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Analysis of Mechanical Characteristics of Prefabricated and
Assembled Cap Beam with Front Support and Rear Anchorage

Lin Dong
(First Engineering Co., Ltd. of CTCE Group, Hefei 230011, China)

Abstract ; Prefabrication and assembly construction technology is more and more widely used in bridge construc-
tion because of its advantages of environmental protection, convenient construction and controllable quality.
Based on the project of national highway 329 smart expressway, this paper puts forward a new construction
method of front supporting and rear anchoring based on the original prefabricated and assembled bent cap con-
struction method, and studies the internal force of the whole construction process of the two methods through nu-
merical analysis and comparison. The research shows that: in the construction of front support and rear anchor,
the internal force distribution of the capping beam is similar to that of a simply supported beam under the con-
ditions of lifting the capping beam and front support, while the internal force distribution is similar to that of a
cantilever beam under the conditions of removing the crane; the structural internal force of the capping beam
during the whole construction process of the front supported and rear anchored construction method is signifi-
cantly less than the rear anchored construction method due to the synergistic effect of the front supported and
the rear anchored. Especially when the crane is removed, the maximum bending moment of the capping beam is
reduced by 73%, indicating that the front supported and rear anchored construction method have greater safety;
the maximum tensile stress of the bent cap in the whole construction process is only 1.2 MPa, which is less than
the design value of the axial tensile strength of the concrete of 1.83 MPa, indicating that the bent cap is always
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safe and reliable in the installation process. The proposal of front supported and rear anchored construction has

important guiding significance for the innovation and development of construction technology of spliced bridge

substructure.

Key words: prefabrication and assembly; bent cap; front support and rear anchor construction; internal force

characteristics; numerical analysis

Citation format:LIN D. Analysis of mechanical characteristics of prefabricated and assembled cap beam with

front support and rear anchorage[J]. Journal of East China Jiaotong University,2022,39(6):18-25.

it 25 e [l S il (9 222 ) S A k) S BT G K A%
GEAY SR BLBENE Ty T OO TR sg i ™
AR SRR R A A K it TA8CR A% it T
g BE 5 22 X PR IR T R 7 i A% () L 0 AP e — o
7 AL T AR —— T i B2 A BT AR, A B
il PER ARSI T R PR bR oA . T A,
T A it TN TR 5 T R AR T T
(8 BE PR IE

T 2R AR, A SR A R T
T el A A7 T TS 4 A A AR AR BRI B X R
B i G2 Y 1Y B U B 2k il T AR A AR 8 )
AT RSB, AR5 T AN B A5 A
FIEAER, B e SRS T AR H A S2BR s O, I
Ji& T i DF e A5 R a0 B R R B BESE
MR TR TEEY, B KED 55X
LA B a5 AR A i TR R T L Z R AT T
FE 503 I At e it T R v R e TR, mT gk
P3RBT EOR  BAT R B2 A PRI AT
IR Y, i i SO Jk AU B 5 14 05 O
T BT B 2 1 R0 R RE RO BIE ST, W T R WA
B BT Y R B OB AT T, n] A R
ARG 32 T B BRI NI RS SE T 2 Sy i S0
BT E R BE 1 5 0 5 T AR R, JF & T UHPC
Tl PFe 2 B Sy A MERE R DT ST, WEFE R W] UHPC
Tl P2 o R A S B S5 R BT R RE |, Bt el
A% I8 RO 25 A3 04 2Tt O 4 v TN g A3 4
O B ARFAFTIA 9 A5 T 9 I D 5 i
TJ5 4%, JF 2% L 15 NCHRP 2 5 A5 1, DAIRF AL |
DIRENE FRAEIE 3 J7 T X U DR 2 ARt T 07 SRk
FIPRAN 20, 205 2R 3R I (] ) =t SR8 PR T 4 AR i
KRB B fe g 1Y 9 Gk, BOa mo il TR 2L,
T Ji& 3 1 5 e B T HAR W5

BT H R BOME T B P A T — Rl 1 Y

HLh A R, 526 G 100 & Bt Ty U8R o o 5 1 7R
b SR AT S5 R A7 D1 - AR B R Y
TR ST AR 2 o A B, 205 B T — 3 R
7 B T 2 1) T S 4R R R i Tk SR %
D5 AL AR 7E 35 RS B R BRIV Bl BT
I, AL 329 [ E R A b P H O TR 5,
TR T I 7 B B ke 35 9B ALt T ik Y, A
B R T 5 B S e A e R R R T S Y
T T4 S i, TS R R R IR
PRGRE o 53 AN FL A3 AT 1 TG S 38 S - 32 5 i S
Je il =X 2 A il T3k R P ) 35 R AR AL 5 o A R
fE, K BB 7 2 it 10 55 G P9 A I SRR Y
J3 53 A AN A B R SR A 2O T A ke
PHER SR T AR SE X,

1 I#E#HR

A SCARFC I T AR H o 43 2471 329 [#iH (1] %
% 2 I ) R R s TR Rk U 6-8
T TE W THT 2 SR JRy S M T AR 5 5 ) 3 T PR
il IE Ry W] 4—6 4 T8 Hb T BOY S T
FLER 27 m AR ENE 0/ INFE B R R A5 A4 R FH R Bk
TR RO EOE S, BB ST B+ R Pk 35 4
My e B R 2.7 m, PR i s R AR ol 24
1.45 m, PHF 1] T 1f 96 2.26~2.36 m, JiE 1 5% 0~2.1 m,
THREH K99 m, 42K 26.6 m, K FH U] N
TRBE 25, AR BCR G A, o [ BE 4.8 m, 57
FERST 4 2.0 mx2.0 m, f1 s AR H 0.2 mx0.2 m Y
RHENA 5 SN T O RSE R 2.5 mx2.5 m, oF
FESR BRI DR T2, oA S 36 R RO &k HE
M, HTE N K 2 B 55 5 0 ke Bk VK
M SR HL S B G B e 5 BR e T 7 2L Gl i
FE L 1 AR ok S TR B AR B M H R
Kb T AR im AT =5 6], 54 AR 0 52 B A 40 AH oft



20 LS IS TN

R 2022 4

R BRI R — B2 T B PR s R T2
11 HEXSZREHAEITTZ

Jr B 2 AR AR AR PR R R A o
R AR BL B TR L, R 0 A PORS SR A
YT T TR R B R A B SR R LA S A
SR U O I E R AR TR AR I T v i 2
DESRAT I S IR, PR BRORS L 3R S0H9 i [ 1A 2%

Double spliced 1 40
0 Lifting jack

S PG B AV b 2 e R R B RN A
1R, Bl 140 3R XU 40 T

G 52 U RS AL IR SO R TR R Al
, i [ R 2R 70 W AR S A 22 T, A o P 79 A0 e T
], 3 T P el e B AR A P PR R A 22 HL
ANt L E SO, A RS LR SO AT E Al
R/ IN T i T P 5 i T Y 9 4

Double spliced I 40 distribution beam

s . , Lifting jack

\M.M:ﬂm/ ‘

Extension of finish rolled
threaded steel sleeve

@40 mm finish rolling thread steel

@40 mm finish rolling thread steel
[ = : LT 11}

B1 HEASREHXRKE

Fig.1 Installation drawing of splicing bent cap with rear anchor

12 HEAZRIZE#HXEITEZ

i Bt Tad R o 5 i X4 B H R A A LA
T 2 TR RS B R AR LN R w5 R R
LT AR SR, RREHEAT IS B BB, e AR S AR T
PHEAT O X 58 9t R e AR R B R T R, —
B BRI 25 ) 1 M i R A Ak
A T A S 1 T YA B A B R T 3 A
JoT AN A A I XU

O T < DF 2 2 A A U e B R e A M
TR AT o B 0 e R R A A % Bk R T O
T TR ER L BV 35 B2 Al A R L

Double spliced 140
n / Lifting jack

IY R SR, O i R R R S TS
3R 2 AN T SR A AP TR A0S Pk LD DL
B R A8 ) T T 8 SR — AR A o T T R
JE e TURA AL K 5 0 AL RS LR SO 1l
AT U s f JL 8 R 35 3 00 — B E i e
SE I B P [, L Rs i RN A 2 s,

H T I 2 S RO A o G A S 150 A AT S, ]
A S AT T DA SR A8 It TS e v A i
BRI R0, 2008 BEAE T IR ISR v 1 2
BT EOR TR A 32 ORGSR Y
FARAE ST B T, BE— D v 7223 L

Double spliced I 40 distribution beam

N A Lifting jack

% i

1
Double spliced 140 -8
Dﬁh‘bﬁq@i‘inm GORBI0N

reinforced beret tablets

N

A \H(l.‘%ill‘h
@

100 mm high strength steel bar

Extension of finish rolled
threaded steel sleeve

[ - I<I732 mm finish rolling thread steel

) Double spliced [ 40 distribution beam

[ ] Double combination reinforced beret tablets

@32 mm finish rolling thread steel

B2 HEASRUXEHEARER
Fig.2 Installation drawing of splicing bent cap with front support and rear anchor



55 6 41 M &SR il TR B

e o AN T SRR AR 2 A 21

2 AREBIAXNTERZNEHA NSET
=i
2.1 HETERNEL

5 RS E Al T E R T TR (R 5
E G sk A% v ke 4 N D AR Ak DB iS4 R
SRR T RS [ ORI SY AR R 3 R
T EY A2 AL, R ] Midas Civil B4 | 55 32 37 A A5 Y
mE 3 fis .,

MR R . 55 2 5 57 AR C50 TR B
4, HE R PR A A L 3.45%e” KN/m?, IR FEER 0.2
R AFRPUPL R EE K T % T 1 860 MPa 1
2 4 PR AR B 1.95xe® kN/m?, YA HE H 0.3,
SERERIA A 2 mx2 m A S Y B, R Rk
0.065 m B SEHE IR R 8 1t , 36 92 T 90 0 i KB
A v A AR A 0 B, 1T 43 Ry s e — v Bt | R
e B g 9t v — i B, H b v U R R 15 m, BE
2.6 m 1Y SRR A, TP AR T R 2.7 m, B 2.6
m (14 5 1 AR 0

Mo S B AT RS R R
BT, 1 % FH AN 2228 R RS2 10 R B30T 5 76 ST AT
JRCHR B A5 21,31 Ab 7 [ 6 i 29 R, AE R HLOT
2 AR RIS 19,30 &b, A FH T S50 A
B D,,D,,D., B A R R, R, R, LAILEL f
B T QR A B

LZERIMTE AN R . i T Midas Civil A0 kHEE M
C50 IR Bt +my & & N 25 kN/m®, 1S br K &N
26 kN/m®, WO F B R B R 1.04 R R BE L
RE G LBRAAF; 75 %% 35 3 0 T B i
TS 55 Al [ A 0 T T TR R I oy A4
DI & 5 B it T3 A

B3 ZRIAEER
Fig.3 Capping beam and column model

22 EHAPEERHEIIRENATHBESH

PA— 36 PRy e g s o ), DU 4 4 T
HEATALAUL , WL 55 9 128 Ak LU I B s v,
BSOS AN, A 3N
o AR R AR o, T 1 S AR S AL T 13
Ry JE A AL A A 23 SRR A

1) T 1 22N HE A8 37 AT R H e I [ i 24
RIS AR SR A i A 2 R,
2) TH 2 mEEHR, SRR THERE
Pz, 3 RAUZ MR8, A aE M, 587 F i
SPATANIE 4, RAE E A TS T MENT, w3
25 o A L T R S, P b R K IE
JE 5 )3 55 SR BT ) o3 A 28 AT S 5 7E P
oAb By T E R KR,

11 5/23

3 13

!
h 876.4 KN

Max:

(a) Bending moment M, distribution diagram under

combination condition 2

1523
3‘ 1- 13

9 11
S "N
2%

Max:;lg%

(b) Shear force F. distribution diagram under combination

condition 2

4 ERRALREIR2ERAASGHE
Fig.4 Internal force distribution diagram of cap beam
under rear anchor installation condition 2
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Fig.5 Internal force distribution diagram of cap beam
under rear anchor installation condition 3
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Fig.6 Internal force distribution diagram of cap beam
under rear anchor installation condition 4
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Fig.8 Internal force distribution diagram of cap beam
under front support and rear anchor installation condition 3
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Fig.9 Internal force distribution diagram of cap beam
under front support and rear anchor installation condition 4
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under front support and rear anchor installation condition 5
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Tab.1 The maximum internal force of bent cap under two construction methods during the whole construction process

Rear anchor type

Front supported and rear anchored

Relative difference/%

Working condition Bending moment/ Shear force/  Bending moment/  Shear force/ Bending Shear
(kN+m) kN (kN+m) kN moment force
Install the column \ \ \ \ \ \
Hoisting bent cap 2 876.4 798.2 2 876.4 798.2 0 0
Front suppont \ \ 1226.8 699.8 \ \
Rear anchorage 22022 2 332.6 12312 1178.6 44 49
Remove the crane 7 066.2 1530 1928.1 1211 73 21
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