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required maintenance and strengthening, and provide

Abstract—The main objectives of this study are to inspeat aninformation to designers and construction engineerghose

identify any damage of jaimusi highway prestressedcrete bridge
after repair and strengthening of damaged strulctneanbers and to
evaluate the performance of the bridge structura@mbers by
adopting static load test. Inspection program aftepair and
strengthening includes identifying and evaluatirge tstructural
members of bridge such as T-shape cantilever steichanging
beams, corbels, external tendons, anchor bearokingtisteel plate,
and piers. The results of inspection show thatotierall state of the
bridge structural member after repair and strengtitgis good. The
results of rebound test of concrete strength shuat the average
strength of concrete is 46.31Mpa. Whereas, theageewvalue of
concrete strength of anchor beam is 49.82Mpa. Alinogrto the
results of static load test, the experimental \@laee less than
theoretical values of internal forces, deflectiand strain, indicating
that the stiffness of the experimental structunegrall deformation
and integrity satisfy the designed standard and wwking

performance is good, and the undertaking capacity & certain
surplus. There is not visible change in the leragtt width of cracks
and there are not new cracks under experimentdl! loa

features which need maintenance [3].

The main damages occurring in reinforced concreitge
include different types of cracks, scaling, spallin
delaminating, efflorescence, stains, corrosion dkels
reinforcement, deformation, and excessive deflactracks
play important role in the acceleration of reinfmrent
corrosion, deterioration of concrete, damage ofdd®i
structure components and elements beneath of deck.
Therefore, cracks can be reduced the performanat an
durability of bridge concrete structure [4]-[5]-[6]

The strengthening and repairing of the bridgecttme can
be provided an effective and economic solutiongprapriate
situation. The strategy of repair includes matserglection,
method selection, support design, safety precautiosts, and
logistics [7]-[8].

The main objectives of this study are to inspect igentify
any damage of jaimusi highway prestressed condratige

Keywords—Jiamusi Bridge, Damage inspection, deflection@fter repair and strengthening and to evaluateénérmance

strain.

|. INTRODUCTION

BRIDGE can be defined as a structure including sugp

erected over a depression or an obstruction, ssigbater,

highway, or railway, and having a track or passagefor
carrying traffic or other moving loads. Bridge siure
consists of two parts. The first part is known agesstructure
which is composed of bearings, girders or beantsk,deints,
pavement layers, security barrier, and drainagetesys
Whereas, the second part is known as substructbrehwvis
included the foundations, piers, and pier caps. rige
inspection can be defined as the condition inspacand
evaluation of in-service bridges [1]-[2].

The purposes of damages inspection of bridge coergen
are to sure whether a bridge structure is in stfte or not,
identify any maintenance, repair, and strengthemihigh that
need to be done, provide a basis of planning fodifug of any
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of the bridge structural members by adopting statid test.

. DESCRIPTIONOFJIAMUSI HIGHWAY
PRESTRESSE[CONCRETEBRIDGE

Jamusi highway prestressed concrete bridge isdddatthe
Jiamusi City within Heilongjiang province in thestanorth of
China. The bridge crosses a Songhua river. Theativength
of the bridge is 1396.2m and the total width ofntneerse
section of the bridge is 17m. The bridge is kindTe$haped
rigid frame structure with hanging beams and sinsplyported
T-beams. The bridge structure is made from prestres
concrete box girder and prestressed concrete T-<edire
bridge was open to traffic in September 1989. Affiter bridge
is operating, the bridge subjected to heavy trdffieds and
environmental condition. Therefore, the bridge etdffrom
many problems such as vertical deflection of carbelabout
10.3cm, cracks in the top and web of box girdersl &rge
vibration of bridge structure when the traffic |saate passing.
Figs. 1(a) to 1(d) show the view of bridge struetand Figs. 2
(a) and 2(b) show the section of box girder.
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(b)
Fig. 2 (b) Span box girder

lll. REPAIRAND STRENGTHENINGPROGRAM
APPLICATION

According to damage inspection before repair and
strengthening, the bridge structural members suffeom
many damage. Therefore, there is need to repaistedgthen
the damaged structural members of the bridge. Togram of
repair and strengthening which is applied to imprahe
performance of damaged structural members of thdgdr
includes:

* Repair the bridge deck pavement to enhance the
smoothness of the bridge deck pavement by remahegld
damaged layer of pavement and pouring a new asphalt
concrete pavement to suitable designed thickness.

* Replacement of all expansion joints in all spafighe
bridge.

« Application of chemical grouting method to pluly the
visible cracks in structural members of bridge.

« Application of sticking steel plate method toesigthen
the damaged parts in the top of box girders andetsr

« Application of external prestressing tendons tetbgy
to strengthen main structural members to resisirtbeasing
of dead load due to add leveling layer of deck psam and
vehicles load, to decrease the tensile stresseimwtb of box
girders, positive bending moment in the sectiormid span,
and negative moment in the section of pier topintrease
the safety reserve of the bridge structure, anihfrove the
resistance for cracks to enhance the durabilitystofictural
members of the bridge.

IV. INSPECTIONOFDAMAGE AFTERREPAIRAND
STRENGTHENINGOFBRIDGESTRUCTURE

Inspection program after repair and strengthenntdudes
identifying and evaluating the structural membefsbodge
such as T-shape cantilever structure, hanging beewonlels,
external tendons, anchor beams, sticking steed péaid piers.
The time period between repair, strengthening, insgection
of the bridge structure is 11 months.

A. Sticking steel plate

g Sticking steel plate method is applied to strengthiee

Fig. 2 (a) Pier box girder damaged parts in the top of box girders and corbEte
results of inspection show that the color of therflowing

glue near the edge of steel plates is consistemce tle

International Scholarly and Scientific Research & Innovation 5(1) 2011 27 1SN1:0000000091950263



Open Science Index, Civil and Environmental Engineering Vol:5, No:1, 2011 publications.waset.org/4083.pdf

World Academy of Science, Engineering and Technology
International Journal of Civil and Environmental Engineering
Vol:5, No:1, 2011

hardening degree is good. The effective bonding &eanore
than 90%, indicating that the quality of stickintped plate
reaches to the designed requirement.

B. Cracks observation

Chemical grouting method to plug all the visibleds in
web of box girders, diaphragm beam of pier topbets of T-
shape cantilever structure, and corbel of hangiegnis.
According to inspection results, the crack grouiggens, the
surface of the grouting is regular, and the appesraof
grouting area is clean. There are not new crackseigrouting
area, indicating that the quality of cracks grogitin good
state. For anchor beam, there are more than10 staefore
application of tension force in external prestnegsendons in
the concrete of anchor beam. The length of craekses
between 5cm to 50cm and the width ranges from On@Im
0.2mm. After strengthening, inspection results sttioat there
are a few cracks have some development and thesenie
new vertical cracks appear in the structure of andieam.
There are 7 vertical cracks. The length of cracksgrfrom
0.5cm to 2.5cm and the width rang between 0.1mm
0.25mm. The new cracks are related with shrinkafe
concrete. Therefore, the cracks have not influeonethe
mechanical properties of the bridge structure, fooin the
point of durability, the cracks should be sealedsF3(a) and
3(b) show cracks of anchor beam after strengthening

Fig. 3 (a)Actual view of anchor beam cracks
\ |

old cracksﬁ

new crack

Fig. 3 (b) Drawing view of ancHmram cracks
C. Expansion jointsinspection
All expansion joints are replaced but most of thpamsion
joints are still damaged in serious degree. Theeefthe
expansion joint loss the function of the expansiehijch is

influenced the performance of the bridge structiiig. 4(a)
and 4 (b) show the expansion joints device aéplacement.
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Fig. 4 (b) Losing of joint material
to D. Concrete strength test

0 Rebound method
sampling inspection by batch. The Rebound methegpied
to the main beam of the T-shape structure and ariziam.
For T-shape structure, the rebound test is cawigdior box
No. 9 to box No. 16 and the total number of tegtads is 16.
The results of rebound test of concrete strengtiwdhat the
average strength of concrete is 46.31Mpa, reackinghe
designed value of concrete strength (C-40). Theuahct
modulus of elasticity of concrete is 3.43x104MPhe Values
of concrete strength of T-shape structure aredistélable 1.
For anchor beam, the average value of concretegitref
anchor beam is 49.82Mpa. This value is lower thhe t
designed value of concrete strength (C-50) whiaksed in the
construction of anchor beam structure, indicatihgt tthe
anchor beam concrete has not enough strength. dlhesvof
concrete strength of anchor beam are listed inérabl

E. Inspection of deck pavement

The deck pavement of the bridge suffers from seriou
damage such as spalling of asphalt and cracks vidichused
the deck pavement unsuitable to carry the traffiedl The
deck pavement is repaired by removing the old dachdayer
of asphalt and the surface is poured by using dispbacrete
to required thickness. After repair, the resultsiredpection
show that the state of the bridge deck pavememgood but
there some places have cracks and bleeding. Fag.t&(5(c)
shows the state of the deck pavement.

TABLE | RESULTSOFCONCRETESTRENGHTTESTOFT-SHAPED

STRUCTURE
Pier No. Upstream Down stream direction
direction (Mpa)
(Mpa)
9 43.8 44.4
10 44.3 45.3
11 48.5 45.0
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12
13
14
15
16

44.3
46.4
52.3
47.6
41.2

50.6
44.5
47.7
50.0
45.1

TABLE Il RESULTSOFCONCRETESTRENGTHTESTOFANCHOR

BEAM
Pier No.  Upstream direction Down stream direction

(Mpa) (Mpa)
9 50.4 48.0
10 48.2 49.0
11 48.2 48.5
12 50.9 51.3
13 53.0 52.0
14 49.2 49.8
15 49.6 50.6
16 48.2 50.3

Fi. 5() paIIingof pavemet

Fig. 5 (b) ) Bleeding of asphalt

F. Measurement of external prestressing tendons

vibration frequency

The relation between tension force of external eesdand

Fig. 5 (c) Cracks

vibration frequency is shown in equation (1).
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AM?
= g

T f2=KI? (1)

Where:

T= tension force

W=unit weight of external tendons

L= external tendon length

n= order vibration

g= acceleration of gravity

fn=frequency

K= the proportional coefficient between externahden
tension force and frequency.

The results of frequency measurement are listdables

3 and 4. From this table it can be noted that tlimum
frequency in the upstream direction is 2.685Hz2mdbn No. 1
within pier No. 16 and for downstream direction,e th
maximum frequency is 2.31Hz in tendon No. 2 witlpier
No.15, indicating that these tendons have maximension
force.

TABLE Illl VALUES OFVIBRATING FREQUANCYOFEXTERNAL
TENDONSFORDOWN STREAMDIRECTION (Hz)

Pier No. Tendon No. Tendon No. Tendon No. Tendon

1 2 3 No. 4

16 1.330 1.008 _ _

15 1.067 2.31 0.774 1.078
14 0.788 1.386 1.049 0.778
13 1.103 1.168 1.001 0.945
12 2.070 2.081 0.872 0.704
11 2.059 2.092 0.683 1.612
10 0.791 0.790 1.289 2.046
9 1.864 2.309

TABLE IV VALUES OFVIBRATING FREQUANCY OFEXTERNAL
TENDONSFORUPSTREAMDIRECTION

Pier Tendon Tendon Tendon Tendon
No. No. 1 No. z No. & No. 4
16 2.685 1.035 _ .

15 0.851 0.846 0.707 0.784
14 1.791 0.856 1.531 1.376
13 0.861 1.587 0.691 1.147
12 0.712 0.709 0.978 0.718
11 1.205 1.050 0.870 0.792
10 1.332 0.770 0.771 0.762
9 3.914 1.611

V.STATICLOAD TEST

The purpose of static load test is to evaluateetkisting
working state of the bridge structural members @noheasure
the forces under the maximum values of bending nmbme
According to the damages inspection of the bridgeearance,
the span No. 15 of T-shape cantilever structure aas
experimental span. Fig.6 shows the experimentah spi¢h
measuring points. The static load test includes fetages.
These stages are measurement of strain, measureeréoal
deflection of corbel, measurement of external pessing
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tendons tension force, and observation of cracksldpment. in Changchun City in China. The overall weight B53kN.
The total numbers of vehicles which are used iticskaad test
are 12 vehicles. The characteristic parameterfi@fvehicles
for static load test are listed in Table 5.

IITL certer dfspen TABLE V CHARACTERISTICPARAMETERSOF VEHICLES FOR
STATIC LOAD TEST

l Model Axle load(kN) Wheel distance(cy
i Front Middle Rear Total Between Between
‘ axle axle axle  weight front middle
load and and rear
middle axle

axles

Fig. 6 Experimental span with measuring points
FAW 50 125 125 300 325 125

A. Arrangement of strain and vertical deflection
measuring points
For strain measurement, there are 8 strain measpdints
are arranged in the section of pier box girder iwigsier No. 2,

C. Layout of Vehicles Loads

The longitudinal and transverse layout of vehidttexls can
be shown in Figs. 9(a) and 9(b)

including 4 vibration chord strain gauges and 4ccete strain |-—2203 800,800, 3697 |
gauges. For anchor beam, 3 front type strain gawges | M |
arranged in the middle of top edge of anchor beata hnd ‘ I«m\
there are 3 vibration chord strain gauges are gewralong \ \
the width direction of anchor beam hole. Fig. 7 véfidhe | 4500 | 3000 | 4500 |
measuring points of strain in the pier box girded &ig. 8 l 12000 1
shows the measuring point of strain in anchor beahhe ® . o _ 3
measuring points of vertical deflection of corbe¢ arranged Fig. 9 (a) ) Longitudinal layout of vehicles loads
in the deck, pier top, and corbel. | 700 e 700 i
150 20 180 130 180 160 160 180 130 180 20 150
| 800 |
‘ ] ‘ | |
— i
= = | 0
212 211.5 211.5 165
150 453 197 800
4 6 4 800
= ol Fig. 9 (b) Transverse layout of vehicles loads
oy D. Results of Satic Load Test
S ael e 1. Internal Forces Results
Fig. 7 Strain measuring points of pier box girder According to the results of static load test, Eablgives the

experimental values and theoretical values of ivakeforces.
From this table it can be noted that the efficienogfficient
(n7) of load test is 0.906 for bending moment and 9.88

deflection. These values are more than standange\=0.85.
Therefore, the experimental results satisfy thégies values.

| 800
‘ i65i46i46i 79 i46i46i 65i

12

256

2
g TABLE VI EXPERMENTALAND THEORETICALVALUES OF
30 80 |50 133 |50, 80 B0 ‘ INTERNAL FORCES
| 150 \ 453 \ 197 | section Location Theoretical Experimental efficiency
. ) ) ) value value coefficient
Fig. 8 Strain measuring points of anchor beam n)
B. Loading of Vehicles 1 Bending 70005.1 63400.0 0.906
. . . . moment of
In this test, the load test is determined by usimeghod of pier box
equivalent load. The efficiency coefficieny§ of load test girdel(kNh)
ranges from 0.85 to 1.05. In practical loading pss; there 2 Ec)gl;fglt('%%(;f 56.30 526 0.934

are 12 automobiles FAW produced by the heavy-datyofy
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2. Deflection Results

The deflection is measured in the section of coutiin
the span No. 15 and L/2 of T-shape cantilever &irac The
results of deflection are listed in Table 7. Frts table it
can be noted that the maximum residual deflectso.B84%
and smaller than 20%, indicating that the overafflettion
and integrity of the structure satisfy the designeguirement
and the structure is in good elastic state. The pewivon
between experimental and theoretical values ofedtfin is
listed in Table 8. From this table it can be shaivat the

efficiency coefficient {7) of load test is 0.838 and 0.844.

These values within designed values of =0.60 t&.0[8]-

[10]-[11], indicating that the stiffness of strucdy deflection,
and integrity of the bridge satisfy the designetlies, and the
working performance and undertaking capacity isgood

state.

TABLE VIl RESULTSOFEXPERMENTALDEFLECTION (MM)

Location Initial load Final load
Loade Unloa Residu Loade Unloa Residu
d state ded -al d state ded -al
state  deflect state  deflect
i-on% i-on %
Upper 44.0 43.5 -1.23 44.1 44.7 1.34
stream
Down 43.9 44.2 0.64 44.7 44.8 0.23
stream

TABLE VIII EXPERIMENTAL AND THEORETICAL VALUES OF DEFLECTIOI\(MM)

Location Experimental Theoretical efficiency
value(mm) value(mm) coefficient (/7)
Upper 44.1 52.6 0.838
stream
Down 44.4 52.6 0.844
stream

3. Strain Results

The results of longitudinal strain are listed inbles 9, 10,
and 11. From these table, the average ratio betmeeirl and
lateral strains for experimental load are 1.90 Whgcless than
the ratio of non-uniform coefficient 1.959, and tfficiency

coefficient §) of tested load ranges between 0.878 and

0.937.indicating that all experimental values agessl than
theoretical values. Therefore, the working perfaroeaof the
bridge tested members is in good state, and thertaidng
capacity has a certain surplus. For anchor beanesults of
strain are listed in Table 12. From this table&ah de noted
that the strain in the transversal direction ofa@ete in the
anchoring transversal beam is small. This indicates the
small effect of vehicle load isn't the main readon stress
cracking of anchoring transversal beam.

TABLE IX RESULTSOFEXPERMENTALLOGITUDENAL STRAIN (u€)

Measuring Medial Lateral Ratio
point

Inside of box -59 -30 Ratio
girder

Outside of box 51 28 1.96
girdel
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1.83
1.90

Average

TABLE X RESULTSOFTHEORITICAL LOGITUDENAL STRAIN ()

Measuring Medial Lateral Ratio
point

Inside of box -65.9 -33.7 1.95
girdel

Outside of box 58.5 29.9 1.95
girdel

Average _ _ 1.95

TABLE XI RESULTSOFEFFECIANCYCOEFFECIENTOFTESTED

LOAD
Measuring Medial Lateral
point
Inside of box 0.899 0.897
girder
Outside of box 0.878 0.937
girdel
Average 0.889 0.917

TABLE Xl RESULTSOFSTRAIN OFANCHORBEAM (1)

Condition 1 2 3 4 5 6
Initial load 3 2 3 -1 2 0
Final load -1 -3 4 2 1 -2

4. Results of External
Frequency

The results of external prestressing tendons vdirat
frequency under experimental load are listed inldat3.
From this table, the vibration frequency of extércable
increases under the experimental load, and thegehiansmall
and ranges from 0.8% to 9.0%. This indicates thwet t
increasing of tension of external cable is small.

Pretesting Tendons Vibration

TABLE Xl RESULTSOFVIBRATING FREQUANCY OFEXTERNAL
TENDONSUNDEREXPERMENTALLOAD

Item Condition External External External External
tendon tendon tendon tendon
No.1 No. 2 No. 3 No. 4
Frequen- Theoretic- 0.851 0.846 0.707 0.784
cy al
(Hz) frequency
Initial 0.927 0.909 0.756 0.846
load
Final load 0.916 0.882 0.712 0.836
Frequen- Initial 1.090 1.075 1.069 1.079
cy ratio loac
Final loac 1.077 1.04: 1.00¢ 1.06¢€

5. Cracks Observation

Before strengthening of the bridge structure, ttleeemany
cracks within anchor beam. But after strengthemirgcess is
completed, there is not visible change in the leragtd width
of cracks and there are not new cracks under expetal
load. Therefore, the reason of cracks is not vehitbad, but
the cracks are due to concrete shrinkage.
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VI. CONCLUSIONS [2

According to the damage inspection of the bridgecstre

appearance and experimental results of static teat] the

(3]

main conclusions of this study are:

1)

2)

Inspection program after repair and strengthenicfydes
identifying and evaluating the structural membeifs o
bridge such as T-shape cantilever structure, hgngiff*
beams, corbels, external tendons, anchor beamkingfi
steel plate, and piers. The results of inspectiawsthat
the color of the overflowing glue near the edgestefel
plates is consistence and the hardening degreedd.g (6]
There are not new cracks in the grouting areacatitig

that the quality of cracks grouting in good staf@r
anchor beam, there are more thanl0 cracks bef%?
application of tension force in external prestmegsi
tendons in the concrete of anchor beam. The lenfth
cracks ranges between 5¢cm to 50cm and the widtiesan (€]
from 0.01mm to 0.2mm. All expansion joints are esgld

but most of the expansion joints are still damaged [9]
serious degree. Therefore, the expansion joint thes
function of the expansion, which is influenced thélo]
performance of the bridge structure. The state haf t[11]
bridge deck pavement in good but there some plaaes
cracks and bleeding. The results of rebound test of
concrete strength show that the average strength of
concrete is 46.31Mpa, reaching to the designedevafu
concrete strength (C-40). The average value ofrepe
strength of anchor beam is 49.82Mpa. This valuevier

than the designed value of concrete strength(CaBigh

is used in the construction of anchor beam stractur
indicating that the anchor beam concrete has notgmn
strength.

The results of static load test show that the erpental
values are less than theoretical values of inteiorales,
deflection, and strain, indicating that the stiffaeof the
experimental structure, overall deformation ana:gnity
satisfy the designed demand. The working performasc
good, and the undertaking capacity has a certajplisu
There is not visible change in the length and width
cracks and there are not new cracks under expetainen
load. Therefore, the reason of cracks is not vehitdad,

but the cracks are due to concrete shrinkage.

(5]
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