BRACING J. A YURA UNIN. OF TEXAS

BRACING REQUIREMENTS

- Dependb on the h)we of brace ie whether the
brace controls Hhe movement at a single particular

Brace reguired STIFFNESS pomt or whether ik contrdls the celatie movement

Y STRENGTH befween fwo pomts (or stories)
RELATIVE .o = ' SINGLE POINT
> |
‘e’ '_:\?\'L )
S S i ’\;;
§ A
| z
THEORY :
P Ao A
strrness, g= (12 p= AL (1452) wpere A vanes beboer
’ ' = P = —E-
STRENGTH ir T (A +A4,) F=2 i (A +A,)

L haorizontad com ponen‘*

where  P= Sum of column loads m a story 4o be stabilized by the
brace. In the case of o pount brace P would be the
average load in the compresdion member above and below

the brace pont. ITn the case of a beam or beam -column
P would be the compruswe force wi the member.

shry } , euxe L= S&er be{c‘h\' or dislance belween braces

_ atthe brace powit
/ A= small dispacemert from strajd posihon {cauned by sources

other than the gravity loads or compressive forces. For
example A, would be a duplacemedt cauoed:? wind or other
. / lateral forces, erectien Holeramce (inihal out -of- plumb) ,efc.
supy [ ' .
’ A " A= addibéndl dis placement af the brace Lomi‘ 04 a result of
l, \ the compreddive brees or graviky loads. |
A+A, NoTE: TOTAL SMALL DISPLACEMENT AT THE BRACE POINT =A+A
* Aand A, are measured relatve fo adjacent brace
| poinks . o
DESIGN:  Assuming A=A, and A_=0.002L and wing a safety fachr of 2.0
| in Shiffnesd reguirement (fockrof safely for strength 15" hamdled diectly by
allowable shras)” the theory requirements above become:_consevuativehy uses’A=4.0
. N ;
O oois | Bremo= 4PIL 3 F_=0.004P| or | Beeaom 1P/ 5 K =0.008P
RELAT\VE SINGLE POINT
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o
[ EXAMPLE 1] TR
' ; REGD: SIZE OF TeNsiod BRACES To

I2 / 120 50 STABILIZE THE SYSTEM

. | ‘ P/bro.ce = 3(50+4120+tRO150) = 1020k
A~ : . RELATIVE BRACE
\ - _—

_ - . K
- }, B o= AP/L= 4(020)/12=3407h
N f =0004(lox)= 4.08 k

l—20 These requremonds qasume Hie brace 1
ger pam cular b Hhe columns to be braced

" Tension Bracing system every third bent

Roof acts as ridid Siaphragm +o suppert Unbraced pents
Fo=2b ksi (Se% Ex.4 for a 8cose w{ufhpgomu'z@ plus wind loads)

) A Brace Force =f; [cosh = 4.08/ecd® = 4.76F
be20 2 L F 4.76 |
, = = i = T = = -2
Ls 2 : F,=0-6F) = 22 ksi : Abe e 7 =02l
4 Assum'f"g rod (s threaded - %q& req'D
A, = area of brace
Ly = 254 Brace Shiffneso
| AorEY pi?o = F = 240
) 086 = 5 = 340,
. 29,000) / 20 \* = -z
V<E ’9'/44) Fé-"'yﬂ bs; Aor (2:;(.)3 T33) =340 ; Abﬁm&s O.312
' STIFENESS —_— 3/445 REQ'D
EXAMPLE 2 - same Prob‘em a Ex.| buk we steel shear dia phmqms mstead of
tension rods - assuwme corruga}ed sheet
- Broce reguiremerts anothe some - f3=380ry | B, _=4.08k
Try 20qa. (t=0.0361) -get Sh’enq‘Hn amd shffness of corvugated sheet from
USE  Z0ga Amerfon Tron and S?ee\ Trstitule Bocklet ™ Desiqn of Ll'qN' Gage Steel
Diaphragm '
Allowalble S{renq"'é =0.22Y% E,bj'O.ZZXZO = 44> 408" o
Stiffnens (£=0.030and 1=20) = 1820 ¥pr > 340 cegd oL
EXAMPLE 5 -same problem as Exl bud wae brick shear wall

Try 4. brick wall = From" Recommended Bulding (ode Reguirementt for

[USE 4w brck | Engmeered Brick Masonry” ~ v allow shear sfrasd=40psj

- Falbw= 40[4x2002)] = 38.4F > 4.08* or
SHffneds - From* The Behavior of Cpe Story brick Shear Wa Ifs" by Benjamm S Wi lliams

Proc. ASCE Vol.84 July 1958 /3= 200 L"/L< % brick thickness =[330%1 >340 bk
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EXAMPLE 4| . Muljris*orj Frame Notes: 1. Bracing must be ade%uai'e do stabilize
the structure under grau}{y load alone
T T T T and wmbined wind and 3raul’rj load .
, ¢ ~ o '56.3‘/ - 2. Avial loads m the columns due bgravﬁy
" PfSO 1e6) < llOOk 5& load alone are shown Gra typical bent.
$6 ~ Axial loads are the same 1 the
I 24 I 34 24 | “unbraced” bents. Floor dia phragms
. or bracing are wed o Fransmdt e
Type 2 Construckion -sumple framing Fj=3(al<si wind shears and P4 overturning
Bracia every third benl momerts o the braced bent.
Wind shear ‘per bent (this leve) =6.5% 3. Even though the wind forces alter
. ‘ the distribution of the axial forces m
Bracing re%d) b slabilize x _ the columns , the sum of t+he column
Wind shear = 3(6.5%) = 19.5 )

. loads mus be ecbua’ fo the applied
Col. gravity loads=  3(so0+ 00+00450)=900"  gravity leads so the shears due o
e PA mowments are unaffected.

‘ 4. Ui 33°L increast wn allowable stresses
Brace S‘l’ablli{’j re%u\remenfj - relatwe brace for the combined lead code.

F.= 0.004(q0) = 3.L°
/gmf 4P/ = 4(qoo)/ ' = 328%F1

Gravily: T
T g tmess ’5{'5@38 =228 /F1 ; Az 228(358) 35'33<3—5ﬁ)2 = 0.451 m’

Sengtht £ = 0.004 P= 0.004@00)=3.6"  Fp fipa9= 3.8"

Burpet = %4, = 38e2= 011310
va}t} olw Wind:

Sh_‘ffnws: - no ckanc)e fom «E)raui'l'és Abrgros.s: 0.45] vy

M = ’_l__q.'é—-———— i_ = -3 -l —
swa,{a.Ab; w0 * i 0. 830 m controls

- (Anet)

l use 1% Threaded Rod (A =0.969 iv2)

' broce
Nge that %Q,\Sjrrevq“'i\ requirement for grauwty leads s added b the reﬁwreme/d‘
for wind alone. Do not add the larger s+.‘4‘31e44 re?)w'revnerd'.
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EXAMPLE 5 - POINT BRACES

/

19’ 5—:—}4Lo1<——'§—>-| 12-0" Story \ne(g‘fﬂ'
H —_— e 11148 — 5xlL Column load above = 115"
ok 7\P Column load below = 200"
1™ Col under
' consideration AL
A B c D A

e

Exterior column m a multistory frame . ThéOﬂ" laderal s‘i;)porf of the column under
consideration at the floor levels is provided by the weak-aws bending strenqth and
stiffness of the W sechions shown . Head room reguiremerts do not permit o beam
o frame directly info the web of the column. Determine ¥ thes beams have
sufficient strength and stiffness fo brace the column ot the floor level. Tt 15
assumed that the spandrel beams are laferally braced at locations A, B,C and D.

The beams act only 4o control the column movemend of Hhis parhcular floor level
so they are single” ot bruced. Therefore the bracing require ments are:

' = IGP , =
oo = ¢/ and F_=0008 P e
P= avg. ccluwn load = (I“IS‘!'ZOO)/Z = (8g¥ 5 L=12" REQD™ 12 =250"

F= 0.008(188)= 1.50°

sti§fness Provided ,LF_LA

- S~

= - H
= 45, it = 3
i Iy 4 lm“: L. ;J:’ 5'\3::;'_
9 5 q’ 'S

i - FOZ(Q‘HO) - F_ o
o —"'{_/ tF' I’S‘ ' 2ET (At Merel) 1= A, a*(a+b)

W 14%x43 /5,= 3 (29000) 45.!/(5)1(24)|44 =45.4 Ffey
W l4x48 3= 3(29000) 5137/ (Q)*(24) 144 =28.7 Y/FT

2

USE Lrora, = T4l 4250 Her  NE
T \C]Nl:txxl?\ 'lff‘gh?a;‘de | sz Zzg 71 >fora,° 168 > 250 Ter ox
Check sa\renclw\ - IC\;"Q%L?OK s\'ﬁ&:"‘rjie&force is prownded by the beams w proporhon
'(%/114}5%8';,3) {5,,;78; .50 (Ez%%) = L7 j M)= l.l7k(5><x2)= T0 m-k

= My = 10 & = 2.0 ksi ok when considered
foy /s, [24 with Fpy also
USE W 14118 and W 14x6l] — coL can Now BE SAFELY DESIGNED Fop KL=17'
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EXAMPLE G -y - K :
' L — Sidina 22 ap. 180
‘ (t=0.5299) J '),* J' Y 5[; the a%-?—h sic_':jtxg suﬂiﬁ;evia
! ! su € qlrts so 2
m-\_-‘ \ 8 co\uwfn)rl?? are bpaced at the
G 1__ Y 8' OYle-'Hm'fd PO.W) 3? 5{&“’\3 I:S
_.4\/ v / attached fo the g'n"rs m & standad
/] J ) manner using screws for
—) ‘;” ) {fasteners.
L e A l
20
[ Assume a 20t wdih of sidw; Supporb each column
Fom AIS] Booklet :‘Desian of Lt&ak% Gage Steel Di‘a’ohra%ms”
7290 * 20
L Fllowo=0-481 % x20' = 9.74*
. . 2 = 105 ¥
: Relative Brace (sidwn prevom‘k the girts from mouu{cl relahﬁel\j\
ZZOf.Sudmg ok Foes'o ‘=0.0042l80} =0k 974 ox
/5299'0: 4P/L = 4(180)/g = o< l0S¥r7 OK
[FampLe 7] 77

: /

- How much weld s required so that +he joist
Joists will crxndecéuai’e\j ‘brac?’rlma \vfeaw\ #

Treat the Comprewim region of e beam as acdumn,

, K
W14x30 M=g3kft =
= =¥
6@59:71 K/FT ‘ ' Pofn'l‘ brace (Qr Connec{'or r%uwew»eh*é)
el metal fleor decks Frm(c‘é _ | Fbr= 0.008 P=0.008(11) = 0.57 )
Ofpmx«y}\a}eL 10 tiwaes this ro.&uwecl ,
shiffness. N(ejrol deck wrl—gx 2% . UsE x } V d,_l," (Tadc)
Concrefe il provmaed 20t Ime « o 4

+his shffness. Normal fasteners Floor sustem -dlaphrac)m -velatiie brace prevents
Hhad connect the deck to the the r‘glo.hve movewment of adjacent joists

Josts can transfec the 0.57% Gree. Bosa'n= 4P/ = 4(—715)/ 4= 7 e
TENSION FLANGE BRACING brace —must awe bending stiffness T,
T = ‘ 4
3 tension Qlj A M= Jﬂ’ggq‘g’ WP/ L 5 Fbr:O. oo8 P
a ‘ ) | ,
.- — I

‘ Y ’ . = Fd
assumed no c§055 seckion distortion; check brace ior b%dlmcl mowment, M/~ Fa/z
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