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01. Research Background

o 1.1 Reinforced concrete (RC) bridge piers

Typical distresses include:

» Carbonation is widely observed in the concrete cover; Key issue 1 :

Address the problem of

environment-induced

» The reinforcement in the bridge piers is exposed to water
and suffers from corrosion-induced expansion;

» Subsequent strengthening and rehabilitation are corrosion in RC piers

challenging, maintenance costs are high, and numerous
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o 1.2 Steel bridge

4 N

Key issue 2 :

Address the
problems of
corrosion

susceptibility and

_ \kLcal bucklinj/

T —ET—KAtpE T e, PrSt e RUC ThaTn. SCIsmic beha i |
FOE S iy S o | Cublas Pridge colymys
equipped with low-yield-point steel plates in the root replaceable pier[J]. Earthquake Engineering
and Engineering Vibration, 2023, 22(2): 527-548. piers.

® Haifeng Li, Kunde Lv, Runsheng Cui. Seismic behaviour of eccentrically compressed steel-box
bridge-pier columns with embedded energy-dissipating shell plates[J]. Bulletin of Earthquake
Engineering, 2020, 18: 3401-3432.

® Haifeng Li, Yongfeng Luo. Experimental and Numerical Study on Cyclic Behavior of Eccentrically-



01. Research Background

o 1.3 Rubber

concrete
Waste tires (Solid Rubber (v Good elasticity,

icle s vibration reduction,
and noise reduction;

HUAQIAO UNIVERSITY

v High deformability;

v Fatigue and aging
resistance;

Characteristics

v Impact and crack
resistance

Y
Rubber concrete _

_________________ Y_Good-dugability and
Key issue 3: Overcome the limitations of insutﬁiu(ﬁgﬂffls;
Istrength in the engineering application of rubber co/nlga’wtgtreﬁgt




01. Research Background

o 1.4 Novel composite

(

-

materials
To address the deterioration of

RC piers induced by

T8 HEARILE R EFROSH Y
susceptibility and local buckling
failure of steel piers;

To overcome the limitations of
insuffi cient strength on the
engineering application of
rubberized concrete.

”

FRP
GFRP
CFRP

et al.
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Novel composite materials
are considered ideal
candidates for extending
the service life of
engineering structures

because of their corrosion

3000

re ngth. CFRP

GFRP
500 LR
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o 1.5 Design of composite
bridge piers

Composite
bridge piers

Rubber + Hollow
concrete Steel tube

» Enhanced load-bearing capacity,

Rubber
concret

ductility, and durability;

> Improved mechanical properties
of rubber concrete;

> Steel tubes replacing reinforcing
bars to provide suffi cient

GFRP-steel double-skin confined
rubber concrete composite bridge

flexural resistance;

A\

Higher construction effi ciency;

A\

Reduced carbon emissions.
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02. Axial compressive behavior

2.1 Tests and results analysis of square

com

iers

Failure modes

HUAQIAO UNIVERSITY
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2.2 Parameter analysis and load-carrying capacity prediction of square
composite bridge piers
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® Kaige Liu, Haifeng Li, Hanhuang Huang, et al. Axial compressive behavior and capacity calculation
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2.3 Tests and analysis of elliptical composite

bud-g-e—p4e-ns ign and fabrication of

Des
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02. Axial compressive behavior

2.4 Parametric analysis of elliptical
composite bridge Hiers
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2.5 load-carrying capacity prediction of elliptical

comlposite bridgepiers
Hoop strain : Axial strain :
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Calculation model :
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short tubes under axial compression[J].

Construction and
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3.1 Test design of square composite SR
bridge piers

A total of seven composite pier columns

>l
=l

=3,50r7
Push  Pull

5 &

D=300
GFRP tube

»
-

were designed with the axial compression ratio, =133

Steel tube

rubber content, and GFRP tube thickness as the

Rubber concrete

1450

main test param &tesign parameters

1270

Axial Thickness
. .| Rubber
Specimen | compressi of GFRP —AA
content
ID on tube
: (%) |
ratio (mm) Stil;lel;er C8@100
n0.1-p20- 0.1 20 5 185.15 i - e
t5 .L
n0:2p20- 0.2 20 5 370.30 :
"0'3t'5”20' 0.3 20 5 555 .45 \
10.2-p10- 2 - L
0.2 10 5 455.07 .
t5 Configuration of the
224930 0.2 30 5 324.55 Specimen
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3.2 Experimental program of square

composite bridge piers

-
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| Push (+)

8
6
One 4.00
41 cycle 3.00
ol 2.00
— 05 1 1.00
S '/UU”;M\
% =U.

4L Three cycles 3.00
4.00
-5.00
6Pl () 6.00
_8 I I I I I
0 15 30 45 60 75 90
Number of Cycles
Loading
—————————— protoeol - — — — — — — — — — -
When 6 = 0.5% and 0.75%, one

cycle was applied at each level; when 60

= 1%, 2%, 3%, 4%, 5%,

and 6%, three

cycles were applied at each level, until
the lateral load dropped to 85% of the

peak load or obvious damage occurred

and the specimen could no longer be

loaded, at which point the specimen
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Concrete
crushing

£
L b v
i '*‘"ﬁ- ht‘& M

Failure modes of typical Failure modes of rubber concrete and

» The composite pier columns exhibited similar failure modes, with damage concentrated
within 0-150 mm above the pile cap.

» After the GFRP tube was removed, it could be seen that obvious cracks appeared in the
rubber concrete on the inner side corresponding to the damaged locations of the
GFRP tube, whereas no obvious cracking or other similar phenomena were observed on the
surface of the rubber concrete corresponding to the undamaged locations of the GFRP tube.

> After the rubber concrete was removed, the surface of the hollow steel tube showed no
obvious buckling, cracking, or other damage, and remained in good condition.
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3.4 hysteresis behavior of square composite
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o 3.5 Prediction of lateral capacity of square
composite bridge piers
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equation :
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3.6 Tests and analysis of circular composite

f
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Failure modes
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3.7 Development of a restoring force model for circular A
composite bridge piers i T .
O Fixed-point¥; =0.7v,... V; =0.65V,.. E= AT
10
14 i 4i i
. . T K |
@ End point of the descending V. =0.7V, A
% On) ' /O L | >
branch : | : /; o Jo o
- + | Ky >~
K, =O.6(%) i i Kr: A1
. . ) ) | /N
® Unloading stiffrress ao006v-  +0.01379)82+0.00693V " 5-6.07593 T cn
ST S 2w
: . V7 =(0.00007V,} -0.01260)62-0.00635V," 5+22.24863 ’ "
@ Softening point :~¢ max ) max
é 0: g O: g 0: g O: g 0:

® Kaiping Jiang, Jingjie Yang, Xue Han, Ziqin Jiang, Haifeng Li. Seismic performance of GFRP-
rubberized concrete-steel hybrid solid columns[J]. Structures, 2023, 58: 105430.
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4.1 D C d 30 30
o esS lg n an w w
manufacturing g Zﬁé :
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1 i L
1 N - T
: ------ -- ) \\ — Steel tube
= ' Steel tube : GFRPX
GFRP i I Al - -
1
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: dimensions
| Design parameters
AN EAE R
....... ’ . (%) | (mm) | (mm) | (mm) | (mm) (kN)
RONO.2 0 168 6 300 6 0.2 672
C fi ti d R15N0.2 15 168 6 300 6 0.2 401
onhiguration an I 30 | 168 6 300 6 0.2 582
fabrication of R15N0.1 15 168 6 300 6 0.1 291
composite bridge piers R15N0.25 [E 168 6 300 6 0.25 728
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o 4.2 Material properties
*a Rub bko a chicmege

MTS loading system | /Axial force loading system

54.45 54.17 53.02 53.88 42.57

4621215ub§§a;112d réfnSform ég99 33.17
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200
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E E
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. LISO 150,150 |,
1800
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1300
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I<
7

ratio

Q355]3 6.23 369.79 487.36 0.76

10.48 326.63 633.14 0.51
[ .79 42392  606.70 0.70 :
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o 4.3 Loading scheme and results of the

pseu do-d ynamic test Load-displacement response and failure modes
Loading protocol
RONO.2 R15N0.2 R30NO.2

200
07t 0.4 150} ©Peak point 150r . Peak point 1501« peak point P m1.75
0.6 0.3+ 100t 100 100+
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& 04 3 00 % 0 % 0 E 0
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=03y 0.1 100 50 50F
-- el -100}
0.2 AN 02 150l (I L= 100} y
0.1 i -0.3¢ 200 .Pmax=.1626.8 N N -150 |Pmax?-144'14 L L 150 L Pma)|(=124|65 L L
0.0 04 . . . 30 20 -10 0 10 20 30 30 20 -10 0 10 20 30 30 20 -10 0 10 20 30
0 10 20 30 40 Aeoem N .
t(s)
30 R15NO0.1 R15NO0.2
20r 150F . peak point
/\Mﬂﬂﬂ Il
E ol ﬂ I\ ﬂﬂﬂﬂn{\ﬂﬂv 50}
b U UUV U UU\]VUUU 5 ol
-10 <
_50 L
201 q00f /L
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0 10 20 30 40 50 -150F  Pmax=-132.67
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4.4 Loading scheme and results of the

quasi-static test -
RONO.2

8
Push (+) 6.00 200 200
or 5.00
: 150} *Peak point 150 °
4r 3.00 100 100
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= 11.00 50 50t
Ii / \
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20 - 100 500 -50 50+
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04. Residual seismic performance

4.5 Development of skeleton
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seismic behavior of GFRP-rubber concrete-hollow steel tube composite columns[J]. Structural

£y 4 NN &~ ~ 7 /AN A OSSO A N A N



o _UNgp
SN *;% £ %
) q g F

X HUAQIAO UNIVERSITY

CONTEN Research Background
TS

Axial compressive behavior

Seismic performance

Residual seismic performance

Conclusions and Outlook




05. Conclusions and Outlook B F L%

HUAQIAO UNIVERSITY

OSI

Conclusion
The configuration and cross-sectional forms of GFRP-steel double-tube confined

ru%ber concrete composite bridge piers are described. The results of axial
compression tests and seismic tests on the composite bridge piers are
presented. The mechanical behavior, failure modes, and residual seismic
performance of the composite bridge piers are investigated, and the effects of

various parameter changes on their behavior are systematically analyzed.

» Based on the plane-section assumption, material constitutive relationships, and
mechanical equilibrium equations, a method for determining the load-carrying
capacity and seismic design of GFRP-steel double-tube confined rubber concrete
composite bridge piers is proposed.

» The optimized combination of GFRP, rubber concrete, and steel tubes can improve

the stress state of the composite structure, thereby enhancing its ductility and

A AFA 39 At 4 2~ N AN Tty PR | PR R A A At Ixr A x7+TR v 2 £ 1~ A w3 At AN A A d AN A
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Tc()ﬂ:lv‘élﬂgﬂtk the failure modes, energy dissipation capacity, and deformation
characteristics of prefabricated composite bridge piers;

> To reveal the effects of key parameters on the failure mechanisms, mechanical behavior,
and damage evolution of prefabricated composite bridge piers;

» To establish a refined finite element model of prefabricated twin-column bridge piers and
extend the parametric analysis of seismic performance in terms of the diameter-to-thickness

inforcement rati ther vari

""" i : Grouted
Steel tube - |_—» Stainless steel tube Steel tube " | Stainless steel tube Stainless corrugated tube
H L - ¥ steel tube ' - Stainless
| Longitudinal rebars " : » Steel tube < - 1 steeltube <
Hollow . Il _» Longitudinal rebars Hollow w_| | v Stirrups » Longitudinal » Steel tube «——
rebars L
. Longitudinal
Stirrups »  Stirrups <« o rebars
’ e p Infill concrete \ ! / Rubber concrete Grouted i > Stirrups < 14
v Rubber concrete . Grouted corrugated tube B »
Cushion layer Cushion layer corrugated tube Cushion laye = »Infill concretet z
UHPC groutin Grouted corrugated UHPC groutin Steel tube UHPC grouting Steel tube
material %\ QI tube material 31 a1 shear connector material shear connecto

(a) Precast single-column composite (b) Precast double-column composite
piers with double-skin tube confined piers with double-skin tube confined
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conduct quasi-static tests and shaking table tests on prefabricated
composite bridge piers with spatial energy-dissipating braces;
» To reveal the internal force redistribution patterns in the critical regions of
such prefabricated composite bridge piers;

» To propose a seismic design method for this type of prefabricated composite

A Mass block

> Reaction frame

> Energy-dissipating

> Hydraulic jack
brace

Composite
: pier > Actuator
> Energy-dissipating
brace
> Composite pier

> Anchor bolt

dissipating

brace > Composite pier

> Pile cap Shaking table

(a) Schematic (b) Schematic diagram of (c) Schematic diagram of
diagram of quasi-static test for composite shaking table test for composite



06. BRI & 4424

HUAQIAO UNIVERSITY

B R B R I=BI 5 ® RETEGHAXRERFE

(1) /N~ 5mx5m+1.5m (1) AfEr =k B, R RSAE . IR
x1.5 m i AVTHEN

(2) ?S%U%Ehﬁzazﬁﬁﬁﬁﬁ (2) MBRGHMR )RS (5000 kN )

(3) B ABAEE: 50 T (3) ACEWEE R 6.0 mx4.5 mx1.5

(4) WK INEE: X/Y:1.5¢ ; m

MTS KPR
E%ﬂ%ﬂf

S v
& - L{Q W

. L

| | . —
 a S
= = %

| 3 . [ 5 o Y
; - — ;
. = 1




_ MTS zﬁﬁwzﬁﬁﬁtﬁﬁ%é}f

! 14 EMTS 244 &4

M Pl Flex-Test 100

. M. 505.180 (600LMP)
W BETFEE: T A

@8 (190~ 1500LPM )

2 HRESH
% ShAMTEEE S LT +/-1000kN

\ AT AMET 150mm

B H A A/NTF 2500mm

PR ZE ST B . AN

| 700mm

T HMERE: A~/ 1000mm

® 30000kN Ha.y5fr] ARk 22 Th RE 45 AR B Bl

= MERESH
i\ g ﬁx&ﬁt%\ﬁ: &
= 30000kN

B 17=10000kN

R EpIEERE =R
1>=5000mm
FHAR 22 AT 141«
= 1700mm

® ZOOOkN ﬁﬁ%ﬁ%ﬂ{%&eﬁ K

= 4000mm

HaeZHE > 3200mm

R 2H: 1000~3000mm
S T EPEE 0D m m

# 1500x2000mm

| JJBEANE RS =

1 3000x 2000mm

W& S 2000kN

e TVEEIZ. 20H7z




?

HUAQIAO UNIVERSITY

Thanks for your attention!

Prof. Hai-feng Li
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