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Cost-Effective Repair Mechanism of Corroded Steel Plate Girder End with CFRP

Mumtaz Yasin, Tetsuhiro Shimozato
The University of the Ryukyus, Faculty of Engineering

Abstract

Corrosion and aging of bridge infrastructure have become a rising threat that has put the safety of transportation in jeopardy.
Several cases have been reported where the bridges were closed temporarily or permanently because of the risk of their collapse.
Mostly, the girder end area is more prone to corrosion where the subtropical weather of Japan and in particular Okinawa adds
more to the severity of the case. Corrosion in the girder end area can significantly decrease the shear load carrying and shear
buckling capacity of the girder. Several methods exist to repair the corrosion in the girder end, where no specific study has
been done to study the repair method and its cost-efficiency. Thus, this study has focused on the cost-effective repair
mechanism of corroded steel plate girder end with CFRP. As the result of the study, it was revealed that using 2 layers of
CFRP on either side covering only 40% of the target web plate can be a very cost-effective repair method for girder ends.

Keywords: Corrosion, Carbon Fiber Reinforced Polymer, Repair, Steel bridge

Introduction

Corrosion in steel bridges has become a series issue
and several reports of severe damage have been
reported. The corrosion has a significantly
destructive effect on steel structures, especially
bridges where the salt from the sea can easily
accumulate during its serving years and can cause
weakening the structure and its load-carrying
capacity. Because of corrosion, the structure can
completely collapse such a steel bridge in the USA
(1,2) while some closed and dismantled due to the
possibility that they will collapse such as the Choshi
bridge in Japan (3).

The common strengthening or repair methods for
steel plate girders of steel bridges are either to weld
or bolt additional plates (4). The traditional repair
methods are time-consuming, labor extensive, and
costly which can minimize the effectiveness of the
process.

There are some studies on CFRP use for
strengthening and repairing or corroded steel girder
has been studied including for the shear
strengthening (5). However, this study has focused
on the use of CFRP to enhance girder’s structural
performance while considering the cost of
maintenance.

Methodology

In total, 11 specimens were tested, every specimen
was focusing on a specific parameter. Overall,
CFRP was attached to five specimens in the tension
direction of the web plate, three specimens with

-99 -

CFRP attached to compression direction, one
specimen with CFRP applied to both tension and
compression directions, and one specimen with no
CFRP sheets applied. The main parameters of the
study were to focus on the direction of the CFRP,
the coverage percentage of the target plate, and the
number of CFRP layers. The study used two
approaches as below.

1) Numerical Analysis

Abaqus/CAE 2017 was used to perform the
numerical modeling and analysis of the steel girder
plate. To model, shell elements were used with, the
total length of the specimen was 5.64m with two
supporting girders every 1.445m and the main girder
with 2.75m length. The web plate thickness was
6mm while the target panel was only 3.2mm which
represented the corroded condition at the end of the
steel plate girder. Furthermore, the girder was
simply supported, and point loads were applied in
the middle and end (cantilever) part of the girder to
reproduce the maximum shear in a girder end.

-

S

Figure 1 Experimental Set-up
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2) Experimental Work and Parameters e
For the experimental study fig.2 and fig.3, a !
Shimadzu loading machine with two loading jacks s
each with 1000 KN capacity was utilized. The i
specimens were simply supported and placed 0.5m 7o
above the ground. The loading configuration was s

P2=3P1 as sown in Fig.3. Three-dimensional strain
gauges were used to measure the principal strain on

0.2

the surface of the target web plate and the LVDT .
- e - o 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
transducers were placed in a 90-degree position with A
the target plate to measure out-of-plane deflection, Figure 5 Shear Load Bearing Capacity Curve
strain gauge, and LVDT transducer. incesmin
o =
Specimen (%]
E = Shear Ultimate _ i
& “‘f‘,":;}'l,}:l:f:“f i Buckiing (KN) | Shear (KN) EN T::: j:‘: 5 :: : j j:; :;
— - - 63 233 [ ] 40 27 454 12 225 355
— 242 F‘P“}' Resin 295 306 _ T40 297 6.12 13 375 3re
— T80 242 Epoxy Resin 158 282 [ ¢ | g a2 o 4 80 7
I 40 242 Eposy Resin 216 m Bl o m " 1 o 6
e - Y — ca0 251 645 11 7.98 36.9
— T40 242 Epoxy Resin/End Polyurea 237 297 — o - o " s s
— Ta0p 242 Eposy Resin/ Polyurea 242 321 =0 3 &0 " = e
— 1o e Epozy Resin 150 3t “ T40/6 330 540 14 083 563
n <40 242 Epoxy Resin 57 251 . .
| ciom s Epnw;zsan;pul,-m 1o 25 Figure 6 Experimental Results
n TCA0AP 242 Epoxy Resin/ Polyurea 205 319
Ta0/6np 646 Epoxy Resin/ Polyurea 275 330 C on CI usion

Figure 2 Experimental Parameters . . . .
Corrosion is a high-level threat to infrastructure

“ cfzﬁfbt:‘fﬂ especially those old and subjected to the subtropical
Bl o : 3.2 mm 68 23 climate. As the traditional repair methods are not
Bl e : 40mm 197 01 reliable anymore, this study has proposed the use of
= B - CFRP for repairing the steel girder ends while
Bl o6 40mm 203 350 considering the cost as a main parameter. After

testing 11 specimens the study concluded that if
CFRP is applied only on 40% area of tension
Results direction of the web plate with only corners having
polyurea, the lost strength can be restored.

Figure 3 FEM Parameters

wi T D *m References

Tension Direction FEM [V VAU Strength
R Restored

= 1: National Transportation Safety Board, and United States.
7 i National Transportation Safety Board. Collapse of 1-35W
highway bridge, Minneapolis, Minnesota, August 1, 2007.
Createspace Independent Pub, 2008.

y 2: Manda, Akihiro, and Shunichi Nakamura. "Progressive
j 1 $ | PE—— collapse analysis of steel truss bridges.” Strain 2 (2010): 2-
7N X7 w0,

, . - — 3: NGUYEN, Xuan Tung, et al. "Evaluation of corrosion at
Figure 4 Shear Load and Vertical Displacement Relationship contact surface on gusset plate connections of steel truss
bridge."” Kou kouzou rombunshuu 22.85 (2015): 85_161-
85_171.

4: Bridge repair manual (revised in 2003) 3 - 3 Steel member
(in Japanese).

5: Wakabayashi, Dai, et al. "Repair method using CFRP for
corroded steel girder ends." Fourth Asia-Pacific Conference
on FRP in Structures (APFIS 2013). 2013.
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