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BACKGROUND AND MOTIVATION

Chloride-Laden Water~ |- |||

Other Repair/Strengthening
Applications

- Repair after vehicle impact
- Column confinement
- Other strength deficiencies
(Shear/Flexure)
- Increase member stiffness

OUTLINE

Introduction to Fiber Reinforced
Polymer (FRP) Systems

Flexural Strengthening Experimental
Program

End Region Repair Experimental
Program

Key Considerations for Design & , \
Implementation o




CONSTITUENT MATERIALS & PROPERTIES

| Strip ] I Bar

r

Resins and Adhesives ]

CONSTITUENT MATERIALS & PROPERTIES

FRP System Young’s Ultimate Rupture Strain
(w/ epoxy) Modulus (ksi) Strength (ksi) P
Carbon
(high-strength) 15,000 - 21,000 150 - 350 0.010-0.015
Glass 3000 - 6000 75 - 200 0.015 - 0.030
(E-glass)
_ Aramid 7000 - 10,000 100 - 250 0.020 - 0.030
(high-performance)
Fiber volume fraction of the laminates shown is about 40-60%

Adapted from ACI 440.2R-17, as presented in Kim et al. (2012)




TYPES OF FRP REPAIR/STRENGTHENING SYSTEMS

[ Externally Bonded] = ‘

Sheets

Near-Surface- :
[ Mounted (NSM) ]

EXTERNALLY BONDED FRP INSTALLATION
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FRP ANCHORAGE

* Externally Bonded Sheets
— Contact Critical

— Bond Critical ?

* Common Anchorage + -
Techniques Using FRP
— U-Wrap Anchors

>

! U-Wrap Anchor 4
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FRP ANCHORAGE

* Externally Bonded Sheets
— Contact Critical

— Bond Critical ?

* Common Anchorage
Techniques Using FRP
— U-Wrap Anchors
— Spike Anchors

* Metallic Anchors
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TYPES OF FRP REPAIR/STRENGTHENING SYSTEMS

[ Externally Bonded ] >

T - —
9 - 3 f
2 1
N _J—'\
N
i |
y 4 a
\

[ Near-Surface- ] — x\\

Mounted (NSM)

Bars or Strips

R

b b
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NEAR-SURFACE-MOUNTED (NSM) FRP
INSTALLATION

2. Partially Fill Groove

1. Cut Grooves

4. Fill Groove and Level
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OUTLINE

Introduction to Fiber Reinforced
Polymer (FRP) Systems

Flexural Strengthening Experimental
Program

End Region Repair Experimental
Program

Key Considerations for Design &
Implementation

SPECIMEN DESIGN

No. 3 Gr. 60

” No. 3 Gr. 60

42 %" dia. strands 12” Stirrup
on1%” grid .
No. 3 Gr. 60
1”
..........
v i i A
’ 48” » ! H 14”7
WS-42 Box Beam (INDOT 1961)

Lab Constructed Test Specimens
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SPECIMEN DESIGN

No. 3 Gr. 60

10 %6” 3”
12”
1 ]/zll
No. 3 Gr. 60
1
1 %" e
| 14" |
Cross Section m
N[/
N
| 20— No. 3 Stirrups @ 6” o.c. |
L ‘ 120” 1
Elevation
17
Load Cell — s “— Test Frame (Fixed)
Hydraulic___v|
Cylinder / Spreader Beam
/ Specimen
__Roller
Linear String Support (Typ)
Potentiometers
\ | Support
\ﬂ Block (Typ)
- 36" 36" 36”
6" o » & [+ 6"
> le- 6" 6"l le—
6” 108" n
«na '

18




TEST MATRIX

Specimen

Group D

Simulated Field Conditon
S ———

Control (C)

FRP Strengthening System

Artificially Deteriorated (D)

Externally Bonded Sheet (EB)

Near-Surface-Mounted Strips (NSM)

[
1 bar

[

1 bar cut at

[
2 bars

(1 [2] [3]
U-Wrap

(1
2 strips

[2]
2 strips

3
2 strips

No FRP

All 7 bars
present

excluded on
each side

excluded on
one side

midspan on
each side

FRP anchors
at ends

IFRP anchors

tered
along length centered on

beam

anchors at
ends

offset from
excluded
bars

under
excluded
bars

(Pilot)

0-C

0 [0-EB.2
0-EB.3
0-NSM.1

1-C
1-D

1-EB.1

1-EB.2

1-NSM.1a

1-NSM.1b

2-C

2-D

2 |2:EB.1

2-EB.2

—
A

2-NSM.1

3-C

3-D

3-EB.1

3 [3-EB2

3-NSM.1

3-NSM.2

3-NSM.3
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SIMULATED FIELD CONDITIONS

Control (C) Artificially Deteriorated (D)
(1 (1] (1]
1 bar 1 bar cut at 2 bars
Anr;:;:fs excluded on | midspan on | excluded on
B each side each side one side

PR

All 7 bars
present

1 bar
excluded
on each
side

7/,

lbarcuta
midspan on
each side

2 bars
excluded on
one side

@ = cut reinforcing bar

20
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TEST MATRIX

Control (C) Artificially Deteriorated (D) Externally Bonded Sheet (EB) Near-Surface-Mounted Strips (NSM)
Group | SPecimen [ [ (1] (1 [2] [3] (1 [2] 3
D . . 2 strips. 2 strips No FRP
All 7 bars HEm ! b ar cut at e IFRP anchors | FRP anchors U-Wrap A under offset from
excluded on | midspan on | excluded on anchors at § centered on
present . N N along length at ends excluded excluded
each side each side one side ends beam bars bars

Simulated Field Conditon

FRP Strengthening System

0
(Pilot)

21
EXTERNALLY BONDED (EB) FRP SHEETS
Externally Bonded Sheet (EB)
[1] [2] [31
FRP anchors | FRP anchors R
along length | at ends anchors at
ends
FRP Anchors
Along Length
/ \
96"
3”7, 6” 16" . 16" 20” | 16” 16" 6" le—3"
w t
o
o
o
a
22
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EXTERNALLY BONDED (EB) FRP SHEETS

Externally Bonded Sheet (EB)

[1] [2]
FRP anchors | FRP anchors
along length |  at ends
. .
FRP Anchors

, AtEnds

FRP Sheet

Externally Bonded Sheet (EB)

(1] [2]
FRP anchors | FRP anchors
along length | at ends

aE FRP Sheet

EXTERNALLY BONDED (EB) FRP SHEETS

U-Wrap Anchor.

U-Wrap Anchor

%)
c
o
o

o

4
]

96”

24
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TEST MATRIX

Simulated Field Conditon FRP Strenﬁlheninﬁ System
Control (C) Artificially Deteriorated (D) Externally Bonded Sheet (EB) Near-Surface-Mounted Strips (NSM)
Group | SPecimen [ [ (1] (1 [2] [3] (1 [2] 3
D . 2 strips. 2 strips No FRP
All 7 bars HEm ! b ar cut at e FRP anchors | FRP anchors U-Wrap A under offset from
excluded on | midspan on | excluded on anchors at J§ centered on
present . N N along length at ends excluded excluded
each side each side one side ends beam =
o .
0 0-EB.2
(Pilot)
1 -_
2 —
3 3-EB.2
3-NSM.1
3-NSM.2
3-NSM.3 25
Near-Surface-Mounted Strips (NSM)
(1] [2] [3]
. 2 strips 2 strips
2 strips a i
P under offset from
centered on
excluded excluded
beam
bars bars
]
) 6% L% 6% |
I T "
6” ) 6”
< NSM Strips |
(%)
g |5
e
o
o ¥
o o
=)
=
— (%2

N

3

%" }‘_ 3 26




NEAR-SURFACE-MOUNTED (NSM) FRP

Near-Surface-Mounted Strips (NSM)
[1] [2]

2 strips
2 strips i
under
centered on
excluded
beam

bars

10° %4 2%

\46—">{ NSM Strips }46—"#
) 2 pud
a 3
3 4 3 96" F3" .
NEAR-SURFACE-MOUNTED (NSM) FRP
Near-Surface-Mounted Strips (NSM)
[1] [
2 strips 2;:;?
centered on
beam excluded
bars
L0
%_Z P }1 %:'} 10” _{
5% NSM Strips &
L £
3 g
g ‘ 5
—+ (%]
3"4‘ < 96” R ‘F 3" N




TEST RESULTS — PILOT GROUP

Simulated Field Conditon FRP Strengthening System
Control (C) Artificially Deteriorated (D) Externally Bonded Sheet (EB) Near-Surface-Mounted Strips (NSM)
Group Specimen [ [ (1] (1 [2] [3] (1 [2] 3
D . . 2 strips. 2 strips No FRP
All 7 bars HEm ! ,bar cutat e FRP anchors | FRP anchors U-Wrap A under offset from
¢ excluded on | midspan on | excluded on long length t end: anchors at | centered on luded luded
LR each side each side oneside | Alonglengt atends ends beam exeiu SO
0
(Pilot)
1
2
3
Simulated Ftd Contion o
Conrol €1
Group | S o uu ) [0 E] o] 0] ]
m »
i
'
Simulated Field Conditon FRP Strengthening System
Control (C) Artificially Deteriorated (D) Externally Bonded Sheet (EB) Near-Surface-Mounted Strips (NSM)
Group Specimen U] [ (1 (1 [2] B3] (1 [2] Bl
D 5 . 2 strips 2 strips No FRP
All 7 bars Gz ! .bar cutat Be FRP anchors | FRP anchors U-Wrap 2 strips under offset from
excluded on | midspan on | excluded on anchors at | centered on
present . . ) along length at ends excluded excluded
each side each side one side ends beam
bars bars
oc |
0 0-EB.2
(Pilot) Jo.EB.3
0-NSM. 1
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TEST RESULTS — PILOT GROUP

w
o

0-EB.2 ‘

N
(5]

Joueede el BRI
Sleal =

N
o
>

Applied Load, P (kip)
(=Y
(%, ]

[y
(V] o
.\.l

o

=z

%)

<

B

0 0.5 1 15 2 25 3 35 4

Midspan Deflection, A (in.)

31

Applied Load, P (kip)

o «

0 0.5 15 2 25
Midspan Deflection, A (in.)

Key Results

* U-wrap anchorage system replaced with spike
anchors installed along the length of sheet

— Based on performance/behavior and limitations for
adjacent box beams

— Local debonding along the edge of the FRP sheet

32
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TEST RESULTS — GROUP 1

Simulated Field Conditon FRP Strengthening System
Control (C) Artificially Deteriorated (D) Externally Bonded Sheet (EB) Near-Surface-Mounted Strips (NSM)
Group Specimen [ [ (1] (1 [2] [3] (1 [2] 3
D . . 2 strips. 2 strips No FRP
All 7 bars HEm ! b ar cut at e FRP anchors | FRP anchors U-Wrap A under offset from
excluded on | midspan on | excluded on anchors at | centered on
present . N N along length at ends excluded excluded
each side each side one side ends beam
bars bars
0
(Pilot)
1
2
3
Simiatod Fild Conditn i
Conrol ©) s s SV)
G | SPecimen o O 0] & E] wo e
S S i | b Uy | 2sips | 20| SEER no ke
e Bl e el et ot vy 4 [ ”:_
o
@y
'
Simulated Field Conditon FRP Strengthening System
Control (C) Artificially Deteriorated (D) Externally Bonded Sheet (EB) Near-Surface-Mounted Strips (NSM)
Group Specimen m [ [1m [1 [2] 131 [1 [2] 3
g D ut 4 s - : 2strips | 2SS | N FRP
All 7 bars B ! b ar cut at Zhas FRP anchors | FRP anchors LAV 26 under offset from
excluded on | midspan on | excluded on anchors at | centered on
present N . 3 along length | at ends excluded excluded
each side each side one side ends beam P o
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TEST RESULTS — GROUP 1

N
(0]

1-EB.2

At Ends

N
o

beeed

=)
|
|
]

Applied Load, P (kip)
(=Y
(%, ]

10 \\
1-NSM.1a %
1-D
5 —
i | ‘
0 0.5 1 1.5 2 2.5 3 3.5 4
Midspan Deflection, A (in.)
35
TEST RESULTS — GROUP 1
30 ‘
25 L l.“.‘i".‘“J 1-C
Ezo /%4\ [_d .......
15 —~
- r——-
AP esE RS e
< s Z o 1-NSM.1a \ " |
Feeed e | ] L
0 \ \ I
) 0.5 1 1.5 2 25 3 3.5
Midspan Deflection, A (in.)
Key Results

» Strengths of Spec. 1-EB.2 & 1-NSM.1a exceed control
* Stiffness restored (before yielding of steel)

* Decreased ductility; increased post-yielding stiffness
* Experimental strengths exceed calculated strengths

36
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TEST RESULTS — EXTERNALLY BONDED (EB)
SPECIMENS

Simulated Field Conditon FRP ing System
Control (C) Artificially Deteriorated (D) Bonded Sheet (EB) Near-Surface-Mounted Strips (NSM)
Group Specimen U] [ (1] [11 [2] [31 [1] 2]
D AlL7 b 1 bar 1 bar cut at 2 bars FRP anch kP anch U-Wrap 2 strips 2 st:ps No FRP
”:S excluded on | midspan on | excluded off | ":‘c °': t"“zs"'s anchors at | centered on “‘; Z‘ -
Present | “cachside | eachside | oneside fj| *IO"8 N | Jf aten ends beam | N
1 1-EB.1
2 2-EB.1
3 3-EB.1
Simulated Field Conditon FRP Strengthening System
Control (C) Artificially Deteriorated (D) Exter filgt (EB) Near-Surface-Mounted Strips (NSM)
Group Specimen m [ [ (1] [2] [3] (1 2]
D . 2 strips No FRP
1 bar 1 bar cut at 2 bars U-Wrap 2 strips. o
A7 excluded on | midspan on | excluded on FRP ancholy SRS hnchors at | centered on ey
present cach side one side along lengt] at ends ends beam excluded
bars
0 0-EB.2
1 1-EB.2
2 [2-EB2
3 [3EB2
37
[ Anchors Along Length ]
30 I
—
25 Joue]
—_
2
<20
o /
S15
- / V‘h\ \’-\
-] /—/
Q 2
210 / !
g [
<
; — o]
l -ﬂ...-ﬂ. Jl""% m— 3-FB.1
| ‘ ‘ I
0
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
Midspan Deflection, A (in.)
38
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Applied Load, P (kip)
= = N N w
(5] o (5] o (5] o

o

TEST RESULTS — EXTERNALLY BONDED (EB)

SPECIMENS
[ Anchors Along Length ]
’ dond \1 y vy
s ve s B\
1/ ool — //‘
[ bed | —im|
o 02 04 06 08 1 12 14 16 18 2

Midspan Deflection, A (in.)

39
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Applied Load, P (kip)
G

TEST RESULTS — EXTERNALLY BONDED (EB)
SPECIMENS

[ All Externally Bonded Specimens ]

0-EB.2

.  E——

\ <. -
B e ‘.__‘\
‘\ ‘I ‘\
fact Yol
Yoo 26 g \\
| 3EBL & 1epy | 3EB2

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2

Midspan Deflection, A (in.)
40
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TEST RESULTS — EXTERNALLY BONDED (EB)
SPECIMENS

[ Premature Rupture Near Anchor ]

: FRP Sheet Rupture a1
imulated Field Conditon F]
Control (C) Artificially Deteriorated (D) Externally Bonded Sheet (EB) Near-Surface-Mounted Strips (NSM)
Specimen U] ] (] [11 21 3] (1] 21
D . 2 strips
All7bars | 1080 | Lbareutat] 2bars ppp oo ERp anchors| Do ViePfy| 2 stris under
resent | excluded on | midspan on | exeluded on | RE R EE O anchors af | centered on | o
P cachside | eachside | oneside ¢ lengt ends beam b
0-NSM.1
1-NSM.1a
1-NSM.1b
2-NSM.1
3-NSM.1
3-NSM.2
42
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TEST RESULTS — NEAR-SURFACE-MOUNTED
(NSM) SPECIMENS

Centered NSM Strips ]
30
25 - 0 A
= =
a
. M
g1s — \
3 /
— Overhead [ /
=10 —— | Application
Zz — [ — O-NSM.1
covee = 1-NSM.1a
5 eoe0e —| ==== 1-NSM.1b H
I m— 2-NSM. 1
— 3-NSM.1
0 ‘ L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Midspan Deflection, A (in.)
43

TEST RESULTS — NEAR-SURFACE-MOUNTED
(NSM) SPECIMENS

[ Effect of Eccentricity ]

e I E——

25

Applied Load, P (kip)
G

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2

Midspan Deflection, A (in.)
44




TEST RESULTS — NEAR-SURFACE-MOUNTED
(NSM) SPECIMENS

[ Overhead Application ]

45

Applied Load, P (kip)

TEST RESULTS — NEAR-SURFACE-MOUNTED
(NSM) SPECIMENS

Midspan Deflection, A (in.)

[ Overhead Application ]
30
25 — N A
/M a8
—“" “ / \ \
“‘ S )
Overhead | / /-
0 | Application
” — [ — O-NSM.1
covee = ]1-NSM.1a
5 | ees 1-NSM.1b ||
— 2-NSM.1
‘ """""" — 3-NSM.1
o ‘ I
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

46
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EXPERIMENTAL PROGRAM CONCLUSIONS

Externally Bonded and NSM systems are suitable for
flexural strengthening. Reduced ductility and
importance of bond should be noted.

FRP spike anchors should not be placed along the
length of the FRP sheet; place at the ends of the FRP
sheet and avoid regions of high moment demand.

Eccentricity of the longitudinal steel and relative
placement of NSM strips did not play a significant
role in the effectiveness of the system.

47

OUTLINE

Introduction to Fiber Reinforced
Polymer (FRP) Systems

Flexural Strengthening Experimental
Program =

End Region Repair Experimental
Program

Key Considerations for Design &
Implementation
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AASHTO TYPE |
GIRDER

3*se i3
(S e

Cross Section at Cross Section of
Original Supports Test Specimens

49

GIRDER CONDITION (AS RECEIVED)

Girder | End Region Condition Repair Technique
3-C Good Control
20-C Deteriorated Tested in Dgtgrlorated
Condition
19-A Deteriorated Externally Bonded FRP
17-C Deteriorated NSM FRP

50
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REPAIR PROCEDURE

1. Remove Unsound Concrete

2. Sandblast

4. Restore Cross Section

52
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EXTERNALLY BONDED (EB) FRP SHEETS

Elevation View: Layer 1

/ //'STRIP WRAPPED /
//AROUND GIRDER END

e

7 \

‘ \):3
6.75" @~ — LONGITUDINAL
| I // FRP STRIP

| :
6" _ =
‘7 » - ~-
3 - \\\ \\\\
“STRIP WRAPPED “-3/4" CHAMFER
AROUND GIRDER END
53
EXTERNALLY BONDED (EB) FRP SHEETS
Elevation View: Layer 2
~ " /6" FRP SPIKE ANCHORK ~ S S S )
‘ 175" ‘
3\ \
B ANCHOR INSERTED )
// INTO BOTTOM FLANGE
/
ANCHOR M
INSERTED
INTO BOTTOM <
FLANGE N

K
~
“FACE BONDED ~ FRP U-WRAPS
FRP SHEET

-3/4" CHAMFER

54
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EXTERNALLY BONDED (EB) FRP SHEETS

Elevation View: Layer 3

_[_____1___ _____44_________/___
yd RS ) 3 "

~ FRP PATCHES-

_85".
|

- FRP PATCHES /

-3/4" CHAMFER

NEAR-SURFACE-MOUNTED (NSM) FRP STRIPS
NSRS 31-
Elevation View
Q?:%; |

N __/NSM CFRP

4/ s [ STRIPS

Cross Section (.. . \f

[ ] 56
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TEST SETUP

396 in.

60 in.

57
TEST SETUP
396 in. T 60 in.
45 in. |
¥
! 5: //////// /7 //
‘ 5
£
e £
& )
(I T ]
58
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TEST MATRIX

Girder | End Region Condition Repair Technique
3-C Good Control
20-C Deteriorated Tested in Dgtgrlorated

Condition
19-A Deteriorated Externally Bonded FRP
17-C Deteriorated NSM FRP
TEST RESULTS — CONTROL
220
200
180
160
=y Control Specimen
2140
?é 120
o
': 100
_ﬂz’ 80
@ 60
40
20
0
0 0.5 1 1.5 2 2.5 3
Deflection [in.]

60
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TEST RESULTS — CONTROL

220 ." o] ']
200 = ol e

Shear Force [kip]
B oe e
8 5 38 8

- B
8 8

1.
Deflection [in.]

Observations
* Peak Shear = 141 kips
* Failure controlled by the formation of a diagonal strut.

* No abrupt drop in load.

* Slip of prestressing strands in the bottom flange. 61
TEST MATRIX
Girder | End Region Condition Repair Technique
3-C Good Control
20-C Deteriorated Tested in Dgt.erlorated
Condition
19-A Deteriorated Externally Bonded FRP
17-C Deteriorated NSM FRP

62




TEST RESULTS — TESTED IN DAMAGED STATE

220
200
180

160

Control Specimen

=
B
o

fury
N
o

=
o
(=]

Shear Force [kip]
=]

2}
o

Damaged Specimen

E
o

N
o

(=]

0 05 1 15 2 25 3
Deflection [in.]
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TEST RESULTS — TESTED IN DAMAGED STATE

220
200 ’
3 r

180

160 - ! >
=
= 140
& WL
8o / ———
S / \
= 100 i b
o (o al
£ ¥ -
& [

60 | |

/ /
a0 /
0 /
/ /
R p
o 0s 1 15 2 25 3
Defiection [in.]
Observations

Vtest/VcontroI =0.57
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TEST RESULTS — TESTED IN DAMAGED STATE

=i e

-Control Specimen
el il e ® ot

e

Observations

* Vtest/VcontroI =0.57
e Different failure mechanism.

* The crack angle increased to nearly 90°.

65

TEST MATRIX
Girder | End Region Condition Repair Technique
3-C Good Control
20-C Deteriorated Tested in Dgt.erlorated
Condition
19-A Deteriorated Externally Bonded FRP
17-C Deteriorated NSM FRP

66
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TEST RESULTS — EXTERNALLY BONDED

Ext. Bonded Specimen

Control Specimen

80

Shear Force [kip]

[ea}
o

Damaged Specimen

40
20

0 0.5 1 15 2 2.5 3
Deflection [in.]

67

TEST RESULTS — EXTERNALLY BONDED

0 0s 1 15 2 25
Deflection [in.]

Observations

Vtest/VcontroI =134
* |ncreased stiffness.

* Flexural failure at the end of the repair = strand fracture.

68




TEST RESULTS — EXTERNALLY BONDED

Observations

* Vtest/VcontroI =134
* |ncreased stiffness.

* Flexural failure at the end of the repair = strand fracture.

* Minimal delamination of the FRP was observed. 6
TEST MATRIX
Girder | End Region Condition Repair Technique
3-C Good Control
20-C Deteriorated Tested in Dgtgrlorated
Condition
19-A Deteriorated Externally Bonded FRP
17-C Deteriorated NSM FRP

70
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TEST RESULTS — NSM

220
200
180
160

Shear Force [kip]
s 3a B8R 3

N
o

o

Control Specimen

Damaged Specimen

NSM Specimen

25
Deflectlon [|n.]

71

TEST RESULTS — NSM

Control Specimen

E'E 8
gk

Shear Force [kipi
g

g 38

Damaged Specimen

[rsa specimen|

3

—u

0 05 1

Deflection [in.]

15 2 25 3

Observations

Vtest/ control —

 Similar initial stiffness to damaged specimen.

=0.22

72
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TEST RESULTS — NSM

Control Specimen

E'E 8
g8 E

Shear Force [klp-]-

g 8

[rsa specimen|

3

0 (5] 1 15 2 25 3
Deflection [in.]

Observations

Vtest/vcontrol =0.22
* Similar initial stiffness to damaged specimen.
* Cracking/splitting at the notch above the bearing location,

73

TEST RESULTS — NSM

Observations
Vtest/VcontroI =0.22
* Similar initial stiffness to damaged specimen.

* Cracking/splitting at the notch above the bearing location,
* Bottom flange separated from the web. 7
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EXPERIMENTAL PROGRAM CONCLUSIONS

' )
Restoring the tensile capacity lost due to deteriorated

. prestressing strands is critical. |

p
Ensuring adequate confinement of the repair region

is critical.

. J
4 A
The externally bonded system is a viable repair
L option. )

The NSM system did not perform adequately. A
hybrid system using both NSM and externally bonded

elements may be a viable repair solution.

- J

75

OUTLINE

Introduction to Fiber Reinforced
Polymer (FRP) Systems

Flexural Strengthening Experimental
Program

End Region Repair Experimental
Program

Key Considerations for Design &
Implementation
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KEY DESIGN CONSIDERATIONS
[Proper Anchorage of Externally Bonded FRP]

is Critical
|
[ Spike Anchors ] Other Types of
Anchors
I |
\ 4 L 4
ACI Resources Past Research Metallic Non-Metallic
v v v v

Shekarchi et al.

Kim et al. (2012) || Pudleiner (2016) (2020)

FRP U-Wraps

KEY DESIGN CONSIDERATIONS

<
Only Restoring A Member’s Cross Section with

a Repair Material is Insufficient

J

A Mock-Up is Recommended for Complicated
Cases

N\

J

Comprehensive Guides are Available:
- AASHTO: Guide Specifications for Design of Bonded FRP Systems
for Repair and Strengthening of Concrete Bridge Elements
- ACl: 440R-07 & 440.2R-17
- ICRI: 310R-2008, 310.2R, & 330.2
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Thank You!

Questions?

PURDUE
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