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HNTB CORPORATION Made By: CMS 09/21/11 Job Number: 49633
Cleveland Innerbelt Checked By: CSE 09/22/2011 Page 1 of 56
Delta Leg K-bracing Design Back checked By: CMS 09/22/2011

Delta Leg Lateral K-Bracing Design - All Lateral Members
except those Adjacent to Piers AASHTO LRFD 5th Edition

. No. of load cases Number of cross sections

e Rolled Steel I Sections investioatin (vestioatin

e CL of web is oriented vertically (Y-Y axis) Vestigatng vestigating

e 7Z-7Z axis is perpendicular to web Nioads = 10 Neoogor = 1

Material Properties:
Fy := 50ksi Yield strength of steel (1)y = 0.95 Resistance factor for yielding
. . . in tension
Fy i= 65ksi Ultimate tensile .. ;= 0.80 Resistance factor for fracture A= 0 Nigads = 1
strength of steel u . .
in tension 0N . 1
E := 29000ksi Elastic modulus of steel . =090 Resistance factor for steel 1= Ve Nsections
R . compression
= B-0.385 Shear modulus of stecl bg = 1.00 Resistance factor for flexure
by = 1.00 Resistance factor for shear

Member Design Forces ®ep = 0.8  Resistance factor for shear in throat of fillet weld

P = axial force (+ = tension) L = 31.583fc nglmum unb%’aced length b?ndmg about Z

_ . . _ . bz, axis - Work point to work point. Top,
Mz = strong axis bending moment (+ = bottom tension) 1 . .
_ . ) upstation lateral at Pier 10 governs
My = weak axis bending moment Ly,
V = shear (+ = down) Lo = i Maximum unbraced length bending about Y
by, = axis - Work point to work point.

STRENGTH
aken from T187 HI.93 - CSI Lat Brace Force Comparison_CSE.xlsx dated 8/06/2011
p

To envelope live load effects between T187 and CSI Bridge models, the live load axial force and strong axis bending
moments were swapped out with the corresponding T187 live load effects in the STRENGTH load combinations. The
governing cases are shown below. Vu and Muy are taken from the T187 results since they were not provided with the CSI
Bridge results.

Also, since CSI forces provided did not specify "end" or "midspan" location, each load case is checked with a positive Muz
value (midspan) and negative Muz (end connection). This was deemed a conservative assessment to envelope the live load
effects from both models.

335 1 —201 21
3 3 3 3 o
610 5 -101 —17 End
341 14 —220 -5 End
422 -16 —145 8 End
p e \ il v I T I T tind
= = = - 1] = -1 :
U= 555 [P U 1 [ Uz = g0 [P Uy = o |F Mid
610 5 101 —17 I\Qd
341 14 220 5 Mid
Mid
422 -16 145 8 Mid
-345 ) -5 ) 98 ) 16 )
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SERVICE II - For slip check of end connections

To estimate the CSI SERVICE 1I force effects, conservatively multiply the STRENGTH loads by 0.80. This is greater than
the approximate ratio between SERVICE and STRENGTH max/min T187 forces. Also, the dominant forces for these
members are DL and LL. In comparing Strength I and Service 11 the maximum ratio between these loads is 0.80.

. Vsrvin = (08Vy) | [Msrvi, = 08My,
m m m m

M =08M
SRVHym Uym

Printed 9/29/2011 6:58 PM Delta Leg Lateral K-Bracing-
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Catwalk Design Forces

Catwalk DL and LL factored forces need to be added to the design forces above since they were not accounted for in the
structural analysis model.

Based on Sheet 73/83 from Unit2Steel-PlanSet dated 06/09/11, catwalk on lateral bracing is located in one extetior bay
and on only one side of each pier. For Piers 3-9, catwalk is located midway between girders 4 and 5. Pier 10, catwalk is
shifted towards girder 5.

Assume:

e  Catwalk is supported at midspan of all laterals.

e Use the worst case rotation of the lateral member (about its axis to be perpendicular to bottom flange of delta leg).
This would be the bottom most lateral rotation angle. This will maximize the weak axis bending in the member from

the catwalk.
0 = 25deg Angle of rotation to vertical axis of bottom most lateral member
Span,walk = 15t Max span of catwalk (conservative)
Whandrails -= 14-34plf-2 Handrail weight (From Delta Girder Catwalk Design, pgl)
—9.60lA Heavy duty grip 24" McNichols H-5509-W 9 gauge grip strut (Increased from
WoripstrutGrating *~ 7 p H-5510-W in Delta Girder Catwalk Design for large clear span)
801bf -2
WrailingPost = SPan ., rwalk = Llaerplt Post weight (From Delta Girder Catwalk Design, pgl)

WeatwalkDL = Whandrails ¥ WripstrutGrating * WrailingPost = 8.9467-plf

WeatwalkLL = 85psf-2ft = 170-p1f| Pedestrian live load on catwalk

PcatwalkDL = WcatwalkDL‘Spancatwalk = 0.8842-kip Concentrated DL from catwalk on lateral
PcatwalkLL = WcatwalkLL'Spancatwalk = 2.55-kip Concentrated LL from catwalk on lateral
Printed 9/29/2011 6:58 PM Delta Leg Lateral K-Bracing-
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STRENGTH Factored Catwalk Forces

STRENGTH I factored concentrated load
from catwalk on lateral. Conservatively
add effects of this on all STRENGTH
loads from T'187.

PeatwalkU = 1'05'(1'25'PcatwalkDL + l'75‘Pca‘[walkLL> = 5.8461-kip

P

catwalkUy = PcatwalkU'COS(e) = 5.2984-kip Factored catwalk force applied in vertical direction relative to axis
of lateral
PcatwalkUz = PcatwalkU-sin(G) = 2.4707-kip Factored catwalk force applied in horizontal direction relative to

axis of lateral at top flange

Lateral end connections to delta leg girders are partially restrained (PR) connections for strong axis bending but modeled
as fully fixed in T187. For catwalk load distribution to laterals, conservatively assume lateral is simply supported for
strong axis moment at midspan, but fully fixed for strong axis moment at ends. Assume pinned connections at end

connections to delta legs for lateral bending.

_PcatwalkUy'Lsz
M atwalkUz = 3 if m<4
m
PcatwalkUy'LbZO Max factored strong axis bending from
2 otherwise catwalk loading
MC&tW?llkUym = 0 f m<4
P catwalkUz'Lbz Max factorecll weak axis bending from
0 . catwalk loading
otherwise g
4
PcatwalkUy . _
Vca walkUy =~ 5 = 2.6492-kip Factored vertical shear from catwalk
P
catwalkUz . Factored lateral shear from catwalk
VC&tWﬂlkUZ = = 12353k1p
36in . Applied factored torque to lateral at catwalk
TcatwalkU = PcatwalkUz' ) = 3.706-kip-ft
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SERVICE II Factored Catwalk Forces
. SERVICE II factored concentrated load
PeatwalksRVII = 1'00'(1'00'PcatwalkDL - 1'30‘PcatwalkLL) = 41992:kip ¢ catwalk on lateral. Conservatively

add effects of this on all SERVICE II
loads from T187.
PcatwalkSRVHy = PcatwalkSRVH'cos(e) = 3.8058-kip F?(I:torec} catwalk force applied in vertical direction relative to axis
of latera

PcatwalkSRVHz = PcatwalkSRVH'Sin(e) = 1.7747-kip F a.ctored catwalk force applied in horizontal direction relative to
axis of lateral at top flange

“PeatwalkSRVITy Loz
M twalkSRVIT, = 3 if m<4
m

0 otherwise Max factored strong axis bending from

catwalk loading. Only inlude forces at ends
since we just need to check connections for
SERVICE II.

MearwalksRviry = |Okip-fe if m < 4

Okip-ft otherwise Max factored weak axis bending from
catwalk loading. Only inlude forces at
ends since we just need to check
connections for SERVICE II.

P catwalkSRVIIy _ _
Vv catwalkSRVITy = f = 1.9029-kip Factored vertical shear from catwalk
. PcatwalkSRVHz _ . Factored lateral shear from catwalk
VcatwalkSRVHz = ) = 0.8873-kip
36in Applied factored torque to lateral at catwalk

TcatwalkSRVIT = PeatwalkSRVIT, 5~ = 2:662-kip-ft
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Section Property Table

j=0..8 Number of data columns

prop_table :=
0 1 2 3 4 5 6 7 8
0 |SECTION" | "b_flange" | "t_flange" "t web" [ "d_total" "Cw" "J" "K" "k1"
1 "Sect 1" 11.95 0.79 0.6 35.55| 6.81-104 6.99 1.688 1.125 | W36 x 135
Define sections
sectj ;= |"Sect1" if i=0
"Sect2" if i=1

"Sect3" if i=2
"Sect4" if i=3

ti:= |1 if sect; = "Sect 1"
2 if sectj = "Sect 2"
' Row of Property Table for looking up
3 if sectj = "Sect 3" section properties

4 otherwise
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Section Dimensions:
te = prop_table _-in
fi prop— 1i,2

bfi = prop_tableri’ | in
tWi = prop_tableri’ 4in

dj == prop_'cableri 4in

E

b

. . 6
Cwi = prop_tableri Sm
e . 4

!, = prop_tableri’ 61n

fillet; ;= prop_table _in
i, 7

k1; == prop_tableri’ gl
Dj=dj—t-2
1

Gross Section Properties

A_ = tW Dl + 2tf bf
& i i

1 1

Flange thickness

Flange width
Thickness of web plate
Total depth

Warping constant

Torsonal constant

k dimension
k1 dimension

Depth of web

Vi =

&
bg. bg.
1 1
t b ._.2+ D_
£017 W P

zj == A

&

Ag= (39.263 )-in”

y = (17.775)-in

z = (5.975)-in

Gross Area -

Neutral axis (Z-Z)

from bottom

Neutral axis (Y-Y)

from left
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ry = (2.3955)-in r, = (13.9715)-in

2
tf.\\ d: 2 Moment of inertia
1 3 i 1 3 1\\ 4 .
I, = E-bf.-(tf_) R ) 2+ E'tw.-(Di) + 1y Diryi= 7 ) L, = (7664.2625)-in" about Z-Z axis
1 1 1 1 1 1 1
2 2
1 3 bfi\ 1 3 bfi\ Moment of inertia
I = —(be)te-2+trbe-|zi—— ) 2+|—= (Dj) + t, -Di+| zi — — about Y-Y axis
y, 12(@) f, £he A 2 ) 12(twi) (D)) t\vi i 4 2 ) ~ 4
Iy = (225.2993)-in
L I
S, = — % S, = (431.1821)-in’ Section modulus about Z-Z axis
_t. d J— S _ — z_t
i i~ Vi z_b o
1 Vi
.3
Sz_b = (—431.1821)-in
Iyi
S, =—
Y z
1 Sy = (37.707)-in° Section modulus about Y-Y axis
t, = Ty, = i i
1 1 Radius of gyration
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Member Design Forces with Catwalk Loads

Additional shear forces and stresses are minor by inspection relative to the bending moments induced and shear
capacities of the member and connection elements. Add effects of bending to the loads from T187.

First, compute the lateral flange bending from torsion using the flexural analogy.
See Table 8.6.1 from Salmon and Johnson, S#ee/ Structures Design and Behavior, 4th Edition

Eq 8.5.11 Salmon and Johnson

With ALy, =2.3825 and a = 0.5, concentrated torsion at midspan, Table 8.6.1 gives
0
0.6 - 0.76)
b= M'( Tz, = 2'0) +076 =0.6988 | 448 CHAPTERS TORSION
TABLE 8.6.1 8 VALUES, CONCENTRATED LOAD,
Interpolate Beta from Table 8.6.1 TORSIONAL SIMPLE SUPPORT

M.h = p{Tabl)

g _;T E
— al —=}= -H.;( atz=al
L

] B values

AL a=05 | a=04 | 4=03 | 2a=02 | a=01
0.5 0.98 0.98 0.98 0,99 099
1.0 0.92 0,93 0.94 0,95 0.97
20 0,76 0.77 0.80 0.84 D91
30 0,60 0.62 0.65 0.72 0.83
4.0 0.48 0.50 054 0.62 0.76
50 0.39 041 0.45 .54 0.70
6.0 033 .34 (39 0.47 0.65
8.0 0.25 0.26 0.30 0.37 0.55
10.0 0.20 0.21 0.24 | 031 0.48

Using flexural analogy for torsion, lateral bending moment from torsion acting on ONE flange is:

Mf_TCatwalkUm = ]0 f m<4
B'(TcatwalkU'0-5'0'5‘Lbzo

otherwise
do

STRENGTH 1 lateral flange bending moment at midspan
from torsion for one flange.

Mf_TcatwalkSRVHm =10 if m<4

0 otherwise
SERVICE II lateral flange bending moment at midspan
from torsion for one flange. Only inlude forces at ends
since we just need to check connections for SERVICE II.
Printed 9/29/2011 6:58 PM Delta Leg Lateral K-Bracing-
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Member Forces: Add catewalk force effects to those from T187

Mgy = [ff m<4

m

(MUZ +MC£1'CW3.H(UZ ) if MUz <0
m m m

My, otherwise

m
otherwise

(MUZ + MeatwalkUz ) if My, =20
m m m

MUZ otherwise

m

M = M +M +2M
M},)Nm Uym‘ catwalkUym f_TcatwalkUm

TcatwalkU'O'S'tWO

My = ‘VU ‘ + VeatwalkUz T Doty -
m m 0 Jo
m

MSRVHzm otherwise

otherwise

MSRVHZm otherwise

Revised factored strong axis bending moment with catwalk
forces. At ends, add fixed end negative moment only if
T187 shows a negative moment. At midspan, add simple
span moment only if T187 shows a positive moment.

Revised factored strong axis bending moment with catwalk
forces. Add only to midspan. Assume pinned at ends.

Revised factored vertical shear with catwalk forces. Include
St. Venant's torsional shear stress times the area of the web

(MSRVHZ + M2 twalkSRVIIZ ) if Mgryqr, =<0
m m m

(MSRVHZ + M2 twalkSRVIIZ ) if Mgryqr, 20
m m m

Revised factored strong axis bending moment with catwalk
forces. At ends, add fixed end negative moment only if
T187 shows a negative moment. At midspan, add simple
span moment only if T187 shows a positive moment.

TcatwalkSRVII'O'S'two

if m<4

VSRVHm = ‘VSRVHm‘ +VatwalkSRVIIZz T DO‘tWO‘

0 otherwise

Jo

Revised factored vertical shear with catwalk forces. Include
St. Venant's torsional shear stress times the area of the web.
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Connection Design Forcess (End Forces)
STRENGTH

m m

0 otherwise

m m

0 otherwise

MCUZ = MUZ if m<4
m m

0 otherwise

M = |M if m<4
CUym Uym

0 otherwise
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Member Design:
Net Section Properties:

db =1 iﬂ Bolt diameter

Webs - Staggered bolt spacing:

S 1= 3iﬂ Bolt spacing in webs
g = 3.125%

Average gage of web
bolt rows

Preliminary Connection properties - Assume connecting web only with two connection plates

Nb =4

Ledge = 2in

T Number of individual bolt columns

Lend_web = 2.5in

Edge distance

End distance to edge of web

Ap3 = (36.7556) in? Staggered net area
Ay = (36.3506) 'inZStaggchd net area
Ay = (35.888)-in® Straight net area
2 Gross area

Ag = (39.263)-in

Tensile Capacity (6.8)

tw.

1
Xbari = 0.5in + —

Leonn = (Nbr - 1)'SW

Xbari

Ui:ZI—L

conn

1

P, = min(q)y-Fy.Agi,q)u.Fu.Ani.Ui)

N Lend = 2in End distance for everything else
reT Number of bolts rows
2 2 2
Ay = A, — s d +Lin) N, P v, Staggered hown bel
= — 8- + —in + o+ 2t + -2 taggered net area shown below
nl, = “g b T G ain W T 23250 C W T 42750 W, &8
\ . 2 . 2 E 2
1. W W W W Staggered net area
A =A, —9|dy, +—-injt, + 2-t + 2t + 2.t + 2
n3, g ( b™g )tWI 4din - % 4325 Wi ' 4275m % 425m W thru RFIbolt
1) NET SE
A =A_, —5|dy,+—inj- . |
n2, = g (b g'") tw - AILURE PLANE
A = min( Anl‘_,AHZi,AIﬁi) | :

-l
. ———t b
1t

See Table 6.8.2.2-1 Case 2: Assume connection plate = 0.5 in

Assume 4 total rows of bolts

U = (09111)

P, = (1700)-kip

Shear lag reduction factor

Factored Tensile Resistance
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Compression Capacity (6.9)

Without Slender
Elements (Q=1.0)

With Slender
Elements (Q = 1.0)

Cross-Section

Potential Buckling

Applicable

Potential Buckling

Equations for P, and

Applicable

Mode Equation for P, Mode o
FB (6.9412-1) FB (6.9412-1)
and if K6 = K 0 (6.94.1.3-1) and if K6 = K4, (6.94.13-1)
TB Note: see also TR Note: see also
Article C6.94.1.3 Article C6.9.4.13
and: (69422-1)or
FLB (69422 or
(69422-Tor
(6.9422-8)
and/or: (69422-11)
WLB

Nonslender and Slender Member Elements (6.9.4.2)

Flanges:

pl_bucklingfi =
i

kfl = 0.56

E
ke |5 = (13.4866)
y

b £,

2
"Nonslender Flanges" if —— < k¢

(Table 6.9.4.2.1-1)

E
tfi i Fy pl_buckling = ("Nonslender Flanges" )

pl_buckling . = ("Slender Web" )

"Slender Flanges" otherwise
Webs: kwi = 1.49 (Table 6.9.4.2.1-1)
d — fillet-2 k E 35.884
————— =53.625 w | T (3988
tw y
d; — fillet;-2 E
pl_buckling . := [|"Nonslender Web" if ———— <k -|—
i tw, iy Ty
1
"Slender Web" otherwise
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Slender Member Elements (6.9.4.2.2)

Flanges: Unstiffened elements

Qg = | 1.0 if pl bucklingg = "Nonslender Flanges"
1 1
b
' '
2 E E 2 E
1.415 - 0.74-—- = if 0.56- = <— < 1.03- =
oAy y y
0.69-E .
5 otherwise
b
b5 )
2
F .| —
ey Q= (1)
1

Web: Stiffened elements

0.34
b. = |dj— fillet;2 if |1.92-t, - =] > dj - fillet;-2
Ci 1 ety 1 twl dl _ ﬁlletlz\ Fy 1 ety
Y. ) _
i d - fillet-2 = (32.175)-in
0.34 E .
- Tl t'-Z\ . F_ otherwise
i — nlleg y
tw, ) b, = (23.5075)-in
A g =ty (b )+ 2:tc b .2
ff, twi( ei) £7°F, Aegr = (32.9855)-in

NOTE TO CHECKER: THE EQUATION FOR Aeff DEFINED IN 6.9.4.2.2-9 OF 2010 AASHTO
[LRED DOES NOT SEEM CORRECT. AISC APPEARS TO DEFINE Aeff as the sum of (beff)*t not
(b-beff)*t as in AASHTO LRFD 2010. IF AASHTO IS USED HERE, Qa drops to 0.61. INCREASES IN
WEB THICKNESS RESULT IN LOWER Qs WHICH DOES NOT MAKE SENSE. USE AISC Aeff.

Q, = |1.0 if pl_buckling , = "Nonslender Web"
1 1
A
eff.
= (0.8401

! otherwise Q= ( )

&
Qi = QS{Q% Q = (0.8401)
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Limiting Slenderness Ratio (6.9.3):
Ky, Kip,)
1 1

= 0. 4.6.2.5 '
= BT ( ) Slenderness; := |"OK" if max <120
T T,
S "NG" otherwise
= 20.3448
7
KT,y o
Y~ 59.3305 Slenderness; = ("OK")
Ty

Compressive Capacity
Elastic Flexural Buckling Resistance (6.9.4.1.2)
B

>
K-Lbzi K-Lbyi\\

ri ryi )}

P : A
e_FB. g

1

P, pp = (3192.4624)-kip

max
z

Elastic Torsional Buckling and Flexural Torsional Buckling Resistance (6.9.4.1.3)

Assume diagonal of K-brace is a WT connected to web (not flanges) of this lateral member. In this case,
torsional unbraced length is twice the lateral unbraced length and torsional buckling is an applicable limit
state under compression. Take torsional unbraced length as full length of member - Lbz

A g

P, g = (1063.7033)-kip

Delta Leg Lateral K-Bracing-
Laterals_rev3 - CSI-RFI.xmcd
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Nominal Compressive Resistance

Poi = Qi’Fy'Agi Equivalent nominal yield resistance P, = (1649.2744 ) kip
Po, A
min(Pe FB.»Pe TB_) ) mm(Pe_FBi’Pe_TBi)
P, . = [|L0.658 I DN I > 0.44
- i P
1 L o.
1
(O.877-min(Pe R Pe TB_)) otherwise
- 1 - 1

P, = (861.8898)-kip

Factored Compressive Resistance

Pr_c. = Pn_c '(bc

1

: P, . = (775.7009)-kip
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I Section Z-Z Flexural Resistance (6.10)

Web Proportions (6.10.2.1.1)

di - th
1

Proportionsy, = |"OK" if ————— <150 Proportions, = ("OK")
i i

i

"NG" otherwise

Flange Proportions (6.10.2.2)

bf di - Z'tf.
Proportions; = ["OK" if —— < 12 Abp > ——— A te > Lt
i 2tp i 6 i i

1

"NG" otherwise

Proportionsg = ("OK")
i
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Web Bend Buckling Resistance (6.10.1.9)

Calculate Dc (depth of web in compression in elastic range) (D6.3.2)

Take Dcp as full depth of "web"

DC_ =d; - Z'tf_
i i
ki=72 Bend buckling coefficient k= (7.2)
0.9-E-k;
bend_buckling; := |"OK" if ————— > Fy
di— 24 ) bend_buckling = ("OK" )
i
tWi )
"NG" otherwise
Web Load Shedding Factor (6.10.1.10.2)
D, =dj— 2t Conservatively take Dc = full depth of web
i i
2Dty
N . E
Wcj bfi'tfi >‘rw =57 F_
}7
2:De.
) i
Rbi = |1.0 if < >\1,W
i
otherwise
awci \ 2 ‘Dci \ awci \ 2:D c \
— . - if 1-— . - <1
1200 + 300-a . ty ™w 1200 + 300-a,. ty ™w
i) i i) i )
1 otherwise
Ry = (1)
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Flexural Resistance of Compression Flanges about Z-Z axis (6.10.8.2)

Local Buckling Resistance (6.10.8.2.2)

E
Nof = 0.38-jF:y

Npf = 91516

= . i <
Fac b, = | R Fy 1 A < Apf

0.7:F) M, pf

.
. E Limiting unbraced
Lpi T 1'O'rti' }T length to achieve full
Y nominal moment
resistance under
uniform bending

Frlczi = min(Fnc_lb; ) Fnc_ltb;)
Fo, = (39.1587) ksi

A= 056 | —— A = 16.1196 Limiting slenderness ratio for noncompact
tf 0.7F tf
Ty flange
b
f.
X i
fi - z.tfi N = (7.5633) Slenderness ratio of compression flange

1-|1- . ‘Ry, -F_ otherwise
By )N = Npe| %Y flange .
Fnc b = (SO)kSI
Lateral Torsional Buckling Resistance (6.10.8.2.3)
br,
= : =10 Conservative
i D. )
1 i
12414 —-

E
L, =101 -
i 1 0'7Fy bending without consideration of compression

. i
Fcri = Fy if L \\2 > FY Elastic lateral torsional buckling stress
by. .
1 Fnc_ltbi = Rbi'Fy if Lbyi < Lpi
Tt )
i
) 0.7-Fy\ Lbyi - Lpi
. . 1-|1- . ‘C,Ry,-F, if L. <I; <L
Cb Rbl’Tf E F ) Lr - L b b1 y 1 pl byl ri
— 5 otherwise Y i P
Ly F_. otherwi
b}i\ et othenvise Local buckling resistance of compression
flange
r &
ti )

Limiting slenderness ratio for compact flange

Local buckling resistance of compression

Limiting unbraced length to achieve the onset of
nominal yielding in either flange under uniform

flange residual stress effects

Flexural resistance about Z-Z axis

MrZi = d)f'Fnczi'Sz_ti M., = (1407.044) kip-f4
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Flexural Resistance about Y-Y axis (6.12.2.2.1) of H Shaped Members

M:: 0.38- F_y )\pf = 9.1516 Limiting slenderness ratio for compact flange
Den= 0.83- | — Af = 19.989 Limiting slenderness ratio for noncompact
Fy flange
Mpy_ = I.S'Fy'Sy. Plastic moment of H section about weak Y-Y axis
i i
Mpyi Plastic modulus about Y-Y axis
ZyA = F
i y

= i <
Mny_ . 1\/[py1 if >\f1 = )\pf

S ) A —
}i\ fi >‘pf ) Local buckling resistance of compression
1-|1—-— -—|'FZ, otherwise f
Z, BV ange
i) 045 |—
Fy

My, = s My, M, = (235.6687)-kip-fi
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Shear Capacity (6.10.9.2)

Vpi = O'SS'Fy'Di'twi

Assume web is unstiffened:

Printed 9/29/2011 6:58 PM

D; E-
/v(;i = 11.0 1f — < F
1.12 | Ek
- |— if 1.12-
D;
twi
1.57 E k
—— otherwise
D)’
twi]
V. = d)VVp;Cl
1 1

< 1.40

m
= =~

v, = (591.078)-kip|
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Calculate Number of Bolts Required in Webs at Ends of Members (Assume A325 with threads excluded in
shear plane)

(6.13.1) Where diaphragms. cross-frames. lateral bracing.
stringers. or floorbeams for straight or horizontally curved
flexural members are included in the structural model used
to determine force effects. or alternatively. are designed
for explicitly calculated force effects from the results of a
separate investigation, end connections for these bracing
members shall be designed for the calculated factored
member force effects. Otherwise, the end connections for
these members shall be designed according to the
75 percent resistance provision contained herein.

Define connection resistance factors:

¢, =08 Resistance factor for A325 bolts in shear
d)bs =0.8 Resistance factor for block shear
d)bb =038 Resistance factor for bolt bearing

dp?
dy. = 1-in Bolt diameter of A325 bolt A, = T—

b b 4

Fop = 120ksi
Nsp =1 Number of shear planes

Bolt Shear Strength (6.13.2.7)

Ry = 048 Ap-F 1N R, = 36.1911 kipper bolt per shear plane

P

Bolt Hole Bearing (6.13.2.9)

Assume clear distance between holes or between hole and edge is less than 2d.

1.
dp + 1_6m 1 \ Min of clear end distance and
L. = min| L, dweb~™ 5 ,3-in — (db + T in ) Min between bolts
Rrbbi = dpp 1'2'Lc'twi'Fu'Nsp R = (72.54)-kip pet bolt per shear plane
Slip Resistance (6.13.2.8) K, = 1.0 Standard holes K, := 0.5 Class B Slip
P, = 51kip 1" dia A325 Ng =1 Number of slip planes
Rrslip = I<h'I<S'NS‘Pt Rrslip — 25'5.k1'p pet bolt per shp plane
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Number of bolts required for STRENGTH
‘PCU

m‘

s’

N = —
b_STR, mm(ZR Rrbbo)

Bolts required for STRENGTH -
Section 1 ceil(Nb STR =
- 0,m

ool |u
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Number of bolts required for SERVICE II - Slip Resistance

‘PSRVH ‘
m

N =
b_SRVIL
- 1,m 2ijslip

TN _ Bolts required for Slip Resistance -
Cel( b_SRVHO m ~ Section 1

6
10
6

Niotal = 1? J

10

0
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"

Number_bolts,, = |"OK" if Ntotal > max(ceiI(Nb STR ),ceiI(Nb SRVII ))
- 0,m - 0,m

"NG" otherwise

Number_bolts =

O (N|jojun|h|[WIN|[F|O
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Possible Block Shear Tear-Out Scenarios
Check Block Shear Rupture in Web (6.13.4)

Case 1:
Gross area along the plane resisting shear

A= T e sy |2 S i ' R
1 1

Net area along the plane resisting shear r

1
A1 =A g — (1.5 dy, +=inj-2: o |
ani Vgli ( )(b 3 ) f\V] -1

Gross area along plane subject tension

A

WIETSOr

1

Net area along plane subject tension

Sw

1
At = Al - (5)-(db + gm}fwi + @

) 2 ) )
Aygl = (102):in”  Aypy = (8.175)in Aggl = (15)-in A1 = (12.3)in
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Case 2:

BLOCK SHEAR

Gross area along the plane resisting shear

TEAR-OUT
= 21 .
AVgZi : Avgll n < [ IN WEB
_ = v
-, >
Net area along the plane resisting shear E 0
o © = o
AVﬂZI = Aan] 2 a © ™ ‘r:
Gross area along plane subject tension % Z = | @ o [
— Pr: e :.:\. :'; @ o 0
™~ o @
Atgn =ty (8) gy £ 3 c
i i —
Net area along plane subject tension
2 2 2 \—l
A A —7(a +Lin) > N, Y,
= —_ . + —1in - =+ o) —+ ). + ).
tn2, g2, b T 4ain T T 43.25in - %, 4275 tWi)

.2 .2 .2 .2
Agga = (102)in>  Aypy = (8.175)-in Agp = (15)-in Ay = (12.7626)-in
Case 3:
AV 3, = 1'W.'|:I“(:r1d_\:veb + (3)'SW 2 At 3 = tW.'(S)'gW
&2 i &2 i
. LY . N
Avn3i = AVg31 - (2) db + gll’ljztw Atﬂ3i = Atg3l —4. db + §1n)~tw
Aga=(138)in> A, a=(11.1)in’ A, = (15)-in” A, n = (12.3)-in
ve3 ~ : vn3 ~ : tg3 ~ tn3 = :
. BLOCK SHEAR
- avey  TEAR-OUT
" = ' IN WEB
SIS ETN
* _ .
E ==
b -
= )
% L'>: S|l - ouov-) s//‘))ci/? 1
- ;r:': |:: -.:Q & a o L ; 3
™ = o o ol A._)
[ +
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By inspection use Case

1

RrbslAi 0

RrbslBi = d)bs'Rp'(O'Sg'Fy‘Avgli + Ubs'Fu'Atnli)

Py bs. = RrbslBi if RrbslAi > RrbslBi

Reduction factor for holes taken equal to 0.9 for bolt holes punched full size and 1.0 for bolt holes

drilled full size or subpunched and reamed to size

Reduction factor for block shear rupture resistance taken equal to 0.5 when the tension stress is

non-uniform and 1.0 when the tension stress is uniform.

1

RrbslAi = d)bs'Rp‘(O'Sg‘Fu'Avnli + Ubs'Fu’Atnli)

Failure Plane 1

Block shear resistance -

P, 1,6 = (876.24)-kig

therwise

Printed 9/29/2011 6:58 PM

Delta Leg Lateral K-Bracing-
Laterals_rev3 - CSI-RFI.xmcd



HNTB CORPORATION Made By: CMS 09/21/11 Job Number: 49633
Cleveland Innerbelt Checked By: CSE 09/22/2011 Page 28 of 56
Delta Leg K-bracing Design Back checked By: CMS 09/22/2011

Axial Resistance Summary and Check

Tension

Block Shear - Tension Compression Length
Pr_t = (1700.2937)-kip Pr_bs = (876.24)-kip Pr_c = (775.7009)-kip Ly, = (31.583) ft
Bolt Strength Number of Bolts
Ntotal.min(ZRrs,Rrbbo) = 1085.7344-kipy N, sl = 15

Axial_Capacity_Checky, = |if PU > Okip
m

"OK" if min(Pr_t Py bs ,Ntotal-min(ZRrS,Rrbb )) > ‘PU ‘
0 0 0 m

"NG" otherwise

if Py < Okip
m

"OK" if min(Pr_CO,Ntotal~min(2Rrs,Rrbbo)) > ‘PUm‘

"NG" otherwise

Section 1

0
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"

Axial_Capacity_Check =

VI[N |Ah[W|N|[H]|O
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Shear Resistance Check

Shear_Capacity_Checky, := |"OK" if Vr > ‘VU ‘
0 m

"NG" otherwise 0

"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"

Shear_Capacity_Check =

O (N|jojnn|h~h|[WIN|F|O
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Axial and Flexure Interaction Check

DCy, = [if Py 2 Okip
m
if m<4
" Moey] [Mosy)) "
m m m m
. + + if — <02
2 mm(Pr_tO’Pr bSO) Mrzo Mry ) mm(Pr_tO’Pr_bsO)
Pl [ P
> 5 +§ I + Vi otherwise
min, , i
I ( £ty bso) 1z, ry )_
otherwise
Py ‘ ‘MUZ ‘MUV ) ‘PU ‘
m ‘m m
o + N N if — 5 P <02
min| , min| >
i ( r_to) 7, ¥ )_ ( r_t, r_bso)
Py ‘ ‘MUZ ‘MUy )
m m .
e +§ N v otherwise
min, §
i ( r_to) 17 BN )_
if Py < Okip
m
Poa] (ol Mo V) [P
m m m m
s v Vi if b <02
i r_cy 7 ¥ ) r_cy
o e o)
m 8 m m )
— otherwise
rc. o My, Mryo )
Axial_Flexure_Interactiony, := |"OK" if DC,, < 1.0
"NG" otherwise
0 0
0 "OK" 0 0.6017
1 "OK" 1 0.8373
2 "OK" 2 0.5602
3 "OK" 3 0.6166
Axial_Flexure_Interaction = | 4 "OK" DC =| 4 0.5802
5 "OK" 5 0.5553
6 "OK" 6 0.6388
7 "OK" 7 0.5105
8 "OK" 8 0.522
9 "OK" 9 0.7191
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Check Bolt Group in Web of Lateral for Combined Forces

Define bolt pattern: ji=0. (Nbr — 1) Row indicies in direction Al;/\:: 0.. (Nr - l)
of axial loading
Xy = j~sW X dimension of web bolts from left
k,j bolt line
N, =9
V. .= (12.5in) if k=0 Y dimension of web bolts from mid depth of
k,j beam and CL of connection

(8.5in) if k=1
(5.25in) if k=2
(2.5in) if k=3
(0in) if k= 4
(-2.5in) if k=5
(-5.25in) if k=6
(—8.5in) if k=7
(-12.5in) if k=8

bolty, = [if =0V j=2
0ifk=1vk=3vk=4vk=5vk=7

1 otherwise

if j=1

0 ifk=0vk=2vk=3vk=5vk=6vk=S8
1 otherwise

if j=3

0 ifk=0vk=2vk=4vk=6vk=38

1 otherwise

0 otherwise

Bolt indicies
perpendicular to
direction of axial loa

Nbr:4

Define bolt locations on grid lines
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Dimensions to actual bolts Xk,j = XWk i.bOIth j Yk,j = ywk i'bOhWk j
in web of lateral ’ ’ ’ ’
20 T T
101~ O O O O_
Yie O O O
— 0or O O O_
in O O
O O
~20 I I
0 5 10
Xk,]
in
4
3
NboltsPerRow. = Z bOhW . NboltsPerRow = Total number of bolts
] - k,j 4 per row
4)
NyebBolts = Z NboltsPerRowi =15 Total number of bolts per web
j
LCﬂd = Zin End distance to web connection plate edge
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Calculate Centroid of Bolt Group

ZXk,O+ZXk,1 +ZXk,2 + [ZXM\
K k k k )

Xcp = N Xh = 4.6-in From inside line of bolts
webBolts
YITED WD SRE)
K k k k ) , § .
Ve = ~ Veb = 0-in From mid depth of web
webBolts

Calculate Moments of Inertia of Bolt Group to Resist Bending in the Plane of the Web (Strong-axis bending of beam)

L, = ; [bOIth’O(Yk,O - ycb)2j| + ; |:b01twk, | (Yk’1 - ycb)2j| e = 1036.75-in2
+; [boltwk’ ) (Yk’ 9 — ycb)2:| + |:§ |:boltwk’ X (Yk, 3— ch)ﬂ:|

= |:boltwk J(Xko- ch)z} £y |:boltwk (X1 ch)2j| . = 177600
k ’ k ’
+Z |:boltWk Z(Xk’z - ch)2:| + |:Z |:b01twk 5 (Xk’3 - chfﬂ

k k

_ _ 2
Jp = Iy + Ly, = 121435+in

2 2 .
dboltWebk ; = \/(Xkai — ch) + (Yksi — ycb) Distance from CG to each bolt

dcritWeb = max(dboltWeb) = 13.3195-in Critical bolt distance from CG of group
(extreme top and bottom bolts)

dcritWeb_X = |X0,1 - ch| = 4.6:in

derieweb_y = |Y0,0 = Veb| = 12.5+in
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Horizontal bolt force + = right
STRENGTH Check - Compute shear in bolts: Vertical bolt force + = down

Additional moment due to eccentricity of shear. Treat like web splice

1

—in

Shear eccentricity: Take X
distance between from c.g.

shear_ecc_web := Xp t+ T + Lend_web = 7.35-in of bolt group to CL of
splice. 0
Max hotizontal bolt shear force
0 52.8576
‘PCU ‘ (‘VCU -shear_ecc_web + ‘MCUZ )'dcritWeb_y 1 59.1413
FHwebTopBolt = N = + — = 2 205881
m NyebBolts Jb 3| 528752
FlwebTopBolt =| 4 | 41.1041
5 0
6 0
7 0
8 0
9 0
Max vertical bolt shear force
‘VCU ‘ (‘VCU -shear_ecc_web + ‘MCUZ )'dcritWeb <
F = = + - - —
VwebTopBoltm Ny ebBolis Th 0
0 13.9755
1 9.8079
2 16.0678
3 12.8476
FVwebTopBolt = | 4 | 9.6715
5 0
6 0
7 0
8 0
9 0
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Max resultant bolt shear force

— 2 2
FRwebTopBolt = J (F HwebTopBolt ) + (F VwebTopBolt )
m m m

FRwebTopBolt =

Check max bolt shear forces against bolt shear strength and bolt bearing strength in web. Minimum
connection plates will be 1/2" thick so total thickness will be > web thickness; therefore, bearing at
bolt holes in connection plates will not govern.

Bolt_Strength .}, = |"OK" if max(FRwebTopBolt )s min(ZRtS,Rrbb)
m m 0

"NG" otherwise

0

54.674

59.949

58.8251

54.4137

42.2266

0

O/ (N|jojunn|h|[WIN|F|O

o|o|Oo]|Oo

-kip

Bolt_Strength

web =

0

IIOKH

IIOK"

"OK"

IIOKII

IIOK"

IIOKH

IIOKII

"OK"

IIOKH

VI[N |Ah[W|N|[H]|O

IIOK"
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SERVICE II Check - Slip resistance:

Max horizontal bolt shear force

‘PSRVH ‘ (‘VSRVH )‘dcritweb_y
m " m

F =
H_SRVHWCbTopBoltm N

-shear_ecc_web + ‘MSRVIIZ
m

webBolts J b

0
0| 41.8268
1| 46.8538
2| 44.8112
3| 41.8409
FH_SRVIIwebTopBolt =| 4 |  32.424| "kip
5| 37.7291
Max vertical bolt shear force 6 42.514
‘VSRVHm‘ (‘VSRVHm shear_ecc_web + ‘MSRVHzm )'dcritweb_x 7| 39.9267
FV_SRVITwebTopBolt_ = 7 + ] 8| 36.8353
webBolts b 9| 28.0842
0
0| 10.7927
1| 7.4586
2| 12.4665
3| 9.8904
FV_SRVITwebTopBolt =| 4|  7.3495| ‘kip
5| 7.3094
6| 3.6729
7| 8.0003
8| 5.2729
9| 3.5638
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_ 2 2
FR_SRVITwebTopBolt = j (FH_SRVHwebTopBolt ) + (FV_SRVHwebTopBolt )
m m m

Max resultant bolt shear force 0
0| 43.1968
1| 47.4437
2 46.513
3 42.994
FR_SRVIIwebTopBolt =| 4 | 33.2465| *kip
5| 38.4307
6| 42.6723
7 | 40.7203
8| 37.2108
9| 28.3094
Bolt SERVICEILgp, = |'OK" if max(FR_SRVIlwebTopBoltm) < 2Rygjip
"NG" otherwise
FR_SRVIIwebTopBolt
m —
2Rrslip 0
0.847 0] "OK"
0.9303 1] "OK
0.912 2| oK
0.843 3] oK
651 Bolt_SERVICEIL ., =[ 4 | "Ok"
0.7535 5| "OK'
0.8367 6] "OK
0.7984 7] oK
0.7296 8| "OK
0.5551 9] "OK
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Check Bolt Group in Delta Leg Stiffener for Combined Forces

Define bolt pattern:

X = §-2in
stk,j ]

Row indicies in direction
of axial loading

j:=20..4

X dimension of stiffener bolts
from left bolt line

(12.5in) if k=0
(8.5in) if k=1
(5.25in) if k=2
(2.5in) if k=3
(-2.5in) if k=4
(-5.25in) if k=5
(—8.5in) if k=6
(-12.5in) if k=7

beam and CL of connection

101060
0101

1

0

boltSt =

oS O
oS O

Dimensions to actual bolts
in web of lateral

20 T T

10~

- 101

YStk,j

in

O

-20
- 10

Bolt indicies
perpendicular to
direction of axial

loading

Y dimension of stiffener bolts from mid depth of

Define bolt locations on grid lines

NboltsPerRowi

NstiffenerBolts :

J

Lepg = 21in

= Z bOltstk j NboltsPerRow =13
k 9

Total number of bolts
per row

4)

= Z NboltsPerRowi = 19 Total number of bolts per web

End distance to connection plate edge
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Calculate Centroid of Bolt Group

X +ZX +ZX +ZX +ZX
; 4.0 - Y1 ) S4 3 S 4

> > >

k k k . = .. .
< - = 4.in From inside line
st_cb N
stiffenerBolts of bolts
Y, + Z Y. + Z Y + Z Y + Z Y,
Z 4.0 41 ) 4,3 .4
Ve b = k k k k k = 0.2763-in From mid depth of web
_ N .
stiffenerBolts

Calculate Moments of Inertia of Bolt Group to Resist Bending in the Plane of the Web (Strong-axis bending of beam)
. 2 ) 2
Ist_xb '_ Z [bOItstk’O(Ystk’O - yst_cb) } + Z [bOhstk, | (Ystk’1 - yst_cb) j|
k k
+ bolt Y -y 2+ bolt Y -y 2+ bolt Y -y 2
; Stk, 2( Stk, , 7 st_cb) ; Stk, 3 ( Stk, 3 st_cb) ; Stk, 4( Stk, 4 st_cb)

I 1387.8618-in>

st xb =

— _ 2 _ 2
Ist_}’b - Z [bOItstk’o(Xstk’O Xst_cb) } + Z [bOhstk, | (Xstk’1 Xst_cb) i|
k k
+N 7 | bolt,, (X - 214N | bole,, (X, - 214N bole,, (X, - 2
Z s 2( k.2 XSt—Cb) Z s 3( %, 3 XSt—Cb) Z sty 4( k4 XSt—Cb)
k b 2 k 9 L) 1( N N

2
Ly g = 160-in
_ _ 2
Jstb = Isg_xb + Lge_yp = 1547.8618+in

— 2 2 .
dboltStiffemerk i = j (Xstk | - Xst_cb) + (YStk i - yst_cb) Distance from CG to each bolt
deritStiffener = max(dboltStiffener) = 13.3878-in Critical bolt distance from CG of group
(extreme top and bottom bolts)
dcritStiffener_x = ‘XStO 0 ~Xst cb| = 4-in
dcritStiffener_y = Ysto 0 ~ Yst_cb| T 12.7763-in
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STRENGTH Check - Compute shear in bolts:

Forces are same as for web connection except with additional moment due to eccentricity of shear.

1

—in

shear_ecc := st _cb + T + Lend

Max horizontal bolt shear force

‘PCU ‘ (‘VCU )'dcritStiffener_y
m " m

-shear_ecc + ‘ MCUZ
m

Frye =
HstiffenerTopBolt
stttenerLopbotty, NstiffenerBolts Jst_b

= 6.25-ir) Shear eccentricity: Take X distance between
from c.g. of bolt group to CL of splice.

0
0| 41.7348
1| 46.5098
2| 44.6032
3| 41.5407
FHstiffenerTopBolt =| 4 | 32.2653| ki
5 0
Max vertical bolt shear force 6 0
‘VCU ‘ (‘VCU ‘shear_ecc + ‘MCUZ )'dcritstiffener_x 7 0
m m m
FystiffenerTopBolt ™= N * ] 8 0
stiffenerBolts st_b 9 0
0
0 9.7114
1 6.8855
2 11.1948
3 9.0065
FystiffenerTopBole = | 4| 6.7924] “kip
5 0
6 0
7 0
8 0
9 0
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Max resultant bolt shear force

F = |(F 24 (F 2
RstiffenerTopBolt -~ ( HstiffenerTopBolt ) +( VstiffenerTopBolt )
m m m

Check max bolt shear forces against bolt shear strength.

Bolt_Strength

FRstiffenerTopBolt =

0

42.8498

47.0167

45.9866

42.5059

32.9725

0

VI[N |Ah[W|IN|[F]|O

o|o|Oo|Oo

stiffener = |"OK" if maX(FRstiffenerTopBolt )S 2R
m m

Bolt_Strength

0

"OK"

llOKll

I|OKII

llOKll

stiffener —

llOKll

"OK"

llOKll

I|OKII

"OK"

O (N|jojun|h|[WIN|[F|O

llOKll

-ki
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SERVICE II Check - Slip resistance:
Max horizontal bolt shear force

PSRvII ‘ (‘VSRVH )'dcritstiffener_v
m + m ’

-shear_ecc + ‘ MSRVHzm

FH_SRVIIstiffenerTopBole_ =
m stiffenerBolts Jst_b

0
33.0493
36.8693

35.344
32.8941
25.4737| “kip
30.0325
33.6875
31.7907
29.2582
22.2918

FH_SRVIIstiffenerTopBolt =

O[N] h~h|[WIN|[F|O
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Max vertical bolt shear force

) ’ dcritStiffener_x

-shear_ecc + ‘ MSRVHzm

‘VSRVH ‘ (‘VSRVH
m " m

FV_SRVIIstiffenerTopBolt ™= Ty
m stiffenerBolts J st_b

7.4905
5.2298
8.6772
6.9266
5.1553| °k
4.9865
2.5056
5.4579
3.5972
2.4312

FV_SRVIIstiffenerTopBolt =

O (N|jojnn|h|[WIN|F|O

Max resultant bolt shear force

— 2 2
FR_SRVIIstiffenerTopBolt_ = J (FH_SRVHstiffenerTopBolt ) + (FV_SRVHstiffenerTopBolt )
m m m

0
33.8875
37.2384
36.3936
33.6155
25.9902
30.4437
33.7805
32.2558
29.4785

22.424

FR_SRVIIstiffenerTopBolt =

O (N|jojnn|h|[WIN|F|O
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Bolt holes in stiffener will be oversized. Reduce slip resistance for presence of oversized holes. (Table 6.13.2.8-2)

R lip_stiffener = Reslip

Bolt_SRVII

stiffener =
m

-0.85 = 21.675-kip per bolt per slip plane

"OK" if max(FR_SRVHstiffenerTopBoltm) < 2Ry dip_stiffener

"NG" otherwise

Bolt_SRVII

0
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"

stiffener —

O (N|joojun|h|[WIN|F|O
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Check Double Connection Plates (web splice plates):

1
twebConnPL = Ein Thickness of each
Connection Plate Section Properties: connection plate -
two total
dywebConnPI, = 2911

Depth of web connection plate

" , g2
Ag_webCP = tyebConnPL YwebConnPL = 14:5-in Gross area of single web connection plate

1
holeypcp = (db + Ein)‘twebConnPL = 0.5625-in Area of one hole in web splice plate

Net Section Failure Plane

NET SECTION
FAILURE PLANE

FOR TENSION/SHEAR
IN CONN. PL's

, 2-2in)?  4-(2in)?
An_webCP = (O'SS'Ag_vmbCP) if Ag_webCP — holey,cp'8 + 4-4in + 4.2 75in “YwebConnPL ~ 0'85'Ag_webCP

2.2in)°  4-Qin)> ,
Ag_WCbCP - hOleWCbCPS + 4411’1 + 427511’1 'tWCbCOIlﬂPL Otherwlse

5 Net area of web splice plate
Aﬂ_WGbCP = 10977311’1

1 3 4 . . .
IwebCP = E'twebConnPL'dwebConnPL = 1016.2083-in S;(t)csg moment of inertia of a single connection
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Tensile Capacity Check of Web Connection Plates (6.13.5.2)

U:=1 U=1 Shear lag reduction factor

P} tWebConnPL = min(d>y-Fy-2Ag_webCp,d)u'Fu'ZAn_WebCP-U) = 1141.6364-kif] ~ Factored tensile resistance
of web connection plates

TensiongepConnpr, = |"OK" i Py WebConnPL = Pcu

"NG" otherwise

0
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"

TensiongpconnPl, =

O (N|jojunn|h|[WIN|[F|[O
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Axial plus Flexural Stress Check in Web Connection Plates (6.13.6.1.4b)

At the strength limit state, the combined flexural and
axial stress in the web splice plates shall not exceed the

specified minimum yield strength of the splice plates times 0
the resistance factor. ¢, specified in Article 6.5.42.
’ 0 32.3849
d\VCbCOI’lI’lP] 1 33 4848
‘PCU ‘ (‘VCU -shear_ecc + ‘MCUZ )—2 :
fwebCP = ml m m 2| 34.7981
WEREPm T 240 Gebep 21 yebCP 3| 31.2595
fUwebCP_top =| 4 | 24.0901| “ksi
5 0
6 0
7 0
8 0
9 0
dwebConnPL
‘PCU ‘ (‘VCU -shear_ecc + ‘MCUZ )—2 0
fUwebCP_bot_ = —— 4 — =
U .
WebCPbot ™24, webep 21 b CP 0| 32.3849
1 33.4848
2 34.7981
3 31.2595
fUwebCP_bot =| 4 | 24.0901| ksi
5 0
6 0
7 0
8 0
9 0
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Axial FlexureyehConnpr, = |"OK" if maX( fUwebCP_top,_|- waebCP_botm‘ ) < &p Ty

"NG" otherwise

0
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"

Axial_FlexurewebC onnPL =

VI (N|joju|h|[WIN|[F|[O
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Shear Capacity Check of Web Connection Plates (6.13.5.3)

Rr_YwebConnPL = d)v'0.58'Fy-2A ¢ webCP = 841-kip Connection plate shear yielding resistance (2 plates)

RI'_RWCbCOﬂIlPL = d)uongpFuZAn_webCP = 6621491k1p
Shear_CapacitywebconnPLm = |"OK" if min(Rr_YWCbCOnnPL’Rr_RwebConnPL) > ‘VCUm‘

"NG" otherwise

0
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"

Shear_Capacity L ConnPI, =

O (N|joojun|h|[WIN|F|O
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Block Shear Capacity of Web Connection Plates (6.13.4)

Gross area along the plane resisting shear for one plate

— . 102 | N )=
Avg_webCP = tWebConrlPL'(Lend+2m'4)'2 = 10in mummmnillt= >N

Net area along the plane resisting shear for one plate 4

o _ . 2
AVﬂ_WCbCP = AVg_WSbCP — 25h01€webCP2 = 7.1875-in

Gross area along plane subject tension for one plate

— _ . 2
Atg_webCP = Ag_webCP -2 ‘Ledge'fwebConnPL = 12.5-in

Net area along plane subject tension

_ ~ )
Atn_webCP = Arl_webCP - 2'Ledge'twebConnPL + I-holey, pycp = 9.5398:in

Ribs A webCP = ¢bS-Rp-(o.58-Fu.Avn_WebCP.z + Ubs-Fu-Am_WebCP.z) = 1425.6864-kip

RibsB_webCP = d)bs‘Rp'(O'SS'Fy'AVg_W@bCP'2 + Ubs‘Fu'Atn_webCP'z) = 1456.1364-kip

Prbs_webCP = RrbsB_webCP if RrbsA_webCP > RrbsB_webCP = 1425.6864-kipy

RrbsA_webCP otherwise

Block shear resistance
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Check Delta Leg Stiffener Fillet Welds Exterior Delta Leg - Top Lateral with No Diagonal (At bottom radial
stiffener)
For interior delta legs, moment and axial force will be transferred to the adjacent lateral member through the flange and web
welds or directly to the diagonal. For the exterior legs, moment gets transferred to the delta legs and axial force directly to the
diagonal. For the top most lateral near the knuckle, assume no diagonal is available to resist axial force, which must be
transferred directly to the delta leg flanges.

First check the latter case, such that moment and axial force get transferred through the stiffener to flange welds. Shear gets
transferred through the web welds in all cases.

Fillet weld resistance (6.13.3.2.4) - _ 3. - -
Fexy = 05ks tweldTop = 3] dstiffener = 4811

b = 14in

stiffener *

kip
RI’WCldTOp = O6¢€2F€XXtWCIdTOp0707 = 13.7865-— Per weld

m

horiz_clipstiffen er = lin

| ‘PCU ‘ (‘VCU
m + m

-shear_ecc + ‘ MCUz
m

) Vert—dipstiffener := 3in

2 d

stiffener

(bstiffener — horiz_clip stiffener) 2

F =
WeldTopm

0

8.7821

13.1291

9.1453

9.9919

8.0041|
0

FWeldTop =

OIo(N|jojun|h|[WIN|[F|O

o|lo|o|oOo
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)

(bstiffener - horiz—Chpstiffener)'z 0
8.7821
13.1291
9.1453
9.9919
8.0041) -
0

-shear_ecc + ‘ MCUz
m

pes, ([
m + m

2 d

stiffener

FyeldBot =
m

FyeldBot =

O/ (N|jojunn|h|[WIN|F|O

o|o|Oo]|Oo

v,
m

FyeldWeb =
m

[(dsﬂffener = 2vert_clip stiffener)'z:l

0.4897
0.5374
0.6445
0.6683
0.5374( "~

mn

FyeldWeb =

VI[N |Ah[W|N|[F]|O
o

o|o|oOo]|O
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B

Stiffener_Welds_Topy, := |"OK" if max(

FWeldTop ‘ ’ ‘FweldBot
m m

FeldWeb ‘) < RrweldTop
m

"NG" otherwise

0
0 IIOK"
1 ||OK||
2 "OK"
3 IIOK"
Stiffener_Welds_Top =| 4 "OK"
5 IIOK"
6 "OK"
7 "OK"
8 IIOK"
9 ||OK||
Check Delta Leg Stiffener Plate Capacity at Top Lateral (Bottom Radial Stiffener at Knuckle)
totiffencr = 1.5in Use minimum radial stiffener thickness
Stiffener_thickness := |"OK" if tetiffener > Z'RvebConnPL = "OK"
"NG" otherwise
By inspection, stiffener as connection plate is OK.
Check Shear in Stiffener at Flange Welds
kip
R vStiffener = d)v'o'sg‘tstiffener'Fy - 43'5‘3
Shear_Stiffenerm = |"OK" if RI’VStiffCIlCI' > max( FWCldTOpm‘ , ‘FWCIdBOtm‘)
"NG increase stiffener size" otherwise
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0
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"
"OK"

Shear_Stiffener =

VI[N |Ah[W|IN|[F]|O

Check Delta Leg Stiffener Fillet Welds Exterior Delta Ieg -Tvpical Lateral with Diagonal Taking Axial I.oad

Fillet weld resistance (6.13.3.2.4)

5 .
= —in kip
fweldTyp = g ReeldTyp = 06 GcxFexy fyeldTyp 07107 = 6.8933:— 0
(|Veu,| shearecer|Mcuy, ) 0| 23398
E ) dstiffener ; ;2232
1dT = P .
WedioPy (bstiffener - horlZ—Chpstiffener)'z
3 1.8765 kip
FweldTop =4 1.3695 T
5 0
6 0
7 0
8 0
9 0
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|VCUm -shear_ecc+ MCUzm
E ) dstiffener
1dB = - :
weldboty, (bstiffener - honz—dlpstiffener)'z
0
v 0 2.3398
- ‘ CUm‘ 0 1] 1.3983
1dWeb = : ;
WEA [(dsﬂffener - Zvert—Chpstiffener)'z_ 0 0.4897 2 2.5876
1| 0.5374 3| 1.8765 Kip
2| 0.6445 FeldBot =| 4| 1.3695 T
3 0.6683 .
. _ kip > 0
weldWeb = | 4 0.5374| - in 6 0
5 0 7 0
6 0 8 0
7 0 9 0
8 0
9 0
Stiffener_Welds_Typp, := |"OK" if maX( FiveldTop ‘ ; ‘FweldBot ‘ , ‘Fweld\X/eb ‘) < RrweldTyp
m m m
"NG" otherwise
0
0 "oK"
1 ||OK"
2 "OK"
3 "oK"
Stiffener_Welds_Typ =| 4 | "QK"
5 "oK"
6 "oK"
7 "OK"
8 "oK"
9 ||OK"
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Check Delta Leg Stiffener Plate Capacity at Typical Intermediate Connections to Delta Leg

11

Lesiffomon =

|

bgirder_ﬂ = 45in

Check Projecting Width (6.10.11.1.2) Masx delta leg flange width

g . g ' " " g 3 DO bgirder_ﬂ " "
Stlffener_Pro]ect1ng_W1dth = OK" if bstiffener > 2.0in + % A l6.tStifan€r > bStiffCﬁCI' > T = "OK
"NG" otherwise
Check Shear in Stiffener at Flange Welds
kip
Ruwstiftonan= Pv0-38 tytiffener Fy = 25375 —
Shear_Stiffener = |"OK" if RI’VStiffeIle > rnax( |FW€1dBOt| 9 |FW€1dT0p|) = "OK"
"NG increase stiffener size" otherwise
Check Bolt Hole Bearing in Stiffener with Oversized Holes (6.13.2.9)
Assume clear distance between holes or between hole and edge is less than 2d.
lin + —in Clear end distance. Contractor
L =L 16 wants 1 3/16" oversized holes in 1 0
c_stiffener *= “end 2 ply of each connection 0 "OK"
. 1 ||OK"
Rrbb_stiffener = (bbb‘1'2'Lc_stiffener'tstiffener’Fu'Nsp = 76.7813-kip 5 "OK"
per bolt per shear plane
Bolt_Beari = |"OK" if F <R ) Aol
olt_ earmgstlffenerm = i maX( RsuffenerTopBoltm) = “rbb_stiffener Bolt_Bearing icrener = | 4 | "OK"
"NG" otherwise 5 "OK"
6 "OK"
7 "OK"
8 "oK"
9 ||OK"
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