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Flexural behavior tests of full-scale concrete T girders with

steel-UHPFRC composite strengthening
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Abstract: To recover the flexural behavior of the superstructure in concrete T-girder bridges after
damage under extreme loads such as earthquake, explosion, and fire, the steel-lUHPFRC
composite reinforcement method, which improves the steel-concrete composite reinforcement
technology by using the excellent flexural performance of the UHPFRC material, was proposed.

The experimental research was conducted on damaged full-scale concrete T-girders. The flexural
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behavior under the normal performance stage and the bending failure mode at the bearing capacity
limit state of both steel-concrete composite strengthened T-girder and stee-UHPFRC composite
strengthened T-girder were experimentally analyzed by bending tests. Based on the bending
failure mode of full-scale T-girders., the bending capacity calculation diagram and simplified
formula of stee-UHPFRC composite strengthened concrete T-girders were established. The
results show that plastic bending failure of the stee-lUHPFRC composite strengthened test
girders. The cross-section deformation of the girders conforms to the flat section assumption.
The longitudinal relative slip between the reinforcement and the original structure is less than
0. 35 mm. Compared to the unstrengthened girders, the strengthened test girders demonstrate an
overall improvement in the working performance. It is observed that the ultimate flexural
capacity of the girder increases by 71% after strengthening with steel-concrete composite. Under
the condition that the weight of the reinforcing material is reduced by 50% , the ultimate flexural
capacity of girder strengthened with steel-UHPFRC composite can be increased by 30%.
Further, the flexural behavior of the steeF-UHPFRC composite reinforced concrete T-girder is
similar to that of the steel-concrete composite reinforced concrete T-girder under the normal
performance stage. Therefore, the steel-UHPFRC composite reinforcement can improve or
restore the flexural capacity of the concrete T-girder and reduce the weight of the reinforcement,
which contributes to the self-weight of the structure. The values of simplified bending capacity
obtained from the theoretical analysis and the experimental results are compared for both the
steel-concrete composite reinforced girder and stee-lUHPFRC composite reinforced girder, and
the ratios of the values for the girders are found to be 0. 97 and 0. 95, respectively. Thus, the
simplified calculation formula is reliable and can be used in the design calculations of composite
reinforced concrete T-girder bridges. 4 tabs, 19 figs, 21 refs.

Key words: bridge engineering; steel-concrete composite strengthening girder; stee-UHPFRC
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Fig.1 Loading plan

20 T e g 2 0 1 7 =X - AR VAR 0 4
80 mm/E C40 R #E + 8% 50 mm J& UHPFRC #k 17
AR 20 & o E A B 19. 96 m, 38 i 7 TR R R 5
JENBE 1 25N M 5 78 45 1 TR AR A 4K 73 fef 15
AR 558 22 0 8 A T R AR S ] A . A S I A
I T 2R 91 B + (UHPFRC) 414 i & . 4% Ak 5
i 28 A 3 3l e 3 4 5 O A D 5 4 5 T A A 22 )
LR C40 YR #E 4 8% UHPFRC {5 45 14 J& % %% {4 3 7]
TAE. Hralge gt T1 @A E 2 %M 6 mm J&
AR 48 em JBE C40 VR &E + ., AR Hi % 8 cm J& C40
TRBE T U 3 T2 AR E 2 YR 3 mm JEH
M +4 cmJ§ UHPFRC, ifk4# 5 cm J&E UHPFRC,
IR T2 nE & E 2 s, g3 R 58 2L %
T AR RE I A5 R LR 1.
1.2 mEkEE

SRR 20 m R R IR EE T Rk, &%
TNk B AN B 3L 4 FrR AR R < RS 4L
BB LA 177 11— i 1] 2 A R A BT B - Bl 1L R B
— Vi FH AR A T 7 7 I 2 2 B R T T A A
S AT A T9UT5 S 84 B AR T ik g 2 it fin
1 4,



k& XRFFROGAMFR) 2018 4

UHPFRC
S
o
v ";:
<+
(b) 2 BT
" 1580 i
I 1 %_
| I R R T T DD U P BP0V | +
S
il 4B UHPFRC o
L2
ek
<+
(o) BB
BT cm
K2 RER T2 Wi
Fig. 2 Structures of test girder T2
x1 MHEERSH
Tab.1 Material performance parameters MPa
WL A Ji IR R | A PR | R A
Q235 M 309 458 2.0X10°
HRB335(®12) 400 560 2.0X10°
HRB335(®16) 422 565 2.0X10°
HRB335(®28) 410 580 2.0X10°
C40 VR %E 50 o R 5 B 31.4
UHPFRC #1041 75 58 98.6
CIEE [iSisctiivwil 1395
(®15.2) A RN ) 860
TEPL
—

PSB93 0K 5L, 42 04

I & e

B3 mcE E = e
Fig. 3 3D model of loading device

B4 SIprmdc g
Fig.4 Actual loading device

1.3 MEHE

T30 AN A 8 e ) A% IR O o B op B
55 OB B8 T 3ok A5 A% R AR A R T S R
TE AL T I0 E n [ER BE 1 TR R = R A
TR BE - 55 0 1 4 A =z 8] A AR i A L Qi L S BTR .

2 RBEERSW

2.1 AHERES
2.1.1 MEHEEXZ

6 il o B2 b - He e T 2. B 1l 6 AT
HUAH BT AR S NT 22, 3-8 &k + 20 & [ T1
#N-UHPFRC 416 & T2 Bk R ¥4
KOIFEETE Ik 2 Pros. Hd, F, il 32 4k B i
B, Fo oy 357 e MR A 280 F oy 2 0 (T 5 Al S Al A 25
T1 B A E )2 R 6 mm JE AR +8 em J&E C40
TREE LAl G AR RRARE 4 m T 710 T2 R
FH3 mm JE 0 R +4 cm JE UHPFRC 20 4 fin & . #%

e £ TR0 2R

I A Y 55 55 52 LN
- ™~ ™~

Y ) e

E— ]

9 77 2 2 9

-0 ) I vy

B8

Bl S A

Fig. 5 Arrangement of measuring points



% 6 M EIAA.HF M-UHPFRC A4 B R Rkt £ T Z40 5 RE ML XE 121
1200
800
z
® | /) e
&
400
— NT#
~~~~~ T4
T2
0 6I0 léO 1I80
4 /mm
Bl 6 i e il 2P i i 2k
Fig. 6 Mid-span loading-deflection curves
. &7 NT 24T &
£2 RHENRBER _ _
Fig. 7 Flexural failure mode of girder NT
Tab.2 Test results of bearing capacity kN
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Fig. 11  Mid-span longitudinal strain curves of girder T2
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Fig. 13 Curves of load and strain of mid-span bottom steel bar
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Fig. 14 Curves of load and strain of mid-span steel plate
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Tab.4 Comparisons of calculated values and test values
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