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1-Stringer Standard Diaphragm Connection

Unit 2 (Lateral Bracing Revision)

Connection Geometry

Negl =
Scol =
Srow =
gap =

dedge =

Npoit =
=

I, =
Ip=
eh=
ev=
Xmax =
Ymax =

rmax =

Bolt Capacity

3
325 in
3.875 in
050 in
2.00 in
21
8519.2 in?
553  in?
8574.6 in?
1.55 in
16.86 in
1.55 in
36.33 in
36.4 in

Factored Member Forces

Service Il

Bolt Forces
Service |l
TotalM =M, +V,e=
M*ymax“p =
Fx = Pu/nbult =
Fy,=
M*Xmax/lp =

Resultant F =

Fy = Vu/nboll =
F,=

9673
41.0
0.3
413
1.7
1.3
3.1
414

kip
kip-ft
kip

Kip-in
kip
kip
kip
kip
kip
kip
kip
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(TYPE A)

Slip Resistance (6.13.2.8) 41.4 kip < 43.4 kip, OK

R = Ky"Ks"™Ns™Py

Ky = 0.85 Oversize holes (Table 6.13.2.8-2)

K = 0.5 Class B Surface (Table 6.13.2.8-3)

N = 2

P, = 51 kip (Table 6.13.2.8-1)

s = 1.00 (6.13.2.2)
¢R,= 4335

N:\496323\Bridges\Design\Final Design\Unit 2\Excel\Diaphragms\final forces\LateralBracingRevision\RF| calcs\[PL_diaphragm connection.xlsx]1-Str Std Service
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1-Stringer Standard Diaphragm Connection

Ip calculation knee-brace bolt row = 3.4500 in
column 1 column2 column3 {from Ixi lyi
distance from  C&ntroid) Yoarl
centroid (dy) dx

row 1 1 26.54 1409.2 5.3 19.375 9 345 62.875
row 2 1 1 22.669 1027.8 53 15.50 9 345 59
row 3 1 1 18.794 706.4 53 11.63 9 345 55.125
row 4 1 e 14.919 2226 2.4 7.75 9 34.5 51.25
row 5 1 1 11.044 243.9 5.3 3.88 9 345 47.375
row 6 1 1 7.169 102.8 53 0.00 9 34.5 43.5
row 7 1 -1.831 34 2.9 345 34.5
row 8 1 -5.281 27.9 2.4 31.05 31.05
row 9 1 -8.731 76.2 2.9 27.60 27.6
row 10 1 -12.181 148.4 2.4 2415 2415
row 11 1 -15.631 244.3 2.9 20.70 20.7
row 12 1 -19.081 364.1 2.4 1725 17.25
row 13 o | -22.531 0.0 0.0 13.80 13.8
row 14 1 -25.981 675.0 2.4 10.35 10.35
row 15 1 -29.431 866.2 2.9 6.90 6.9
row 16 1 -32.881 1081.2 2.4 345 3.45
row 17 1 -36.331 1319.9 29 0.00 4.441E-15
row 18 0.0 0.0 0
row 19 0.0 0.0 0
row 20 0.0 0.0 0
row 21 0.0 0.0 0.00
row 22 0.0 0.0 0.00
row 23 0.0 0.0 0.00
row 24 0.0 0.0 0.00
row 25 0.0 0.0 0.00
row 26 0.0 0.0 0.00
row 27 0.0 0.0
row 28 0.0 0.0

Total # bolts = 21 8519.2 55.3

Ip= 8574.6

xbar= 1.548 in
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1-Stringer Standard Diaphragm Design

(AASHTO 6.13.4)

Block Shear Factor, ®,

Age =
Any =

Anl

R:

Check web for connection (Final Forces)

Check for Block Shear

Horizontal Force =
Resultant factored force =

Yielding in gross section, @, =
Fracture in net section, ®u =

(Use thickness of kneebrace, conservative)

web thickness =
Bolt hole dia. =
Rows of Bolts =
Columns of Bolts =

Length of Block Shear Failure Planes

Gross Vertical Length =
Gross Horizonal Length =
Net Vertical Length =

Net Horizonal Length =
Fy=

Fu=

= 0.80
Ry = 1.00
Ups = 0.50
Block Shear
Harizontal Force
3.28 in®
2.23 in®
= 8.59 in?
= 290.6 K

OK for Block Shear

153.0
153.00

0.95
0.80

0.6250
1.1250
6
2

19.375
5.25
13.75

3.56
50.0
65.0

kips
kips

in
in

in
in
in
in
ksi
ksi

Rr = @ R(0.58*F A+ UpsF yAun) <PpsRy(0.58*F yAyg +UpsF )

Check for Bearing Resistance at Bolt Holes

For bolts spaced at a clear distance between holes not less than 2.0d
and with a clear end distance not less than 2.0 d:
Bolt Capacity = PR, = 2.4dF t (eqn. 6.13.2.9-1)

If either the clear distance between holes is less than 2.0d, or the clear
end distance is less than 2.0d:

Bolt Capacity = @R, =® 1.2LF,t (eqn. 6.13.2.9-2)

¢ = 0.80
Fy 65 (Grade 50, AASHTO 6.4.1-1)
t= 0.6250 in
d= 1.000 in
End clear spacing=_ 1.6 in
clear Bolt spacing = 213 in
L= 1.69 (shear planes)
PR, = 65.81 kips/bolt
Max Resultant force on bolt = [7756.20 " kips

Check Bearing at Bolt Holes = oK

Need to change web End Clear distance from 2" to 2.25"

N:\49633\Bridges\Design\Final Design\Unit 2\Excel\Diaphragms\final forces\LateralBracingRevision\RF| calcs\[Diaphragm_connections.xIsx]1Str web
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1-Stringer Standard Diaphragm (Final Forces)

Stiffener/Connection Plate Design

(AASHTO 6.13.4)
Check for Block Shear
Check failure plane of bolts in diaphragm only (not including knee-brace,

conservative) Vertical Force = 148.0  kips
Horizontal Force = 153.0  kips
Resultant factored force=  212.9  kips

Yielding in gross section, ®, = 0.95

Fracture in net section, ®u = 0.80

(Assume 3/4" thickness, conservative)

thickness= 0.750 in
Bolt hole dia. =  1.2500 in
Rows of Bolts = 6
Columns of Bolts = 2
Length of Block Shear Failure Planes
Gross Vertical Length=  19.38 in
Gross Horizonal Length = 5.25 in
Net Vertical Length= 13.13 in
Net Horizonal Length = 3.38 in
Fy= 50.0 ksi
Fu= 65.0 ksi

Rr = @R, (0.58"F A+ UpsFuAn)S®psR(0.58*F A g+ UpsF uAr)

Block Shear Factor, @, = 0.80
R, = 1.00
Ups = 0.50
Block Shear
Horizontal Force

Agy = 7.88 in?

A = 5.06 in®

Ag = 9.84 in?

R, = 408.6 k

OK for Block Shear

Check for Bearing Resistance at Bolt Holes

For bolts spaced at a clear distance between holes not less than 2.0d
and with a clear end distance not less than 2.0 d:

Bolt Capacity = PR, =P 2.4dFt (eqn. 6.13.2.9-1)

If either the clear distance between holes is less than 2.0d, or the clear
end distance is less than 2.0d:

Bolt Capacity = ®R, =® 1.2LFt (eqn. 6.13.2.9-2)

®= 0.80
Fu= 65 (Grade 50, AASHTO 6.4.1-1)
t= 0.7500 in
d= 1.000 in
End clear spacing = 1.38 in
clear Bolt spacing = 2.00 in
L= 1.38 (shear planes)
OR, = 64.35 kips/bolt

20117 kips

e

Max Resultant force on bolt =

Check Bearing at Bolt Holes = OK

N:\49633\Bridges\Design\Final Design\Unit 2\Excel\Diaphragms\final forces\LateralBracingRevision\RF| calcs\[Diaphragm_connections.xIsx]1Str Std stiffener
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NY check
Type B Diaphragm Connection
Unit 2 (Lateral Bracing Revision) Factored Member Forces
Connection Geometry Service ||
P,= -176.4 kip
M, = 2078.0 kip-ft
Mooy = 3 V.= -154.0 kip
Scol = 3.25 in

Srow = 3.250 in
gap = 0.50 in
dedge = 2.00 in

Npop = 47
k= 32800.1 in?
=" 1215 in?
b= 329216 in?
eh = 1.59 in
ev= 3240 in
Xmax = 1.59 in
Ymax =  46.35 in Bolt Forces
Tmax = 46.4 in
Service Il
TotalM =M, +V,*e = 27743 kip-in
M*ymax"‘lp = 39.1 kip
Fx = PulNpoy = 38  kip
Ex= 42.8 kip
M*Xmax”p o 1.3 kip
Fy . Vu"nboll = 33 klp
Bolt Capacity F,= 4.6 kip
ResultantF= 431  kip
43.1 kip < 43.4 kip, OK
Slip Resistance (6.13.2.8)
Ry = K *KNSP,
K, = 0.85 Oversize holes (Table 6.13.2.8-2)
Ks = 0.5 Class B Surface (Table 6.13.2.8-3)
Ng = 2
Py = 51 kip (Table 6.13.2.8-1)
bs= 1.00 (6.13.2.2)
¢R, = 43.35

N:\49633\Bridges\Design\Final Design\Unit 2\Excel\Diaphragms\final forces\LateralBracingRevision\RFI cales\[PL_diaphragm connection.xIsx]Delta (TypeB) Service
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Type B Diaphragm Connection
Ip calculation knee-brace bolt row=__ 1.7140 in
column1 column2 column3 (from Ixi lyi
distance from  Centroid) Yoarl
centroid (dy) dx
row 1 1 1 40.52 1.63 3284.0 53 52 10.875 23.996 86.871
row 2 1 1 37.271 1.625 2778.3 53 48.75 10.875 23.996 83.621
row 3 1 1 34.021 1.625 2314.9 5.3 45.50 10.875 23.996 80.371
row 4 1 1 30.771 1.625 1893.8 53 42.25 10.875 23.996 77121
row 5 1 1 27.521 1.625 1514.9 5.3 39.00 10.875 23.996 73.871
row 6 1 1 24.271 1.625 1178.2 5.3 35.75 10.875 23.996 70.621
row 7 1 1 21.021 1.625 883.8 53 32.50 10.875 23.996 67.371
row 8 1 1 17071 1.625 631.6 5.3 29.25 10.875 23.996 64.121
row 9 1 14.521 1.625 2109 0.0 26.00 10.875 23.996 60.871
row 10 1 1 11.271 1.625 2541 53 22,75 10.875 23.996 57.621
row 11 1 1 8.021 1.625 128.7 5.3 19.50 10.875 23.996 54.371
row 12 1 1 4.771 1.625 455 5.3 16.25 10.875 23.996 51.121
row 13 1 1 1.521 1.625 4.6 53 13.00 10.875 23.996 47.871
row 14 1 1 -1.729 1.625 6.0 5.3 9.75 10.875 23.996 44621
row 15 1 1 -4.979 1.625 49.6 5.3 6.50 10.875 23.996 41.371
row 16 1 1 -8.229 1.625 135.4 53 3.25 10.875 23.996 38.121
row 17 1 1 -11.479 1.625 263.5 53 0.00 10.875 23.996 34.871
row 18 1 -22.354 1.625 499.7 2.8 23.996 23.996
row 19 1 -24.068 1.625 579.2 2.5 22.28 22.282
row 20 1 -25.782 1.625 664.7 2.8 20.57 20.568
row 21 1 -27.496 1.625 756.0 25 18.85 18.85
row 22 1 -29.210 1.625 8563.2 2.8 17.14 17.14
row 23 1 -30.924 1.625 956.3 2.5 15.43 15.43
row 24 1 -32.638 1.625 1065.2 2.8 13.71 13.71
row 25 1 -34.352 1.625 1180.0 2.5 12.00 12.00
row 26 i -36.066 1.625 0.0 0.0 10.28 10.28
row 27 1 -37.780 1.625 1427.3 2.5 8.57 8.57
row 28 1 -39.494 1.625 1559.7 2.8 6.86 6.86
row 29 1 -41.208 1.625 1698.1 2.5 5.14 5.14
row 30 1 -42.922 1.625 1842.3 2.8 3.43 3.43
row 31 1 -44 636 1.625 1992.3 25 1.71 1=
row 32 il -46.350 1.625 2148.3 2.8 0.00 0.00
row 33
Total # bolts = 47 32800.1 121.5 Zpard Ni /N= 14
lp= 329216

xbhar= 1.590 in
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Delta Diaphragm Design (Lateral Bracing Revision)
Check web for connection

(AASHTO 6.13.4)
Check for Block Shear

Horizontal Force = 533.0  kips
Resultant factored force = 533.00 kips

Yielding in gross section, ®, = 0.95
Fracture in net section, ®u = 0.80
web thickness = 0.625 in Check for Bearing Resistance at Bolt Holes
Bolt hole dia. =  1.1250 in
Rows of Bolts = 17 For bolts spaced at a clear distance between holes not less than 2.0d
Columns of Bolts = 2 and with a clear end distance not less than 2.0 d:
Bolt Capacity = ®R, =P 2.4dFt (eqn. 6.13.2.9-1)
Length of Block Shear Failure Planes
Gross Vertical Length= 52.00 in If either the clear distance between holes is less than 2.0d, or the clear
Gross Horizonal Length = 5.25 in end distance is less than 2.0d:
Net Vertical Length = 34.00 in
Net Horizonal Length = 3.56 in Bolt Capacity = ®R,, =® 1.2LFt (eqn. 6.13.2.9-2)

F,= 50.0  ksi
Fu= 65.0 ksi

b= 0.80
Fy,= 65 (Grade 50, AASHTO 6.4.1-1)
t= 0.6250 in
d= 1.000 in
End clear spacing = 1.44 in
clear Bolt spacing = 213 in
L= 1.44 (shear planes)
©OR, = 56.06 kips/bolt

Rr= (Dbst(O.55’FLAVH+Ub5FLAM)SQ)bSRp(G.58'FyA‘,g+UhsFuAm)
Max Resultant force on bolt =/ 753:90" " kips

Block Shear Factor, @y, = 0.80
R, = 1.00
Ups = 0.50 Check Bearing at Bolt Holes = oK
Block Shear
Horizontal Force
Ag = 3.28 in®
A = 2.23 in’
A= 21.25 in®
R, = 619.7 k

OK for Block Shear

N:\49633\Bridges\Design\Final Design\Unit 2\Excel\Diaphragms\final forces\LateralBracingRevision\RF1 calcs{Diaphragm_conneclions.xisx|delta web
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Delta Stiffener/Connection Plate Design
(Lateral Bracing Revision)

(AASHTO 6.13.4)
Check for Block Shear
Check failure plane of bolts in diaphragm only (not including knee-brace,

conservative) Vertical Force = 247.0  kips
Horizontal Force =  533.0  kips
Resultant factored force = 587.45 kips

Yielding in gross section, ®, = 0.95

Fracture in net section, du = 0.80

(Assume 3/4" thickness, conservative)

thickness = 0.750 in
Bolt hole dia. = 1.2500 in
Rows of Bolts = 17
Columns of Bolts = 2
Length of Block Shear Failure Planes
Gross Vertical Length = 52.00 in
Gross Horizonal Length = 5.25 in
Net Vertical Length=' 32.00 in
Net Horizonal Length = 3.38 in
F,= 50.0 ksi
Fu= 65.0 ksi

Rr = ©ysRp(0.58"F yAun +UsF i ) SPysR(0.58*F A g +UpsF uAr)

Block Shear Factor, @ = 0.80
Ry= 1.00
Ups = 0.50
Block Shear
Horizontal Force

Ay = 7.88 in®

A = 5.06 in?

A= 24.00 in?

R = 776.7 k

OK for Block Shear

Check for Bearing Resistance at Bolt Holes

For bolts spaced at a clear distance between holes not less than 2.0d
and with a clear end distance not less than 2.0 d:

Bolt Capacity = ®R, =0 2.4dFt (eqn. 6.13.2.9-1)

If either the clear distance between holes is less than 2.0d, or the clear
end distance is less than 2.0d:

Bolt Capacity = ®R, =® 1.2LFt (eqn. 6.13.2.9-2)

= 0.80
Fu= 65 (Grade 50, AASHTO 6.4.1-1)
t= 0.7500 in
d= 1.000 in
End clear spacing = 1.38 in
clear Bolt spacing = 2.00 in
L~ 1.38 (shear planes)
PR, = 64.35 kips/bolt

Max Resultant force on bolt = |

OK

Check Bearing at Bolt Holes =

N:\48633\Bridges\Design\Final Design\Unit 2\Excel\Diaphragms\final forces\LateralBracingRevision\RF| calcs\[Diaphragm_connections.xlsx]delta stiffener



- The HNTB Companies Made SJL Date 9/15/2011 | Job Number 49633
-lNTB Engineers Architects Checked JBT Date 9/15/2011
For Cleveland Innerhelt Backchk'd SJL Date 9/15/2011 | Sheet No.

(TYPE C)

2-Stringer Standard Diaphragm Connection

Unit 2 (Lateral Bracing Revision) Factored Member Forces

Connection Geometry

Service Il
P, = -2.5 kip
Neol = 3 M, = 1276.3 Kkip-ft
Scol = 3.25 in V, = 36.3 kip
Sow =, 3.250 in
gap = 0.50 in
deage = 2,00 in
Nport = 35
l,= 17607.0 in?
=" 899 in?
l,= 17696.9 in?
ev = 9.90 in
eh= 1.58 in
Xmax = 1.58 in
Ymax =  46.60 in Bolt Forces
Tmax = 46.6 in
Service Il
TotalM=M,+V,*e= 15283 kip-in
M*Ymallo = 40.2  kip
Fx=Pungey = 0.1 kip
F.= 403 kip
M*xmaxllp = 1.4 klp
Bolt Capacity Fy=VyNoey = 1.0 kip
F, = 2.4 kip
Slip Resistance (6.13.2.8) Resultant F = 40.4 kip
Rn = Kn"Ks™Ng*P; 40.4 kip < 43.4 kip, OK
K, = 0.85 Oversize holes (Table 6.13.2.8-2)
K, = Bl Class B Surface (Table 6.13.2.8-3)
N, = 2
P,= 51 kip (Table 6.13.2.8-1)
Ps= 1.00 (6.13.2.2)
¢oR,= 43.35

N:\48633\Bridges\Design\Final DesigmUnit 2\ExceNDiaphragms\final forces\LateralBracingRevisiom\RF| calcs\[PL_diaphragm connection.xlsx]2-Str Std Service
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2-Stringer Standard Diaphragm Connection

Ip calculation knee-brace bolt row = 3.2500 in
column1 column2 column 3 (from Ixi lyi
distance from ~ Centroid) Yar
centroid (dy) dx
row 1 1 1 31.02 1924.7 53 42.25 9.375 26 77.625
row 2 1 1 27.771 1542.5 53 39.00 9.375 26 74.375
row 3 1 1 24.521 1202.6 53 35.75 9.375 26 71.125
row 4 1 1 21.271 904.9 53 32.50 9.375 26 67.875
row 5 1 1 18.021 649.5 53 29.25 9.375 26 64.625
row 6 1 1 14.771 436.4 53 26.00 9.375 26 61.375
row 7 1 RSy 11.521 265.5 5.3 2275 9.375 26 58.125
row 8 1 il 8.271 136.8 53 19.50 9.375 26 54.875
row 9 1 1 5.021 50.4 53 16.25 9.375 26 51.625
row 10 1 i | 1.771 3.1 0.0 13.00 9.375 26 48375
row 11 1 1 -1.479 4.4 53 9.75 9.375 26 45125
row 12 1 1 -4.729 447 5.3 6.50 9.375 26 41.875
row 13 1 1 -7.979 127.3 5.3 3.25 9.375 26 38.625
row 14 1 1 -11.229 2522 53 0.00 9.375 26 35.375
row 15 BoEEEa -20.604 4245 2.8 26 26
row 16 1 -23.854 569.0 25 2275 22,75
row 17 s -27.104 0.0 0.0 19.50 19.5
row 18 1 -30.354 921.3 2.5 16.25 16.25
row 19 1 -33.604 1129.2 2.8 13.00 13
row 20 1 -36.854 1368.2 25 9.75 9.75
row 21 1 -40.104 1608.3 2.8 6.50 6.50
row 22 1 -43.354 1879.5 25 3.25 3.25
row 23 1 -46.604 2171.9 2.8 0.00 0.00
row 24 0.0 0.0 0.00
row 25 0.0 0.0 0.00
row 26 0.0 0.0 0.00
row 27 0.0 0.0
row 28 0.0 0.0
Total #bolts= 35 17607.0 89.9 ZYpard"ni /n= [46.60357 1
Ip= 17696.9

xbar= 1.579
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2-Stringer Standard Diaphragm Design
Check web for connection

(Lateral Bracing Revision)

(AASHTO 6.13.4)
Check for Block Shear

Horizontal Force = 225.0  kips
Resultant factored force = 225.00 kips
Yielding in gross section, ®, = 0.95
Fracture in net section, ®u = 0.80
web thickness = 0.4375 in
Bolt hole dia. = 1.1250 in
Rows of Bolts = 14
Columns of Bolts = 2
Length of Block Shear Failure Planes
Gross Vertical Length = 42.25 in
Gross Horizonal Length = 5.75 in
Net Vertical Length = 27.63 in
Net Horizonal Length = 4.06 in
Fy= 50.0  ksi
Fu= 65.0 ksi

Rr = ©,R(0.58"F A+ UpsF A ) SPpR,(0.58*F A, g+ Uy, F Ay

Block Shear Factor, @, = 0.80
R, = 1.00
Ups = 0.50
Block Shear
Horizontal Force

Ag = 2.52 in?

A = 1.78 in?

A= 12.09 in

R, = 367.8 k

OK for Block Shear

Check for Bearing Resistance at Bolt Holes

For bolts spaced at a clear distance between holes not less than 2.0d
and with a clear end distance not less than 2.0 d:
Bolt Capacity = ®R,, =@ 2.4dF ¢t (egn. 6.13.2.9-1)

If either the clear distance between holes is less than 2.0d, or the clear
end distance is less than 2.0d:

Bolt Capacity = ®R, =® 1.2L.Ft (eqgn. 6.13.2.9-2)

b= 0.80
F,= 65 (Grade 50, AASHTO 6.4.1-1)
t= 0.4375 in
d= 1.000 in
End clear spacing = 2.19 in
clear Bolt spacing = 2.13 in
L= 213 (shear planes)
PR, = 54.60 kips/bolt
Max Resultant force on bolt =/ 54.607 7 kips
Check Bearing at Bolt Holes = 0K

Need to change web End Clear distance from 2.5" to 2.75"

N:\49633\Bridges\Design\Final Design\Unit 2\Excel\Diaphragms\final forces\LaleralBracingRevision\RF| calcs\{Diaphragm_connections.xlsx]2Str web
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2-Stringer Standard Diaphragm

Stiffener/Connection Plate Design

(Lateral Bracing Revision)

(AASHTO 6.13.4)

Check for Block Shear

Check failure plane of bolts in diaphragm only (not including knee-brace,

conservative) Vertical Force=  241.0  kips
Horizontal Force =  225.0  kips
Resultant factored force =  329.7  kips

Yielding in gross section, ®, = 0.95

Fracture in net section, ®u = 0.80

(Assume 3/4" thickness, conservative)

thickness = 0.750 in
Bolt hole dia. = 1.2500 in
Rows of Bolts = 14
Columns of Bolts = 2
Length of Block Shear Failure Planes
Gross Vertical Length= 4225 in
Gross Horizonal Length = 5.25 in
Net Vertical Length=" 26.00 in
Net Horizonal Length = 3.38 in
Fy= 50.0 ksi
Fu= 65.0 ksi

Rr = ®pR(0.58*F A+ UpsF LA SPpsR,(0.58*F A+ UpsF i)

Block Shear Factor, ®y = 0.80
Ry = 1.00
Ups = 0.50
Block Shear
Horizontal Force

Agy = 7.88 in®

A = 5.06 in®

An = 19.50 in

R, = 659.7 k

OK for Block Shear

Check for Bearing Resistance at Bolt Holes

For bolts spaced at a clear distance between holes not less than 2.0d
and with a clear end distance not less than 2.0 d:

Bolt Capacity = ®R, =P 2.4dF t (eqn. 6.13.2.9-1)

If either the clear distance between holes is less than 2.0d, or the clear
end distance is less than 2.0d:

Bolt Capacity = PR, = 1.2LF t (eqn. 6.13.2.9-2)

¢ = 0.80
Fy= 65 (Grade 50, AASHTO 6.4.1-1)
t= 0.7500 in
d= 1.000 in
End clear spacing = 1.38 in
clear Bolt spacing = 2.00 in
L= 1.38 (shear planes)
®R, = 64.35 kips/bolt
Max Resultant force on bolt = 777547607 " kips
Check Bearing at Bolt Holes = OK

N:\49633\BridgestDesign\Final Design\Unit 2\Excel\Diaphragms\final forces\LateralBracingRevision\RF| calcs\[Diaphragm_connections.xIsx)2Str Std stiffener
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Type D Diaphragm Connection

Unit 2 (Lateral Bracing Revision) Factored Member Forces
|Connection Geometry Service |l
Pu=  -176.4 kip
Neol = 3 My= 2078.0 kip-ft
Seol = 32268008 in Vy=l -154.0 kip

Srow = BUSSE SRR in
gap = 0.50 in
dedge = 2.00 in

Npott = 61

.= 279645 in?
ly= 4218 in?
b= 28386.3 in?

eh= 314 in
ev= 2519 in
Xmax = 3.14 in
Ymax = 38.68 in
Mmax = 38.8 in Bolt Forces
Service |l
TotalM =M, +V,*e= 26711 Kip-in
MYmallp = 36.4  kip
Fx = Py/Mpon = 29 kip
Fe=" 393 kip
M*xmax-"lp = 3.0 kip
Fy = VyNpor = 2.5 kip
Bolt Capacity F,= 55 kip
Resultant F = 39.7 kip
Slip Resistance (6.13.2.8) 39.7 kip < 43.4 kip, OK

Rn = Ky KNP,

Ky = 0.85 Oversize holes (Table 6.13.2.8-2)

Ks= 0.5 Class B Surface (Table 6.13.2.8-3)

N, = 2

Py= 51 kip (Table 6.13.2.8-1)

s = 1.00 (6.13.2.2)
oR,= 4335

N:\48633\Bridges\Designi\Final Design\Unit 2\Excel\Diaphragms\final forces\LateralBracingRevision\RF| calcs\[PL_diaphragm connection.xisx]Mod Delta (TypeD) Service



'*NTB The_HNTB Companies Made SJL Date 9/8/2011 | Job Number 49633
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Type D Diaphragm Connection
Ip calculation knee-brace bolt row = 3.5000 in
column1 column2 column3 Ixi lyi
distance from (from Yoarl
centroid (dy) centroid) dx
row 1 1 1 1 33.32 3.25 3330.6 21.2 52 9.5 10.5 72
row 2 1 1 1 30.070 3.25 2712.6 21.2 48.75 9.5 10.5 68.75
row 3 1 1 1 26.820 3.25 2157.9 21.2 45.50 9.5 10.5 65.5
row 4 1 1 1 23.570 3.25 1666.6 21.2 42.25 9.5 10.5 62.25
row 5 1 1 1 20.320 3.25 1238.7 212 39.00 9.5 10.5 59
row 6 1 1 1 17.070 3.25 874.1 21.2 35.75 9.5 10.5 55.75
row 7 1 1 1 13.820 3.25 573.0 21.2 32.50 9.5 10.5 52.5
row 8 1 1 1 10.570 3.25 335.2 212 29.25 9.5 10.5 49.25
row 9 1 1 | D) 3.25 107.2 9.9 26.00 9.5 10.5 46
row 10 1 1 1 4.070 3.25 49.7 212 22,75 9.5 10.5 42.75
row 11 1 1 1 0.820 3.25 2.0 212 19.50 9.5 10.5 39.5
row 12 1 1 1 -2.430 3.25 177 212 16.25 9.5 10.5 36.25
row 13 1 1 1 -5.680 3.25 96.8 21.2 13.00 9.5 10.5 33
row 14 1 1 1 -8.930 325 239.3 21.2 9.75 9.5 10.5 29.75
row 15 1 1 1 -12.180 3.25 4451 282 6.50 9.5 10.5 26.5
row 16 1 1 1 -15.430 3.25 714.3 21.2 3.25 9.5 10.5 23.25
row 17 1 1 1 -18.680 3.25 1046.9 211 0.00 9.5 10.5 20
row 18 1 1 1 -28.180 3.25 2382.4 21.2 10.5 10.5
row 19 1 1 1 -31.680 3.25 3010.9 21.2 7.00 7
row 20 1 1 35100 3.25 2475.3 9.9 3.50 3.5
row 21 1 1 1 -38.680 3.25 4488.5 21.2 0.00 0.00
row 22 3.25 0.0 0.0 0.00
row 23 3.25 0.0 0.0 0.00
row 24 3.25 0.0 0.0 0.00
row 25 3.25 0.0 0.0 0.00
row 26 3.25 0.0 0.0 0.00
row 27 3.25 0.0 0.0 0.00
row 28 3.25 0.0 0.0 0.00
row 29 3.25 0.0 0.0 0.00
row 30 3.25 0.0 0.0 0.00
row 31 3.25 0.0 0.0 0.00
row 32 3.25 0.0 0.0 0.00

row 33
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Modified Delta Diaphragm Design

(Lateral Bracing Revision)

Check web for connection

(AASHTO 6.13.4)
Check for Block Shear

Horizontal Force = 533.0  kips
Resultant factored force =  533.00 kips

Yielding in gross section, ®, = 0.95
Fracture in net section, du = 0.80
web thickness = 0.625 in Check for Bearing Resistance at Bolt Holes
Bolt hole dia. =  1.1250 in
Rows of Bolts = 17 For bolts spaced at a clear distance between holes not less than 2.0d
Columns of Bolts = 3 and with a clear end distance not less than 2.0 d:
Bolt Capacity = ®R, = 2.4dF t (eqn. 6.13.2.9-1)
Length of Block Shear Failure Planes
Gross Vertical Length= 52.00 in If either the clear distance between holes is less than 2.0d, or the clear
Gross Horizonal Length = 8.50 in end distance is less than 2.0d:
Net Vertical Length = 34.00 in
Net Horizonal Length = 5.69 in Bolt Capacity = ®R,, =® 1.2L.F,t (eqn. 6.13.2.9-2)
Fy= 50.0 ksi
Fu= 65.0  ksi
b= 0.80
Fu= 65 (Grade 50, AASHTO 6.4.1-1)

t= 0.6250 in
d= 1.000 in

End clear spacing = 1.44 in

clear Bolt spacing = 213 in
L= 1.44 (shear planes)

PR, = 56.06 kips/bolt
Rr = ®ysR,(0.58"F jAu, +UsF A ) SPusRp(0.58*F A g+ UpsF yArn)
Max Resultant force on bolt = 7651400 kips
Block Shear Factor, ®,, = 0.80
R, = 1.00
Ups = 0.50 Check Bearing at Bolt Holes = OK

Block Shear
Horizontal Force

Agy = 5.31 in?
Ay = 3.55 in?
A= 21.25 in?
R = 659.7 k
OK for Block Shear

N:\48633\Bridges\Design\Final Design\Unit 2\Excel\Diaphragms\final forces\LateralBracingRevision\RF| calcs\[Diaphragm_connections.xlsx]8' delta web
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Modified Delta Stiffener/Connection Plate Design
(Lateral Bracing Revision)

(AASHTO 6.13.4)
Check for Block Shear
Check failure plane of bolts in diaphragm only (not including knee-brace,

conservative) Vertical Force = 247.0  kips
Horizontal Force = 533.0  kips
Resultant factored force = 587.45 kips
Yielding in gross section, ®,=  0.95
Fracture in net section, du = 0.80
thickness = 1.000 in
Bolt hole dia. = 1.2500 in
Rows of Bolts = 17
Columns of Bolts = 3
Length of Block Shear Failure Planes
Gross Vertical Length = 52,00 in
Gross Horizonal Length = 8.50 in
Net Vertical Length = 32.00 in
Net Horizonal Length = 5.38 in
Fy= 50.0 ksi

Fu= 65.0 ksi

Rr = @ R(0.58*F A+ UpsF uAn) SPpsRp(0.58*F A g+ UpsF WAw)

Block Shear Factor, ®y = 0.80
RS 1.00
Ups = 0.50
Block Shear
Horizontal Force

Agy = 17.00 in?

A = 10.75 in?

Ay = 32.00 in

R, = 1166.2 k

OK for Block Shear

Check for Bearing Resistance at Bolt Holes

For bolts spaced at a clear distance between holes not less than 2.0d
and with a clear end distance not less than 2.0 d:

Bolt Capacity = ®R, =P 2.4dFt (eqn. 6.13.2.9-1)

If either the clear distance between holes is less than 2.0d, or the clear
end distance is less than 2.0d:

Bolt Capacity = ®R, =¢® 1.2LFt (eqn. 6.13.2.9-2)

P = 0.80
Fu= 65 (Grade 50, AASHTO 6.4.1-1)
= 1.0000 in
d= 1.000 in
End clear spacing = 1.38 in
clear Bolt spacing = 2.00 in
L= 1.38 (shear planes)
PR, = 85.80 kips/bolt

Max Resultant force on bolt = | 5¢ 1

Check Bearing at Bolt Holes = OK

N:\49633\Bridges\Design\Final Design\Unit 2\Excel\Diaphragms\final forces\LateralBracingRevision\RFI calcs\[Diaphragm_connections.xlsx]8' delta stiffener
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Bolt Markings

Heavy Hex Heads

H
| b | F
| 12 | 8
| s’ | 1-1/16
| 34 | 1-1/4
| 78 | 1716
| | |
B | 158 | |
| 1-1/8 | 1-13/16 | |
| L4 | 2| i
| 1-3/8 | 2316 | |
| 112 | 238 | |
| 134 | 2344 | 33/16 | 1-3/16
| | |
| 2 | 318 | 358 | 138
| 2-1/4 | 312 | 4116 | 112
| 212 | 378 [ 412 [ 1-11/16
| 234 | 414 | 4-15/16 | 1-13/16
|
| 3 | 458 | 5516 | 2
|
|

All dimensions in inches

Page 1 of 1

a1 iant



Table 7-15

Dimensions of High-Strength Fasteners, in"'

@— =

F

L fopa———— Boll Length

[—-f

on bolh faces
Nominal Bolt Diameter, in
Measurement
a 518 34 /s 1 18
Width Across 7 ’ " 7 i iy
] Flats, F fa s 174 178 1 T8 1316
B2 Height, H S16 | Bfee | "2 | e 64| 116
i o | Thread Length | 1 e | 1% | A2 | 13 | 2
22 | Bolt Length =
Grip + Washer | 115 g 1 18 14 112
Thickness + —
Width Across
= 7 1 1 7 5 13
g 2 Flats, W (] 116 174 17/ 158 | 196
= - e
Height, H Mg | sa | Tea | Fea | el 174
Nom. Qutside
L7 1 5 15 3 1
E Diameter, 0D e | 191 | 1982 | 1% 2 214
i % :
/ & Nom. Inside 17 1 i 18 1 1
‘;a Diaméter, /D 132 116 16 18 11/g 114
El Thekns.,| Min. | 0.097 0.122 | 0.122 | 0.136 | 0.136 | 0.136
i 2~ T Max. | 0.177 | 0177 | 0177 | 0177 | 0477 | 0.177
g Min. Edge 7 9 21 25 7
pl Distance, £9 18 /16 32 /32 /8 1
Min. Side
3 3 3 3 3 1
_ .| pimension, A 1374 134 134 134 1374 214
53
o B Mean 5 5 5 5 5 5
g % Thickness, T /16 /16 /16 /16 e 16
o ©
D= i
@ anerin 212 | 212 | 212 | 212 | 212 | 212
P ] Thickness
“ = 7 Min. Edge
. 7 9 2 25 7
= Distance, £9 /e 16 /32 /32 I8 1
aTolerances as specified in ASTM A325 and A480.
b Tolerances as specified in ASTM A563.
© ASTM F436 Washer Tolerances, in.:
Nominal Outside Diameter —1/32; +1/32
Nominal Diameter of Hole -0; +1/32
Flatness: max. deviation from straight-edge placed on cut side shall not exceed  0.010
Concentricity: center of hole to outside diameter (full indicator runout) 0.030
Burr shall not project above immediately adjacent washer surface more than 0.010

d For clipped washers only.
2 For use with American standard beams (S) and channel (C).

AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC.

PESIGN TABLES

T:

Entering and Tig
Conventional AST

Nomin:
Bolt Di
5a
34
Tfg
1
1Y
114
135
112
F 59
1 15/
g | 1Y
s | 1Y
13,!“ 17/‘
e | 1Y
15 | 1Y
Ba | 1Y
17 | 1Y
2 1
2 | Y
214
238
212
2578
2% | -
/ 275
1 slandard
i socket 3
i 38
3'a
3%s
32
3973
3B
3s
4
Notes:
H, = height o
H, = maximu
C, = clearant
C, = clearant

AMERICAN INST
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IF-_, ,______,\ = Ir NOTES: o
wi
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