Appendix H

Specimen TCBF-B-1 to TCBF-B-4 Design Calculation Sheets
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Title TCBEF-B-1 Specimen Design Calculation Sheet

Date | August 16, 2008

General Page 1
—pa L g h
Building height = 2 stories l
Typical floor height = 9 ft —Fl+d e 5 "
Fioma= 300 kip I L
Fomx= 600 kip - L }
SR = 4 <+—-Span——~
ratio=_ 0.8
Calculation Initialize
[tems values units [tems values units
Fi= 240 kip Vi= 720 kip
F,= 480 kip Vo= 480 kip
h; = 9 ft
h, = 18 ft
span = 20 ft (beam span)
h= 9 ft (typical floor height)
Mpae = 13500 kip-ft
Pcolumn = 675 klp
Lirace = 13.45 ft  (work point to work point)
E,= 29000 ksi
Notes
: input value
Materials
Members Material Type Fy (ksi)| Fu (ksi) Ry Rt (Ref: Table I-6-1)
Columns ASTM A992 50 65 1.1 1.1
Beams ASTM A992 50 65 1.1 1.1
Braces ASTM A500B 46 58 1.4 1.3 (HSS-Square)
Plates 1 ASTM A36 36 58 1.3 1.2
Bolts A490 130 150 -
Welds E70XX - 70 - -
Plates 2 | ASTM A572 Gr.50 50 65 1.1 1.2

Load Combinations

Per ASCE-7-2005

Basic Reference Codes

AISC Specification for Structural Steel Buildings (March 9, 2005)

AISC Seismic Provisions for Structural Steel Buildings (March 9, 2005)
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Title TCBF-B-1 Specimen Design Calculation Sheet Date August 16, 2008
2F-Brace Page 2
P,= 131.72 kip  (compression)
Liaee = 8.1 ft
k= 1.0 -
Try section HSS5x5x5/16  (HSS-Square)

Ag= 526 in’ I,= 19.00 in*
Z,= 9.16 jn3 y = 19.00 in4
b= 5.00 in = 5.00 in
thom = 0.31 in tees = 0291 n

.= 190 n

r,= 1.90 n
F, (brace) = 46 ks1 Es= 29000 ks1

KL= SLO0S : Limit= 10043 OK  |Klr <4VEIF,

F.= 109.81 ksi 044F, = 2024 ksi

o= 090 -
oP, = 182.74 kip  (compression) Check OK

Check Compactness Seismically (AISC Seismic Provisions 2005, Sec 8.2b)
hos= 16.07 - b/t=14.20 OK
(Table I-8-1)

h/t=14.20 OK

o= 090 -
oP, = 217.76 kip  (tension) Check OK
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Title TCBF-B-1 Specimen Design Calculation Sheet Date August 16, 2008
1F-Brace Page 3
P,= 249.37 kip  (compression)
Liyace = 9 ft
k= 1.0 -
Try section HSS6x6x3/8 (HSS-Square)
Ag= 7.58 n2 I,= 39.50 in4
Zy= 15.80 in3 y= 39.50 in4
b= 6.00 in = 6.00 n
toom = 0.38 in tees=  0.349 n
o= 228 n
r,= 228 n
F, (brace) = 46 ks1 Es= 29000 ks1
KL= 47.37 . Limit= 10043  OK  |Klr <4VEIF,
F.= 127.55 ksi 044F, = 2024 ksi
o= 0.90 -
¢oP, = 269.85 kip  (compression) Check OK
Check Compactness Seismically (AISC Seismic Provisions 2005, Sec 8.2b)
hos= 16.07 - b/t=14.20 OK
(Table I-8-1)
h/t=14.20 OK
o= 0.90 -
¢oP, = 313.81 kip  (tension) Check OK
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Title TCBE-B-1 Specimen Design Calculation Sheet Date August 16, 2008
2F Brace to Gusset Plate Connection Page 4
Brace HSS5x5x5/16
RyF, A, = 338.74 kip (Ty
F.A; = 305.08 kip (P T/, = 111
R/F,= 644 ksi
RF, = 754 ksi
U= 09
&= 0.75 (tensile rupture in net section )
A/A,= 127  (Net section reinforcement required! )
&= 090 (tensile yield in gross section )
touset = 0.75 n (estimated) F, = 50 ks1
t,= 0.75 n (use) (gusset plate)
F,.= 65 ksi
A= 051 in’
A= 475 in2
A= 5.99 in? (Reinforcement required!)
Reinforcement Plates
1= 12 in B= 5 in H= 5 in
x_bar= 1.875 n
= 0.84 Acrg= 599 in’ Awrrg=  7.10 in®
Awie= 117 in>  (both sides)
Droint = 2 n
teg= 059 n twe = 0.625 n Lolate = 14 n
Fy e = 50 ksi RyF,A, = 68.75 kip
Lyeld = 6 in weld = 5 x 1/16in  (fillet)
oR,= 83.51 kip OK
Brace Block Shear
thrace = 0.291 n
Leg= 11.15 n OK
Ly = 12 n
Brace to Gusset Plate Weld
Lyea = 12 in
weld = 6 x /161 (fillet)
o= 0.75




Fexx = 70 ksi

Fo= 42 ksi
&R, = 400.87 kip OK
Gusset Plate Block Shear
Agv = 18 in2
A= 431 in’
Ups = 1
éd=0.75

OR,= 61523 kip OK

Whitmore Effective Width

Lonitmore = 20.59 n (theoretical width)
o= 090 -
OR, = 694.86 kip OK  (check gross yield)

PEER Report 2013/20 H-6



PEER Report 2013/20

H-7

Title TCBE-B-1 Specimen Design Calculation Sheet Date August 16, 2008
1F Brace to Gusset Plate Connection Page 5
Brace HSS6x6x%3/8
RyF A, = 488.152 kip (Tp
F.A, = 439.64 kip Py T/P,= 111
R/F,= 644 ksi
RF, = 754 ksi
U= 09
d.= 0.75 (tensile rupture in net section )
A/A,= 127  (Net section reinforcement required! )
&= 090 (tensile yield in gross section )
tousset = 0.90 n (estimated) F, = 50 ks1
t,= 0.75 in (use) (gusset plate)
F,.= 65 ksi
A= 0.61 in’
A= 697 in’
A.=  8.63 in? (reinforcement required)
Reinforcement Plates
1= 14 in B= 6 in H= 6 in
x_bar=  2.25 n
= 084 Acreg=  8.63 in’ Apeeg = 10.29 in’
Apini=  1.66 in?  (both sides)
breint = 3 in
teg=  0.55 n te = 0.625 n Lolate = 16 n
Fy e = 50 ksi RyF,A; = 103.13 kip
Lyeld = 7 in weld = 6 x 1/16in  (fillet)
OR,= 116.92 kip OK
Brace Block Shear
torace = 0.349 n
Leg= 1340 n OK
Ly = 14 n
Brace to Gusset Plate Weld
Lyea = 14 in
weld = 7 x /161 (fillet)
o= 0.75




Fox= 70 ksi
Fo= 42 ksi
dR, = 545.63 kip OK
Gusset Plate Block Shear
Ay= 21 in’
Ay= 5.16 in’
Ups = 1
o= 0.5 -
OR, = 723.87 kip OK
Whitmore Effective Width
Lonitmore = 23.90 n (theoretical width)
é= 090 -
R, = 806.55 kip OK  (check gross yield)
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Title TCBF-B-1 Specimen Design Calculation Sheet Date August 16, 2008
2F Roof Beam Design Check Page 6
RyF A, = 338.74 kip 0= 073 (rad) 42.0 (deg)
0.3P,= 6091 kip sin(@) = 0.67
cos(@) = 0.74
= 185.86 kip
H= 297.06 kip
P.= 600.00 kip  (conservatively)
M,= 100.97 kip-ft  (revised from structural analysis)
Try w24x117
A= 344 in’ b= 12.8 in
L= 3540 in* tr= 0.8 in
L= 297 in* d= 243 in
.= 10.1 n ty= 055 n
r,= 294 in F,= 50 ksi
A= 0.5 b/t= 7.53  Compact
A= 90.55 hitw= 41.09  Compact
L,= 10.38 ft Zy= 327 in’
c= 1 - J= 672 in*
Cy = 40800 in® hy= 2345 n
Si= 291 in’ ry= 3.46 in
L,= 29.90 ft Brace PT= 2
L, = 10 ft Co= 1.0 (Conservatively)
M, = 1362.5 kip-ft F.= 248.50 ksi
o= 0.90 M= 1362.50  kip-ft (Need Check)
oM, = 122625  kip-ft
kl/r=40.82 - k= 1.0 -
F.= 171.79 ksi 044F,= 22 ksi
.= 0.90
¢.P, = 1370.46 kip
P/o.P,= 044  use (HI-1a)
Check 0.51 OK
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Title TCBF-B-1 Specimen Design Calculation Sheet Date August 16, 2008
1F Lower Beam Design Check Page 7
RyF A, = 488.15 kip (1F)
RyF, A, = 338.74 kip (2F) 6= 073 (rad) 42.0 (deg)
0.3P,= 89.95 kip (1F) sin@) = 0.67
0.3P,= 6091 kip (2F) cos(@) = 0.74
V= 28581 kip
H= 31756 kip
P.= 317.56 kip  (conservatively)
M, = 170.85 kip-ft  (revised from structural analysis)
Try w24x68
A= 201 in’ b= 8.97 in
L= 1830 in’ tr= 0.585 in
I,= 704 in* d= 237 in
r,= 955 n ty= 0415 n
= 1.87 in F,= 50 ksi
A= 0.5 b/t= 7.67  Compact
A= 90.55 hitw= 5429  Compact
L,= 6.6l ft = 177 in’
c= 1 - J= 1487 in*
Co= 9430 in® ho= 23.12 n
Sy= 154 in’ r,= 230 in
L= 18.74 ft Brace PT= 2
L, = 10 ft Co= 1.0 (Conservatively)
M,= 7375 kip-ft F.= 110.86 ksi
o= 0.90 M, = 656.87 kip-ft OK
M, = 59118 kip-t
kir= 64.17 k= 1.0 -
F.= 69.50 ksi 044F,= 22 ksi
.= 0.90
&P, = 669.33 kip
P/o.P,= 047  use (Hl-1a)
Check 0.73  OK
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Title TCBE-B-1 Specimen Design Calculation Sheet Date August 16, 2008
2F Column Design Check Page 8
P,= 4258 kip  (revised from structural analysis)
M,= 126.56 kip-ft  (revised from structural analysis)
Lcolumn = 9 ft
Try w12x96
A= 282 in’ br= 122 n
I,= 833 in* = 09 in
L= 270 int d=12.7 n
=544 n ty= 0.55 n
r,=  3.09 n F, = 50 kst
A= 722 bt= 6.8  Compact
Ap= 7171 h/tw = 19.82  Compact
L,= 1091 ft Zo= 147 in
c= 1 = 6.85 in*
Cy= 9410 in hy=11.80 n
Sy= 131 in = 3.49 n
L.= 40.86 ft Brace PT= 0
Ly = 9 ft Co= 1.0 (Conservatively)
M,= 6125 kip-ft F.= 344.49 ksi
o= 090 M,= 61250  kip-ft (Need Check)
oM, = 551.25 kip-ft C,= 0.03
kl/r= 34095 k= 1.0 -
F.= 234.28 ksi 044F, = 22 ksi
o= 0.90
¢P, = 1160.56 kip
P/oP,=  0.04 use (Hl-1b)
Check 0.25 OK
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Title TCBF-B-1 Specimen Design Calculation Sheet Date August 16, 2008
1F Column Design Check Page 9
P,= 484.19 kip  (revised from structural analysis)
M,= 274.18 kip-ft  (revised from structural analysis)
Lcolumn = 9 ft
Try w12x96
A= 282 in” br= 122 n
I,= 833 in* t= 09 in
L= 270 int d=12.7 n
=544 n ty= 0.55 n
r,=  3.09 n F, = 50 ksi
A= 722 bt= 678  Compact
Ap= 52.56 hitw = 19.82  Compact
L,= 1091 ft Z,= 147 in’
c= 1 - = 6.85 in’
Cy= 9410 in hy=11.80 n
Si= 131 in = 3.49 n
L.= 40.86 ft Brace PT= 0
Ly = 9 ft Co= 1.0 (Conservatively)
M,= 6125 kip-ft F.= 344.49 ksi
o= 090 M,= 61250  kip-ft (Need Check)
oM, = 551.25 kip-ft C,= 038
kl/r= 3495 k= 1.0 -
F.= 234.28 ksi 044F, = 22 ksi
o= 0.90
¢P, = 1160.56 kip
P/o.P,= 042  use (HI-1a)
Check 0.86 OK
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Check Column Web Shear Stress
M,= 7350 kip-in
L= 96.15 n
V= 152.89 kip
A= 6.99 mz Ay = d*¥tw
S, = 21.89 ksi
Sv.yiea = 29.00 ksi Elastic
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Title TCBE-B-1 Specimen Design Calculation Sheet Date August 16, 2008
2F Beam-Column Connection Page 10
Type Bolted (WUF-B) @\:VL I
H= 14853 kip N 15 /O
= 9293 kip ke %
M= 100.97 kip-ft  (revised from structural analysis)
’l +
Ro= 17521  kip e
Trydy= 0.8 in F,= 150 Ksi —
Ay= 0.60 in’ Fn= 75 ksi  (threads excluded)
Ny = 6 bolts  (in one row)
R,= 270.59 kip  (bolt shear) Leex= 15 in
=075 Lein= 3 in
dR, = 202.94 kip OK
La= 1.03 n (edge clear distance) Ryu= 4641 kip
Lo= 206 n (clear distance) Rp= 236.25 kip
t= 0.0 in (shear tab thickness)
R, = 1227.66 kip  (combined bolt bearing)
o= 0.75
&R, = 920.74 kip OK
Lip = 18 in A = 9 in’ Ry,= 524.79 kip
Wap= 4.5 in Fyw= 50 ksi P.= 450.00 kip
Foww= 300 ksi P,y = 270.00 kip
OK
Weld  Fillet (shear tab)
Fax= 70 ksi Ry= 334.06 kip
Fw= 42 ksi o= 0.75
W= 5 x 1/16 inch oR, = 250.54 kip OK
Lyeld = 18 n
side = 2 sides
Weld CIP  (top, bottom flanges)
br= 128 n Fyom = 50 ksi  (base metal)
tr= 0.85 in M,= 1063.07 kip-ft OK
d= 243 in
ty= 0.55 n
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Check Shear tab length, OK
Check Block Shear
Beam
w24x117
Ay= 99 in’
Agt = 1.925 m2
Ay = 6.6 in2
Ay = 1.65 in2
Us= 05
= 075 -
F,= 50 ksi
F.= 65 ksi
OR, = 233.27 kip OK
Shear Tab
Ay = 825 in’
Ag= 15 in”
Ay= 55 in’
Ay = 1.25 inz
Us= 05
= 075 -
Fy= 50 ksi
F.= 65 ksi
0R,= 191.34 kip OK
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Title TCBF-B-1 Specimen Design Calculation Sheet Date August 16, 2008
2F Braces to Beam Connection Page 11
Braces HSS5x5x5/16
T= 33874 kip sin(@) = 0.669
C= 312.69 kip cos(@) = 0.743
e= 12.15 in
Shear = 484.21 kip
Tension = 169.56 kip
Moment = 490.26 kip-ft A _<7r _____ Z _
tusset = 0.75 in Z "N 771 e=0.5d
L= 60 in B — —
sy= 1076 ksi / u N\,
sa= 377 ksi
sy= 13.07 ksi
o= 09 -
Fyaset= 50 ksi
Ratio=  0.56 OK
Lunimore = 20.59 n Lon= 57.78 n (geometry limit) OK
L,= 16 n Ly mn= 1530 n (geometry limit) OK
Wy = 10.29 n A, = 12 in’
Wiow = 20.92 in P,= 226.61 kip
Whitmeg = 20.59 in oR,= 324 kip OK
OR, = 694.86 kip OK
Gusset Plate to Beam Flange
Weld Fillet
Fou = 770 ksi
F,= 42 ksi sy= 1141 ksi
W= 8 x 1/16 inch sv= 13.87 ksi
Lyaa= 60 in sa= 4.00 ksi
side = 2 sides frex = 21.20 ksi
tgg = 0.354 in fae = 18.15 ksi
o= 0.75 - fi= 22.68 ksi
Ratio=  0.77 OK Ratio= 0.72 OK
Check Beam Web
width = 60 n Beam w24x117
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R,= 196.10 kip d= 243 in ty= 0.55 n
N= 30 n tr= 0.85 in Fywbv= 50 ksi
o= 0.75 R, = 1060.63 kip OR, = 795.47 kip

Kees=  1.35 in (web crippling) OK
é= 1.00 R, = 1010.63 kip R, = 1010.63 kip
(web local yielding) OK
Check Gusset Plate Buckling
Lyp= 17.68 in kL/r=98.0 - L.= 14.13 n
k= 1.2 - F.= 29.82 ksi Lg= 11.38 n
r= 0217 n 044F,= 22 ksi Lo= 1694 n
A, = 1544 in’ R, = 382.72 kip Lo = 24.06 n
o= 09 R, = 344.45 kip Lip= 21.88 in
OK Lye= 17.68 in
Free Edge Buckling
L.= 15.63 in
L/t;= 20.83
Limit= 18.06 Edge stiffener required!
Lateral Stability of Beam

M;= 1498.75  kip-ft Z= 327 in L, = 10 ft

Cy= 1 ho= 2345 in Loa= 17.05 ft

P,= 15.34 kip Bp= 85.22 kip/in n= 1 OK

(Nodal) (Nodal) Cy= 1
My = 17.985 kip-ft

P,= 9.20 kip  (torsional)

Br= 28842 kip-infrad P not included

By = 52.45 kip/in  (torsional)

A= 0.18 n
Kicker
L3x2x3/8
A= 173 in’
L= 25 in
Kaxia = 2006.8 kip/in
k= 1419 kip/in OK
PEER Report 2013/20 H-17




Title TCBF-B-1 Specimen Design Calculation Sheet Date | August 16, 2008
1F Beam-Column-Gusset Connections Page 12
Big Gusset Plate for Upper Floor Bracing and Lower Floor Bracing
Sway to Right Vo Fo
Fuw= 33874  kip  cos@p= 0743 _-_Nfi-_/\‘z
FLr= 461.74 kip cos(0p) = 0.743 o
Sway to Left
Fon= 31260  kip _ ST
Fu= 48815  kip 2 7
Beam w24x68 Vot
d= 237 in < 0.5 (Hu*+H.)
Lemn= 56.77 in Ve Ve ViR
Column w12x96 S He | Mintertace = Viotal * €c
e.= 6.35 n __V/‘_N/LN FL
Rpeam = 22.51 kip  (downward)
Lo, mn= 1599 in
Lepmn= 15.30 in
Loymn= 1776 n
t,= 0.75 in
L= 18 n (use) Fy ousset = 50 ksi
Lyg= 18 in  (use)
.= 59.7 in (use)
L,= 23 n (use)
Sway to the Right
Vir= 226.61 kip  (upward) sy= 11.46 ks1
Hypr= 251.79 kip  (rightward) sv= 7.31 ksi
Vigr= 308.89 kip  (upward) sp= 2.04 ksi
Hir = 343.21 kip  (leftward) Ratio= 0.49 OK
Viw = 512.98 kip  (upward)
M= 27145 kip-ft  (counter-clockwise)
Column-Side
Va= 154.67 kip  (downward) sa= 5.1 ksi
fi= 548 kip/in  (lefttward) sy= 11.46 ks1
=218 kip/in  (leftward) sv=2.20 ksi
H.,= 68.95 kip  (leftward) Ratio= 0.47 OK
Hy, = 182.84 kip  (leftward) Beam-Side
Vie= 7194 kip  (downward) sa=  4.17 ksi
M= 744 kip-ft  (counter-clockwise) sy=10.60 ksi
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My, = -118.93 kip-ft ~ (clockwise) sM= -21.58 ksi
Ratio=  0.56 OK
Va= 154.67 kip  (downward) sa= 5.11 ksi
fi= 548 kip/in  (rightward) sy= 11.46 ksi
;= 2.18 kip/in (rightward) smu= 2.20 ks1
Hy= 6895 kip  (rightward) Ratio=  0.47 OK
Hy= 274.26 kip  (rightward)
V= 15422 kip  (downward) sa= 894 ksi
My = 86.82 kip-ft  (clockwise) sy=15.90 ks1
My= 744 kip-ft  (counter-clockwise) sy= 15.76 ksi
Ratio= 0.82 OK
Vima = 156.39 kip  (downward) sa= 0.00 ksi
Mpa= 10.02 kip-ft  (counter-clockwise) sy=  8.80 ksi
Hua=  0.00 kip  (leftward) sy= L.71 ksi
Ratio= 0.34 OK
Weld Size
f,= 859 kip/in
.= 498 kip/in (averaged)
f,= 548 kip/in
fex = 13.54 kip/in
fae= 11.07 kip/in
f,= 13.84 kip/in  13.84342
D>= 497 x 1/16  (weld size)
Use 6 x 1/16  (weld size)
PEER Report 2013/20 H-19




Title TCBF-B-1 Specimen Design Calculation Sheet Date August 16, 2008
1F Lower Beam to Gusset Plate Splice Page 13
Web Fillet welds with web plates
Flange CJP weld (T & B)
P,= 317.56 kip
tr= 0.59 n
= 897 n
A= 525 in2
2*AGE, = 52475 kip OK
Rpeam = 22.51 kip  (Gravity)
Lay= 20.375 n t= 05 n
Wiah = 8 n
Weld  Fillet (shear tab)
Feux = 70 ksi R,= 315.96 kip
F, = 47 ksi = 0.5
W= 6 x 1/16 inch dR, = 236.97 kip OK
Lyew=28.375 n
side = 1 sides
Shim Plate
L= 20 n t= 0.168 n (shim as required)
w = 4 n
Weld  Fillet (shear tab)
Feux = 70 ksi Ry,= 139.26 kip
F, = 47 ksi = 0.5
w= 268 x 1/16 inch oR, = 104.45 kip OK
Lyela = 28 in (3 sides)
side = 1 sides
PEER Report 2013/20 H-20




PEER Report 2013/20

H-21

Title TCBF-B-1 Specimen Design Calculation Sheet Date August 16, 2008
IF Braces to Floor Beam Connection Page 14
Braces HSS6x6x3/8
T= 488.15 kip sin(@) = 0.669
C= 46l1.74 kip cos(@) = 0.743
e= 0 n ) ’
Shear = 706.05 kip
Tension = 242.31 kip
Moment = 0.00 kip-ft
tgusset = 0.75 n \\ /\ //
L= 46 n — = == —
sy= 2047 ksi e=05d I N N L , -
sv=0.00 ksi ‘ZZ ‘‘‘‘‘ AL’_‘_‘_ZL
o= 09 -
Fyaset= 50 ksi
Ratio= 0.80 OK
whitmo = 23.90 n Lon= 35.72 n (geometry limit) OK
L,= 19 n Lymn= 1776 n (geometry limit) OK
Wy = 11.95 n Ay= 1425 n2
Wiow = 14.12 n P, = 326.56 kip
whit.g = 23.90 n oR,= 384.75 kip
OR, = 806.55 kip OK OK
Weld Fillet (Gusset to beam flange)
Fexy = 70 ksi
F, = 42 ks1
W= 11 x 1/16 inch sy=15.79 ksi
Lyaa= 46 in sy= 0.00 ksi
side = 2 sides sa= 542 ksi
ter = 0.486 n
d=0.75 -
Ratio= 0.89 OK
Check Beam Web
width = 46 n Beam w30x391
R,= 0.00 kip d= 332 in ty 1.36 n




N= 23 in tr= 244 in Fywb= 50 ksi
o= 0.75 - Ry = 4450.60 kip OR,= 3337.95 kip
Kes = 3.23 n (web crippling) OK
é=1.00 R, = 2662.20 kip OR,= 2662.20 kip
(web local yielding) OK
Check Gusset Plate Buckling
Lyp= 14.84 in kL/r=82.2 - L.=| 15.88 n
k=12 - F.= 4232 ksi L. =| 18.06 in
r=0.217 in 044F,= 22 ksi Lo=| 12.56 n
A= 1792 in2 R,= 546.54 kip Lo =| 18.56 in
o= 09 - ¢oR,= 491.88 kip Lip=| 9.13 n
OK Loe=| 14.84 in
Free Edge Buckling
L.= 17.88 n
LJ/t;= 23.83 -
Limit=18.06 - Edge stiffener required!
Lateral Stability of Beam
M; = 6645.83  kip-ft Z= 1450 in3 Ly= 10 ft
Cy= 1 - ho=30.76 in L= 17.05 ft
P,= 51.85 kip Bu-= 288.07 kip/in n= 1 OK
(Nodal) (Nodal) Cy= |
My = 79.75 kip-ft I,= 1550 in4
P,,= 31.11 kip  (torsional)
Br= 108666 kip-in/rad Psec not included
By= 114.85 kip/in  (torsional)
A= 0.27 n
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Title TCBF-B-1 Specimen Design Calculation Sheet Date August 16, 2008
1F Column Base Plate Design Check Page 15
Column w12x96
Ze= 147 n3 L= 96.15 n
F, = 50 ksi Vip= 152.89 kip
M,= 7350 kip-in
P,= 484.19 kip d= 127 n
M, = 3290.12  kip-in b= 122 n
N= 3125 n £y max = 36 ks1
= 28 n
e= 6.80 n Omax = 1008 kip/in
€= 15.38 in (Small Moment)
Y= 1766 n
q= 2742 kip/in OK
m=9.59 n
f,= 0.98 ksi
threg=  2.01 n eq 3.3.14a (LRFD)
use=2.00 n
All-thread-rods
Type ASTM A193 B7
dpor = 1.125 n
F.= 125 ks1
F,= 105 ksi
Fu= 9375 ksi
Fp = 50 ksi
Ay = 0.99 in2
o= 0.75 -
oR, = 69.89 kip  (tension)
oR, = 37.28 kip  (shear)
Fpr=86.98 kip  (minimum required pretension)
Vo= 152.89 kip  (very conservative assumption)
M,= 7350 kip-in  (very conservative assumption)
P,= 600 kip  (very conservative assumption)
p= 035 - (class A surface)
SF = 2 - (safety factor for not having enough bolt pretension force)




Ny = 10 bolts  (for friction shear)
Ny = 17 bolts  (for bending)
Nr= 9 bolts  (for uplifting)
Nieq, total = 35 bolts
use = 34 bolts
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Title TCBF-B-1 Specimen Design Calculation Sheet Date August 8, 2009
2F Stub Beam Page 16
F1= 300 kip d= 243 in
F2=" 600 kip ty= 0.55 in
Lyw= 19 in b= 128 in
Beam w24x117 tr= 0.85 n
Column Dimension List
Column w12x96
A= 282 in’ b= 122 in
L= 833 in’ tt= 09 n
I,= 270 in* d= 127 in
=544 n ty= 0.55 in
r,=  3.09 in F,= 50 ksi
Kees= 1.5 n E¢= 29000 ksi
Column Web Local Yielding
N= 24.00 n
R,= 866.25 kip
é= 1.00 -
OR, = 866.25 kip OK
Column Web Crippling
R, = 1382.366  kip
é= 0.5 -
R, = 1036.77 kip OK
Column Flange Local Bending
R,= 253.13 kip Ayer = 1243 in Ag= 34.19 in’
é=0.90 Afpree = 2176 in’
R, = 227.81 kip Flaamee= 190.93 kip
Flhunee=  381.87 kip Continue Plate Required!
Stub Beam Gross Yielding
Aspeamy = 344 in’
P,= 1720 kip OK
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Title TCBF-B-1 Specimen Design Calculation Sheet Date August 8, 2009
1F Stub Beam Page 17
Fi= 300 kip d= 237 n
F,= 600 kip ty= 0415 in
Lgup= 19 in b= 897 n
Beam Ww24x68 tr= 0.585 n
Column Dimension List
Column w12x96
A= 282 in’ b= 122 n
L= 833 in’ tt= 09 n
I,= 270 in* d= 127 n
= 544 in ty= 0.55 n
r,=  3.09 n F,= 50 ksi
Kees= 1.5 in E¢= 29000 ksi
Column Web Local Yielding
N=24.00 n
R,= 866.25 kip
é=1.00 -
OR, = 866.25 kip OK
Column Web Crippling
R, = 1382.366  kip
é= 0.5 -
R, = 1036.77 kip OK
Column Flange Local Bending
R,= 253.13 kip Ayer = 9.35 in’ A 19.84 in’
é=0.90 - Afange = 10.49 in’
R, = 227.81 kip Fliamee= 158.65 kip
Flhunee= 317.31 kip OK
Stub Beam Gross Yielding
Agbeamy = 20.1 in’
P, = 1005 kip OK
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
General Page 1
—pa L g h
Building height = 2 stories l
Typical floor height = 9 ft —Fl+d e 5 "
Fl, max — 300 klp I =
F27 max — 600 klp e o l’
SR = 4 <+—-Span——~
ratio=_ 0.8
Calculation Initialize
[tems values units [tems values units
Fi= 240 kip Vi= 720 kip
F,= 480 kip Vo= 480 kip
h; = 9 ft
h2 = 18 ft
span = 20 ft (beam span)
h= 9 ft (typical floor height)
M 13500 kip-ft
Pcolumn = 675 klp
Lpace = 13.45 ft (work point to work point)
E,= 29000 ksi
Notes
: input value
Materials
Members Material Type Fy (ksi)| Fu (ksi) Ry Rt (Ref: Table I-6-1)
Columns ASTM A992 50 65 1.1 1.1
Beams ASTM A992 50 65 1.1 1.1
Braces ASTM A500B 42 58 1.4 1.3 (HSS-Round)
Plates 1 ASTM A36 36 58 1.3 1.2
Bolts A490 130 150 -
Welds E70XX - 70 - -
Plates 2 | ASTM A572 Gr.50 50 65 1.1 1.2

Load Combinations

Per ASCE-7-2005

Basic Reference Codes

AISC Specification for Structural Steel Buildings (March 9, 2005)

AISC Seismic Provisions for Structural Steel Buildings (March 9, 2005)
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
2F-Brace Page 2
P.= 144.00 kip  (compression)
Lomee = 8.1 ft
k= 1.0 -
Try section HSS5x.500 (HSS-Square)
Ag= 6.62 in’ L= 17.20 in*
Zy=9.60 jn3 y = 17.20 in4
OD= 5.00 in OD= 5.00 n
tom= 0.50 n tees = 0.465 n
o= 1.61 n
r,= 1.61 n
F, (brace) = 47 ks1 Es= 29000 ks1
KL= 60.25 : Limit= 10511 OK  |Kir <4VEIF,
F.= 78.85 ksi 044F,= 18.48 ksi
o= 0.90 -
¢oP, = 200.23 kip  (compression) Check OK
Check Compactness Seismically (AISC Seismic Provisions 2005, Sec 8.2b)
Aos= 16.82 - b/t=0.00 OK
(Table I-8-1)
h/t=0.00 OK
o= 0.90 -
oP, = 250.24 kip  (tension) Check OK
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
1F-Brace Page 3
P.= 252.07 kip  (compression)
Lirace = 9 ft
k= 1.0 -
Try section HSS6x.500 (HSS-Square)

A= 8.09 in2 I,= 3120 in4
Zy= 14.30 in3 y= 31.20 in4
OD= 6.00 in OD= 6.00 in
tom=  0.50 n tees = 0.465 n

o= 196 n

r,= 1.96 n
F, (brace) = 47 ks1 Es= 29000 ks1

KLi= 5510 : Limit= 10511 OK  |Kir <4VEIF,

F.= 94.26 ksi 044F,= 18.48 ksi

o= 090 -
OP, = 253.77 kip  (compression) Check OK

Check Compactness Seismically (AISC Seismic Provisions 2005, Sec 8.2b)
Aos= 16.82 - b/t=0.00 OK
(Table I-8-1)

h/t=0.00 OK

o= 090 -
¢oP, = 305.80 kip  (tension) Check OK
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Title TCBE-B-2 Specimen Design Calculation Sheet Date May 27, 2009

2F Brace to Gusset Plate Connection Page 4
Brace HSS5x%.500
RyF,A; = 389.26 kip (Tp
F,A, = 383.96 kip Py T/P,= 101

RF,= 588 Ksi
RF, = 754 Kksi

U= 09
¢ = 0.75 (tensile rupture in net section )
A/A;= 1.16  (Net section reinforcement required! )
&= 090 (tensile yield in gross section )
touset = 0.87 n (estimated) F, = 50 ks1
t,= 0.75 n (use) (gusset plate)
F,.= 65 ksi
A= 0.81 in’
A= 581 in’
A.=  6.88 in®  (Reinforcement required!)
Reinforcement Plates
1= 12 in Section HSS6x.500
x_bar = 1.909859 in OD = 6 in ID= 5 in
U= 084 - Acreg= 688 in* Antreg= 819 in*
A= 1.19 in>  (both sides)
Dreinf = 2.38 n Ceinf=  2.32 in
teg= 0.50 in be= 2.5 in Lotae = 14 n
Fy e = 42 ksi R,F\ A, = 73.50 kip
Lyeld = 6 in weld = 5 x 1/16in  (fillet)
oR,= 83.51 kip OK
Brace Block Shear
torace = 0.465 n
L= 8.02 n OK
Ly = 12 n

Brace to Gusset Plate Weld

Lwcld = 12 n
weld = 6 x /161 (fillet)
o= 0.75
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Fexx = 70 ksi

Fo= 42 ksi
&R, = 400.87 kip OK
Gusset Plate Block Shear
Agv = 18 in2
A= 431 in’
Ups = 1
éd=0.75

OR,= 61523 kip OK

Whitmore Effective Width

Lonitmore = 21.59 n (theoretical width)
o= 090 -
oR, = 728.61 kip OK  (check gross yield)
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
1F Brace to Gusset Plate Connection Page 5
Brace HSS6x.500
RyF A, = 475.692 kip (Ty
FAg= 46922 kip (P T/P,= 101
R/F,= 588 ksi
RF, = 754 ksi
U= 09
&= 0.75 (tensile rupture in net section )
A/A;= 1.16  (Net section reinforcement required! )
&= 090 (tensile yield in gross section )
touset = 0.88 n (estimated) F, = 50 ks1
t,= 0.75 n (use) (gusset plate)
F,.= 65 ksi
A= 0.81 in’
A= 728 in2
A.= 841 in? (reinforcement required)
Reinforcement Plates
1= 14 in Section HSS7x.500
x_bar=  2.23 n OD = 7 n D= 6 n
U= 084 Acreg= 841 in® At g = 10.00 in’
Awine= 1.36 in>  (both sides)
bt = 2.73 in Creinf = 2.60 in
teg=  0.50 n twe = 2.75 n Lolate = 16 n
Fy e = 42 ksi R,F\ A, = 80.85 kip
Lyeld = 7 in weld = 5 x 1/16in  (fillet)
OR,= 97.43 kip OK
Brace Block Shear
torace = 0.465 n
Leg= 9.80 n OK
Ly = 14 n
Brace to Gusset Plate Weld
Lyaa= 14 in
weld = 7 x /161 (fillet)
o= 0.75




Fox= 70 ksi
Fo= 42 ksi
dR, = 545.63 kip OK
Gusset Plate Block Shear
Ay= 21 in’
Ay= 5.16 in’
Ups = 1
o= 0.5 -
OR, = 723.87 kip OK
Whitmore Effective Width
Lonitmore = 24.90 n (theoretical width)
é= 090 -
R, = 840.30 kip OK  (check gross yield)
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
2F Roof Beam Design Check Page 6
RyF,A; = 389.26 kip 0= 073 (rad) 42.0 (deg)
03P, = 66.74 kip sin(@) = 0.67
cos(@) = 0.74
= 215.75 kip
H= 33894 kip
P.= 600.00 kip  (conservatively)
M,= 88.57 kip-ft  (revised from structural analysis)
Try w24x117
A= 344 in’ b= 12.8 in
L= 3540 in* tr= 0.8 in
L= 297 in* d= 243 in
.= 10.1 n ty= 055 n
r,= 294 in F,= 50 ksi
A= 0.5 b/t= 7.53  Compact
A= 90.55 hitw= 41.09  Compact
L,= 10.38 ft Zy= 327 in’
c= 1 - J= 672 in*
Cy = 40800 in® hy= 2345 n
Si= 291 in’ ry= 3.46 in
L,= 29.90 ft Brace PT= 2
L, = 10 ft Co= 1.0 (Conservatively)
M, = 1362.5 kip-ft F.= 248.50 ksi
o= 0.90 M= 1362.50  kip-ft (Need Check)
oM, = 122625  kip-ft
kl/r=40.82 - k= 1.0 -
F.= 171.79 ksi 044F,= 22 ksi
.= 0.90
¢.P, = 1370.46 kip
P/o.P,= 044  use (HI-1a)
Check 0.50 OK
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
1F Lower Beam Design Check Page 7
RyF,A; = 475.69 kip (1F)
RyF,A; = 389.26 kip (2F) 6= 073 (rad) 42.0 (deg)
0.3P,= 84.59 kip (1F) sin@) = 0.67
03P, = 66.74 kip (2F) cos(@) = 0.74
V= 27357 kip
H= 303.97 kip
P.= 303.97 kip  (conservatively)
M,= 159.45 kip-ft  (revised from structural analysis)
Try w24x68
A= 201 in’ b= 8.97 in
L= 1830 in’ tr= 0.585 in
I,= 704 in* d= 237 in
r,= 955 n ty= 0415 n
= 1.87 in F,= 50 ksi
A= 0.5 b/t= 7.67  Compact
A= 90.55 hitw= 5429  Compact
L,= 6.6l ft = 177 in’
c= 1 - J= 1487 in*
Co= 9430 in® ho= 23.12 n
Sy= 154 in’ r,= 230 in
L= 18.74 ft Brace PT= 2
L, = 10 ft Co= 1.0 (Conservatively)
M,= 7375 kip-ft F.= 110.86 ksi
o= 0.90 M, = 656.87 kip-ft OK
M, = 59118 kip-t
kir= 64.17 k= 1.0 -
F.= 69.50 ksi 044F,= 22 ksi
.= 0.90
&P, = 669.33 kip
P/o.P,= 045 use (Hl-1a)
Check 0.69 OK
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
2F Column Design Check Page 8
P,= 4394 kip  (revised from structural analysis)
M,= 110.65 kip-ft  (revised from structural analysis)
Lcolumn = 9 ft
Try w12x96
A= 282 in” br= 122 n
I,= 833 in* tt= 0.9 in
L= 270 int d=12.7 n
=544 n ty= 0.55 n
r,=  3.09 n F, = 50 ks1
A= 722 bt= 6.8  Compact
Ap= 71.59 h/tw = 19.82  Compact
L= 1091 ft Z,= 147 in’
c= 1 = 685 in*
Cy= 9410 in hy=11.80 n
Sy= 131 in = 3.49 n
L.= 40.86 ft Brace PT= 0
Ly = 9 ft Co= 1.0 (Conservatively)
M,= 6125 kip-ft F.= 344.49 ksi
o= 090 M,= 61250  kip-ft (Need Check)
oM, = 551.25 kip-ft C,= 0.03
kl/r= 34095 k= 1.0 -
F.= 234.28 ksi 044F, = 22 ks1
o= 0.90
¢P, = 1160.56 kip
P/oP,=  0.04 use (Hl-1b)
Check 0.22 OK
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Title TCBE-B-2 Specimen Design Calculation Sheet Date May 27, 2009
1F Column Design Check Page 9
P,= 49382 kip  (revised from structural analysis)
M,= 263.05 kip-ft  (revised from structural analysis)
Lcolumn = 9 ft
Try w12x96
Ag = 282 in2 bs = 12.2 n
I,= 833 in* tt= 0.9 in
L= 270 int d=12.7 n
=544 n ty= 0.55 n
r,= 3.09 n F, = 50 ksi
A= 722 bt= 678  Compact
Ap= 52.35 h/tw=19.82  Compact
L,= 1091 ft Z,= 147 in’
c= 1 - = 685 int
Co= 9410 in hy=11.80 n
Si= 131 in Is= 3.49 n
L.= 40.86 ft Brace PT= 0
Ly = 9 ft Co= 1.0 (Conservatively)
M,= 6125 kip-ft F.= 344.49 ksi
=090 M,= 61250  kip-ft (Need Check)
oM, = 551.25 kip-ft C,= 0.39
klr= 34.95 k= 1.0 -
F.= 234.28 ksi 044F, = 22 ksi
d.=  0.90
¢P, = 1160.56 kip
P/o.P,= 043  use (HI-1a)
Check 0.85 OK
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Check Column Web Shear Stress
M,= 7350 kip-in
L= 96.15 n
V= 152.89 kip
A= 6.99 mz Ay = d*¥tw
S, = 21.89 ksi
Sv.yiea = 29.00 ksi Elastic
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
2F Beam-Column Connection Page 10
Type Bolted (WUF-B) @\:VL I
H= 169.47 kip N 15 /O
= 10788  kip o %
M= 88.57 kip-ft  (revised from structural analysis)
’l +
Ry= 20089  kip e
Trydy= 0.8 in F,= 150 Ksi —
Ay= 0.60 in’ Fn= 75 ksi  (threads excluded)
Ny = 6 bolts  (in one row)
R,= 270.59 kip  (bolt shear) Leex= 15 in
=075 Lein= 3 in
dR, = 202.94 kip OK
Lg= 1.03 n (edge clear distance) R, = 4641 kip
Lo= 206 n (clear distance) Rp= 236.25 kip
t= 0.0 in (shear tab thickness)
R, = 1227.66 kip  (combined bolt bearing)
o= 0.75
&R, = 920.74 kip OK
Ly = 18 n Ag p = 9 in’ Ry,= 524.79 kip
Wp = 4.5 in Fyw= 50 ksi P.= 450.00 kip
Foww= 300 ksi P,y = 270.00 kip
OK
Weld  Fillet (shear tab)
Fax= 70 ksi Ry= 334.06 kip
Fw= 42 ksi o= 0.75
W= 5 x 1/16 inch oR, = 250.54 kip OK
Lyeld = 18 n
side = 2 sides
Weld CIP  (top, bottom flanges)
br= 128 n Fyom = 50 ksi  (base metal)
tr= 0.85 in M,= 1063.07 kip-ft OK
d= 243 in
ty= 0.55 n
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Check Shear tab length, OK
Check Block Shear
Beam
w24x117
Ay= 99 in’
Agt = 1.925 m2
Ay = 6.6 in2
Ay = 1.65 in2
Us= 05
= 075 -
F,= 50 ksi
F.= 65 ksi
OR, = 233.27 kip OK
Shear Tab
Ay = 825 in’
Ag= 15 in”
Ay= 55 in’
Ay = 1.25 inz
Us= 05
= 075 -
Fy= 50 ksi
F.= 65 ksi
¢oR,= 191.34 kip NG!
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
2F Braces to Beam Connection Page 11
Braces HSS5x.500
T= 389.26 kip sin(@) = 0.669
C= 34261 kip cos(@) = 0.743
e= 12.15 in
Shear = 543.99 kip
Tension = 197.89 kip
Moment = 550.79 kip-ft — _<7r _____ l _
tusset = 0.75 in Z "N 771 e=0.5d
L= 60 in B — —
sy= 1209 ksi / u N\,
sa= 440 ksi
sy= 14.69 ksi
o= 09 -
Fyaset= 50 ksi
Ratio=  0.63 OK
Linimore = 21.59 in Lon=59.27 n (geometry limit) OK
L, = 16 in Ly mn= 16.05 in (geometry limit) NG!
Wy = 10.79 in A= 12 in?
Wiow = 20.92 in P, = 260.40 kip
Whitmeg = 21.59 in oR,= 324 kip OK
OR, = 728.61 kip OK
Gusset Plate to Beam Flange
Weld Fillet
Fou = 770 ksi
F,= 42 ksi sy= 12.82 ksi
W= 8 x 1/16 inch sv= 15.58 ksi
Lyeg = 60 n spa=  4.67 ksi
side = 2 sides foe = 23.97 ksi
ter = 0.354 in fae = 20.40 ksi
o= 0.75 - f,= 2550 ksi
Ratio= 0.86 OK Ratio=  0.81 OK
Check Beam Web
width = 60 n Beam w24x117
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R,= 22032 kip d= 243 n ty= 0.55 n

N= 30 in tt= 085 in Fywbr= 50 ksi
é=0.75 - R, = 1060.63 kip OR, = 795.47 kip
Kees=  1.35 n (web crippling) OK
é=1.00 - R,= 1010.63 kip R, = 1010.63 kip

(web local yielding) OK

Check Gusset Plate Buckling

Lyp= 17.68 in kL/r=98.0 - L.= 14.13 n
k= 1.2 - F.= 29.82 ksi Lg= 11.38 n

r= 0217 n 044F,= 22 ksi Lo= 1694 n
A= 16.19 in’ R,= 401.31 kip Lo = 24.06 n
o= 09 - ¢oR,= 361.18 kip Lip= 21.88 n
OK Lye= 17.68 n

Free Edge Buckling
L.= 15.63 in
L/t;= 20.83
Limit= 18.06 - Edge stiffener required!

Lateral Stability of Beam

M, = 149875  kip-ft 7= 327 in’ L= 10 fit
Ci= 1 i ho=  23.45 in Lu= 17.05 fit
Pp= 1534 kip Bo= 8522  kip/in n= 1 OK
(Nodal) (Nodal) Co= 1

My, = 17.985 kip-ft

P,= 9.20 kip  (torsional)

Br= 28842 kip-infrad P not included
B = 5245 kip/in  (torsional)

A= 0.18 n
Kicker
L3x2x3/8
A= 173 in”
L= 25 n

Kair = 2006.8  kip/in
k= 1419 kip/in OK
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
1F Beam-Column-Gusset Connections Page 12
Big Gusset Plate for Upper Floor Bracing and Lower Floor Bracing
Sway to Right . Vo F
Fur = 389.26 kip  cos@®y) = 0.743 __N:z_/\‘ZHU
FLr= 434.24 kip cos(0p) = 0.743
Sway to Left
Fuy = 342.61 kip - — «— 0.5 (Hy+Hy)
Fu= 47569  kip 2 7
Beam w24x68 Vi
d= 237 in < 0.5 (Hu+H.)
Lemn= 5825 in Vioa =V - Vi - Rogam
Column w12x96 > Hu | Mintetace = Viota * &
e.= 6.35 n __V/‘_N/LN F
Rpeam = 21.32 kip  (downward)
Lo, min= 16.66 in
Lepmn= 16.05 in
Lo mn= 1851 n
t,= 0.75 in
L= 18 n (use) Fy ousset = 50 ksi
Lyg= 18 in  (use)
.= 59.7 in (use)
L,= 23 n (use)
Sway to the Right
Vur = 260.40 kip  (upward) sy=11.83 ks1
Hypr = 289.33 kip  (rightward) sm= 7.55 ksi
Vigr= 290.49 kip  (upward) sa= 0.75 ksi
Hir= 32277 kip  (leftward) Ratio= 0.49 OK
Viw = 529.57 kip  (upward)
M= 280.23 kip-ft  (counter-clockwise)
Column-Side
Va= 159.67 kip  (downward) sa= 5.27 ksi
fi=  5.66 kip/in  (lefttward) sy= 11.83 ks1
=225 kip/in  (leftward) sv=2.28 ksi
Ho = 71.18 kip  (leftward) Ratio= 0.49 OK
H,, = 218.16 kip  (leftward) Beam-Side
Ve = 100.73 kip  (downward) sa=  5.84 ksi
Mo,= 7.68 kip-ft  (counter-clockwise) sy=12.65 ksi
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My, = -112.45 kip-ft ~ (clockwise) sv= -20.41 ksi
Ratio=  0.58 OK
Va= 159.67 kip  (downward) sa= 5.27 ksi
fi= 5.66 kip/in  (rightward) sy= 11.83 ksi
;=225 kip/in (rightward) smM= 2.28 ks1
Hqy= 71.18 kip  (rightward) Ratio= 0.49 OK
Hy, = 251.59 kip  (rightward)
V= 130.82 kip  (downward) sa= 7158 ksi
My = 100.71 kip-ft  (clockwise) sy= 14.58 ks1
My= 7.68 kip-ft  (counter-clockwise) sy= 18.28 ksi
Ratio=  0.80 OK
Via= 161.44 kip  (downward) sa= 0.00 ksi
Mpuqa= 10.34 kip-ft  (counter-clockwise) sy= 9.08 ksi
Hua=  0.00 kip  (leftward) sy= 1.77 ksi
Ratio=  0.35 OK
Weld Size
f,= 8.87 kip/in
.= 513 kip/in (averaged)
f,= 5.66 kip/in
foex = 13.97 kip/in
fae= 11.43 kip/in
f.= 14.28 kip/in 14.283
D>= 5.13 x 1/16  (weld size)
Use 6 x 1/16  (weld size)
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
1F Lower Beam to Gusset Plate Splice Page 13
Web Fillet welds with web plates
Flange CJP weld (T & B)
P.= 303.97 kip
tr= 0.59 n
= 897 n
A= 525 n2
2*AGE, = 52475 kip OK
Rpeam = 21.32 kip  (Gravity)
Lay= 20.375 n t= 05 n
Wiah = 8 n
Weld  Fillet (shear tab)
Feux = 70 ksi R,= 315.96 kip
F, = 47 ksi = 0.5
W= 6 x 1/16 inch dR, = 236.97 kip OK
Lyew=28.375 n
side = 1 sides
Shim Plate
L= 20 n t= 0.168 n (shim as required)
w = 4 n
Weld  Fillet (shear tab)
Feux = 70 ksi Ry,= 139.26 kip
F, = 47 ksi = 0.5
w= 268 x 1/16 inch oR, = 104.45 kip OK
Lyela = 28 in (3 sides)
side = 1 sides
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Title TCBE-B-2 Specimen Design Calculation Sheet Date May 27, 2009
IF Braces to Floor Beam Connection Page 14
Braces HSS6x.500
T= 47569 kip sin(@) = 0.669
C= 43424 kip cos(@) = 0.743
e= 0 n ) ’
Shear = 676.34 kip
Tension = 239.00 kip
Moment = 0.00 kip-ft
tgusset = 0.75 n \\ /\ //
L= 46 n — = == —
sy=19.60 ksi e=05d I N N L , -
sv=0.00 ksi ‘ZZ ‘‘‘‘‘ #’_‘_‘_27_
o= 09 -
Fyaset= 50 ksi
Ratio=  0.77 OK
whitmo = 24.90 n Lon= 37.22 n (geometry limit) OK
L,= 19 n Lymn= 18.51 n (geometry limit) OK
Wy = 1245 n Ay= 1425 n2
Wiow = 14.12 n P,= 31822 kip
whit.g = 24.90 n oR,= 384.75 kip
R, = 840.30 kip OK OK
Weld Fillet (Gusset to beam flange)
Fexy = 70 ksi
F, = 42 ks1
W= 11 x 1/16 inch sy= 15.12 ksi
Lyaa= 46 in sy= 0.00 ksi
side = 2 sides sa= 534 ksi
ter = 0.486 n
d=0.75 -
Ratio=  0.85 OK
Check Beam Web
width = 46 n Beam w30x391
R,= 0.00 kip d= 332 in ty 1.36 n




N= 23 in tr= 244 in Fywb= 50 ksi
o= 0.75 - Ry = 4450.60 kip OR,= 3337.95 kip
Kes = 3.23 n (web crippling) OK
é=1.00 R, = 2662.20 kip OR,= 2662.20 kip
(web local yielding) OK
Check Gusset Plate Buckling
Lyp= 14.84 in kL/r=82.2 - L.=| 15.88 n
k=12 - F.= 4232 ksi L. =| 18.06 in
r=0.217 in 044F,= 22 ksi Lo=| 12.56 n
A= 18,67 in2 Ry= 569.41 kip Lo =| 18.56 in
o= 09 - OR,= 512.47 kip Lip=| 9.13 n
OK Loe=| 14.84 in
Free Edge Buckling
L.= 17.88 n
LJ/t;= 23.83 -
Limit=18.06 - Edge stiffener required!
Lateral Stability of Beam
M; = 6645.83  kip-ft Z= 1450 in3 Ly= 10 ft
Cy= 1 - ho=30.76 in L= 17.05 ft
P,= 51.85 kip Bu-= 288.07 kip/in n= 1 OK
(Nodal) (Nodal) Cy= |
My = 79.75 kip-ft I,= 1550 in4
P,,= 31.11 kip  (torsional)
Br= 108666 kip-in/rad Psec not included
By= 114.85 kip/in  (torsional)
A= 0.27 n
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
1F Column Base Plate Design Check Page 15
Column w12x96
Ze= 147 n3 L= 96.15 n
F, = 50 ksi Vip= 152.89 kip
M,= 7350 kip-in
P,= 493.82 kip d= 127 n
M,= 3156.6  kip-in b= 122 n
N= 3125 n £y max = 36 ks1
= 28 n
e= 639 n Omax = 1008 kip/in
€= 15.38 in (Small Moment)
Y= 1847 n
q= 26.74 kip/in OK
m=9.59 n
f,= 096 ksi
threg= 199 n eq 3.3.14a (LRFD)
use=2.00 n
All-thread-rods
Type ASTM A193 B7
dpor = 1.125 n
F.= 125 ks1
F,= 105 ksi
Fu= 9375 ksi
Fp = 50 ksi
Ay = 0.99 in2
o= 0.75 -
oR, = 69.89 kip  (tension)
oR, = 37.28 kip  (shear)
Fpr=86.98 kip  (minimum required pretension)
Vo= 152.89 kip  (very conservative assumption)
M,= 7350 kip-in  (very conservative assumption)
P,= 600 kip  (very conservative assumption)
p= 035 - (class A surface)
SF = 2 - (safety factor for not having enough bolt pretension force)




Ny = 10 bolts  (for friction shear)
Ny = 17 bolts  (for bending)
Nr= 9 bolts  (for uplifting)
Nieq, total = 35 bolts
use = 34 bolts
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
2F Stub Beam Page 16
F1= 300 kip d= 243 in
F2=" 600 kip ty= 0.55 in
Lyw= 19 in b= 128 in
Beam w24x117 tr= 0.85 n
Column Dimension List
Column w12x96
A= 282 in’ b= 122 in
L= 833 in’ tt= 09 n
I,= 270 in* d= 127 in
=544 n ty= 0.55 in
r,=  3.09 in F,= 50 ksi
Kees= 1.5 n E¢= 29000 ksi
Column Web Local Yielding
N= 24.00 n
R,= 866.25 kip
é= 1.00 -
OR, = 866.25 kip OK
Column Web Crippling
R, = 1382.366  kip
é= 0.5 -
R, = 1036.77 kip OK
Column Flange Local Bending
R,= 253.13 kip Ayer = 1243 in Ag= 34.19 in’
é=0.90 Afpree = 2176 in’
R, = 227.81 kip Flaamee= 190.93 kip
Flhunee=  381.87 kip Continue Plate Required!
Stub Beam Gross Yielding
Aspeamy = 344 in’
P,= 1720 kip OK
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Title TCBF-B-2 Specimen Design Calculation Sheet Date May 27, 2009
1F Stub Beam Page 17
Fi= 300 kip d= 237 n
F,= 600 kip ty= 0415 in
Lgup= 19 in b= 897 n
Beam Ww24x68 tr= 0.585 n
Column Dimension List
Column w12x96
A= 282 in’ b= 122 n
L= 833 in’ tt= 09 n
I,= 270 in* d= 127 n
= 544 in ty= 0.55 n
r,=  3.09 n F,= 50 ksi
Kees= 1.5 in E¢= 29000 ksi
Column Web Local Yielding
N=24.00 n
R,= 866.25 kip
é=1.00 -
OR, = 866.25 kip OK
Column Web Crippling
R, = 1382.366  kip
é= 0.5 -
R, = 1036.77 kip OK
Column Flange Local Bending
R,= 253.13 kip Ayer = 9.35 in’ A 19.84 in’
é=0.90 - Afange = 10.49 in’
R, = 227.81 kip Fliamee= 158.65 kip
Flhunee= 317.31 kip OK
Stub Beam Gross Yielding
Agbeamy = 20.1 in’
P, = 1005 kip OK
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
General Page 1
—pa L g h
Building height = 2 stories l
Typical floor height = 9 ft —Fl+d e 5 "
Fl, max — 300 klp I =
F27 max — 600 klp e o l’
SR = 4 <+—-Span——~
ratio=_ 0.8
Calculation Initialize
[tems values units [tems values units
Fi= 240 kip Vi= 720 kip
F,= 480 kip Vo= 480 kip
h; = 9 ft
h2 = 18 ft
span = 20 ft (beam span)
h= 9 ft (typical floor height)
M 13500 kip-ft
Pcolumn = 675 klp
Lpace = 13.45 ft (work point to work point)
E,= 29000 ksi
Notes
: input value
Materials
Members Material Type Fy (ksi)| Fu (ksi) Ry Rt (Ref: Table I-6-1)
Columns ASTM A992 50 65 1.1 1.1
Beams ASTM A992 50 65 1.1 1.1
Braces ASTM A992 50 65 1.1 1.1 (Wide Flange)
Plates 1 ASTM A36 36 58 1.3 1.2
Bolts A490 130 150 -
Welds E70XX - 70 - -
Plates 2 | ASTM A572 Gr.50 50 65 1.1 1.2

Load Combinations

Per ASCE-7-2005

Basic Reference Codes

AISC Specification for Structural Steel Buildings (March 9, 2005)

AISC Seismic Provisions for Structural Steel Buildings (March 9, 2005)
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Title TCBE-B-3 Specimen Design Calculation Sheet Date May 28, 2009

2F-Brace Page 2

P,= 139.67 kip  (compression)

Liace = 8.1 ft
k= 1.0 -
Try section WEx21 (HSS-Square)
A= 6.16 jn2 L= 75.30 in4
Zy=20.40 in’ I,= 7530 in’
b= 527 in tr= 0.40 in
d= 828 in ty = 0.250 n
,= 349 n
r,= 1.26 in
Fy (brace) = 50 ksi E¢= 29000 ksi
KL= 7698 . Limt= 9633  OK  |Klr <4VEIF,
F.= 4829 ksi 044F,= 22 ksi
é=0.90 -
oP, = 179.72 kip  (compression) Check OK
Check Compactness Seismically (AISC Seismic Provisions 2005, Sec 8.2b)
hos= 7122 - be/2t= 6.59 OK
Ca= 0.50 (Table I-8-1)
Aos=  35.88 - h/ty,= 27.50 OK
o= 090 -
oP, = 277.20 kip  (tension) Check OK
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Title TCBE-B-3 Specimen Design Calculation Sheet Date May 28, 2009

1F-Brace Page 3

P.= 254.24 kip  (compression)

Ligace = 9 ft
k= 1.0 -
Try section WEx28 (HSS-Square)
Ag= 824 in2 I,= 98.00 in4
Z.= 27.20 in3 I,= 98.00 in4
b= 654 in tr= 0.47 n
d= 8.06 n ty = 0.285 in
= 345 n
r,= 1.62 in
Fy (brace) = 50 ksi E¢= 29000 ksi
KL= 6667 . Limt= 9633  OK  |Klr <4VEIF,
F.= 64.40 ksi 044F,= 22 ksi
éd=0.90 -
OP, = 267.92 kip  (compression) Check OK
Check Compactness Seismically (AISC Seismic Provisions 2005, Sec 8.2b)
hos= 7122 - be/2t= 7.03 OK
Ca= 0.69 (Table I-8-1)
Aos=  35.88 - h/t,= 2230 OK
o= 0.90 -
oP, = 370.80 kip  (tension) Check OK
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
2F Brace to Gusset Plate Connection Page 4
Brace W8x21
RyF,A; = 338.80 kip (Tp
F.A, = 400.40 kip Py T/Py= 0.5
R/F, = 55 ksi
RF,= 715 ksi
U= 09
d.= 0.75 (tensile rupture in net section )
A/A,= 1.14  (Net section reinforcement required! )
&= 090 (tensile yield in gross section )
tousset = 0.71 n (estimated) F, = 50 ks1
t,= 0.75 in (use) (gusset plate)
F,.= 65 ksi
A= 257 in’
A= 3.59 in’
A= 632 in? (Reinforcement required!)
Reinforcement Plates
1= 12 in d= 828 in
U= 100 . Acreg= 632 i A= 632 in”
Apini=  1.36 in?  (both sides)
Droint = 4 n
teq= 047 n tie= 0.5 n Lolate = 14 n
Fy e = 36 ksi RyF,A; = 93.60 kip
Lyeld = 6 in weld = 6 x 1/16in  (fillet)
¢oR,= 100.22 kip OK
Brace Block Shear
thrace = 0.4 n
Leg= 724 n OK
Lye = 12 n
Brace to Gusset Plate Weld
Lyea= 12 in
weld = 6 x /161 (fillet)
o= 0.75




Fexx = 70 ksi

F,= 42 ksi
&R, = 400.87 kip OK
Gusset Plate Block Shear
Agv = 18 in2
A= 677 in’
Ups = 1
éd=0.75

OR,= 735.16 kip OK

Whitmore Effective Width

Lonitmore = 23.87 n (theoretical width)
é= 090 -
¢oR, = 805.56 kip OK  (check gross yield)
Brace Web Block Shear
Agy = 3 in’
Ay= 1.19 in’
Ups = 1
o= 0.75 -
oR,= 125.39 kip OK
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
1F Brace to Gusset Plate Connection Page 5
Brace W8x28
RyF,A; = 4532 kip  (Ty
FA,= 5356 kip Py T/Py= 0.5
R/F, = 55 ksi
RF,= 715 ksi
U= 09
d.= 0.75 (tensile rupture in net section )
A/A,= 1.14  (Net section reinforcement required! )
&= 090 (tensile yield in gross section )
touset = 077 n (estimated) F, = 50 ks1
t,= 0.75 in (use) (gusset plate)
F,.= 65 ksi
A= 2.85 in’
A= 5.39 in’
A.= 845 in? (reinforcement required)
Reinforcement Plates
1= 14 in d=8.06 in
= 1.00 Agrg= 845 in? A= 845 in”
Apii=  1.53 in?  (both sides)
Droint = 4 n
teg= 053 n te = 0.625 n Lolate = 16 n
Fy e = 36 ksi RyF,A; = 99.00 kip
Lyeld = 7 in weld = 6 x 1/16in  (fillet)
OR,= 116.92 kip OK
Brace Block Shear
torace = 0.465 n
Leg= 833 n OK
Ly = 14 n
Brace to Gusset Plate Weld
Lyea = 14 in
weld = 7 x /161 (fillet)
o= 0.75




Fox= 70 ksi
F,= 42 ksi
dR, = 545.63 kip OK
Gusset Plate Block Shear
Agv = 21 inz
Ay= 670 in’
Ups = 1
éd=0.75
¢oR, = 799.19 kip OK
Whitmore Effective Width
Lonhitmore = 25.96 n (theoretical width)
é= 090
oR, = 876.08 kip OK  (check gross yield)
Brace Web Block Shear
Agv = 3.99 in2
Ay= 1.35 in’
Ups = 1
d=0.75
OR,= 155.77 kip OK
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
2F Roof Beam Design Check Page 6
RyF,A; = 338.80 kip 0= 073 (rad) 42.0 (deg)
0.3P,= 59091 kip sin(@) = 0.67
cos(@) = 0.74
= 186.57 kip
H= 296.36 kip
P.= 600.00 kip  (conservatively)
M,= 9246 kip-ft  (revised from structural analysis)
Try w24x117
A= 344 in’ b= 12.8 in
L= 3540 in* tr= 0.8 in
L= 297 in* d= 243 in
.= 10.1 n ty= 055 n
r,= 294 in F,= 50 ksi
A= 0.5 b/t= 7.53  Compact
A= 90.55 hitw= 41.09  Compact
L,= 10.38 ft Zy= 327 in’
c= 1 - J= 672 in*
Cy = 40800 in® hy= 2345 n
Si= 291 in’ ry= 3.46 in
L,= 29.90 ft Brace PT= 2
L, = 10 ft Co= 1.0 (Conservatively)
M, = 1362.5 kip-ft F.= 248.50 ksi
o= 0.90 M= 1362.50  kip-ft (Need Check)
oM, = 122625  kip-ft
kl/r=40.82 - k= 1.0 -
F.= 171.79 ksi 044F,= 22 ksi
.= 0.90
¢.P, = 1370.46 kip
P/o.P,= 044  use (HI-1a)
Check 0.50 OK
PEER Report 2013/20 H-59




Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
1F Lower Beam Design Check Page 7
RyF, A, = 453.20 kip
RyF,A; = 338.80 kip 6= 073 (rad) 42.0 (deg)
0.3P,= 89.31 kip sin@) = 0.67
0.3P,= 59091 kip cos(@) = 0.74
V= 26310 kip
H= 29233 kip
P.= 300.00 kip  (conservatively)
M,= 160.72 kip-ft  (revised from structural analysis)
Try w24x68
A= 201 in’ b= 8.97 in
L= 1830 in’ tr= 0.585 in
I,= 704 in* d= 237 in
r,= 955 n ty= 0415 n
= 1.87 in F,= 50 ksi
A= 0.5 b/t= 7.67  Compact
A= 90.55 hitw= 5429  Compact
L,= 6.6l ft = 177 in’
c= 1 - J= 1487 in*
Co= 9430 in® ho= 23.12 n
Sy= 154 in’ ry= 230 in
L= 18.74 ft Brace PT= 2
L, = 10 ft Co= 1.0 (Conservatively)
M,= 7375 kip-ft F.= 110.86 ksi
o= 0.90 M, = 656.87 kip-ft OK
M, = 59118 kip-t
kir= 64.17 k= 1.0 -
F.= 69.50 ksi 044F,= 22 ksi
.= 0.90
&P, = 669.33 kip
P/o.P,= 045 use (Hl-1a)
Check 0.69 OK
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
2F Column Design Check Page 8
P, = 4355 kip  (revised from structural analysis)
M,= 115.54 kip-ft  (revised from structural analysis)
Lcolumn = 9 ft
Try w12x96
A= 282 in’ br= 122 n
I,= 833 in* = 09 in
L= 270 int d=12.7 n
=544 n ty= 0.55 n
r,=  3.09 n F, = 50 kst
A= 722 bt= 6.8  Compact
Ap= 71.62 h/tw = 19.82  Compact
L= 1091 ft Z,= 147 in’
c= 1 = 6.85 in*
Cy= 9410 in hy=11.80 n
Sy= 131 in = 3.49 n
L.= 40.86 ft Brace PT= 0
Ly = 9 ft Co= 1.0 (Conservatively)
M,= 6125 kip-ft F.= 344.49 ksi
o= 090 M,= 61250  kip-ft (Need Check)
oM, = 551.25 kip-ft C,= 0.03
kl/r= 34095 k= 1.0 -
F.= 234.28 ksi 044F, = 22 ksi
o= 0.90
¢P, = 1160.56 kip
P/oP,=  0.04 use (Hl-1b)
Check 0.23 OK
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
1F Column Design Check Page 9
P,= 49231 kip  (revised from structural analysis)
M, = 259.53 kip-ft  (revised from structural analysis)
Lcolumn = 9 ft
Try w12x96
A= 282 in2 by= 122 n
I,= 833 in* t= 09 in
L= 270 int d=12.7 n
=544 n ty= 0.55 n
r,= 3.09 n F, = 50 ksi
A= 722 bt= 678  Compact
Ap= 5238 h/tw=19.82  Compact
L,= 1091 ft Z,= 147 in’
c= 1 - = 0.85 in*
Cy= 9410 in hy=11.80 n
Sy= 131 in = 3.49 n
L= 40.86 ft Brace PT= 0
Ly = 9 ft Co= 1.0 (Conservatively)
M,= 6125 kip-ft F.= 344.49 ksi
o= 090 M,= 61250  Kip-ft (Need Check)
oM, = 551.25 kip-ft C.,= 039
kl/r= 3495 k= 1.0 -
F.= 234.28 ksi 044F, = 22 ksi
o= 0.90
¢P, = 1160.56 kip
P/o.P,= 042  use (HI-1a)
Check 0.84 OK
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Check Column Web Shear Stress
M,= 7350 kip-in
L= 96.15 n
V= 152.89 kip
A= 6.99 mz Ay = d*¥tw
S, = 21.89 ksi
Sv.yiea = 29.00 ksi Elastic
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
2F Beam-Column Connection Page 10
Type Bolted (WUF-B) @\:VL I
H= 148.18 kip N 15 /O
= 9329  kip ke %
M= 0246 kip-ft  (revised from structural analysis)
’l +
Ro= 17510  kip e
Trydy= 0.8 in F,= 150 Ksi —
Ay= 0.60 in’ Fn= 75 ksi  (threads excluded)
Ny = 6 bolts  (in one row)
R,= 270.59 kip  (bolt shear) Leex= 15 in
=075 Lein= 3 in
dR, = 202.94 kip OK
Lg= 1.03 n (edge clear distance) R, = 4641 kip
Lo= 206 n (clear distance) Rp= 236.25 kip
t= 0.0 in (shear tab thickness)
R, = 1227.66 kip  (combined bolt bearing)
o= 0.75
&R, = 920.74 kip OK
Ly = 18 n Ag p = 9 in’ Ry,= 524.79 kip
Wp = 4.5 in Fyw= 50 ksi P.= 450.00 kip
Foww= 300 ksi P,y = 270.00 kip
OK
Weld  Fillet (shear tab)
Fax= 70 ksi Ry= 334.06 kip
Fw= 42 ksi o= 0.75
W= 5 x 1/16 inch oR, = 250.54 kip OK
Lyeld = 18 n
side = 2 sides
Weld CIP  (top, bottom flanges)
br= 128 n Fyom = 50 ksi  (base metal)
tr= 0.85 in M,= 1063.07 kip-ft OK
d= 243 in
ty= 0.55 n
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Check Shear tab length, OK
Check Block Shear
Beam
w24x117
Ay= 99 in’
Agt = 1.925 m2
Ay = 6.6 in2
Ay = 1.65 in2
Us= 05
= 075 -
F,= 50 ksi
F.= 65 ksi
OR, = 233.27 kip OK
Shear Tab
Ay = 825 in’
Ag= 15 in”
Ay= 55 in’
Ay = 1.25 inz
Us= 05
= 075 -
Fy= 50 ksi
F.= 65 ksi
0R,= 191.34 kip OK
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
2F Braces to Beam Connection Page 11
Braces W8x21
T= 338.80 kip sin(@) = 0.669
C= 241.62 kip cos(@) = 0.743
e= 12.15 in
Shear = 431.42 kip
Tension = 182.56 kip
Moment = 436.81 kip-ft A _<7r _____ Z _
tusset = 0.75 in Z "N 771 e=0.5d
L= 60 in B — —
sy= 959 Ksi / u N\,
sa= 4.06 ksi
sy= 11.65 ksi
o= 09 -
Fyaset= 50 ksi
Ratio=  0.51 OK
Linitmore = 23.87 n Lon= 62.68 n (geometry limit) NG
L, = 16 in Limn= 1774 in (geometry limit) NG!
Wy = 11.93 in A= 12 in?
Wiow = 20.92 in P, = 226.65 kip
Whitmeg = 23.87 in oR,= 324 kip OK
R, = 805.56 kip OK
Gusset Plate to Beam Flange
Weld Fillet
Fou = 770 ksi
F,= 42 ksi sy=10.17 ksi
W= 8 x 1/16 inch sv= 1236 ksi
Lyaa= 60 in sa= 4.30 ksi
side = 2 sides frex = 19.52 ksi
ter = 0.354 in fae= 1625 ksi
o= 0.75 - f,=20.31 ksi
Ratio=  0.68 OK Ratio= 0.64 OK
Check Beam Web
width = 60 n Beam w24x117
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Ry= 17473 kip d= 243 in ty= 0.55 n
N= 30 n tr= 0.85 in Fywbv= 50 ksi
o= 0.75 R, = 1060.63 kip OR, = 795.47 kip

Kees=  1.35 in (web crippling) OK
é= 1.00 R, = 1010.63 kip R, = 1010.63 kip
(web local yielding) OK
Check Gusset Plate Buckling
Lyp= 17.68 in kL/r=98.0 - L.= 14.13 n
k= 1.2 - F.= 29.82 ksi Lg= 11.38 n
r= 0217 n 044F,= 22 ksi Lo= 1694 n
A= 1790 in’ R,= 443.70 kip Lo = 24.06 n
o= 09 R, = 1399.33 kip Lip= 21.88 in
OK Lye= 17.68 in
Free Edge Buckling
L.= 15.63 in
L/t;= 20.83
Limit= 18.06 Edge stiffener required!
Lateral Stability of Beam

M;= 1498.75  kip-ft Z= 327 in L, = 10 ft

Cy= 1 ho= 2345 in Loa= 17.05 ft

P,= 15.34 kip Bp= 85.22 kip/in n= 1 OK

(Nodal) (Nodal) Cy= 1
My = 17.985 kip-ft

P,= 9.20 kip  (torsional)

Br= 28842 kip-infrad P not included

By = 52.45 kip/in  (torsional)

A= 0.18 n
Kicker
L3x2x3/8
A= 173 in’
L= 25 in
Kaxia = 2006.8 kip/in
k= 1419 kip/in OK
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
1F Beam-Column-Gusset Connections Page 12
Big Gusset Plate for Upper Floor Bracing and Lower Floor Bracing
Sway to Right . Vo F
Fur = 338.80 k%p cos(By) = 0.743 _-_N:z_/\‘ZHU
FLQR = 360.20 klp COS(QL) = (0.743
Sway to Left
Fon= 24162 kip Iz e
Fo= 45320 kip W"’:( Vinere | 7
Beam w24x68 Vi
d= 237 in < 0.5 (Hu+H.)
Lemin= 60.74 in Vioa =V - Vi - Rogam
Column w12x96 > H | Minterface = Vit * &
e.= 635 in __VA__N/LN .
Ryeam = 21.45 kip  (downward)
Lo,mn= 17.36 in
Lymn= 17.74 in
Leymn= 19.29 n
t,= 0.75 in
L= 18 n (use) Fy ousset = 50 ksi
Lyg= 18 in  (use)
.= 59.7 in (use)
L,= 23 n (use)
Sway to the Right
Vir = 226.65 kip  (upward) sy= 9.96 ks1
Hypr = 251.83 kip  (rightward) sv= 6.36 ksi
Vigr= 240.96 kip  (upward) sa= 0.36 ksi
Hir= 267.73 kip  (leftward) Ratio= 0.41 OK
Vi = 446.16 kip  (upward)
M= 236.09 kip-ft  (counter-clockwise)
Column-Side
Va= 134.52 kip  (downward) sa= 444 ksi
fi= 477 kip/in  (lefttward) sy= 9.96 ks1
=" 1.89 kip/in  (leftward) sv=1.92 ksi
Ho= 59.96 kip  (leftward) Ratio= 0.41 OK
Hy,= 191.86 kip  (leftward) Beam-Side
Vie= 92.13 kip  (downward) sa= 5.34 ksi
Mo = 647 kip-ft  (counter-clockwise) sy= 11.12 ksi
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Mp, = -91.90 kip-ft  (clockwise) sM= -16.68 ksi
Ratio= 0.50 OK
Va= 134.52 kip  (downward) sa= 444 ksi
fi= 477 kip/in  (rightward) sy=9.96 ksi
;= 1.89 kip/in (rightward) smM=1.92 ks1
Hq= 59.96 kip  (rightward) Ratio= 0.41 OK
Hy= 207.77 kip  (rightward)
V= 106.44 kip  (downward) sa= 6.17 ksi
My = 86.32 kip-ft  (clockwise) sy= 12.04 ks1
My= 647 kip-ft  (counter-clockwise) sy=15.66 ksi
Ratio=  0.67 OK
Vima= 136.01 kip  (downward) sa= 0.00 ksi
Mpqa= 8.71 kip-ft  (counter-clockwise) sy= 7.65 ksi
Hyo= 0.00 kip  (leftward) sv= 1.49 ksi
Ratio=  0.30 OK
Weld Size
f,= 747 kip/in
.= 435 kip/in (averaged)
fo=" 477 kip/in
foex = 11.79 kip/in
fae= 9.64 kip/in
.= 12.05 kip/in ~ 12.04781
D>= 4.33 x 1/16  (weld size)
Use 6 x 1/16  (weld size)
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Title TCBE-B-3 Specimen Design Calculation Sheet Date May 28, 2009

1F Lower Beam to Gusset Plate Splice Page 13

Web  Fillet welds with web plates at one end and bolted to gusset plate
Flange free (no weld) (T & B)
P,=300.00 kip

Rpeam = 21.45 kip  (Gravity)

PL19x 16 x 1/2
(ASTM A36)

Web Connector Plate
and Bolt Detail

Fillet Weld at Beam Side
L= 16 n tom = 0.168 n (shim as required)
W= 7 n toptice = 0.500 n
Weld  Fillet (Splice plates)
Foxx = 70 ksi Ry= 779.47 kip
F, = 42 ksi o= 0.5
W= 7 x 1/16 inch oR, = 584.60 kip OK
Lerd = 30 in
side = 2 sides
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Block Shear in Splice Plate
Fe %k —
F.= 58 ksi N . e
o= 0.75 -
A= 1 in’ =
A= 8 i’ e
side = 2 sides n
R,= 106140 kip OK >:::'::'L::;“::r:::'::!:::""
Block Shear in Lower Beam Web
F, = 50 ksi
F,.= 65 ksi
é=0.75
Ay, = 581 in®
Ay = 6.64 in2
side = 1 sides
OR, = 493.64 kip OK
Bolt Strength Check
Lgc=1.125 n (short slot)
dpi = 0.875 n (TC bolts)
Waot = 09375 n (short slot)
OR,= 21.6  kip/per bolt (LRFD)
Npor = 15 bolts
oR,= 324 kip OK
Block Shear in Gusset Plate
F, = 50 ksi
F.= 65 ksi
o= 0.75
Ay = 1238 in’
Ay = 6.19 in?
A= 816 in’
side = 1 sides
OR, = 540.21 kip OK




Splice Plate Strength Check
F, = 36 ksi
F.= 58 ksi
o= 0.75 -
Ay = 8 in’
Ay = 5.66 in2
side = 2 sides
oR,= 576.00 kip OK  (gross yielding check)
oR, = 492.09 kip OK  (net section check)
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
IF Braces to Floor Beam Connection Page 14
Braces W8x28
T= 453.20 kip sin(@) = 0.669
C= 360.20 kip cos(@) = 0.743
e= 0 n ) ’
Shear = 604.60 kip
Tension = 237.46 kip
Moment = 0.00 kip-ft
tgusset = 075 in \\ /\ //
L= 46 n — = == —
sy= 17.52 ksi e=05d I N N L , -
sv=0.00 ksi ‘ZZ ‘‘‘‘‘ AL’_‘_‘_ZL
o= 09 -
Fyaset= 50 ksi
Ratio= 0.69 OK
whitmo = 25.96 n Lon= 38.80 n (geometry limit) OK
L,= 19 n Lymn= 19.29 n (geometry limit) NG!
Wy = 12.98 n Ay= 1425 n2
Wiow = 14.12 n P,= 303.17 kip
whit.g = 25.96 n oR,= 384.75 kip
¢oR, = 876.08 kip OK OK
Weld Fillet (Gusset to beam flange)
Fexy = 70 ksi
F, = 42 ks1
W= 11 x 1/16 inch sy= 13.52 ksi
Lyaa= 46 in sy= 0.00 ksi
side = 2 sides sa= 531 ksi
ter = 0.486 n
d=0.75 -
Ratio= 0.76 OK
Check Beam Web
width = 46 n Beam w30x391
R,= 0.00 kip d= 332 in ty 1.36 n




N= 23 in tr= 244 in Fywb= 50 ksi
o= 0.75 - Ry = 4450.60 kip OR,= 3337.95 kip
Kes = 3.23 n (web crippling) OK
é=1.00 R, = 2662.20 kip OR,= 2662.20 kip
(web local yielding) OK
Check Gusset Plate Buckling
Lyp= 14.84 in kL/r=82.2 - L.=| 15.88 n
k=12 - F.= 4232 ksi L. =| 18.06 in
r=0.217 in 044F,= 22 ksi Lo=| 12.56 n
A= 1947 in2 Ry= 593.65 kip Lo =| 18.56 in
o= 09 - oR,= 534.29 kip Lip=| 9.13 n
OK Loe=| 14.84 in
Free Edge Buckling
L.= 17.88 n
LJ/t;= 23.83 -
Limit=18.06 - Edge stiffener required!
Lateral Stability of Beam
M; = 6645.83  kip-ft Z= 1450 in3 Ly= 10 ft
Cy= 1 - ho=30.76 in L= 17.05 ft
P,= 51.85 kip Bu-= 288.07 kip/in n= 1 OK
(Nodal) (Nodal) Cy= |
My = 79.75 kip-ft I,= 1550 in4
P,,= 31.11 kip  (torsional)
Br= 108666 kip-in/rad Psec not included
By= 114.85 kip/in  (torsional)
A= 0.27 n
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
1F Column Base Plate Design Check Page 15
Column w12x96
Ze= 147 n3 L= 96.15 n
F, = 50 ksi Vip= 152.89 kip
M,= 7350 kip-in
P,= 49231 kip d= 127 n
M, = 311435 kip-in b= 122 n
N= 3125 n £y max = 36 ks1
= 28 n
e= 633 n Omax = 1008 kip/in
€= 15.38 in (Small Moment)
Y= 18.60 n
q= 2647 kip/in OK
m=9.59 n
f,= 0.95 ksi
threg= 1.98 n eq 3.3.14a (LRFD)
use=2.00 n
All-thread-rods
Type ASTM A193 B7
dpor = 1.125 n
F.= 125 ks1
F,= 105 ksi
Fu= 9375 ksi
Fp = 50 ksi
Ay = 0.99 in2
o= 0.75 -
oR, = 69.89 kip  (tension)
oR, = 37.28 kip  (shear)
Fpr=86.98 kip  (minimum required pretension)
Vo= 152.89 kip  (very conservative assumption)
M,= 7350 kip-in  (very conservative assumption)
P,= 600 kip  (very conservative assumption)
p= 035 - (class A surface)
SF = 2 - (safety factor for not having enough bolt pretension force)




Ny = 10 bolts  (for friction shear)
Ny = 17 bolts  (for bending)
Nr= 9 bolts  (for uplifting)
Nieq, total = 35 bolts
use = 34 bolts
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
2F Stub Beam Page 16
F1= 300 kip d= 243 in
F2=" 600 kip ty= 0.55 in
Lyw= 19 in b= 128 in
Beam w24x117 tr= 0.85 n
Column Dimension List
Column w12x96
A= 282 in’ b= 122 in
L= 833 in’ tt= 09 n
I,= 270 in* d= 127 in
=544 n ty= 0.55 in
r,=  3.09 in F,= 50 ksi
Kees= 1.5 n E¢= 29000 ksi
Column Web Local Yielding
N= 24.00 n
R,= 866.25 kip
é= 1.00 -
OR, = 866.25 kip OK
Column Web Crippling
R, = 1382.366  kip
é= 0.5 -
R, = 1036.77 kip OK
Column Flange Local Bending
R,= 253.13 kip Ayer = 1243 in Ag= 34.19 in’
é=0.90 Afpree = 2176 in’
R, = 227.81 kip Flaamee= 190.93 kip
Flhunee=  381.87 kip Continue Plate Required!
Stub Beam Gross Yielding
Aspeamy = 344 in’
P,= 1720 kip OK
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Title TCBF-B-3 Specimen Design Calculation Sheet Date May 28, 2009
1F Stub Beam Page 17
Fi= 300 kip d= 237 n
F,= 600 kip ty= 0415 in
Lgup= 19 in b= 897 n
Beam Ww24x68 tr= 0.585 n
Column Dimension List
Column w12x96
A= 282 in’ b= 122 n
L= 833 in’ tt= 09 n
I,= 270 in* d= 127 n
= 544 in ty= 0.55 n
r,=  3.09 n F,= 50 ksi
Kees= 1.5 in E¢= 29000 ksi
Column Web Local Yielding
N=24.00 n
R,= 866.25 kip
é=1.00 -
OR, = 866.25 kip OK
Column Web Crippling
R, = 1382.366  kip
é= 0.5 -
R, = 1036.77 kip OK
Column Flange Local Bending
R,= 253.13 kip Ayer = 9.35 in’ A 19.84 in’
é=0.90 - Afange = 10.49 in’
R, = 227.81 kip Fliamee= 158.65 kip
Flhunee= 317.31 kip OK
Stub Beam Gross Yielding
Agbeamy = 20.1 in’
P, = 1005 kip OK
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