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Abstract

Based on a continuous rigid frame bridge with horizontal bottom slab cables on the Tongzi to
Xinpu Expresswayj, a finite element model was established using MIDAS/Civil software. By control-
ling the prestress tension value and loading age, the influence of prestress loss on the mechanical
performance of the continuous rigid frame bridge with horizontal bottom slab cables during the
construction stage was studied. The study found that prestress loss can lead to an increase in deflec-
tion and a decrease in compressive stress at different sections of the bridge during the construction
stage, but the entire cross-section of the bridge remains under compression. Furthermore, during
the mid-span closure stage of the bridge, the elastic compression of concrete will increase the pre-
stress in the mid-span steel tendons, while the shrinkage and creep of concrete and relaxation of
steel will decrease the prestress in the mid-span steel tendons. In addition, for the mid-span pre-
stressed steel tendons of the continuous rigid frame bridge with horizontal bottom slab cables, the
total prestress loss value will also decrease as the loading age increases.

Keywords

Continuous Rigid Frame Bridge, Horizontal Bottom Slab Cables, Prestress Loss, Construction Stage

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

LR, BEEREVEAIT AN “ i —#” @i AR, 780X SR R @G MRz 4
W, ZREFHIEHFRNATE. SRR TE, BOUMFREE RN B\ —. EERI TSR
R HLI5E, HARRGHFESWENENR S, $0 ZsH TR IREF1] (2] [3]. 2RI, 7R,
PGt i 2R AR ZOE S NI B AE AR GO A b T35 rh PRI R, 0% N BURHOT R FE (4], IERIZ— IR
R D D] ARV AR R AR . TN R . i B AN AR (5], AEIESE MR b AT BTSN A AT A
P 52 P BE B IR LT, (RTS8 R R R K I A, B2 o e (B4, ™ 2
Mriiais . ik, BEFUTN 3 R S MR ) S i+ B 22

BT EESE WA M TN S S SRR N R 1A, AR S22 MR N BT e 1 — &3 TAE, TR ELR
gt L R SR 258 26 TKA A X FRUNL A7 40 K M 5 o 2 (P Br B [6] . AETRIRE L BE SR B, BB fti L 133t
A7 A RTINS 3 S 10 AR A 24, (B TN T TS AR AR AR BUR B 25 3B BTG K[ 7] FEAN AL TRBLI B
DR JEE 5 3 S R FOURE 7 403 K Ll L AR A5, S 5836 Bl ) T 43 9 B K [81 0 7 TR0 S 452 I R A7 F9 %2 7 40 A 14
JS2 A5 R TR AT AL, ot A AR P TURE 77453 2% bE EL R MR O TIUSE 4 2R BE K [9] 6 T TRUME 7453 2%
XHESERIRIBT I ZA MERERIREM, ARSCZE B REAT T IE. WAl AR W], R /740 0k 2 W1 Pl R 4 4
(IR S 32 e 1 it TR i R P (AR T oK [10], FLMR SR8 56 P B8 0B 748 5% 1A 38 in i 48 K117,
UEAk, BTN S8R T 5 SR IEAROT2E12]

FIFE] 223 5 [ AR B H SR FH KT B AR 2R RV B oR T 0N 77 54 e A B 7 2 (4R 170 77, WD 50 A% e
LRI ZIELENIR M HH B AR T 2SR HRATEL 13 ] K1 AR 28 T S NI ARV I R M 1) — i
Wi, L5 2R R SN EL R AT IR AR o Bldn,  JRAR R KT A1 B W] A R b R TN 7

DOI: 10.12677/hjce.2023.124052 473 T ARTHE


https://doi.org/10.12677/hjce.2023.124052
http://creativecommons.org/licenses/by/4.0/

JEIOH 2%

P AR Bt L WS A AR AR IE U T HR[14], KPR Tl AN R A S TR BE K [15], /KT AR 2R W] LA
MARAS I fift phiZe 2 NI AT Rt K i) A5 1616 X /K P IR AR 28 R0 2 NI AT IR AE EL 2, ) B SR
A BRITTITEDE T T ARk A7 B R AR 1322 22 IR M MR 3 7K~ A1 B R AR R ()32 22 IR B 1) 0 22 1 e
45 R W) AP AT BRI SR IR AT W BE SEAR 17 ] S AT BR 7T 4087, BRI IE 1 232 J LA S 500t
IRV JEAR R BT AREMOE SE NI J1 25 M e s, 45 SR BAAE B A R 32 ZRAR A T 1) 25 40 B 2 K
LRRVR BT = TR, S B 2 R R B R K R v i 4 K[ 18]

JUE P IR B RSN A — RAIR R RS, HTHZit T, @SRRI, HK
TERRHE S ST SR 52 B8 KPR o A2 MIDAS/Civil At ZGERIEFE T TS 345 2 6] 7K P e b 2 e 48
NI Rt T B 7 2 PR Re s, Wi T 285 SR B 1E R R 2R My R i 5 il TR bR =
2. TREBASHRTER

AR SCHCHE T A2 9 o M AR ASE 22087 7 s e /KPR RO 2R MR, HLP5 42 0(86 + 160 + 86) m, JiK
BRI PN A KA E . EFERA Co0 TEEL, AP RE, REik 1.5 MM, W
R S W o 7179 S P = X & ) I D S | PG S VA U AVA I A Kt R [ B I VA 2 3 P M s
TN 7K FARAA B iRy o BE AN e e, Hepthi s R £, = 1860 MPa.

| 86 | 160 | 86 |
I | I 1

88

135
122

Figure 1. Elevation of the bridge (unit: m)
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Figure 2. Finite element model of the bridge
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Figure 3. The relationship between (a) deflection, (b) compressive stress and position of the bridge under different prestress
loss during the system transformation stage of the side span closure
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Figure 4. The relationship between (a) deflection, (b) compressive stress and prestress loss of the bridge at different posi-
tions during the system transformation stage of the side span closure
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Figure 5. The relationship between (a) deflection, (b) compressive stress and position of the bridge under different prestress
loss during the mid-span closure stage
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Figure 6. The relationship between (a) deflection, (b) compressive stress and prestress loss of the bridge at different posi-
tions during the mid-span closure stage
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Figure 7. Schematics of prestressed steel tendons numbering for (a) top and (b) bottom slabs in mid-span section of the
bridge
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Figure 8. Variation of elastic deformation loss value of prestressed steel tendons in the mid-span (a) top and (b) bottom slabs
with loading age during the mid-span closure stage of the bridge
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Figure 9. Variation of shrinkage and creep loss value of prestressed steel tendons in the mid-span (a) top and
(b) bottom slabs with loading age during the mid-span closure stage of the bridge
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Figure 10. Variation of relaxation loss value of prestressed steel tendons in the mid-span (a) top and (b) bot-
tom slabs with loading age during the mid-span closure stage of the bridge
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Figure 11. Variation of total prestress loss value of prestressed steel tendons in the mid-span (a) top and (b) bottom slabs
with loading age during the mid-span closure stage of the bridge
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Table 1. Comparison of total prestress loss between continuous rigid frame bridges with horizontal bottom slab cables and
with curved bottom slab cables under different loading ages during the mid-span closure stage
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