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Chain with ductile and brittle links
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Ductile Link Brittle Link
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failure and ¢) rocking failure

f

ane failure modes of a laterally loaded URM wrall:
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a) shear failure, b) shidin
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Shear failure of a wall
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Vertical cracks in the
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y  Top View
1 layer
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= 282N 2 layers |
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in each 1 layer
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direction
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Back View Front View
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Scheme No 2- Two vertical strips of FRP sheets Scheme No 3- Three vertical strips of GFRP sheets
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1000 m

I

fl=—=—==
===

2000 13w

6 Scheme No. 5- seven horizontal and three vertical strips (120 mum each)

Scheme No. 4 - Three vertical and four honzontal strips (120 mm ¢ach) of GFREP
sheets.

Scheme No. §- Three vertcal and rwo borzontal sinps of GFEP sheets

Scheme Xo,7- Diagonal strips of GFRP sheets (=45 deg.)
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125 187.5 1875 125, 375 125 1875 |187.5 125,

GFEP Laminate
Strengthening Layout (Dimensions in mm)

MNon-Gravity
Members

Steal Plate
Shear wall

Bolted Splice — |

Concrete-Filled =
Tube Column
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Pinned
Connection

~ Pinned Connection

- Schematic of Fluid Damper and Orientation within Shear Wall.

Cross section of wood pile repaired with fiber-reinforced
polymer composite shells

P PECRNIOIE
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FRP composite |
shield |

Concrate

grout T |

Damaged wood

pile — j

Mudline]

Fiber-reinforced polymer composite repair system with

cement-based grout

Fiber-reinforced polvmer composite repair system with
shear connectors and polvurethane grout
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Shear
connectors

FRP composite
shield

Polyurethane,
grout

Damaged
wood pile
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C
Grid FRP application. A) Mixing resin. B) Initial coat of resin on masonry.

) Grid FRP pressed mto the resin. D) Troweling of additional resin.

FEP application. A) Precoating masonty with resin. B) Pressing FRP clott
into resin. C) Rolling resin onte placed FRP. D) Troweling placed FRP.
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In-line Pall Friction Damper

Hizh damping rubber bearing just installsd in

(Perugia), a5 Slzzed in May 2001

_,,-

Sateial
nnmnu /\ e
Wisco-elastic dampers mstalled m the Gentile

Fermm school at Fabrano (a rare example of ratonalist

arclotacture), duing setsnue moprovement works (Hlmed
i 20017
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Cross Brace Pall Friction Damper

* Application of the CAM methed to the seizmic
the apartment howses of IERP at Citta & Castelle  improvemsnt of 3 masonry apartment bumldmg at Sizillo

(Perugia) (filmed during works iz Decambar 2000).



H 5| kb .
[

[ 1 _L

E b j J

Ji L u'”‘ ; I 7.7y |

T
i
[
Ll
i
] | 1
1
1
T
1
'S
i
e
|
I
[l.__...l.i

[-RFE]

- I—na 5.00
= o
[___ il ____h_j LE
S B A e =l
I 5. | Al dimangione ininchos

ADAS damper: location within a frame and close up (fop) and typical geometry (bottom).

203



(a) Installation of anchorage assembly (b) Placement of CFRP rod

CFRP Rods on span
Photographs of the Installation of the P-T System on Bridge
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Placement of CFRP plate (f) CFRP plate mstalled.
Installation of CFRP Plates on Bridge

©
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Aluminum
Honeycomb Foam Core

Compostte plate

(a) CFRP-plated (b) Sandwich CFRP-  (¢) GFRP-wrapped {d) Pultruded GFRP
plated channel
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Installing dowels in CMU 8. A) Grooves cut into the specimen. B) Bars placed
onto plywood. C) Dowels placed on plastic spacers with wire. D) Grout was
shoveled into the openings in the masonry.
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Welded wire mesh 50 x 50 mm

2. Mortar rendering
3. Concrete roof band

1.

4. Cross ties 300 to 400mm apart
5. Corner bar diameter 8mm
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AW

Using wire mesh/light reinforcement

300mum-
400mim
Centres

wall elavation wall section

Wall to be cleaned and free of dust.
Cut away loose material to sound wall.

Galvanized steel wire mesh (minimum 2mm diameter). Minimum laps to be 300mm.
Tied together with steel through rods through the wall, at 300 — 400mm centres.
Two coat cement/sand render 25mm to 50mm thick.
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Reinforced Concrete Stitching belts
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For 500mm typical wall thickness.

/ AT16 / IT16
.!

Links
i) T8 @ 200

200mm minimum
T 10 links at 2(dcrs

Cr

Eaves Tie-Beams

SECTION

225



I, Exisstineg ald wedl

2. Mew wall

3. Concrete colemn for bonding
4. Connecting ties of stesl, avery
fourth courss

CONNECTION OF NEW TO EXISTING WALLS
OR EXISTING TO EXISTING WALLS

steel props at
GO T el

REEINFORCED CONCRETE PLINTH AT GROUND LEVEL
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Injection of mortar into the tendon
mounted anchorages.

Drilling of holes into girders for the Placement of temperary reacticn
introduction of aramid tendons. devices between girders.

. —_— e et Installation and jacking of external "'Tie_”?' of anchorage block showing
Cutting of tendons between girders steel cables. position of 6 AFRP tendons.
after cure of concrete in anchor blocks.

& .
End view of anchor blocks with external
cables and anchorages.

s A

Technora 9-bar tendon in a stai.i-:.less steel bonded anchorage.
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Only flexural cracks occur in beam

Mortar is separated and fallen down, Big crack is observed on mortar. But take the mortar away.
and No shear cracks are observed ne crack 1s observed on the face of concrete.

WVisibly narrow shear crack and flexural crack occur

Mortar 1s fallen down. There was no cover concrete

i beam. No shear cracks bserved in the beam- = . : : :
1 beam. No sheat are gbserved in fhe beam nitially, so the reinforcing bars are exposed easily,

column joint. : ;
L but there 1s almost no cracks in concrete.

Comer cover concrete 1s spalled off.

But shear cracks are not observed.
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Tensile crack at the middle height of column

T i
-,:_-“"'_.__‘-

Buckling of reinforcing bars

Visible settlement and/or inclination of floor

Extensive diagonal cracks penetrated and
Offset from RC frame

Buckling of reinforcing bars

Crush of core concrete
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FRF Rupture

i(b) FEP Rupture

(c) Flexural-Shear Modes of Failure {d) Shiding Shear
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Typical application procedure of SEP: (a) sandblasted concrete surface; (b) resin
applied; (c) Hardwire® impregnated; (d) additional resin applied
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Congcrete crushing—sf![}]{}

b

ray

ERP rupture Concrete crushing
FRP S4 i) )3 (Saaas O (S5 3 A i)y (SRl

4—- Shear failure

Shear fatlure

Possible debonding mechanisms of a FRP-strengthened beam partial from

The debonding mechanisms that can be distinguished in literature are;

1. Debonding at flexural cracks

2. Debonding due to high shear stresses
3. Debonding at shear cracks

4, Debonding at the end anchorage

5. Plate-end shear failure
6. Concrete cover rip-oft
7. Debonding due to the unevenness of the concrete surface
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—p! microcracking
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1
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| | ?
' | L |
g |
[ . _ — - - - — theoretical stresses
| i '-1— — —cmax [:‘1]_-,01.-9 tc_u‘.l.‘-’.]'
' //\
T- A B real stresses
v (atter microcracking)
\I
Tc

Debonding due to lugh shear stresses
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Shearing through the concrete
starts at outerMost crack

FRP peeling-off at outermost crack in the anchorage zone
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FRP plate-end shear failure
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FRP peeling-off at flexural cracks
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FRP peeling-off due to unevenness of concrete surface
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{(a) Failure of the adhesive (b) Failure of the concrete (c) CFRP delamination

Failure of the three point bending tests at different temperatures [Di Tommaso et al., 2001]
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I = exisving columng ¥ — jackerc; 3 - ediscing reinforcement;
4 - added longitedinal reinforcement; 5 - added cies;
fi - welding; 7 = bent bars

e e =

(b) internal column in a building (6 Etrsinial colinie



(a) repair of cracked floor {b) repaur of slabs

; e
Owverall view of the completed retrofit (1996) showing the lattice pattern with no cracks
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- - L ——
Owverall view of the alternate retrofit strategy using stiffened steel plates.
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CFRP strips attached to the top surface of concrete Mechanical Anchorage of CFRP plates
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Spraying Resin to Wet out the Surface Spraying Fiber on the Wet Surface
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ia) Chevron Knee Bracing system ib) Ordinary Knee Bracing system

Sitvation of knee element in knee brace

250



e 2= e R i R T TR
(CBF) 7 3 m Sla Sslee 130
| ™, ra
| - , | - ™ | _// .
i . | - | ; w |
N N PN
'I-/J// \ |II [ /,/ \\ ;I | / \\\
/ ! / « | |~
A %, g ,J}l |
."r /// _,Lq f/ e ,-" //‘(ﬁ_x __,?
| P / p—— /
- W - X

| N _
e ' [ El— "
[—< W I -
.."':f,— AN P /{ )
l . | f o o e—
LN Y L/
vy vy !
r | "p."- . .r'j\"-
& y e
.f'; A T
— —'d

O Ole ki il 5l S15g08 3 Jaasn 039355 00d (S slas Sl il > peuilSe

251



-_— = [ -— - [ -—

Blee 5 ) i (o slee Slal jo S peilie

)C\é) gg).bjdﬁbgdﬂddj\ &\}\-\
el Bn i )3 Al gi85G )l )

252



' = ouble Channel
_ =1 Column bl
X .
L 1]
4 '-.'ﬁ"-_lll".‘,:. - Vartical Plate
) \ ﬁ T Horlzontal Plate
! f Y X 5:-‘. e e i Bt
J'H ,-"I."l l'; l,r(.-"r \ EI".I IIIIIHIII::-L Foundation ————— .
Al i 9 = N ) a4 e
II|HI III,-lll."I f';:r |": g'-" lIII "|I:I||\ I'l:|II Y I‘:::.II T f .g 3 d ) S
_wakee Y ool
_Diagonal i
/" Element Element\

wrgily b Stgil

(a) (b) (c)
Forms of Special Anti-seismic Steel Elements (SASEs)
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Inverted-V Bracing D Bracing

Yielding mechanism in eccentrically braced frames.

Typical link detail {courtesy of Structural Engineers, Inc.)
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(a) (b) (c) (d)

() (9) (h)

Cross sections of various buckling-restrained braces developed in Japan.

(b}

Buckling-restrained brace frames for new construction. (a) Elevation; (b) connection details {courtesy of SIE, Inc.)
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I

(a) (b) (c) (d)
Concept of sleeved column (Sridhara, B.N. (1990). Sleeved column—as a basic compression member,

Proc. 4th International Conference on Steel Structures ¢ Space Frames, Singapore, pp. 181-188.).
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|~ Yielding e A36 Steel
“1|  Element T~ Plate
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20-30 Sand f
r “~_ Steel Pipe
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- End Cap o
O ==
2in
(a) (b)

Composite confined hysteretic damper. (a) Test specimen; (b) steel core. (Higgins, C. and Newell,

1. (2002). Development of two new hysteretic dampers, Proc. 7th U.S. National Conference on Earthquake Engineering,
Engineering Research Institute, Oakland, CA.)

(b)
Star Seismic buckling-restrained brace . (a) Single-tube configuration; (b) multitube configuration.

{Courtesy of Star Seismic, LLC.)
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Parallel strip model representation of a typical steel plate shear wall panel
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Infinitely rigid beam

E'; I

Column
®*  Pinned connection
Steel Plate Shear Wall A Effective Panel Width

Proposed multi-angle sirip model representation of a typical steel plate shear wall panel
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Schematic diagram and typical collapse mechanism of the SLBF system
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Arrangement of rubber bearings

Steel Bars

Mechanical Coupling Sleeve

F _/-:’"

The seismic isolation layer

Piles Mechanical Coupling Sleeve

Steel Bars.”

Connection details of rubber bearings to reinforced concrete structure

Friction dissipator
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Details of buckling-inhibiting brace. (a) Overall view; (b) load-carrying element; {c) A—A section;

id) B-B section. (Chen, C.C., Chen, 5.Y. and Liaw, .J. (2001a). Application of low yield strength steel on controlled
plastification ductile concentrically braced frames, Canadian Journal of Civil Engineering, 28, 823-836.)
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Load-carrying Buckling-restraining
alament element

(a)
0l & a0
Ol L L]
End Center portion End portlgf
Tapering Tapering
portion portion
— (b}
End Center
fe)
Energy Dissipation Length
Met Cross Sectiun|
& . &
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\ o . N

Tube Length !
Total Length

Geometry of buckling-restrained brace test specimens. (Tsai, K.C. and Lai, JW. (2002). A study of

buckling restrained seismic braced frame, Structural Engineering, 17(2), (in Chinese)
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Double-tube buckling-restrained brace. (Tsai, K.C. and Lai, JW. (2002). A study of buckling
restrained seismic braced frame, Structural Engineering, 17(2), (in Chinese)
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Installing dowels in CMU 8. A) Grooves cut into the specunen. B) Bars placed
onto plvwood. C) Dowels placed on plastic spacers with wire. D) Grout was
shoveled into the openings in the masonry.
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Rubber Hardness Young's Modulus E Shear Modulus & Modified Factor
[RHD 2 (Mfem?) (Mfcm?) k
30 92 30 0.93
35 118 37 0.89
40 150 45 0.85
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50 220 64 0.73
55 315 81 0.64
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Steel rod damper combined with a NRB
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SEAL RETAINER HIGH STRENGTH ~ CYLINDER ACCUMULATOR

ACETAL RESIN HOUSING
SEAL COMPRESSIBLE
/< SILICONE FLUID
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PISTON ROD PISTON HEAD —~ CONTROL ROD MAKE-UP

WITHORIFICES ~ VALVE ACCUMULATOR

Schematic section through a fluid viscous damper (courtesy of Taylor Devices)

Viscous dampers in steel framed building.
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Componant actions

Capacity clrve

=

A

Eguivalent Global displacament
(s hever) BOOF Oscillator

1

Figure 2-10

Flow chart depicting the process followed in nonlinear static procedures. Note that component actions
are based on global displacement demand and a pushover/capacity curve.
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Spectral Displacement

E,, =Energy dissipated by damping
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=Area of parallsiogram
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= Equivalent viscous dampi

F

associated with ful

I hystarasis loop area /

Graphical representation of the Capacily-Spectrum Method of equivalent linearization, as presented in

ATC-40.
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