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Impact Resistance for Wet Joints of UHTC Functional Gradient

Mei Ruoshi, Wang Kai, Yu Guoqging,Guo Liujun
(School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract: Aiming at the phenomenon that the wet joints of precast bridge decking are damaged by impact load
during service, a functional gradient composite structure design concept was introduced to design a wet joint of
functional gradient of precast bridge decks. Taking the relative functional layer thickness and the compressive
strength of the UHTC layer as the main variation parameters, the impact resistance of wet joint model specimens
was studied by using drop—weight impact test. The results show when the compressive strength is constant, the
impact life increases exponentially with the increase of the relative thickness of the functional layer, and the
prediction model of the impact toughness of wet joint model specimens about the relative functional layer thick-
ness is established. For the model specimens with the same thickness of UHTC, the impact energy consumption
decreases with the increase of the compressive strength of UHTC layer, and the reduction range increases with
the increase of the compressive strength of UHTC layer. There is a linear correlation between the initial crack
life and the final crack life with different compressive strengths. According to the grey correlation analysis, the
degree of influence of the three factors on the fracture life is ranked from strong to weak as follows: initial crack
life>relative functional layer thickness>compressive strength>0.5. On the basis of the above, two prediction models

of failure impact life, including Model _ I and Model_1II ,are established. The results show that the prediction ac-
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curacy of Model_ I is high and its applicability is good, while the accuracy and applicability of Model _II are poor.

Key words: wet joint; functional gradient; impact; grey relation; life prediction
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Fig.1 Schematic diagram for designing wet joint of
functional gradient of prefabricated bridge deck UHTC
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Tab.1 Fiber performance index
Type Specific gravity/(g/cm®) J/MPa E /GPa D/pm 6/% L/mm
STF 7.8 2 000 210 200 4 13
pp 0.91 600 6 50 18 7

IR BE T R C40 HEATEC A O R
B H KU A M D R R BRI K R K R 1:0.112:
1.739:2.720:0.003:0.371, M W% Ht K58 B X} UHTC

MR G T oh i MERE B2 MR, BETH Y 4 B [R1 BT R 5
JE) UHTC, L L4 2,

*2 BEYHRBRELEAL
Tab.2 Proportion of UHTC kg/m’
Type C SL SF Qs STF pp PC SRA Water W/B
Ul 800 160 200 880 110 10 32 10 209 0.18
U2 800 160 200 880 110 10 32 10 232 0.20
U3 800 160 200 880 110 10 32 10 255 0.22
U4 800 160 200 830 110 10 32 10 278 0.24

1.2 i HHE

SEOTIRBUE R R A 150 mmx150 mmx150 mm
Pt o 0w R RE 10 R v BRI HEAT AN . VR bR
AR R SE o 150 mmx 150 mmx40 mm, BT
FEAN TRl UHTC 2 g J2 AH XT JEE 2 Xof ey 90 M 0 422 4%
rmpdrrERE R L % T 5 MO UHTC g

JZAH X JRE E # FA AFF  M UHTC Zh RE 6 32 10 12 4%
x3 mpEeERRAR

Tab.3 Impact resistance test scheme

Test scheme H, S/ MPa
NC 0 /
U1-0.25 0.25 165
U2-0.25 0.25 160
U3-0.25 0.25 145
U4-0.25 0.25 140
U1-0.50 0.50 165
U2-0.50 0.50 160
U3-0.50 0.50 145
U4-0.50 0.50 140
U1-0.75 0.75 165
U2-0.75 0.75 160
U3-0.75 0.75 145
U4-0.75 0.75 140
U1-1.00 1.00 165
U2-1.00 1.00 160
U3-1.00 1.00 145
U4-1.00 1.00 140

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.
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Fig.3 Schematic diagram of impact test with drop—weight
method
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Fig.4 Impact failure form of model specimen
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Tab.4 Fitting coefficient of impact ductility of wetjoints model specimens

Parameter
fu/MPa D R? RSS/dof
ale ble e B
165 21.604 0.276 10.087 9.096 0.098 0.965 0.016
160 141.795 0.496 16.981 16.393 0.035 0.919 0.027
145 1.643x107 0.520 61.119 60.534 0.010 0.742 0.096
140 10.360 1.042 8.504 8.543 -0.005 0.793 0.030
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FE R RIS K, 24 UHTC hEEZ MR H,
0.50, Ft F 5 £ I\ 165 MPa J& /%] 140 MPa A, {42
BERSRAF AL A BIREIR T 10.2% ,22.0% 11 43.5% .,
IEAh, BEZE UHTC T Ag )2 A0 IS BE (38 m A, iR
IR K, X R H UHTC Zhg)2xH g 4e v nh s
PEBE AT B HE SR AL
24 MREXABPEFEGENEXR
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Tab.5 Fitting coefficient of impact life of wetjoints model

specimens
fu/MPa B R? RSS/dof
165 2.363 0.975 113.766
160 2.158 0.982 62.930
145 2.130 0.970 78.688
140 1.958 0.982 25.707
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Fig.7 Curve fitting between the impact life of wet joints
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Tab. 6 Gray correlation analysis on raw data columns Tab.7 Initialization of raw data columns
No. X_1(H,) X 2(f/MPa) X_3(N,) X_4(N,) No. X, (Ry) X, (f../MPa) X3(N)  Xo(V,)
1 1.00 140 51 104 1 1.000 1.000 1.000 1.000
2 0.75 140 30 56 2 0.750 1.000 0.588 0.538
3 0.50 140 18 35 3 0.500 1.000 0.353 0.337
4 0.25 140 13 18 4 0.250 1.000 0.255 0.173
5 0.00 140 6 7 5 0.000 1.000 0.118 0.067
6 1.00 145 62 136 6 1.000 1.036 1.216 1.308
7 0.75 145 37 75 7 0.750 1.036 0.725 0.721
8 0.50 145 19 48 8 0.500 1.036 0.373 0.462
9 0.25 145 15 18 9 0.250 1.036 0.294 0.173
10 0.00 145 6 7 10 0.000 1.036 0.118 0.067
11 1.00 160 73 156 11 1.000 1.143 1.431 1.500
12 0.75 160 41 93 12 0.750 1.143 0.804 0.894
13 0.50 160 23 56 13 0.500 1.143 0.451 0.538
14 0.25 160 15 20 14 0.250 1.143 0.294 0.192
15 0.00 160 6 7 15 0.000 1.143 0.118 0.067
16 1.00 165 75 176 16 1.000 1.179 1.471 1.692
17 0.75 165 36 95 17 0.750 1.179 0.706 0.913
18 0.50 165 25 62 18 0.500 1.179 0.490 0.596
19 0.25 165 17 23 19 0.250 1.179 0.333 0.221
20 0.00 165 6 7 20 0.000 1.179 0.118 0.067

®8 BEREEWAMEFEGFHRKERBRREKE

Tab.8 Correlation coefficient and degree between 1.0
abrasion loss and various factors 0.9 -
No. 3] & & £
1 1.000 1.000 1.000 £08F
2 0.724 0.546 0.918 S0k
3 0.773 0.456 0.971 g
4 0.878 0.402 0.872 %g 0.6
5 0.892 0.373 0.917 05+
6 0.644 0.671 0.858 g sk
7 0.951 0.639 0.992
8 0.935 0.492 0.862 o3p  H S N
9 0.878 0.392 0.821 2 4 6 8 10 12 14 16 18 20
10 0.892 0.365 0.917 Sample number
11 0.526 0.609 0.890 B8 o RH
12 0.794 0.691 0.860 Fig.8 Gray correlation coefficient
13 0.935 0.479 0.864
14 0.906 0.369 0.845
15 0.892 0341 0917 3 UHTC A pEHEHEMSEEZTNEE
; i o - TR XIS 01 45 1R 2500 24 54 55 0 B
18 0.852 0.488 0.840 AR Ry 8 5 R e 5T B T iy 22 TR R B I
19 0.951 0.367 0.832 BLER BT NR M,
20 0.892 0.333 0.917 31 FMARBIE L
R 0.827 0.510 0.877 s bl fr S U6 2 R A O RS
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