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Fig. 1 Externally prestressed simply supported beam
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the unit force of external tendon
My, AR, 5y, =0 I, R LM, =
- Ely", = P)m,. B0 A5 B -

U, = ZLE[LlM;dx - %’A?(‘%)“l n

!
[y Pimdx + U,y (5)

TEHF RSN AL TE AT, Se 70 AP 3 kB 0A 1Y
Y. KB OAAE x My Fh7 10 B AT ox
8y. B IE iy, 2Bt OA 7EIE 0



%5 1]

— 1 2
OA — OA = sinéSy + cosfdx + %( o)+
4

e) 2 w.
( cgiﬂ) (8y)" - sm(?cosﬁﬁxay (6)
A A

0 F 1, HERBL OA BJe AR BE. 1573 M7 1A S il 7
30 FE A AR AR T, — By S b AN 1] A 1. S0
kL 14 ] A5 RO A~ B i, Bir LAAS SCHY 23 #r J7 v
FUSCHRL 14 TR RSB TEIRIMI AN 2 6] A
n AR, B 1 B e M A SR W, LAt
e fh s 0T i JRE. RO S LB, IRBIAT, 2R
JRIG+ 1) 5l k9 AR A (o) R (v sy )
% RN A« BB A, Y 5, =0
257 ANG o+ 1) 45 fil i B9 A8 (L ;) R (o
Yier):

0

A (x+5x, y+6y)

B3 2B 04 ASTE
Fig. 3 Deformation of Line OA

o S

(x;.e) x

Y
(XJ*I < 1)

®.5)

\(&.,J’;_l)
y

K4 (RO B AL

Fig. 4 Deformation of external tendon segment
X 1 )
- — = ’ !
X; —xj—fo 2<yi> dx — eyl (x;),

- ej+lyz/' (xj+1> s

_ X +1 1 J\2
Xigp = Xy — fo 7(9’/) dx

yi=e +y:(x;),
Yier =€ +5i(%,,0)

55 j 2B x Ry By T LIS T Sx; 1 By
&= (3,1 =%,) = (w1 =) =bAT +cA,,

89’,’ = (yjﬂ _yj> - (ej+1 _ej) :dez,

T B8 FRE I A BT AR S 100 s T ) 187 S22 3 R R 1) — B8z 465
_ w1 . my; ,, 1. 2y, i
b = —41[ S Sin T —sin 4 (%, —xj)]
i 1T 1Tx;
¢ =" | eeos = —ecos
Lo, . LT
d; = sin l] —sin — !

18 &, 1 8y, {RAZR(6) Wk F5 8 AT AT T B
oG5 /N (HRIE A, AT LR TESS /) A RSN 5
LB -

Al = A, +BA; (7)

(siné?j)2
— +
21,

. 2
o; = d;sing; + c;cos6;, B; = b;cosh, + ¢;

e (cosb,) ? sing;cos6),

PO, S 1 g, I 2

B BERIIE AL (RSN I ST R
Al, =Ay, +A?§i (8)

n-1 n-1

i = Zaj,g = ZB/’Ai‘/’z A RIS 1

1
B AT T A, = = [ my s ATZ, 552 B,

TESI T RSN TR 3 ) IR AR AR RO, 26 2 B
2l A NUE R N ESL DA

P, :P?+E1At<Ai¢i+A?§i)/lt (9)
P,
IR RE U, =22 W 27 A7 A7 0066

R TCTF /N 1R
0 2 EzAt 2
U,=Uy+P (A, +A;L) +7(Ai¢i) (10)
N AR RE MBI RE A RERILE TR Ky + Uy + Uy =

!
Uy + Uy, B Uy B8 [y Pimds F1 U, g

!
P?Ailpi == P?J;mty”i,dx, i

L 2 2 _ﬂ 2 (i ! 0 42 % 2.2
4Aiwilm_ 4t ( l) L+ PAL + 21, A
(11)
KR BRI
i1 iiz . 2 ?E,Atl
wf-z/m[“(z) P Gy |
i=1,2,3, (12)

RSN BUE ISR 2B C, = 4L/ Cir) . T
LA PRANIUE 152 e B 0 8 iR, R i 2
B C MR T e JERBCRE AL B R 1R €, 5%
fl B n ISC AR R L P B R T AR R AR



466 B %5

EC I 2016 455 14 &5

B AR SNI LI , R = 16m, Py Ak
Bl e, = e, = 0. 2m. X T4 2 A1 , 55 i
JEAL AR A s B TR (T 1) I A
R R D Tme R T ATLLE 2 HA 2
NS A, RIICHE 18] JAE IR, AR 173 i L B 453 2K Ay e
R WAy HEIE S I | 0 2R 8040 1.
P (1) AC12) ml o, AT ) 1 s 46 AR A3
V5 SN T BR80T T A f 0 A
i Lo BE 5 R D88 ], R e R R, BT 5, B IR
TR RSN, Y% 2 r s I 1 52 B £ PR )4
RO b, G Z 0GR FRITESS 1 IR,
P fil SRR D, SR R BOE R LT I 2
TE AR ] 28 SR AT, S0 AR 80 IR T4 5
o 2 D2 BB LB BN A A A 4
U TICREEE 7, R0 BN 1 R EHIE T 0. 3%
7545 Hamed " R 4518, BV JC RS 25 5 16 99016 3 A
Az A ERAC RN, AN S0 R A AR .
Rl ZMREYC, 5EMRAYE ZEHPXF
Table 1  Relationship between the influence coefficient

C,; and the number of contact points n

Straight tendon Parabolic tendon

Cpi Cp, Cy Cp C, Cpn Cy Cp
2 1 1 1 1 1 1 1 1
3 0.189 1 0.91 1 0.203 0.995 0.904 0.995
4 0.088 0.316 1 0.829 0.09 0.338 0.991 0.812
5 0.05 0.189 0.385 1 0.049 0.191 0.411 0.992
7 0.023 0.088 0.189 0.316 0.02 0.084 0.189 0.322
9 0.013 0.05 0.11 0.189 0.009 0.045 0.106 0.187
11 0.008 0.032 0.072 0.125 0.004 0.026 0.066 0.12
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Table 2 The 1™, 2" and 3™ natural frequencies

of externally prestressed beams

Beam 1 2 3 4 5 6 7 8
ey(m) 0.8 0.8 1.1 1.1 0.8 0.8 1.1 1.1
e3(m) 1.0 1.4 1.0 1.4

A, (mm?) 1668 1668 1668 1668 2502 2502 2502 2502

w;D(rad/s) 12.98 13.45 13.96 14.80 13.57 14.23 14.96 16.11

0, @ (rad/s) 12.61 13.06 13.61 14.45 13.03 13.69 14.47 15.64

w,D(rad/s) 46.74 46.80 46.73 46.80 46.66 46.76 46.65 46.76

w,@(rad/s) 46.43 46.43 46.43 46.43 46.20 46.20 46.20 46.20

w;D(rad/s) 105.1 105.5 105.1 105.4 105.0 105.4 105.0 105.4

w;@(rad/s) 105.1 105.2 105.1 105.2 105.0 105.0 105.0 105.0

®3 EWMENRE 1.2.3 HERME
Table 3 The 1™, 2" and 3™ natural frequencies

of beams without prestress force

Beam 0 1 2 3 4 5 6 7 8
w,; (rad/s) 11.72 13.02 13.46 14.0 14.81 13.63 14.26 15.0 16.14
w, (rad/s) 46.89 46.89 46. 89 46.89 46.89 46.89 46. 89 46.89 46.89
w3 (rad/s) 105.5 105.6 105.6 105.6 105.7 105.7 105.7 105.6 105.7
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SECOND ORDER EFFECT OF EXTERNAL TENDON COMPRESSION
ON DYNAMIC BEHAVIOR OF SIMPLY SUPPORTED BEAM

BY ENERGY METHOD "

Fang Deping” Zhong Mingjing
(College of Civil Engineering, Huagiao University, Xiamen 361021, China)

Abstract Precisely considering the second order term in external tendon deformation, the natural frequency of
externally prestressed beam is derived by energy method. It illustrates the effect of external tendon compression
on beam natural frequency. The calculation results also show that the influence coefficient stating the softening
effect of the external tendon compression mainly depends on the number of deviators. Without deviator, the ec-
centricity loss is maximum, the influence coefficient is 1, and the effect of external tendon compression is the
same as that of the external axial force. As the number of deviators increases, the eccentricity loss decreases, the
external tendon is close to the unbonded tendon, and the influence coefficient decreases to near zero, which is
close to nought effect of unbonded tendon compression. For the beam with two or more deviators, due to the influ-
ence coefficient significantly less than 1, the external tendon compression softening effect is negligible. With the
increase of the eccentricity and tendon area, the first natural frequency grows up, but the effect of the external

tendon on other frequencies is negligible.

Key words external presiress, simply supported beam, natural frequency, energy method, dynamic a-

nalysis, second order effect
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