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1.2.2 n5isenumAedans1NTidani (Composite Construction)
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v
3 IS

AmFunaasuindsdin arnsaldginsalldinainuaneaiia Gafiaziiponuannsnlunisiuthwinuasissuy
o a dl ' o k% 1 o a % ¥ =3 3 o o .

naflesiuatinnuanseiuldfoaduiu TnatUnaudoasldindnduindege (High Strength Thread Bar) T
Y ~ % a Aay o o | aal = o A o q
Tudiunng uarldadninags (Strand) lunsainsesinisdnulaszline Aan1sasaindaussnauenivaaiy
aa . = | o= ¥ o o ' = a oa o ~ X
Tensuuy Active Teavdosliiinisnszanaiviinussynldluiun  deunazdiinislaeldinaliall Aqe
AzfpINsTaNTatUANAINNIgAA (Flexural Cracks) Aagasnisgasae Epoxy taeldussis dnliluseausn

Wenaznn liiannsnszane s nasina@inidNe (Uniform Compression Distribution)

a :’/ 6 o o =S o U o % a ‘;/ o [~ U U 1 A
ﬂ']ﬁ‘mmﬁ]\jﬂqﬂﬂ?m@qwliﬂﬂq?ﬂ\‘i@qm@mLL?\TLTqﬂUIﬂﬁ\‘i@?’NLﬂﬂuquﬂum'ﬂ\TImﬂ@‘lﬂﬂ’]ﬂW]LL?\?LQ@‘N
(Shear Transverse Mechanism) %38 End Bearing Assembly ai14laginamils ﬂ@iﬂﬁﬁmmmﬁﬂugﬂﬁmﬁq
Y Ay v A A a Y \ - Ao o A & o = A o el '
FINATULINUTRNUTEIDUATURINUBNBIADNANTNTUL LI A A Mﬁ‘ﬂimﬂ@ﬂﬂ@@ﬂﬂﬂiﬁﬂm@@muuq LW@iﬂNﬂqﬁ‘ﬂqﬂL'ﬂ
& | ~ 4 ' & Ay = o gy a a =< ,
LLINLRAUAUINNALWEN Gl.u'i_l']\’iﬂﬁLLWQLﬁ@ﬂu?ﬂL@u@Q@Lﬂf‘lﬁl']'ﬂqqqﬂwqiﬂ\?'ﬂVI‘U?L']m’ﬂﬂﬂQﬂ@q\ﬁsﬂ']\?ﬂquﬂqQIﬂﬂ

14 Saddle Clamp 438 Deviator A4g1lfi 2-5

douszuunistleaniu (Protection) AuFuasamnatauazwiaman arnlnvidaasiansausiig o Annls

Tnaldnaunanuaadiia (Precast) e Shortcrete Encasement viza n1sldviefaemanudadnilu (Grout) 1

Tl

3— End Anchorage

\ '\— Reaction Frame
Externally mounted

post-tensioned strand
each side of beam.

Column
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External
Post-Tensioned
Threaded Bar

— End Bearing
Assembly

Flexural cracks are
pressure epoxy grouted
| prior to stressing.

‘ Bridge Pier Bent

SUT 2-6 uANINIAATNIIAIAILNIANAIAB AL

25  NISLASNANRILALNITAAAINNLNITY

ad

Fn17LasuNaelnEN1ITaRA NN T Azdat A NA Na N1 NN T UL A (Flexural
Capacity) v3aiinAuuds (Stiffness) Tiun asfanA1s uazdailudsnAuen (Cost Effective) Aigaansae n1s
AAAINENTI9TIATBUA TN LA T Tunan83 ULy T9azsauDeNI199818IUIATBILEY NITFAFILATAT

(Bracing) Mifluwmdnyisaneunin uaznisiinlasees (Sub-Framing) liuridaeAannens (Span) W AsgLd

2-7 Wag 2-8
Origrnl Spn Lergh ,‘
»
e | AR
}‘ New SpnLengh
\ N Kinee Baces
Columa
o
U —————— --. —_— . ——— ——
g1l 2-7 UAAINI7

LATUNNAIAILNITAAAIINENIT I
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Original Span Length

Niew Sieel Eraming

New Span Length

51 2-8 UAAINIATNAIAIAILNITAAAIINEIITI

26  NISLATNANRINILNINWAY

UINTEHAUNGARAY (Embankment 38 Retaining Wall) @1al#5uAanuidevnevsalnisdfusauns
Tidsriugeau andludesdinisasunidaniuneiuay Insarnsnnilivatagluuy wu nsldrauniniasy

wianwsansldinanginssaadin Wide Flange (WF) nasdsunndsinaldmaunsmasuimaniinlilnafingi

v o o

WANLESH TULB R UA T UNTINTRIN AR LAY TN AN UNA989n W UA WA U kI UaNAUTne M9

'
A [ % =3

WadnanawmanidinlignaesaiunisAaiunuaznisiiasziudaniinisuaansunsndi 1 luuuunesasls
=2 aa n:gl' o ¥ P ' ¥ = S I3 13 I3 ! =
FeRsnsilinlamunssddiialulunnsnea¥epeunimasnman dounisldmangUnssnulunisdenunuvie

o

w@sNmAlLA AunweiuAundgadanig aannisfuussiuaInauliy i lalaaniseanuuuet9gnies

]

wiHnzaNTesiaeinigld Steel Wedge Anmangunssaulusmumiafimanzassenisdnoananglnssouay

nauindan Dry Packing Tasaafnamanginssnuazgniin (Anchored) Wniuuiuiuliacnquuumun nauds

' v
o

449 Dry Packing ng1e4i197Ancs Steel Wedge l3Havadaalinistnemuss (Force Transfer) Mtinann

wuiinussynilulyl1ima

Existing Masonry
Retaining Wall
on Concrate

Now ———F—
Concrate :
Aetaining
Wall Cast
MNeaxt to
Existing

Underdesignad
Retaining Wall

g 2-9 uananIATUAAIAUNALAL
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Steel WF Frame
Anchored to Slabs

Steel Wedges
and
Drypacking
Used ta
Transter Loads
1o New Steal
Framae

SN 2-9 UAAINIATNAIAINUNNTTUAL(FIB)
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NLATNANRIAINFINIGD

Tuni1s5uULLsILRAY

3.1 UNU

lwindeilaziufinmguiadinsfuussdeuliuiaupeunis feacldinadiasing iy
- NN Post Tensioning N1e1uan (External Post-Tensioning)

- N199" Post Tensioning el (Internal Post-Tensioning)

- Matgsumannaly (Internal Mild Steel Reinforcement)

- mm’?umé‘mﬁmﬁmmﬁmmﬁm (Bonded Steel Members)

- NN9VLNLVANTNAALBIB9ABIANT (Enlarging Member's Cross-Section)

gaemaly placid requires bad balancing on eatch side of membe

|
. Bl .
= B

| .~ [Duiled hole #
T iy ||

Imemal Ppst-Tansioning Extemal Post-Tensioning

517 3-1 nnasumaIN LT aReu i uaeunTs
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Elevaton View of Beam and Slab

|+ T ShearCrack

Shear Crack Epory Grouted Price 10 Past
Tensioning of Rods

= Fosi-ensioned Fiods Each Sita of Bsam

317 3-1 naasumaInIsiuusadenliunauaeunis (se)

a o w [ .
3.2 ﬂ’l‘il.ﬂﬁ‘&lﬂ’]@siﬂ’)’lNLL‘lI\‘iLL‘i\‘iﬂ’WEIGLULL‘LI‘]J Passive

=

ad-: a Adl ] a o o [ A a & o A ¥
QﬁuL‘ﬂuQﬁV]‘H’)ﬂL'&?Nfﬂ@\‘iﬂQ’]N@WNWTﬂluﬂ’]?TULLNL’ﬂ@utmﬂﬂqﬂﬂi‘mm@ﬂﬁ“ﬂLLNLQ@‘HL‘IIW»L‘IJJW’W_I‘IM
' A .i’ 14 = | ¥ I3 ¥ a i’/ v a
AARIANT VIDTUAIUIATNAFINARUNTA 11U NTLITUAN Dowel ’&ﬂfﬂL’ll’]vlﬂslu‘ﬂﬂ‘l’]’]\‘lﬂ\i’ﬂ’]ﬂﬂ‘].ﬂ/lﬁﬂ/]']\‘]?l’ﬂ\ﬁ"ﬂﬂ

uan Tnaldisnisianzgudaaanmanidily aanduasld Epoxy ugaviinns Grout Gauen

Girder
¢ e > ,
e Existin
Y\‘ / B Stirrup
\ Diagonally g '
Drilled e
Holes
) S Existing Stirrups
1%
o a s/ New Mild
\pa aias’ Reinforcement
Placed in Drilled
Holes and
Grouted

3‘7]17'1. 3- 2 Internally Placed Passive Shear Strengthening
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33 maEsuiassuusaaauluuFianqauyuaaIAy

Wadnsulasuulasaesgmniaaudnaunn fenaaziiin Hinge aulsluaniazil Tensile Capacity

[
a

=2

Tdiieane n19iia Hinge dannnsniintulietnegu (Random) ALdnnsasuanfinasiintulug vive

' a

satsianaa¥1s (Construction Joints) Niag/lndian uaz Hinge § azilauazlanunisilasuuilasaesgumngi
FTUINNTU
saeuAnanunsadutlymselasaeldnmaiug@aiiiedindudoulaseaefinnasiuusaaauly

WEane LHeAINITEINANAIAN TR lTAeeAanA1? (Member) TnsinnsdansnsAnuAdffasNaI el
a O - P I W) 3 . A d e ey
tvpnnadunazsiedliqn Hinge Wndeunld Ineviar) liuds nisdenseauanfiinisndeuniagld Epoxy
o ¥ dld” v R ada 1 dld a a v @ K a o o
dnazduwan  luiilazlfuassdisnisgenuauifdszdnsnw  Tnsazuanslfifiuianingiuniaananu
wlausalfunmunfiseaunninanisld Post-Tensioned Shear Clamp waz Teflon Slide Bearing Faaznn 1

Hinge @1unsauARaudn la

Diurnal solar heating causes camber in member.

surface is G l 3 /
peated by sun. / K

Sk
: At G Cool
N J Underside

Continuous Concrete Frame

Post tensioned rods
hold cantilevered shear
bracket

i / Moving Crack Caused

by Daily Thermal

! Changes é

Tetlon Slide Bearing

~ Teflon slide bearing

allows crack movement
and supports bottom of
beam.

Stiffeners for Cantilever Portion

31./17'!' 3- 3 Beam Shear capacity strengthening at moving hinge
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3.4 NMSLESNNNAILAEAE External Post-Tensioned Straps

! ° a o vaﬂ:{ﬂg ¥ o ] ¥ o a !
NAUNINITLATHNIANIEU ACADININIT Grout TREWANFINT e s (Pressure Grout) t@a8Nai

Yy = o s Ioa o Y c o & o Py S A a
LAYANNINITIRAARNLANLUA (Straps) bUNTAL AulagdndataziAundstszann 2 1a NUTIDHNUAIATY

A¥iNIAARY Half Round Bar Stock wasinisuasauiia liliinadendssudnauiamaniiududennas )4

Famu

2" wide strap can carry approximately
10,000 pound force (44,480 N).

Tensioned Banding Strap

.

Concrete Beam Section View

o / Corner Load Transfer Assembly

Half Round Bar Stock

Lubricant between Half-Round

and Strap
Shear Cracking ﬁ -
MUNI % y
%= Beam
—
< see
section
External Post-Tensioned above
Column

Strap Shear Strengthening

Cracks Pressure Grouted —
with Epoxy Prior to
Stressing of Straps

—-\/_

3‘1/17':' 3- 4 External Post-Tensioned Straps
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Tun1sa1gL NS RAUSTZKINNTURIUY

4.1 UNU

NTENENUINRBUININNU (Slabs) uazedraIA19aws] 1edlasaaidinnnndAnyuiniiadiinein

UsINANAE (Wheel Load) LAABUTINIUIBLFABATNIL AYINAINIINTBII0LAE LUNI9TNEMBIMTENUEIYN
- A Y = Y <4 2 o o o \ a a X , ¥ o
(vFausadew) andunilellanduniieiu JaudAnyuinseilss@ninineasivu (Slab) nnstnemnuiavtin
Alaifse@Ansnnazdanasissialilil
- \NANNsuaUsa (Deflection) @9 wazifluatmnyinldiianislan (Pumping) wazsaxIAninlLAA
ANHLAEYNE (Faulting) 2ulalunansann
o . v asd 4 . X
- NegeyiAenngsasiu (Support) 19lAH Teardenaliiianisunnaedii

toyusingy wanil sinazifintuane luiuivaeuuivy (Slab on Grade) WigssuuNuenTINanlS

' o

a%4utin (Elevated Precast Floor System) mAliAR1¢7 M Burndanistnemusaiou Saeh
- AREmANEINFILSReY (Dowel Shear Device)

- @ﬂmtﬁﬁlﬂugm’]:lﬁ@L@?mﬁﬁﬁﬁu w3Laeu (Drilled Hole Shear Device)

- neswangniuldluseesunsaaen (Sawed Slot Dowel Transfer Device)

- Alternating Cantilever

- Slab Sub Sealing Wa¥ Slab Jacking
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Types of junctions between members

. ] Construction Joint
Sraa with Shear Key
X -:.h“u

Construction Joint

18 Construction Joint
-1 with Bar
Reinforcement

Expansion Joint

£l e A

Expansion Joint
with Shear
Dowels

Fracture with Bar
Reinforcement

. | Fracture with Light
" | Reinforcement

gﬂﬁ' 4-1 Shear Transfer Strengthening
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4.2 LARELUANSLILTILADY (Dowel Shear Device)

A = o = N i ! o4 A @ o = G p
Wadnsusudaninifinliifiasannldfinstramusaeunane famisoiinisasumdniaesiiie
o = ' & v ad X o 91 o = ! Py ] Y o = 3 14
Fuwsaauszdniuld 38t ldlaanisdnpeunsadeuinsiesnistenudadnonaneaman (Dowel) 13
ANAUMANUT 42 Taadilanadunilsnesmdnifesargnasnldluneininisuaeaunisluvialiugn
i’/ =< a a d’l dl :J/ ISP o A ¥ o =3 A v a o
AINUUAWAN Grout Tauntiuiidensssziane fesdnrnuuzeaunanines linasguug Ine1zmnin1sdnang

Rauwa (Misalignment) fazninlsiia Stress Iunazazinlfinaseeuwnnle

a 2;’ A @ o A v o dl ' d”
nsfnsahasmaniuLsReu Tinaunwanslugtlsaliil

e Rolling live Load

Inadequate shear
transfer causes
excessive deflection.
Joint
T
Location of R J
Dowel Shear Plan View of Slab
Transfer Device
Concrete Slot Created with Saw . —_—
- b! quare Dowel Bar set
| / in Square Tube with
\ Grease
o \\__ s i Gt SR DS - P L e
o I YL T /e Existing Concrete
Joint Elevation View of Slab at Joint

3‘11'71' 4-2 Dowel Shear Device
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43 alnsanldlugiazivaidsuinassunsaidau (Driled Hole Shear Device)

A o o o 2 aaX o A a 2 v o~ o e
ﬂ’]ﬁ‘Lﬂ?Nﬂ’]@QTULL?QLQ@HI@H’JﬁanVLgﬂ:ﬂﬂﬂ’]TW’]za“luLLurJV]LﬂﬂLLﬁ\iL@l‘ﬂuLL@qmmm\i‘ﬂqﬂﬂﬁ‘mﬂqﬂlml,w\i

Rowdnlilugnianz1d gunsaliramusadeuiiaziiuianuiumanLng (Sheet Metal) udaRasssaNiUAAAN

q

S ' ¥ . A A o = a ' A a o e @ v Y @ o
ﬂmuquim (Compressible) LWANALIAITUNITLARAUNUDITDLIFIA Lll'ﬂlﬂﬂﬁl\‘i'ﬂqﬂﬂi‘mm?@Lﬁ‘?;llli"ﬂﬂLL@"JﬂV]’]ﬂ'ﬁ‘

o

Grout gz WiEauies Aiuanslilugi 4-3

Rolling Live Load

Inadequate shear
transfer causes
excessive deflection.

Joint

Location of Drilled
Hole Shear Transfer Plan View of Slab
Device

/ e Shear transfer device

constructed of sheet metal.

Compressible material allows dev
1 deform with joint movement.

ol Groutfill bonds device to
concrete.

Foam-filled void allows movemer
of joint.

5 .} ————— Core-drilled hole bisecting joint

* | ———— Existing Joint

Slab in Plan View

37_]‘71. 4-3 Drilled Hole Shear Transfer Device
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44  N1991 Grout Subgrade

lﬂl = U ?3/ o % -i’ -ﬂl 1 z v 1 A tﬂl oA <
Wainstramiminaindesnagiuinaauuiuy Subgrade wdainiscnemusaeunlaiiiiesne
azmliifanisuausnuniiulil (Excessive Deflection) Asfiasinisiatzgivanazinnis Grout Tagldusasiu

(Pressure) &3 Grout Hfiazligadasindnialinuuazazdassinuniunsinasale

45 M9 ELABLNBSULSILRDY (Cantilever Shear Arm)

duandguiien ldudilymnisuaudaaesiy Tnaazfinsa Cantilever Shear Transfer Arm undaglu
\ P e a X a o e o X Y o = = a ¥ e o
nstnamusaeen Insgunsnfntiatazgninfendelsing Tnaldadndauazacsinnsfinssaduiu (Alternate)

uazsiaald Slide Bearing 15211914 Arm Waz Slab Wiatleaiunsidend suaziinasdamieduls
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51  AISLATNNNRISULSIBA LIALALAT AL BULNLAUIR

naisawanEdngeareunsaaNazdos e iua it winusmnlduanay - ey

%3 o o o dl ' 1 =3 & O ¥ a =2
wihdnrataIa s iflunanagluuudaglins-1 wieehlsfinuidndusesiasunieuansenuainnig
nAFaLesaINN1suiesia (Drying Shrinkage Effects) 284AUNIAT MIANTLIAMENFAATEUANAE INT1ZEN

gnunsafudavtaandanisinanisvasatldnazilunisitean Tensile Stress Mdauiisid naa9d 1 T

sUnLanald

al

‘ Existing

=

Method A

. New .

Existing

Method B

New-

N
= Drypack Space batween Column

and Member atter Adaguale
Drying Sheinkage Has Occured

Existing —e= | - Column
Column | Enlargement

Method C [ - - -

Existing

>7§'

Elevation view of Method A
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717 5-1 MaaFuriasiiuseda liurian Ine3svenenn

A8n13UUL A (Method A) azdaelinnstnammininithllesnaiissd@nanim dndauiifisdnun i
ﬁqﬂmﬂimﬂﬁmﬂ% Bond Breaker 3:MinEnUedARUMIAWHLAZAIUNTAAN  &RINANNIAN Drying
Shrinkage zﬁ'mlmﬂﬁmqmmLLﬁqﬁmmmﬁmﬁqﬁqﬁm (Tie) MHiFensaneunimiuazaeuninlvsidnl1g
dmsuesindanlvsiuazdauiinveani] B7ALANAYTAR Dry Packing %'qLﬂumiﬁfaﬂ‘lﬁf’m@’Lmimﬁmﬁu
ﬁwﬁﬂminniﬁ TunEiAaNsuLY B uaziuy C anld arsasdesiiannusinszdalunisidendounay
sasnauranlnadecliiiénnivafsn (Low Shrinkage Rates) Imﬂ‘m;faj Tudn AeumIARIFReLESS
a191in (Prepacked Aggregate Concrete) %ﬁmwmﬁqﬂmﬁqm ﬂ:i%ﬁaLﬂud”m@ﬁﬁmﬂ‘l.umiﬁ%ﬁmﬂ%

AN UL ATRALEN

52  nisudsnnassunsaaulagldilaansunsaaau

v A a X 4 ' X A o ~ -
ANLAWLARY  (Shear Stress) AYINATUNAAADUBITTLLNULALIAY  LHANAYINABINITNAZIAN
ANATNNTalUNN TS UL @Re N (Punching Shear) Annlalnanisiinauiaresdvisanisldlasnmaniy

Q

Wsa1RaY (Shear Collar) tnalasnimdnazgnansalsynuiusowinasasudaimis Non-Shrink Grout Ai1a4419

. o X day ¥ o \ 4 , . a X
syminadaanwanuazvuivalinnsanewminmindulilesnems?  (Uniform) Teedasniuusaaauiiananiun

AINNTIUABARLNTA LA (Cast-in-Place Concrete) fib#

_—— Inadsquate Shear Capacity At Columa Siab Connecten

]

Erection of
Friction Fit
Shear Collar

Slab

Note: A similar shear collar
¢an be construcled using
cast-in-place concrete.

Ater erecsion of friction fl colar,
place non shrink grout to provide
for wniform load transter.

Puniching shear stresses are reduced by
increasing the eflective area of the shear
fransfer interfaces.

517 5-2 maasuimassiuusadeulne ldaeniiusade
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53  MSLASNANAISUININUATEUINIATULASLAN

o

nadsuingaliqasiassndaauaziaamisorinldlae ldmedinsine Gid
- 1914 Bonded Steel Members

- 34 Concrete Overlay

- 19l Continuous External Column Confinement

- nN9Aea519 Shear Wall

Column

/— Beam/Slab
A . 4 f

Steel Plate
Assembly
Compositely
Fastened

to Existing

a Concrete
Members

-

Elevation View

T

| Concrete Shear Walls Added to
Existing Columns and Beams

o o

§UN 5-3 N194ATNNATL TN ENTNAMUAAT
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54  MEEENMAAIlALNITIHN

I3

azilag] 2 LUUAe uuD A uazuuy B lnauun A avldiasniwan (Steel Jack) udald Cement Grout
Gl lutesinsssinalaenminuazian Tnauuy A dasfliAasiaiith “Passive” dauuuy B azifly
WU “Active’ @¥33nsutu B Al Cement / Resin Grout dnamlngussiulihfadesdnesen faign
(Annular) fiudaan Fiberglass ARnsalunAsuy (Field-wrapped) Famesnaniagldusasutazifhunngos

¥usa Prestress un Fiberglass AMNVANNNTILLL “Active”

Lateral Motion Caused by
Earth Movement

(earthquake) e ———— Method A

# (Passive)
Cross Steel Jacket
Bent
¢ e Cement
: '_-'- Bt i Grout
-1 i B " Existing Reinf. "
New External 4 2 y s T et Colar
Jacket 4 B = s
L, o B
= s
L o : 1 ’ . Method B
B o (Active)
d. P / Field-Wrapped
9 | 3 Fiberglass
1 1 . Existing Reiff, " _ i
Bridge Column ' . 7 ' il ConcreleColumn :
o E S
o) [ Cement/resin
-1 . grout pressurized
By 1 annular space fo
o prestress fiberglast

g1 5- 4 nsiaTuniAlnenN
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6.1  N19&4319 Corbel Bearing AuN1 s

aziflug¥ne Corbel TunmaALNU Corbel 284AN Teeanuuunn liudausafiasne (Underdesigned) vi3ala
#1971 (Non-functioning) aseesianialulasaaimanes arudatuaziiugasiessidnaniuuazian (Beam-
Column Connections) Inaqmsiamantiazfiasyuliategass wazainsneneavizanasalsietnidasy &
C A 4 A de e N “ L x I

aasiamalliarunsniazindeun ludnsuzAInanails wreunInTudaulaseaiensesiunmines
(Support) ag/lunnaz Overstressed udafianiluazsiasiinisainunnlud Geazimatipvanee) aghady

- nn94519 Corbel lud

- N"391 Short Compression Column (Pedestal)

- 1391 Tension Strut Manger

- N1991" Shear Shelf

6.2 NSANRY Compression Strut N1gYan

M IFTALINIRARILYINFULNUTIA (Strut) NAEUANIAIAIARNAIFIARLNTH LNALTIUANIETNANRI LT

A o '

Corbel AlNMsENgAYTaNNLLNNGDY  TaediasiEnainmsndeuinadminussyneananLson Corbel

£ '
o

oA a £ a o 4 a o \ @ A - = \ A o o o
NAUNALRAARY  Strut "TNmﬁ[ﬂ\ﬁmﬁlﬂq?lfﬂ’ﬂmWﬂﬂuLLﬂJuLﬁ@ﬂWﬂ?zﬂU@\iﬂ’ﬂf]ﬂq?ﬂ@uﬂ?ﬂﬂ% WarnsUsusa

AunisiaiaFauiasudafiinistiamiuingng strut Tnaldusiuss (Jacking) eazidanfiagii 6- 1
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|
Frozen Bearing i

or
Inadequate Reinforcement ——p

Existing Corbel

..1_ — New slide bearing

L Additional steel reinforcement

Jack Member Doweled into existing concrete

and Shore

gi./ﬁ 6- 1 N174579 Corbel Bearing
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2 Precast T Beam
Non Performing Corbel —T>
Concrete
Member
R
=
Strengthened Corbel | .. . . - '- L SR R —

Loads removed from

Welded
existing corbel and e Connection

transferred to new
Steel Jacket —>

assembly via jacking

Short column
deforms with movement of
T Beam.

Adjustable Nut

Reaction Jacket

517 6- 2 N15AAFAY Compression Strut NEUeN
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6.3  N19AAMI Bearing Assemble Ana1uaN

Mlalaenishinfe Bearing Assembly sialulidnldiiedqeudauinisiurinminanueluiiugsniy
ARUNTA Teazyinnnstin Bearing Assembly WniLedsaansraunsnlaedantin (Bolt) Inaaziinisld Epoxy
. A . ¥ a ’:/ v v . a al'a [ d’l
Adhesive 38 Epoxy Resin Usenausaanisiinsesag Inaazld Epoxy Adhesive TULFMNAANLNUATNL

a Vv ¥ & dld . v 1 dl 1 1 A o
uaztiFusudnesesfannsiitia Bearing Assembly 3ativadanlunisdremussdauuayiiadonlunng

flaariunisiinaiingag Bearing Assembly ﬁﬂﬁmﬁmmﬂugﬂwulmgﬂ w3 unude
1. Elastomeric
2. Slide Bearing
3. Wuuwd 1 uaz 2 saurfu

918aZIB8AIBINIIAARY Bearing Assembly Aauandlinagily 6-

Condition
A. Frozen Bearing
B. Fracturing of Corner Joint

Joint

Slab

Beam

New bearing assembly
externally fastened to
supporting member.

Adhesive for fastening to
soffit of concrete
member.

Bearing assembly may be one of following:
type 1 elastomeric
type 2 slide bearing
type 3 combination of 1&2

@_ =1

Resin set or expansion anchor
for erection and shear transfer.

teel Shape
s 4 Optional epoxy adhesive for shear transfer and

corrosion protection.

] v
g?.lﬁ 6- 3 N19AAPN Bearing Assemble Ng1an
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Shear hinge assembly
allows for joint movement

',.-.-.a...........- '-'--..,-.__...‘.\' /_ awmm‘W shear ft

“_  support of member.

R Platecellctsas
""-..,. -_ 4 Wnand
e confraction occur at
New joint cut at point of > S e newjoint
theoretical zero moment. | ‘ B
|

| Column

o
3‘7./7! 7-1 Expansion Joint in Continuous Concrete Frame
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Concrete Column

Steel Collar &
Bearing Plate

——————— Flat Jack for Prestressing
of Elastomeric Bearing

Elastomeric
Bearing Laminated
with Steel Plates
(seismic isolator)

Steel Collar &

Bearing Plate : 4
Lateral ground movement is

quieted within the building
Building Loads by the isolation bearing.

s
s

o
T

iy

i

F0 o0

Deformation
of isolation
bearing
during lateral
ground
movement.

Installation of New
Isolation Bearing

gﬂﬁ 7-2 1991 Lateral Ground Movement Isolation
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(Fiber Reinforced Polymer, FRP)
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flayunaaudnaesian FRP azfiaadin1siundindninaesuiaeused iy FRP annazimanidau

ANN1g (8.12)

Sustained plus cyclic stress limit > f, (8.12)
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\HEeANUIEINAIANN (HNMINLIFINNAINTIANNA UAZUNWINUIINNATLNEIN) UINALAUIIANQIgATINATY
¥ : oy . 4 oy ia d
AN asuulaeeuna  Armesmibeasdsaadaaussilasunlasaunaiaasianldifiunsgy

8 ms1eh 8.2 @aldAn Factor of Safety winfiu 1/0.060  lusanviunm

Fiber type
Stress type Glass FRP Aramid FRP Carbon FRP
Sustained plus
cyclic stress limit 0.20f5 030 053
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Yap FRP aziin1u

o

ArmeaaeusLsrAniualuian FRP azanunsnAwinldainasunig 8.14 lnanisannmdniani

WORANITHULLBAARN

foe=Ei&q (8.14)
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AnnslAanann1sn 8.15 Ine lMuanNNI13189ANABAARBAUBINUILNIEIANAFY

g, =&+ )(H] (8.15)

A2 TUMANIEINANNNTDATWIIAENPANNA LA NIET NN ANTIN WULBATARN
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f,=Ee¢g <f (8.16)
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c= A% fs + Af ffe
J/fc’ﬂlb

Aed ¥ war B lwanns 8.17 usaulsnldinnunraesufenaesmioeuseiiiugy

(8.17)

a A Y o R P | o ' a T aAa X
AnasuiuinluaeunIn 9asilAmauwintunisnszansaasriaensaasanuy idiludunsaiinaauly
ABWNTA BINNITTRYBIARUNTANATY (NEuNTaNAIaINNIIAIN) ¥ ua 3, a1unsninazldan Whitney
stress block lun1sAuanildl (7 = 0.85 waz B, an ACI 318-99) dnnsatianiauly FRP Whitney stress
block azl#A1UsrunnunislussAuNuduEnagNA9 7
== Aﬂl v a = A U 2

ANNANTLTIATVDILNUALIAL 1TBTLY C AazlFN1AINN1TWAENN1T 8.13 8.14 8.15 8.16 LAY

8.17 WHANTU ANANRITULNAATAINENFANLATNNNRI892 UL FRP #13Ns0RazA ulndlfaInaunis 8.18

Tnafinsldfannanings y, winiu 0.85 Awiudan FRP

anpgfs(d-%jwaf ffe(h—%j ©.18)

8.9.6.2 A1999NHEILT lsAnaTNA 8 T VN 19971
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elastic analysis Tne/lfannns 8.19

M.+, AE, (h-k;'j (d—kd)E,

o= |
kd kd 8.19)

l AsEs(d —SJ(d “kd)+ AE, (h—sj(h—kd)

ANHOUENNINIZANLUBINUILNIEANAG (Strain) LATUUIEILI (Stress) IBINTNFARADUNTALETN

€ f=E. €.
/3

éfs.i
—>fi;

=

wianfudanasnliuandldlu g1 8.11
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Toeld M, Tuannns 8.19 HA1WnAuuseAnLEesaINnminueINNAIAR (WNENU9INNATIINNNALAY
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WNUINU9INNATLNEIL) LaniuAIussAagegaiiasanumnussyn i asuulasenunan feuanslugl
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Sustained Moment due
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A

> Time
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8.10. 198154199 11/
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wi Anwneglinaaesingn 35n19inseulasea¥ieinaunu FRP LazninAY989AaunTm

8.10.2 sUuuUNISAAAIUEY FRP
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8.10.3 AMAURDU 1l Wn1588NMUL

'
0 o o a

AR UTDITATAEABUNIAN LF FUNFETNARIFILITUL FRP AZABdNAININNINAINIAS

' ¥ ' '

o = Aa X A = ° = o o Y o A o o a
FuusaeuniinTuiiesanussinnssinineiusanszinazAualnanisldiguind mitusmnnsvy
13l ACI 318-99 wazmndsiuusaeuarfasiwnlaenslddogmuandn @ Nszyldlu ACI 318-99

N >V, (8.21)

° o o

ANAIFULIIRUTDITATAE N ABUNIAN LFFUNFETNARIFILIZUL FRP @ N170AUadlnensiiy

Andwasian FRP lunisfuusa@au (V) dnludsaunns (8.22)

Ny = (Vo +V, V) (8.22)

nmsldfanmuandn i, AmFunaasuindsiuussiussiamtantanndidtyazlden , wiaAu

0.85 daulunsiinnistinmiianiinnddnytienasldn y, winiu 0.95

iy =095 Completely wrapped members

Wy = (L85 Three-sided U-wraps or bonded face piles

£115797 8.3 ANFapnUAANIAIE 1INl Te Uy FRP Tunsuasumaaiuusaden

8.10.4 N155UNsHRRUIALITEUL FRP

717 8-14 uansAzessoutlssine NldTunisAtusnmnindaiuusaouseuin FRP mas¥uuss
a 42X 4 X L. . . - Y o o
\BauUTNANIRRINIT UL FRP Aazlustiu n1sa1vstesilivefuazannfgaueesgluuusesunniin finda
ﬁ*mmm%i@mmﬁ@@ FRP (V) mmmﬁmqmmnwwLmﬁﬂuﬁm FRP L3190Us08ILANS198NN19UR9N 18951
WINIRBULIBIANIER FRP A2
A, fr (sina+cosa ) d,
Sf

V, = (8-23)

A, =2nt, w; (8-24)

| | =< o A Y a o o o = A @ e o | = o
Ahgusansludang FRP nlfdiuinaeiuussaeuasiiimdudadiulnansaiurmmbanistinvasa
18972946 FRP

= ¢, E, (8-25)
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o

8.10.4.1.1 N3WusaLIAR FRPYNAMUID4TATIATY
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BANULLATYNANTALITN 0.4 %A NHANINAGBIRAAINLszaLNIniI8gYiNN1T3dY
g, =0.004<0.75¢,, (8.26(a))

8.10.4.1.2 nsAnFadan FRP uglsogiisefnseuuinuandsinu

' v '

szuu FRP nllldiusaunthdnnanunaziianisiiainafiaziinisuandanedas FRP anAaunas
naunazianisuendaiuaasaasn luaaunss AiuAINIsAMMNEN st AuARaLlsrAnEnaasinnIg
AnnlnalirdnilszdnsanAreustinmiien k, 4 miuussdeu

& = K,&4 <0.004 (8.26(b))
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£
o

wiauseredueiy FRP Aatiudnduiss@ns &, annsoAuanldainaunis 10.7 - 10.10
kk,L,

K, =————<0.75 (8.27)
11,900¢,

a a = a = = \ = A e -
322121 Y RANTNANATAINTLALUTED Le ﬂ@?zﬂtﬂquﬂqqsﬂ\iuu(]ﬂLL?\?E@LMUEQNV’]"IiNWﬂﬂU@uE

seer L, HansnsnAuanildainasnis 8.28

23,300
= (8.28)

0.58
(nt,E,)
AdndscAnsanusstinmtacazavagiuan Kk waz k, daflusnauegiuiidsuesneunin

WAZABNIAAATTLL FRP NNaAL Asduannisdmiu k, uay k, azldainannisi 8.29 uax 8.30

2/3

f !
k, =| = 8.29
1 27 (8.29)

d _

L™ for U-wraps

k, = ' (8.30)
? df - 3 .

for two sides bonded
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Experimental FRP Shear Contribution (kN)
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)
n 1 L L —
g 60 ———F——F— 20 %
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£ 40 S 180 2
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£ 3 = s~ 135 §
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7] | : i
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& 10 el i N a5 E
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2 0 T T T 0 3

0 10 20 30 40 50 60
Experimental FRP Shear Contribution (kips)
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Point of inflection

N o
M \/ -

1€ '
(a) Simply Supported Beam (b) Continuous Beam
Fig. 12.3 — Graphical representation of the guidelines for allowable termination points of
a three-ply FRP laminate.
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