
BRACINC; J, A YueA uI'JrV. OF TEXAS=-___ 

[~BK'ACI~C; ReQ lJI12.E MENi[] - Depend:'l on the t~.e of bra.ce. ,i..P. whefher the 
vr~ce controls the moveWlent oJ a. 51nCjI-e padicu!ar 

BracQ r.e~lHr~ ~T1FFN£S5 fOlY\t- or LUhefher .i~ contr61s -ttJe rela.hv~ mo\) eW1eY\r 
-4 'S-rRENC..,Tr\ between +wc> fOIr1i~ (0,\ stories) 

RELAl"I\lE SINGLE POINT 
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THE~i: 

where A varies belwi'en
STIFFNESS J (3= E ( I+~) f? =- At ( 1+ ~) Z.o and 4-0 

- 5Tf2€t-J(;TH / ~...= t (~ +.do) F.= 2.£(~+A)hr L 0 

L hori'2.or"l1aJ COmponent 

where P = Sum of column load!> In a story +0 be stab; /,=zed by +he 
brace, II') ~e CQ4Q of c.. pOItil-. brace P would be +he 
QVtZl\o.~e. load In i11e Co~prU-dIO'tt h1elm~r 0 b,ue.. o.mel b~lo0 
+h(. .brace poltd-. I r) +h~. ~ of 0.. beam or beam -colu mn 
P toou!d b.€ the COmpru61u.e force \n tt,e m€MIioer. 

L:. story he\9ht or cf.iofaflce between '0 ra c~ . 
. aHhe brace poInt 

!J.= small cUs~ace~€V1t +n,m sb.;~kt posrtror1[CQUAa:J b'a sources o 
other than 4e <3rav'lt~ loads or cornpr~i"e 1crCe6. Fo\' 
e)(cmp/e ~o lPoulJ b~ a ch..,place 1IYleJ- COlMlut b_'i Wind or other 
\aiera! -Grc~) ered-lOY1 -b\"'Y'C\.Nlce (IYl',-haP ol.lf -oF plu'Mb) ,etc 

tJ.= add;honal d~s place VYJ£'nt at -the brac€ POI~t 04 Q r-MuQ! of 
th~ COmprtMllle ~rc-'M or 9ro.vi~ loa.cLo, 

NoTE: TOTAL SMALL DISPLACE.MeNT AT TltE 8~ACE POlrJT ::~-+A 
Ll and ~o are me~ured relaf1\1.e to adjacen+ brae-€. 
POlrib ' 

DESIGN: .ASSUw\I~ 11 =110 and ~ = 0.002 L. and loUlnq a. sa1e+~ .factor of 2.0 
in ShHne.M r~~u'reme4 (~"fsa~h .for 5tretV-lth IS h~led d(~edl~ by
qllowo.lole *~) the theof"j retf>ulJ"eVYlert:td a.bo\le become: coN5erva.hllehj U,A.P~ A=4.0 

. OESI&J Ib~·o= 4-P/L ; F;,r;! O.004P or t3~~'D= IbP/L ; fbr = 0.008 Proe.MULAS 

RE.LAT\ VE S(NGLE PoiNT 


S"KICY • J '\/ 'p' 

61'6.0 

0 



2 ~~B;..:.;:R.ACING 	 -J·A· YLJQA UN\\J. OF 'TEYAS 

~'Co.cf'I EXAMPLE I I 
. \ \)\o.~

v.:\ol' REdo: SIZE OF "TENSIO,J ~I2I\CES 10 

~TASfLI"ZE ,HE. S'<S1"E H ,SO" 120 120 50 
P/brtlc~ = 3(SO+I201-120156)::= 1020K 

QEL ATIVE {)Q..A,CE 

, 	 f!>~Q'D= 4P/L = 4(IOZD)/Iz'=340~FT 

. 	
}' 'br= 0.004 (1020) = 4.08 k 

~d 20' .. / Thw. r~UlreW1~ aMwmi +tti' brace J~ 
. ,. feTf.e.t1~,cular -b +h e cdu WlnS to b", Iorac.J 

TenSIOV1 BraCing, s~S+em everj thl1i::l 6ent '\ " . 
Roof ads ail rlCJld a\ophro.'3Wl 10 su.fport u~braced bents 
F~ = ~LD ks'l (See E)(A -br a <.Ose wi#) 9rtl\"'~J pl~ wU1d loods) 

, . t:. Brace Forc~ ::: fbr/costJ = 4.o8/codS = 4.7(P~ 
LbO:: 20 -t4 r+­

--.- F (i= o.(oF'"j =22 t,j . Ab ::: ~ -;:: 0 2J(p iv/
F 	 ~./ J rNET 22· .L = I'

, 
G , 12' (!;=/1 

ASSUWl,';S rod I~ threaded - ~ cP F..f!CV'D 

Abr = area d bra.ce 

Brace S+\f~
Lbr: Z~.?J' 

( Abr ~) ~2f) ::: F == 340 17FT 
L~r ~ 

Abr (2Qpoo) (3Q \7.. _ . Ab == 0.3"121.,1­IlJ~e %cj> F~~~bi I 	 23.3) - ~r05520.3 340 j 

-srIF FJJ E$5 ~ 34 cP eEd D 
Gove!UVS 

r EXAMPLE 2. 1 - same problem ~ E~.I 	 but tMe steel shear a1a rhr~VY'ls Instead of 

tensIon rods - aMUNtlQ corru'3a!ed shee.t 


Broce re~uIrevn~ (lJl.Q -H,e 5am.Q : /3= 340 f.jfT./ Fbr:: 4.06 Ie. 

Tr~ 20~. (t= 0.03lo I~ -get Sttet'\~ amc1 s·hf~ of CDHU~e& sheet trOtl1 
@.SE LOi~ Amerlco~ "Iron ut\d stee\ rnstiw.k Mlet '-, OeslqVl af LI9lJ Cxl~e sree\ 

Oia phras~~)
Albwctb~ SkeV\~ =0:22 '7'FT ~/~O.22 >'20 = 4Al£. > 4.08~ oJr 

SfitfneM (t= O. O?Jlo ard L.= 20') = 1820 ~FT 	> 340 aOll ~ 

[EXAMPLE 3\ -SQWle rrob I~\-Y\ <l6 E)(.\ but U4.Q brick. s~eQr waH " 

Tr~ 4ino 'orick wan - F~~\' r<ec6n1Yf1~V\ded 8u,.;.1~,~ Cede Qe~urreVVJerif4 +Of' . 


En9meered Bnd(.. Ma.sonry min aI/ow shear s/r.2JJ= 40f$/
[USE. 4. \~ bt,cq 
Fal/ow::: 40[4-)( 2O{JiJ] = '38.4-~ /' 4.og/' o.§ 

$h°.flne.u - FyoWl· The BeJ"avl~(' of OY'.e Sior''I bnck Shear Wa 115" b;y &njamo1'1 W, l/illl1?S
Proc. ASCE Vo/.S4 July Iq58 13== 2DO~k Ji.b,..,d.fhdne.iJ =/3'!XJo/PT>340 Pf; 



BRACING J.A. '(ueA UNIV, of TE'f..AS 3 

I. EXAMPLE 41 - Mul+iS1ory FraVYlll No~es: I. BrQClo~ m~t b~ ade~uate -b sfah.!i'Z.e 
the strud-ur.e undQr <al"av·,+j lcod aloVl€ 

L '" Qnd comlorn~d wl",'d o.md 3rau',fj load, 
.......... , / 


................ '>J<;;o" 2. AY-Ial looch In the columns dUe bCO.-a"i'Iy
II' ~5cf 10d'~ ,£ ".--<..... ~ loct 56i load alone ar~ shol.t)~ bra +~Plro\ bent. 

./ T(;) ............ A~lcd loads are the some \Y1 -the 
2..+' 34' 2.4 "unbracecl" bents. F lco(" dIu ph ra~O')s 

or IoraCln~ are ~ 10 tral'ls~n.J the 
T'lpe 2 Col'\slrudlo~ -slmpl-e frawl/'o3 Fy=3(gbi wll'ld i5heacs aVId PLl overiul"'Ylin9 

B~lV';" elJe(~ +h Irtl bent ' " V'r\oYY'len\-s 10 -the braced bent, 
WInd ~ hear pef'" bent (thi~ lelJd) =Co.S s. EveV'! fhou~h -th.e w,vid .fOrces a It.er 

th~ d,'sfribu,ho(l of 1-h€ aXial -brce.1 1-1 
£>raCl~q re~'d 10 5fab,kzt' . K ! #l~ coluWlYls, i-h~ SUm of the column 

Wly\~ shear = '3(ro·.5~) = lQ.5 . ~ load~ mLL6f- be ~ual -10 -rhe affl,eol 
Col. <Jravl~ bods:: 3(50+ IOO+IOO-tSO)=qOO gravit:) leads $0 g-he shears due 10 

+h~ PI:.. mOWlerfi-s are Wl afteded. 
4. U4Q ~3~o IYlCreo.4Q M, allowa~l~ &+res~es 

Brace 5+0.1011 i~ re~UlreW\eV\h - relat,ve lome€. for the CO\lY\~rJed load C04e, 

fi r = 0.004 (qOO') == ?>.LD'f­
~(l£Q[) = 4-P/L = 4 (goo)/ II' -= 328 KjFT 

Gra'J·lt~: Ab~ eqJ(J = ?>ZSt/FT j
5ti-ffnes5: T Ab=:' 328 (~5.S)(35.6)"2 = o. 451 I~Z. 

br- ~ms5 2QpoO 34 

P
 I.· j{. t.

S-\rencfh ~ F = 0.004 =0 .004"QOO) =3.(0 Fb IcCJj[) == 3.Bbr /{ 

A ~l == '3,0/, c = 3.8 /22 =0.113 1·V11.
brneT • IDly /: 

Gra"l.~ p\UA vJ \;,d: 
oJ 

sti\tne.M: - no c~o.~~e -koWl ~ra \) i+d A1.:._ = 
~~~ 

0.451 
. t 

IV') 

S-h-eNl~ :A~ J.1>I?>q(2~) Ct-Oe 
'3·8+ 
1:~3(22) 

- . O. S 30 IYl~ 
~(Anet) 

.J- CDniro\s 

Iuse 1/.4, q, Threaded ~ (AM =0.%9 j,;') I 
'o(O.C~ 

Nd-e that +he 1\ 5he~ r€9..ltlr~WlevJ- -br 'Jra'i,+~ loads \5 added -b ~e reBtAlreWle-:J­
-b( wnid C1 !oVle. 00 not <':\dd the lar~er sti.{1;,€.k\ r,w·reWlenf. 

~. 

http:IYlCreo.4Q


B 

. BRACING J, A,'{oeA UNl'J, OF IE 'f..AS 4 

f- EXAMPLE 5 I - poi~r fOlL~CES I 

~. Iq' .,... 5 ~I'" q ~ 101[ 15 'i 121-0'. storj heiCjht 
W 14><:43 W 14 x 48 E~T ColuVhn lead ab:>ve = nsf{. 

iIt1 IrTi i ~?'"'" ,I ~ WALL Column \oad ~Iow %' 200fL 

Col under 
CDnsicterahoVi v\LC. ID 

~'A 
.~;,.. 

E-derlor column IYI a Wl(Jtt:cdo(~ frame. Th€ oYlI~ 1C14eral surPO(t of th~ column ww:i-el' 

consideration at fue floo~ levels is provlded b~ t~e U:'eak-av.'~ bendu/19 5+('~qtR and 

stiffness <?f the vJ sections shown. Head rOOM ('e~UIT"eW)efl~S do not permlt 0 beaW) 

to .fra~~ dlredlj into th~ LU~1o of the column. DeJ~n'Yllne, If +hw beoms hav.e. 

s()~f\cl€frt strert~th and s+ltfn~S5 to brace the column at +he floor level. I+ 15 

QssuW\ed that -the spand rei b-eams ate loJerally braced a+ Iocaflons AJ BJ-e and D. 


Th~ beam~ ad o."I'j te>, control +he coluVYIY\ tnOV€WletJ a:! tki~ for·hcu,[ar floor le\)el 

50 the~ are sn1<J1~ ~ow"t Ioruc~, l"here{ore -a,e bracln~ re~uireW)eY\+S a'(e.~ 


f;~Edo == 1<0 P/L and ~r=0.008 p 
/!;1lEQ'p-== 1~~k8B)= 250"/'p= aug, coIuWlYl toad = (115 +200)/2 = 18S ~ ~ L= 12' 

Pv;O.OO8(JOO)= \.SO~ 
S+" ffness Pro" ,'ded Af_t L\ 

-"" -"" H ---~_ _~
/F-=-----------:::-:::-:-:::-:4-:Jtr- t I ~= S \. "3 ~41 

I ... - 45.11Yl0 I ~I.. .. 
j...." ~~,"'" q. IS'J 

Iq' 5 

F, '3£I~/ T ~::; ~ cf(Q-rb) (AIK Manual)/' t fi j.! '3EI f.;::;; A:::: a2. (a+b)I~~-~----~.~-~-~~~~ 

~ b '-\-Q.­

1. 

W 14"43 f:.,-= 3(2'1000) 45.1!(5) (24) 144 ::: 45. 4- ~/FT 
W 14)C 48 (Jl -=- 3 (2qOOO) 51.3/ (Q)2.(24) 144 :: ze.l ~/FT 

JJ.&. 
i!>,OTAL = 74./ J.. z50 J!./PT ­

U~E 

T~ . tl 
W 14)C18 lett- s,d.e f;= 2l'8 7FT >A = '2 (g8 > 25'0 tIFT oft 
W 14){ 19\ rI~M 5\cj.e (!; ::: to 0 7t>TAL 

Check sh-en9~ - Th~ I.SO" re~(J\r~ forc€ I'~ pl"ov\ded b~ th.e beams 1"; propoY-non 
io the,'r sti~nesses t 

. Wt4,.:78 F = ,.50 (~) = 1.1lK. . My= 1.11 (5)(12)= 10IYl-j(:
(S =34 51n3) W14~18 2. ). eo! 
Y' f::: My ~ :::: tD I'34.5 = Z.O "'SI Oil WhRYl conSIder 

r---_____.....,.-__........by /~ Y WI-Ht +b'J. also 
\USE '-N 14n8 ClIYtJ vJ14~CoI\ -CDL CAN NOW BE 5AFf:Li DESI'-NED FO\l. ~L==r~' 
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BRAe \NG 	 J. A. YURA UN I"'. OF,c):.AS 5 

1 ISok 
(-r=O.OZq9) Is +he '2~. sid 'n3 suffiCIent 
Sid,oq Z~3Q 	 IOU ,. 

), ,It-' 
I 	 8' -to surft'rt 1\1€ ~lr1'5 50 11rai ~.e 
\ 

\- CO\UWln5 are bro.ced at t~€ 
cYle--t\,ird ro·IYltS? 5 id ln~ IS

Girt tI. 
, 
I 

J B' atto.ehed fo the 51r1:5 I~ Q standatd 
I g' manner USI'V1~ sc.rews .for 

-
•,, -fasteners. 

~'7 :f.'7 

I"", .. II 
20 

AssuVYle 0. 20 H ~~cH~. of sid~n91 supporb eac~. column /I 

FroW\ AISI fQccklet ~ Oes\<Jh of L\<jh1- Ga~ steel Diaphra~Vf}s 
22 '3~ -j.. 2 c> = K I _ K 

FaUow 0.451 1fT -y.. 20 - q.14 

. . f3::; (05 'f-/ ft ., 
Rela+",,,, '&f'Qce (SldJri~ prevem.ts ~e <3lrb trow! yY\o\J\V1.1 relallue/'j) 

, 0.004 = O.c2f.. L O~r22'f'Sd'r\~ ole [ 	 f -= . 1<60\
')1

O,l412.00 D 	 ­

f> REciD = 4P/L :::. 4(18D)/8 ==- 90 L. 1051fT Ole­

Jo'lSts 	 How mud, weld \5 re~Ulred so -th<X\ the jO\s+­
w'd I ade~u.ate\~ brace the beaW\ 

Trea:l l11e COmpre4Al~ Y-~\oVt of iRe beam ~ 0. cdun'lO. 
~ 11k K::J]II ~8314t P=ll 

,. ~y.J \4)(30 M= 83 kft I~ ::) . 
I ~ll'? 

(3wv== 11 r./FT 	 POI'nt brace (.f>r CoYlnecbr r~u.~r~W\eJs) 

T~f\cO.l h'leto1 f\cor decks fro\Jd~ . Fbr= 0.008 P =a.COSell) = 0.51 ~ 
Off.ro~'~e~/ \O+IM~ +hI!> Y'"e~ul,(~
stiffness. Metal d~ck w~ ~Y1. IVI. US~ ./ %, V d.,ll (Tad) 
CcncreX.e fill prov ldM ~+lwi.Qd 1<0 4­
+hi.J .o·hffV)~. Nor MClJI .fM+~Vl~r5 Floor S't\!>}e~ -dlaphr~W1 --rekrhue b'(oc~ fre>v~n.t.s 
~.cd cOt'lned the deck to -K,~ -tk r~to.{\V~ tYlcvelm.eW- of acljacevl joists 
jolSb co'" ttaVlstey- #le O.Sl b~. 6R£G/D =: .f.P/L == 4(11)/4' := II ~/FT 

BRf\CING I 	 . . 
_______ . brace -tnLUlt h'Q~ bend 't\3 stiffness Tb 

a .i .. / ""'IOn .1, ~ M=Fd ./f3W'/'D = 1(P pI L ~ ~/O. 008 P 
-; ~ 6. I -come-flg- I--f f}..r= F =: 4E I b - 50 hse ~r Ib 
~ S ~ . . - ucr. .~ 5 d2-

aSSL\mw 1'\0 c..ro5S secli6v') dl!)+ortIO~j check brace 1cr ~&1t'\1 ~OVYl.wJ M/z Fo/zC' 

tTEN~\ON FLANGE 

\. :_; bJd 
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