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Analysis of Precast RPC Column on Reducing LLong-term
Mid-span Deflection of Rigid Frame Bridge
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Abstract: To reduce long-term and excessive mid-span deflections of long-span PC rigid frame bridges.
a method of adding precast RPC (reactive powder concrete) columns into the bottom plate of the negative
moment region and the mid-span roof of the rigid frame bridge to form RPC-NC (Normal Concrete) com-
posite section was proposed. The RPC-NC composite column was analyzed to investigate the influence of
RPC on reducing creep and shrinkage effects of the composite column and the stress redistribution between
RPC and NC as well as the mechanical capability of shear bond. Based on the above research, design
scheme of prefabricated RPC column used in actual bridge was put forward, and then the influence of the
precast RPC column on the whole bridge stress and the mid-span deflection was analyzed by finite element
method. The results demonstrate that the added precast RPC obviously reduces the rotation of the negative

moment region and the compression stress of NC near RPC, which decreases the long-term mid-span de-
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flection after the construction of the rigid frame bridge by 53. 9%.

Key words: long-term deflection; creep and shrinkage;reactive powder concrete; RPC-NC composite

section; internal force redistribution
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Cross section and finite model of the composite section column (unit; mm)
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Tab.1 Parameters of each column

. RPC /ff i B C50 #) ek Jngie 1 /d

e 2 2 JE 43 /kN ol

LA H 1/ % ol 17/ MPa @/mm B C50 RPC
1% 50 1 050 14. 0 184 28 28 42
2% 40 1 050 14. 3 164 24 28 42
37 30 1 050 14.6 142 20 28 42
4% 20 1 050 14.9 116 20 28 42
5% 0 1 050 15.6 — — 28 —
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Fig. 2 Curve of creep deformation of each column
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Fig. 3 Nominal creep coefficient
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Tab.2 Creep deformation and creep coefficient of
each column when concrete age equals 448 d

1# 0.362 53.9 0. 89 48.7
2% 0.432 15.0 1.04 40.0
3% 0.514 34,6 1.22 30.1
4% 0.587 25.3 1. 36 21.8
5% 0.786 0 1.74 0

T 78 RECHRTE W R 2 A6 T 57 (4 C50 4D).

22 EEHENNENGRAEH A

O G A8 T A 1Y L T BN A B 0 B B 1 ) 3
B A S R 3 R,

D iU A2 51 i N ) T 40 AL 52 A #OE
o C50 By N ) 23 /). 24 RPC R & &2 & 8
SVTE U 20% ~ 40 % iF . RPC T B LG 1] 45 38 Jn
10% ,C50 1S3/ 1. 7 MPa. i RPC [ f5 50 %
B AR F 40 %6 1 C50 W A3/ 1.3 MPa, T [
WA W

2) 5 5 AT A 0 A PN g A BT ) B R .
PRI 1 TR A B e B G A A
LS SRR R 4% B, B 448 d B %)
1% — 4% FE B Jy B 4K A5 57 I ) fse KAE 430 82. 4,
84.5,96.4,91.7 MPa, Jif J1 % /)N,

i LB A4 T 2 RPC (5 & & 8 s i ALY
40 Y0 B, RPC FAR A 3 TR 8 = 43 A8 &0 1 FH 8 h
B A R) B A A B R 0 5 i EL AR A 40 06 B 7 5K
o FH R ) A G AR AT L TR T AR T
B A0 A7 A 7 T R o AR T R A T AR 406
i 524 R RPC 1 C50 YR 8k - A W B,
B 7 B e K BT N 18 /0N S B 5 T AR IR

32r —— [#C50
—e— [#RPC
28 | ——2#C50
—v— 2#RPC
—e— 3#C50
Zd —«—3#RPC
——4#C50
o 20 1 —e— 4#RPC
o
S ——5#
~
R16}
8
12
8 L
n 1 " 1 " 1 " 1 n J
0 100 200 300 400 500

1 19/d

B4 ghafd L

Fig. 4 Time-history curve of stress of the column
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Tab.3 Stress of each column and the shear
stress of the steel shear bond when
concrete age equals 448 d
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2% 8.6 39.9 26.2 50.5 84.5
3 10.1 30.8 28.4 60. 0 96. 4
4z 11.9 20.1 31.2 72.0 91.7
5% 15.6 0 - - -
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Fig. 6 Longitudinal, cross-sectional diagram of precast RPC column arrangement
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Tab.4 Comparison of displacement of the rigid frame
bridge after ten years’ creep and shrink

W 17 A X 25
SRMALE/cm A R,/10 *rad
S 3 VL WA —8.9 25.2
Jn RPC Wil —4.1 14.9
FAG L4/ %6 53.9 40.9
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Tab.5 Comparison of compressive stress of the rigid frame bridge after ten years’ creep and shrink

T 8 IR 4 1 )/ MPa

TR 18 R BE 1 N J1 /MPa

L - o o
S 3 T AT i RPC 4 7 4330 R B - B i RPC H: 4 /e
vh 5 5 o —7.2 —4.2 —5.8 —6.0 —16.3
thigs 1/4 5 —10.8 —10.3 —11.0 —9.1 —
0 B —7.6 —7.5 —15.2 —11.8 —24.2

3.3.3 FE Ak

RS RO SN TR T N Ay T =R B B e
il KRS AR K 00 Pe 5 o0 B 2 [l e AT 0 ) 0 T
I 5 R R TR RE b USRS B T DA AR
SCHESEA 10 YRR AR S U X TR v B
S AR AR A VR O A R R g | R A TR g 6
I WA RS 246 4 A8 5 1R 1 T ) 8 K LA T 3k 6
JIi 7.

t 2% 6 Al 0. A RPC J5 . o 5 5 W1 M o i
Tl AR AR 51 Y BN 3 4R > T2 5%, s
S DX TOUAR AR 3G T2y 6 %6 . AT UL in A Bl RPC A X
5 J J03JEC AR AR L 7 DX T AR Rl A AR AR 5 LA 1Y
TR 45 2Kk AR A3/ 3X O R A S RPC A
S o 5 HRRC AR | 677 A X IO X A R B - G R R T DA
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Tab. 6 Prestress loss caused by shrinkage and creep

s TR T A A HIX JIURIEIES
JEE AR 1%k /MPa Tt /MPa
ZX1 122.5(115.9) 2C 87.8(94.6)
X2 123. 0(116. 0) 3C 88.7(95.8)
X3 122.6(115. 6) iC 90.7(96.2)
ZX4 123.4(114.7) 5C 91.4(98.8)
X5 121.5(113.5) 6C 91.3(98.4)
X6 117.0(114. 5) 7C 91.2(98.0)
X7 122.0(115.4) 8C 91.5(97. 1)
X8 124.0(116. 8) 9C 90. 6(96. 6)
X9 121.8(115. 2) 10C 90.0(96. 1)
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