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B A
StrongTic Motivation

» Shear-controlled reinforced concrete (RC) walls are common lateral
force systems in older structures.

» Are existing models are based on realistic wall specimens?
 Are published strength models accurate for common applications?

* How to characterize load-deformation performance of FRP
strengthened walls?

* What is the most effective anchor and fabric seismic detailing for
deformation capacity?

 What Is the effectiveness of a 1-sided retrofit?
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Figure 7-4. Component Force Versus Deformation Curves
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smg_ﬁe Testing Parameters

Composite Strengthening Systems I

* 6 full-scale shear-controlled wall
specimens

Wall thickness:
e 6in.and 12 in.

Shear reinforcement ratio:
* 0.14% and 0.26%

Concrete strength

WALL 3C -‘12'

WALL

VERTICAL BARS

2#5 STIRRUPS
OR 1#5 STIRRUP
AND 2#5 HAIRPINS

S#8T&B

2#6 SKIN REINF.

13
3-

N

ERT&B

.‘,-r"'
rd
2

2'-0"

b cov :

» 2200 — 3300 psi jf T 1o
» Zero axial load on the wall specimen
* Cyclic loading — ACI 374.2 Bt

1-sided FRP retrofit
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 SIMPSON. . .
Specimen Design

Composite Strengthening Systems I
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SIMPSON . .
Specimen Design — Inverted-T — Bases

Composite Strengthening Systems I

1007 10-0"
WALL 1C - 8"

CONCRETE WALL \ 2 2
56 WALL i| :| COMNCRETE WALL —\ 57

— WALL |
\\ VERTICAL BAR \
VERTICAL BARS
2#5 STIRRUPS 1

WALL 3C -£12"

/7

OR 1#5 STIRRUP AND Oéfg?;ﬁggﬁg
2#5 HAIRPINS
AND 2#5 HAIRPINS
o .
o 5#6 T&B o 5#8T8B
2.5" DIA. PIPE @ 24" O.C. (TYP.) 2#6 SKIN REINE. 25" DIA. PIPE @ 24" 0.C. (TYP.) 2#6 SKIN REINF.
, 1-10° L 20 , 20 G 1100 ), 20" , 20 6
vy " ) ’| A 1ve; ’| ‘r“r Ve T{WPP] f{wp.) f ’| TvP) ﬁ]‘ \-1 " (TvP)
x5 7]
*— v 1 p & [ Y] .\\ &
2 © | 2 o
COVER \ |'— . COVER \ Hin=
iy ALL SIDES &G B ALL SIDES &
| @ B0 8 | | @ 2.0 §
I | Il ) 8 11 P
- | N RS U
STIRRUP |, 2 7 L e s L s L s j, 7| o |ALTERNATEY g STIRRUP |, 2 7| s s | s e ™ 7 |2 8" ,LE,L
QUANTITY 1 1o " 7 A LEGS QUANTITY 7| 1.0° 7 7 - i -
TITE 50 . ‘.';[-0" 140 7'{TL 5.0° S a0 e 5.0 " b
#5[@s" #sae #5f]@ 3" #[jes #5[J@ 6 #5[j@ s a.g
140" 3-0° 14.0°
/7 WALL BASE / 7\ SECTION (T\WALL BASE o LAvauT
\.56 / STEEL LAYOUT \ 56 / STEEL LAYOUT S7 /STEELLAYOUT |

# strongtie.com/css



E= . .
Specimen Construction - Bases

Composite Strengthening Systems I
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Walls

Construction -

Specimen
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Composite Strengthening Systems I
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FRP Design — 6" wall

Composite Strengthening Systems I
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- FRP Design — 12" wall

Composite Strengthening Systems I
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- FRP Installation

Composite Strengthening Systems I
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- Test Setup — Simpson Strong-Tie — Tye Gilb Lab

Composite Strengthening Systems I

# strongtie.com/css



a2 Control Specimen 6” wide (1C & 2C) — At Failure

Composite Strengthening Systems

6” wall with 0.14% shear reinforcement ratio (Type 6” wall with 0.26% shear reinforcement ratio (Type 2)
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EL= Strengthened Specimen 6” wide (1S) — At Failure

Composite Strengthening Systems I

FRP Side No FRP Side
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SIMPSON

Strengthened Specimen 6” wide (2S) — At Fallure

Composite Strengthening Systems
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Hysteresis loops — 6” Wall — (1C & 1S)

Composite Strengthening Systems I
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Hysteresis loops — 6” Wall — (2C & 2S)

®

Composite Strengthening Systems I
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Strong-Tie

Control Specimen 12" wide (Type 3 — 3C) — At Fallure

Composite Strengthening Systems I
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SIMPSON

Strengthened Specimen 12" wide (3S) — At Failure

Composite Strengthening Systems

s

FRP Side ~ NOFRP Side

strongtie.com/css




B Hysteresis loops — 12” Wall — (3C & 3S)

Strong-Tie
Composite Strengthening Systems I
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Strengthened Specimen Hysteresis

Composite Strengthening Systems I
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Preliminary Findings

* FRP strengthening wall tends to increase the shear capacity.

* The presence of FRP anchors can delay complete detachment of the FRP and
allow the FRP to continue resisting load and deformation.

» ACI 440.2 Eq 13.7.2.2d strengthening limit (10 ,/f/) should be used for FRP
strengthened walls.

* The testing results for 6" walls were in general conformance with ACI 440.2R
design equations when the FRP was fully anchored.
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Recommendation and Future Work

* Redesign FRP configuration
« More FRP anchors along the length of the FRP strip
 Increase FRP anchor diameter
* Increase FRP anchor embedment for 12" wall specimens

» Future Shearwall Testing
« 12 more walls tested by SST as part of this program
 FEA modeling of test specimens
* |Investigate strengthening of flexure-controlled walls
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