METHOD OF SEI SM C REI NFORCEMENT OF A BEAM COLUWN JO NT W TH HI GH
STRENGTH FI BROUS SHEETS BACKGROUND [ 0001] The present
invention generally relates to |oad bearing structures such as

e or HHROLATE s MR TR, Mol St e

classified as low to noderate seismc activity areas, structures are
not desAAfIERAWIW t hstand the non-nornal | oadi ng condi tions t hat
occur dur'ng[%@b&@qfﬁgeérggeﬁEeﬂH%éntE@ﬁe Faff% g§E§g§§ V€oad

beconme nore comnmon in thése areas, partlc Ia and urope.
St udi eéaem‘rlsrtq eI TRe sdasi @medbuidd/siirt%t mm h@m«e condimorens

have r eqd,that, b t r K . ‘
subj ectep to nonlarr]fgl rfae&magéelrggbcdo% tlfeoﬁ'{sf%% gfo}lﬁ%?fl C¥>l:ﬁ?n%l g"c‘f‘l%ncs in
desi r ablaad daestinof mtnmmwnmmmmgmusmmgtm)@mm sthreedtsur es

to withstand on-nornal | oadi ondi tions ,of eart

renor o 29 108823008 REIY, #roRshEdeh RRL bR A FRE] PO ER L Pl e
in whi cdbcmmﬁmciaﬂmncs s veiatye th e Sorstraraml rdsoadiengiott ki sdearad
sections of, 0|nts ar.e prone to devel,opi ng,shear cracks.
T ouolE QU TR A SR e at TRt e O TE e el Bt

li kel'y charifroy ramrtchﬁawtdxcaﬂﬂamzrs entf@l:eb&alrp f aces Hefudkeamiseet i ons
at a shear angle orientation skew wth res the l.on tud| nal
axi s oS WEM TS GBI Btk di SG& é’n’i?a% %’ﬁﬂ Tuidy

cracks mimgd kelgt dd S0rdn adt rahaiir 4D ndt méﬁﬁﬁﬁtﬁ 0 wtlftfhstand
| ongi tudi nal axis of a beam section. 0004] There are known

met hod SF T PRGN Hg Ae NeeemIcHaihed dﬁhrﬂts ktﬁanbﬁ%lt% joints

st ruct yes.st¥amt tfa tIReSe SR LNRGS NS Wy rReRTneg. Aloasavry el y
limt the use of the structure while they are being perfornmed. A

steel ploftdEtdanT bdarad gl et déngthélfisigane o retsp fitdctdgsi ng

the dugiddrtat afth %hﬁ%ftsc%ﬁﬁcéiz)ét@cngt f&ﬂ&ﬂﬂreéﬂ‘@%ﬁrbhs%ta‘?ﬂ tpleat es
may corrode over tine, and would permanently deform ("bulge") if

subj ectral e Birledadicly odi td o 9 cagidiuakes and tremors.

[0003] During a seismic event or other circumstances in

which a structure is subjected to non-normal loading, the beam
sections of beam-column Joints are prone to developing shear
cracks. Through testing, it has been determined that shear
cracks are most likely to form on the vertically oriented beam
faces of beam sections at a shear angle orientation skew with
respect to the longitudinal axis of a beam section between 0°
and 90°. More particularly, shear cracks are likely to form
at about +45° with respect to the longitudinal axis of a beam
section.

[0004] There are known methods for retrofitting the beam-
column joints of existing structures. Many of these methods
are unduly expensive or severely limit the use cof the
structure while they are being performed. A steel plate could
be used for strengthening the joiﬁt by increasing the
ductility and shear capacity of the joint. However, steel
plates may corrcde over time, and would permanently deform

("bulge") if subjected to stress such as in a seismic event.
1



1 One less invasive and inexpensive nethod of reinforcing

beam col umm joints involves the application of high strength fiber
reinforced polyner to the joint surface. Wiile this nethod is |ess
tinmely,~cost qu 1 {ve t er Q t _of
appl yi nogneri ée%/s rern S(c)!Lr‘iée pdollyr(rae)lrba(:"tr}j()S yébemae%hcco uOrr?ral J{égﬁ%}[or{&s ngtg\%%ql

t hat carplbenrapplirecs tiorenyy dre drirec alpgnin Jeddintn arfi énitedt isamreniite gudrer

known net.hods of , appl vi ng fi r r.ei.nforce ol t.0 am col.um, .
joints rcieolnnfg e C% efgcﬁl)é“e y tpor g/(:\heentj oslﬁlécarsucﬁ%aagqﬁ 'xg%d’&lolr?g et im(?at;}l]lo)(ii 1S
or i ent ade dxeamnsairf,acesstIAcCcard nlgrupe ivet hadhrofotteimfkorcsirmgeahods,
beam col umm j,0i nt t hat strengthens the joint, agai nst shear ,crackin
e ot et e B I S S B e SR hoot
subst ardd lalmradipgitrad |00 krSUVVAREt can bd CRQHE]1 ddh tanerds prein-ddiemn
present, i nvention includes _a nethod of reinfarcing beam col u

Pornt PR G B R ot MRASSE i (PTG eGSR AR GUD %

car ryi ng i e ©gneerto Brarbedmeel Woidid /o GRS ta vealywum,

a beam section extending outwardly froma perineter of the colum
al ong UG RNGFH DAY tHOPe ARLEGT 0, CFHEBEAMPSER i on al so

i ncl udes,verdd£al lacddEmad, beamdacrs AN RBRAYIAE Y deDRin-Iha ream
section and a horizontally oriented soffit surface on an underside of

t he bedfiMthehddt rhr SRS s ofFint agadddit shaFace adjidichiify t he
sof fit udace Bl adingd Wikl ithe t'EP_tat}gﬂ IGRITR 1385 RE-ifQldavidrg
steps: A first fibrous sheet is applied to one of the vertically

ori ent et Herh fadstamie ) jadaptfathrsus sheet has a najority of fibers
arranged at a first angle skew to the |ongitudinal axis of the beam
section. A second fibrous sheet is applied to said one vertically

ori ent ed’™¥€d f ace over the first fibrous sheet. The second fibrous

sheet has a mep@sit Ynobnki REpEcRl I BRECHrateAr SERPBHL 8PA! enskenesoat he
| ongi tudi nal axis of the beam section. The second angle is different

from t AeFHedofaifid fomE 19 s e T F9iBroud shedrrd h&adfisice

the beayp,SRGHIRN 1A NSl e eff@CKSibrous sheedDQQBIrJihAROIRBLb]e
aspect of the invention,” the invention conprises a method of

rei nf oRHMESF bedT AQART GUIMN | JPIQ Y CRIFEHGH@ KAUur @ WS hi gh
st rengtdy & RIPUS Sheely adaRiadile G % dEUAIE RY YIRS colhfn
beam col umm joint conprises a col'um, a first beam section extending
out war diherfgy amlensErtiuditre]l efxitshe fecdhemb e g ot Iaangi tTidi dslamaxi s of
the first.beam seagtion Jhe fi - :t i i.cally
orient escsftcbea‘m faces “on oupposi terelscfsll%ggrpo?ﬁt&héﬁé géagrg%éség’(r:ﬁnon and a
hor i zomratd sy toy i seirttesd sloffia bmanf ace tarprarndhdersirde oftally fonismted
beam s j C qﬁ[n { ext twardly fr e

peri net?sg%f%’fnc tﬁﬁersfgaoﬁ%ﬁrpa ontglecgelisgr?iéai ;Eufg:]cgu;ei %%xa:é@' of %g%?él%%nd beam
sect i on.nchhelesolaurae fi Mid] s cergoffurtfcad sachrtirsiurd dde adjfdiini ng t he
soffit surface of the first be secti.on, at _a j.uncture. T t hod
conpri des ﬁ%ee 0 Iaoﬁ%nngus%r}aep's. aIl(Ha ?ﬂﬁ h|Ords tcq‘nrllpollrlosuesS S héaetfolrlgL OE"EL p?lg1 ed
to a | engidsof A hel sdf fidbmurd adeett hes jappdtivrde tandree lcehgthie of t he

sof fit-adjacent. surf.ace. A second filrous sheet..is w appe round
a fi rstvqﬂewg% ot Qt%ergaoei(%%e.ant cf)eacﬁst'hi rlglef IL%TrCﬁ?S get!s eg:p ¢
ar ound naasedond denjiibded dhemepdinat allE sacondylengddwy it dibe er ent

fromthe first | eaﬁgth., (d).Afoyrth fibrous sheet is a pgdjlqed to

first | e &76rT iTal i H598heEE Bédn f 4t &SR] rt%}lsofi‘"’%tel*?é?
fibers iof ddia feurdd Jdir aitse shaeti e argmEiRgatd baans ferfe @Y€ the

orientation skew to the |ongitudinal axis of the first beam secti,on.

(e) A fHiH RS sHRAT i s Hpl 9P T bh PlSigthie o2 figg ority
verticald yriddentad hepm face sthomeendd enghh «of drie 1afdiltealingl

oriented beamface is at |east as great as the first length of the
first BeEm dethilth PeRmeesiidsn of FHABYS 19 el F (Gt snsitofgrom

the first angle. The first and second fibrous sheets

reinforce the beam section against shear cracks.
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|l ength of the first beam section. (h) A first row of fiber anchors is
Installed along the first beam secti on. [ 0007] O her aspects
of the present invention will be apparent in view of the follow ng
description cl.ai ms. BR| EF DESCRI PTI OF . THE DRAW NGS

[0008] Fig. a[%%gbjé Eér §B€E&‘P6eaéf’e§tl 84dBEalt"HE buPdi hGSf FAKEWDFRY

CONPr i Sddigh NBB COITh @i dit Srd an ff 10 Crgplde daanvede Qfmrt hes iRt hied =of
the present invention; [ 00Q9] Is a fragnentary

per spect33Re RF2EiRS b%%lfﬁ%%w]j%i rﬂléghp rt‘ﬁ*be@#%%@é‘%ﬁtsany of

the stepsmfed hes ELSOPta IAVRINIOB01ymer. THOXYarH &b 1wd SAnt
fragmentary perspective of two beam colum joints after perfornmance

of a fiFYWPELEP 6f WF ISt &nbodh retfarbfs adie Pt esdfndimeemytomrdly

from a perimeter of the column along a longitudinal axis of
the first beam section. The first beam section includes
vertically oriented beam faces on opposite sides of the first
beam section and a horizontally oriented soffit surface on an
underside of the first beam section. A second beam section
extends outwardly from the perimeter of the column along a
longitudinal axis of the second beam section. The column
includes a soffit-adjacent surface adjoining the soffit
surface of the first beam section at a juncture. The method
comprises the following steps. (a) A first fibrous sheet is
applied to a length of the soffit surface, the juncture and a
length of the soffit-adjacent surface. (b} A second fibrous
sheet is wrapped around a first length of the column. {c) A
third fibrous sheet is wrapped around a second length of the
column. The second length is different from the first length.
(d) A fourth fibrous sheet is applied to a first length of the
vertically oriented beam face. A majority of the fibers of
the fourth fibrous sheet are arranged in a shear angle
orientation skew to the longitudinal axis of the first beam
section. (e} A fifth fibrous sheet is applied to a second
length of the vertically oriented beam face. The second
length of the vertically oriented beam face is at least as
great as the first length of the first beam section. A
majority of the fibers of the fifth fibrous sheet are arranged
in a shear angle orientation skew to the longitudinal axis of
the first beam section. (f) A sixth fibrous sheet is applied
to a third length of the vertically oriented beam face. The
third length of the vertically oriented beam face is at least
as great as the second length of the beam section. (g} A

seventh fibrous sheet is wrapped as at least a U-wrap around a



[0011] Fig. 4 is a section taken in the plane including line 4-4 of
Fig. 3; [0012] Fig. 5 is an enlarged, fragnentary el evation
of Fig. 1 showing the use of epoxy filler in a juncture;

[ 0013] 6 i fragmentary perspective of t eam col oi nts
after p]eefr?%trkhacﬁi i g&Assetc3?1ett1&}/r%t5e %f Ii‘heﬁ'f) st JE’?Fb cﬁ%rﬁ#gh{

pr esentandiverd ii0N;installed [O004 ﬂ-‘h@ fifrdts meSeddaidaken in the
pl ane i ncl udi ne 7-7 0 0015] FlgFOS Is.a

fragment ary &Q%QBQCPFVEIOPSPﬁBQSeQﬁ}EB?uHﬁeF%PEténﬁ?ﬁ BeltotmBfice

of a thigghsdrep iof Fihey fdf sthenhodi deiig ofeddia ﬁﬁnﬁ‘rﬁnd et ON.
[0016] Fig. 9 is a section taken along 9 9 of 8; [ 0017]

Fig. 10 is a fragnentary perspective of two bean}colunn joints
show ngeiwer forgdrT b ide hrigt epswindde first enbodi nent of the

present Tnveriogly with pagts exploded and parts, BLken QVaY: building
framework comprising beam-column joints reinforcable by way of
the method of the present invention:;

[0009] Fig. 2 is a fragmentary perspective of two beam-
column joints prior to performance of any of the steps of the
present invention;

[0010} Fig. 3 is a fragmentary perspective of two beam-
column joints after performance of a first step of a first
embodiment of the present invention;

[0011] Fig. 4 is a section taken in the plane including
line 4—4 of Fig. 3;

[0012] Fig. 5 is an enlarged, fragmentary elevation of
Fig. 1 showing the use of epoxy filler in a juncture;

[0013] Fig. 6 is a fragmentary perspective of two beam-
column joints after performance of a second step of the first
embodiment of the present inventiocn;

[0014] Fig. 7 is a section taken in the plane including
line 7-7 of Fig. 6;

[0015] Fig. 8 is a fragmentary perspective of two beam-
column joints after performance of a third step of the first
embodiment of the present invention.

[0016] Fig. 9 is a section taken along 9-9 of Fig. 8;

[0017] Fig. 10 is a fragmentary perspective of two beam-
column joints showing the fourth and fifth steps of the first
embodiment of the present invention, with parts exploded and
parts broken away;

[o018] Fig. 11 is a section taken in the plane including
line 11-11 of Fig. 10 with the exploded element of Fig. 10
applied to the structure;



[0018] Fig. 11 is a section taken in the plane including line 11-11
of Fig. 10 wth the exploded el enent of Fig. 10 applied to the
structure; [0019] Fig. 12 is a fragnentary perspective of two

beam col unmm jQi fter perfor ste r
orbodt ment . oftOPHeT ket 2 liooh poromencaxy FpdsBreRife §5°Fkb Blan-
sect i oncdlaken joidte pitene parcdddiargd idf dId&ofstdy.oflthe first

[ 0021] 14 is fragnentary pers ectlve of two beam columm joints
after peé?k?%q fte % t&“%é?feefﬁef{yt_stjébv CAHY first enmbodi ment of the
present Invequqm] Fig. 13[0923] skt8iohSthked $8CLhONplakenihB1tibeng
pl ane |nclud|n |ine 15- 15 of Fig. 14; [0023] Fig. 16 is a

fragne &t i Ve of 4o bean}eolunn joints after performance
of an elghth[@b@ﬂloﬁlghelﬁlE§taeﬁPQQhEEEEr9fpéb@p@&@§@@tofn¥§8tb89m-

column joints after performance of a seventh step of the first
embodiment of the present invention;

[0022] Fig. 15 is a section taken in the plane including
line 15-15 of Fig. 14;

[0023] Fig. 16 is a fragmentary perspective of two beam-
column joints after performance of an eighth step of the first
embodiment of the present invention:

[0024] Fig. 17 is a section taken in the plane including
line 17-17 of Fig. 16;

[0025] Fig. 18 is a section taken in the plane including
line 18-18 of Fig. 16 illustrating the use of fiber fasteners
with a first ‘preferred embodiment of the present invention;

[0026] Fig. 19 is a front side perspective of an
eccentric beam-column Jjeoint after performance of a first step
of a second embodiment of the present invention.

[0027] Fig. 20 is a back side perspective of an eccentric
beam-column jcint after performance of a fifth step of the
second embodiment of the present invention.

[0028] Corresponding reference characters indicate

correspending parts throughout the drawings.

DETATLED DESCRIPTION OF THE DRAWINGS

[0029] Referring to Fig. 1, a locad bearing structure
comprising beam-column joints reinforcable by way of the
method of the present invention is designated in its entirety
by the reference number 20. Load bearing structures in which
beam-column joints bear heavy loads are used extensively in
the construction ¢f buildings, bridges, etc. The method of
the present invention can be used to reinforce structures that

have been damaged, or undamaged structures.
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[0024] Fig. 17 is a section taken in the plane including line 17-17
of Fig. 16; [0025] Fig. 18 is a section taken in the plane
including line 18-18 of Fig. 16 illustrating the use of fiber

fasteners wt irst 'preferred.enbodi nt of th resent

o ert on. " T030]) 585 SRERLENEELEREN IRRL 2 LOEC RIS P ey poan-
eccent rdﬂ@earﬁo:iﬁm;ﬁn jhaaidwtarafetﬁeﬂe:rﬁ QfsTeRee bﬁana_ddgg?% sjtlgapltogsoa
second enbqdi nent of the present. i nvention. , , i I S
b ook T i, o et e b RS B FRRIo ST G Her e o LU
per f or mncehdfa anddfddhidiEp, Aritdit s ebodiTRN b tike 1pIRseNt

I nventi_on. ,1%9028 Correspondi ng reference characters indicate
cor r es gt mFEPard t%%u&%ttq% B h &L E VB B BESER PTI ON OF

THE DRAWNGRter of {0281 dRef el id-dehdilichlals B dRad PRAEIGg the

structure conprising beamcolum joints reinforcable by way of the

met hod ‘3 He Hiresle =g hvhtilvh ke esrigned | Tha Peairiqoaiyinpy aipe
referenge Rl LG Joad hear) N il WS iy ReamGoldmily

joints bear heavy | oads are used extensively in the construction of

bui | di fgsieiqddEan ete. THe haamdrsiludes peasemedtiva iSdh carf Pe
used to. A/l SHGR SUUHEMHES LW day e heen damged, Or-Mdrdamaged

structures.
opposite directions along the longitudinal axes of the beam

sections. Many load bearing structures use exterior corner
columns and exterior center columns as depicted. In addition,
many other beam-column corientations are known, including koth
concentric and eccentric joints. In every known beam-column
orientation, at least one beam section extends from the
perimeter of a vertically oriented column. The method of the
present invention may be applied to seismically reinforce any
joint in which at least one beam section extends from the
perimeter of a vertically oriented column. Accordingly, Figs.
1-18 should not be construed to limit the invention to
exterior corner and exterior center joints. Rather, Jjoints 30
and 50 are exemplary cof two common orientations of beam
sections with respect to vertically oriented columns. After
describing the methed cof the present invention in detail with
respect to joints 30 and 50, adaptation of the method to any
known beam-column joint will be readily apparent.

[0031] In Fig. 2 as well as many of the subsequent
drawings, the Jjoints 30, 50 are depicted as supporting a
surface, such as a roof, floor, road, or other surface. The
beam sections 34A, 34B of joint 30 each have vertically
oriented beam faces 36. The vertically oriented beam faces 36
are disposed on opposite sides of each beam section 34A, 34B.
Each beam section 34A, 34B further includes a horizontally
oriented scffit surface 38 on the underside of the beam
section. The cclumn 32 includes soffit-adjacent surfaces 40

6



5 [ 0030] The structure 20 includes an exterior corner

beam col um joint 30 and an exterior center beam colum joint 50. The
beam col um joint 30 includes a vertically oriented colum 32 and a
hori zont.al.ly rlent d be ea | udes beams ctiqns 34A
348 thantthaetxte out \?}ardﬁﬁ orﬁ%’%ﬁa perrrgrget gcr IS ol Szrm %ﬁ(emse’
per penchrcajlkaafandrsreeﬂugmss Hond4hed guginttudhalaaxeswef e lbeamy

zgfbmnq%}%cg am co féorlﬁfﬁlv??clude avertlﬁal|3ﬁor| tedsbe?e?m

sef:t | onsr b4, st d hat dcqagcemte)tglwﬁlqrf r;]erartlm ttreempgsrerdt}atoer EmfA,]E mr?'
colum 52 i 0 OSIte Irecti ong t e t udi nal .axes t he
beam sgtﬁqkbﬁseap Y50y Yehr ?5{;498 ?Lt eé(taerl'io&r”(?@r Y

col uMmsprainchtext efd Ofi tC et refa kol 3gmsm aeslede,mcr:et@idé b fdd iAm many
ot her beam .col um orientations are known, including both concent r| c

and ecE&RHTI | 0iThS.CAHmY 14y Wrmsiase &aTdal imds G eai surdices: ©

| east anfderMSELHHRD EENASIAPLNSG P MRIRIL Blep oert Ia%lcltmes
oriented colurmm. The nethod of the present invention may be applied

to sei Hcdlq preidaidmsd iy ﬁfrﬁ rth ey sfisitcipracl]l @it dndhsedfcsect i on

ext endss,efdtqrarréﬁ%@ersmlqrh Q;fn@ o"ﬁ‘.erttHeCQ:chanrQ{é eyt ed,col um.
Accordingly, Figs. 1-18 should not be construed to linmit the

i nvention tol[828&1i &F welhebeaﬁ@lseuseeﬁomc@merd?bamsbeRarJhethe

joints ]ﬁﬂﬁ r. ;.
sect i or?s?,éq_'vm r espectpeat%hg\ﬂet?tl%‘;%q y or % col tﬁe%n:ctrfe T%?)éﬁm%eﬂ@n
descri ifnd ittesr mstindbsfed hmlmnmemo iomeentdcninim Jdetrdis swichh asegpect

to joi t.ho Eqp .
beam cgﬁloﬁlrrrsrt%j gsrturjft 558\% 11 be r ea ?"éﬁ‘gg"rﬁh@ %()tlﬁ’ggffel%r‘f i g\.géfsa)sec\}ellvle
as manydmwitrige csﬁJlfsle;)fue’athJdrla\Mmgapetalt@q dimtsseval,a 5@ fartd gdepidetidd as
supportl ) roor road ther surface.
The bearrl‘rptgeﬁ F%Ss ,&ll 4?3% |nt Ji?d: ST ave verwtlrlgal}ﬂ y 21“ &nt ed

beam f agegsl 136! t‘Eh@l\serretntr:aldﬁ/ tdrer e_]ra:tnerl:sbearﬁdracﬁsara&yar eradi gdsed on
opposi t.e si d?‘? of each rrﬁjeam sect ;;7? 91423 Each be ectr on _34A,

348 further SIS TR S ot sé‘faﬁrtl @é‘l 953 55" he
under siade Em‘gst hes-dgam skotdwar:, Ehe stedulmn 632 um:telrlﬂ‘:lﬁﬁacBQﬁ)falﬂ +tad acent
surface t hat join the soffit surfaces 3 unctures 42.

i cen SoL ST Dt e e S S R SRS B Tedif heve veritt cal | y
ori ent%&gamdm&fﬁﬁaugﬁwl\g@tlmld Yy oriented beam faces 56 are

di sposed on ?Egéahte si des, of _each beam secti on 54A, 54B. Each beam

section 54A, uPRREFS| HRFLEding %9#‘z%ﬁ%‘ap%hoﬁ-]@ﬁ%%dag%f%‘ii"tlpted
surfacedh&aryt he Undes da i ?f ndheReaa s e b1 iEe t&Plaut rdétural
a

i ncl udes soffit-adjacent sur ces 60 that adjoin the soffit surfaces
58 at AT SWI! AFUfCtAfedY2 P oy deriGied Sy a HEGhfEsEs édi o

of one sqfret ey seddions: 34 s 3hNidth 181 therlums 34, 3%

[ 0032] | be discussed’in nore detail below, the nmethod of the

pr esentth%\ﬁérﬁqc&\l%rﬂ%rﬁbl“ﬁt@s? + h&hess ishasten rofe fisnsérl v diarvicoBded
pol ynerg 1t dheam LRl W it e, ﬁﬂb@;ﬂn@ﬂgss t%% é%st-_m&e nr&%%'l%s

formof the fragnentary perspecti vea% raw ng
repeat &xf Mh%ef\ﬁemordred:mgenta 1§orbmhl§1eeta§q§r, mhﬁm §'¢heer$grer¢ts are

fibrou pl t e gror
clari tf/f,m ﬂdéoMf t e rezggjrl%r%g rrdl?%)ertregn?neﬁrﬁ%gszl # tgdeo(y(]:é;%r%r ed
t hr ough:cea"-tm?idre Fiogee t 131l 811 thovikhvee rs urifia csfsotilad r»ﬂrealm(iéresrt cot telvdte relde

SL?gﬁSL fdot Q\%}t’ gﬁﬁtgse %enS()s{reefses %ncec}i:“ I N cFl'aQ:lt%/ doche r%1b otus carry

sheets are illustrated schematically so that the method
sequence can be understood. Many types of high strength
fabrics may be applied without departing from the scope of
this invention. Preferred examples of high strength fabrics
include glass fibers and carbon fibers. However, other
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[ 0033] Sheets including high strength fibers are adapted to carry a

curabl e pol yner and nmay be applied to a structural elenent such as a

columm, beam or juncture to increase the strength and ductility of

t he st ru tural _el enment, as v\er[le as thglﬁ uct re as .a whol e. These
Ei'adt

sheet s Prafetaidf Have S 5 Ihit RBParY 35888 y PS5 uxi mat es

t he el aghiiarmduiusi «of, tc_h,%ﬂ‘tfﬂ MNfgereed d OlpﬁLyeFthylthGS rae@s@rrammiemay
the sheets are fully b to the joints, the reinforcing |

Wor k. aS T GG t O RO VR A i B8 (5 W ot ey g Se
adher edh fanrdh 149 gi1ed 1@#@% WD Std essabrday daiddas ddhedddr us

sheets are illustrated schematically so that the method sequence can
be undérStEIE REMPSY SR GF T g i SRERG RIPasidS ey Bsd YA5 i ed

Wi t houtmaepal t | rzg<afnfp1rast hee stopafe YIS elid Qe Y @frericRd ns,
exanpl es of hlg3 strength fabrics include glass fi ber's and carbon

fi ber s INfowsiFes ot TP fligHdiRd et &191aies tedoh spexgraphinye, ester,

pol yar i hatR0r Qhg @i&ﬂ%ﬁ*&ie Sipdeby - Ap8) 1 Zthec%rﬂﬁ‘o%s I%@Je)é%tshléhpene
and aram d may al so be ‘'used. The fibrous sheets may be unitar N
(ga(rqrry o

conpr i sed@hdfematyt,plwe ey efint Tack demetidmalslfy bedasesd 1t-6
curabl & polymee . mb?@f@?)ﬁb‘i?”prthéehi‘ éﬂﬂaﬁglcﬁ [E‘%?é E DRLELY: of the

Exanpl es of sul t abl e polymer "matri ce Ins, 1nc ude but are not

i m t eduepgid] esteartiagpdyaye mﬁqjcggqte,r ofc)famr@ ?ﬂt@rpblrggamndéhe
Pr ef |
st S P ARSI AR P iR S B g

st rengtlm ful”m’tomrﬁwei@ of Thee smmtmayn\aémcx cbmﬂ@av:@nastrm]mtt y of
fiber s gytending. | ntheysare dredster aed difeeld qn ghy ng.the shget

hi gher "stTrengt eets nay a
const i maantbdf itherts dafiat tdresadiddearienit fitemsotizere ftllmerpscafreartmei sheet .

It may he t..only these speC| e hvethe ref
or i ont ST A e BPETES B o O O HE riodls SHE T 780 P&
t he prafd ltheof tthiee phredhhlanc £ ahembeane anet cdﬂamﬂ |a(1@l Inptal t ered by

hbodi MR TG el e S MR SEE o o s e o am
overlying sheets. 1In another preferred embodiment the sheets
have a thickness of between lmm to 50mm.

[0034] The method of the present invention includes steps
of applying or wrapping sheets of fiber reinforced polymer to
a surface or surfaces of a beam-column joint. Prior to that,
the surfaces of the beam-column joint are thoroughly cleaned
to remove dirt and loose matter from the surfaces. The terms
"applying" and "wrapping"” refer to the process of adhering the
fibrous sheets to the desired surface or surfaces. This
adhering process may be accomplished through the use of
adhesives sprayed on or otherwise applied to the desired
surface or surfaces. However, in a preferred embodiment, the
fibrous sheets are pre-impregnated or saturated with a
synthetic curable resin, such as epoxy, urethane, or other
adhesive polymer. Such a fibrous sheet is tacky enough to
adhere to a surface on contact. Once initially adhered to the
surface, the synthetic resin will cure over a period of time
in ambient temperature. The cured resin impregnated fibrous

8



[ 0034] The nethod of the present invention includes steps of applying
or wrapping sheets of fiber reinforced polyner to a surface or
surfaces of a beam col um joi nt Prior to that, the surfaces of the
beam col.u oint are thoro cleane to renove dirt and | oose
macter TNt R S e M R R SR i g
to the focesseroft adred idg-t e iy Oushshaatisctdrdlihe desd el sunfacs
or surfaces. This adherin r ocess n?b%/ be accoppl.i shed through the

use of ‘i ef HHd I bt G W EHARE the ciﬁlrrbd:arl be

surf acesf@yl il frac ashe HowmMAls dHed Profedd athanhod it tdied iIdH e
sheets are pre-inpregnated or saturated with a synthetic curable

resin, XdH as epoxy, urethane, or other adhesive polymer. Such a

fibrous Sheet[oioéstja?K?u@@QUQhSt fepdbere koracsurfpcgron goptact. Once
initially adhered to fhe surface, the synthetic resin will cure over

a peri caIdineRt |9f AR eIV eMNaie oThe Jourtdt ridsist isharogrfated

fibrous &1 sheet ssdddidy ?ﬂherﬁz§ Qe 4a Ungig! | v rg&@{@‘ dehtinuous
i mprovi g the strength and ductility of the structur el enents to

whi ch t are gt e ia amlllebie umcserlﬁrmidl tdfatthehes afdsiitn gt ares
appl i eds 0 gghe tg{eg 4 i ct a afé;r em;y glocq.§| d4 eed s‘%&f{ﬁe joint.

[0035] 1'gur €s iTst 'step o rst e odi ment of the
pr esentadypeantt (ﬁrurﬂarcet He f IG’QSt s&l@;ﬁeﬁahl}eadjhebehmm isgree34A0 34B

and 54 t sh 70.0s appli to a

| engt h%oﬁtsetdfﬁie 2aotfsf sura?&cdeﬂq% t% %gstjhuen unrcet 45 ag‘f?]gaﬁ%‘ea

| engt h soff fiihe soffdade adjdacentleastf adeowd0,5 B0 Frrefrertatd yjurtdtearfa br ous
sheet 7 ext e ds ast about 50 from unct ur.e al t he
soffit glurq‘gacgl anc?fgt eﬁ S St rﬁ%’f rg}‘?ﬁt‘%e YT e%aeigong t he
sof fit-jadjcner. sunf ades Mdss:meeim@ddmaqnmctmree majodig of
illustrated enb dlrre he majorit f fi heet 70

ori ent etgltbparr alg ISI}e eOt 1By li}cﬁnr%eldo qéﬁsjt %é?’ %fuéidélsalSS
58 and dxees |cgittaldiotal i taxas Rfcdhessofdd ta—rﬁdjtamerltorﬁ;mtfmeﬁl%,xe@o
respectively. The major.t |rect on of f|b rs in each of. the

di ffer tf}?leorséﬂm;flg'éaé{jsa fcaﬁ 19%e L SRR T W f | B6us
sheet . nay cx ipnefaneat ierbah rmrﬂersi hien fdarcﬁi dii Mreus iseatentO dibrous

formed of carbon fjibers i nated vvlthacurable resin
[ 0036] e 5 epith %ﬂff:?&b? AEgdEn dhe Hdmaust shess -of Iheé

first enothsm fbddiendtesaie imwast |ﬂl’broW§ hHeRIPe itO fijrbhedB0f
Fig. 5 depicts a close up sectional elevation of the left juncture

62. ThERHRN iR MR B GHBIEHD oh ARpde teeifunct ures 42, 62.

Prior to appubbﬂgﬂtb§g§9665 agpietghganBEEHﬁ§§ ég eb2, oftthé flrst
preferable to fil hé junctures with an epoxy f IiD .

pr ef er riécERedodilfe dti ¥ sthemdssidynemy Icéﬁr the fHJJEIS@IXméLY]WJ{%s Mth62
and hasagadi ug, of; curvatpire of fAlyilQast; abQite 29 e fadi us of

curvature i s desirable because |t revents stress concentrations from
f or m nglevathieors j4fr sl seddt s tiutey e ot semef dledddinsts siear e

angl es r r Q4 e icall. t hi
e T RS O hid apited TYamtTe o1 11 Sorrade o AR ng ot
sof fit -sddjedcelt tsurtfhecg wBktures 42, 62, it is preferable to fill the

junctures with an epoxy filler 72. In a preferred embodiment,
the epoxy filler 72 fills the junctures 42, 62 and has a
radius of curvature of at least about 25mm. The radius of
curvature is desirable because it prevents stress
concentrations from forming on the fibrous sheets as they are
bent or folded at sharp angles. The first fibrous sheet 70 is
schematically shown as a thick line in Fig. 5, and is spaced
from the soffit surface 58 and the soffit-adjacent surface 60.
9



However, in practice the sheet would conformto fit against these
surfaces away fromthe juncture 62. By pre-applying an epoxy filler
72 to each of the junctures 42, 62, the transition between each of
the soffit surfaces 38, .58 d. each .of the, soffit-adjacent sur.faces
20, 60 1UBHy Mo et Tl 1l Rt d i i
teari ngthese surfd3/]awdguiresn G:he ijurtsiurat 628 S@Es0mdtestagp 16firighan
first enbodi t. of resent invention. The only difference

bet meﬁﬁﬂ’ﬁ’s?&lfran%@h%cgfa -‘Pﬁ gﬁ%é%qr@aﬁi%n 06%% ﬁg‘esecond step
of the terdadittent meftvdid igwentd O hd ke ise,s gaRitasICBeSSisvarnst ech
Wil | ut%:lpi%e the sanme pasic figures to jllustrate the applicatjon of
that st¥p.t enst‘?"reélé'e' §dp,° &t ‘ol s 3209 AL 8 IL350F Iwi t h
a secongdidimepsreheetreid vt arheiadd afeddigicol um. Preferably,
each colum 32, 52 is wapped fromits £uncture 42, 62 at | east about

500mm down t R8083] ukhguBae Eypi thlP§Trase enafcend FLEP PEnbid birthe
col umM.orfis SWME Id¥ Rirk pheddit sieciMisheet Tt has ovardanring ends
76, 78 which form an overl apping section 80 that has a generally

uni f or SRS FRIES widith 2613 tFHe SovérTappsi ridies e ldie 280 ars ofr éher abl y
at | easle ahputstlx0mR dAd fe‘?rfkﬁﬂin%’ﬂ%“’l%@ tHe QRIAN JBY BE sAEM thin

the scope of this invention. In Fig second sheet 78 Is shown

sl i ght Iepae sarcaest ifweo rtedc v idd) mmlstze 3die mane d@sdcatiiiomnes ¢l y
deP'Ct%iﬂﬂgﬂgaggl ﬁé'%}ﬁ%fﬁdﬂ%ﬁﬂ?ﬁﬁ'ﬁh e “l ¥ethe %%nd ste
successive sheet should preferentially be applied in conplete SontAct
t o t he saoif ade dyengutsh 32, W2 houtwrappasshaddd) tthercsvetdvddiprAs sihewt
best in Fi t t 7 the, il raf e i t

pr ef er27n iagﬁugydcéhme)lrel ?gg{‘%éé}g‘% icﬁilrug%n a ?rpét}eoérell{tsa;bl f’ %r?’l%%)%%rlgﬁ% 32,
ori ent éf hoy iveeaptrald yrom its JORBBreFidfur ¢ &19 lidasus takatue & OtOminr d
step of, the . first odi.nent,. of. t r.esent,_.inventi t.hat i s.very
sim | ard%w%t hee sceoclgln ’stber{lec[;. Hyﬁﬁ%ag%tﬁﬁilrecf'ssttehﬁn 2%11& St e ortiiETe: :?f, 52
i s wapped auliumme t [y dHdur dus Eileet7 ,82.hePrsafcemablaheegadd ¢alsumm 32,

52 is wapped fromits juynctyre. 42 down the entire |ength of the
ol um SRR S e M i B h Sy SRS RGRad 6
86 whi ahdtomasam avard mpivngini(osectidin .88 THatwilkah afgemer al |y

uni formw dth. .The wi dt.h of_ the overl appi.ng section 88 i referably
ot | et AP LTS ARCIAYT e RRARTETIN Alortoay P B LSS a ¢ b n
t he scape ffrdi Sirdivant i .oddrliap @esi mbhseahiitough thet stegessar y
to have the ,overl apped porti.on o7f the thjrd fibrous sheet 82 lie on a

di f fer élt1S AW AHe cdubn B2, 7 559 Ve i O o rtiteh taf

t he seqphAdduDUs whetlch/ 4o0llunnd Jor,efser r edrrgnd dipmnitei drhe ot kinnd
fi brous  sheet 82 includes glass fibers, a myjority of which are

pr ef er ARRIGHSF FATetid %Y & ThHistomadl shimst tedeeds l@ysitsed 6 he

col umM)suddeiy i driect SOHUIQN Jrakentdmie 1NRAB S AP0t R@mplete
junctures 42, 62. Therefore, in the illustrated enbodi nent, sheet 74

i s not GATdite t&s tihe iVdAeE SENRALA dithIve tWHIvekt a8 HPA99& cross
secti OftherebetwddP39]ad @Mﬁ’l fﬂélértt erfarEC!Lgf' fg h ﬁfeer?;‘%&)fncf h!;"-]*l_efeitr Sty of

enbodi nent of the present invention, depicted together in Figs.

10- 11, HhsuritdH ustaated rerasioen ts eafe oot igd lar eogpyliises 1od astve

beam cod;ym-4 oints, 30,5 30. Hing, t four i ingl e

conti nuolus fourth sjheeltt‘%g(?%f einp ied tot ee\ﬁl'ile?ﬁrcl%%ﬁ3aoslr]i®gnt ed beam
faces 36, 56 [8P38heFbeanese8tPonl3datrane, aathbsd shepcofunng B82rsE2
and ontg !

ver.ti cal. .he f .Of dj t. b i b,
Sab. AL T B R Ba T i AR S R oA,
sheet Ghd sdddrehissepappllredheo e d/erttapcaldachord e moddiniesa @, aces is
36, 56 _and columm., |n Fi.g. .. .beam col j Oi i.s.depicted as it
woul o AEEREE AR LS JeeeR O e BRI aRde S2 T ¢ a
porti ocadfurtrhe&,i f32h isheatadureak efir cavaiyt & 0 istrow rtehel &, 02t kicsidne athe90.
entire length of the column. As in step two, the third sheet
82 has overlapping ends 84, 86 which form an overlapping
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subsequent section views, depict |layers 90, 92 as a conbi ned | ayer
for clarity. [ 0040] As shown best in Fig 10, the fourth
fi brous sheet 90 conprises carbon fibers that are preferentially

arranged_in a fjyst shear angle orientation skew with respect to the
o DRSSO B Hende 72 5 CIHoh o S 1+ nd Tangiigh of
cr osshatthidige e ghee) s id)8s8 We e ddhedliv th flidysaussshaet 592m.a
maj orit _%g?the carbon fibers are arranged in a second shear angle
ori ent ath %ﬁ%’é?\ma\mc{%trseso&&vecrolatﬁwéﬂﬁyo%gﬁ 1RFh AL st e Pse Sits

34, 54 drhad drsrpriefer ablit edaleditdmd)i tudeidign RROSIR ddary to
direction to the fiher angle of the fourth sheet 90. As discussed

above, MRS g% FELRARP S AT oot ert NG rdtimst dfikedysn shisiedh 8¢ Lie

struct Wie d il reeed 4 an-tHy i1 UnRadiong.s 24, he heamse ehians Rk d
beam columm joints are prone to devel opi ng shear cracks. Shear cracks

are moROUGIE Pit dlrorsAcmd Helhrans @diqaf ofd -entldd Boeaatfearest of beam
sect | ongnpld dnethear NS ,Qf | BN, 0N kW gl tibld(}@%%cfgt)ltragst R pers,

| ongi tudi nal axis of a beam section between 0 an

particu ardipridheart oruleks adre Huadsnents Fldmosticalbegt 145 ani t h

r espect ongi i s i . ctign he hi. tr.engt h
fibr oush&f a Zﬁc?jgca]s ggtrtsétgdslggl i (?]g% h%é)?%rlgegéwtﬁl\e/eerﬁoﬁgﬁn n-gr'ov?&%}&tr%e 9rrggst
st r engteh dacttive diakeset immreofthtaneiy0 Ohinhefir cor itdrt atdrortur&ecdidi wgl-y, it
| s desiyalleda anpl %d BIOUS Shesls il an Qrlentarlan 4,0 (high the
majority o thei’r i bers Tun perpendicular T3 The 15%el y fai 'ire

axi s. Thusiblien as prtefier raadr eardsbdiyrerits idfl & lehgmeSéntati mhertt icaws st he
fiber Ite %f the fourth fibrous sheet 90 is oriented at +45 with
respect o the | ongi tudi nal axis of the beans 34, 54. The fiber angle
of the fifth[boBedusnsheet £82rts theénibftensedpatof 4bhai fhrsespect to

the | i.tudi I i f the b ti, 34, 54. | ferred
oo HERCC RN Guh it T Vet B, 6P hted Ao Roied or
car bon Hidser sl (erlilentfed:rith tdhei rfifef dientdal Skewsangl,e @ndre

|mreongled i U S cunable TSN soshe oot o Y o Ruetn ¢

the siddest eacha sSindlle bdntinuous fourth sheet 90 is applied to the
vertically oriented beam faces 36, 56 of cne beam section 34a,
54a, across the columns 32, 52 and onto the vertical beamnm
faces of the adjacent beam sections 34b, 54b. After the
fourth sheet 90 is applied, each continucus fifth sheet 92 is
likewise applied to the vertically oriented beam faces 36, 56
and column. In Fig. 10, beam-coclumn joint 30 is depicted as
it would appear following the applicaticn of the fifth sheet
92, with a portion of the fifth sheet broken away to show the
fourth sheet 90. Beam-column joint 50 is depicted as it would
appear immediately preceding the application of the fifth
sheet 92. The fourth sheet 90 is shown applied to the jeoint
50, and the fifth sheet 92 is shown exploded away from the
structure. Preferably, each continucus fourth sheet 90 and
each continucus fifth sheet 92 extends along each vertically
oriented beam face 36, 56 at least about 50C0mm from its
respective juncture 42, 62 in the direction of each beam
section 34A, 34B and 54A, 54B. Figure 11, as well as all
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fibrous sheet 94 is applied to the beamcolum joints 30, 50. As in
the fourth and fifth steps, the sixth single continuous fibrous sheet
94 is applied to the vertically oriented beam faces 36, 56 adjacent

t he perineter oftthe col umns SZ,HPZ al.ong a |length of each beam f ace.
Pref er abtR- S BEEH it iRibus &St dt 1ERMSAHTdS Al offy 3ach C\?érﬁ)ﬁn ly
ori ent achheanmidmeda 36,66 at | east 1000m fromits respective
junctures 42 n_the direction, of _each beam section 34A, 34B and

e nB82 1 .
54A, 54B. Théogf*?b hPEhERPWB4PRSCpiBf EfEnt Pal For SPHel of 1igFads $heets
ori ent exh padndddi@led @ddod anigidadidmalt ades ofe theheami3A ar®4e@d in
which it is adhered. [0042] As discussed above, each of the
fourth,® fi¥id SPE aW Sh&dtieHFEtien dpvy e BpAeseedio thdhe
verti caldngiahinLd peamdaces 3pamkb 0f, beanteRl Wi dPiPgY $£120.an%d-ed
In the illustrated enbodi nents, beam colum joints 30, 50 include
i nt egr &8GRI RDIUMBNFL S 50 arif Jbeart W0 Bhe ddgédr ifidinpus| n
al ter nafjae lemoqi TRAGh 1 1GP M dTRs e Atdsached 1,0 SeRalfey eans to

form beam colum joints. I'n these enbodinents, a single colum nmay

di vi de S84°TsF SToraE [ewnh s evticgia tileat sheke Wi ha respmcit 6@ Béem

Li kew et Sl dleAldne RARI HEamATan GON MR ddh iy Qgual
nore directions fromthe perineter of a colum. As wll be seén, Bach
of the igt epgroftudee prteswmod imeentn ot nest v dppltined fidgar direds off

t he be COl M ,ar e t. Wt gﬁg hi s, J ti . the term
vertica equO” eﬁegg%%a%acg\g I’#('}lsL es%gitnftb\%}ret’i c%a“#rlq&%gﬁ gsn%tlesh‘l%

sur f acevdrdt drs adiltdrercialdugrsdthneiash irhevhiett isc sy adnirentied ssijfeatced
of a beam secti o r .separates.a vertically orie d beam.surface
from aﬁcaoacﬂoglcenn I'J;lnvaglr t]‘lOcaflgcﬁnfr-’I ’ofclhéanzﬁée&‘ nbesaer%tslt?rnfsa(?g %E(?é“orcélllﬁér\ny J Stpts
t he fourteh prfarfd o aledediogimestdpsr tdredkaur t IBhdadf tdra cisd asiextiost
sheet s ;shoul d .extend al o the verti.cally .oriented surface of beam
secti o TR (o IO AR 0P s R R EIFA 15 g O Dean
directisemtzions at d G0d3r Bypilealdrt emtaadmnc aldam vwiaitrasiddct nel wehe
at least t beam_sect,ions. In such cases, .each of the fourth, fjfth,
and s XA BHEEHDAN Gt T 6t éh P LB ETIEE PG (he 26 Glcal | Jfore
ori ent ech FACRSA 2011 v, WG hadj raceic M3e &IMeS GIKeANRS .t F Ao I3 a teXadmpite + 48i°t h
respect jtt;%‘j oi nt 30, the beam sectjons 34A, 34B are adjacent one

anot her 3 &Pt ttﬁ’etg’ﬁp N WA e B SoAte it & FeaF Tt Maced  S6
of the HieaMms¥entid lRRGIHUOIFAE ExrRIEtd wserd 1iGaldne @rriceried beam
surface 36 to which the sheets 90, 92, 94 are applied is Iongﬁer t han
the i nt@FBIH BN 010 HS ST e AU e e d e SIS &8 o Wiifiidch
the shegtse arg: i@Rldt@bn  Thiazdorecause ihean sREHIQMS 344 apdi134B
extend in perpendicul ar directions and are adj acent to one another on
bot h off YHEOUS SEGFEE e BpFosiane Akd dal Mrish dicedraieghtivadds 36.

Wth respagt #i9drQl HurGerddiddiRAAENS &f e 10RRAY) e MeFAd Galilsy.
oriented beam surfaces 56 are identical. In joint 50, the beam

sect i o1 BYA ldn@ 548 grg egtjamnsineid afotther rarsenthgduglenttien ekhend
i n oppasigs A A NS REGRNSE NG (9Ne]s herpsert i1ns Axhend Hromathe
perimeter of the colum between them
with respect to the longitudinal axis of the beams 34, 54.
The fiber angle cf the fifth fibrous sheet 92 is then oriented
at -45° with respect to the longitudinal axis of the beam
sections 34, 54. 1In a preferred emboediment, the fourth and
fifth sheets 90, 92 are each formed of carbon fibers oriented
in their preferential skew angle and impregnated with a
curable resin.
[0041] In Figs. 12-13, a sixth step of the method of the
present invention is illustrated. 1In the sixth step, a sixth
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[0044] If a beamcolumm joint includes nore than two beam secti ons,
each of the opposite vertically oriented beam faces of a beam section
w Il be adjacent to a vertically oriented beam face of different beam
sections. In such ca .. Singl.e. continyous fourth, fifth, and sixth
Sheet o SRR HEbsin S R SRS i Ay B e 5 Samh acds.
Ther ef ovse,imn tShedtowm iad tR & H iTtsdpaerdhec alilsye tordienfled eeamrfiacs
of a first beam section may extend to face of second beam while
Che- ShAUDHPR 1EFan Tnd o A Bhpioei T Fatd S0P e TR Bedmaen

ext endsddz 2 F@CE Pfach ddintd firAPedind tist ¥ ahd oMinly B2, 52

beam col.umm joint only includes one beam section, the fourth, fifth,

and si AP EtEGHUIY SadhP ™ Each i@ UppoSad verthicaaus
ori ent ed ;heamHatesRasidd RO di e ddrtetd 1di ractdrang Hemrifald ng

at one end at the col um-edge of the beam face.” As can be seen, the

net hod 3 t3fe 3r dsaitt iYRAHT i oyt the T@RNSEd Veonsingtterasy 4% 62 in

beam ¢ (IHEY i QidtiSd AL NG WS My DR, MS RERMSIRCT ISORS  The
ext endi ng fromthey}&eerl meter of a colum. Accordingly, Figs. 2-18,

whi ch depitdt sheett Jifed e qadianan@e did Bomeshafl ¢lss cdidemsed as
nerely £x t G, ; A rJs i t iy a
limiti r?S"& ;%g}r?segf patlali [0045] Q%ﬁ{anl?ﬁ?ﬁ?%% %5&%?;0? t?%-sf%%a@gévggt h
step ofta it Hod isf adheysdesent invention is depicted. In the

th step, th: f_fi teri 96 i
ransver e 40PART ERgThar Teoed aRRVeR BrOREE oEhs, confr AN aREEe ang

54a, Sauxthorstigegsa A0, w2p. SPhedd varadped! devahtch vshreetcadd vi © rdppltieed
to at heast dhedwp opposid e uertl eably Qrilent of) beam fages 36, 56,

as wel ["as the Tespéctive's surfac ‘di"spose
t her ebdtleert.r difech @mdurdiaes tsyc beasn-acalaadh, jfdiodrs, 3@, rm@ofinclude

support.ed by the t surface of t m_sections 34A,_ ,34B and 54A,
54B, tﬁé%et%realgé'vﬁwes @&ﬁwsﬁb%&qﬁ%ﬁw v?ir%ap[?égd around the
enti r e reasderetiere 16f. t e kdamrseativen enPreefiateahllsy,, cedcimrsewant besheet
96 i s wapped around each beam section 34A, 34B and 54A,, 54B from
cach | BARTE DS B rat AhenEe S0 it L e de G SeiAten 1
plref er ][t_e%mm'dm_ fien tegC sSe_\te;néwl | cfdlb,_fn]?ﬂsnasjafﬂﬂtvi% itsvdf @D ref beam
glass fiber,s running 1 n a genera uniformairection transverse to
the | oGt U Taltias ?ag‘fe chit %@Eeds%’.eafhe gAY e rs Sa'LPéﬁer

pr ef er amfticRjdayl liyHcegRat edam hiha Eble riesitho or more [A048kions
Figures 16-18 depict an optional eighth step _aof the present

i nvent iGP™ THE FSE 1O DAL andrEto decirid Ir &§i eeTpr &gtk of the
fibroustmderdal neEhetesdnd Sheiural e RS J1S Wi ithe @t .

The fabric sheets applied in the preceding steps may be secured to
the bedhSc HSFHT GGIHTs B3FABEMANh f iHdh dFemsicd 99, thdst dngsnitaiony

of a typR SWGh d%rBAQ(y RMRATIEL N H3 AMYIRIL MBS Ga.1y
LLC of San Diego, California, U S. A Such fiber anchors typically

i ncl udé@ra slunfiager $hafsudl 197 tdrergladsgnecaricn, the orerdd cRildnous
mat eri ri ARy %Iﬂl(}!f%c%g’ofb%s%e%%?%é&i%rﬂ:orl%e'ggr%rt' d ed ae&ﬁgc%qw ed

fiber anchor location, and an anchor 98A is inserted into t
bor eholog igudiect lpgarmo el réRg coff e aan @saia asints vierr ttilea 130r etvdleataad
anot hep i osed.. [he; ol; i b (A L n
epoxy rkrjﬁe%gfisléfr. ihe' fl%tg:é:rs |llr%1%{l§2' e@p%glee!dngpllgetglr’e%ggt%e%%ggasﬁgt%
agai nststelps ,s iihfcadeuaft i, he iffither egiteetixdid sheedsi mhiosi lapphitend @ loheg
sur f ace Lo adiare 100F 3alaned heRd O 1° U 28R T Gadt R8ae
anchors an

beam section's associated juncture in two directions.

[0043] Typically a beam-column joint will include at
least two beam sections. In such cases, each of the fourth,
fifth, and sixth sheets should extend continuously along the
vertically oriented faces of two adjacent beam sections. For
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fi brous sheet securenent methods may al so be used wi thout departing
fromthe scope of the invention. Figure 17 shows the exposed end of
the anchor 98 with its constituent fibers splayed agai nst the surface
of the seventh sheet 96. . [.0047] In.the illustrated

enbodi MBATPLE siidiTe TSIt ft'iooeﬂrg% rs G REF AT o ach 4B

beam 34, rShdReirar ey arddindrowmdibdibers aneEhisp 8 des daist:aldiad, at
| east about 100m fromthe top edge of each beam 34, 54. For each beam

sect i ofPFAtesh Peay sudaassy 3P Qf &he iRsam adfchort Tes A angfhatcdr ihey
spaced apanti S e tdie 4 unctdpie e Athd fastu ey 3HGINIM dhe he

| ongi tudi nal direction of the beam section. The second fiber anchor
98B i s Atpehald% stacet A¥E RFRHOMRT Hes fiqngerandivoy 'BA IR gon

400Mm ofef98 o fThgd Ridid sfdDar, anchol: 2BGd-5 |atarald %é%ﬁ%@l par t
fromthe second fiber anchor 383 by about 400mm or | ess and,

| i kewi sdedts |agrera@tyieshac ddhigpart Hammschddan siedtilsers Sf¢hemDSAB

by no g)gql(?t - y sy fi her r enent
shoul dr%{eteeeﬁ%;?i%e f rerggc loa:‘?trt lgtr ealnqnsst’e(t?tn?joﬁsl%sf@%%gtaﬁcgr %2%
546. anothqro@Blbord: iafsttdidin hee sfraydri venchipos 198, vetdlaa1dy i s

drille r |y ori e gpt,rqf e . ey O

enbodi ?T)elﬁt ,n%%ﬁjeq{%l\ﬁg ftflgcceﬁgas%d deanLl’1 gﬁ‘eté t teg%t S'Jé)g%u 5@0m%1%éandle§gths
di anet exf dthealogyro stiGremveMrt iammdhgr B8 sgordhibsiamy sverfya csymald6 diraaret er
fibers.is then.inserted.int he .hol.e 99 and .into .g.,corr di_ng
hol e tﬁrdzeﬁlgthlctal'nlé a jna en nr]Crce“)slotﬁf gcrhc":’i r}f’ge I bsrec():uslOsnhseef’ta'gsA aalﬁﬁei%%?t%et he
verti cadijpanitentred dyedrihefracere36.ththeyte ndse yofe dthendf iilve rcpparse tepl ayed
out agaj.nst .t.he outer surface . of the outermast fibrous eet, .and
cther o IR RS AT 200 O3 he Sl P EEE SRy TRt e

resi n qrerdinere radifesinee cedmpai ideltevasrt kHdae fi brous sheet. In one
variation, t fibe of the anchor 98, could be splayed between

b acent T biBRasEnGE: S pear-E00Hgh 081 B ariehrinn 1okt LRy tHe bean
ei t her RGEARINY,C QicICIT N idppddigd 8 113 1depicati drite dretded ffces
reinforcing two concentric joints 30, 50 according to _the present

i nvent i%9n.2 BEGdY 8€CT9-930 Yddpi & @VEEF it Sdividi B h € Tt ied of

this beam face of different beam sections. In such cases, single
continuous fourth, fifth, and sixth sheets should be applied
to adjacent vertically oriented beam faces. Therefore, a
sheet applied to a first vertically oriented beam face of a
first beam section may extend to a face of a second beam,
while the sheet applied to the second opposite face of the
first beam extends to a face of a third beam. In instances in
which a beam-cclumn jcoint only includes one beam section, the
fourth, fifth, and sixth sheets should extend along each of
the opposite vertically oriented beam faces past the juncture
in both directicons, terminating at one end at the column-edge
of the beam face. As can be seen, the method of the present
invention may be applied consistently to beam-column joints
that include one, two, or more beam sections extending from
the perimeter of a column. Accordingly, Figs. 2-18, which
depict two types of joints 30 and 50, should be construed as
merely exemplary of two common beam section orientations and
not in a limiting sense.
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invention applied to an eccentric beam colum joint 130. The joint
130 includes a vertically oriented colum 132 and a horizontally
oriented beam 134. The beam 134 is made up of two beam sections 134A,
134B t hat ext Ln_opposite horizontal rections from opposit

edges of the[gggﬁhe?ngb?gtﬂ%chPuﬁﬁQESZ Tﬁé'b@aﬁ?ﬁ%ﬁt?nggﬁﬁeggathe
front vwerdHealdy wfd ek heanwdiase B ARGt .r éah the seventh
col um- adj acent vertically oriented beam surface 136B. The beam 134

furt herSiSRy J&E Ve Tddy rahe e dé PEsa o R aled Idd tSsiide "6RAHFE beam

The coluwwahshdZ denaldidese a RfiHliRdicaaMs i9H fACe ntAQ dahats R4 QIS
the soffit surface 138 at orizontal ly extendi ngJBj uncture 142. In

addi ti otfanvetdi -cal4dy é&%ndﬁwﬂj%a el e A Thea AR i@ Rgics ey th
al ong thesdags jof arﬂiﬂl(éa W al@%éﬁ?s@cr Q:l’iet % QJ@%&HL% vertically

col um- adj acent beam surface he steps of the
met hod ddstyissedaan rfafcaaseice t5c6 Fiags wezlll@awé;ﬁl&alr%p@értamﬂ |S@cfft1dc

the eccemdl g begm agl %515%' | e&-.%%qseﬂzé & 19 WoCtssurtf.%% u%k $kep

of the present invention to the eam col um j ol nt
first ¢ ngagd,cdnitdamwows fiderfous shvemored by dpys iteg tS@irtﬂ@@ES@fff ithe

surf ace, 38,4018 Jar 1600 &y 51 o NG natilre 42 At D 0 i

adj acent sur ace ‘ef'erab € fibrous s
gener alray Jre fqp’tmcwadﬂry mm@mmmm elne:as:te @@&uﬂne&@ﬂmmff rtom

thejunct re o] t ffl cel 188 Lo at | east
500Mm 10 tS‘nec lC()DI%I zcrfﬁmea %:jaun tureéa%% ng on et%h l(ftr‘iVT ptehds
col um ammdarmhcdtf Helzen preeftaroenti4a, f34rEStar8:héeltA , 1 FQ Brefyr cex tenadh acr oss

the wi dth of the of fjt_.sur and at, l.east a partion _of
Lhe 11 o 2z atericar s b IR ek K s eine T
and t hrgee fofr ndte catbodd ndesGr idaedth rmtmambhealﬁdamte@d t9co§ e appinieed
to thed;g&r);téa 130 ssentlall as descri bed .i.n ref.erence toerg qQints 30

and 50 er[sodféjf’]nllﬁgg&ﬂje B FIEFTY AL e S5 Sect i ve
of the d};@amxmﬁsmrtl d erllm flka'@'lﬁfdcﬁ.gla?.t ?"fs \éﬁf @acﬂ?%e}&ﬁrﬁ%ﬂt 54. The

i nventiaqn. To.. the fo an i ft.h sheets of the presen

i nvent ig?}'r‘?stso ﬁbipfpﬁ%ﬁr%l%%f%aéﬁé’eﬂfwr@%%dc& g GYePLs0, it
IS necessdany, to wap three sides of the 17 colum 132 vvlth t he

continuous sheets_ 190, 192 that are to be applied to the
col urm- adj acdRP46dr Fieares 6@.%%t%ﬁpbeanﬁgu?%é@na%a@g%hs%% of he

conti nyous Jrawddt sheatnti¥ .andd ifddh stheath k92 taerd o amaheut at

| east 500nm past the vertically extending juncture 144A along the

sur f ace eE36B g 1seHA tsek b ot Rate risdus e Ye dst SEoRRYS: t he

verti calllomatend ng duinGlne 1448 al ang tﬂli%rrl%?‘rsh\é%rtts' nglmeQr ijent ed
surface of beam section 1343. The ends of sheets

| i kewi §&eb@nRsEtined Shamd ey e ﬁ%dsé@ﬁdleema@rwﬁemﬁ]omoz@msal
juncturg 142, BeGaUSe,d10 AUgdiLona %%%{ﬁezﬁt%?tel%l H %p‘%i@ %%tc‘?{e%%

the verti'cal beam surface 136B of th eam sSection 4A and
same vdntio&|Caramaide Pacdasfs tave ideddid eamiydet iCon 1348 Otfhéialr)leam

t gﬁﬂ% t t t f b
2Ercf :alge odr{%ﬁdl fa?h(agﬁseg{]g %;&h ?191 %ém;rgglttlyégr accordi ﬁgmt o]
t he prlmlpid& aditsnls s6d Hbers , 136A ot @?\M)ss,TWM| muows-her
sheet Seéﬁ.%é)ﬁjsa%‘a% %('i ap% 'k:]%q: thn ltehe=99f r%%t t'\:l%l’tl calnl %lggglm %gid beam

surfac I"'ong essent i al € sdng Ieng
t hey ardriddpld ech tzo ctd’sarreearfmﬂrf aame:hl:a:63.oc'ﬁtacm xtalmds tmetanmhotxh@BA

second .emhadi nent of th sen |nvent|o t shown be ap I|ed
usi ng essenti %% e s%rlfg (ri?e %‘(%1 ogsfcetfs toﬁleaf‘?(lj1 |Of'mf%
190, 1%&t§t:ﬂp$mmaiaﬂeelaghi aovfotiee fdndsti erbxedisrent  ahet hn@ﬁmtoll@d
of the ese i nyenti pplled to |nt 0 e entlally
as des Lhr‘f‘ éaéﬁjgﬁgeln%g hhEn §(§°°§‘r¥d“533 e B §52F
Accor dim@ yaxpciseﬁﬁrénbﬁ a&%erspilta@tect kg avat ket iefst fteleprmtcel RMFE AHthieON
fiber sheet and a resin is applied to the surface to adhere
the splayed fibers to the surface. Other fiber anchors and
15



18 occur in an earthquake). Mreover, the |layers are |ightweight and
do not add significantly to the static |load already carried by the
joint. [ 0053] A technician engaged i n reinforcing | oad bearing

structu trai ned |na5| y effective nethod of

i bf oY e At Sl Madordsice Sroasd gt

ori ent afd mbefr@ft hatt afcddie di agenti dvdanitdon guafiant qers shsoved
st rengt h and dUCtI lity of the reinforced beam col um joint,

par t i ctiR ISFRATSTY GHb xdd DRI dAdht it ernsﬁlﬂ&fu% [fders
[ 0054] JHav g deptirded Hhesd et i dre %@v@db Isthe\@tl lgghe appar ent

that nodifications and variations are possible w thout departing from
the scope of [PR&7In¥entheniltrphedted eReodppentiedacsangse row of

[0055] 'am rf%%c'gsg i SR 1 (e %tard @4§nt940n or the

preferre rrbo I ment (s) thereof, e artic , an", "the", and
"sai d" Fared duatdnded oo aveartt h‘%ittbetm@m:fmr@ c%e J@r imsrt@ldled kd least

el ement.s,o TN g@iTS: / GOTHI S0 caqd 06 Wl e 404 haY N'e el @

i nt endéd Y0 be inclusive an ere may be ‘addi’ti onal
el ementeant Ecttiltan 34de 1348t edhcelSeiPpntelB a first fiber anchor 98A is

laterally spaced apart from the juncture by at least about
100mm in the longitudinal direction of the beam section. The
second fiber anchor 98B is laterally spaced apart from the
first anchor 98A by about 400mm or less. The third fiber
anchor 98C is laterally spaced apart from the second fiber
anchor 98B by abcut 400mm or less and, likewise, is laterally
spaced apart from the first fiber anchor 98A by no more than
about 800mm. Preferably, this fiber anchor arrangement should
be applied for each of the beam sections 34A, 34B and 54A,
54B.

[0048] Tc install the fiber anchors 98, a hole 99 is
drilled on one of vertically oriented beam faces 36. In one
embodiment, the hole 99 has a depth of at least about 50mm and
a diameter of about 10mm. An anchor 98 containing many small
diameter fibers is then inserted into the hole 29 and into a
corresponding hole through the adjacent reinforcing fibrous
sheets applied to the vertically oriented beam face 36. The
ends of the fibers are splayed out against the outer surface
of the outermost fibrous sheet, and adhered to the cuter
surface of the outer sheet using a suitable resin or other
adhesive compatible with the fibrous sheet. 1In one variation,
the fibers of the anchor 98 could be splayed between adjacent
fibrous sheets.

[0048] Beam-column joints may be either eccentric or
concentric. Figures 1-18 depict the method of reinforcing two
concentric Jjoints 30, 50 according to the present invention.
Figures 19-20 depict a second embodiment of the method of this
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[ 0056] As various changes could be nade in the above constructions,
products, and nethods w thout departing fromthe scope of the
invention, it is intended that all matter contained in the above

description and sho in the acconpanyi ng draw ngs shall b
| nt or pratER T |ARRICER (3o S ST i o N EiHG TEene Rt WARF | §he
CLAI MEQ di%it 1B0 Anmtiiit of Weeitificiyngra it ellwmh j1@Ntarid sa | oad
bearing structure with high stren%éh fi brous sheets carrying a

J

cur abl &39I AR L Ith @ HEHSD IR jloitt  ddfpRSd#hd 4 d&l gl aPp&dm

sect i on XU NG utomy diduA r ama perdtmebaleref ithe Rl al ong a
| ongi tudi nal axis of the beam section, the beam section including

ver ti cdl954 2t €U IR e €5 Bh BPHRSsitce SHAREs Y e PEEEMEIEt i0dn,
and a Rofd zontald v 2. entiRd i 113 surfAcRin A% Adensids @f 1the
beam the colum including a soffit-adjacent surface adj oining-the
sof fit Csm{efré@éi dea jnrdiance,l 397e anst Wpdfe@érrprqo_shwfrgl:"adjace@ppl ying a
first fjnous, 1SREQI: lh Qe Want N MEIId Galde, OirNtrd DA IRGa%. L he
first fibrous sheet having a majority of fibers arranged at a first
angl e skeWudss e daifditt dinfalceaxdidd o tthe beglarsastd oif, téed beam.

appl yi d [f4-pr. et t i.d rti Orqi beam
face O\I}g]reatc%g%?ﬁ sltj%)ilgllrtgﬁl?és gets%ftiﬁet sag:@(;%ﬁ: %fti gﬁ%lfﬁsehéé@nﬁgl\%tng a
maj or i tadjefins bdrs wrfifdrigedirdtace sledord anglog igdcewatld vt lextending

| ongi t udi nal axi.s,of the .section,, .t e d | e .bein
differ g“[n rud% t]ﬁlezqfi rfs?} aangrpe:Lo ervgebffjt%glﬁ"i rce%tr{eélndlglge gﬁl&t i"Bous
sheet s Irddimf drddB tehee ldaposect isdroragdihes tedgfesare fertdiek ssoluvin A 3%et hod
as set f

oS sel D A AL e e, aadke 5 dpenday caual

[0050] The steps of the method described in reference to
Figs. 2-18 may also be applied to the eccentric beam-column
joint 130. Figure 19 depicts the first step cof the present
invention applied to the beam-column joint 130. A first
single continuous fibrous sheet 170 is applied to the soffit
surface 138, the horizontally extending juncture 142, and the
soffit adjacent surface 140. Preferably, the fibrous sheet
170 has a generally uniform width and extends from at least
about 500mm from the juncture 142 zlong the scoffit adjacent
surface 140 to at least 500mm from the horizontal juncture.
Depending on the width of the column, one end of the
preferential first sheet 170 may extend across the width of
the soffit surface 138 and along at least a portion of the
front vertically oriented beam surface 136A, as shown. Steps
two and three of the above described method may be adapted to
be applied to the joint 130 essentially as described in
reference to joints 30 and 50 above.

[0051] Figure 20 depicts a rear-side perspective of the
beam-column joint 130 after step five of the present
invention. To apply the fourth and fifth sheets of the
present invention to the rear side of the eccentric beam-
column joint 130, it is necessary to wrap three sides of the
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3. Anmethod as set forth in claim2 wherein the first angle is one of
45 and -45 and the second angle is the other of 450 and -45. 4. A
nmet hod of reinforcing a beamcolumm joint in a |oad bearing structure

with hi str th fibrqus sheets carrying a ahl | ymer, the
Do GG S by TE T b s a Bt o AR s thditng
out war dpp Ifireamtd peld reflemfadhe-«anl usr@leng v drargiddddivadm axi s of
the first beamsection, the first beam section incl uding Vert9ic9r(iaa|“!9¥|
%h, q

ori ent e HEHR Flat®Bs o DptEie LTRSS G Peahssdet

a hori zomal |Shed ertedafdd trsd faconan dndersyoe Hadthen0
first beam section, a second beam section extending outwardly from

the perfSiti&a1ofy 3 6l iimh JaMGig=e 1A ridinsalthekisdirdaqend & sifd

beam sefddnpyedief ol M dNGHBHING 2 1Y tsadir et S 8k tically
adj oi ni ngcthe soffit surfaces of the first beam section at a

j unct urestantE neethed iebifpri<ithglong the mpampmnaisgld ¥ iarsierfiast ous
sheet 10,8 QNI Wanf he SO t1 HH f a8 thHeyd Wt L AndrA '1%@99%1

of the soffit-adjacent surface; ~(b) wapping a second fibrou
sheet dridiend s o steqsargch fofor Hdhie dliad; and second end of the

horizontal juncture 142. Because no additional beam section
is disposed between the vertical beam surface 136B of the
first beam section 134A and the same vertical beam surface of
the second beam section 134B, the beam sections are adjacent
to one another. Along the front wvertical beam surface, fourth
and fifth sheets 190, 192 may be applied according to the
principles discussed above 136A (not shown). The continuous
sheets 190, 192 may be applied to the front vertically
oriented beam surface 136A along essentially the same length
of the beam 134 as they are applied to the rear surface 136B.
The sixth sheet of the second embodiment of the present
invention (not shown) may be applied using essentially the
same methodology as fourth and fifth sheets 190, 192. Steps
seven and eight of the first embodiment of the method of the
present invention may be applied to the joint 130 essentially
as described in reference to joints 30 and 50 above.

[0052] Accordingly, it can be seen that the method of the
present invention may be applied to all beam-cclumn joints
without significant alteration of existing structure. The
fibrous sheets spread stresses out over the surfaces of the
structural members, increasing the ductility of the structural
members. The fibrous sheets also confine the structural
members, which increases the shear capacity of the structural
members. Thus, the structural members can withstand greater
stresses and movement before fracturing and spalling than
unreinforced structural members. The applied layers will not
bulge when the joint is subjected to stress (e.g., as may
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(c) wapping a third fibrous sheet around a second | ength of the
colum, the second length being different that the first |ength;
(d) applying a fourth fibrous sheet to a first length of the

vertically oriented beam face, wherein a majoriity of fibers of the
fourt h G9BHoUS SHb AP B e 57 & Shedrh Sarlghis 0 136 Ak Bt "Geaiy
to the diangid uthihalddd isyraff tdmen iy sdo heamseaticonoad alredd®)

applying a fifth fibrous sheet to a second length of the vertically
ori ent SR LS P decond | ength of the vertically oriented beam

face being atjgb8ast nageghratian LAGabbasin! 889hRopE: hhe1bhishehramy
section, wherein a majority of fibérS of the fifth fibrous sheet are
arr angeF TUr @ sfe i amfl &@inadt dt on SRk S0 i Do rditardivva medhed

of the Jd rst; PLAMSREH Hham—columd Mo i@RPIOH & 1irus sheet
to a th(_Jici?dt%Ileng.t h lgfgc_t he vertical | y jz)orli ent ecipcgelgsm%'f‘t;a@crre}fl,]J teﬁe t hia;QfL
| engt h Jefintheniantiafaldns or i e theamdfadd vainrpeat lieasntdorgr eat

as the i seghion; . a
sevent f?ﬁ% rouseeSg%Le tﬂgséd;t%qf%@rg%aw ap eiL?L(r)ll}rYd oéE Itehrét%l& t Eeer&g
first Bewmm-sadtimn;]cnd,, particyldrlinstland ridiea sxasstod dweof] dlinder

anchor 0 t i r.st section. 5.The nethod of claim4 wherein
said | Zﬂr?gslﬁur% %eli so?fflatqelwe'

[0054] Having described the invention in detail, it will
be apparent that modifications and variations are possible
without departing from the scope of the invention defined in
the appended claims.

[0055] When introducing elements of the present invention
or the preferred embodiment (s) thereof, the articles "a",
"an", "the", and "said" are intended to mean that there are
one or more of the elements. The terms "comprising"”,
"including", and "having” are intended to be inclusive and
mean that there may be additional elements other than the
listed elements.

[0056] As wvarilious changes could be made in the zabove
constructions, products, and methods without departing from
the scope of the invention, it is intended that all matter
contained in the above description and shown in the
accompanying drawings shall be interpreted as illustrative and

not in a limiting sense.
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surface to which the first fibrous sheet is applied is at |east 500
mm fromthe juncture and wherein said |l ength of the soffit-adjacent
surface to which the first fibrous sheet is applied is at |east 500mm
fromthe juncture. 21 6. The nethod of claim4 wherein said first

| engt h "8FR% e SHAMHArSlind whi ch the second fibrous sheet is w apped
I s at lleast HOGEnHoD O hednfatdingy a beahhe:dRinind cdmtclial M 4.0ad

ther o DG PSR SIEN o Y Y AU SR Uty

a curable polymer, the beam-column joint comprising a column,
a beam section extending outwardly from a perimeter of the
column along a longitudinal axis of the beam section, the beam
section including vertically oriented beam faces on opposite
gsides of the beam section, and a horizontally oriented soffit
surface on an underside of the beam, the column including a
soffit-adjacent surface adjoining the soffit surface at a
juncture, the method comprising:

applying a first fibrous sheet to one of the vertically
oriented beam faces, the first fibrous sheet having a majority
of fibers arranged at a first angle skew to the longitudinal
axls of the beam section; and

applying a second fibrous sheet to said one vertically
oriented beam face over the first fibrous sheet, the second
fibrous sheet having a majority of fibers arranged at a second
angle skew to the longitudinal axis of the beam section, the
second angle being different from the first angle whereby the
first and second fibrous sheets reinforce the beam section

against shear cracks.

2. A method as set forth in claim 1 wherein the second angle
is generally equal in magnitude but opposite in direction to

the first angle.

3. A method as set forth in claim 2 wherein the first angle
is one of 45°¢ and -45° and the second angle is the other of
45° and -45°.

4. A method of reinforcing a beam-column joint in a load
bearing structure with high strength fibrous sheets carrying
a curable polymer, the beam-column joint comprising a column,
a first beam section extending outwardly from a perimeter of
the column along a longitudinal axis of the first beam
section, the first beam section including vertically oriented
beam faces on opposite gidegs of the first beam section, and a

horizontally oriented soffit surface on an underside of the
20



8. The method of claim4 wherein said first length of the vertically
oriented beamface to which the fourth fibrous sheet is applied is at
| east 500mm 9. The nethod of claim4 wherein said second | ength of
t he veoglcall ori ented beamface# which the fifth fjbrous sheet
appl i ed QP BRTCATEIIM T FIIRG i3 RETH AT &etiwiing @utired Y
met hod f¥ort ltEiempemivertasn ofithd kigldwlrengidhofa t]hﬁ:gxdﬂ:rddleaijj Vaxis of
orient beamfrf‘iebto whi hthetshxthflbrous sh S roq_,totlledls at

| east 1 % et Hod 'of ¢ alorrl1u nWhlenrcell n ]ﬂ'crleafl Yow of
fiber antjeorent §1trrf@<1mlayd1m10m dehasf fidt therfaagest dfedines éGtrison.

12. Th f__cl 1*’*’{?’5 f f anchors
i ncl ude éﬁ %&Osrgcagdng ir e?%b ndertzsyr?c n&}(%g;?ﬁ; second,
and third fileer amhemg e%cﬂiﬂﬁ”?stfdmré?dlsatﬁhﬂetl(ﬁmnﬁ fjiwttlhé’ft dfeedge

of the ddfsit hgamsact i fhididst ddder ncher dreivne |memally
spacedfﬁﬁart from t$ ée,uncture by at | east about 100mm the second
fi ber Ht%ral |y spaced apart fromthe first fiber anchor

by at | east a:bou-traéi_zﬁﬁn‘rg sargkddiel thibmbdd befeean creruriieian & ilratte nangth
spaced apant fr rplthe second fiber anchor by at |east about 400nm and
Iateraﬁy space apdrt fromthe first fiber anchor by at |east about

800mMm (c) wrapping a third fibrous sheet around a second length

of the column, the second length being different that the
first length;

(d) applying a fourth fibrous sheet to a first length of
the vertically oriented beam face, wherein a majority of
fibers of the fourth fibrous sheet are arranged in a shear
angle orientation skew to the longitudinal axis of the first
beam section;

(e} applying a fifth fibrous sheet to a second length of
the vertically oriented beam face, the second length of the
vertically oriented beam face being at least as great as the
first length of the first beam section, wherein a majority of
fibers of the fifth fibrous sheet are arranged in a shear
angle orientation skew to the longitudinal axis of the first
beam section;

(£) applying a sixth fibrous sheet to a third length of
the vertically oriented beam face, the third length of the
vertically oriented beam face being at least as great as the
second length of the first beam section;

(g) wrapping a seventh fibrous sheet as at least a U-wrap
around a length of the first beam section; and,

(h) installing a first row of fiber anchors along the
first beam section.

5. The method of claim 4 wherein said length of the soffit
surface to which the first fibrous sheet is applied is at
least 500 mm from the juncture and wherein said length of the
gsoffit-adjacent surface to which the first f£ibrous sheet is

applied is at least 500mm from the juncture.
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13. The method of claim4 wherein the first, second, third, sixth and
seventh fibrous sheets include glass fibers, and the fourth and fifth
fi brous sheets include carbon fibers. 22 14. The nmethod of claim4
wherein each of the fibrous sheets is inpregnated with a curable
polymer. 15. The nethod of claim4 further conmprising filling the
junct ure. W tThearmesqiooy dff |dlerim 41l Gehelheel metahioll fifrad diefghh Wiertdien
filling, the juncture i.ncl.udes appl yi the epo filler to forma
Fadi us ST RGPS oyt W AR S e L nebeed Tt
met hod lofasy & MAwn vihaweitrthe hisirsdoored and third sheets each conpri se
over | appi ng ends, the overlapping ends conprising overlap sections

having a generally uniformw dths. . .
7. The method of claim 4 wherein said second length of the

column around which the third fibrous sheet is wrapped equals

the entire column.

8. The method of c¢laim 4 wherein said first length of the
vertically oriented beam face to which the fourth fibrous

sheet is applied is at least 500mm.

9. The method of claim 4 wherein said second length of the
vertically oriented beam face to which the fifth fibrous sheet

is applied is at least 1000mm in the first beam direction.

10. The method of claim 4 wherein said third length of the
vertically oriented beam face to which the sixth fibrous sheet

is applied is at least 1000mm.

11. The method of claim 4 wherein the first row of fiber

anchors is the only row of anchors in the first beam section.

12. The method of claim 4 wherein the first row of fiber
anchors include a first, second, and third fiber anchor, the
first, second, and third fiber anchors each installed about
100mm from the top edge of the first beam section, the first
fiber anchor being laterally spaced apart from the juncture by
at least about 100mm, the second fiber anchor being laterally
spaced apart from the first fiber anchor by at least about
400mm, and the third fiber anchor being laterally spaced apart
from the second fiber anchor by at least about 400mm and
laterally spaced apart from the first fiber anchor by at least
about 800mm.

13. The method of claim 4 wherein the first, second, third,
sixth and seventh fibrous sheets include glass fibers, and the

fourth and fifth fibrous sheets include carbon fibers.
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18. The method of claim 17 wherein the widths of the overlap sections
conprise lengths of at |east 150mm 19. The nethod of claim4
wherein the beam columm joint conprises a concentric beam col um
joint. 20. The nethod of claim4 wherein the beam col um j oi nt
conprises an eccentric beamcolum joint. 21. The nethod of claim4
wher ei .4 he et ot RS aeclidion 4 nidlaites) weidd e Inheorigitirts keribts
faces on opposite Sicg(%vs't-ﬁ-; t he s& ond_heam section, and a

hor i zont%al iP5 EHS it Sth¥4ace Bir AT under si de of the second
beam section, and wherein the nethod further conprises performng

steps (@), anthd Qe I dNa 56 M- BRAM SRR iU AP % 0 HY the

juncture with an epoxy filler.

16. The method of claim 15 wherein £illing the juncture
includes applying the epoxy filler to form a radius of

curvature of the epoxy filler of at least 25mm.

17. The method cf claim 4 wherein the second and third sheets
each comprise overlapping ends, the overlapping ends

comprising overlap sectiong having a generally uniform widths.

18. The method of claim 17 wherein the widths of the overlap

gections comprise lengths of at least 150mm.

19. The method of claim 4 wherein the beam-column joint

comprises a concentric beam-column joint.

20. The method of claim 4 wherein the beam-column joint

comprises an eccentric beam-column joint.

21. The method of claim 4 wherein the second beam section
includes vertically oriented beam faces on opposite sides of
the second beam section, and a horizontally oriented soffit
surface on an underside of the second beam section, and
wherein the method further comprises performing steps (a) and

(d) - (g) for the second beam section and column.
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