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1 .

Introduction

At the end of the last century, due to the need for rapid
replacement of a large number of bridges without
disrupting traffic, the United States began systematic
research on precast assembled bridge substructures to
achieve the goal of fully precast bridge construction.




1 .« Introduction

v" Various connection details for precast assembled bridge piers

have been developed.
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1 .« Introduction

v In the past decade, UHPC materials with excellent
properties such as high strength and durability have been

widely applied in bridge and structural engineer]
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2Configuration of precast piers with UHPC

connections | o |
Two connection details are developed by utilizing the high

strength and good anchoring performance of UHPC: the ring
UHPC connection and the enlarged base UHPC connection for

precast bridge piers.
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2Configuration of precast piers with UHPC

connectio
‘/nStructuransetalls of precast assembled bridge piers with
I'lIlg UHPC caonnectinanc
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* The pier base is designed as an inverted trapezoid, reserving the
lapping position for column reinforcement and pile cap
reinforcement.

* Eliminating the need for additional scaffolding to support the
column

@;@' The UHPC connection segment at the pier base enhances the

ct1ffFnece and ctrenoth nfthe certinon chiftino the nlactier hinoe



2Configuration of precast piers with UHPC

C‘Q%gnes?rglc(%l%g of precast assembled bridge piers with ring

UHPC connections
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2Configuration of precast piers with UHPC

connections
‘pg}ructura Retails of precast assembled bridge piers with
enlarged base UHPC connections
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* The hollow area of the enlarged pier base provides sufficient
connection space for reinforcement lapping.
* Serves as a grouting formwork for UHPC casting, ensuring reliable
internal reinforcement anchorage.
* The UHPC connection segment enhances the section stiffness and
_ strength, shifting the plastic hinge upward under seismic action
\(gggﬁ/‘ and preventing damage at the connection.



2Configuration of precast piers with UHPC

COE‘&%&B]C(PBé of precast assembled bridge piers with
enlarged base UHPC connections
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3 The bond-slip performance

v UHPC-connected precast piers utilize the bond between
rebars and UHPC to achieve rebar splicing. The bond-slip
performance between rebars and UHPC is the main factor
affecting the performance of UHPC-connected precast

E’%)elrr%estigate the bond-slip performance between rebars
and UHPC, pull-out tests with stirrup confinement were

conducted.
Pull-out Bar e The test model consists of
Post-poured UHPC P d s three parts: a UHPC

% Pesrpared HHEG specimen, a precast concrete
C Sisft‘ﬁ'rtig tenon, and a concrete bearing

platform. Single-leg stirrups
were arranged in the UHPC
specimen.

Bars from |
RC Footing .

RC Footing



3 The bond-slip performance

v Based on two design variables—stirrup ratio and rebar
anchorage length—a total of 12 sets of UHPC specimens

were designed.
Category | Group | Rebar anchorage lengthl, (d,) | stirrup ratiop,, (%)

0
3.0 0.4
0.8
0
6.0 0.4
0.8
0
8.0 0.4
0.8
0
12.0 0.4
0.8

1

— | — | —
SIS laloloNe v~ |wiN =

* The UHPC is of UC120 type. Both rebars and transverse stirrups are
HRB400 steel bars.



3 The bond-slip performance

i Uniaxial Tension * Uniaxial Tension
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3 The bond-slip performance

v" When
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3 The bond-slip performance

v. When the anchorage length was 8d,, splitting failure

occurred. As the stirrup ratio increased from 0 to 0.4% and
0.8%, the peak stress of the pulled rebar increased by 17%
and 18%. resnectivelv.
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3 The bond-slip performance

Y. When the anchorage length was 12d,, specimens with

stirrup ratios of 0.4% and 0.8% exhibited rebar fracture
failure. As the stirrup ratio increased from 0 to 0.4% and
0.8%, the peak stress of the pulled rebar increased by 4%

and 8%, respectively.
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3 The bond-slip performance

Comparison of bond strength among UHPC
specimens with different design variables

psv: O psv= 0'4% PSV= 0.8%

1y (dy) 0,.
(MPa)
3 181.9 181.9 1.00 181.2 1.00
6 309.4 343.0 1.11 363.8 1.18
8 420.8 489.9 1.16 491.3 1.17
12 532.2 552.8 1.04 572.8 1.08

Comparison of rebar slip among UHPC specimens
with different design variables

o, (MPa) o,/0,. o, (MPa) o,/ 0,

0.=0 p.=04% 0. = 0.8%
ld (db) S max Smax,b Smax,b / Smax,b Smax,b /
(mm) (mMm) Sy,  (Mm) Sy,

3 3.8 4.4 1.14 4.1 1.08
6 1.1 2.4 2.25 2.7 2.52
8 1.6 3.8 2.38 5.8 3.63
12 9.2 15.0 1.63 15.0 1.63




3 The bond-slip performance

v' Furthermore )

the database of bond

strength (without

stirrups) comprises 237 specimens was established.
Regression analysis was performed wusing the genetic
v PKO AN ihEoRfihRe BOMP Gl GAHdLE StRIgGR) iEhMs
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2 12r p_ogs .
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O'O ! ! | i | L
00 02 04 06 08 1.0 12 14
Bond strength observation (x10° MPa)
Fig. 3. Comparison between observed and estimated bond strengths.
Table 1
Database for bond strength.
Variable Min First quartile Median Third quartile Max Mean Standard
deviation
Input dp / mm 10.0 16.0 16.0 22.0 36.0 18.8 6.1
65y / MPa 428.4 455.0 517.0 869.0 924.0 635.0 196.8
fev / MPa 70.7 94.5 115.1 135.0 205.0 115.2 25.7
fuw / MPa 5.3 6.5 6.8 8.9 19.2 7.8 2.2
le 7 de 59.1 63.5 63.5 63.5 78.9 63.8 3.1
Lo / dy 3.0 6.0 7.8 8.4 18.1 7.6 2.9
o/ b 0.5 1.2 1.8 2.1 3.3 1.8 0.7
i/ dy 0.1 1.0 2.2 2.5 9.0 2.0 1.4
Output Ghe / MPa 128.0 350.1 521.0 663.8 1137.7 531.0 227.7




3 The bond-slip performance

v

Based on results of pull-out tests with stirrup confinement
of this study and thirteen samples recorded in the study by
Ma et al.,, adjustment factor representing the effect of
stirrup confinement on the bond strength could be
regressed as:

R, =—414.84p,,(t,—0.019) +1.00 > 1.00 0 < p,, < 2.3%

v The design bond strength can be further

expressed as

Op= Ky Opc



4 Seismic performance of precast piers with UHPC

copnections .
291" quas1-s§atlc

test
‘/eTo investigate the seismic performance of precast piers with
UHPC connections, quasi-static tests were designed and

conducted on ten test models L 1500
2 = [
Research g —
PP E1EH S
Bridge pier
type Length of the e
UHPC-connected < UHPC connection ; 5 =
( precast bridge segment (rebar HE
g pier (8 a8 ehog &S SN gH)
rage ~ the UHPC
pier connection
models Cast-in-place segment :
(10) T bridge  pier
(2) —, 2200 |

Pier
_ height: 3000mm/1160mm
\(%9?/ Pier cross-section : 500mm x



4 Seismic performance of precast piers with UHPC

Colsln.ections .
* Design parameters of UHPC-connected precast piers -
T, ;?"I!?rii
: : Connection : , 3 (EEEH
Pier height Stirrup ratio of 1
, length : g
Specimen ID (shear span the connection i
, (anchorage ==
ratio) segment
length) -
G12D-0 3000mm (6 ) 410mm (12d) 0 i
G12D-0.4 3000mm (6 ) 410mm (12d) 0.4% o K -
G12D-0.8 3000mm (6 ) 410mm (12d) 0.8% ﬁ e
G10D-0.8 3000mm (6 ) 350mm (10d) 0.8% FHHHHARH
G8D-0.8 3000mm (6 ) 290mm (8d ) 0.8%  (FEE
G6D-0.8 3000mm (6 ) 230mm (6d) 0.8% L -
L12D-0.8 1160mm (2.3)  410mm (12d) 0.8% T
L12D-0.4 1160mm (23)  410mm (12d) 0.4% 7 =

1200

* Two additional cast-in-place pier models R
were designed with same cross-sectional 1 a = %' N
dimensions and rebar ratios to the UHPC- S
connected piers. The heights of the two
cast-in-place piers are 3000 mm (GCIP) | e [

4400
3000

A-A

1800
e

~and 1160 mm (LCIP), respectively. Jsessedic iz sasiceis
and 1160 mm (LCIP), respectively. [}
\,/ — i m— 2200 == WqL ,_




4 Seismic performance of precast piers with UHPC

connecgians .
PG device’and loading
protocol
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4 Seismic performance of precast piers with UHPC

COopREGti®iSmage

* High pier(The pier height is 3000 mm) -—The comparison of the
observed damage of high pier for Cast -in-place GCIP and UHPC
connection G12D-0.8
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4 Seismic performance of precast piers with UHPC

COHP?—I%E Opl}esr— the comparison of the observed damage of UHPC
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4 Seismic performance of precast piers with UHPC

connections
* Short pier (pier heightis 1160 mm)— damage for the short

pier
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4 Seismic performance of precast piers with UHPC
ConmGetimRhtal Results

Analysis . :
e Performance Comparison between Cast-in-Place and UHPC-

Connected Precast high Piers—Comparison of Hysteretic loops
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-300 " | M 1 M | 1 L 1 L " | " " ' 1
9 -6 3 0 3 6 9 -9 -6 3 0 3 6 9
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= BRI o _ W ORE TR f
E 100 | ® ACE A ER 4 __E__ b I UHPCIFR *
- - H R 4
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-200 | \Qﬂ-. LLLE -200 —\w
- w -
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9 6 3 0 3 6 9 9 -6 3 0 3 6 9
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\@%@/ Cast-in-place GCIP UHPC-connected bridge pierG12D-0.8



4 Seismic performance of precast piers with UHPC

Connlﬁeg}ollonpasnce Comparison between Cast-in-Place and
UHPC-Connected Precast short Piers—Comparison of
Hysteretic loops
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4 Seismic performance of precast piers with UHPC

connections , , _ .
* Performance Comparison of UHPC-Connected high Piers with

Different Connection length and Stirrup Ratios — Comparison of
Hysteretic loops
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4 Seismic performance of precast piers with UHPC

connections

Summary of Hysteretic Performance and Failure Modes of the piers

Specim | N Name Yield Peak Ultimat Damage mode
en type | o displacem load e drift
ent force ratio
High 1 | GCIP 45.9mm 216 kN [6.7% The core concrete at the pier
pier bottom was crushed
2 |GI12D-0 [45.6mm 244 kN 13.7% UHPC tearing
3 |GI2D-0. [45.8mm 247 kN 16.4% The core concrete above the
4 connection segment was
crushed
4 |1GI12D-0.152.8mm 250 kN |7.8% The core concrete above the
8 connection segment was
crushed
5 |GI10D-0. [50.1mm 250 kN |7.1% The core concrete above the
8 connection segment was
crushed
6 |G8D-0.8 [48.4mm 249 kN 13.7% UHPC tearing
7 |G6D-0.8 [41.9mm 225 kN 12.3% UHPC tearing
Short 8 |LCIP 16.4mm 571 kN 16.8% Core concrete crushing at pier
pier base, rebar fracture
9 |LI12D-0. |17.2mm 669 kKN |5.8% UHPC tearing
8
=y 10 |L12D-0. | 16.7mm 625 kN [5.1% Pier column uplifting; UHPC
(&8 4 cracking




4 Seismic performance of precast piers with UHPC

connections
* The failure mode of high piers is primarily flexural failure in the pier

standard segments; However, if the rebar anchorage length or
stirrup ratio is insufficient, bond-slip failure between UHPC and
rebar occurs. For short piers, however, failure modes are
significantly affected by shear force, are bond-slip failure between

UHPC and rebar at the pier base.

* For a stirrup ratio of 0.8%, the recommended anchorage length is
greater than or equal to 10d; for a stirrup ratio of 0.4%, the
recommended anchorage length is greater than or equal to 12d.



4 Seismic performance of precast piers with UHPC

connections
* Performance Comparison between Cast-in-Place and UHPC-

Connected Precast high Piers — Comparison of Curvature
Distribution

—=—L12D-0.8
—&— C12D-0.8 r — e LCIP
— &~ GCIP ' -

| PrEE e 3E=-4. 25%

P EERE -3 7% | !

= 1 A ! = 1 L 1 .00 0.02 0.04 0.06 0.08
00 0.02 0.04 0.06 0.08 HH 2% (1/m)
HH Z£(1/m)
Comparison of Pier Body Curvature Comparison of Pier Body Curvature
between GCIP Pier and G12D-0.8 Pier between LCIP Pier and L12D-0.8 Pie

For the G12D-0.8 pier, the curvature at the pier base is
much smaller than that of the cast-in-place pier.

&
@



4 Seismic performance of precast piers with UHPC

GONIFCLIOR m e thod

v

Standard

Connection

A connection detailing design
method for ring UHPC
connection between precast
bridge piers and pile caps (or
bent caps) is developed to
satisfy the dual requirements
of bond performance and

.- 4~ o4t

/
. Precast | Connection details \
> column | :
g | Hoops |
g Longitudinal | |
o0 column rebars ™ |
“@ |
|
Interface SC ' |
Sy L o : |
5 TA— I —aA \ |
= oy o p e o S SN B0 4
g0 Interface CF
@ L =l Interface SC  Interface CF Section A-A
L] L] L] L] L] LN L] e C.\'li
Footing : Prismatic : : Prismatic|
L4 . concrete ® |concrete b" :
'a L] . L] .
: N - pin & : pin i— &
Longitudinal rebars v Y
projecting through footing UHPC layer ~ UHPC layer

Fig. 5. Configuration details of the novel lap splice connection by UHPC.

Given clear cover thickness
csoand rebar type

v

Given steel yield stress o),

v

Calculate UHPC thickness

bu = ZCSO + dO
Select UHPC type and

propose stirrup ratio ps,

v

Proposed initial rebar
anchorage length [,

v

Calculate the design value of
bond strength gy, ,,

No,increase [,

Calculate connection segment
height I, =1, + 10mm

Design of rebar anchorage detailing
in the connection zone



4 Seismic performance of precast piers with UHPC

C/Oﬁglen gllpcllesfnent design for the bottom joint of the

connection zone are based on the capacity protection
principle to avoid strain concentration 1in the
longitudinal rebar at the pier bottom

Mcr > AoMsc(1 +L./H)

L

> 1 = 7] Interface SC
Loading = ) .
TE
- L
g5 A
»h P L] . .
Interface SC Interface CF
I - I . ' PS> UHPC
g g L i L] [ ]
Interface CF | § ¢ ! ~ l,c
8 . + [ > Concrete
- L | - I_EML el e pil‘l
Ao Msc
Footing (rdeltl) ® Longitudinal column rebar
Moment demand profiles o [ ongjtudinal rebar projecting
— Moment capacity profiles through footing

Fig. 6. Capacity-protected principle of interface CF.
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connections , .
4.3 Shaking table test validation

v" To further verify the effectiveness of the UHPC-connected
precast pier, a 1/3.5 scale bridge model with UHPC-
connected precast piers was designed and fabricated for
shraking tableylestipgidge s

simply supported beam ’ X

bridge with span of 30m.

4212
12

96232

The pier height is 12 m with

S
)

cross-sectional dimensions 2

7300 (x2200)

2
(=)}

145x11=1595 20!

m X 2 m. The total weight of

8
¥

(=
L S
N
—

the prototype bridge 1is 2000 (2000) ANIWWINE
f— — 202, 145<11-1595 202
527tons. ¥ 000
5200 (x5200) S
. D g‘ A- ABIE
- Rebar consists of HRB400 lem e

steel bars with a diameter of ,
The prototype bridge (mm )

32 mm, and the sectional

reinforcement ratio is ps =

=
&1 99,
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connections
* Connection segment detailing: UHPC thickness of 140 mm;

stirrup ratio of 0.8%; rebar anchorage length of 490 mm
(=15.3db); connection segment length of 500 mm; 16 HRB400
steel bars with a diameter of 32 mm arranged longitudinally
at the bottom joint of the connection zone, serving as pile cap

lap splices for longitudinal reinforcement; total model weight

of 86.1 t.
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2 7 e 11 L W b
k% kﬂﬂ AARE shear key INGESESSEL BRI blocks
EEE T — T % K e el SR A -
i 2 Z ot
a0 | 1 e 3,% o 9
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ﬁ 2 o g /I 210
P iy i
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w|Z . m 2302 ;3
& 600
a E . 11 == |‘—>|
] AR
ol oen 8
s B-B#E
A- % -A BB Sy o}
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NS 4 Sy |4 +1> UHPC
=S 2 |2
B— § -B 1| L A o | R i
i ol | LR
- Wt ““707?><215477ng 70
= ot —_— L e Y ¥




4 Seismic performance of precast piers with UHPC
connections

0.45
* The El Centro ground motion R
=20 0.15
recorded at the Imperial Valley-02 £
g 0.00
event in 1940 was chosen for shake g .o
table tests. -0.30
G 1'0 2'0 3'0 4'0 5'0 60
Time (s)
Loading protocol.
Run Ground motion PGA (g) Run Ground motion PGA (g)
1 El Centro 0.1 6 El Centro 0.8
2 El Centro 0.2 7 El Centro 1.0
3 El Centro 0.3 8 El Centro 1.2
4 El Centro 0.4 9 El Centro 1.4
5 Fl Centro 0.6
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Connections
Observed
damage
PGA=0.49
* Most flexural cracks appeared in the lower part of the standard
segment, and no cracks were observed in the connection

- TheME&l5rds from strain gauges indicated the yielding of a few
longitudinal rebars in the lower part of the standard segment
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COS GO
* When the PGA increased to 1.4 g, the damage state of the
column was illustrated in Fig. As seen, the cover concrete
spalled off moderately in the lower part of the standard

segment, and a longitudinal rebar was exposed at the corner.

. x(f)Fvg:er:i\/ﬂcl%ntQPllyesuol?se shhoavlvrltlﬁgt th\lreanl%ec\gaslg co %%ﬁ{lvfsddalrrrllagtga in

cofinection segment.. . . . .
exura pa?t%rn, with its plastic region shifted to the lower part

a
of the standard segment. The minimal damage in the connection

segment indicates excellent bond behavior between UHPC and
rebar.
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connections.

cceleration response
displacement response at the pier top
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Cohme« taoaral force - displacement hysteretic loops of column
Pl at PGAs = 0.3 g,0.6 g and 1.4 g were shown in the

17114(\' D1{TO ‘l"ﬁ(‘f\ﬂf\f1
follov Drift ratio (%) vely. Drift ratio (%)
i e RN g L &
200} Yield strength ] . 200¢ Yieldstrength

z W i (29,163) 2 o0l (58, 170)

§ k,=5.92 kN/mm § k,=2.90 kN/mm

S O S Or

£ -100} g -100}

s | @d 5 s

- -200¢ Yield strength | - -200¢ Yield strength ]

00 150100 50 0 30 100 150 -300.56 100 50 0 50 100 150
Displacement (mm) Displacement (mm)
(@) FEa=03g (b) PGA=0.6g
Drift ratio (%)
-4 -3 -2 -1 0 1 2 3 4
300—————
. (] 10, 243) @ .
E,Z%_ﬂ%@@%@ _______ L] * It can be found that the hysteretic
k,=2.10 kN/ &) .
S 100 0Ky loops become wider as the PGA
s Or increases, and the lateral stiffness
g Yieldstrengt | (secant stiffness) computed at the
200F /(77 T T TTTTTTTT .
Nhon, 24y peak displacement degrades
390150100 50 0 30 100 150 successively

Displacement (mm)

(c)PGA=14g
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connections
v The curvature of column P1 was shown in

foldQWdRE from Fig, inelastic curvature is mainly concentrated in the
lower part of the standard segment when the PGA exceeds 0.3 g.
In contrast, the curvature in the connection segment remains
lower than the yield curvature. Such observation suggests that the
plastic region shifts upward

E 12—

= : | < Yield curvature

8 o Ave

g 1.0 /é}'\‘

E osl} \ '\\ Standard
= T' ! \ /‘ segment
Q

Q 'TYSY

= osfilil "\, \\

E / 4 Connection segment
g 0470 - PGA=0.1g -« PGA=08g
R IInterface -- PGA=02g PGA=10g
~ 02 “ lcreick -o- PGA=03g -e- PGA=12g
3 -v- PGA=04g -*- PGA=14g
Z 70.00 002 004 006 008 0.10

Curvature (m™)

Fig. 16. Curvature distribution along the height of column P1.




4 Seismic performance of precast piers with UHPC
Cm%%%q{%%l modeling

* The FE modelling for the shaking table test model was also

developed based on the OpenSees platform .As shown in

I 11 ° b an i

@ Node with mass <wx Fixed restraint (¢)

% ‘ % €. o) omp
| l ® @ Zero-length $ Rigid link 17 e Juo)

w
wl
i L /
section element = 177457
,I,I/ PV
—— Elastic beam-column element 0 i
Displ based b | d i
— Displacement-based beam-column  (d) P !) T
element eeiliel el lens,
@ (Eucu.0) A
D E o (Eurv,0)
=) 170 E-7
S £
=) ) (Ecv. fov)
(=9 =
= Strain
-EIE e) (& X Osy)
Cg T [ En.Osu
. o % ;/ E, Y Tens
Section A-A Section B-B Bl A pbs T OO0
—_— —_— AN
» gf 1| .-
ﬁiff ﬁ ::::ﬁ -q'a; o e i
{8 TR O tH g Strain
HCore %—)E HCore > (D
Hconcretefist] ] H % 8y-G) 1 (Su-Gsu)
el 2 3 i
. . % s 5 2] ‘4/ Y Ten
Ground motion input H a 2 1o .
D S— > Section C-C Section D-D gl |-~
et iy P e i Si-
(a) (b) Slip

Fig. 18. OpenSees model.

OpenSees model.
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C°Onllﬁgscet}30 S compared response time histories for the girder
acceleration and column-tip displacement at PGAs = 0.6 gand 1.4 g
between shake table tests and the FE model. It can be seen that
there is consistency in the shape of response time-histories for both

. L] 1 1 3 _° 1
girder accelerdfion ang cQiymmnm digplacemgit,
|
o 04F !
g I
2 I
g 0.0 | i ]
a8 |
(5] |
< 041 | —— Experimental
: --= FE model
-0'8 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
Time (s)
(a) Girder acceleration time-histories
150 :
PGA = 0.6 PGA=14

= 100 g & ! G g
= 1
= S0 it :
. | ’
2 [
<
| | Experimental
8 | | — Experimenta
2 -100 : ==+ FE model

_150 1 1 [ 1 1 1

0 10 20 30 40 50 60 70 80

Time (8)

(b) Column-tip displacement time-histories
Fig. 19. Comparison of response time-histories obtained by shake
table tests and the FE model considering the bond-slip effect.
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connections

It can be found from Fig that the FE model has 12.0 % and
18.5 % relative errors on average in predicting the girder
peak acceleration and peak column-tip displacement,
respectively, if the bond-slip effect is neglected. However, the
averaged relative errors mentioned above are reduced to
11.5 % and 8.1 %, respectively, when the bond-slip effect is

considered.
1.6
3 O W/o Bond-slip effect
2 14} ¢ With Bond-slip effect
o
i o
e
Q ]
5 &
Az o
g 1.0 Q
2, ¢ o ¢ 9
p: e
:,_E 0.8 — — 2 R S e e =
©
=
& 0.6}
z
0.4 L L :
0.0 0.4 0.8 1.2 1.6
PGA (g)

Fig. 20. Effect of bond-slip

(a) Peak girder acceleration

scaled model.

1.6 ‘
- © W/o Bond-slip effect
2 141 ¢ With Bond-slip effect
g
s
= .
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< 1.0 . o S
g °30 "
3 e
L e & 2 O
<
£
5 06}
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0.4 : ' '
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(b) Peak column-tip displacement

on peak responses of the
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4.4 Application

No. Project Name Connection Type Year
1 Shanghai Jiamin Elevated Road with enlarged base UHPC 2016
connection
2  South Extension of Ningbo Airport with enlarged base UHPC 2017
Road connection
3 Shanghai S2 Haigang Avenue with enlarged base UHPC 2019
Interchange connection
4 Shanghai Riverside Passage River- with ring UHPC connection 2020
Crossing Tunnel
5 Xinjiang Chengbei Main Road with enlarged base UHPC 2021
connection
6 Ningbo Xihong Bridge (Approach with ring UHPC connection 2021
Bridge and Interchange)
7  Shanghai Daye Highway with ring UHPC connection 2021
8 Xinjiang East Approach Expressway with ring UHPC connection 2021~
=y
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Cgpnecﬁons o
Shanghai Jiamin Elevated Road

Pile Cap and Precast Column and
Rebar Arrangement Cap Beam Beam

Grouting of Column- Grouting of
Pile Cap Joint Column-Cap Beam

V. . I N | L Y . T T |



5 Conclusions

v The two types of UHPC connection details for precast
bridge piers introduced in this paper are feasible, and
their connection methods provide seismic performance
equivalent to that of cast-in-place piers.

v' The UHPC connection details for precast bridge piers
have been applied in many actual bridge projects in
China, achieving good economic and social benefits.

v The research on UHPC-connected precast bridge
piers provides new opportunities for the application of
new materials and the innovation of new structural




5 Conclusions

VNew bridge structures should be economical.

v New structures are durable and environmentally
friendly, with minimal impact on the public




Thank you
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