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Development of Moment-rotation Curves of Angle Steel Tower K-joints
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(1. College of Civil Eng. ,Chongqing Univ. ,Chongqing 400045 , China;
(2. Chongging Design & Research Inst. ,China Coal Technol. & Eng. Group,Chongqing 400039 , China)

Abstract:In order to investigate the moment-rotation relation of the UHV angle steel tower K-joints, five full-scale tests were conduc-

ted. The results showed that the joints of this kind will reach their ultimate moment because of the shear break of bolts that connect the

main angle and joint plate. Parameter analysis showed that the bolt number has great influence on ultimate moment and initial rotational

stiffness when the other conditions are the same and the range of shape coefficient is 1. 97 to 2. 10 with the most concentrated in the vic-

inity of 2. Fitting formula of each parameter was given. Comparison showed that the Kishi-Chen three-parameter power model can pre-

dict the moment-rotation relation accurately.

Key words: angle steel tower K-joints ; semi-rigid ; Kishi-Chen model

I A 5 45 R B 2 XL
A T UKATERAN 1 TR, 0 R B M, B B
PR 200 m, HE 5T, AR RS D A (1 5 5
FEAIAF (390 Q420 T2 Q460) M A i BE 45
TEAEZ 7 h 4 B3 5 2 SRS AR, S IRV
YA 55 4 A AR OB AT i . 5 R 1 A R T
52 HAR B bR R A LA R SHEZ IR A1, 8 Bk T
PR BRI . # HL R R ST e
45 Ay B O B R e, T S R A e (9
W2 A TR R 2 22 18], 3 BT 4 7 R (8] i s
A, B I e T 20 b A S W RN B AN 4%
A SBRIG L, A T RERE e IR S, LA R T A

Y75 H#A:2012 - 03 -25

EEWAE : HE AR SERBIH (51078367)

PEERN AR ER (1963—) , 5, 20482, WL A F 0. 858 5 1) :
TR LK) TFE. E-mail ; lizhengl@ hotmail. com

AR, LA E EAE AR e TR R ], 4
5 Ry AR -2 B AR B ) o R B S5 R o A gk A T
BT 45 R 22 IR I, Wi 19 BRI i BR 7K 28 #H 22
30% ey, T R AT B 2008 4F 12 A 47 T
Hh ] 25— 5k SZT2 Ry vy FOBUIE] A9 A8 B AL, 1k
Uivesats ST 1193 e s R C R R 1L A I NG 2 = S
F1 o DRI, S e B R T A A R R, X T
R R RIS SR A v B o R R L
FEINAMC T RS - F A G R T oE 4
TP SRR AE R AT T 1 b, TR 3 -4 ] sE
T 300 ZAEER LR, TR T R T R
2, IRl ST 1 S22 B AT G AY Kishi-Chen T R L
sy, SCHRES R I 2SR 0k 5 A BROCH AL
LT 34 A5V e AT 1 SO & A
Ramberg-Osgood F1 Kishi-Chen 2 Fp#5 51 1) 5 5 5 %%
TR AT R R UG & 57 ROTh &) 51847



5 4 1)

ZFIER 55 S KA R - Fef i 2 se 47

SCHRL6 TSy T omtRe ERAE T 1 M — 0 SRR T
WO, O e sl A BRSO 5 D5 ik S 4
THNE . WFTEEARIE SR LR AR R L, 3 20 4
T TE AN ()15 D 1) 22 b RS 1 Sfe 0k 2 W S8 A
TR A R R OCR AR R MR i A
UTRSREINGE = 3 EURMI 35310 Bl R VY E ¢ &
BRI 2 T A L KO R -
FRAMBIFAER NS AR =S H o LIRS KB
TR, AN 1Ca) , A8 AR TS Bh 3 AR s

iR 7R I TR A 2 ) A AR T 2 RS IR
T FZORZARM B BTUINE R o ST RiA s
SRE RS AR, S A SRR T, 4
CREZES NI IR T R ey e e WA A G R e (R
AR, AN T8 1 S A R, 36 Pty
RO BB R, ZEHE ST Iy T 0 2 M AT |
AR, (5 SRR B T R, B S5 45 E AN
B AIFLEES SR 1Y MR, 9 A i 2802 T
RIWLEE 1 (b) &l 1(e) o

@ )

©

B1 KESTERENTHESR

Fig.1 K-joints and equivalent force model

MSEHIR A ARG | 5 50 S 0 i £
4 K Kishi-Chen 5 pfi B0RE 5 f 5z R I 24 A 251
- Fefm AR, MR A FROTE Y, 240
OIPTIRSE IR KU T — R oG R I R A B0 th
RIS N R o LA I Kishi-Chen BRI SCHES
BTN, Dy TR RIRE A R 2%

1 KRS

L1 il figit
FAANES KA 00 A1 s A&, AN RETR

PRAESR BT rh a4y s 59 A R . SEBRTT
H R ERORIE A A BN (R AW, R
FRUEERG 1 B A SR A5 e B AN 85 B R TAE) L OF
ThdR By S (R MR B e IR . I T SRR
R BRSEPR TR BRI, BT X G 1 AA
M- R RIS 5 AN, AR BT RN
A Q420 4, M2 AR Ty M20 fiY 8. 8 £ ak 10. 9 2 o
R . A MR W AR BB A ]
PR g CoFE X K ALY SR8 152, A S
ARG ILER 1,

x1 {waGRST

Tab.1 Size of test components

KM F AN fi o e/mm A AR /mm BRERSEAL R AR [/ mm
@ L160 mm x 160 mm x 10 mm 200 10 8.8 4 100
@) L160 mm x 160 mm X 12 mm 200 10 10.9 4 100
® L160 mm x 160 mm x 10 mm 200 12 10.9 4 100
@ L160 mm x 160 mm x 10 mm 200 10 8.8 5 75
® L160 mm x 160 mm x 10 mm 100 10 10.9 4 100

1.2 {eEE

TR N AR S PR TR P A i 24 TR
Ao ARG A A P B AR AR g i 0 2 B T (T
JT TS T 2 e 8 -5 3 s A A fd B ) 4B v
D)o

TR BN R M R L 20 B
9 S S T P TOUJ A8 Y49 5 A S e, LA 75 (6 4 Af £

J1o AT T T4 o Btk . B Ik 2 BT
T T A2 Had A v AR AR, 5 52 s I T T oA i e
A5 RO 0 E i B ER P, QP 3, T TS — i
BRI o FH2(a) P 1234 KE0ERM
SR = A BB U FE £ 55 .6 D9 R AB T, AR
RN SRR A BRI 2 AT TR A5
B, — Ik,



48 PO R A2 4 ( TARERE 22 ) H45 5

0 = d/R (1)

d = Asin 6, (2)

R = /e +w? (3)

K, 6 N SRR A SRS TR s AL i

FRINIRS e, Sl fUAL EARXS T-5% Sl L i e R
w; A AR T

L4 REMEKSH

TERNERTIA R SR B, 5 st ] 52— 31,

FAI TSR A BV . R A

BB AT R BRI 1 RBERRHEILIE 5,

(a) ZH/RE

RE' S -
‘\ ! e
k &

(b) BN E K]
B2 AREETEERIAGRER

Fig.2 Schematic diagram and field device of test

(b) BEHE: 51 by

B3 ZIEREEE
Fig.3 Joint in compressive limb
1.3 ®HAHEAE
RBLR IR 1 s S bl o 19 R A

i ¥ \ A A AL
AL 4 KA (1) ~(3): (© LA

0]

¢
)
NG

S
|
|
S
(d) T bR AL
4 REHIRLESE ES5 MERRRA

Fig.4 Processing method of test data Fig.5 Failure modes of component



5 4 1) ZFIER 55 S KA R - Fef i 2 se 49
A A DUR AR R 2 0 W ik B PR AT 28, 2 i, SRR A A Y AL BE By AR FLBE R Ak, AL AR

T R AR IR, T A R AR L AR AR AL AR
AT BERIEH A o

2 BRTEHENEIE

iz ANSYS X} s K B 55 oE A7 398 PR R
TG ATHT, 58T MR AR I PERE . LR AR
FAA AR T ORI AR 2 K, 35 5R FH SR BT
SOLID9S i, FAR S [ T LU R #efh ¢ & - 1 sl
IR P B e, WAL T a4 i, DR AR R % £ 4 22

T AR 8 4 1 5 15 2 WL K6 (a) JE X, I3 # B K
0.3, 28 HHEsZm . B E 6 (b), s
10. 9 2 =y s Ig BUR IR £, = 960 N/mm’ , #z fR
SR f, = 1040 N/mm’ 8. 8 ¢y s M2 4 B IRk
f, = 640 N/mm* Mz FREESE £, = 830 N/mm’ .45 —HL
PR IRASTE &, = 1. 10% . = S P st e [ S8 40 3%
JAE 2% T, RSP g S 1 oS 2 SR SR T A AN T
AL, 0T S I AH [

a a
S ooz
4t e
¢,:0.018~0.021 ay
£,:0.08~0.10 /
/03
0 =~ 0 ‘
§ fh fm A & fm
(@) MR R (b) A K B (o) A1 RICAETRY

E6 A#XRMEMRTELR
Fig.6 Material behavior and FEM model

MET(a) ((b) Ml (e) A — B A th 2 i LR
K I EE RN ROT TS 45 R R A —
R, A BROCIFE 1719 R 00 4 5% 3l W1 5 A6 {6 )
ARG AR /N T el i s . AT ROTIT

80
701
601
50
40
30+ —a— A
20 —e— I
10+

0

MI(KN'm)

0 0.01 0.02 0.03 0.04 0.05 0.06
0/rad

(a)

707
601
501
40+
30+
204 —— A
—e— AUGH

MI(KN'm)

10+
0

0.02 0.03 0.04 0.05
#/rad

(©)

0 0.01

SRR AP PR 25 R R D O R A A2 B R 3 it e, A 7
(d) X FHAE G — 2 . B LA, A RO
TR AT U s M S W19 i 19 32 7 P BE MR IR AL
AT R RSO

70
60+

50
401
30] -y
20 —e— IO AH

M/(KN*m)

10

0 T T T T T )
0 0.01 0.02 0.03 0.04 0.05 0.06
#/rad

(b)

NODAL SOLUTION
STEP=1
SUB=50
TIME=.866 002
SEQV (AVG)
DMX=1.827 31
SMN=43.798 2
SMX=1 058.12

I3
LB W

-
.

3

43.798 2 b 1058.12

R, — —

€72
i

(d)

7 ABFMARTEE - HRAMEXNLERARTHBHFIIEES
Fig.7 M - @ curve of experimental and FEM analysis and failure mode of FEM



50 PO R A2 4 ( TARERE 22 )

945 %

3 M-60H&HFR

3.1 Kish-Chen = i ##& 5

A TR A5 B A BR 1, LA KA FR T 43 A SOAH
Xof B I AR AL, R 18 AR X B A BR T 40 B ok
SR R R A A OC R AN R LS, PRt 2R 4R
P — b O T 2 M M i e ) 5 AR B A B AR, T
DL B AR 45 0 45y R L] RO B AT 45 305
SRS £ ¢ FO AT A LB B, BT, BF
FEE T IR AL LRI ) M - 6 &R
LWBEAIRZ , Hrh % 4 1) Kish-Chen #5  B A
WA 0 3R S, B B, 1 5 (1T 52 3127 5T
PR, Kish - Chen BRI RIBTEANy

M= Ko/ |1+ (06’)"]'[’ (4)

6, = M, /K. (5)
K, M, RS K IR ShNEE  n IRIR
FEL, 0 F AR ERYE G fA BT I AT DL B th A BR T
THREAT R BB LU S — e FaE g M - o il
ARk (4) BT, R EEN M - 6 %
FEIRZ —  BIRIHZ anfEl 8 PR

M
K.
1
m
M /
i = "
1
, n3
H
1,
f n>nzny
'
)
,
'
b, 0

B8 Kishi-Chen ) 3 S# R &5
Three-parameter power model according to
Kishi-Chen

AN 2 1 AR ST TR AL R A BT AL, =

KOOI ITIHE AR 45 —F 10,9 2% o o B2 F A, O
H e = 200 mm A5k AW b = 140,160,180,

200 mm, FANEE 1 = 10,12 .14 .16 .18 .20 .24
mm, 5 GARE ¢ = 8.10,12 14 16 mm, #8412 d
= 16,18 .22 24 27 30 mm, BB % n, = 4.5.6,
BEFEIEE S = 60.90.100 110,120 130 mm Fl4H 41
B’E\Efy = 345 390 .420 460 MPa,3:if 51 4~ # AT
Fo B EE UL B A TR s FR A M, F) b e
NI K (52, oD Skt a it M, K on Fl
6, BITTHHE A

Fig. 8

3.2 WMIREBESHSH

El9(a) ZE1 s, = 10 mm d =20 mm.n, =4,
S =100 mm f, =420 MPa {50 1, 28 B o A 5
IRF 2545 R FR A HE A s i 181 ol T4 BROT i3
T AR A A2 59 i e (B TP O B ) T ok 3
R BR A 2, PRI A AR — 2 I, £ 4 ) JB i
JRJREXT M, FEABA 0

K9(b) &b =160 mm .t =12 mm .z, = 10 mm
n, =4.8 =100 mm f, =420 MPa {5 T, 22 {0 IR
ELARIE RS AR NI B A2 8] od = 18 mm%id =
16 mm I S A BRI R O 16. 1% . il 184 EL
FERYLRSERE I, 19 s RS SR B AR S K
P FAAB AR IR AR, - 2.3%

Bl 9(c) J&t =12 mm ¢, = 10 mm.d = 20 mm S
= 100 mm f, = 420 MPa, A6 b 15T, 28 {241
B9 R PR B 2 P DL i R A )
B, 5 SRR AS RS ARy = S I EEny = 4
S0P 290 5. 8% ,ny = 6 Bt ny = 5 BHIEIEF-2
H15.9% ,n, = 6 BF#E n, = 4 BHEIEF- 8 22%

El9(d) &t =12 mm.t; = 10 mm.d =20 mm
ny = 4.f, =420 MPa, A[a] b W80T, 4844 E]FE S 22
AR AR BR B FE A MR 15 oS = 90 mm #% S =
60 mm B 7 5 BR A5 FE -8 K 5. 4% ,S = 90 ~
130 mm 72 AR IE 5 A BRSSP AN, A< E] B
RT0 1.3% ol WLERAE S Z 18] 22 51 KT ()30
mm , 75 PR A [E] 0T 75 s A BR 25 RS2 e /N o

Kl 9(e) J&t =12 mm.¢; = 10 mm .d = 20 mm
n, =4.S =100 mm , AR[F bR , AT AL 5
JE f, 7 R PR AS R 2 e 15T . Q390 AN ER Q345 4
T AR FR S RS R A2 9. 6% , 4 MR HK o B
A f, BIHEI, M, AT EERE A B H, EAH 4858 2 18] 1Y
W/, SR 3.9%

K9(f) &b =160 mm.t = 12 mm.d =20 mm,
n, =4.8 =100 mm f, =420 MPafiil &, 28409 51
BRFERE ¢ IR A RS R A 52 W) 18] o 9 a5 5 2
AT S PR 25 LT 3T 5
3.3 WREHRIESE T

Bl 10(a)s&t;, = 10 mmd =20 mmn, =4.S =
100 mm f, = 420 MPa A0, AP Ta ARSI XS 4
TR BRAS R B R 1] K B B 5 AR RE B 1
HER AR TERVBITRS K (s ARAT R o [R5 (JREE )
THOUT  FHRBIISE (BCTE) B R R S - 42 4
MR 1.5%(1.3% ) ,b = 200 mm,t = 24 mm % b = 140
mm,¢ = 10 mm B} S LRI EERANE A 14.6%



554 1 ZEIER,E AR KIE S - F A 51
731 80
78 ]
76 1 ./.
l/
721 74 ] /,_,
£ E 727 Ve
= z 70 .
£ 719 < 681
> —a b=140mm = 661
70 —e— =160 mm 64 1
—a&— H=180 mm 62 1
—v— =200 mm 6071
69 L+—m———————————————1 8+
10 12 14 16 18 20 22 24 26 14 16 18 20 22 24 26 28 30 32
f#/mm d/mm
0 @ (b)
76
88{ —=— /=140 mm 75
861 —e— H=160 mm 74
® 84 —a— p=180 mm ]
Z 8] —v— b=200mm z 731
< 80 z
= 0® N
76 = 70]
74 691
72 68
70— . 67—
4 5 6 50 60 70 80 90 100 110 120 130 140
n, S/mm
(¢ (@
73 725-
76 —a— /=160 mm n
—e— /=180 mm
74
B n E
£ £ 70/
S 68 5 "
66 / \
64 -
) — 715 -
340 360 380 400 420 440 460 6 8 10 12 14 16 I8
fy/MPa tj/mm
(e (®

9 WIREESHSH

Fig.9 M, parameter analysis

K 10(b) &b = 160 mm. = 12 mm ¢, = 10
mm.n, =4S =100 mm f, =420 MPa {F4L T, 281k
WA TR RS 5 L 2 W B8 1) 52 00 &1 800 G e sl R
WG MR A LA 1 0 T 8 R, A 8 AR 1] - 44 18
N1.75% ,d = 30 mm % d = 16 mm K 10.9% ,

K 10(c) 2t =12 mm t; = 10 mm.d =20 mm,
S =100 mm f, = 420 MPa, R[] b 5B, A8 (L IR
BSOS o T s R R 25 R ) 52 o ] i A M A K Y
B, Y KRR AL SRR AR, ny, = S I ny,
= 4 B E R 35. 4% 0, = 6 B n, = 5 B
KR 41.8% n, = 6 W8 n, = 4 IERIGHE AR
RERIK T 1 1.

E10(d) J&¢ = 12 mm ., = 10 mm .d =20 mm

ny = 4.f, =420 MPa, [A] b fEOLT R [A]E S A2
A X 5 A BR 25 AR A sl ] T DR S B R
W S E R H .S = 90 mm 4 S =
60 mm 15 S A UG FE SN EERE R 6. 1% ,S = 90 ~
130 mm ZZ AR IR SR [B] 14 P24 2.5%

Kl 10(e) &t = 12 mm.¢; = 10 mm . d =20 mm
n, =4.S =100 mm, AR 6RO, 2T SR 55
JE f, R AR S M 2 B TR0 Ih e sh
W RE 2 1 1 RUTE T SRR P RO Ak 1 2
TO FEL A I T R BT HAT W2, R A ) v Ak T 5
W B, PRI 2k 2 20 D R0 B9 A ) e Al i B 5 A O

N
B’10(f) /&b = 160 mm.t = 12 mm.d = 20



52 PR A2 4l ERE R i) 545 &

mm . n,, =4.f, =420 MPa, %7 i b5 BE ¢ A8 AR X5
SANEREE SN EE AR P BB ¢ B3R, W a6 e 50

38001

37001
3600
3500

3400 A /—I— =140 mm
—e— =160 mm
33001 —a— 5=180 mm

—v— Ir200 mm

3200
8 10 12 14 16 18 20 22 24 26
t/mm
(a)
7 000 -
6500 —a— =140 mm

—e— b=160 mm
60001 —a— p=180 mm

5500{ —w— 5=200 mm

T 5000 A
4500 4
4000 4
35004
3000 - T T
4 5 6
n,
(©)
3500 4
34501 - - - d
T 3400 A
3350 4
—s— =160 mm
—e— /=180 mm
3 300 T T T T T T T
340 360 380 400 420 440 460
fy /MPa
(e)

WILEE FR 3G I3 A AR ¢ (B F33E IR 1.5% 1, =
16 mmiﬁgtj = 8 mm A%~ 6.3% .

3600
35501 .

3500 - /

450 —
3450 o

o 34004 /'

3350 1 /'

3300 A .

32504 /

32004 =
3150

14 16 18 20 22 24 26 28 30 32
d/mm

(b)

3700
—s— =160 mm

36007 —e— b=180 mm

3500 A
X7 3400
3300 A
3200 A

3100

50 60 70 80 90 100 110120 130 140
S/mm

(d
35501

35001 /
34501
I3

3400

33501 /

B 10 #EEHRESHIT

Fig. 10 K, parameter analysis

3.4 B REFUERH I EE R

HEXE 1T S TBAR T 0 AR 197 -
2,10, 4RSI R E 2 FEAT AHRPIBAERE ) 0, 1
YU 0.013 3 ~0.022 3,
35 AN

IR HUTE 3 725 R/ D — TR
A ARSI TR TR SR A8 3
AR, WARRGEFHOTFL,

y = By o s )

y I L R, R s oov, WREE R 5
BRI AR (T) ~ (10) 4

3300 T T T T T )
8 10 12 14 16 18
t./mm
®
M = p0-0114,-0.00775 ~0.006 15 70.229 L0A47680A097 8f'0A424
u j y
(7)
0.154,0.138 , 0.196 70.25  1.48 0.256 1 0.42
Ko =0"70 "1 d " n st (8)

-0.0336,0.033 1 0.0544 7-0.0949
n==b L d

-0.0423 0.00575 o 0.163
t s 'f.

(9)

~1.0916 _-0.127 6 p 0.013
s,

L

-0.2524,-0.0634, -0.1589 70.0439
0, =b t t d

(10)
WAL A 22N M T 1R 2454
B7 L ULEE 11, 11 s LA 1 AR 1 1 A

2B EEZL LW R R AT RR 2
0. & 11(a) ((c) M(d) P RE A TER R



5 4 1) ZFIER 55 S KA R - Fef i 2 se 53

T SRR SR 1 A SR 22 £5% , B K (7) ~ (10) BIA] Ay E Kishi-Chen #47 fr Y
YRFR Iy mTRALBILIT 121 BERIVE. B 1L(b) R S8 AR S M - 0 SR ML, S 1
WP EREE SN 2 KR 224 O £10% , HOR#R 2y 2019 s M - 0 A FROGIIZR A X HE LI 12,

JETESAET 1 1RPRAYZ, 80
90- 70 1
60 1
= 85 E 501
i;‘? 80+ £ 401
= 751 S 30+ —=— ANSYS
5; 20 20 1 —e— Kishi-Chen
=65 10 A
® 0 _ . ‘ .
X 60
0 002 004 006 008
33 T o o 0/rad
55 60 65 70 75 8 8 90 ra
I 5=160 mm,=12
TR SRR e (a) 6=160 mm, =12 mm
(a) 807
7000 - 707
;\E _ 60'
26000 E 50
z < 401
R 5000 S 30
& 20 —=—ANSYS
= | oY
iﬁ 4000 10] —e— Kishi-Chen
<
3000 0 ———————————
0 002 004 006 008 0.10
3000 4000 5000 6000 7000 0/rad
1 IR ICTT SART LG W BEAE (b) 5=200 mm,=16 mm
(b) 80 -
224 70 4
. 601
= E 50
\iﬁ 2.14 é 40
S . 0.95 S 30 Gy
= o8 —=—ANSY
= 20/ - 204 —e—Kishi-Chen
= E 104
X - 0
19 0 002 004 006 008
19 20 21 22 ¢/rad
e d=24
TR IGH BIRZ K (c) 4=24 mm
(©) 80 1
0.0241 701
Fen 60 1
& 00221 Z 5ol
= 0.020 Z 40
H ] S 30
= 0.018 20 ] —=—ANSYS
= i —e—Kishi-Chen
= 0.016 0]
= ]
Z 0.014 0
< o012 ' . . . . ' 0 002 004 006 008 0.10
0012 0014 0016 0018 0020 0022 0024 0/rad
IR SR LR i (d)£,~460 MPa
(d) B 12 HRTHZEN3 SEERHITL
B 11 BEARIREESH Fig. 12 Comparision of FEM and fitted three-parame-

Fig. 11 Error band analysis ter power model



54 PO R A2 4 ( TARERE 22 )

945 %

FRIRVEE R A 9 SR A BROT S HEEE 3 2
KO I o 1Y AR AE IR 2278 5% LA, BaUl& ith
A Rt & fisy . Bl 12(a) F12(b) Jyd =
20 mm.t; = 10 mm.n;, =4S = 100 mm f, = 420
MPa,2 FRLAS T2 A 90 00 T RO RS - Fesah
2K 12(c) MEN12(a) P d = 24 mm 0L T
9 A - R h 4 B 12(d) I 12(a) 5 51
IR f, = 460 MPa fFL N AT RS HE — HAMALk.

4 &

1) 150 150 B I A 4 e e DR e 42 S AR A

S P R AG 57 5 T SR T K B A R K 2, PR I A3 A

1) F AN 5 T A o

2) B A R IT 43 B AT N, H Al 55 A W] 6415 10

T, SNSRI ERAT DU SO T A AR PR A

HEORURHE BLAR (HE S b AR 5 R A ] B T 42

1R 1 R AR BR SRR A — MR, AR B RO A A

VR B X AR R 2 R R A A S i) 5 L 45

AHIF A IE O, 884 S B0 57 S5 46 2 Bl E 1Y 5%

Wi f5e R, i) FHOR B Rt ] 8 4y ST I e s W R . HE

b PS5 M AT 557 , 465 W) R T 1 /MU A 1R

FER]EE MRS EAR R T SRR AR B ey

SUTEAR R n AR ARG 1. 97 ~ 2,10, 45K 43

AR PR 2 B s RO SRR £ 0, 43 ARSI D 0. 013 3

~0.022 3,

3)#h4 i Kishi-Chen #5274 £ 2801 A

2, AU A A 25 2 1057 e Bt & A BRIT it & vy

HARM, Al TR THEES %

SEXH:

[ 1]Huang Huang, Li Qinghua, Meng Xianqiao, et al. Application
on Q420 large width angle steel in +800 kV UHV transmis-
sion tower[ J]. Electric Power Construction,2010,31(6) :
65 —69. [ BB, ARIE 1, i JETT, . Q420 FALAR £ N TE
+ 800KV Hem AT iy i [T ], Ay #1i%,2010,31
(6) :65 -69. ]

(2] E B2 B 58 BE. 1000KV & AR - 7g B - T ] 4
B EAC TR I R V0 T AR ZMP2 A 3k 4k 3% B AR 00 1R 45
[R]. Jboe . Ao o Bk 2= B 52 e, 2008.

[3] Kishi N, Chen W F. Moment-rotation relation of top-and

seat-angle connections [ R ]. Structural Engineering Report

No. CE - STR - 86 - 26. West Lafayette (IN) ; Purdue Uni-

versity , 1987.

[4]Kishi N,Chen W F. Moment-rotation semi-rigid connections
[R]. Structural Engineering Report No. CE — STR - 87 -
29. West Lafayette (IN) :Purdue University,1987.

[5] Abolmaali A, Matthys J H,Farooqi M, et al. Development of
moment-rotation model equations for flush end-plate connec-
tions[ J ]. Journal of Constructional Steel Research, 2005,
61:1595 - 1612.

[6]Shi Gang, Shi Yongjiu, Wang Yuanging. Calculation method
on moment-rotation curves of beam-to-column semi-rigid
end-plate connections[ J . Engineering Mechanics 2006 ,23
(5):67 =73, [JRI, FK A, EITTH. W5 R4 N M
VAR R - S eI Ok (D] TR,
2006,23(5) :67 -73. ]

[7] Yee Y L, Yee R E. Melchens, Moment-rotation curves for
bolted connections [ J]. Journal of Structural Engineering,
ASCE,1993,112(3) 615 - 635.

[8]Frye ] M, Morris G A. Analysis of flexibly connected steel
frames[ J ]. Canadian Journal of Civil Engineering, National
Research Council of Canada, Ottawa , Canada , 1975 ,2 :280 —
291.

[9]Kishi N. Advanced analysis of steel frames with semi-Rigid
connections[ M ]. Boca Raton: CRC Press,1994.

[10]Jones S W, Kirby P A, Nethercot D A. Effect of semi-rigid
connections on steel column strength [ J]. Journal of Steel
Construction research,1980,1(1) ;38 —46.

[11]Kishi N,Chen W F. Moment-rotation relations of semi-rigid
connections with angles[ J]. Journal of Structural Engineer-
ing, ASCE,1990,116(7) :1813 - 1834.

[12]Ang K M, Morris G A. Analysis of three-dimensional frames
with flexible beam-column connections [ J ]. Canadian Jour-
nal of Civil Engineering,1984,11.245 —254.

[13]Yee Y L, Yee R E. Melchens : Moment-rotation curves for
bolted connections [ J]. Journal of Structural Engineering,
ASCE,1993,112(3) :615 - 635.

(448 FREEL)



