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Influence of Continuity of Steel Bars Between the Segments on
Structural Performance of the Steel-concrete Hybrid Wind Turbine Tower

Wang Lei' ., Song Longdai’, Yan Haiyan’, Shen Xiaoping', Ji Chunming', He Xinheng’

(1. China Energy Engineering Group Jiangsu Power Design Institute Co. , Ltd. , Nanjing 211100, China;
2. State Power Investment Corporation Jiangsu New Energy Co. , Ltd. , Yancheng 224000, China;

3. Department of Structural Engineering, Tongji University, Shanghai 200092, China)

Abstract; Taking a steel-concrete hybrid wind turbine tower in Yancheng city, Jiangsu province, as
an example, numerical analysis is carried out to analyze the influence of continuity of steel bars between
the segments on structural performance of the pre-stressed segmented steel-concrete hybrid wind turbine
tower. Numerical analysis results show that the continuity of steel bars between the concrete segments
has little impact on the structural performance and modal parameter of the structure. Consistency be-
tween the numerical analysis results show that the pre-stressed segmented steel-concrete hybrid wind
turbine tower has good structural integrity and lays the foundation of possibility of more flexible design
of the tower.

Key words: wind turbine tower; steel-concrete hybrid tower; continuity of steel bars; vertical pre-

stress;finite element analysis



33 % 451 LREZERFFROERAF ) Vol. 33 No. 1

2020 4¢ 3 5 Journal of Shijiazhuang Tiedao University(Natural Science Edition)  Mar. 2020

Vil YR 5 T UBE - TR Hr SRS 4 i g 23 B

TR, XFE

CARFERE RS TRIER I GRE 050043)

TEE: DR ZHARS AL RE LR ERATRLAT R RA ANSYS FRAKM  ZET
WRAAEARAAEY AR LR LEARKR KT £ 6 H A4 L, KA Newmark-p
ERMA S A, EA ek L 5T RRANEF B A F ik F R AT WA RS A
FARS A YR, SR AT LA R A A K AT R AR R R LI SRR
KRB W8 BT A R B LA R R R R K FRAAK, B A v B ke AL
K332 3 & ik O AR KR AR 3R 4 A U st 2 AR R AR 09 3 A1 vm 2

R Ry A RE L AT R E NS R @ P B

hESES U441.3 XEFEEL: A XEHES: 2095-0373(2020)01 -0007 - 07

UEAE R il 25 A8 38 SRR R 25 M 1 88 6 T MR A R sh Inl i BT 98 2 80Tz okt S oAk
SEUUR BB T E T O E 6 K R R A IR B R . Wang et al S 0BT L L
BT AR ) I AR T A5 R R B N AR R T TR DL S Y M R AR TR T DA R A
TR, HEKGRED R T2 — R T AR AR AR AR S IR B 00 LSS . A 1T R A R 5k
R R 30 10 =B - 4 AT R R A R S 1) A 2 SR TP B R e X AR AR R B =
F DA S BB AN P A 38 P AT RN B R A

BB SE ST TR BE A S5 AR Sy — B B A5 A8 2L AR B 1SS BR N . H ET X I R R B Y 3
S e R B D RR A BT S O T A DG L ZE MR G R S B O G SRR IR E . A SO T AR S
P 2l FRE LA K I U 30 0 T 7 VR B BT SR S BF S 6T 42, 1 T ANSSY'S 3 i B0 3 i ST T 44
FRr G2 0 A B OT 43 T A 78, 1) A= S8 B 50 R AR ST R A R S iR 20 [ A ) BB 4L O R T Newmark-
SR o0 E A VR B AT SR 0 B N . FE LR A R S A B 1M TR B L G A R R R
T TR B A 2H G BT TR 4 IR 20 e 7 1) )

1 ENBERIPERE
1.1 IBiPEM

2 23 W R R RN T Ml 57 AN BT R AR AR AL AR AR RS s B R AL — A B

8 FAN I R R A

MZ,+CZ,+KZ,=G,+F,

MY, +CY,+KY,=F,
XM, (C, K 3 50 3 7R 2 R R (1) S R L M R B R L R B L Z, 2 Z, G ) R 1 7 R T
R RE (] S RN B ) L G O AR ) e AR ) i F, O R BRI EOIR O e . ML LG, K, 43 3ROR
T 43 M AT VR R - AT R AR A DO A I U R R R R R LY, Y LY A R B R A RS 1 L
] i A0 B ) L F, AE TR A LR . 5 F, BoAER 1 5 IAEM 7.

oy

s HE:2018-10-25 EEFE - FHE DOI:10. 13319/j. enki. sjztddxxbzrb. 20181025001

E£TH LA B AR R4 (E2016210066)

EEB N IR 1973—) AR WL BN RS R A B HUNATR . E-mail: Yanleeq1973@163. com
ZRIE SR XN A5Z . 40 SE FE R B e BT SR S SO O S AT LT . A 58 B R 2 BARFRAE AL 2020, 33(1) 1 713,



8 BRIEREAFFWRCEARF RO %33 %

FEERFRE A PR S o0 AT b (B 540 5 107 1T A 20 42 il o D00 20 30 1) 2 56 5 B8 RO ATR T 422 fph Ak A TRD L 5 25 1R 3
5500 T 42 fih Ak AR TR T 3R BE (o) o D) 2 0 7 42 M Ak 1) 5 o S RS K R T TR A
2y =r(x); + vy (2)
K v B TR AR BRI A R LA () NS D DR AL BRI s 2 NS S R
b R R ) 51 S

J 0 1 Wk B AR
= (kn Ay + cndsskpls +cpy 0,007 (3)
KA LA RIS /I\E'E?‘ALE’M‘HXT”XVJTJJZWRW o, Rk A
A—z—zg A=zi—zp (=1,2) 4)
VEFAAEAT B2 5 fUAL B0V 70 -5 22 590 6 I I 35C0R 1 /N A5 L ) R 2 BRI
F,=-F, (5)

Bk (2 ~RKGIRARIZ (1) R Newmark-g 23K 1% 1] 15 42 15 #8448 3 £ 48 19 3h 71 0k B
L2 HESHTE
HT ANSYS 19 %245 #8459k 2h B fE o3 B

B 7 0 4 TR A M AR A I 1 R R
(1) 57 5 92 2 ) A PR G K52 TR0 9 AR 4 4
TG BT JE DA B 2 K L S 2K ! y
{4 25958 T - 7 7 6 AR 18T 52 fh iz 5 06 £ BrF SRR | AR A
g% P , !
(D FIFH Matlab B4 A= 5l B I - 5% FF +F Wi TR e Re A | | EWA PRI | | A R TR R
7 MR 2R A 4R 0 o AR AR e R (Matlab) (ANSYS) (ANSYS)
e85 5% (30 15y TR 1 P4 8 5 1 % 4 | L» - ‘$J
AR I J7 12 25 OB T2 ol 5 965 A i LA
AR A i
(3084 % 54 30 3 1 Bl APDL 15 = I e e s o h e
SHEAT 5 AR 1) 2% B R L KA T A 9
F VR 11 T ANSYS BPF32 09 Newmark-g Newmark=p
T4 0 AT B R A 758 599 57 45 4 W P
B 3 W
2 $ﬁ%ﬁﬁ?}§iﬂ]1‘§ﬂ Bl #HBERIBESHTREE

2.1 IRE#@HR
R T oy R TR B b S BT IR . B A A B 95 + 140 + 95 m, BT UL R 12 mL B
WA 3.5 mo L BE IE R AR 3.0 m AR GE AL 43 m. BN AR 2 iR

EE M
gﬁ S §§ S
[N (o))
08 03
oy WS (<
= =
HIZ S
= S IFISITN TS !
© €)

B2 EHTEAEE(HA:m)



%1 2 3E 38 5 W0 B A0 R M AT AR B 0w B o AT 9

ERFR AWML 0 BF 2 SRR 6 M T A2 AT 2R 1) PG BB 3,56 m, B RZAT AR
T It 3 B N T2 R L R SRR B O BB A AT 23 D AT RURIAT L BT Y A [ A R B R e Ak . Bok
BT 52T 42 5% RTAR B ARCTAT o b 520FT O 25 1 A LRI 0 800 mum X 800 mm, " 5X AT Sy A2 o 2 A4 B4 48 1A
#i ] 5F 2 800 mm X 800 mm~2 800 mm, HI#F K I Q3459D M. FEH UL I M4 17 m N, T
SATNETE C55 A % SC iR BE - @ SR ETHEAT 1 . MR SRR 1) BK AR 20O B R ARE R B AR AU
2.2 ARTER

BT ANSYS @t 57 A FR .70 A B AL, A 4 AT 2 4 F CE S2RF IR AT AT 5% AT A SR 1808 SR
BEAM189 2 FIT AL, AR I ARCR F SHELL181 52 BT fil . W A BROTELBYIL 7 325 A>45 45,3 165 3R
FAIE,310 ST HTT . BURML N [E 45

AP 1 BSOS 9 AR R L AN 2 A P 1 4 8 R AR AR BT AL D R RS AR A 2 A 1 R Y
R B IR i AT A O R e R GE TR Z AN A O R R e i R R B L A 3 TR . R
BRI MASS21 BT REALL 1 5 35 BB R G R COMBIN14 BLITHLL, R 1 DR R 4 4> 55
BT 3 AN B FOCTE WVE S A . FEAR S A RO AN 4 TR . FRARRSHOLE 1

B4 ERBEGARTER

3 EFRBETEE

®1 EFEMSHEE

Jo i Wl g BHLJE & %L 5By L B R
AR Bff/kg AR BE/(N-m AR KE/(N-s)»m D Ak B/ m
m 480 ki 95¢4 cu 0 a 2.652 4
m; 945 ke 190e4 o 0 b 0.972 6
M, 32 025 k. 174 ca 7e3
J 82615.67 ko 48e4 co 14e3

2.3 BHEFEERE
A5 T Y- 5 22 1 2 P (1 - s T B AL A SCHIRL7 TR T T = A GO0 A S A UL S 7Y T3 Sk
il 7 R AR AT AR L BIOR T AR RO BT TP R

N
r(x) = EakCOS<27Ta)kl‘ + 4 (6)
k=1

S N Y =N =8 2 NNIS=X %7 54 3% N _ 1 —
A s AR ILBIIIRIE »ai = 45, (0) Do S, () N AER T FIRE L BT o = + b+ ) Awsk =1,

2, N, Aw= (0, =~ 0:)/Nsaw, F75 FEAESRE E TR Lo o, JZBBE, PR 0 = 0. 0lcycle/m, o, =
0. 01cycle/msé [0, 2 ]2 [A]3H & 35 5] 43 A0 B BEALEC 2 o 18T 0 08 AT 1l Al A s N Sy 57 9 1D AS °F J32
ERPSRIIE N
v TG 1 2 B 1 T 8335 85 3 oK BT | S AL o ROR
awy ? W <wr<w,

S, (w) ZJ (7
1 0 a)k)w,, 9w11<w1



10 BREHRERFFRCEBFFEHO % 33 %

Ao S AR TP A OGRS N ) 1Y o BT G 30 A5 80 AN [ 45 0 0 A T T R ol k. TR A g
SR 2 s . AR5 L B AT Matlab Z00R 20 5080 T A VBLCD 4 G4 1P 28 B2 it £k IR T
i MR AL 265 HE A RO TG AP i AN S BT

R2 MEATEESHEE

2
H 1 45 2 L%y @ £
= £
A a<0. 24E-6 0.12E-6 =
I
B 0.24E-6 <a<{1.0E-6 0. 62E-6 K, ‘ ‘ ‘ ‘ ‘ ‘ ‘
. _ 0 50 100 150 200 250 300 350
C 1. 0E-6 <<a<{4.0 E-6 2.5E6 YR 11 /o
D 4. 0E-6 <<a<{16. 0E-6 10E-6

5 AZHETFEEMLE

3 HERESH

N TR B 2 USRS AT A T R IR Bl R L o0 BT EE BN TR AF 9 B kL D 80
ke /b i 3 70 35 70 TR o6 AT SR F R AT SRR B B S e . WAL 6 BT R g3 S 2 R AT ST Hh B
iP5 P 1) (2 AL I A 2K, 3R 3 BT/ O 2 AT ST IS 0 (01 L 4 Sl (6 8% 8 B RRS T 52T Y 3l
JH 8 i 37 6 i R A g 6 R R X T AR B EAE T B0 e e 5 A% A0k g T

-104.0
-104.2

o g i

E £ 1044

2 )

= & -104.61

= E

g i -104.8
~105.0,

; ‘ ; ‘ -105.2 ‘ ‘ ‘ !
0 5 10 15 20 0 5 10 15 20
I i1 /s fif i /s
(a) W0 43 L0 L - AT 2 A (b) 2 3 AT AR

B 6 2 PRI R o B B A2 (6 (i 78 R A2 Hh 4%
HTI&] 6 RTAL 80 S FE TR BE 4 I B A 2028 FP 5 5 TR AR R ST B I AR 2 TR AR L i) 3 B8 FAR Bl iR
L PS8 /N U5 0 0 S0 TR 1 B 08 A A5 v RO AT SRR ATR 194 15 1) T 2 T A A AR 22 3l g {2 % W
R3 2HMATREFTL TR NEE

B N AT TR

BIDIE % — —— :
B/ mm B 73 5 /kN L F I/ mm Hh 7 3% & /KN

i s v 0.32 19.9 0.34 23.0

5 R b 0.09 26. 1 0. 09 29.2

WX 0.07 33.5 0. 09 39.1

i s v 0. 86 40.1 1.06 46.0

fh 3 3 A1 A BRI R SR I 0 T W B e e o A 1 AR e
SR LT UL 3 U TR A R B S 8 1 IS ARG T A 10 30 1 o
4 SHRMITH

DR RS T 0 A 23 USSR BB X A AT ST R i 3l B R I a1 SR AN [ 2 B0 R T
TR - BT S8 R 08 A T S 114 2l o 17 o 6 HG G SR A6 15 1 S A% i IO R gk w5 AR S R 2
BOT 2 FHIHT R BE R0 G IR S A AL . IR 2 A2 000 0 D AR TP R R R A A



%1 2 3E 38 5 W0 B A0 R M AT AR B 0w B o AT 11

4.1 HEFEE
R AR SCREAUL T3 I 40U 4 FlBF IR D  H 30 2238 0 80 km/h, AR SF T 2 Bl AT R4 5
O 1) A RS K A AN 7 R R R AR SRR 2 B AT SR B 0 T SR Bk e Ak 4 PR

0.7 -
My AU 06/ e OB
1.6 - y - 05 o LHIR
g 1.4} \E =T
ﬁ 1.2} g 04r
il gm [
1.0 - »% 03}
208 s02)
N
~— 0.6 [~ 0'1 L
04 e
o2l T ‘ L
A B C D 1 1% 2
7 181 25 24 (b) 32 4k
()31 5 5 A5
0.6 N VAN 4’0’ —m AT
0.5~ e kME 2 5| R
= 35¢
E3.0L
il
25
20
S 1s)
1.0}
L - | 05 | 1 L L |
A B C A B C D
A5 T4 4% DR
(I X ()P s B R

B7 AEAGHSRAEBIUEERMVBILE
H ] 7 00 A 18- 2 B X 2 ol B AT SRATR 8 1) 37 A 1) i B AR — 0 0 B A AT TS T R AL B
32 W 394 S 2 T L R B B o B s D R T A 1 55 ) 57 A% 4 i 24 C AR I IS ) 6 B
f 4 A8 5 1T B AR I Ao 0 18 1) 282 30 i A A T i S A AR AR A 1 A . EROr IR IR B
Jai o BT DX A F 5 5 P A M e S A AT T U /) 30 B RIS SR A 4 5 g o7 A 0 R LT TG AR A 1
3 SECTE IR B - 0F ST SRATR F 5 20 14 R A 0 AT SR AT T S O AR R A/ L T R N O o S
JEE R T SR FE 5 S 45 g 1 J3E ) e 2 g o A5 i B

F4 TEAFEEREIBS TRATHAEE kN
5 THI 45 £
B i
A B C D

31 s s v 16. 4 19.9 38.5 193.8
, AL 22.6 26.1 40. 4 96. 6
o BT

X 29.7 33.5 55.3 140. 2

s s 38.2 40.1 59.8 119. 8

B B 18 23 42.2 209. 7

32 F gk 24.6 29.2 46.6 115.9
O S

KX 32.5 39.1 66.6 176.6

s s o 43.2 46.0 54.0 128.8

H1¢ 4 WAL B2 AT T 25 9 A9 IR 1 52FT Jalt g 3 0 28 3 1 . L 6 o O R . R 0 SE T R B
JEi AT EATE BT ST A 3 R A B/ ELATR T A ORI il ) 3 A 2% fEDBOR P FE K AR g R
ST ) 3 i 22 A I . £ b A IR Y- R X SRCT R R AT SR ATR B S W A B AT T4 Y
6 » Bl 3 Wi 7 28 47 388 00 L8 A R



12 BREHRERFFRCEBFFEHO % 33 %

4.2 E@WRE
IR 40.60.80 #1100 km/h 4 Fft A [ 3 B2 BEAT 2 Bl 40 AT 247 2l g Wiy 182 #9920 A o A7 1T 45 R T B 2
AN TR] 3 RE IS 2 Foft S AT SR B o 6 1) 8 A% 1 e P 8 BT S, AN R L I 2 Rl AT SRR R SX R B )

AR S5 PR,
0.7 ¢ 0.22r
—s— i ST T 020} =
- 0.6 - e LT £ 018l "8
L \'u\ E . L
g <0161
Z05- ‘
A Zo014]
S04 2012}
5o =010
~ 0.3 — 008 |
02 v 0.06"“““““‘
40 50 60 70 80 90 100 40 50 603?%721( 8}(1) ) 90 100
%23 /(km - h™) B/ (km - b
(a)3f1 5 5 v (b)s2 54k
010 7 ] ) "\'\, —m—%ﬁﬁ'iﬁﬁ
0.14 - —=— P T | 4; e LT
E EN
B i 1.2
S |
8 8 1.00
0.8+
) | . 1 . | L . | . | 06 1 L | L 1 L 1 | L L L 1
40 50 60 70 80 90 100 40 50 60 /7(% /(kSO . 1)90 100
2 /(km - h! -2 /(km-h™
@éﬁﬁ) () B B o

B8 AEEEMXBITERNUBIES
HT &L 8 R 2 ol A AT SR ATR 149 U35 i) (37 A% W) 7 e 2 4 3 P9 398 T i/ L i i B AC /o S J SE TR TR O
5 A B O AT 68 i 7 A WL A 4 ] A A A R e R A R R B RO(E L A AR A SR TR DR
o 5 A 5 ] 07 B8 AR WSO DN DI I v R S B ALk ) ) A R S AT DR/ G e e iR v Ak e i
o 384 45 19 Dl W e K 91 40 2233 g 40 keen/ B HR 2 25 P AR SCBRE ST 1 1) 3 A% R A DR 0. 21 mm,
£S5 FREERBL TEZEITHNEE kN
Kk

40 kme+h™' 60kme+h™" 80km+h' 100 km e« h™'

BTG L (AR

5 % 32.4 23.3 19.9 16.5
A H L r 40.7 30.9 26.1 21.9
AKX 56. 2 41.6 33.5 27.5
v s 5 65.7 47.1 40.1 33.3
15 % 34.3 25.2 23 19.8
- 22 R4 43.6 33.1 29.2 24.7
HAX 61 45.5 39.1 32. 4
v 5 % o 72.3 52.9 46 38.7

P 5 AT B 4 4 5 2 BT ST 1T BT 94 B g ) IO 249 % 0« L DR R R N i
S PR DAy 5 O A 22 18] B AR AR T A (B g A T 1 I Ji) 50 T S 980 o AR B T IR 8] £ 080 2 o AH
VEF 3 B384 12 AR/ o BT DA 900 S A S 9 ] — o7 0 09 b B 0/ o 90 0 T TR B b ) o AT SR A R 5%
b 7 38 S A B ik /) G v e 25 B v AR SERT il 9 DR e

Fh P T DL 0 08 3 3 T TR R AT A ) S W L AR O o B 3 ) 38 A T SRR 114 3l g i
PR/ o 5L i S A o T LA i 114 2 3 AN B O /N AT SRR 1) 3 e



%1 2 3E 38 5 W0 B A0 R M AT AR B 0w B o AT 13

5 H#ig

COFB P BFT IR BE - REAT 28O I 52 16 18 W82 it/ 5% T 9 3l 0 o 7 50 35 e 00 A7 52 A P S 9 0
e T o BT IR B L AT IR AR oy — POl b B EL A4 ) L

(20 45 T - 68 J32 Xk 340 73 1 7 ¥ 06 - T 22 A7 1) B2 W 652 O it 5 AR T 25 0% 1) 86 AR 2l i ) 38 34 39 o
L3 WO B O 1 AR UE AT S A R e B 12 B L R AT SR IR S TR R TR 2

(3) 75 7 19 394 0 o 30 70 JE 70 T 56 T SR A9 160 8l 3 0 2 3% 3 /0 o 1L 0 A /D i LA g Y
T A RE D MR /N 70 0 L 7 TR B - AT SR A 14 50 g i

(OARSCA R 2D BB AR T 23 A9 R0 42300 O 402 R0 O i L W E L BELJE 55D 1Y
SRR LR A R 000 1 4 3l 19 52 TR 1 75 IS ST 5

£ % X W

[1]Ettefagh M M, Behkamkia D, Pedrammehr S, et al. Reliability analysis of the bridge dynamic response in a stochastic
vehicle-bridge interaction[ J]. Ksce Journal of Civil Engineering, 2014, 19(1) :220-232,

[2]Wu S Q, Law S S. Dynamic analysis of bridge with non-Gaussian uncertainties under a moving vehicle[ J]. Probabilistic
Engineering Mechanics, 2011, 26(2) :281-293.

(3SR 3CHe R 2. T E 406 RS BE R EME R S IR S 2 L) ). g K224 B AR, 2011, 37(8):
2423-2429,

[4]Wang T L, Shahawy M, Huang D Z. Dynamic response of highway trucks due to road surface roughness[J]. Comput-
ers & Structures, 1993, 49(6):1055-1067.

(5 R SR KA 1P 8. B3l 40T A SCIEAG 3 R RS S BRI e LT ). AR AR R 224, 2007,24(1) :35-39,

Lo R R4, MR R IR DU BEDLAR T AP BERCHI LT, AN R %4 . B ARBL2 M, 2003, 31(3):326-329.

(7T 4e 250, s . BUE AP IRECE R D7 120 ], 30l is i TR 244, 2006(1) :29-33,

(8 M6 A ek, AR SE 38 . R4 S SR TR BE T A & BT AR I 1 20 BT LT ). BRIE ST, 2016(4) :9-12,

Lo T s AL A7 Bl 0 K {55, 40 SR IR B - I B A A A AT S [T ], SRl 24 5 AR A4, 2010, 27(2):96-101.

CIOTR . WL BERT 22 4 0% 2l al AR AL 05 ELAF 28 LD, A M AR JH K%, 2003,

Dynamic Analysis of Partially Concrete-filled Steel
Truss Girder Bridge Under Vehicle Load

Li Yanqiang, Liu Deyun

(Mechanics Engineering Department, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract: In order to study the dynamic response of partially concrete-filled steel truss girder bridge
under vehicle load, partially concrete-filled steel truss girder bridge in Tianjin Haihe was taken as a
case, the finite element model of bridge and vehicle was established by using live and death technology in
ANSYS and numerical emulation of vehicle-bridge coupling vibration was made. On the basis, the influ-
ences of different deck grade and vehicle speed on dynamic response of partially filled concrete steel truss
bridge were analyzed and discussed. The results show that partially filled concrete can effectively in-
crease the vertical stiffness of steel truss bridge and improve the bearing capacity of the bridge, and the
grade of bridge deck has great influence on the vehicle-induced response of partially filled concrete steel
truss bridge, the lower the grade, the greater the increase of dynamic response. Increasing vehicle speed does
not significantly reduce the dynamic response of partially filled concrete steel truss bridge.

Key words: partially filled concrete; steel truss girder; vehicle-bridge coupled vibration; bridge

level degree
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The Parametric Sensitivity Analysis on the Spatial Stability of
Through Catenary Concrete-filled Steel Tube Arch Bridge

Guan Wei

(Surveying and Designing Institute of Shanxi Province, Taiyuan 030006, China)

Abstract; To study the spatial stability of through catenary concrete-filled steel tube arch bridge and
the parametric sensitivity influencing the structural stability of this type of bridge, this paper employed
Midas/Civil 2012 finite element software to model a through catenary concrete-filled steel tube arch
bridge in Yuncheng. The bridge was in completed state and in completed operation. The results show
that the bridge arch rib structure has two kinds of instability states: in-plane instability and out-of-plane
instability. The out-of-plane stiffness of the arch rib is less than in-plane stiffness. The instability mode
of the arch rib structure is first manifested as out-of-plane bending instability of the arch rib. At the
same time, the parameters affecting structural stability, such as the connection form between arch ribs,
the wall thickness of arch rib steel tube, the number of single-side suspenders, the elastic modulus E of
concrete in arch rib cavity, the rise-span ratio f/L of arch rib, and the arch rib-arch axis coefficient m2,
are compared and analyzed, and the sensitive parameters affecting structural stability are obtained,
which can be used for similar bridges in structures.

Key words: beam-arch combination continuous girder bridge;catenary arch axis;spatial stability; ei-

genvalue;instability mode
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SO o 25 B 22 M) A Al ) 3 SR W AT AN TR 8 A 7Y T P T A A A S A 2R L B XL 2 A ) AE K
T FE) 0 T3 5 — B0 1 O BB R P 1 58 A R AL

L1 KRPENKFES

B 1 S, DT 285 15 10 A AH 1Y R AR 1) AR A L 3 o AL D B RIME s TR R T AR 7 19 4%
R 20 AN O EAME 0 APIR SR BOR WA A8 K I n+ 2 OB HME Y AT
E G R AR s 3 e+ 3 A JHL v 2 ] R 1) AR AR Y LY DL T SR B 1] AR AR Y 2N
NBGEME A n DY AR R s F 9 F0RCEER il 3 098 0 805200 01 9 BE (s HL oA BU A F2 855 1 1
YA F7 5 3 m+ 24 D RAME .

R P4 20 0 SEVAEUSR A 2 20 A B 1) AR A L BIRT Y ~ Y, 259 5020 S0 4 7 G i) A0S 1 32 ) - A
WELIEA LR 20+ 2 U5

Hy, = Hy, + F X a,
Jar+ (S, —-Y,)?
HX‘><<Y1—Yl,>:H’“x<Y2—Y1>+ F X (S, -Y)
b, b, /al + (S, - Y,)°
Hy, + F Xa,=Hyx; + F X as
Jai+ (S, -Y,)? Jai+ (S, -Y,)?
He gy, -y =He sy, -y + E X (S, ~Y,)+
bz b} a%"’_(S] _Y1)2
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«/af + (Sz 7Y2)2
F ) F (1
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F X (S, ~Y))
a%iﬂ +(S,'7Y1)2
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hxmﬂ —Y”):MX(Y"”—YW)Jv E X(S,=Y,..)
by b2 a2, + (S, —Y,. )}

VAL 20+ 2 ANTF R A 20+ 2 AN RANR R dE n A BERE R ARAR Y, (Y, NEHED I n+ 2 4 F
S5 Sy NI 43 1 He o EGF AT ISR A AR R b Oy B AL 5 A% G 1 AT — YR il 1 3 8k 5 A BT AR T] s e Ak ok
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[ dH Y, dY $10L

RAB I Hy A Y, |

eYKO=Y .~V
eYeO=Y, .-V,

v
|H,=H +dH:dY A1k < A
v

. > Y=Y +dY

[ FRUCRAE AL H, A Y|

if
eYe)x(eYe0) > 0

if
abs(eYk) > fi

]dyzdy}—l—Q dy=dy/2 |

v i i
eYk)x(eYk0) > 0) (eYk)x(eYkO) < 0
FEREAS IR 1 2 1 v
eYeO=eYe P AT i

1 if H,. Y, L o Li : oo
eYe‘fm el < = R RRIE
dy=—dy | A=y | &
o
|dH=dH|  [dH=-dH]
v v .
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1 B FF E4 468 FL, 2 2 7 80 S i 80, H, = H, x Qe

b
2.1 RETBE
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I A RE S M L SE () B3 TE KE TBE R R R s Fe I BUE -
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(2) EBAALASZ W T 1 R By XA T3 F0 5 sS AL i & b I

(3) 2.5 2% B0 L TH (4 A8 1) 28 T I T AN &
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FB 0 TR P 0 B 4 L e A AR DL ) |
WAE AR T ) 5 AR bR — BN O TEAE . AR LA B
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H,»l = - H»,-z (2)
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_qS; +2V, S, 1 ~ 5 S
de==o— ’—;[ 2 + (V. +¢S)% = /H, = (V)7 ] (5)

K, Sy ARPICTIN S KL 5q AT IO IR BEM R 10 3945 975 Hy JV g 308 A i 52 31 1 9 1) 1S [n] 43
T35 JI0 7 1) 5 A AR RGEARFE— 3G E R A IT ORI A g R ST B A d, O R ITAE K N
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B BRRE S ANCMBE Hoe Lo Vi s IR PICEEATT FE AT R FI RS HL A2, Soe o X
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3 Ef

R AATRRN, ELEERE 125 m, B 12 m, MAFRIEE 3 m, WAL 6, AR ) XUER, 7685 H 103
m B EHUR B B R R = B A B 3 A R R BB R T2 8 A 1 ECR AS RTT K
PLR AN T WK 18 43 T3 0.5 kKNGHURBLR A BE M Gh 1 40k 3 mo, 0 XL 32 45 0 20 1 A PR R 28 1y it
B R 2 6.7 ma KA IE S 8.5 m MM AN 7.5 m., AR ELEH 7 R 6 X 19s + IWR(D36) il 44 22 4
I, WAL 1. 1e5 MPa; [ FF R F @32 MR, 8L 2. 06e5 MPa; Hi X 345 5 B 6 X 195 + IWR (D36) %
B2 A AR 1. 1e5 MPa; HL KB ZR F B 6 X 195 + IWR(D16) BIFR 22 4 , Wi 1. 1e5 MPa,
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38x300=11 400

B6 EANTEEHNHERE(BAL:cm)
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FRIC LT 45 B TR T2 S5 A | 8 o A bR S JC R T BE LR 1.

F1 ARFELENTRELEMERAKE mm
RiP=S x ¥ z L, RiP=s x ¥ z L,
1 0 -8 500 -6 700 11 54 500 -1 000 -2 036.2 5999, 5
2 500 -8 320.7 -6 607.1 539.2 12 60 500 -1131.3 —2134.9 6 001.8
3 6 500 -6 339.3 —5519.5 6 411 13 66 500 -1 409 -2 341.1 6 009.5
4 12 500 —4733.2 —4 569 6 283 14 72 500 -1 863.2 -2670.8 6 025.7
5 18 500 —3477.6 —-3774.3 6 180.7 15 78 500 —2536.4 —3143.3 6 055.6
6 24 500 —2536.4 —3143.3 6 105.5 16 84 500 —-3477.6 -3774.3 6 105.5
7 30 500 -1 863.2 —2670.8 6 055.6 17 90 500 -4 733.2 -4 569 6 180.7
8 36 500 -1 409 —2341.1 6 025.7 18 96 500 -6 339.3 -5519.5 6 283
9 42 500 -1131.3 —2134.9 6 009.5 19 102 500 -8 320.7 -6 607.1 6 411
10 48 500 -1 000 —2036.2 6 001.8 20 103 000 -8 500 -6 700 539.2
4 WIE
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BRIk 15 B T DR TR BB - Pk G 5 i ) 0 F 5
GrE', K &', #BEX', BAF

QL RAER S A TR, K 300072;
2. KRR EW AR TR S R AR EWEALRE, KA 300072)

WE A AR E BB H RGBS BARERREFLSELEHNHNETEEH 500
kg/m' 490k BB L, AR THREHDB ENERRE LRERE FURE BKE ARG
Hom, St TR RN A BNEREITT oM. EREAN - EEREHB TR B
Awm ey TR 2 F R, R KRR E RIRE AR R LR R R AR AR K R R
RN

KPR 0 AR L AR s R AR B T R R SR R

RESEE: TU28. 041 XEFREML: A XEHE: 2095 -0373(2020)01 - 0031 - 06

0 515

LRI IBE - SURR A 2 M /K UG o 2 K 00 RS A T8 Y ) Bl 9 9 T A BT R R R LK B S sl 2
JRC RS L e TR B L DS L IR B A O 2 L AR B o T T R L ER AR R Y
R SRR o W IR TR B e DA FCAR T 25 L L DRl Rl A0 Rl 7 A M | By KRS A 45 000 S5 1oy P B T )3z 1z T
TS H T B TRAURT . (R TR TR B b A S AR b SR TR K IR L (— R AE 0. 5 L)
B S FEBESS AL B R o KRR R AT L 2 BT SRR L X R I TR TR BB T AR T
FAAE I e S L2 — o X AN OO AR IR E PTB E UOR PR 25 7 A A RBZ I i HL oo [ A — Rt i
URIRBE L WD A 7 LA 7 ) R IR N . US4 [ A AN 2 2 R R TR B L T A T R R A TR
ST . B SC A A A8 N A% FR UK AR R AR T TR B A KO L R g R ORI RL 3 T T R
T U JUSE ST 0 2 W8 IO g X 00 0 0 PR TR R 1 T 4 A B — R AR . A D g R
LB N A B R AF A PP T4 AT 7R R BE b PR R — R AL B SCRE R AR L T FE TR BE A Al AR
A WAL IO 3 5 BT BEL DT WS 47 S 80 11 K T ] 2 LA BIF 5 R B HCS AL I ik 77 v 1) 8 4 1R 455 K Ak 7™ 4
BERRLAT o AT LA A0 Y PR AR BB e v K R URE U1K AR 7 A A A S W R B . R AT BT T KR
PO IR ) BT £ A [ AL R DR TR B AR PR RE RS2 R . B A SR R L 04 R SRA AT LAk /N 7R
REE LI BANALIK T AN . Al AT] B Hh A0 T 3 7 7k Dl 3 DR TR 088 1 T 4 O 2 D R 3t 1 AR e iy A
% AELJE S B S8R A REAR A 3t 39 2 TR v X TR TR B - AR IR RE A 225K .

AR 3 S 30 3 A AR ML I T2 i S50 AT i it B o o P 2 o RS 9 9O 4 I A A T ARG — e
R ORLAR — R 1 ~2 mm SN [ AR TR T AR K TT LA R TR R i
ZLVERE TR R VERE | b B L AR TR R e A P K 3 A R B AL 2 (B RN 2 T AL AR L BRI B A
P ET )2 AR A SRASUR R A Y TR YR B - U B T [ 9 Ah I B A Rl . PR . 2 Ol R
FEAB MG SRy Xof 6 A TR 35 - P B B9 52 W) » LS00 8 LT P E L 9 o L R B PR L

1 iRIe
1.1 R

I Fs HH#E:2018-06-05 HERE:FHE DOI:10. 13319/j. enki. sjztddxxbzrb. 20180605002
E&E BN PR e (1994—) , B B WF 58 A R 58 Oy 1) iR £ k. E-mail: 1006377291@ qq. com
W e e - A 0 B ST, A5 AR TR Ky 48 12 %o 00 TR TR BB 1k BB 2w A B 9 L . A TR G K2 i H AR B2 R, 2020,33 (1) :31-36.
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IRV R R KPS R A P2 B B e R P - O42. 5, EEMEREFE AR W& 1 BT R . AR B 32 F DU
N4 BE IR PR AA LA BRAS R AR 7 (9 60 H AR B » o PR TH 52 i AL B A% o Al » R WL % B0 1 050 kg/m’,
J A5 Ay R K B SR B BB A A PR IR M 19 52 5 28 S ) L s BT K 30 4.

®1 KENEEMEEER

EE 45 W) ] /h P58 &/ MPa Py i/ MPa
teFmE A/ (m® « kg™ )
] EE KL 3d 7 d 28 d 3d 7 d 28 d
346 2.07 5. 20 22.2 35.7 50. 2 5.2 6.4 7.9

1.2 RWALELL
TR A E BT e o TR VR E 0 R AR ) (JGT /T 341—2014) , B T4 5 4 500 kg/m’ . K
JRECR 0.5 R 5 5 o TR 0~9% B 3%,
£2 MERBRLIEAL

RIS K/ (kg + m ™) K/ (kg » m ™) K/ (kg + m™) MR R/ (L e m )
RO 417 0 208 723
R1 404 15 202 719
R2 392 30 196 714
R3 379 45 190 709
1.3 H&IZ

PRI BC A LO K 2K U8 SAR B 55453 ACIR AT RHE & I BUBEHE - B AP S BEHEBL P18 58 1 min {418} 58
TP G ZARIMATK  FEBERE 2~3 min. SRJE A A 4 A1 UK L PR BEFE 2 min Jo R A TR IR
FUBIREE A RS- 24 b BRI AR IR 7 2 A SR 4 2 R E IR ST AT
L4 RBRFERAT

PR TR BB 1) T 58 B2 MR/ R L T 56 52 118 00 7 A Fl s HE UL TR TR B 1) (JC/T 266 — 2011) 5 it 4k
RE 156 SR FH [ P 249 SRS 4 1 6 125

(O T ERE . KRS 100 mm X 100 mm X 100 mm. B4 3 N IK0F . B 0F T bRl IR 372 57 40
28 d JE B BT TR BRI EBRE R 65 C L HET = ATE 2 AHRE 4 h BURE 22 AR T 1 g U
J5 SE R T A5 20 o v 0 2 L BB AR U o DR AR AR VL T o 54D 5

_my

o=y

(2) B B R ALBR AR . 8 T8 B0 )5 10X 0 1 08 5 Bl L IBCRE (i P 00 ik A S 28 ACOIR . 7

1105 CHRBE N T4 1 by U S B0 TR 2% T 3 2 20 FRIBURE 60 g  FREERS I 2 0. 01 g. & E

AR AZE O 2= 0~1 ml ZI B 2R, 35 1 ZE A E IR K I A 5 IR 30 min, id FAIR IRV, . M

i 3 KR b BRCH 2 B . FH U8 40 2 EROR AN K 35T 9 A T 8 A A T . N2 RLKE RE e A

I R E R RERASWHE PO 22 [ F & TR IR 48 155 30 min, it &8 RS V..
WIRIR B+ B o0 MALBRE o #(2) . KXG)IH5,

_ 60
VRS

D

2

m
=(1- ¢\ X100 3
¢ ( o 'V> g )

(MK AR PR R BB ) 3 e, bR SR 7 28 d R U M T R E L BT TR A
Vo 10 A LS FRIBOSCE o  AR SRR IR A 20 CHE R RS oK 2R BE 1/3 . 0445 1 do Bk =



F1H PRk % R R 5 B X R R R B AT R 33

A 2/3 b OREFE 1 . 4REIK BB AF 30 mm SRR 1 dE O AR AR P T R K 4 ot
SERPFRIBUTT i my o A3 (4) L 30GB) 23 BT R BRI K R Wy R KR Wy

W, =2 100 4)
Vo
W, =2 100 % (5)

K, o0 HIKIHE .,

OPERE R . RS FE T2 R, B 9 Ml aE, PRl S s B A AR ME SR 3 % b, 4 91 35
P13 d.7 d.28 d JFEUE BRI R 65 C TR s XA TRt E 0E S 7R T RE IR L I
Tn#E FEH 0.5 kN/s,

(5) [ P 2 R 4 i o a8 R AN A5 0 [l oo I3 I R0, B A 4t 1 4 A% R 140 mm, N AR R 100 mm,
F R 40 mm, B 3 AN AME . EFRAUG B TE N BATRY 48 h FHRERAME . JE LRI 24 h, il Rk
PRIF 24 0F ] L o 75 2L 2058 B D it Tl 24 24 h 5 i 24 % 58 B L Ani&l 1 R .

(a)R1 4 (b) R3 41

1 RBARKAHE NG REE

2 HR5UR

3R AR 8 1 DRI B - 04 8 BE L LB IR K A T SR R L T SR [ A 2 4 5 1 U
R
®3 TESEHBENERARRELKBER

i Beksis e/ F g/ SR WK/ % U1K 48 B / MPa FRIRtE])  SRE R/
% (kg » m™?) W, Wy 3d 7d 28 d h mm
RO 0 518 86. 1 19.4 37.5  0.845 1.443  2.128 11.4 3.09
R1 3 508 85.3  19.3 38.0  0.816 1.301 1.728 13.0 1.82
R2 6 477 84.6  18.6 39.3  0.607 0.941 1.424 17.0 1.28
R3 9 460 83.6  16.4 42.7  0.587 0.803 1.051 18.7 1.07

2.1 BEHMNEKBRELTTEERILERNM

T R I R B L U R ) RN R 2 — H B A R ARG . A8 52 br AR v e )18
DRIRIE L o 30 L HG 2 2 R Al B30 I T YR 6 - A ol o &1 2 R ARUBER 2 X I R TR BB 4 1 % R AL B R 1Y
SR d B RTAL () Bl ARUBEAS 15 65 1) A I 388 O 90 TR TR € 1 2 B A S IR 3t el /S o AR N 48 A
O V0 S RO S HE AL T 9 BE IR/ T 58 keg/m o T LU/ TR BRI AR SRS 45 s b T K Y Y L AR
JEE 3 B 2 WL BE AU K D 1/3 7 A 3K TG 5 2 W AR DR TR 56 - 1) %65 2 5 [ I o AR JOH o — Aol A e 1
(A AU ARE L A R K o A5 (] PR B 76 PR R B e TR v 5 7 i AR AL DT B Wil 7K R KA 7 0 Y
eI BT 3 EERRAR . (20 YL PR TR BRE L 9 AL B 0 AR A9 42 1 R 38 R T s/ » AR e M 45 S 9 D6 Ik 1fg
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Study on the Influence of Crumb Rubberon Properties of Foam Concrete

Chen Longlong' , Zhu Han'>, Shao Jianwen', Shi Wanwan'

(1. School of Civil Engineering, Tianjin University, Tianjin 300072, China;

2. Tianjin Key Laboratory of Civil Engineering & New Materials, Tianjin University, Tianjin 300072, China )

Abstract; Foam concrete with dry density of 500 kg/m® was prepared from rubber powder derived
from waste tires, ordinary Portland cement and composite foaming agent. This paper investigated the
compressive strength, porosity, water absorption, and crack resistance of the foam concrete with differ-
ent content of crumb rubber, and the microstructure of the foam concrete was analysed by SEM. Al-
thouth, the addition of crumb rubber had an adverse impact on the compressive strength of foam con-
crete, the results showed that the time when the first crack of the foam concrete appeared was pro-
longed, and the growth rate of crack slowed down with the increase of the content of crumb rubber. Be-
sides, compressive strength, the porosity, and volume water absorption ate were gradually reduced.

Key words: foam concrete;crumb rubber;water absorption;shrinkage cracking; compressive strength
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Dynamic Response of Adjacent Foundation with
Overlapping Dynamic Load on Trains

Zhu Haitao' >, ShuWei Bizhang'

(1. School of Civil Engineering, Tianjin University, Tianjin 300072, China;
2. Key Laboratory of Coast Civil Structure Safety of Ministry of Education, Tianjin University, Tianjin 300072, China)

Abstract: This paper addresses the dynamic response of foundation pit structure under the overlap-
ping dynamic loads of subway trains by using the finite element software Abaqus. We consider seven
working conditions and analyze how overlapping dynamic loads impact on the internal force and deforma-
tion of foundation pit. Analysis results show that the overlapping dynamic loads of subway trains have a
great influence on the settlement of surface soil. In addition, this influence increases as the speed of
trains increasing. The overlapping dynamic loads of subway trains also have influence on the deforma-
tion and bending moment of the retaining structure, where the static load part of the trains plays a con-
trolling role. However, the overlapping dynamic loads of subway trains have little effect on the support
axial force. Moreover, there are differences on action laws between overlapping dynamic loads of sub-
way trains and dynamic loads of single-layer train. The upper train load plays a controlling role during
the overlapping action process.

Key words: overlapping tunnel;train loading; dynamic response;foundation pit excavation; numerical analy-
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Research on Protection of Fractured Rock Slope
Based on Anchor Frame Beam Combined with Active Net

Xue Yanyu', Li Jiaxin’, Yuan Wei'

(1. China Railway 24" Bureau Group Co. LTD, Shanghai 200433, China;
2. School of Civil Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract ; Selecting two rock slopes of a certain highway as research objects, and the effectiveness of
slope treatment measures is evaluated by using the limit equilibrium method and Hoek-Brown empirical
strength criterion. The most typical characteristics of the two slopes that the layers of strata are thinner
and the fractures is developed well, which are in a state of the maximum balance and it is difficult to di-
rectly determine the calculation parameters. Firstly, the basic geologic information is acquired from geo-
logical survey and the typical calculated section shape of the slope is confirmed. Secondly, back analysis
of geomechanical parameters is obtained by using the slide software, which provides evidence for the fea-
sibility of the slope protection program. At last, for existing protection program, this paper analyzes the
effectiveness of slope protection measures in three conditions (normal conditions, heavy rain conditions,
earthquake conditions), and evaluates the slope stability after the treatment.

Key words: rock slope; Hoek-Brown strength criteria;back analysis of parameters;stability analysis
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Vehicle State and Road Surface Adhesion
Coefficient Estimation Based on Nonlinear Model

Zhang Hangxing', Lu Yongjie’, Zhang Junning'

(1. School of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. Key Laboratory of Traffic Safety and Control in Hebei, Shijiazhuang 050043, China)

Abstract ; Accurate identification of road conditions and driving state of the vehicle can be important
basis for safe driving. To verify the effectiveness of the estimation value about the status of the vehicle
and the road surface adhesion coefficient, the simulation model of four-wheel three-degree-of-freedom
vehicle with Dugoff tire model was established based on Matlab/Simulink. The Dugoff tire model is used
in the model. Based on extended Kalman filtering theory, the estimation algorithm of vehicle driving
state and road adhesion coefficient are designed. The adhesion coefficient of the double lane change is the
condition of setting, whose value is 0.8, 0.7 or 0. 6. The consistency of the moving state of the vehicle
and the input excitation of vehicle steering is compared, and the rationality of the model has been
proved. Combined with the model, the longitudinal and lateral Dugoff tire model calculated by the mod-
el of Dugoff tire model is calculated by the model. By Matlab programming to achieve estimation of Ex-
tended Kalman Filter algorithm, the vehicle driving state parameters and the road adhesion coefficient
being estimated by this algorithm are compared. The results show that the maximum value of root-
mean-square error (RMSE) between the estimated vehicle running state and Simulink numerical solution
is less than 0. 03. Because the tire is in dynamic contact with the road surface, the road adhesion coeffi-
cient fluctuates up and down. At the same time, it lays the foundation for the stability control of heavy
vehicle.

Key words: nonlinear dynamics;extended kalman filter;road surface adhesion coefficient; Dugoff tire

model
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Study on Cooperative Optimal Control of
Manipulability and Stability of Vehicle Steering System

Jia Changwang., Lu Yongjie, Yang Shaopu, Li Zhenyu

(Department of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043 ,China)

Abstract: Two-degree-of-freedom vehicle model was used for the design of active front wheel angle
control. LQR controller was designed based on vehicle stability. The feasibility of the controller was verified
by simulating in Carsim and Simulink for dualline condition. The qualitative relationship between LQR pa-
rameters and vehicle stability were obtained through a lot of simulation and systematic analysis. A collabora-
tive controller that considered both vehicle stability and steering flexibility was designed based on this re-
search. The superiority of the cooperative controller was verified by using the same simulation. The results
showed that LQR control can improve vehicle stability. What’ s more, there is some correlation between
LQR controller parameters and vehicle stability. The cooperative controller plays a role in compromising ve-
hicle stability and maneuvering flexibility based on the LQR controller. All the studys provide a reference
for the design of the vehicle controller.

Key words: steering system; LQR control;collaborative control
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Exponential Estimation of Solutions for a
Delay Differential Equations with Fractional-order Calculus

Bao Zhichao, Niu Jiangchuan. Shen Yongjun. Yang Shaopu

(School of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract: It is of great theoretical significance to study the existence and uniqueness of solutions of
fractional differential delay differential equations. For permanent magnet synchronous motor (PMSM)
based on current loop fractional-order PID control, a theoretical model of control system with time delay
was established, and a class of differential equation with time delay {ractional order terms was obtained.
The existence, uniqueness, and exponential estimation of solutions of such differential equations were
mainly studied. The existence and uniqueness of the solution of this kind of differential equations were
proved by using the step-by-step method, and the exponential estimations of the solution of this kind of
differential equations were presented by using the generalized Gronwall inequality. It provides a theoret-
ical basis for studying the analytical solutions of such equation.

Key words: time-delay; {fractional-order PID control; exponential estimation; permanent magnet syn-

chronous motor
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Dynamic Influence Analysis of Temporary Steel Bridge with Bailey Beam

Xu Guiman, Han Haiya

(Department of Construction Engineering and Design, Qiannan Polytechnic For Nationalities, Duyun 558000, China)

Abstract: A bailey beam temporary steel bridge with 24 m span is selected as the research object,
and a 3D finite element model is established by ANSYS. The method of transient dynamic analysis is a-
dopted. The whole process of vehicle passing the bridge is simulated with the moving load. The influ-
ence of different speed and different strengthened measures on the dynamic response of bridge is ana-
lyzed. The results show that the strengthening chord can improve the natural frequency of steel bridge,
but can’t change the vibration mode. The maximum vertical dynamic displacement and vibration acceler-
ation of steel bridge ascend nonlinearly with the increase of speed. Strengthened-chords can enhance
bridge stiffness and reduce the amplitude of steel bridge, and also can weaken the influence of vehicle
speed on the vibration acceleration of steel bridge. From the point of view of dynamic response of steel
bridge, the upper and lower strengthened-cords, upper strengthened-cords, lower strengthened-cord
and without strengthened-cords are suggested to use in order. The force and deformation of the inner
and outer bailey beams become uneven whether or not to use the strengthen-chords. However, the
difference of uneven deformation is small and can be ignored. The strengthened-chords should be in-
stalled at the upper and lower side of temporary steel bridge to descend the dynamic deformation. The
speed should be less than 50 km/h to descend the dynamic response of steel bridge.

Key words: steel bridge;bailey beam;moving load;strengthened-chord; dynamic analysis
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Design and Implementation of Temperature

Real-time Monitoring System for Intelligent Substation

Li Yi', Pan Cunzhi', Yang Hui’

(1. School of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. Taiyuan Electric Power Bureau, Shangxi Electric Power Company, Taiyuan 030053, China)

Abstract; Based on the research of traditional substation temperature monitoring technology, a set
of intelligent substation temperature real-time monitoring system based on Browser/Server (B/S) mode
is designed and implemented. The wireless temperature measurement module of the system is composed
of the collecting end and the receiving end, and the transmission between them is realized by GPRS com-

munication module. After introducing the hardware and software design of temperature collecting and
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receiving circuits, this study focuses on the improvement of GPRS wireless communication program de-
sign and data transmission PC host based on AT instruction, aiming at the key problems of the system
design. The method of communication between client and server based on Windows communication serv-
ice (WCF) is introduced. This paper also introduces how to establish the model and draw the graph of
the main wiring of electrical equipment by using the new technology of Silverlight. The reliability of the
system is verified in the actual running test. The substation staff on duty can obtain the temperature da-
ta and alarm information quickly and accurately, so as to achieve the purpose of monitoring and predic-
ting the temperature data. It provides a reference for the design of intelligent substation temperature re-
al-time monitoring system.

Key words: temperature monitoring; GPRS; Silverlight; WCF service;intelligent substation
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Calculation Method for the Shape-finding of Spatial Wind Cable
System on Flexible Pedestrian Suspension Bridge

Li Baojun

(Surveying and Designing Institute of Shanxi Provence, Taiyuan 030006, China)

Abstract:Based on the theory of catenary cable element, a reliable and accurate calculation method
for the shape-finding of spatial wind cable system was studied. The transverse coordinates of cable nodes
were gotten according to force equilibrium in the horizontal plane. Then, on the principle that the shape
of the cable between nodes was catenary, vertical coordinates of node and the unstressed length of cable
were gotten through iterative calculation. The calculating process chart was shown in this study, and
programmed with Matlab. Based on a practical example of certain project, the shape of the wind cable
system under condition of dead load and the unstressed length of cable were gotten through this method.
According to the method in this study, the bridge line shape of wind-resistant cable system and the
stress-free length of each cable segment were obtained by combining with an engineering example. The
results show that the deformation is less than 1/40 000 of the span. The shape-finding calculation meth-
od presented is feasible, and meets the requirement of engineering accuracy.

Key words: pedestrian bridge; wind cable;spatial wind cable system
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Research and Design of Electromagnetic Claw of
Automobile Anti-collision Beam

Liu Tengfei' , Wang Zhanzhong', Sun Guoxiang'. Du Qixin’

(1. School of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. School of Mechanical Engineering, Zhangjiakou Vocational and Technical College, Zhangjiakou 076450, China)
Abstract: In order to realize the picking and placing of automobile anti-collision beam and it’s com-
ponents by manipulator automatically during welding process, the mechanical electromagnetic claw is
presented and the electromagnetic sucker is designed in detail, according to the actual shape, size and

moving speed requirements of car anti-collision beam. A three-dimensional model of electromagnetic
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chuck is drawn with solidworks. The range of electromagnetic force is obtained by analyzing the force
exerted by electromagnetic sucker during the process of lifting and moving parts. The electromagnetic
intensity of magnetic suction disc is analyzed with Maxwell software, and the magnetic induction inten-
sity and electromagnetic force of workpieces are obtained. Furthermore, the magnetic field distribution
is analyzed,and there is no magnetic leakage phenomenon. The ampere-turns are determined, and the
structural rationality of the magnetic chuck is verified, which meets the requirements of the upper and
lower materials.

Key words: magnetic chuck;gripper; Maxwell ;magnetic field distribution
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Fatigue Life Evaluation of Ballast Hopper Car Based on AAR Standard
Wang Shun', Feng Guosheng', Li Long', Xu Xiufeng’, Lv Hua’

(1. School of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. CRCC Shijiazhuang Co. ,1.td. Shijiazhuang 050043, China)

Abstract: The AAR evaluation standard was developed by the Association of American Railroad and
can be used to evaluate the fatigue life of railway freight cars. In this paper, the finite element model of
the meter rail ballast hopper car was established by using ANSYS Workbench, and the stress analysis
was carried out under four working conditions: vertical static load, longitudinal tension, longitudinal
compression, and torsion. Taking the meter-track ballast funnel as an example, the corresponding load
spectrum of 100 t covered hopper car was selected and calculated by nominal stress method and Miner
linear cumulative damage theory. A Matlab program for life evaluation was compiled based on AAR
standard. The evaluation results show that the life of the hopper meets the design requirements.

Key words: AAR standard;hopper car;stress;load spectrum;fatigue
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3D Deformation Analysis of Retaining Structures of Foundation
Optimization of Spraying Trajectory for the Automotive Roof

Yang Chenxia, Wang Zhanzhong, Zhang Baozhen

(School of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract: In the process of automotive spraying, the coating thickness is non-uniform when it rea-
ches the automotive roof through the electrostatic atomizer of the high-speed and rotary. In order to re-
alize the uniformity of coating thickness and improve the quality of automotive spraying, an optimization
model of automotive spraying trajectory was established, and the optimal overlap distance between adja-
cent spraying trajectories was calculated. The automotive roof is discretized into several triangular
planes, and the plane projection of the automotive roof is meshed according to the optimal spraying dis-
tance. The node information of the corresponding triangular plane and the coordinate value of the atomi-
zer when spraying the triangular plane are solved, and the spraying track of the automotive roof is gen-
erated. By calculating the spraying trajectory of the automotive roof, the theoretical basis and practical
guidance are provided for further realizing the optimization of spraying trajectory of complex curved sur-
face.

Key words: automobile coating;electrostatic atomization; Matlab;trajectory optimization
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Research on Energy Analysis of a Soft Switching Scheme for Harmonic

He Wei, Zhang Fusheng, Niu Yingzan, Luo Shuai

(School of electrical and electronic engineering, Shijiazhuang Railway University, Shijiazhuang 050043, China)
Abstract: A new type of parallel resonant soft switching topology is designed in this paper. The
working principle of resonant soft switching is introduced, and an energy supplement model is estab-
lished. It is concluded that if switching tube is to go through zero periodically and achieve soft switching,
the loss in the loop must be supplemented to maintain the conclusion of oscillation. Reasonable design of
the switch tube, energy for the energy storage elements to maintain the shock, can create a zero voltage
interval for the inverse bridge, so as to achieve soft switching.

Key words: soft switch;energy;resonance;soft cut
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Short-term Power Forecasting of Wind Farms
Based on GA-BP and Wavelet -SVM Algorithm

Chen Zucheng'>, Wang Shuohe'’, Zhao Shaoce', Liu Zhicong', Wang Gang'

(1. School of Electrical and Electronic Engineering ,Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. Tianjin Municipal Engineering Design and Research Institute, Tianjin 300380, China;
3. Hebei Distributed Energy Application Techology Innovation Center, Shijiazhuang 050043, China)

Abstract: The power prediction problem in wind power generation is an important factor that re-
stricts the development of wind power generation. Aiming at the problem that a single traditional neural
network is easy to fall into local optimum, this paper proposes a combination of BP neural network opti-
mized by genetic algorithm and wavelet-SVM algorithm based on information entropy principle, to pre-
dict the future 48 h power combining with historical power data and numerical weather forecast data pro-
vided by a wind farm in North China. The simulation results show that the combined forecasting method
has higher forecasting accuracy and higher efficiency than the single forecasting model, and has certain
practical value.

Key words: wind farm power prediction;genetic algorithm;wavelet -SVM;information entropy
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Location and Readout Identification of Instrument in
Transformer Substation Based on SURF and FLANN Algorithm

Gong Fangchao'>, Wang Shuohe',  Zhou Qibin’, Han Shuai', Gong Siyang'

(1. School of Electrical and Electronic Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. Weihai Ocean Vocational College., Weihai 264300, China;
3. Design and Research Institute of China Railway Electrification Bureau Group Co. , Ltd, Beijing 100071, China;
4. Longkou Highway Administration Bureau of Yantai, Yantai 265700, China)

Abstract ; In order to realize the automatic location and reading recognition of the pointer meters in substa-
tions, an automatic image recognition system has been established, and the SURF, FLLANN, and progressive
Probabilistic Hough transform (PPHT) algorithms have been studied. First of all, in order to solve the accura-
cy problem of the basic SURF algorithm in target device detection, a cross validation algorithm based on SURF
and FLLANN is proposed. Next, the target area is selected using perspective transformation. Finally, the image
of target area is enhanced by LOG transform, and the instrument pointer is detected by PPHT. The experiment
results show that the detection range of angle identification is less than 3%. The accuracy of feature matching and
the accuracy and robustness of pointer recognition are improved on the basis of guaranteeing the speed of operation.

Key words: machine vision; SURF + FLANN algorithm;perspective transform; PPHT
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Study on Consistency of Temperature Drop of Heat Storage Unit in
Solid Heat Storage Electric Boiler During Exothermic Process

Luo Yong. Chen Peng

(School of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract: In view of the inconsistency of the temperature drop of the regenerator group in the heat
release process of the solid heat storage electric boiler, the combination of numerical simulation and ex-
perimental test is used to improve the air distribution box of the 240 kW solid heat storage boiler pro-
duced by a company, and the CU value reflecting the uniformity of the heat dissipation duct is adopted to
improve the outlet flow of the air distribution box before and after the improvement. The uniformity of
the quantity is evaluated. The results show that the adoption of the guide plate can effectively improve
the consistency of the multi channel circulation air volume, and the CU value of the outlet flow rate of
the improved air distribution box is 66 % higher than that before the reform. The improved air distribu-
tion box is installed in a solid heat storage electric heating boiler and the temperature of the regenerator
unit was measured. The results show that during the heat release process of the regenerative boiler, the
temperature drop consistency of the regenerator group has been significantly improved.

Key words: solid heat storage boiler;air distributor; regenerative temperature drop;experiment; nu-

merical simulation
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A PSO-LSSVM Fingerprint Localization
Algorithm Considering User’s Orientation

Shen Donglin, Yang Ming

(School of Electrical and Electronic Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract; In order to solve the problem of the human body’s occlusion of WiFi signal and the param-
eter optimization of least squares support vector machine, a fingerprint localization method based on the
particle swarm optimization algorithm for optimizing the parameters of least squares support vector ma-
chine which takes into account user’s orientation is proposed. The omnidirectional fingerprint database
is established and particle swarm optimization algorithm is used to find the optimal parameters of the
least squares support vector machine. Through particle swarm optimization and least squares support
vector machine algorithm, the localization model is trained. The fingerprint information of the point to
be measured is input into the localization model, and the localization coordinates of the pending point are
estimated finally. The simulation results show that the proposed algorithm can reach 0. 72 meters in lo-
calization error. The localization error of the ordinary particle swarm optimization combining with least
squares support vector machine algorithm is 0. 84 meters. The localization accuracy is improved, and it
has practical value.
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