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Abstract: The relation between the deflection check coefficient (#,) of mid-span and first vertical flexural frequency check coeffi-

cient (y,) was established based on theory of the uniform cross-section simple-supported beam. The variation and difference be-

tween the 5, and 1/7; of a simple-supported six girder bridge were researched by simulation under these situations: change of the

bearing stiffness; change of the boundary conditions; the floor system enhanced the structural stiffness; local damage of the su-

perstructure. The static loading test and dynamic characteristic test of two fabricated simple-supported T girder bridges were

taken to get the measured 5, and 1/4 f. Simulation and experimental results show that 1/7} can instead 5, to reflect the struc-

tural stiffness of the simple-supported girder bridge and rapid assess its load-bearing capacity.

Key words: Simple-supported girder bridge; load-bearing capacity; rapid assessment; deflection check coefficient; frequency

check coefficient;

255 Hh DO 22 VT R SR R B ) B — U A b A A
g B IS AT W I B 5 4 1 RE PR T M A 2 AR . e D
B AU AR BOT M B RS K R L R BRI R O i
A5 DA SRR DA B UE . POA S R AT S RO . S
SERE TR IR BE AR (BT 25D, # h B I HUBE SR FDOE 244X
i OK A A2 ol 305D JEAT 48 B 4 L 2 0048 0y 16 L9k A %
V4 IR A B R M R A A A B ORI B L EL D b
AR 2 I S 3 4 ]I T R R AR . B PR3
8 LBl A MK AL AR ) S ¥ 2222 35 T 1 6 W S i R 9 3 g
WAL . BT S WS E T AELLE 3 KL S iR H
Pe b AR AR S 4 bR R e AT LB 3 ) 4R
BUTE AR 5 2 By 3 R VAR O i 3 ) 4 SO R
HITJ A4 728 1 A S BB 28 R BR85S IE 207 3k L L 5
A5 2 9 45 K IR Sl o 7 5 0 8 T8 — S5 R 45 48 Bl ) R Y
Z R0 RS AT S 2 B R R IEA S RS . BiA 3

Y5 B HA :2012-02-14

R ST Tk B LB A — B R BEE MR AT AR O
J1VEH B9 RN FE 5 3l 3 45 S0k IR RUE 1E Tk T E 0 IR A5 1
FOT T B 93 IR 2 A0 BHL e 4F BE AR 3y 2 4. H2 . B RTER
T BRI AR B 22 A 4k B B JE AR M i ) 2 AR A R B L S 3
3 3T A 5 BT TR 22 4 v AE B8 23 A7 FIRE B 358 L B 52
HR A 00 1 A

X TR SR — B R G R S R
SR A O 2 DA B 00 5 A R DD R 5 T8 2 3 T B B 5 7 )
DERE 5 — W B AR A 5 A 5 AT 5RO A< AR i ) 8 L XS
SR NI AT PR X T IR T HOR S AE R AR
Y] AN WA Y SR IR R AR S RS S %)
45 4 JE R A0 0 A 2 S (8 4 M R B A AR A A A R AR
PR HEATEE MW B PR =B AT AT A fr Tk — 250, SO
T — EeN R s T BAREAT 20 AT » SRR 4% b A 28 22 Ak X
AR FNBE LR R 5 F X 2 )9 AR HEAT I R R i .

EEWE [HEK BRI T BT H (50678051) 3 7 Mk 2@ R H (2006-08)
EEB N (1983 A . BB FAF AT I E 50 B BT 5 - (E-maiD lwzhit@163. com,



192 http://gks.cqu.edu.cn AR S AR TR # 31k
1 IE i@ﬁ*ﬁ 50;_ 180 % 130 I 180 {
| b |
XT3 A 9t G5 M R BE AT LAl N AAROR 305 180 | 130 . 180
N1 . 1 l 1 I TH2
x) = M(x)dxdx,
y(x) EI(.Z‘)JJ. () drda R 560 180 130 180
s M) S G5 K BT 25 4 5 ET o) S 45 K 18 B0 25 W B 5 7 | | | s
1 B I v R e FE AR IR R AN g, R VR B ZE 45 A4 0 W BE EL 1100 +2
oy ()
7]" - _’y(,(l‘) ’ 2 ’ﬂ‘i j‘\
K ye (o) RIS AT B SR v () BTEFRR ’ ’ .
kB TS . ha) @275, 1l { i i .
7 (1) = (o) _ Eda(0) (3) | 100(? 200 ®l 200 C? 200 (? 200 CT) 200 ©l

yd(f) - m,
% T AT — BB )

. T EI
= /=, 4)
S 20 m

4 mf?
T[Z

FIEEOEER
EI =

A GHIRAXGE

. (5)

() _ E. ,(x) _ f%d
ya () EJI,(x) I

P fi RS — B B AR AR f o BE— B A

TESC = fuo/ fra 8 — B SRR R g, =
VRTINS RN e o DD VA VA AVE = S M 3 2 = (D
BRI SR B Pg 2 5 i BB . A BT SR — e 2 1 &
TR TC T B - JR T 23 (B 254 o HL— 5 78 B THT 285 4+ 0 3 2% 1
PR EEAR B TR SRS 200 . A ORI S R b S5 AR A B
ANWTAEAL + L N SRR R 0 A 4 AR R . S A B AL g R
L/ B A AL ML 15 — B T SCEs & St — 2P 4R .

2 HESH

EMEEGE LREBERN 20 m (1 3 B IR B L A
T B R EE Ly CA0, B A B 6 F AR A SN 0.5 m
B 3 474 11 m, 474238 0. 5 m B4 RS 38117 2 A R
T, B 1.5 m, F 3R N 48 M A8 B2 32 v )52 B2 Oy
0.35 m, 5 EFE H 0. 18 m, M B 1.0 m &b & 1/4 S ¥
B, It 5 B, FREGE S 0.6 m T 4%
HEEE . MR ERE ) PO EBE 2.0 mo B ORER B R
0.5 mX0.3 m Lk C40 YR BE 4, 8 i 103 4 77 55 i 2 e 1
i, WE X maish 8 cm B C40 B K K & -
+10emPi HF IR B . HFE X E RN 250 mm X 300 mm X
37 mmAR AR P, BT B G=1. 2 MPa., #F 21
WA EWE 1R,

K JH3 A BR T 3 %0 W 92 BEAT 3 BT o b B 45 44 3R T AR
BTN s A5 e ST e SR T T S B TR S 1Y 1 1) I
K,=508X10° N/m, /K NI iF K K, =2.5X10° N/m; 3L i
TR AN 25 B T 3 25 L BORE AT o 465 44 I B2 1) R i L {EL 25 B
Xof 45 ) S5 A AR D

M ECR Y SCER 17 TR — 20 AR AR o 32 4 i
60 kN+120 kN+120 kNG 4.0 m+1.4 m), K4 il
TEAE F 305 v 0 B AR AR 1) A B LRI 1, 43 A 3 Rl A
WigE A S TR & EREPRE. BT RS

(1) = (6)

Bl SH&AEIRAEEEHE (R on)

A 1 R B B2 9 AR 3 A 8 07 xU T 25 £ R s h B B2 22 A
PR M . TR R R — B BB R £ A
4.560 1 Hz AV T 2; e KEEEZHF1 Yoy 0.027 0 m,
2.1 FERIERZNE

3ok A S Y BT YIRS GO R SR R I RE L 43 ] o
BB IR TE 0. 4~2. 0 Pa Z AL 5, FI 1/9/2 254K
VLB AT B 2 2, AT LA M e R 1/ 45 B SR8 D BE Y
BRI M E Z Mg 2218 o AR/ KON 0.4 Pa ik
B 1.9 % , 0] LATA Sk 32 J3E R BE Xt o, AT 1/ o (85 T 2 — B0

B2 SHE&EIREH—METRE

x1 FRAXERET 7, 7 1/9; BXR

i H 0.4 0.8 1.2 1.6 2.0
Ya/m  0.0280 0.0272 0.0269 0.0267 0.0265
f1/Hz  4.4356 4.5373 4.576 6 4.5998 4.616 4
I 1.037 1.007  0.996  0.987  0.982
1y 1.057 1.010  0.993  0.983  0.976
8/ % 1.9 0.3 —0.3 —0.5 —0.7

2.2 BREMBERHZE

T AL TRT SRR 0 00 B IR A S AR B BE A 4 4
I8 B LA T 100 5 2 BE KT AN A L 1)
J# 2 K, 2 10,100, 1 000 % A1 1 ] {1 3 A8 A 1) W K
2 10,100,1 000 f5 1S 5, F1 1/77 AR HLHE . 85 R0 8 T &
2, MTLLA L K, A2 X Yo MR K 0 B9 R R BN, 2
1 000K, i, 5, 4 0. 978, 1/9; 4 0. 966, P & 2 {H 6 N
— L2005 K, 78 5 Xt 45 44 5 b B S LA B — B 1 1) AR () 5



% 31 BHt:/lgks.cqu.edu.cn

FAEA) L F N L RORE N SR A Pk 4k 193

WA K, 24 1 000K, By, 24 0.456,1/97 24 0.429, B3 218
SN —6.0% , MR FIAT 7] 20 5 34 5 25 5, A1/ o T
VA S AL 5 1 AR A R A B A — B B 2B/ .
2.3 MERERSE5ZAEN

EHABh A ABFER A BN RS 5482
T3 ACKHHAE Ny 2 W REMNEER B, EFER. QK EW
Ve IR & L B P R sl A i 5 2 R A M [ 25— . S
HEMZT) . X SRR R E 1~2 ERHH N,
FOX A MR Tk K. 4 B IR HOR W R S 5 451
Z I g 1 g AR S RIS T £ 3, 1]
DLFE H o 3P0 06 0 R TR B 1 b )2 X 45 H W BE TR R
& 30 cm B AR IS BE SE & S 545 32 Ji8t .y, Ol 0.942,1/
7720 0.940; %8 8 ecm R L 5E 2S5 5452 1t g N
0.830,1/7; 4 0.832, MRS HZIIN .9, F 1/97 HAE
— L WEBRRREN0.3% .,

R2 DRAEFGETRE 9 M 1/ BXFR
i H 10K,

100K, 1000K, 10K. 100K, 1 000K,

Ya/m 0.0265 0.0264 0.0264 0.0255 0.0185 0.012 3
f1/Hz  4.6323 4.6396 4.6403 4.6982 5.5695 6.959 5
T 0.980 0.978 0.978 0.944 0.686  0.457
/% 0.969 0.966 0.966 0.942 0.670 0.429
8/ % -1.1 —1.2 —1.2 —0.3 —2.3 —6.0
*3 MERSSZHAE 9 M 1/9f HXR
o
- ;‘;Eéiﬁij W S 5% B/ cm
15 30 3 6 8
Ya/m 0.0259 0.0254 0.0250 0.0234  0.0224
fi/Hz 4.6599  4.7035 4.7356  4.8973  4.999 8
7 0. 959 0. 942 0.927 0. 866 0. 830
e 0.958 0. 940 0.927 0. 867 0. 832
8/ % —0.2 —0.2 0.1 0.1 0.3

2.4 FEMHHGRME

fBE BB X AN R B3 BT AR . 4 3 A4S X A e
B0 DA 4 7R O A R S 0 0.4 mYE L. 23
JELLT 5 A A5 4E o0 SRR O Yo LK f1 BR2IR .

500 | 250 “

|
[ ' ' 2000
L

3 ERBMHBXRE(BAL:om)

250 | 500

JE N -

4 FZEHERRBRGXE (R cm)

Bl 1:1 533 1.2.3 KRB 30%;

PG 2:2 53 1.2.3 K45 30% ;

Pl 3:3 5 FR 1.2.3 Kk 30%

PG 4:1~6 5 E5 2 R 30%;

05 550 2.3, 4 FE KR B R XS4 107 30205

HR B EB T A RICB TR A, WTUHH X TF
R A R] A B0 2 SR A 0T 0 R R X Y DA B I R e
KF PR SR B]N 5 ma AR OCl/ o B BR SRR 05 6 Y A £
GREEE /N 1/ o ASRE B R 1] 166 R A 53405 5 Ll DA S0 TG
BN LA, SR g L/ g BRI AR — B
] 5 2 45/

R4 BUBMBRGE g, W 1/97 HXER

i1 Hifs 2 45 3 Hif 4 it 5

Ya/m  0.0289  0.0285 0.0281 0.0313 0.027 1
S1/Hz  4.4393  4.4822  4.4950  4.2900  4.559 9
7 1.070 1. 054 1. 041 1.158 1.002
/7 1.055 1. 035 1. 029 1.130 1. 000
8/ % —1.4 —1.8 —1.2 —2.5 —0.2

3 IiEXLH

S g v 32 R 8 BE R FT 40 B DL-102C H % B F K
TEASCHEAT WL 5 9% 2l 45 1 00 3R VL 95 AR 48 DHDAS_5920
HBME T RERGHATRAE AR IR 4R A b E R R AR )
ZWFEIT 9418 RARMA IR
3.1 ZEHI1

SR 1 A BUE 4 A S 4 T i SRR L N IEL S BRR . B AR
Wm# 4 2 &R AP EER HOWO BHE 4, EHHEE 4. 025
m-+1.35 m, {4 K 300 kN, {l B /01 ok 60 kN+120 kN
+120 kKNL WA 6 .

5 EHMEKEEXEFRR

B o6 #EFLiXWMEKZF



194 http://gks.cqu.edu.cn

A = RN A 4

%34 %

SRS 2 1% B T R AS AT B i R R AT T
ZAWEA 5 B AE My 3 TR A R AT E S 2 28, SR
AR RN 42,3 MPa, #% 8855 2 W RUE 40 b i a0
HEAT A B 4 IR A e R A 7 B B 5 R B R A R
RATHTAT BN R — B e m R . SIS RN T % 5 iR .
L LB R BB R RE g BR R 0,757, Ly Ny
0.776, %28 2.5% 1 1/972 7] LIREE o, PFE 45 #4104k
NI

x5 EPEEEGXERTNER
HTOT ERBEEM Ya/m

i 5 f1/Hz
T 1 TH 2 TH 3
BLUIEEX N 0.0271 0.0270  0.027 1 4.560
Sz 0.0205 0.0198  0.0201 5.176
7 (/D) 0.757 0.733 0.743 0.776
3.2 X2

S 2 SR BB VLA MK T AT S 5 AR TR 2 I )
BRI EE MRS T AF 8542 27,5 mu A I 5% 8. 5 m, it
ff 2T — 15 £ — 80 1R BE + W T 455 4 400 5, 2K [A)
5 T AR, R 162 cm, B2 & 135 cm, T ey 5 B
SRR 46 cm, BEun I AR R BE 30 cm, B AR AR JE B 14 em;
JEE PR T8 v B A5 2 R G P M AR AR AR R B R
8 cm, B AR AT EF] 18 om, WEHF NI LK E 6 AR
e[ PEy 536 cm, R FE S BE 105 cm, JEEER 13 cm, A 3
V6] 2 S A Ry 0 S JAE ) S O TR E - 4 Bl SR . AT Tl 2
400 SR BE L PO RS 14 e IR R 8 cm. KRR
M bR AR R LR 7,

B7 BRRESBAAHHRA

Sk BRI Z W ER T AR EERE AR R Z
TR R R R A W R A R E S
PR AR E R 3 25, LR 5k + R 3 2 {48 43. 6 MPa, 3¢
JRE R VR T 5 o P L B S D RE SR . BRI 2k 4 R A
K&FE—UEM K FAW B 4 5050 3,25 m+1.25 m, %
4 R 300 kKN, #5704 iy 50 kN-+125 kN-+125 kN, iz
3503 3 A T OLIE AT 03 s AR i A LR 8L 45 T Y 1) A
BULE 9, AR R R AR B A B 4 A R dh
LAV BN R0 — B AR R, S S AR R 2 R
BF I 5 215 45 09 32 3 AR 2% 18 HO 45 49 R At AR B2 0

SN ZE R ANER 6 BTN . o0 3 WA A R R B AL 00 R AL
7 BN 0.431, 1/4p K 0. 433, W& A —F, ] 1/75 A
VIR, PP 8 450 0 S MR M B2 . A 38 2R /D 100 D AT T
PR BATRIES 5% ), O E 2 R % W FE Rk
3 KT RS R T

.50 | 50 |
‘ [

180 L 130 180 |
1 | 1

puNENERENS

L]
1

135

160 160

B8 SBHAAHNHAXEEREDRE (R cm)

400 125 325
T
1375 125 325
(a— |
1T ?TH2
300 |125' 325 " 1050 I125I 325 Y
1 } 1 }orss
| | | | | |
2750

B9 SHAXFHBXEERNA@HE (LM om)

*6 EHLEEEIRHINER
FLHT ERFBEEA Ya/m

i H f1/Hz
T TH 2 T 3
A 0.042 6  0.0785  0.099 6 2. 829
Sz % 0.016 6  0.0314  0.0429 4.300
7y (1/95) 0.390 0. 400 0.431 0.433
4 & it

1) i JE 5 A0 5 2 A1 B W O A0 B 4 g
B2 4 AT o 7 P B 94 8 45 M R it 0 o
A R HIE B W55 I R, R R R
52 2 25 i e OB A 7 R A 2 9 e E 2 B e
Y T

207 BLAN W LS B R A AN gy B 1/ B
AN RS S RO T R 5 5 AR 1 g B 1
W A 1) 2R A AR T R 5 5 % ) RE MR
WRR B . R AR XS g, % 1/ O



% 31 6t /Igks.cqu.edu.cn

A F R RAR R A A S R R IR K 195

RSB 5 06 KT P SR A s B R R B XS g, B 1/ B
SEMAR /N 1/ 7 AN BE BT A i) 30K R (1 453 45 IO Al LA S0 UL AG:
LA PR g B 1/ WA LA — B T 2
SR/

3) TR0 I 4% SRR W L LR A SRR B K, R0, 757,
/gy M 0.776, iR 220 2. 5% (% L3 ] RAF e K 9 A
0.431, 1/53 J 0.433,i%25 N 0. 5% : 1/ ATfCER 5, iFE 44
1 A R E 5 0 A B 0 A TH R AGE R L 2, TS S AP
195 0 D0 B A R R T

S E K

V] 280, FER. WREh e e or k], s Ty
B2 4 » 2000, 16(2): 99-100.
LI Guangfu, ZHOU Liancheng. Evaluation methed of bridge
dunamic measurement [ J]. Journal of Shengyang Arch. and
Civ. Eng. Inst, 2000, 16(2): 99-100.

[ 2] Kwasniewski L., Wekezer J, Garry R, et al. Experiment evalu-
ation of dynamic effects for a selected highway bridge[ J]. Jour-
nal of Performance of Constructed Facilities, ASCE, 2006, 20
(3): 253-260.

[ 3] 2, . WA MRS O T RS R0 S 1
(). EEHA A5 TR, 2009, 26(4): 24-29.
LI Dejian, PENG Yan. Dynamic assessment about existing sim-
ply-supported hinge joint celluar slab bridges[J]. Journal of Ar-
chitecture and Civil Engineering, 2009, 26(4) . 24-29.

[4

[

Olaf H, Glauco F, Johan M, et al. Damage indentification
using modal data: experiences on a prestressed concrete bridge
[J]. Journal of Structural Engineering, ASCE, 2005, 131(12):
1898-1910.

[ 5] Reynders E, Guido de R, Pelin G B, et al. Damage identifica-
tion on the tilff bridge by vibration monitoring using optical
fiber strain sensors [ J]. Journal of Engineering Mechanics,
ASCE, 2007, 133(2). 185-193.

[6

[

Mustafa G, Necati F C. Ambient vibration data analysis for
structural identification and global condition assessment[ ] ].
Journal of Engineering Mechanics, ASCE, 2008, 134 (8).
650-662.

[ 7] Zhou Z J, Leon D. Wegner B F. Vibration-based detection of

[

small-scale damage on a bridge deck[]J]. Journal of Structural
Engineering, ASCE, 2007, 133(9): 1257-1267

[ 8] Hsieh K H, Marvin W H, Paul J B, et al. Structural damage
detection using dynamic properties determined from laboratory
and field testing[J]. Journal of Performance of Constructed

Facilities, ASCE, 2008, 22(4). 238-244.

[ 9 ] Browniohn ] M W, Pilate M, Omenzetter P, et al. Assessment
of highway bridge upgrading by dynamic testing and finite-
element modal updating[J]. Journal of Bridge Engineering,
ASCE, 2003, 8(3): 162-172.

[10] Hsu T Y, Loh C H. Damage diagnosis of frame structures
using modified modal strain energy change method[J]. Journal
of Engineering Mechanics, ASCE, 2008, 131(11): 1000-1012.

[11] Chen Y B, Maria Q F, Tan C A. Bridge structural condition
assessment based on vibration and traffic monitoring [ J ].
Journal of Engineering Mechanics, ASCE, 2009, 135 (8).
747-758.

(127 %420, 3% K— .45, RCHF g2 e AR 00 M R 3 AE 11 19 30

TR T]. K%K R FEIR L 2003, 23(6)
36-39.
HE Shuanhai, GUO Qi, SONG Yifan, et al. Health condition
and load carrying capacity evaluation of RC beam based on
dynamic testing[ J]. Journal of Chang an University: Natural
Science Edition, 2003, 23(6): 36-39.

[13] Flggude, A48, AT7160 .45, M3 B IRFE M SR 4068 1 4 BT .

A BRASERE . 2005, 22(11); 93-95.
WANG Qifeng, LI Yan, LI Wangheng,et al. Vibration charac-
ters and bridge load-bearing capacity analysis[J]. Journal of
Highway and Transportation Research and Development, 2005,
22(11): 93-95.

[14] JEBC, B0, 5207 . RC AR A& S 09 4R 25 K 0F £ 5

(V] Zeoia b TR 4l s 2006, 6(3): 62-67.
ZHOU Mi, HE Shuanhai, YUAN Wancheng. Capacity evalua-
tion of RC girder bridge with vibration testing technique[]].
Journal of Traffic and Transportation Engineering, 2006, 6(3) :
62-67.

(150 SR, JE T 2l J R R 03K A A SR 4G D0 F i (0 . Ll v 2 3%,
2009, 35(31) . 328-329.

GONG Xiangsheng. The bridge detection research based on
dynamic characteristics test[ J]. Shangxi Architecture, 2009,
35(31): 328-329.

[16] AR 22k, 324, 390 A5 50 2R BOP B 3T i A 2 45 MR 200
(1. INARACH % B % 4 » 2010, 18(3): 31-35.

ZOU Lanlin, PENG Dong. Rapid assessment of bridge
structures bearing capacity based on frequency coefficient[ ] ].
Journal of Shandong Jiao tong University, 2010, 18(3): 31-35.

(177 rhAe R0 [ 22 H6. 2 % A7 1o ¥ i3 F ML YE (JTJ021-89)

(ST dbnt: ARz etk . 1989, 20-22.

(%3t M)



