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(d) 4-point bending load-displacement response

(c) 3-point bending load-displacement response
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(a) Test unit dimensions and jacket retrofit details
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Structure for
distributing force
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Loading jacks
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(c) Application of
cement mortar

(b) Installation of rods

(a) Grinding of joints
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Specimen Strengthening Reinforcing Scheme Attached
System to
Wall 1 Control | = aeeee- Plaster
Wall 2 Control | = eeeeee- Masonry
Wall 3 GFRP Sheets Three strips (width=20-in) Plaster
Wall 4 GFRP Sheets Three strips (width=20-in) | Masonry
Wall 5 CFRP Sheets Three strips (width=20-in) Plaster
Wall 6 AFRP Sheets Three strips (width=20-in) Plaster
Wall 7 Glass Rods Eight #3 near-surface Plaster
mounted rods
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Figure 9: Rotation of Wall 6 during Load Testing Load

Figure 11: Out-of-Plane Mechanism of Failure

Figure 10: Delamination of Plaster in Wall 6
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(a) Unreinforced (b) Retrofit A (¢) Retrofit B (d)rRetroﬂt C
(Horiz. FRP Rods)  (Vert. FRP Rods) (Vert. FRP Sheets)

Threat Level Walls Tested
Minimum (Q=0.22Ibs, R=13"-0"m) Ul, Al,B1,C1
(Q=0.1kg, R=4m)

Low (Q=1.10Ibs, R=13"-97) U2,A2 B2, C2
(Q=0.5kg, R=4.2m)

Medium (Q=2.201lbs, R=13"-0") U3, A3, B3.C3
(Q=1.0kg, R=4m)

High (Q=3.311bs, R=11"-9") U4, A4, B4.C4
(Q=1.5kg, R=3.6m)

Special Case (Q=5.511bs, R=5"-3") Ul, AL, BIL. C1
(Q=2.5kg, R=1.6m)
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[F] ] slatipes latein -¥=F Jpazr

. . Front Back
Specimen | Reinforcement Side Side
Wall 1 None None None
Wall 2 #2 GFRP Bars 1HT None
Wall 3 #2 GFRP Bars 2HJ 2HJ
Wall 4 #2 GFRP Bars 2HT None
Wall 5 4-n. GFRP 4HS None
Laminates
#2 GFRP Bars
Wall 6 4-in. GFRP HI/4AVS None
Laminates

Legend:
1HJ = every horizontal joint
2HJ = every second horizontal joint
4HS = four horizontal strips (@ 16 in. o.c.
4VS = four vertical strips (@ 16 in. o.c.
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Rescarcher  Material  Compressive  Tensile  Modulus of

Strength Strength  Elastieity
(MPa) (MPa) (MPa)
Erduran’ FRP - 3450 230000
Conerete 15 - 18400
Plaster 4.3 0.4 9800
Infill 10 (2)* - 7000 (2000)
Erdem® FRP - 3450 230000
Conerete 9.5 - 14600
Plaster 5 0.5 9800
Infill 11.2(2) - 7000 (2000)
Akguzel® FRP - 3450 230000
Concrete 15 - 18400
Plaster 5 0.5 10600
Infill 11(2) - 7000 (2000)

a) Numbers in parenthesis denote values in the weak direction of infill material.
TABLE 2. Member details for analyzed frames

Beams Anchors

- - a B : - - o
Dimensions 5 4 Dimensions p g o d® (mm)

(mm * mm) (%) (mm) (mm) (mm>*mm) (%) (mm)
Erduran’ 100 = 150 1.3 90 300 150 =150 09 90 60
Erdem® 110> 110 L& 100 320 110=150 14 100 3 70
Akgu'ﬂ:lq 100 = 150 1.3 95 160 150=150 1.3 130 3 [S‘Jr 50 (80)

s

a) Longitudinal reinforcement ratio

b) Spacing of transverse reinforcement

c): Lap splice length in the plastic hinge region

d) Number of anchors provided on one face at a cormer

e) Depth of anchors

) Values for the second specimen failing with FRP debonding
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Specimen e Bare/Infill walls Longitudinal Retrofit
(MPa) Reinforcement
BC-0-1-14 14  Bare Continuous No
BL-0-1-8.6 8.6  Bare Lap spliced No
1C-0-1-11 11 Plastered Infill Walls  Continuous No
IL-0-1-17 17 Plastered Infill Walls Lap spliced No
IC-Cl1-1-10 10 Plastered Infill Walls  Continuous CFRP diagonals
CFRP diagonals and
IL-C1-1-8.6 8.6 Plastered Infill Walls Lap spliced confinement

of lap spliced zones
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Figure 1. Dmmemsions and reinforcmg detul of the specmmens (donensions in mm)
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[V-] bages Slasie -#-F Jgux

Specimen  Frame f,  Mortar  CFRP strip

no. (MPa) plaster  waqh (mm)  Application
k ratio”
(MPa)
1 17.3 4.0 Reference specimen with masonry wall
2 18.0 38 00 -13 Both sides of masonry
3 16.8 42 300 - 20 wall
4 17.1 37 400 - 27
5 18.2 36 00 -13 Interior side of the
6 17.8 4.1 300 - 20 masonry wall
1 17.7 39 400 - 27
8 17.0 38 200 -13 Exterior side of the
9 17.5 335 300 -20 masonry wall
10 17.6 37 400 - 27

* Ratio: (width of CFRP % 100)/diagonal length of masonry mfill wall.
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a) Specimen 4, 7 and 10

Motes : <+ CFRP Anchorage of Masonry Wall

Dimensions in mm.

Fie 4. RC frame intenior face CFRP anchor nhoto.

— CFRP Sheet
Plaster (7.5 mm thickness)

e

M=

“Hollow
Clay Trle
a) Masonry Wall CFRE Anchorage

CFRF Anchorage

CFRP Shest
CFRP Anchorage

=

Hallow
Clay Til=

RE Colomn.

b} Exterior Face RC Frame CFRF Anchorage

Exterior Face

3

. “tiollow  Interior Face
RC Colum 1i|  Clay Tde
L CFRP Anchorage
¢) Interior Face RC Frame CFRP Anchorage
Nodis ©

Anchor Hole Diameter is 14 mm
Anchar Hale Depth of RC Frame is 100 mm
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Notes : Strain Gauges (SG) number are given on the specimen

Dimensions in mm.
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Back

T1, T3: Ay, -Ayx T2, T4:Ax)+Ax%,

T3, T6: control of out-of-plane displacement

[V iolesl ogou ~YY-F IS

V] bages Slasie -YV-F Jsus

ta fm fp Strengthening Pyt £ G Kint
Spec Gr . . (P/A)
No roup | (mm) (MPa) (MPa) CFRP CFRP width CEFRP Epoxy (KIN) (Avare/T) (MPa) (KN/mm)
type anchors Type
(mm) (%)
525 135 393 - - - - - 71 0.171 604 203
59 438 - - - - - 68 0.092 - 238
516 85 115 - - - - - 66 0.208 321 131
518 6.21 - - - - - 77 0.167 417 152
S11 5.82 - - 85 0.116 585 184
512 1 135 582 - N In mortar - N 82 0.152 589 193
No. 1 Epoxy-1
513 444 - layer - 122 0.140 1019 307
514 85 444 - - 73 0.135 366 128
52 5.75 8.22 - - - - 134 0.118 1406 353
S6 135 6.55 7.27 - - - - 224 0.201 1615 509
S8 7.16 8.22 - - - - 207 0.149 1603 560
522 2 5.18 323 - - - - 190 0.097 - 624
515 85 115 14.59 - - - - 212 0.218 1385 422
517 11.5 14.59 - - - - 207 0.210 1577 553
s7 7.16 - - 221 0.404 1307 425
S19 ! 928 14.59 No.1 Whole surface - Epoxy-1 | 384 | 0187 2429 768
51 856 1459 - 281 0217 3203 676
55 6.55 6.58 300 - 386 0.134 2218 759
510 135 4.8 298 - 199 0.113 - 647
521 5.18 3.23 No. 2 yes Eposxy-1 212 0.144 1448 478
528 5 3.05 298 150 - 190 0.113 1559 561
524 393 323 yes 197 0172 1259 444
527 27 298 - 103 0.064 2029 642
526 271 2.98 No.2 100 yes 142 0.072 1401 477
533 387 2.49 No3 - Eposxy-1 257 0.182 1552 522
534 3 135 3.87 2.49 300 - 203 0.117 1756 526
529 4.6 32 No. 2 - Epoxy-2 193 0130 1758 663
530 4.6 32 - 167 0.184 1724 45
P,y - Ultumate vertical load ; Ay, - Vertical displacement at Py, = - verfical stram. G : Shear modulus. Kiy, - Imtial staffness of P-A envelope
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CFR® FABRIC

300150/100 e WIDTH CFRP ANCHORS WERE USED.
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Speci £ I b £ Strel.;giheni.l.lg _P N P K Kt

pecimen A A o f - ult "t i int
No. Specifications (MPa) | (MPa) | (MPa) CFRP Type (KN) (&N) | (KN/mm) | (KN/mm)

(Dia) (Erame)

Bare Frame Bare RC frame 16 - - 1334 1226 236 228

N1 Infilled RC frame 158 43 34 1309 2332 874 742

N2 CFRP strengthened 10.8 41 39 No 2. No.1 3301 311.9 2364 2394

N3 CFRP strengthened 129 101 23 No2 No.2 2397 278.1 1815 2095

N4 CFRP strengthened 16.7 34 13 Neo2 No.2 2253 2173 1543 1226

° £, : Compressive strength of concrete; ° f,, - Compressive strength of mortar, °f; - Compressive strength of plaster; Dia : Type of diagonal CFRP;
Frame - Type of CFRP used for frame connections; Py~ . Py, : Ultimate lateral loads of specimens at pushing and pulling. respectively: Ky, . Ky - Initial

stiffness of specimens at pushing and pulling, respectively.
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Fig. 9. Base shear vs. story drift relationship and damage pattern for bare frame specimen.
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Fig 11. Base shear vs. story drift relation and damage pattern for cross-braced system.
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Fig. 13. Base shear vs. story drift relation and damage patten for off-diagonak braced system.
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Fig. 10. Base shear vs. story drift relationship and damage pattern for infiled frame specimen.
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Fig. 12. Base shear vs. story drift relation and damage pattern for diomond-braced system.
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Fig. 14. Base shear vs. story drift relation and damage pattern for cross digmond-braced system.
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Abstract

Brick infill is one of the common infills which -according to common designing
methods- its effect is ignored in behavior of structures. Its gravity load is the only thing
that is applied. However, recent experiments indicate that the brick infill has certain
effects on seismic behavior of structures.

Many structures that have been constructed with concrete moment frame system
and infills which due to various reasons -such as change in codes and weakness of
construction- need to be retrofitted persuade researchers to study infill’s role in structure
behavior. Recent studies show that strengthening infills can be helpful in improving
structure behaviors.

Nowadays, use of fiber reinforced polymer (FRP) is one of the most useable
retrofitting methods of reinforced concrete members. Using these polymers for
strengthening brick members has attracted so much attention in recent years. By
strengthening infills its properties -such as crushing and inflexibility- are improved and
it can be used for the strengthening of the entire structure.

The main subject in this thesis is modeling the nonlinear behavior of concrete
materials, brick wall and linear behavior of FRP with the use of ANSYS software. In
order to model nonlinear behavior of concrete William-Warnk rupture criterion has
been used. After that, a )-story Y-span frame in classes: Y- without infill, Y- with infill
and Y- with infill that strengthened with FRP laminates are modeled. Accuracy of
presented models had been validated based on the results of tests done by other
researchers.

After validation, we are going to study about the rate of improvement in structure
behavior by strengthening with different shapes and thickness of FRP laminates.

Keywords: Finite Element, Infill, FRP, Strengthening, Concrete Frame.
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