improve the bearing capacity and the stress on steel tubes.
In order to reveal the influence of filled-concrete on the mechanical properties of steel tube inner and outer flange
joints under axial tensile load, two concrete-filled inner and outer flange joints (CFIOF) and two inner and outer
flange joints (IOF) were designed for axial tensile tests. The failure mode, flange opening deformation, strain
development of key parts and axial tension ratio 5 of outer and inner bolts were compared and analyzed. Then, a
CFIOF finite element model was established and validated for parameter analysis to reveal the influence of
flange thickness, bolt spacing, and concrete strength on 8. The study found that the failure mode of CFIOF is
basically the same as that of IOF, both of which are flange plate opening, accompanied by deformation of the
bolt thread area. When the opening deformation is the same, the bearing capacity can be increased by more than

5%. Filling concrete can make the inner and outer bolts more uniformly under stress. As the thickness of the
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flange plate increases, 3 shows a trend of first increasing and then decreasing, gradually approaching one. With

the increase of bolt spacing and concrete strength, B decreases gradually and tends to 1. The effect of concrete

strength on 3 is the smallest.

Keywords: transmission towers; filled-concrete; inner-to-outer flange joint; failure mode; bearing capacity;

bolt axial tension ratio
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Tablel Specimen dimensions

o P shi e 2 iR o
R4 - - - —— M /mm — %%
Dy/mm G MM D./mm G SRR D,/mm D,/mm JELEE/mm
10F-1 518 6.8S 28M16 670 6.8S 28M16 770X 10 468 720 20
10F-2 518 8.8S 28M16 680 6.8S 32M20 770X 10 468 740 20
CFIOF-1 518 6.8S 28M16 670 6.8S 28M16 770X 10 468 720 20 C35
CFIOF-2 518 8.8S 28M16 680 6.8S 32M20 770X 10 468 740 20 C35
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Fig.2 Inner-outer flange axial tension test device
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Fig.3 Layout of measuring points

2 REHERD

2.1 RIEKX

CFIOF my AL R 3 X an &1 4 s o Bie
AP 22T R R R A BRI BE L O 2 vk
MK T P B R R B X SR AR . [



4 K5 3% £

FAROF & L)

% XX A

A B fap 28 X6F By B ¥ 22 AR K F i 20 3 mm, X IR A
N AR BE i B T A . MR e - R AR R
ARG, N A U R A R A Al O, s 22
T AR B AR B T F R R R TR E . HAE AP I

=59 A5 R T vi O oR UL 5% B S 3 Y S, S A A T
TREAME EZ WA ERS . XK
70 9 T R 1 R PN Ak 22 ELA A R AR i
Pl 2 MR | PN 9 25 A R 0 S B O i A 2 DA B i
HAS A7) T8 AN 225 32 0o

B4 KuE
Fig.4 Failure mode

2.2 THEH-TRSH

T 22 o T R KT PR A0k 22T A2 v g
M EBEHRFE, B2 T B AR, 5
BI04 4 2R A 1 far 2 -7k T i R TR D0 AN 1B 5 TR .
T 4 A7 B Y 5K T AR A A — 3, A A S D
FIDSHEAT A F i e o I i, 4 21797 S8 Ak 1 o
P By BE N Bl 1) i 280 R0 7 25 AT T AR R M R
& o W2 far 28 00 I 2 249 500 kN, | % 2% A [E] FF

G BLAE B, TR E R R TR Y fr Rk Bk
e N AL TR el Tl WA e o i - S
CFIOF-1 #1 CFIOF-2 i 4 M & 181 kb 1R % + & & JF
2, HIg B ao BLsids . v LVE 1 A T TIOF-1
M TOF-2, CFIOF-1 fil CFIOF-2 fy 7& %% /1 73 5l 42 7+
T 5.85% M 5.24% . PN R A RN R AR B AL
& A BE I AR ) AR TR 29 35. 7100, AR
J AR VR R 3 ) i 4R T AN (RR I AR B+

10000

w
e
8000 | B
v =
v / 1‘
"V {/ D1
= 6000 | v ~ ‘
=4 > .o.. ! JDS
i y & -
i g
A Y DI+D5
"v' = [OF-1
2000+ =
4 CFIOF-1
v CFIOF-2
O 1 1 1 1 1
0 1 2 3 4 5 6
7K IFE/mm

5 TE-KFEHLE

Fig.5 Load-opening deformation curves
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Fig.6 Load-concrete strain curves
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Fig.7 Load-strain curves of flange plate

2.3.3 mE My T AR

T2 iy 0 e - 17 AR il 2R R 8 R o 4 A4
149 T 20 F ey 28 - 17 A5 iR AE I A B rp SR R R
AR R R RIRIREE
IOF-1 5 TOF-2 il {4 1 &1 &0 i 1 722 e Jie e 354
I 1 FEIR E 1 19 CFIOF-1 5 CFIOF -2 #4: v,
TR BRE 1 6T T 20 1 TR BB 2 A5, 249 BT 2 Al 1 A
T o ELAR M, 2 ) i W 2 1) TR R BRI T
Joly 1T A0 AR Y, A TR BRI T 2 B i T o AR
o ks TIREE -5 A2 PR 32 ) 15
PRI ot 250 ol R A, S 0PN S N 0 Rz AR S3 K
HREE /N T AU 20 Bl AR S, [RIRE P 2H A R
A0 AN 2 SO B W AR K R R B /N TR
AR X FR W T SR AR IR BB 1 AT DA in S il
2070 [FIRE b, A A B8RS B0 R AR (4 3 i wT L
PR/ T = A AR

10000
8000 vvv 3F=ETF= g1
'V .‘
> 6000 - ¥ o
24 vy &
= —=—JOF-1-S1
*E —e— IOF-1-S3
4000 - —A— JOF-2-S1
v IOF-2-S3
—o— CFIOF-1-S1
2000 F > CFIOF-1-S3
8 —— CFIOF-2-S1
CFIOF-2-S3
O < 1 1 1 1 1
0 200 400 600 800 1000 1200
N /pe

B8 fnZh T E- R gy £k
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Table 2 Parameter selection

T IR

Sh IR

Gt o 4R BE /mm : : Lt R
BB ER/mm WO BRBES/mm SO
SPE1 10 518 28M16 670 28M16 C35
SPE2 12 518 28M16 670 28M16 C35
SPE3 16 518 28M16 670 28M16 C35
SPE4 20 518 28M16 670 28M16 C35
SPES 24 518 28M16 670 28M16 C35
SPE6 28 518 28M16 670 28M16 C35
SPE7 32 518 28M16 670 28M16 C35
SPES 20 508 16M20 680 16M20 C35
SPE9 20 508 20M20 680 20M20 C35
SPE10 20 518 20M16 670 20M16 C35
SPE11 20 518 24M16 670 24M16 C35
SPE12 20 518 28M16 670 28M16 C35
SPE13 20 518 28M16 670 28M16 C25
SPE14 20 518 28M16 670 28M16 C30
SPE15 20 518 28M16 670 28M16 C35
SPE16 20 518 28M16 670 28M16 C40
SPE17 20 518 28M16 670 28M16 C45
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