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Research on Mechanical Properties of Spatial Complex

Multi-planar Column Joints
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Abstract; The structural behavior and load-carrying capacity of multi-planar column joints in a tubular
tower were investigated under static loading in the test instrument of self-balancing frame with two full-
scale test specimens. Based on this, the nonlinear finite element models were established. The analysis
results were compared with the experimental results, which showed good agreement. The parametric analy-
ses were also performed by reasonable and credible finite element models. The investigation indicates that
the concave deformation occurs in their main pipes without the failure of branches and welds. All the meas-
uring points of the joints are basically kept in linear elastic condition under design loads,showing that the
design for the joint is very safe. Moreover, the ratio of chord radius to thickness has significant influence on
the ultimate strength. The load-carrying capacity of the joint is improved with the growth of wall thickness
when the diameter of chord is large. However,it increases slowly with the increase of wall thickness when
the diameter is small. The brace with small diameter and wall thickness is easily yielded and shows flexural buck-
ling.
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Tab.1 The test parameters of the joints

ONIET

o o HHHEAL BRI 2 b
Hirgms  #EHHL Ni/kN RS o 25
1333
@ N 1732 N
(@) FH TR 235 —
® AH B4 —20 -
@ MR —193 -
o [12H/2M20-12H/6
© BRiE 39 CB1,JDB1
. - T12H/6/4M20-12H/6
© Bk i CB2,JDB1
o B 2M16-8H
@ WEEE [,

®2 BTHRRMNFEERE
Tab.2 Mechanical properties of steel

PR ) N T
S /(mmXmm) it E /Mpa /MPa /MPa €
D ®325X10 Q345 200 491.11 394.07 540.76 0.32
@ O140X 5 Q235 217 170.51 320.12 461.44 0.35
©) D68 X5 Q235 219 067.55 341.80 452.56 0.35
@ ®140 X5 Q235 214 619.93 308.38 444.21 0.34
® D133X5 Q235 221 059.75 303.13 438.77 0.34
©® D194 X6 Q235 214 043.52 306.85 439.48 0.33
@ 180X 6 Q235 198 456.33 316.89 446.81 0.29
JDB1 Q345 201 021.87 377.59 535.60 0.34
JDB2 Q235 211 231.41 319.26 486.24 0.28

T E g st s £ O BB I ISR BEE 5 f o A B L 5
JE s AR AR,



T A - 25 A SR 22 ST AE AT R I HEREIE7E ol
L2 {HmEEN=mE TSR SRS 19 T ToUaa o MR A i P A SR AL T |

W it T —& A LN I 2k
PE L W E AR LA 2P AR 2R o 4 ARG E

SE AT RS b AT o s AR A [
TIER A [ I 1 AE S A AT 4 i R A

I R AR R AN N AR T T I SRR RIS SR E S
P A 3 o R R B A T A AR HE b T kT
TP fe ks =Rk
L |3 wma D | |
&77%”:*5 o 5
B
e %GD il EHE
e FRT I 8% ik
— A \— 15
/TR
RAR Se
(a)ik &l OFFO—@ M m
BH5R
|
= —RAR
FRE— Q
- e
EHET— Yems
-
&
*’«*@2y %ﬁ]ﬁ 'ﬁs[@zg%
P =l %
—R AL
=i s N I
/ ] I ) 1 J&l—s»= @ @
@ ps srm @
OO (OFOE&® M

B2 RREEA
Fig.2 The test setup

T RIASAT PRI 7R 52 8k 3 T X TOUSIE it [ 22
S5 L S m 2 h T BT O A B 52 0 4
N SHZIAT AR B Sl 2 Jr X S8 @ AT @
AR T TR A S8 S 7 AR AT 34 {558
Ao P R S L 5 P Al 17 32 T AT 1 ol T
[INERE ) IE=#

3 4y T AR I L TN AT K5 F AR IR O AR
2K L S 9 RS2 B il 288 -5 B 8 EUAEL
FUAR IR D H AR -5 B 7 28000 FU AL iy 181 3
AP BN A% A SN A S H bR (e
By s WA PE sl 20 SO S e -5 H
PRI E A —E 22 B (HU i Zaed A rp SE (A A2 1k
LR

A T+ R BRI 0 N4 56 e A R
OB A AT JUAT X s SEHE SR FH /0N ik il
T3 BEAT TN 28 » ) P B ARATF: (7] — 78t 1 v L Rz A
Fr AT BT o o A — R R BELI A A ) 1 R e

ATHEBH N AE - 13 B S P (AR 2218 500 LN IF 0l
AT i R 3 R A U ORI & BT A
B 2000 ST BUMBI/NIEBE TR0 590 Ui
AN TR I O A8 $ MR B O N B £ 2 Y
1076 B 2048 B B v iy 28 75 4% IR 4 it e it
A 500 B NP BT A 8 Y 20094, I J5 ¢
AR Lt I BT AT 2R 206 BN AR E 1 min
JETC SRAH LA 25 B L. L 22 IS L B B
I 14 17 A ASCRICH e B R TC ik AR E L Sl ) B 1
DU 1k i 2.

170 O V7 N 1 DIV € 9 =N LI 1A
PT84 S XN S i A » I8 e B A 1A
JLIE 4. P A FEE QR B ) AR A 3 AN
PR = AL A5 Dis Do Al Dy 2051 2785 51
e qi) | AR fi) R 1) 2 A 3. 3 LA THAE [F] —F
TET N



52 R 72 4R CA SRR RO

2017 4

250 [ —a— EHQ@

200
X 150
~
IS
%;' 100
=
@
s
0
0 50 100 150 200
HAR IR/ %

(@ 5 4-1 3K

250 .
—=—FEOD
——ZEO®
200 | —A—FEO®
—v—ZE®
NS ——ZEHOG
% 150 ——ZEH®
% ——HifF@
=
B 100F
=
50 -
0 1 1 1 1
0 50 100 150 200

Hhs g/ %
(b) 15 4-2 ik

B3 RS A RS AT % A R 6 bR
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Fig.4 Arrangement of displacement and strain meters
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Fig.5 Failure mode of column joint
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Fig.8 Material behavior and elements of the joint
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