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Finite element analysis for long-span concrete continuous rigid frame
bridge with mixed arrangement of internal and external tendons
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Abstract: An accurate simulation for externally prestressing tendon of structure is the key
problem of finite element analysis. An long — span concrete continuous rigid frame bridge
with arrangement of internal and external tendons is taken as example, simulation of exter-
nally prestressing tendon by using truss elements with rigid arms and external tendons ele-
ments for free sliding are made respectively. The proposed method of analysis is formulated
for considering shrinkage and creep of concrete as well as segmental construction, which ex-
ternal tendons elements for free sliding are based on the external tendons are members for
the normally elastic strain caused by the free sliding between external tendons and deviators.
Some numerical examples are solved to verify the reliability and correctness of the various
models.It is shows that there is little difference between the internal force and deflection of

the continuous rigid frame bridge under three different calculation methods, but there is a
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big difference in the stress of external tendon ,in the case of accurate calculation of the
stress of external tendon, the calculation of similar bridges should be carefully considered.
Key words: continuous rigid frame bridge; mixed arrangement of internal and external ten-

dons; model;shrinkage and creep;finite element analysis
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s ’ / ’ ’
1 NI ] N \k \Z N
n’ ivk.l.n
) xy( )
’ (‘Tm’ym)’7n:i’”.7n9
b .
Luw v O, sm=i,n;
’ (1mvym)a
-/ ’ ’ ’
m=1 k I .n ;
10 m [N S S ’
(10 , - T
’ [ [ui' vy 01"] ’
b o
( ’
b b
uy 10 yi—yr| [u
b
, ), vy |= 10 1 xy—xi| |vi]o (D
3 , 0 0 0 1 4,
, (1)
[11] s [12,13] ’
i R n AL iy,
; s O =lu; v, 0, wur v 00 u, v, 0,
( 115 m ) w, v, 0,]"
. ALVMM/:7F' G-S '5&m° 2)



16 1 s

53

€'kt

e = AL i/k'['u'/lli'/s'/'u' =B + 6,

(3
(2) F.G.S (99 B
[10],  (3) Lo
ik’ .
K,’k’/’n/
Ky, :EABTB/L('%’M’ ° 4
.E.A
N,
F(z)’k’l’n’
t?/k///n':No 'BTc (5)
1.2
[12,13] o
sl::§§¢<r,f>o (6)
&, () T
¢ ;D so(t,7)
T\ t o
AN A TN LN AN A ’ Aao\
Acit A0, A, o
L, v AL (8 )
, (6) At (L, —L,41)
Ae™ = >1(Ac, /D) A LT <)
i=0
:AO’, [, o
A€If+l s
, AV ’
Af =J B'DAg! ' dV =
A4
EDJ[BTAGAVA¢(LTJ]D (8)
v

=0

Ao, =D(Ag..,—Ne..)=DAg.,—DAg.;. (9)

1.3

: Ag,
s A ( ) .

j BTAG,dV:j B'As.,dV —
\% v
JlﬂDmth:AﬁJ+Aﬁﬁ:Aﬁo(w)
\%
Afo ZJ B'Ag,  dV
\%

sAS :*J BT Ag. ;dV
v

Ag . .; °
(10) (8),
Afiir = DA ALy ati) s (11)
(1) ,
Aflo
’ gD(l a‘[,’)
’ Af(rd'lo
[12,137, .
(
)s
. . . (
)
(
)



54

2019 3

L1l

2
3 ( :cm)
A Fig. 3 Externally prestressed beams subjected to
° concentrated forces (Unit: cm)
1 2 ,3X30 m 5
_ 27— 1
’ tA=4m', I=4 m", Table 2 Results of displacement and
_ 3 _ |
o 25 kN/m”, E.=3X10" MPa, internal force calculation
’ 2 1 2
7d ’ /mm /() ) /kN
14 d, 36 m, 6 m s
[10]  —2.123  —0.0311 —0.0139 71.3
7d 7d
—2.123 —0.0311 —0.013 9 71.3
30 m, ; 6 m,
7 d 7d ,
24 m, 7d o .
45 L 46
o s 3
[12] .
1, 1 s s
0 ! 2 3 63 m+115 m+63 m )
iy i b b
3 000 3 000 3 000
- - - . L. PC
2 ( . mm) . 12 m, 6.5 m;
Fig. 2 Schematic diagram of calculation 7 m, 3 m, ,
structure (Unit; mm) . ,
1 _
Table 1 Comparison of bending moment of
middle fulerum (kN » m) ,
[14] [15] [12] o
1 —4 930 —4 940 —4 940.4
2 —6 999 —7022 —7022.4
1 —8 476 —8 056 —7990 —8015.4 4 5
3y 2 —9 161 —8 900 —8 838 —8905.3
. [6].
2 3 , 10 y
E. =30 GPa, A, = ) 69 ,
0.5m*,1.,=1/24 m', E = ; 52
200 GPa, A,=0.030 8 m?, P=30 kN (
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’ Table 3 Midspan mid-span deflection
’ ° calculation results mm
53 54 54
10y
8.6 —29.2 0.38 —14.3
8.6 —29.2 0.36 —14.4
8.6 —29.2 0.37 —14.3
4
Fig. 4 Elevation of Caohe bridge in Anhui province )
3 ,
3
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Table 4 Calculation results of bending moment
of concrete girder (kN « m)
53 54 54 10y
5
Fig. 5 Partial external prestressed tendon diagram
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Table 5 Calculation results of axial tension

of external tendon kN
53 54 54 10y
5000 4.3 5004.3 4 594.2
7 500 35.3 7 535.3 6 704.2
5000 —3.5 4 996.5 4 566
7 500 21.3 7521.3 6618
5 000 —4.6 4 995.4 4 565.8
7 500 21.8 7521.8 6 621.4
5 s
2 b o b
10 y ’
s 4 914 kN
4 477 kN,
7 194 kN 6 216 kN; s
4 568 kN 4 564 kN,
6 714 kN.6 426 kN
6 714 kN,
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