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Test Study on Stress Concentration Factors of Y-Joints in 750 kV
Concrete Filled Tubular Substation Truss Structure
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Abstract; The stress concentration factors of concrete-filled tubular Y-joints subject to in-plane
bending were studied, based on the engineering background of the first 750 kV concrete filled tubular sub-
station in China. Experimental investigation was performed to investigate the hot spot stress distribution a-
long the intersection between chord and brace. Three tubular Y-joint specimens with circular concrete-filled
chords under different forms of reinforced components,including doubler-plate, sleeved and haunched rein-
forced joints, were tested.In addition,a unreinforced joint specimen was tested for comparison. The test re-
sults indicate that three different forms of reinforced components effectively reduce the peak stress concen-
tration factors of Y-joints, compared with that of the unreinforced joint. The current research points out
that the linear extrapolation method can be used for chords, whereas the quadratic extrapolation method
can be used for braces.The stress concentration factor values are effectively reduced and more evenly dis-

tributed when the axial compression ratio in chord is increased. Furthermore, the stress concentration
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factors obtained from the test results were compared with the predictions from some well-established exist-

ing stress concentration factor equations.Generally, the prediction results are very consistent with the test

results of the braces,but very conservative for concrete-filled chords.

Key words: 750 kV CFT substation structures; experimental investigations; Y-joints; Stress Concen-

tration Factor(SCF) ; in-plane bending

P 2 DL R 2 00 P RE R T TR T
T — RIS RN TREPHRE T Z 0
FHU A BT 1 O (B4 235 4 v By 353 1 AR
2 UHANRSE WL AL 32 15 6 19 420 4N B A1 5 T 4E 4
S RMTE N FIE AL A 2R A5 b vh ) 2 4 FL A e
LGSR, 750 KV Ry ey /A P A B8 1Y) v B
FF KR O T PR B R B R R R R L A
o BN T R AT I BR A A R T TR BE 1
XPAH BT SR A B 3l At — R s Jy 2L LASE , HoAth
LR IR A A A BB £ Eing
B ORE BT RO

HH A BT S 110 1 7 ok B RN L ART AN i 22 0
SO LR A7 AE ™ T Ry Sy vt 95 R B0E H
PRI R ) R I 3 R - B R 2L 49 i X
S L T3 53 A AR X 5 4 1R 982 55 P e 2 i AR DS L %
THita SR B ) A AR A5 R R U R 57 IR ] R4
X S RG I R B i A P L B 3l ol AR N
TRV AE TS AL 55 5 A s X AN 3
K= T2 28— N J1 & % SCF (Stress
Concentration Factor) &34, E PN 7h 5N & AH 517
SO S5 PERE C U 7843 19IPT N TR
e AR RO 95 PR RE R B ST A X 0. E A R B
FEZ T T A RER T A W SCHERE6 — 8 I XHE I AH
BUY RS R RE AT TR ST SR T DR 4
SRR IR IR E AN A Y A AR T BRE T
S SCF; B XES ) T AR BT ASAE Rl ) g F
TET PN RS- TET 125 4 4 R 9 SCF, Lalani 467 )
ST R WAHEI A ) SCF B AR T2l 8048 5 14
M SCHRC 10 A 25 SR A0 22 5, HAT SR 98 A h
[ia) [ g R0 T A0 25 R R 19 s SCE H 4l 4
5 SRR AR TR T N S AR R A2 A R
AR B P A 3 L T 0 N A TR BB A BT R A
S5 PERE RIS, 38 4 O A5l 3 10 A7 5 i
W R W A TR 5 199 40 SCF W g Ik T 45K
B PRIAAED AN R] T AR TR B A B
W RN SCF #4717 S i 58 FA BRI o4, JF 5
PR A SRS X b B M T R T AR R

AT 2 A  F A BT RN T i A
FIGAEN L AR B TR R TR R 2

SR . 5% Hoon S5 X FUEARNR Y T %146
T R ST TERE HEAT I WE ST A - RO i o 7Y 4
TR BE AR DTN R 07 PERERT 9838 /DA i TE. A
SCUTRRAS U B T R g 0 ) A B
WA G HINARE 750 KV A2k TR, X 4
A1 2 4R Y YRR SO R TR B AR
PRI BT S AR 1 AR B 3 A AN ] i g 2
CTEFA LI EUEAR . 248 EInE 8 Fi & s
(19 SCF ZEAT 156 AT 5 » J R BIF S 78 329 32 Jil 1) T
1 SEZ N B A A E R DL B
s re AR ARy 2B RIS B SCE oA B IF
5 ERLTERT L ARG 30 A S LT s e A AR BT
i SCFHIHR 4 2L

| IR E

1.1 K&t

AR F AR H A 750 kV N FIEME
TRE A8 v sl 2544, 25 B8 B w1 A 4805% & 1
BRI T 4 A1 2 45 RARME R R
Bk 24 ol A RO Y X R S, B R S
KEWRTHE RN 3 A5 XA LA R A RS
B L s AR S o AN
BVREE 1 Hrp— Al 2 A 6T E 0 T8 in 5 A
SO GRS R STD L 7540 3 AR I B o5 A4
—ANFUEAR NS GR F (ST2) L — A~ S i 3 1
(SI3) F—A Ak s i (ST4) . 4048 24 K 42 4K
BB B AR SRR A
LRIRAE N IR B IRAE SR T SR — .

FRA AR RS AR S Q3458 AT, oAt 1
RIG LS 0L 1. B I C30 /S TR B+ f Il
B T R 0 i AR . A S8R9, 28 d 52
TREE 37 D7 RBT 8 A 36. 2 MPa.



LA MR 254 750 kV SR EE 18 e M AR 5135 5 SCF IS i 52 25

1000

1000

N

() AR stk
Ry
3 | b~ 1150

250 | 250
S
\
|
\

k
|
|

1 000

ZUNN

() SMEA i

1.000

1 000

1 000

1 000

o

250 | 250

)

/

(b) LI AR In i

| I=
LU . ssmmmnses

(D gt s,

B 1 & JUT R (4% mm)

Fig.1 Geometry of specimens (Unit: mm)

x1 WAHHE
Tab.1 Material properties of steel

i ¢/mm fy/MPa f./MPa &/% E/GPa  fu/fy
S4 3.5 405 490 31 195 1. 21

V£ SUFORA SURHEA 4 mm (0B HERB R ¢ AR
Sy RIRIRSRIE s £ W FCRISRIE 55 K E b i,
L2 REREMMES R

BB ANA] 2 IR g A A I
I o G A Sk T PG T % 1 i ) A [
S8 TR T 1 e, 3248 DO O — 4 100 ¢
BT BRI — & A BRI R R
DABRAIE T T 280 1 R AN 74 S A i 0 3 47 4 e
RYEREMES 50 « MTS A s % £ DUt & 5 T
SR 1) 9 e i g 28 A9 52 P T A S A L

'

RAB

TR |
1%
W :‘E
Al F@
[[% T :
1800 7\ P
() fin#8e B &l (b) IR

A2 RKBEEE
Fig.2 Test setup



26 R 72 4R CA SRR RO

2017 4

6 v e AR AR L (40 h 0.2 F 0. ) U
JE O SN A B R B 5 ) B AR T
4 B B TP 3 i d5c /N RS A 1Y) 3026
40 951 50 Y043 BITNEK 3 Uk s LATTESF- 35305 1 (AL
1.3 JikA=R

1.3.1 X /g3

I J1 8 R R B SCF ) F R 15 J5 A AR 5] 4y
A I SRR DL R Sy S PR T TR K
TH I FH. AR S e 8 79 A5 AH 5T 4 A5 B Ak s Wk e B
A8 R FRR AR F 0 AR A5 T A AR A R R A
SNCF , P38 33 i 28 £ rfv 28 504 B8 s 7 ) 4 v R4
N AR H 2B SNCF & SR -

SNCF =¢ | /e, (D
K e WARGEAL Y I BV AR IR BT ARAE 1 1Y
AEIMERR S e, AT S04 ON AR, BIAE 38
HHITE B R ity S 11 0L AR L AT pR AR A R PR AR F
A NS EE NIRRT

SETE PN B REAE R 4 AR e P H R X
A

32dM,
T xld'—(d—20']E
MO NS s d F e 43 5ok SO AR
REJRL E Sy AR i

SCF 7] L3 2 i 4% £ 1 22 %0 SNCF 1532«

(1+vey,/e )
(1—0v"
A o AR IARA FE L B O. 35 ¢ ) MARBEAL AT
NAR  UISPAT FRRAE I N AR R 2 B MERR 25 ¢ Ry
JIFE R BN SCF 5 hi AR 5 v 22 %% SNCF 1y LU fH . 7]
DA I ST 4 %) 1 AR A T R4 Y AR = (]
(1 FUAEDR A A » R TE 1. 1~1. 2 Z[R] AR SCHR 1. 28,

1.3.2 RmEAFE

IO A% e EL A R U 457 T AR B SCRik (5 ]
T2 R B Bk 1 B R e /N B A
B X 8, A DL X 3R L 3 A2 a5 AR SCRR AN 4
W JELA3 PV BBCHE B M Bk 4,6 1 8 mm {1 E. R T E T
A NAR ok BX120-0. 5SAA f RN A% B, HoH
JEPAXHR 0.5 mm X 0. 5 mm. &5 7] e il 53X 3 4>
S LA )RR A A 17 1 AR (L PT a d 3 p
YRR 2 MR (a1 5.

WFgE BB, TR A A BSO8R A O
LRI S B AR O T AR R ARG+
JEi 2 A5 R IR g1 45 8 a1 22 () IR A7 AR 5K W A S5 7
AP IV AH BT AR R B A 4577 R M LE B

(2)

€n,1

SCF = SNCF =¢ X SNCF  (3)

SRPKEIG 3 R R s AN e e TR B A Y
A e s AR R AL AR O3 5 T 3 P AT T AR AE D5 18]
R LA s AT P47 AR SRR N 2L e ) LA
B AR HAARA BN 3 R

Csl ¥

| . Bsl |
Be2 Bel
Cec2 l|-AA Allkg Maaa AA.|'( c
1
| ,-'Bs2 % |

]
o
kY
2
S
80°
'4.

Cs2®

Ca) AR A1 B

(b) i I8 A
A3 BREAHER

Fig.3 Arrangement of strain gauges
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Tab.2 Comparison of SCF between different forms of reinforced joints
f SJ1 SJ2 SJ3 SJ4
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B
/O sr ser sor Y2 gp 82 SIB e SB g S g SH
SCF SCF SCF SIt SCF Si SCF si SCF ST SCF I SCF si
0 —0.41 —3.10 —0.12 0.30 —2.48 0.80 0. 21 —0.51 —2.61 0. 84 —0.27 0.64 —0.97 0. 31
45 —1.14 —2.02 —0.73 0.64 —1.38 0.69 —0. 69 0. 61 —1.97 0. 98 —1.59 1. 40 —1.90 0.94

90 2.04 0.23 0.15 0.08 0.23 1.00 0. 30
135 3.87 2.09 1. 42 0. 37 1.55 0.74 1. 50
180 4.22 3.27 0.75 0.18 3.23 0.99 0. 97

0. 15 0. 26 1.10 0.70 0. 34 0. 06 0. 26
0. 39 2.33 1.11 3.42 0. 88 2.27 1.08
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