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TABLE D3.1
Shear Lag Factors for Connections
to Tension Members

Case Description of Element Shear Lag Factor, U/ Example
1 | Alltension members where the tension load is trans-
mitted drecty o each of the cross-sectional elements u=10 =

by fasteners or welds (excep! as in Cases 4, 5 and 6).

2 | All tension members, except HSS, where the
lension load s transmitted to some bul not all of I
the cross-sectional elements by fasteners or by I

|

longitudinal welds in combination with ransverse U=1
welds. Allenatively, Case 7 is permitted for W, I
M, S and HP shapes. (For angles, Case B is

permitied fo be used.) _& X fe—r—i

=i

x
3 | Al tension members where the tension load is U=1.0 and
transmitted only by transverse welds to some but An = area of the directly -
not all of the cross-sectional elements. connecled elemants
4lal| Plales, angles, channels with wekis al heels, lees, A
and YW-shapes with connected elements, where
the lension load is transmitted by longitudinal a2 % T | Phsor T
welkds only. See Case 2 for definition of x. Us———|1=-7| |w| =—— connected -
3124wl elemant

-

5 | Round HSS with a single concentric 12130, U=10
h H X
gusset plate through slots in the HSS. D<l<18D, U=1-% @ ’D
x=2
n

6 |Rectangular HSS. |wilh a single concentric

X

gussel plate 1
gl | S

4(B+H)

with wo side gusset plates x H

fzH U=1- 5 —
e | T
aWB+H)
7 | W, M-, S or HP- | wilh Range connected with 2 U=
shapes, or tees cul I;heeoi;lmoreiasler;?rlsper b,zg hH= 090 _
from these shapes.| line in the direction of loading 2 _
{If Uls calculated by<3d U=085
per Case 2,the | upn wer connected with four
larger value is per- | oy mare fasteners per line in U=070 -
mitted to be used.) | ine direction of loading
8 |Single and doubla | with four or more fastaners per U=0.80 _
angles. line in the direction of loading )
(1 Uis ca?'ﬂlil:d with three fastaners per ling in
i the direction of loading (with B
:rger b tlo fewer than three fasteners per U=0.60
bnpe Wd' itied line in the direction ol loading,
used.) use Case 2)

B= overall width of rectangular HSS member, measured 50° to the plana of the connection, in. (mm); D = cutside diameter of
round HSS, in. (mm); H = overall height of rectangular HSS member, measured in the plane of the connection, in. (mmj;
d'= depth of section, in. {mm); for tees, d = depth of the section from which the tee was cut, in. {(mm); [ = length of connection,
in. (mm); w=width of plate, in. (mm); ¥ = eccentricity of connaction, in. {(mm).

'y -“;_'Z.whm:. and I3 shall not be less than 4 times the weld size.
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The nominal compressive strength, £, shall be determined based on the limit stale
of Mexural buckling:
P= Fcr"qg (E3-1)

The critical stress, Fip, is determined as follows:

(a) When L <471 i (or 'F—“'s 2.25)
. R FL’
' A
¢ ((}.553fl |R- (E3-2)
/
(b) When i >4.71 L (or i > 2.25)
r Fy E
For=0877F, (E3-3)
where

Ag = gross cross-sectional area of member, in2(mm?)

£ = modulus of elasticity of steel = 29,000 ksi (200 000 MPa)

F, = elastc buckling stress determined according to Equation E3-4., as specified
in Appendix 7. Section 7.2.3(b), or through an elastic buckling analysis. as
applicable, ksi (MPa)

o
nE

)

)
Fy = specified minimum yield stress ot the type of steel being used. ksi (MPa)
r =radius of gyration. in. (mm)

(E3-4)

B —yielding in compression

A

_P.=0.87TRA,

—This AISC column capacity curve
accounts for inelasticity and
imperfections, and failure involves
yielding in flexure and compression

AgFy

inelastic elastic
buckling | buckling

i
I
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This section applies to singly symmetric and unsymmetric members, certain doubly
symmetric members. such as cruciform or built-up members. and doubly symmetric
members when the lorsional unbraced length exceeds the lateral unbraced length. all
without slender elements. These provisions also apply to single angles with bfir >
0.71JEIFy, where b is the width of the longest leg and 1 is the thickness.

The nominal compressive strength, Py, shall be determined based on the limit states
of torsional and flexural-torsional buckling:

Po=ForAg (E4-1)
The critical stress, Fip, shall be determined according to Equation E3-2 or E3-3. using
the torsional or flexural-torsional elastic buckling stress. F,. determined as follows:

(a) For doubly symmetric members twisting about the shear center
5 .
: T ECy. . .. |
h=[ o Tm] (E4-2)
L S+ 1y

¥

All doubly symmetric shapes and Z-shapes—
Case (a) in Section E4

E4-2

(b) For singly symmetric members twisting about the shear center where v is the axis
of symmeltry

f1,+f'h] I— (E4-3)

Ff‘:t 2H

Singly symmatric mambers including doutie angles
and lee-shaped members—
Case (b) in Sechon E4

MAL—] .

B R S

User Note: For singly symmeiric members with the v-axis as the axis of sym-
melry. such as channels, Equation E4-3 is applicable with Fyy replaced by Fy.

t¢) For unsymmetric members twisting about the shear center. F. is the lowest rool
of the cubic equation
i (¥, A
3 . 3
(Fe — Fex X Fe —Fy MFe — Fer ) — Fe (Fe— F{-v]{ TL'] — o (Fe— Fei }L%) =0 (E4-4)
' i %

o

Unsymmetric shapes—
Case (c) in Section E4

—

E4-4
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where
Cyy = warping constant. in." (mm®)
n’E
Fex S (E4-5)
[LJ i
e )
. 5 (E4-6)
£l
y
EC 1
F., = [ & =+ G‘-:’] = (E4-T)
ez A.L“'E"
G = shear modulus of elasticity of steel = 11,200 ksi (77 200 MPa)
H = flexural constant
1 2
=1-JatYe (E4-8)
i
Iy 1y = moment of inertia about the principal axes, int (mm™")
J = torsional constant, in.* (mm®)
Ky = effective length lactor for fexural buckling about x-axis
Ky = effective length factor for flexural buckling about y-axis
K. = elfective length [actor for torsional buckling about the longitudinal axis
Ly = KL, = effective length of member for buckling about x-axis, in, (mm)
Ly = KL, = effective length of member for buckling about y-axis, in. (mm)
Le; = K.L. = elfective length of member for buckling about longitudinal axis.

in. (mm)

L, .-'_}.. L= laterally unbraced length of the member for each axis, in. (mm)

To = polar radius of gyration about the shear center, in. (mm)

—3 7 2 e+ 1y

72 =yl 4ys =2 (E4-9)
Iy = radius of gyration about x-axis. in. (mm)

Iy = radius of gyration about y-axis. in. (mm}

Xp Ve = coordinates of the shear center with respect to the centroid, in. (mm)

User Note: For doubly symmetric I-shaped sections, C,, may be taken as
1214, where fi, is the distance between flange centroids. in lieu of a more

precise analysis. For tees and double angles. omit the term with C,, when

computing F. and take x, as 0.

¥

Ww=»w=0

——

] Shear centers shown with large black dots

y ¥y
+ i} E_l'n
" fp— - x x
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v ¥
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The nominal compressive strength, P, of single-angle members shall be the lowest
value based on the limit states of flexural buckling in accordance with Section E3 or
Section E7, as applicable, or flexural-torsional buckling in accordance with Section
E4. Flexural-torsional buckling need not be considered when b/t < 0.71JE/F .

(a) For angles that are individual members or are web members of planar trusses
with adjacent web members attached to the same side of the gusset plate or chord
(1) For equal-leg angles or unequal-leg angles connected through the longer leg

I

(i) When Z < g0
T
Le 740752 (E5-1)
r Ia
s b
(i) When = < gp
ra
L (E5-2)
r T

{2) For unequal-leg angles connected through the shorter leg, L./r from
Equations E5-1 and E5-2 shall be increased by adding 4[(by/b ) — 1]. but
Lc/r of the members shall not be taken as less than 0.95L/r,.

(b) For angles that are web members of box or space trusses with adjacent web mem-
bers attached to the same side of the gusset plate or chord

(1) For equal-leg angles or unequal-leg angles connected through the longer leg

(1) When £ <75

i
L i L
E=60+0.8— (E5-3)
¥ ]
I
(i) When =~ 75
Ta
L =45 +£ (E5-4)
r a

(2) For unequal-leg angles with leg length ratios less than 1.7 and connected
through the shorter leg. L /r from Equations E5-3 and E5-4 shall be increased
by adding 6[(b;/hy)* — 1]. but L./r of the member shall not be taken as less
than 0.82Lfr

where

L = length of member between work points at truss chord centerlines. in. (mm)

L. = effective length of the member for buckling about the minor axis. in. (mm})

by = length of longer leg of angle, in. (mm)

by = length of shorter leg of angle. in. (mm)

g = radius of gyration about the geometric axis parallel to the connected leg, in. (mmy})
radius of gyration about the minor principal axis. in. (mm)

L5
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(a) For intermediate connectors that are bolted snug-tight

T ——

0 R T
[—] :\/[—J +li] (E6-1)
L - I - i J

(b) For intermediate connectors that are welded or are connected by means of pre-
tensioned bolts with Class A or B faying surfaces

(1) When £ <40
rl'

[" Le ] :{ Le. (E6-2a)

(2) When & =~ 40
I

|r L (E6-2b)
L F
where
[—‘] = modified slenderness ratio of built-up member
‘ll e
Le ) . - : ; - y
[—J = slenderness ratio of built-up member acting as a unit in the buckling
' Ja  direction being addressed
: = effective length of built-up member. in. {mm)
K; = 0.50 for angles back-to-back
=(L75 for channels back-to-back
= {186 for all other cases
d = distance between connectors, in. {mm)
i = minimum radius of gyration of individual component, in. (mm}
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The nominal compressive strength. Py. shall be determined based on the limit state
of exural buckling:

= For Ag (E3-1)

The critical stress. F,,. is determined as follows:

{a) When L <471 i (t':a'i*_:E.lﬁ]
r F; F,
' £
f;.r:(u.ﬁsxﬂ Fy (E3-2)
(b) When Le o 471 [£ (or 2 538
r F, F,
F.=0.877F, (E3-3)
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(a) For doubly symmetric members twisting about the shear center

.
R°EC,, J |
F,= + & E4-2
¢ { I 2 Iy +1y ( )

(74

The nominal compressive strength. Py, shall be determined based on the limit state
of [lexural buckling:

Pn= Fuf'le (E3-1)

The critical stress, F,,. is determined as follows:

(a) When is4.7| L) (or ﬁgz.zil
r £ F;
£
Fy = ‘U.ﬁSHF' Fy (E3-2)
(h) When Ly 471 £ (or 5 >2.25)
% F; Fe
F..=0.8T7F, (E3-3)
where
i = warping constant. in.® (mm®)
G = shear modulus of elasticity of steel = 11,200 ksi (77 200 MPa)
L 1y = moment of inertia about the principal axes, in.* (mm?)
J = torsional constant, in.* (mm*)
Le; = K.L; = effective length of member for buckling about longitudinal axis.

in. (mm)
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The nominal compressive strength. Py. shall be determined based on the limit state
of flexural buckling:

Prr = Fuf"p (E3-1 )

The critical stress. F_,. is determined as follows:

(a) When i <471 i (or 5::'_’.251
r £y F

Fy (E3-2)

E
For = ‘u_ﬁﬁxﬁ

(b) When Le o 471 [ tor 22 5 5738)

I v s

F.,=0877F, (E3-3)

I uwl#)‘ » Fcr @‘)?U ‘.)“"3 9 (a oo E4 ;«Jl?-) w?w UM;LJ .Ia;‘s) wl.w‘ » Fe g59‘..90)‘ GWLQS U’“‘"’ groe s ) (f
((E3 ) pied GiileS Lilgy el pZ j9mme 4 Cond (o LS g0

(a) For doubly symmetric members twisting about the shear center

2
N°EC,, J |
E = &5 E4-2

: ( L.} Ity (5

The nominal compressive strength. Py, shall be determined based on the limit state
of [lexural buckling:

Py="FyAs (E3-1)
The critical stress, F.., is determined as follows:
() When ig.i_ﬂ i (or ié'_’.lil
r F F;
20
For = ‘u_ﬁsxﬁ Fy (E3-2)
(h) When i =471 r (or 5 »2.25)
r ¥ ¢
F..=0.877F, (E3-3)
where
Cy = warping constant, in.® (mm®)
G = shear modulus of elasticity of steel = 11,200 ksi (77 200 MPa)
L 1y = moment of inertia about the principal axes, in.* (mm?)
J = torsional constant, in." (mm®)
L = K.L; = effective length of member for buckling about longitudinal axis.

in. (mm)
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The critical stress, Fip. 1s determined as follows:

() When Le <471 £ (or B <2.25)
r 3 F
E
) (u.bi&ﬁ Fy (E3-2)
{b) When £>4_?{ £ 'Wibljﬁ]
r Fy F.
£, =0.877F, (E3-3)

F. = clastic buckling stress determined according o Equation E3-4, as specified
in Appendix 7. Section 7.2.3(h), or through an elastic buckling analysis, as
applicable, ksi (MPa)

’E
= (E3-4)

5l

Fy = specitied minimum yield stress of the type of steel being used. ksi {MFa)

r = radius of gyration, in. (mm)
Py = Agchrl , Mpg = Zyle (¥V-1)
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TABLE B4.1b TABLE B4.1b (continued)
Width-to-Thickness Ratios: Compression Elements | | Width-to-Thickness Ratios: Compression Elements
Members Subject to Flexure Members Subject to Flexure
Limiting Limiting
Width-to-Tnickness Fatlo Widthto- | Width-to-Thickness Ratio
i Widthio- |3, 3 § Thicks % a
% ption of i [’ O | Description of ness ir
Element Ratio nlandar) E» Elemant Rotic | noncompacty | mienden)
10| Fianges of rolled 15 | Wabs of doubly '? .E
Isnapod soctors, | F - symmetrs |- e 378 570, 15
channeis, and o) 10,[= shapod soslions \F YFy
tees Fy § and chenneis
16 | Wabs of singty h [E H
11| Flanges of symmetric 3 il
wovenows | o | onfE |wmE| TL T ol " ot af| STy,
5 shapud built-up % VA 0 | >, )
sections =S = shy
12| Legs of single = _ £ 17 | Flanges of
anghs Bt 054 'FE 0.81 15 .‘;_b_f! iy il mmmlm Hs8 b 112 [E 140 £
v VA oy b 2= A0, =
E o [} 2 '] ¥ r
13| Panges of a3
Imu;';.dnmm bt o [E 10E o I i 18| Flange cover
and channeis In V5 Vo | e . i | |8] [pewsena ba 12[E | 10/ :
fisaure oot the g L__J7Te ||g| |dmstmgm pakes E . i
minor axk : g batwin s of : |
or
14 Stems of teas dt wﬂf 1_594:; Ta ek
¥ 18 | Wabs of =
rectangular ha 242 |E 570, [E
HSS and box VF VF
SBC10NE
() For flange or diaphragm plates in built-up sections, the width, b, is the distance | |20|Hourd HSS - 4 " g s
between adjacent lines of fasteners or lines of welds, oorg | e3E .
{d) For flanges of rectangular hollow structural sections (HSS), the width, b, is the ' W
clear distance between webs less the inside comer radivs on esch side. For webs
of rectangular HISS,  is the clear distance between the flanges less the inside cor- | | *'| T oo | mt || fE
ner radius on each side. If the corner radius is not known, b and A shall be taken ' qu p L] I
as the comesponding outside dimension minus three times the thickness. The S
thickness, 1, shall be taken as the design wall thickness, per Section B4.2. Wk 4 T, 8hill et be takan less than 0.35 nar graator than 0,76 for caloulafion purposes.
(c) For flanges or webs of box sections and other stiffencd elements, the widih, b, is | ¥ F S ST e e e e o Rannine, o armoc i
the clear distance between the elements providing stiffening, nencompire! web bull-up |shapod membors Wit Su/Se < 0.7, Whers S, Se = elesic secion maduis
. redemed in compression and lension flanges, respeciivety, In.® (mm?.
() For perforated cover plates, b is the transverse distance between the nearest line | &My is the momant a1 yielding of the extrems fioer. My = FiZ, plasiic bending moment, kip-in. {N-mm)), whers
of fasteners, and the net area of the plate is taken at the widest hole. i e o T e
Fy=apscifiad minimum yiald siresa, kal (MPa) PNA = plastic newiral axis
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TABLE D11
Limiting Width-to-Thickness Ratios for
Compression Elements for Moderately Ductile

TABLE D1.1 (continued)
Limiting Width-to-Thickness Ratios for
Compression Elements for Moderately Ductile

and Highly Ductile Members and Highly Ductile Members
Limiting Limiting
‘Width-lo-Thickness Ratio Width-to-Thickness Ratio
Width-in- At Lnd Width-1o- p g
D of [Tt Highly Ductile |  Moderatsfy Description ot |Th Highly Ductile | Moderalely
o L Members fle M Exampl Elament Ratio Members
By by
T [ =1 Webs of rolled or
built-up | shaped E
Flenges of rolied ar IS ! sl sections and it 157 A, 1.57 AP .
buillt-up -shaped a3 chanmngls used &5 ’ ¥ =
saciions, channels i 1 8 disgonal braces ~r |h
and tees; lags r1l é’ 2 L%
of singl ' —
ord:m bt O.MJ;E;; Mnlll_F L., f Whars usad
members with vFe RyF mima ar
- mne s
i ookt logs o i N fanges in inorm
i of eg in ¥ S ¥ H ]
i :]nmmnm i L 1o axial, flexure, or
combinsd axial and
-2 Meneuira: E
e E [E
kel [ 1) Walis of bt b v 1‘“\[ R.F
b mectangular HSS
_____ msl|
Finnges of H-pile ES ekt #) Flanges and
aactinns par " b | ot applicable 8 [ ! E side platas of
Section D4 vr 1 E bowad l-shapad At
et seclions, webs and
= o g flanges of buit-up
P bex shapes
Stems of iees dj 032 e A0 |— { d
" i Ay ! Whara Umm ForCps 0114 | Fot Cys0.114
=t i o finks, as webs. RS = [1—'mam1%_|1—sm]
Walls of rectangular (N 4 n flexure, or ¥ iy
;;i?swbn:u bft mhmdmddmd ch,.:ll-‘m For Gy x .71
§ b "~ [E sy 12 fn_(zuz -G
Flangas of boxed bt =Tt 1) Wabs of rolied bt "R VAes
I-shased sacions —‘[ or bulli-up -shaped wwlE |nwlE
. H seciions or VAFy A5
Hida plates of E [ E channels ™
baxed l-shaped 065 A 0.78 Y3 D whame whae
sactlons and walls it s s - 2) Side plates of bt _ LRFDY | o = P (LRFD)
& ki e ]I: },, boxed |-shaped =
shapes Usad as
dizgonal bracss mo‘l - " {9 J;,F. (ASD) -'Ft (asD)
up
Flanges of built-up B B -REA P = RF A,
bow shapes usad byt - bax sactions ¥
as |Ink baams !

TABLE D1.1 (continued)
Limiting Width-to-Thickness Ratios for
Compression Elements for Moderately Ductile

TABLE D1.1 (continued)
Limiting Width-to-Thickness Ratios for
Compression Elements for Moderately Ductile
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and Highly Ductile Members and Highly Ductile Members
¥ Fore-shapsd compression the limiting width ratin dor highty ductils membars for Limiting i
mmammmmnm‘r%m-mmfmhmmmmmmm; WidihAc-Thioknavs Retic
1) Buasking of the comprassion Memmber ooours AboUhe BIENe of the stem. s TT‘"‘"“‘ "m.::m o M"mﬁ
{2} The sl load 's &t o e anly the outsics facs of e fange of f1a g Bt Dol
e PSRN 1 1 BECERMTIE CONNECtion i fedlioed th numprmznmmn:upnlwm Element Ratle Members Members Example
i
-.16 Wabs of bul E E =
Farmmum'TmSMF syetema, whars C, (& less than o equal v 0.114, ha limiting ratis i, shal mumnzwp ap Q'Wd E I.TSJ E 3
mmzﬁ?w mmmlnmmmm;mmmc,mu 'E as EBF links AyFy A5
than or equal 1o 0,114, mmmmmmmmm‘h}— i S
r i ]
E |
H This iiting cismedtedc-thichrinss o of round HSS mombaars Used a8 banrms:or ealumne shel not axcsed bieho L hite | notappiicable "571||ﬁy_p-‘ = b
oorr-E, = Py,
i AFy =
E =modulus of atastclty of stesl = 29,000 ksl {200 000 MPs) E E W )
F, = spacifisd minimum yloid stress, ks (MPa) Walls of ound HSS | Dft T ey Wi
By = mquired adal sirength wsing ASD ioad combinations, kps (M) Ll L =
Fy = mequired edal strength wsing L RFD load combinations, idps (M) 1
?::mﬂudmamegdﬁlﬂmwhmiﬂndmmﬁwm
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The lateral-torsional buckling modification factor. C, for nonuniform moment
diagrams when both ends of the segment are braced is determined as follows;

I :ﬂ -'wauen'

Op= (F1-1)
2.5M o + 3My + 4Mpg + 3M
where
My = absolute value of maximum moment in the unbraced segment, kip-'m.
(N-mm)

My =absolute value of moment at quarter point of the unbraced segment,
Kip-in. (N-mm}

My =absolute value of moment at centerline of the unbraced segment,
kip-in. (N-mm})

M¢  =absolute value of moment at three-quarter point of the unbraced
segment, kip-in, (N-mm)

User Note: For doubly symmetric members with no transverse loading
between brace points. Equation F1-1 reduces to 1.0 for the case of equal end
moments of opposite sign (uniform moment). 2.27 for the case of equal end
moments of the same sign (reverse curvature bending), and to 1.67 when one
end moment equals zero. For singly symmetric members, a more detailed
analysis for Cp, is presented in the Commentary. The Commentary provides
additional equations for Cj, that provide improved characterization of the
effects of a variety of member boundary conditions.

For cantilevers where warping is prevenied at the support and where the free end
is unbraced. Cy=1.0.

Co s o o5 slo cJ> Y-F Jgu

abuly 31 C, ‘ L Sl puadk?
(Va-£) i
Al
VAT ’ﬂ‘“
M
s AT T
AL -M
TITVY +Mﬂ-|‘--r|\r
W“M
+ A
Vg
v 1 7
ViERY AT
‘ 1 T
Ve MM 0.5 Az
vy 7%
M -Af
M
/o AT T
W—voea —aM —aM
=1
u.>-l4>C = Wik
“r LAy M
3 wv/o - |; :]-
oSt = Cp=r—r— ad =1 M
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The nominal flexural strength, M, shall be the lower value obtained according to the
limit states of vielding (plastic moment) and lateral-torsional buckling.

Yielding
M,=M,=FZ, (F2-1)

where
F. = specified minimum yield stress of the type of steel being used. ksi (MPa)
Z, = plastic section modulus about the x-axis, in.' (mm’)

Lateral-Torsional Buckling

{a) When Ly < L, the limit state of lateral-torsional buckling does not apply.
(b) When Ly < Lp< Ly

M,= C,,[Mj, -(M,-07FS, }[ i”"i” H:: M, (F2-2)
il

(¢c) When Lp>L,
M,=F.,5: <M, (F2-3)

where
Ly = length between points that are either braced against lateral displacement of
the compression flange or braced against twist of the cross section, in, (mm)

For= +0.078 — (F2-4)

LYy Sohy

Tty

Cym’E |'] Je [ L ]3

fts |

= critical stress, ksi (MPa)
E = modulus of elasticity of steel = 29,000 ksi (200 000 MPa}
J = torsional constant, in.' (mm®*)
5, =elastic section modulus taken about the r-axis, in.” (mm?)
I, = distance between the flange centroids, in, (mm)

L. the limiting laterally unbraced length for the limit state of yielding, in. (mm),

E
Ly =1.76r, \{; (F2-5)

152
L;. the limiting unbraced length for the limit state of inelastic lateral-torsional
buckling. in. (mm), is:

; A [ » 32 .
By g B 2 ) +h_m[”-”-] (F2-6)
UTF\ é.\'”rr l -5_1'“” 4

where
ry = radius of gyration about y-axis, in. (mm}

g I\(‘I'I
i = ". (F2-T)
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and the coefficient ¢ is determined as follows:
(1) For doubly symmetric I-shapes
o= 1 (F2-8a)

(2) For channels

(F2-8h)

where
I, = moment of inertia about the v-axis. in.” (mm™)

User Note:
. and thus,

Foh?
4

For doubly symmetric I-shapes with rectangular flanges, C, =
Equation F2-7 becomes

2 _ Dby

7
Fs May he .'1|)|1|'nxi|11uled .'Jd.;tl.lruli:ly and L':nlls-it‘:["\-'uTi\’t:iy' as the radius of g}rruﬁml
of the compression flange plus one-sixth of the weh:

s =

/—cnmimcl
M, e

—NONCompact
N“.\ /

> 1.0
# (basic strength x Cy < M)

- —Cy, =1.0
=l (basic strength)
=
o
=
8 M,
T i
2 =0.7F, S
fi=|
3
=
i
s
E
£
z Plastic Zane Srplantic LT elastic LTB.
(LTA daes nof occur)
II_:‘! l]_.',. lL,

Unbraced length, L,
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The nominal flexural strength, M. shall be the lower value obtained according to the
limit states of lateral-torsional buckling and compression flange local buckling.

Lateral-Torsional Buckling

For lateral-torsional buckling. the provisions of Section F2.2 shall apply.

Compression Flange Local Buckling

(a) For sections with noncompact flanges

- ho— i
M, =M,-|M, -07FS, J[if (F3-1)
\ ‘.’}‘f.f G ;'“m' /
(b) For sections with slender flanges
QFL.S.
e (F3-2)

i 2

where ;
ki =-—=—=and shall not be taken less than 0.35 nor greater than 0.76 for calcu-
VI Jation purposes

h = distance as defined in Section B4.1b. in. (mm)
b

Ao==L
21y

by = width of the flange. in. (mm)

Iy = thickness of the flange, in. (mm)

Apr = Ay 1s the limiting slenderness for a compact flange. defined in Table B4.1b

Ay = A, is the [imiting slenderness for a noncompact flange, defined in Table
B4.1b

=

~0.7F, S«

Nominal Bending Strength, M,

compact flange non-compact flange  slender flange
— =
- i =038 £ b
Ay =038 P J.f
SN
I 1
""Fr Ay

Slenderness, A — b2y
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1. Compression Flange Yielding
My = RpMy, (F4-1)

where
M, = F,§,= yield moment in the compression flange, kip-in. (N-mm)
Ry = web plastilication factor, determined in accordance with Section F4.2{¢)i6)
8§, = elastic section modulus referred to compression flange, in.* (mm’)

2. Lateral-Torsional Buckling

{a) When Ly £ L. the limit state of lateral-torsional buckling does not apply.
(by When Ly <Lp <L,

.
My = Cp| RpeMye = (RpeM e = FL3: J[ = i | 7 R.M (F4-2)
) \ Ly - LFJ
€] When Ly = L,
My = F 8y < Rpe My, (F4-3)

where
(1) M. the yield moment in the compression flange, Kip-in. (N-mm), is:

M. = RS, (F4-4)

(2) Fep. the critical stress. ksi (MPa). is:

Fip = —t"“ E l+un?~c—J f—“] (F4-5)
[ L\ Sl \ 5
I

I e
For —£ <(,23, J shall be taken as zero,
)
where
I, = moment of inertia of the compression flange about the v-axis. in.
{mm)

{3) Fp.nominal compression flange stress ahove which the inelastic buckling limit
states apply, ksi (MPa), is determined as follows:

(i) When Su =0.7

S

Ei =0:7F {Fd-ta)

{ii) When <07

84

Fi = F\ 5 o =0.5F, {F4-6b)

i

where
; : ’ . 5 3
5 = elastic section modulus referred to tension flange, in.’ (mm’)

(4) Ly, the limiting laterally unbraced length for the limit state of yielding, in.

(mum} is;
JF
Li=Liln |— {F4-T)
7 NE

(5) L. the limiling unbraced length for the limit state of inelastic lateral-torsional
buckling, in. (mm), is:

E | J J
L =195n— + [ ] +6. ?ﬁ —F W (F4-8)
Fr\Seh,  \USeh, \ E )
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(00 Rpe. the web plastification factor, is determined as follows:

(i) When /I, =023

{a) When 'hi-:, A
L
M,
Rpe =L (F4-9u)
Mr_u'
{b} When e
= hpw
b
i M, H[ M, 1 A—A_In.. ] > M, (FA0b)
M;rr.' -'“}t' ) Ay — A J1'f:“
(it} When hofly £0.23
Ry =10 (F4-101
where
M, = F\Z,< 1.6F,S,
he =twice the distance from the centroid (o the following: the inside face

of the compression flange less the fillet or corner radius, for rolled
shapes; the nearest line of fasteners at the compression (lange or the
inside Taces of the compression Mange when welds are used, Tor buili-
up sections, in. (mm)
g
T
Jgme = A, the limiting slenderness for a compact web, given in Table B4.1b
hre = Ap the limiting slenderness for a noncompact web, given in Table

Bd.Ib

(T} 1y, the effective radius of gyration for lateral-torsional buckling, in. (mm), is
determined as follows:

(i) For I-shapes with a rectangular compression flunge

B
ﬂ=?l. (F4-11)
12 |+—rr-]
\j |L 6 ")
where
ay :ﬂ (F4-12)
bl

b = width of compression flange. in. (mm})
fi = thickness of compression flange, in. (mm)
tw = thickness of web, in. (mm)

(1i) For T-shapes with a channel cap or a cover plate attached to the compres-
siom [lange

i = radius of pyration of the flange components in flexural compression
plus one-third of the web area in compression due to application of
major axis bending moment alone, in. (mm)

3 Compression Flange Local Buckling

{u) For sections with compact flanges. the limit state of local buckling does not

apply,
th) For sections with noncompact flanges

A=A ;
M, = RP(-M'_\-( = {Hf,l-,'w_.t- —Fis }[ ‘—_JJJ] (F4-13)
Ao = dpf
(¢) For sections with slender Tanges
M= M (F4-14)
32

where
Fy is defined in Equations F4-6a and F4-6b

Ry is the web plastification factar, determined by Equation F4-9a, F4-9b or
F4-10
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4 iz z
= o and shatl not be taken less than (L35 nor greater than 0.76 for
VI sleutation purposes

=2

1-')"
Apj = b the limiting slendermess for a compact flange, defined in Table B4.1b
Ay = Ay the limiting slenderness for a noncompact tlange, defined in Table
B4 lh

4 Tension Flange Yielding
[a) When 8y 2 8. the limit state of tension flange vielding does not apply.

(b) When 5, < 5,
.‘H., = Rrrerr (F4-15)

where
My = F.5,= vield moment in the tension flange. kip-in. (N-mm)

R the web plastification factor corresponding 1o the tension flange yielding
limit state, is determined as follows:

(1) When £/l =023

(it When Iig;\m.
Iy
M
Rpp=—E (F4-16a)
My
fre
(i) When —= > Jp,
1
‘M, (M, 1. »
Ru= | Mo _ f’ E " Ahem | | ¥ (F4-16b)
| My M\, N o= ) | My
(2} When f/ly =023
Ry=1.0 (Fa-17)
where
M, = F.Z, = LOFS,
3 ke
te
g = A the limiting slenderness for a compact web, defined in Table
B4.1b
b = A the limiting slenderness for a noncompact web, defined in Table
B4.1b

= A,
W ooA—Aa |
A=A+ A+ A, Elastic stress Plastic stress

distribution distribution

.= 2y =15} b %
leSysd—4 w
L T T

Fig. C-F4.1. Elastic and plastic stress disteibuiions.

I, 8
Se="2: §,=
X . ar (}f -1.

M= B8 M_,, =P8y

(C-Fa-1) (C-F4-2}
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F6. I-SHAPED MEMBERS AND CHANNELS BENT ABOUT THEIR
MINOR AXIS

This section applies to [-shaped members and channels bent about their minor axis.

The nominal flexural strength. M),. shall be the lower value obtained according to the
limit states of yielding (plastic moment) and flange local buckling.

1. Yielding
M,=M,=F,Z, < 1.6F,S, (F6-1)

where
.5'_1 = elastic section modulus taken about the v-axis, in. (mm*)
Z, = plastic section modulus taken about the v-axis, in.* (mm*)
2. Flange Local Buckling
(a) For sections with compaet flanges. the limit state of flange local buckling does
not apply.

{b) For sections with noncompact flanges

A—Apr :
M, = M, —(M,-07FS,) — (F6-2)
g~ Apf
(c) For sections with slender flanges
M, = F..5 (F6-3)
where
.69
L (F6-4)

[ b ]-
fr )
b = for flanges of 1-shaped members, half the full flange width, by; for flanges of
channels, the full nominal dimension of the flange. in. (mm)
fi = thickness of the flange. in. (mm)

h

Ir

b

Apr = Ay the limiting slenderness for a compact flange, defined in Tuble B4.1b
At = Ar the limiting slendemess for a noncompact flange. defined in Table B4.1b
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F7. SQUARE AND RECTANGULAR HSS AND BOX SECTIONS

This section applies o square and rectangular HSS. and box sections bent about
either axis, having compact. noncompact or slender webs or flanges. as defined in
Section B4.1 for flexure.

The nominal flexural strength, My, shall be the lowest value obtained according to
the limit states of vielding (plastic moment), flange local buckling, web local buck-
ling. and lateral-torsional buckling under pure flexure.

1. Yielding
M,=M,=FZ (F7-1)

where
Z = plastic section modulus about the axis of hending, in.* (mm”)

2. Flange Local Buckling

{a) For compact sections, the limit state of flange local buckling does not apply.

(b} For sections with noncompact flanges

My=M,—(M, - ﬁ..si[ 3572, J% -40 ] <M, (F7-2)
s

where
§ = elastic section modulus about the axis of bending. in* (mm?)
B = width of compression flange as defined in Section B4_1b, in. (mm)

(c) For sections with slender flanges

Mp=F,5, (F7-3)
where
5. = effective section modulus determined with the effective width, b, of the
compression tlange taken as:

(1) For HSS

0.3
b=1921; el (F7-4)
_\. -‘]'f?f

(2} For box sections

.34
by =192y £ [1— &4 £ ] <h (F7-5)

F L prig\FR

e

Web Local Buckling
) For compact sections, the limit state of web local buckling does not apply.
ib) For sections with noncompact webs

F )
My =M, —(M,- 1—'_1..5'][ t).:ws%, /—E— ~0.738 J M, (F7-6)

where
= depth of web. as defined in Section B4.1b. in. (mim)

(¢} For sections with slender webs

(1) Compression flange vielding

My = Rpg F\S (F7-7)
(2) Compression flange local buckling
f"’f” = Rpg Fc-psllu' lF?‘Sl
and
L8 e
B & }E’L,‘ (F7-9)
B
i
where

RP.N’ is defined by Equation F5-6 with a,, = 2h./( b{;-l
k-=4.0
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User Note: When Equation F7-9 results in the stress, Fu, being greater than F,
member strength will be limited by one of the other limit states in Section F7.

User Note: There are no HSS with slender webs.

4. Lateral-Torsional Buckling

(a) When Ly < L. the limit state of lateral-torsional buckling does not apply.
{b) When Ly < Ly < L,

o s |
M= Gy [M,, — (M, - 0.7F, 5,) [H JJ < M, (F7-10)
r = |]J
{¢c) When Ly > L,
M, = 2EC JiAg <M
My =2 hLb}rf\- =My (F7-11)

where
Ag = gross cross-sectional area of member, in.> (mm?)
Ly, the limiting laterally unbraced length for the limit state of vielding. in. (mm),

152

VY (F7-12)

M,

L. the limiting laterally unbraced length for the limit state of inelastic lateral-
torsional buckling. in. (mm}. is:

Ly =0.13Er,

(F7-13)

User Note: Lateral-torsional buckling will not occur in square sections or
sections bending about their minor axis. In HSS sizes. deflection will usu-
ally control before there is a significant reduction in flexural strength due to
lateral-torsional buckling. The same is true for box sections. and lateral-tor-
sional buckling will usually only be a consideration for sections with high
depth-to-width ratios.
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F8. ROUND HSS

0.
This section applies to round HSS having D/r ratios of less than )455.

P

The nominal flexural strength, M,,, shall be the lower value obtained according to the
limit states of yielding (plastic moment} and local buckling.

1. Yielding
M,=M,=F,Z (F8-1)
2. Local Buckling

{a) For compact sections, the limit state of flange local buckling does not apply.

(b} For nencompact sections

0.021E

n= W'F E S (F8-2)
L [
(¢) For sections with slender walls
My =FerS (F8-3)
where
D = outside diameter of round HSS. in. (mm)
3 -
Fo= i'ml‘t: (F8-4)
2
4
I = design wall thickness of HSS member, in. (mm)
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G1. GENERAL PROVISIONS
The design shear strength, ¢, V. and the allowable shear strength, V,/ Q.. shall be
determined as follows:
ta) For all provisions in this chapter except Section G2.1(a)
$, =090 (LRFD} &, =1.67 (ASD)
thy The nominal shear strength, Vi, shall be determined according to Sections G2
through G7.
G2. 1-SHAPED MEMBERS AND CHANNELS
1. Shear Strength of Webs without Tension Field Action
The nominal shear strength. V,, is:
Vi = 0.6F A, Cy (G2-1)
where
F, = specified minimum vyield stress of the type of steel being used. ksi (MPa)
Aw= area of web, the overall depth times the web thickness, dr,., in (mm*)
{a) For webs of rolled I-shaped members with fifr, £ 2.24,/E[F,
o= LOD(LRFD) L, =150 (ASD)

and
Cii=1.0 (G2-2)
where
E =maodulus of elasticity of steel = 29,000 ksi (200 000 MPa)
I = clear distance between flanges less the fillet at each flange. in. (mm)
fy = thickness of web, in. {mm]

(h) For all other I-shaped members and channels
(1) The web shear strength coefficient. €. is determined as follows:
(i) When hi/n, L10JkEIF,
Cy =10 (G2-3)
where
h = for built-up welded sections, the clear distance between flanges,
in. (mm}

= for built-up bolted sections, the distance between fastener lines,
in. (mm}

(i) When i/t > 110 KE T Fy

_ LI0JKETR

= (G2-4)
hit,
5.34
4.00 + .1 T fora/h =1 ‘
(arny
) (C-G2-1)

be= 4.00 '
5.3+ —— forall=1
laihy
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(2) The web plate shear buckling coefficient, &, is determined as follows:

(1) For webs without transverse stiffeners
k=534

(ii) For webs with transverse stitfeners

=50 —2 (G2-5)
(a/n)
= 5.34 when a/h = 3.0
where

« = clear distance between transverse stiffeners, in. (mm)

2. Shear Strength of Interior Web Panels with a/l £ 3
Considering Tension Field Action

The nominal shear strength, V,, 18 determined as follows:

(a) When h/r, =1L 10JKE/F,

V, = 0.6F,A, (G2-6)

(b} When h/r, =110k EF,

(1) When 2A, (A +A5) 2.5, ithy. < 60 and hib, < 6.0

X 1-Ci>»
Vi =0.6F A, | Gt ————— (G2-T)

| —
L1SyI+(a/h)

[2) Otherwise

V, =06FA, |Cat =G - (G2-8)
1150 th+yf1+(arh)? ]

where
The web shear buckling coeflicient, C,2. is determined as follows:
() When /it/re <110JkE/F

Ta=1.0 (G2-9)

(i) When L10JKLE/F <lilt, = I.RT\II'A;,-EJF\-

. _LJKETF,
Con= (G2-10)

fid b
(iii) When n/1, > 137 (k. E/F,

NSILE (G2-11)

{-.l': — 3
(hfte) F

A = area of compression flange, in.* (mm?)

Az = area of tension flange. in.* (mm*)

B = width of compression flange, m. (mm)

Fa_.«, = width of tension flange, in. (mm)

k. is as defined in Section G2.1
The nominal shear strength is permitted to be taken as the larger of the values from
Sections G2.1 and G2.2.

G3. SINGLE ANGLES AND TEES
The nominal shear strength, Vi, of a single-angle leg or a tee stem is:

V= 0.6FDbiCys (G3-1)
where
C,> = web shear buckling strength coetficient. as defined in Section G2.2 with
h/t,=b/tand k,=1.2
B =width of the leg resisting the shear force or depth of the tee stem. in. (mm)
t =thickness of angle leg or tee stem. in. (mm)
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G4. RECTANGULAR HSS, BOX SECTIONS, AND OTHER SINGLY AND

DOUBLY SYMMETRIC MEMBERS

The nominal shear strength, V. is:

V, = 0.6F,A,C (G4-1)

For rectangular HSS and box sections
Ay =20, in7 (mm?)
Cyv» = web shear buckling strength coefficient. as defined in Section G2.2, with
hite=h/tand k, =5
ft = width resisting the shear force, taken as the clear distance between the flanges
less the inside comer radius on each side for HSS or the clear distance between
flanges for box sections, in. (mm). If the corner radius is not known. f shall be
taken as the corresponding outside dimension minus 3 times the thickness.
1 = design wall thickness, as defined in Section B4.2, in. (mm)
For other singly or doubly symmetric shapes
Ay = area of web or webs, taken as the sum of the overall depth times the web

thickness. o, in.” (mm’)
Cy> = web shear buckling strength coefficient, as defined in Section G2.2, with

hite=h/tand k, =5
fi = widih resisting the shear force, in. (mm)
= for built-up welded sections. the clear distance between flanges. in. (mm)
= for built-up bolted sections, the distance between fastener lines, in. (mm)
t =web thickness, as defined in Section B4.2, in. (mm}

G5, ROUND HSS
The nominal shear strength, Vy, of round HSS. according 1o the limit states of shear
vielding and shear buckling, shall be determined as:

Vrl = lr:'rAx"’f: [Gﬂ‘“
where
F . shall be the larger of
f = J00E (G5-2a)
e
Vol
and
B = eiis (GS-2h)

DY
(%)

but shall not exceed 0.6F,

A, = gross cross-sectional area of member, in.” (mm?)
D = outside diameter, in. (mm)

L, = distance from maximum to zero shear force, in. (mm)
= design wall thickness, in. (mm)

User Note: The shear buckling equations, Equations G5-2a and G5-2b, will con-
trol for D/ ¢ over 100, high-strength steels. and long lengths. For standard sections.
shear yielding will usnally control and F.. = (L.6F,.

G6. WEAK-AXIS SHEAR IN DOUBLY SYMMETRIC AND SINGLY
SYMMETRIC SHAPES
For doubly and singly symmetric shapes loaded in the weak axis without torsion. the
nominal shear strength, Vi, for each shear resisting element is:
V= 0.6F,b1C (G6-1)

where
Cya = web shear buckling strength coefficient, as defined in Section G2.2 with

Il = byl 2i5 for I-shaped members and tees, or /6, = by /1 for channels.

and &, = 1.2
#p = width of flange, in. (mm)
t; = thickness of flange. in. (mm}
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F, = 2400 kylom?® | F, = 3600 kg/erm’
IPE_|d (em)| by (em}| L {em) | L, (em) |r{em) | A jem?) | b fem') | | (em”) [S, (em?)| 8, (om™}| Z (em™) | Z, (em} | by (em) | Cutem®) | 4 (em*)| rtem) | L (em) | L (em) | L, (em)| L, fem)
80 | 8 | 456 (052 | 038 |05 | 764 | 601 | B49 | 200 | 369 | 225 | s7s | 748 | 1es | o086 | 1250 | 549 | 26v2 | w4z | 1mag
00| 10 | 55 |05 | 041 |07 | 103 | 17 159 | 342 | s78 | 376 | amo | 043 | 3535 | osa | 1481 | e3s [ 2783 | s21 | 1549
120 42 | 64 | 063 | 044 | 07 | 132 | 38 | 2r7 | 530 | ®E6 | 585 | 1342 | 137 | 8852 | 137 | 1724 | 743 | 3000 | 607 | 2ms
140 | 14 | 73 | o069 | 047 |07 | 184 | 541 | a49 | 773 | 1230 | ese | 1908 | 1331 | 1989 | 204 | 1968 | 849 | 3257 | s93 [ 2354
60| 16 | 82 | 074 | 05 |08 | 201 | es9 | 583 | 1086 | 1666 | 1190 | 2579 | 1526 | 3gre | 282 | 2900 | 46 | 3454 | 772 | 2826
160 | 1 | 91 | 08 | 053 |09 | 238 | 1320 | 101 | 1467 | 2220 | 1609 | 328 | w720 | varo | 2s2 | 2434 | 1055 | 3734 | 861 | 2749
200 20 R[] 085 056 1.2 2856 1840 142 184.0 28.40 2097 4383 19.15 13,018 5147 2847 1148 3936 815 222
220 | z2 | 11 |o0s2 | o058 | 12 | 334 | 2770 | 205 | 2518 | aver | 2733 | sv41 | 2108 | 22774 | 709 | 2929 | 1274 | 4309 | 1038 | 3208
240 | 24 | 12 | o098 | o062 | 15 | 391 | 3se0 | 284 | 3242 | 4733 | M60 | 7268 | 2302 | 37624 | 928 | 3476 | 1383 | 4586 | 1129 | M32
270 | 27 | 135 | 102 | 086 | 15 | 459 | s7e0 | 420 | 4280 | 6222 | 4605 | 9567 | 2588 | 70871 | 1194 | 3567 | 1552 | 49v2 | 1267 | 3759
00| 30 | 15 | 107 | or1 | 15 | 538 | 830 | sos | 5573 | mos3 | e021 | 1239 | 2n93 | 125379 | 1557 | 3950 | 1719 | 5398 | 1404 | 4108
30| 33 | 16 | 115 | 075 | 18 | 626 | 11770 | 788 | 7133 | 8850 | 7628 | 1515 | 31.85 | 199841 | 2054 | 4194 | 1821 | 5643 | 1486 | 4n2
60 | 36 | 17 | 127 | o8 | 18 | 727 | 162v0 | 1040 | 9039 | 1224 | o7az | 1889 | 3473 | 313605 | 2893 | 4470 | 1941 | 6036 | 1585 | 4807
aoo| 40 | 18 [ 135 [ oes | 21 | 845 [ 23130 | 1320 | 1957 | 1467 | 1238 | 2258 | 3865 | 482961 | 3743 | 4695 | 2028 | 6228 | 1658 | 4780
450 | 45 | 19 | 145 | ooe | 21 | 9sa | 23740 | 1680 | 1500 | 1768 | 1624 | 2728 | 4354 | 796207 | 5107 | 4909 | 2016 | 6471 | 1728 | 4584
so0 | s0 | 20 | 46 | 102 | 29| 196 | aszo0 | ziso | 1928 | 2140 | 2107 | 3322 | 4840 |4,253270| 7147 | 5.183 | 2204 | 6761 | 1800 | 5215
1550 55 | 21 [ 172 ] 101 | 24 | 134 [ 67120 | 2s70 | 2441 | 2543 | 26862 | 3051 | 5328 |1.BOMB71) 0474 | 5399 | 2200 | 6990 | 1670 | 5404
{eoo| 60 | 22 [ vo | 12 [ 24| 156 | coos0 | 3300 | 3060 | 3082 | 3376 | 4800 | 5610 |2560.829| 1390 | 5664 | 2392 | 7362 | 1963 | %685
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5| 3 15 045 04 048 21 25 0.38 05 074 168 | 0388 218 0ar 078 255 0.50 014 | 0509 | 108 | 213 | 3192 | 174 | 2129
3 33 o7 05 T s 639 53 1.3 25 426 | 26m 563 137 482 23 629 082 | 1166 | 1059 | 508 | 1,163 | 415 | 7754
d 2 055 | 05 (055 | 168 | 758 114 | 087 101 370 | 0857 | 4BS | 046 169 | 345 181 03 | CE?S | 1930 | 296 | 00T | 234 | 0T
4 35 ar 05 a7 g1 1 668 1.3 232 705 | 3078 Ba3 129 53 330 | 1526 | 091 | 1187 | 1032 | 532 | BO77 | 435 | 5420
5 25 UE | os 492 1648 248 | 0B 134 672 | 1473 B41 049 290 | 440 812 052 | 0B42 | 1150 | 365 | 4009 | 258 | Wr7
L

L]

28 o7 | oy 712 %64 812 137 247 | 1056 | 3753 | 1308 | 1.3 TAS | 430 | 3368 | 102 | 1288 | 1B | 530 | 6842 | 474 | 4588

i L] Lt‘ﬁ €2 318 451 0 15 1053 | 2158 1318 | 05 451 5480 483 ore 1002 | 1151 | 429 | a0 | 350 | 282
85 a7 ovs | o785 e ErS 141 142 26 1THY | 5072 | 2155 | 148 | 1037 | 8575 | 6005 146 1419 | 1138 | 647 | B0AZ2 | 534 A6 6
g | ¢s | ce

| ves | 138 o 223 158 293 | 4120 | Ba03 | 4322 | 04 | 7D | 895 | 4604 | 264 | 1580 | 1453 | 756 | 5103 | B17 | M3E
0s

| oe 1 106 154 145 267 | 2850 | 68381 06 | 104 | 1328 | TaD | 1808 200 1515 | 1948 | 631 | 5583 | 556 | 40
|

7 | W £33 168 303 | GOGT | M08 | 7315 | OTE | JI6T | 1190 | SA38 EE) 1843 | V163 | 818 | 050 | 654 343
204 5 7 175 iy B543 | 1475 | W32 | 050 | 3148 | 1300 | 1861 537 | 200 |1962| 900 | 5147 | T3S | A0
F 7] B3 184 356 1158 | 1830 | 13823 | o7 3740 | W95 | 3529 | BS7 | 2978 [ 162 | 887 | 5116 | RO | 3501
23 1350 | i4 192 | 375 | 1500 | 2244 | 1800 | 078 | 4500 | w690 | 5982 | 8% | 2346 | 1085 1035 | 3189 | 84S | 73

) 2m 354 1910 | 2695 | 222 | 08 | 56575 | 885 | 965 | 1123 | 2832 | 1167 | 1100 | 4252 | &8A | 3633
21 437 2445 | ™2 | 2931 085 | 6OT7 | 2075 ) 15625 | 1596 | 2670 | 1085 1178 | 5516 | 962 | 3832

ERET 1l d2) | 433 | 00 | W5 | 2596 | 088 | 8130 | 2270 ) 2350 | ST | 2 1985 | 1242 ] 5625 [ 1014 | 3929
wa | w| s 14 | (@M | 464 | M08 | 4774 | 4445 | 053 | 9800 | 2450 | 35183 [ 2420 | 3000 | nd | w5 | 88T | W] ang
Fo) i 25 15 243 S0 AddE | 5725 5318 | 085 1159 | 2650 | 5183 | 2971 | J 084 | 1983 | 1404 | 6085 | 1148 | 4275

27 | sor [ sma | eren | emo | ose | s [oman | vader | 3824 | 3356 | voes| vase | saon | 1218 asn
26 | 4mp | erad | eoes | mea? [ 108 | isas | 2025 | sozeer | s1so | 33er | 1ase| 1ea0 | eoez | 1ire | assz
24 | 4%s | v | rsoo | eoes | 110 | dee | 2940 | 120408 | 609 | 3301 | 113 ] 1393 | 6187 | 138 | 4378
23 | 4% | mmn | Med | Lo0) | Vo6 | 8529 | 9640 | 1s0ses | 5629 | 3405 | 1163 | t419 | S829 | nse| 4182
Taes | a0 | e | wia | | 014 | 195y | 3020 | amee | 7606 | 3702 | 1159 1560 | 433 | 1274 | 4a
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