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Figure 1: Preliminary Floor Plan for Levels 1% to Roof
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Figure 2: Preliminary Floor Plan for Mezzanine Level
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COMPOSITE STEEL DECK
Fire Rating (Hours) 2
Concrete (Type) Lightweight
Concrete Unit Weight (pcf) 107 - 118
Concrete Thickness (in) 4.25
Loading Used (psf) 100
Superimposed Load (psf) 15
Total Load (psf) 115
Deck Thickness (in) 2
Total Floor Thickness (in) 6.25
Weight of Slab (psf) 51
Deck Type VLG

Figure 1: Composite Steel Deck Calculations

Level Roof

Member (Grid Location) 45 Int.

Slab Thickness (in) 525

T (ps) 3000

Length (ft) 49

Tributary Area (ft) 7.875

Dead Load (psf) 0

Super Imposed Load (psf) 15

Live Load (psf) 50

w, (psf) 108

M, (ft-Kip) 254

B assumption (IN) 1.75

Yz (in) 35

Wide Flange Shape (Table 3-19) W21x55

oMy, (ft-Kip) 542

PMa = M, Okay

Plastic Netural Axis Location T

IQ, (Kip) [Table 3-19] 203

Q, (Kip/Studs) [Table 3-21] 171

beft (in) < 4725 Controls
147

a (in) 1.685

@ < Aggyumption Conservative

# Shear Studs 11.87 120

Total # Shear Studs 240

Load Information

Member Size W21x55
oM, (It-Kip) [Table 3-2] 473
Weancegeen (PE) 42
Wpgam (KipiTt) 0.055
W, we (PST) 20
wor (Kip/ft) 0.386
W (Kip/m) 0.158
w, (Kipfft) 0.7
M, (ft-Kip) 215
oM, 2 M, Okay

Deflection During Construction

/380 1,633
wo (Kipft) 0.386
[ ) 1056
Imembec (i) 1140
Imember > huguires Okay
Live Load Deflection
wi (Kip/Tt) 0.158
Iua (in') [Table 3-20] 1770
A (in) 0.388
A < L360 Okay

Total Deflection

Li240 245
Wy (KipiTt) 0.71
A (in} 1.99
A< Li240 Okay
|Member | w21xs5
|Shear Studs | 240

Calculation 1: Preliminary Roof Composite Steel Beams

Page 49 of 131




Joseph W. Wilcher Ill

Structural Option

Adviser: M. K. Parfitt

Final Report: Signature Expression

Union Station Expansion

Washington DC

April 7, 2009

Level 3rd Floor
Member (Grid Location) 49 Int.
Slab Thickness (in) 525
Fe (psi) 3000
Length (ft) 48
Tributary Area (ft) 7875
Dead Load (psf) Q
Super Imposed Load (psf) 15
Live Load (psf) 50
W (PSf) 108
M, (ft-Kip) 254
Bagsumption (1) 1.75
Y (in) 35
Wide Flange Shape (Table 3-19) W21x55
@My (ft-Kip) 642
My 2 My Ckay
Plastic Netural Axis Location i
0, (Kip) [Table 3-18] 203
Q, (Kip/Studs) [Table 3-21] 171
beff (in) £ i
147
a (in) 1685
A < Agygmptice Conservative
# Shear Studs 11.87
Total # Shear Studs 240

Controls

120

Load Information

Member Size W21x55
M, (ft-Kip) [Table 3-2] 473
Weonsedecs (PSF) 42
Wygam (KiDAT) 0,055
Weomtruction ive (PST) 20
wo (Kipfft) 0.386
w (Kip/ft) 0.158
W (Kip/tt) 0.71
M, (ft-Kip) 215
oM, 2 My Okay
Deflection During Construction
L/360 1.633
Wo (Kipdt) 0.386
Iracrna (i1} 1056
Imamas (iN") 1140
Imambse > loquiea Oay

Live Load Deflection

Calculation 2: Preliminary 3 Floor Composite Beams

Level 2nd Level
Member (Grid Location) 49 Int.
Slab Thickness (in) 525
Fe (psi) 3000
Length (ft) 49
Tributary Area (ft) 7875
Dead Load (psf) Q
Super Imposed Load (psf) 15
Live Load (psf) 60
W (psf) 124
M, (ft-Kip) 292
Bgszumptian (1) 1.75
Y (in) 35
Wide Flange Shape (Table 3-19) W21x55
@My (ft-Kip) 642
My 2 My Ckay
Plastic Netural Axis Location i
0, (Kip) [Table 3-18] 203
Q, (Kip/Studs) [Table 3-21] 171
beff (in) £ i
147
a (in) 1685
A < Agygmptice Conservative
# Shear Studs 11.87
Total # Shear Studs 240

Controls

120

wu (Kip/t) 0.158
s {in®) [Table 3-20] 1770
A (in) 0.358
A < /360 Okay
Total Deflection
Li240 245
w, (Kip/t) 0.71
4 (in) 199
& < U240 Okay
|Member | waewss |
|Shear Studs | 240 |
Load Information
Member Size W21x55
M, (ft-Kip) [Table 3-2] 473
Weancagees (DST) 42
Wogam (KIpHTt) 0,055
Weomtruction ive (PST) 20
wo (Kipfft) 0.386
w (Kip/ft) 0.158
w,, (Kip/it) 0.71
My (ft-Kip) 215
Mz M, Okay
Deflection During Construction
L/360 1.633
Wo (Kipdt) 0.386
Iracrna (i1} 1056
[T 1140
Imember > luquires Okay

Live Load Deflection

Wi (Kipa) 0.158

Its (in") [Table 3-20] 1770

A (in) 0.388

A < LI360 Okay

Total Deflection

Li240 245

wy (Kip/ft) 0.71

A (in) 199

A < 240 Okay
|Member | wawss |
|Shear Studs | 240 |

Calculation 3: Preliminary 2™ Floor Composite Beams
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Level 15t Level Lead Information
(Grid Location) 27.5 Ext Member Size W1i2x16
Slab Thickness (in) 525 oM, (It-Kip) [Table 3-2] 75.4
Fe (psi) 3000 Weanceanex (PS1) 42
Length (ft) 275 Wheam (KIDT) 0.016
Tributary Area (1) 39375 | W, (psf) 20
Dead Load (psf) 0 Wou (Kip/t) 0.181
Super Imposed Load (psf) 15 [, (Kip/) 0,079
Live Load (psf) 50 w, (Kipdft) 0.34
Wy (psf) 108 M, (-Kip) 32
M, (ft-Kip) 40 M. 2 My Okay
Bgssamption (IN) 1.25 Deflection During Construction
Y2 (in) 4 /360 0.917
Wide Flange Shape (Table 3-19) W12x16 Wou (Kip/T) 0.181
M, (-Kip) 13 Trequred (IN1) 88
M, 2 M, Okay Imemsae (M) 103
Plastic Netural Axis Location 7 e Okay
ZQ, (Kip) [Table 3-19] 58.9 Live Load Deflection
Q, (Kip/Studs) [Table 3-21] 171 Wee (KipiT) 0.079
beff in) < 23625 | Controls Ius (in") [Tabie 3-20] 187
825 A (in) 0177
a (in) 0978 A < 360 Ohay
8 < Byymumption Conservative
# Shear Studs 344 40 Total Defl 1
Total # Shear Studs 8.0 L1240 1.375
wy (Kip/ft) 034
A (in) 0.85
A < 240 Okay
|Member [ wizmis |
|Shear Studs | 20 |

Calculation 4: Preliminary 1% Floor Composite Beams

Level Mezzanine Load Infc
Member (Grid Location) 20' Ext Member Size W1 216
Slab Thickness (in) 525 @M, (ft-Kip) [Table 3-2] 75.4
Fe (psi) 3000 [Weancsauck (PST) 42
Length (ft) 20 Woeam (Kip/ft) 0.016
Tributary Area (ft) 3.8375 Weanstruction we (PST) 20
Dead Load (psf) 0 wou (Kipit) 0.181
Super Imposed Load (psi) 15 Wi (Kipit) 0.079
Live Load (psf) 60 i, (Kipift) 0.34
w, (psf) 124 M, (Tt-Kip) i
M, (ft-Kip) 24 M, 2 My Ckay
Baesumption (iN) 1.25 Deflection During Construction
Y (In) 4 L/360 0,667
[Wide Flange Shape (Table 3-19) WI2X16 Woy (Kipift) 0.181
M, (ft-Kip) 113 [T E7]
PMn = M, Okay Imesser (IN") 103
Plastic Netural Axis Location 7 | ':2 ot Chay
IQ, (Kip) [Table 3-18] 589 Live Load Deflection
Q, (Kip/Studs) [Table 3-21] 171 Wi, (KIp/Tt) 0079
beft (i) < 23625 | Controls g (in') [Table 3-20] 197
60 4 (in) 0.050
a (in) 0.978 4 < /360 Okay
8 < Bunmption Conservative
# Shear Studs 344 40 Total Deflection
Total # Shear Studs B0 L/240 1
w, (Kipit) 0.34
A (in) 0.24
A < /240 Okay
[Memb: | wi2as |
|Shear Studs | 8.0 |

Calculation 5: Preliminary Mezzanine Composite Beams
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Calculation 6: Preliminary Roof Composite Girders

Page 52 of 131




Union Station Expansion

Joseph W. Wilcher Ill

Washington DC

Structural Option

April 7, 2009

Final Report: Signature Expression

Adviser: M. K. Parfitt

[ SENIS JBau)
|_oewom | Jaquap|
[T [AEX
160 {u) v}
e {1k} "
5igL over)|
uanaayag [ee )

=) 05N > 7]
S6L0 {u) 7}
[ [0z-¢ amey] (u) ™
0680 (i) T

LORo9LAq PEc A

Ao
00LE
Girl
6L (i) e
050'L 0N

uononysuo’) Buung) usipayac)

NEHC "z )

et

8Lt

D650

SFE )

0

400

i

[ [z-g amey (dr-) "

I 225 l2aus
UOGBLLIO)| PECT

S0QUOD

£CEaqeL o Ly

€€ MARL WOI 6 4

£T€ g8l waid g

_ oTy NS IS
|_rewan | sequay|
i e = V|
560 (1] )
GLY {aaichi) "
SIG'L orEn|

U050 (0L

0'oF SPNIG JBBUS ff (110
B6 2 SIS EUS ¢
BANRAIBSUCT) [T
LED' L (une
nﬂm 5 (U yag
Lk [1z-€ oe] (spnsdi] o
€56 (L€ ageL] (D) "oz
F] UCHESOT S{Xy [ENI3H S eld
AEM0) "W
030k ) Y
ST (51-2 dfaeL) adeus 26uzid IpIM
ot A
GLL {uy) TRnEEng
5P €68 {dnu) "oy
509685 {dau)
O JSE (da-u) w
SLG1 (=]
S0k ) e
158 {sdid)
125 Eﬁ
FEELL (sdiy) gy
S8UE
02k
i 02
B
[FT
78 02
S84
104l
G260 02
Cib
SIE () yibua ssouo|
or () PPysbua] weeg
B (1) ®hphuan weeg
Sigd .
B
80t
a0
000E
s (1) ssaLsioUL RIS
H UOHEDD | PUE)
20012 PIE Cil

Sy 08EN = 7|
¥ELO [T
090k [oz-£aqel] [ul ™

0860 (i) T

L0 08B PO B

§ !} I-l’_v
[T fuf) -y
5k 1) Py
SLE (piaciinh 19|
050 1 L= |

vansues Buung uoayag

Aexng EERD
e LR |
SLy (i) "W
0560 TUATS) T

e |

ELE (s} 10|
[ (e ey
E00 [

W Tjad) ey

56 -2 e () Wi

EEATA 9T 5 Jaquuay|

LORLLIO| PRI |

o

SHoauog

£2°¢ HOBL WOIA L #

€2-¢ RL WoIdE R

2 2MEL WO B

OIS SRS @ RG]
SIS WS
burasg ., o)
B0
= () yaq
Vit L1z angey] (somsidin "o
[ 5Lt wem] (dni) oz
4 LOH| 2307 Shdy [ENjan J0SE |
Aen i i
[ )
FETAA (5L @ARL) dd@ds abw aEw]
St )34
aLL [T
SEEG0L (el 30 "™y
18968 i)
35 JEF [
SLS1 W
S04 [0 |
L5278 {sdiy) By
L5 T9 (sdrd "y
T0SEL (sdiy} ™y
91 |
0 {sdi) PRty
¥ 0L (ad) *4Ty
0°Lp [
PO
P02
25'\b [sdiy] ==ay|
e | i)
SLIEY [ {acd} =11y
57 Tl ealy Leynau ] =I5,
5 [IEEREETE
v () =% ) Limeg)
4 {1} ®4 pFua) umeag
594 (1) ®hueog K ea sy Gul
S8 () *tweay o vasy Gl
[ {j5d) "7
[ (rod] =
00E (] 2y
S (1) S5 ouond | ges|
] LGIR=0] pUS)
160|2 Drg [EED

Calculation 7: Preliminary 3" Floor Composite Girders
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Calculation 8: Preliminary 2™ Floor Composite Girders
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Calculation 9: Preliminary 1* Floor Composite Girders
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Calculation 10: Preliminary Mezzanine Composite Girders
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Structure1 Truss 2
P, 669.69 Kips Ry 1160.00 Kips Ry 0 Kips
P, 1125.06 Kips Ry2 2340.00 Kips R 757.94 Kips
P 1125.06 Kips Rys 2140.00 Kips R -757.94 Kips
Py 1125.06 Kips Rys 750.64 Kips Ry 0 Kips
Ps 1125.06 Kips
P 835.23 Kips
P; 388.98 Kips
P1 P4 P5 P6 P7
ﬂ Marmibwar 8 ﬂ Marnbar 7 L Maarribar B l Mamiber 9 L Murnbsar 10 ﬂ
F F S 3 3
i U : § 5
Mamber 4
T : |
Rx3
Ry1 Ry3 Ry4
_ P1 Po= 669.69 Kips
. Ry = 1160.00 Kips F,= 1160.00 Kips (Compression)
i‘ i: -1160.00 Kips (Compression) JL Fo = 490.31 Kips
—[I— LFy= 0.00 —Fc Fa = 860.12 Kips
Fy= 990.06 Kips (Tension)
F ” Fd » -B60.13 Kips (Compression)
ZF, = 0.00
Ry1 Fa IF, = 0.00
P,= 1125.06 Kips
P2 Fg 860.13 Kips (Compression)
Fy = -560.13 Kips (Compression)
i lL ; F.= -1125.06 Kips (Compression)
Fo-a—i: {—Fh ZF, = 0.00
IF,= 0.00
]
E.= 1125.06 Kips (Compression)
? Foy= 490.31 Kips
Fd > Fa= 860.13 Kips
Fy, = 634.75 Kips
—cFg Fp = 1113.52 Kips
Fi= 1281.73 Kips (Tension)
Fy= 253.38 Kips (Tension)
iF. = 0.00
ZF, = 0.00

Calculations 1 through 4: Forces in Truss 2 Members
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Py= 1125.06 Kips
P3 Fn= 860.13 Kips
' 634.75 Kips
1113.62 Kips
e Fm Fi= -1759.81 Kips
Fr = -253.38 Kips
Fi = IF. = 0.00
IF,= 0.00

(Compression)

(Compression)
(Compression)

Fhe=

Fi

2340.00 Kips
757.94 Kips
253.38 Kips

-1759.81 Kips
-580.19 Kips

-1017.80 Kips

-1171.56 Kips

0.00 Kips
0.00
0.00

[}

(Tension)
(Compression)

& Fj
Fg o
=D

Ry2

(Compression)

oy Bt e ) e B B+ I
ot et

™~
n
u

M
&
i

P = 1125.06 Kips
P4 Fr = -253 385 Kips
541.37 Kips

-949.7042 Kips

i -1017.803 Kips

A= 0.0

1963155 Kips
Foy=
Frio— W‘—uﬁ F. =
i F, = 580,19 Kips
Fi kg 2
= 0.50

R= 2140.00 Kips
R,:= -757.94 Kips
Fq F,= 196.32 Kips (Compression)
Fy= -1598.63 Kips (Compression)
ety L— =P R 541,37 Kips
Fg = -949.70 Kips
Fa= -1093.17 Kips
IFx= 0.00
IFy = 0.00

(Compression)

S 1125.06 Kips
634.45 Kips

u (Compression)
= 473.57 Kips

830.762 Kips
-1598 63 Kips
-196.32 Kips

(Compression)
(Compression)

0.00
0.00

Calculations 5 through 9: Forces in Truss 2 Members
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F.= 835.23 Kips (Compression)
?" F.,= 361.66 Kips
F.= 634.45 Kips
Flz || )(’F‘ Fiy & 47357 Kips
Fv o— Fu= 830.76 Kips
F = 956.26 Kips (Tension)
Fi= 196.32 Kips (Tension)
——
iF,= 0.00
iF, = 0.00
Pe= 835.23 Kips
Pe F,= -634.45 Kips (Compression)
ﬂ F.= -835.23 Kips (Compression)
i ; F.= 634.45 Kips (Compression)
Fu«n—ql. rl.—u-Fz IF = 0.00
AL IF, = 0.00
]

i 388,98 Kips 750.64 Kips
P? Fau ™ 750.64 Kips (Compression) Faa 750,64 Kips (Compression)
ﬂ’ Fo = 361.66 Kips e -

F.= 634.45 Kips

F,= 730.29 Kips (Tension) -H_

Fy = -634.45 Kips (Compression)

]
=
M
Al
i

n
B
™M
]
I

0.00
0.00

|

Ry4

Calculations 10 through 13: Forces in Truss 2 Members

Page 60 of 131




Joseph W. Wilcher Ill
Structural Option

Union Station Expansion
Washington DC

Adviser: M. K. Parfitt Final Report: Signature Expression April 7, 2009
. Jobs N Emest Mo Ry
rﬁ Joseph W. Wilcher Il 1
Sofware Icarsas b PEUAS Fart
Job Titie Ref
By D Fe-00 C
= Fil= Loads.std CebeTme §(-Feb-2009 16:28
Job Information
Emngineer Checked Approved
Mame:
Date: DB-Feb-00
| Structure Type | TRUSS |
Mumber of Modes 13 | Highest Mode 14
Number of Elements 21 | Highest Beam 24
Mumber of Basic Load Cases 1
Mumber of Combination Load Cases 1]
Ingieded in this printout are daiz for:
| an | The Whole Structurs |
Included in this printout are reswlts for load cases:
Type LiC Hame
Primary 1 LOAD
Reactions
Horizontal| Vertical |Horizontal Moment
Node Lc FX FY FZ MX MY MZ
{kim) ikp) (kip) (&ipin} (kipin} (&ipin}
1 1:LOAD 0000 | 1.16E 3 0.000 0.000 0.000 0.000
3 1:LOAD T57.840 | 2.34E 3 0.000 0.000 0.000 0.000
5 1:LOAD -T57.840 | 2.14E 3 0.000 0.000 0.000 0.000
7 1:LOAD 0.000 | T750.641 0.000 0.000 0.000 0.000
Beam End Forces
Sign convenfion is as the achon of the joint on the beam
Axial Shear Torsion Bending
Beam | Mode LiC Fx Fy Fz Mx My Mz
(ki) (kip) (ki) (kiprin} (Kiprin} (Kiprin}
1 2 1:LOAD 257.135 0.000 0.000 0.000 0.000 0.000
3 1:LOAD -2567.135 0.000 0.000 0.000 0.000 0.000
4 ] 1:LOAD 185 B40 0.000 0.000 0.000 0.000 0.000
] 1:LOAD -185 _B40 0.000 0.000 0.000 0.000 0.000
5 ] 1:LOAD 855 _BEO 0.000 0.000 0.000 0.000 0.000
8 110AD -855 560 0.000 (.0oo 0.000 0.000 0.000
] B 1:LOAD 855860 0.000 0.000 0.000 0.000 0.000
10 1:LOAD -B56 _BA&O 0.000 0.000 0.000 0.000 0.000
7 10 1:LOAD 257.135 0.000 0.000 0.000 0.000 0.000
11 1:LOAD 257.135 0.000 0.000 0.000 0.000 0.000

Print Time Diate: 100232003 18: 37

STAAD.Pro for Windows Release 2006

Print Run 1 of 2T
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r€| Joseph W. Wilcher Il T
Sofware Irarsed by PEUAS Fat
Jab Tt Fisf
B Dep-Fepls o
= e | oads.sk CaleTime (-Feb-2000 18:28
Beam End Forces Cont...
Aulal Shear Torslon Eending
Beam | Mode Lic Fx Fy Fz Mx My Wz
(bip) (kip) (kip) (kip'in] (kip'n} (kp’in}
] 11 1.LSAD -185.E6<40 0.oDo 0.oDo 0.00o 0.000 g.ooo
12 1.LOAD 186840 0.000 0.000 0.000 0.0oo 0.000
g 12 1.LOAD 632 B0G 0.000 0.000 0.000 0.0oo 0.000
13 1.LSAD -052_800 0.000 0.000 0.000 0.000 0.000
10 13 1LOAD 632 606 0.000 0.000 0000 0000 0.000
14 1.LOAD -632 B0G 0.000 0.000 0.000 0.0oo 0.000
1 1:LoAD 1.18E 2 0.0D0 0.0D0 0.00O 0000 g.ooo
B 1.LOAD 1.18E 3 0.000 0.000 0.000 0.0oo 0.000
2 2 1LOAD 1.13E 3 0.000 0.000 0.000 0.000 0.000
] 1:LOaD -1.13E 2 D.oDo D.oDo 0.o0o o.ooo o.oD0
13 3 1.LOAD 1.78E 3 0.000 0.000 0.000 0.000 0.000
10 1.LOAD 1.78E 3 0.000 0.000 0.000 0.0oo 0.000
5 g 1:LOaD 18E 2 D.oDo D.oDo D.ooo D.ooo o.oD0
12 1.LOAD -18E 3 0.000 0.000 0.000 0.0oo 0.000
Lil B 1LOAD 835230 0.000 0.000 0000 0.ooo 0.000
13 1.LOAD -835.230 0.000 0.000 0.000 0.000 0.000
17 T 1.LOAD TE0.641 0.000 0.000 0.000 0.0oo 0.000
14 1.LOAD -TH0.641 0.000 0.000 0.000 0.000 0.000
B B 1.LOAD -085 738 0.000 0.000 0.000 0.000 0.000
2 1.LOAD 085 738 0.000 0.000 0.000 0.0oo 0.000
2 2 1.LOAD -1.28E 3 0.000 0.000 0.000 0.0oo 0.000
10 1.LOAD 1.28E 3 0.000 0.000 0.000 0.000 0.000
20 3 1.LOAD 1.17E 3 0.000 0.000 0.000 0.000 0.000
11 1.LOAD -1.17E 3 0.000 0.000 0.000 0.0oo 0.000
21 1 1LOAD 11E 3 0.000 0.000 0000 0000 0.000
5 1.LOAD -11E 3 0.000 0.000 0.000 0.0oo 0.000
22 12 1.LOAD -B5 BDY 0.000 0.000 0.000 0.000 0.000
B 1.LOAD a5 508 0.000 0.000 0.000 0.0oo 0.000
s B 1LOAD -T28.851 0.000 0.000 0000 0000 0.000
14 1.LOAD 728851 0.000 0.000 0.000 0.0oo 0.000
24 3 1.LOAD 0.000 0.000 0.000 0.000 0.0oo 0.000
5 1.LOAD 0.000 0.000 0.000 0.000 0.000 0.000
Print Tme/Diate: 1 D000 18:37 STAAD. Pro for Windows Selease 2006 Privt Fun 2 of !
STAAD Output
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Structure1 Truss 2

~ <
P."v|~!_...x Aﬂm..
w
i
©
Pﬂv:.!.ﬁ:
171
3
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Calculation 1: Preliminary Column Sizes for Truss 2
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Calculation 2: Preliminary Column Sizes for Truss 2 Cont'd

Page 65 of 131




Union Station Expansion

Joseph W. Wilcher Ill

Washington DC

Structural Option

April 7, 2009

Final Report: Signature Expression

Adviser: M. K. Parfitt

[IEET Jagwal| | exawn | Jaquap|

AEXO (PIEIA) "d = “gd 2le] (piaix) "d = ‘g

andny  |pee (sdiy) "> amony  [pee (sdiy) “gd
Buipjais L (sdiv) “ad Buipiaip, Lk (sdiy) “dd
£L'6 (u) b EL8 (U

LEX9 LA JERIET LEXILAN 13qUISH

[BNJE)| [23)S WOl |-G 3B L [ENUE| [88)S WOIS |-G BIgeL

9V (un €9 () o

05 (1) "5 0s (1) 4

60 & 60 &

SLE (1) ugBuan gie (1) wBuaT

uolsUal  ZE'96L (sdiv) "g uoisua]  BE'ESE (sdiy) "9
q Jaquwa L JAqUIBIN

SQYOHO WOLLO8

Calculation 3: Preliminary Bottom Chord Sizes for Truss 2
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Calculation 4: Preliminary Top Chord Sizes for Truss 2
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= Joio b Sreet b .
rﬂ Joseph W. Wilcher Il e
. Sofware Icersad by PEUSE Fart
Jnh TiH= R
B D¥m7Fengs oM
R FilE Truss °, Struzutre © Mer|22=0me 05 Mar 2008 20:28

Job Information

Enginear Chackad Bpproved
Hame:
Date: 27-~eb-00
| Structire Type | SPACE FRAEME |
Mumbe of Nedes 26 | Highest Hode Pui
Kumber of Elzments 25 | Highest Beam 25
Mumiber of Basic Load Cases 1
Mumoe of Comblnation Load Cases 0
Inpluded i thiz printout &ne dats ior
| &n | The Whaole Siructurs |
Inclwded in this printouf are reswls for lbad ceses:
Type L Name
Primary 1 LCaD
Beam Maximum Moments
Distances to maxima are gven from beam end A
Beam | Node A | Length Lic d Max My d Max Mz
[F) {kip'fi) (it} (ki)
1 1 1.845 | 1:LOAD Max -e2 1.000 1.000 0.000
Max 2ve 0,000 1.845 | -G650.586
2 2 1.788 | 1:LOAD Max -e2 1.000
Max sve 2.000 1.786 | -1.22C 2
3 3 1.748 | 1:LOAD Max -e2 0.000
Max sve uuu 1./48 1.41E 3
4 4 1825 | 1:LOAD Max -e2 1.000
Max sve 1.000 1.685| -2.11E 3
] 3 1844 | 1:LOAD Max -v2 1.000
Max sve 1.000 1644 | -245E 3
-] 3 1.500 | 1:LOAD Max e 0,000
Max sve 1.000 1588 -271E 3
T [ 1.538 | 1.LOAD Max -se 0.000
Max sve 1.000 1.538 28E 3
[ 3 1428 | 1:LOAD Max -e2 0.000
Max sve 1.000 1486| -3.04E 3
g a 1438 | 1:LOAD Max -e2 1.000
Max sve 1.000 1436 -3.12E 3
0 10 1401 | 1:LOAD Max -e2 0.000
Max 1w 2.000 1401 2ME 32
1 1.342 | 1:LOAD Max -e2 0.000

Print TimefDate: (3032000 30:36

STAAD Pro for Windows Release 2003

STADD Output for Curved Tension Members

Print Run 1 of2
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- o,
rﬂ Joseph W. Wilcher IIl e "
Eofware licamsed o PEUAE bl
Job Tz Ref
By BT Fap-00 =]
Cllent 1 Truss 1. Strucutre 1. Mem| 22T 03 6dae 2000 20:28
Beam Maximum Moments Cont...
Beam | Mode & | Length Lic d Max My d Max Mz
(ft) it} (kiprf) #t) (kip'f)
Max +ve 0.000 0.oo0 0000 | -3.14E 3
12 12 1.301 | 1:LOAD Max -ve 0.000 0.000
Max +ve 0.000 0.000 0,000 313E 3
13 13 1.257 | 1:LOAD Max -ve 0.000 0.000
Max +ve 0.000 0.000 0,000 JOTE 3
14 14 1.222 | 1:LOAD Max -w 0.0oo 0.000
Max +ve 0.000 0.000 0,000 288E 3
15 15 1.173 | 1:LOAD Max -ve 0.000 0.000
Max +ve 0.0oo 0.000 0.000 2.85E 3
18 18 1.147 | 1:LOAD Max -ve 0.000 0.000
Max +ve 0.000 0.000 0,000 2808E 3
7 17 1.105 | 1:LOAD Wax -ve 0.000 0.000
Max +ve 0.000 0.000 0.000 2.51E 3
8 18 1.088 | 1:LOAD Max -ve 0.000 0.000
Max +ve 0.000 0.0o00 0,000 23E 3
2 19 1.042 | 1:LOAD Max -ve 0.000 0.000
Max +ve 0.0oo 0.000 g.ooo 207TE 3
20 20 1.023 | 1:LOAD Max -ve 0.000 0.000
Max +ve 0.000 0.000 0,000 1.82E 3
H 2 1.001 | 1:L0AD Max -ve 0.000 0.000
Max +ve 0.000 0.000 0,000 1.55E 3
22 22 D.980 | 1:LOAD Max -ve 0.000 0.000
Max +ve 0.000 0.000 0,000 127E 3
23 23 0.952 | 1:LOAD Max -w 0.000 0.000
Max +ve 0.000 0.oo0 0,000 | -872.861
24 24 0.951 | 1:LOAD Max -ve 0.000 0.000
Max +ve 0.000 0.000 0,000 | -GE5.458
25 25 0.833 | 1:LOAD Max -ve 0.000 0.000 0833 0.000
Max +ve 0.000 0.000 0,000 | -333:251
Frint Tima:ie: 02053008 7038 STAAD Prs fmr Windsws Ralaa=s 2008 FrrtFun 2of 2

STADD Output for Curved Tension Members Cont’d
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Curved Tension Member Analysis

Moment From
Structure 1 Truss 2 STAAD (ft-Kips) 3144.6]
Member 19 Lever Arm (ft) 11.604|
F (Kips) 640.87| Lookingati1ofthe2  |Angle (Degrees) 30
F, (Kips) 556.76 Members R, (Kips) 270.99
F, (Kips) 317.38 R (Kips) 313

Preliminary Size | HSS10x0.5
Table 4-5 In Steel Manual

KL (ft) 23.42

PPy (Kips) 343 Okay
New Member -

PFn (Kips) =

[Final Member — [Hss10.0x0.500]

Calculation 1: Curved Tension Member Analysis for Truss 2
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Wind Parameters For Structure 1
Basic Wind | Wind Exposure | Building Importance | Wind Directionality | Topographic

Speed (V) Category Category Factor Factor (Kq) Factor (Kz)
90 mph B I 1.15 0.85 1
Number of | Building Height | N-S Building | E-W Building L/B Along N-S L/B Along E-W
Stories (ft) Length (ft) Length (ft) Direction Direction
5 B88.167 179.50 189.00 0.950 1.05

Table 1: Wind Parameters for Structure 1

Wind P: ters For Strucutre 2
Basic Wind | Wind Exposure Building Importance | Wind Directionality | Topographic
Speed (V) Category Category Factor Factor (Kq) Factor (Kz)
90 mph B 11l 1.15 0.85 1

Number of | Building Height | N-S Building | E-W Building L/B Along N-S L/B Along E-W
Stories (ft) Length (ft) Length (ft) Direction Direction
5 88.167 167.00 189.00 0.884 1.13

Table 2: Wind Parameters for Structure 2

Gust Factor: N-S Direction For Structure 1

Stiffness B () L (ft) h (1) c z (i) L
Rigid 189.00 179,50 88.167 03 64,667 0,268
() E Le () Q % o G
320 3.0 400 0.82 34 34 0.82

Gust Factor: E-W Direction For Structure 1

Stiffness B (ft) L (ft) h (ft) c z (i) I,
Rigid 179.50 189.00 BB.167 03 64,667 0.268
() E L () Q % o G
320 1/3.0 400 0.62 34 34 0.62

Table 3: Gust Factors for Structure 1
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Gust Factor: N-S Direction For Structure 2

Stiffiness B(ft) L (ft) h (ft) c z (ft) I
Rigid 189.00 167.00 88.167 0.3 64.667 0.268
I (ft) € L (M) Q 9o v G
320 1/3.0 400 0.82 3.4 3.4 0.82

Gust Factor: E-W Direction Structure 2

Stiffness B (f) L () h (1) c z (ft) I
Rigid 167.00 189.00 88.167 03 64667 0.268
I(ft) € Le (ft) Q 9o Ov G
320 3.0 400 0.82 34 34 0.83

Table 4: Gust Factors for Structure 2

Wind Factors: N-S Direction For Strucutre 1

C, Windward | C,, Leeward | Gust Factor GC, GGy

08 -0.5 0.82 +0.18 +0.55

Wind Factors: E-W Direction For Structure 1

C,, Windward | C,, Leeward | Gust Factor GCy GCy

08 0.5 0.82 +0.18 + 055

Table 5: Wind Factors for Structure 1

Wind Factors: N-S Direction For Structure 2

Cp, Windward | C,, Leeward | Gust Factor GCy GCy

0.8 05 0.82 £0.18 +0.55

Wind Factors: E-W Direction Structure 2

C,, Windward | C,, Leeward | Gust Factor GCyy GGy

08 05 0.83 +018 +0.556

Table 6: Wind Factors for Structure 2

Seismic Parameters For Structure 1
Seismic
s, & | otecues | STV TONEN] -y Fv Sus Sui Sos Sor | Design R c
egory Category
0,153 0.05 D l 1.25 1.6 2.4 0.245 0.120 0163 0.080 B 3.25 1.8
Roof Dead | Fleor Dead | Snow Load | Wall Load ; ; Wogm 5
Ta T L Cs Load (psf) | Load (psf) (psh (psh) Wiear (Kips) | Woeor (Kips) (Kips) A(ft%) P V (Kips)
0.787 134 8 0.0230 175 See Below 19 35 5937 48276 54213 33926 737 1248

Table 7: Seismic Parameters for Structure 1
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Weight of Structure 1

Girders Columns Trusses | Floor Dead .

Level | Siab Bea Wiagor (K

S i e W) (ps) (osf) | Load (psp) | VVeeer (IPS)
Roof 51 40 84 3 : 175 5937
3rd Floor 51 ) 84 61 E 236 8006
2nd Floor a1 40 84 82 - 257 8719
1st Floor o 40 84 109 - 284 9635
Mezzazine 51 135 - 132 - 318 10788
Ground 81 = 5 = 247 328 11128
Track Level = = =

Table 8: Weight of Structure 1

Seismic Parameters For Structure 2
Seismic
S I i Lobod I Fv e Sut Sos Sor Design R Cu
egory Category
0.153 0.05 D ] 1.25 16 24 0.245 0.120 0.163 0.080 B 3.25 1.7
Roof Dead | Fioor Dead | Snow Load | Wall Load " Wl 2
Ta T T Cs Load (ps) | Load (psf) (psf) ipsf) Wieor (Kips) | Weeer (Kips) (Kips) At Pf) V (Kips)
0,787 1.34 8 0.0230 167 See Below 19 35 5666 46648 52313 33926 737 1204
Table 9: Seismic Parameters for Structure 2
Weight of Structure 2
Girders Columns Trusses | Floor Dead ;
Level Slab Beams Wiger (Kips,
(psf) (psf) (psf) (psf) (os) Load (psf) oor (KIpS)
Roof 51 40 76 - - 167 5666
3rd Floor 51 40 76 61 - 228 7735
2nd Floor 51 40 76 B2 - 249 8447
1st Floor 51 40 76 99 - 266 9024
Mezzazine 51 135 - 132 - 318 10788
Ground 81 - - - 233 314 10653
Track Level = = = = = 2 5

Table 9: Weight of Structure 2
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Wind (North-South) For Structure 1

: Tributary L Story Story | Overturning
Level T;;g?}t Area Kz ( q‘n \M(nd.:‘ard ( psf? S Total (psf)] Force Shear Moment
(Feet) £ ps (Kips) | (Kips) | (Ft-Kips)
Roof 88.17 575 0.95 19.3 233 -18.5 418 43.1 43.1 247.8
3 76.67 11.5 0.92 18.6 225 -185 410 1716 214.7 17303
2 6517 115 0.87 17.6 14.8 -10.4 25.2 368.5 583.2 53185
1 5367 | 11.675 0.82 16.6 13.9 -10.4 243 6246 | 12078 | 169527
Mezzaine | 4142 15.1 0.77 15.6 131 -10.4 235 10150 | 22228 | 428540
Ground 235 10.96 0,65 132 11.0 -10.4 215 10150 | 22228 | 428540
Track Level| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10150 | 22228 | 428540
Wind (North-South) For Strucutre 1
: Tributary Story Story | Overturning
Level ?:gt‘;‘ Area Ke { qu) m;.;am Le{ pde"a) " total (psn| Force | Shear | Moment
(Feet) e (Kips) (Kips) (Ft-Kips)
Roof 8817 575 0.95 19.3 233 185 418 45.4 45.4 2612
3 76.67 11.5 092 18.6 225 185 411 180.9 226.3 18237
2 6517 115 0.87 17.6 148 -10.4 252 388.4 6147 6659.7
1 5367 | 11.875 0.82 16.6 13.9 -10.4 244 6563 | 1273.1 17868.4
Mezzaine | 4142 151 0.77 15,6 131 10,4 235 10700 | 23430 | 451701
Ground 235 10.96 0.65 132 114 -10.4 215 1070.0 | 23430 | 451701
Track Level| 00 0.0 0.0 0.0 00 0.0 0.0 1070.0 | 23430 | 451701
Calculation 1: Shear & Moment Due to Wind Forces for Structure 1
Wind (North-South) For Structure 2
: Tributary Story Story | Overturning
Level '::e'gt“; Area Ke o W;“""f‘;ard "”(e"s‘;;"d Total (psf)| Force | Shear | Moment
(Feet) ps P p (Kips) | (Kips) | (Ft-Kips)
Roof 88.17 575 0.95 19.3 233 -18.5 41.8 40.1 40.1 230.5
3 76,67 115 052 18,6 225 -18.5 41.0 159.7 199.8 1609.8
2 65.17 115 0.87 176 14.8 -10.4 252 3428 542.6 5878.5
1 5367 | 11.875 0.82 16.6 13.9 -10.4 243 5811 11237 | 157722
Mezzaine | 41.42 15.1 0.77 156 131 -10.4 235 9443 | 20680 | 398698
Ground 235 10.96 0.65 132 11.0 -10.4 215 9443 | 20680 | 398698
Track Level| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9443 | 20680 | 398698
Wind (North-South) For Strucutre 2
< Tributary Story Story | Overturning
Level H: g;; Area Kz % Nn;:;a &l Le%ard Total (psf)| Force Shear Moment
( (Feet) (psh) (psf) ( Kips) | (Kips) | (Ftkips)
Rool 8817 575 0.95 193 233 185 419 455 455 2615
3 76.67 11.5 092 18.6 226 185 411 1811 2266 1826.2
2 65.17 115 0.87 17.6 148 105 25.3 388.9 615.6 6668.8
1 53.67 | 11.875 0.82 16.6 14.0 -10.5 24.4 6593 | 12749 | 178934
M e | 4142 15.1 0.77 156 131 105 236 10716 | 23465 | 452350
Ground 235 1096 0.65 13.2 11.1 -10.5 215 10716 | 23465 | 45235.0
Track Level| 00 0.0 0.0 0.0 0.0 0.0 0.0 10716 | 23465 | 452350

Calculation 2: Shear & Moment Due to Wind Forces for Structure 2
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Seismic For Structure 1

- Tributary : Owverturning

Level  |Height (M) areaqy | S | PP [ yoment (ft-Kips)
Roof 8817 575 0.25 316 1815.4
3rdFloor | 7667 15 0.31 388 7677.9
2nd Floor | 6517 15 023 283 229286
1stFloor | 5367 11.875 015 181 30187.6
Mezzanine | 41.42 151 0.06 80 484216
Ground 235 10.96 1.00 1248 284216
TrackLevel| 0 0 1.00 1248 484216

Calculation 3: Shear & Moment Due to Seismic Forces for Structure 1

Seismic For Structure 2
Level |Height (f) L’r‘::‘?fg Cox | Fu(Kips) MOO”‘:;”{;”_‘;(‘?M)
Roof 88.17 5.75 0.25 300 17247
3rd Floor 76.67 11.5 0.31 378 73471
2nd Floor 65.17 11.5 0.23 277 221200
1st Floor 53.67 11.875 0.14 166 29055.3
Mezzazine 41.42 15.1 0.07 84 46603.0
Ground 235 1096 1.00 1204 46603.0
Track Level (8] 0 1.00 1204 45603.0

Calculation 4: Shear & Moment Due to Seismic Forces for Structure 2
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Brace Frame 1. Structure 1 Brace Frame A. Structure 1
Laval Displacement| Stiffness Laval Displacement | Stiffness
Sk (in) (Kiptin) s (i) (Kipfin)
Roof 0.0017 588.24 Roof 0.0022 454 55
3 0.0013 769.23 3 0.0016 6525.00
2 0.0008 1250.00 2 0.0011 909.09
1 0.0005 2000.00 1 0.0006 1666.67
Mezzanine 0.0001 10000.00 Mezzanine 0.0002 2000.00
Total 2921.49 Total 1731.06
Brace Frame 2. Structure 1 Brace Frame B: Structure 1
Displacement| Stiffness Displacement | Stiffness
Level (In) (Kipfin) Level (in) (Kipfin)
Roof 0.0017 588.24 Roof 0.0021 476,19
3 0.0013 769.23 ) 0.0015 666.67
2 0.0008 1111.11 2 0.001 1000.00
1 0.0005 2000.00 1 0.0006 1666.67
Mezzanine 0.0001 10000.00 Mezzanine 0.0002 5000.00
Total 2893.72 Total 1761.90
Brace Frame 3 Structure 2 Brace Frame C; Structure 2
Displacement| Stiffness Displacement | Stiffness
Ll (in) (Kip/in) Lol (in) (Kiplin)
Roof 0.0016 525.00 Roof 0.0021 476.19
3 0.0012 833.33 3 0.0016 6525.00
2 0.0008 1250.00 2 0.001 1000.00
1 0.0004 2500.00 1 0.0006 1666.67
Mezzanine 0.0001 10000.00 Mezzanine 0.0002 5000.00
Total 3041 67 Total 1753.57
Brace Frame 4. Structure 2 Brace Frame D: Structure 2
Displacement| Stiffness Displacement | Stiffness
Level (In) (Kipfin) i (in) (Kip/in)
Roof 0.0017 588.24 Roof 0.0018 555.56
3 0.0013 769.23 3 0.0014 71429
2 0.0009 1111.11 2 0.0009 1111.11
1 0.0005 2000.00 1 0.0005 2000.00
Mezzanine 0.0002 5000.00 Mezzanine 0.0002 5000.00
Total 189372 Total 1876.19

Calculation 5: Stiffness of Brace Frames
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Story Frame Stiffness: Structure 1 Center of Rigidity

1 2 A B Xg (M) Yr (ft)

Roof 588.24 | 588.24 | 45455 | 47619 ] 9230 88.34

3 769,23 769,23 | 625.00 | 666.67 91.45 88.34

2 1250.00 | 1111.11 | 905.09 | 1000.00] 90.00 83.14

1 2000.00 | 2000.00 | 1666.67| 1666.67| 94.50 88.34
Mezzanine | 10000.00 ] 10000.00{ 5000.00{ 5000.00 94.50 88.34
Sto Frame Stiffness Structure 2 Center of Rigidity

i 3 4 c D Xa (R) | Yr ()

Roof 625.00 | 588.24 | 476.19 | 55556 | 87.23 79.60

3 833.33 769,23 | 625.00 | 714.29 88.20 78.80

2 1250.00 | 1111.11 [ 1000.00] 1111.11] 89.53 77.26

1 2500.00 | 2000.00 | 1666.67| 2000.00] 85.91 72.96
Mezzanine | 10000.00] 5000.00 | 5000.00| 5000.00] 94.50 54,72

Calculation 5: Stiffness of Brace Frames

Torsional Moment Due To Wind: Structure 1
Level | Story Force (Kips) | Story Force (Kips) [ &ns [ €ew [ Mus Mew
Neorth-South East-West (ft) ft) (ft-kips) | (ft-kips)
Roof 43,10 45.40 0.00 | -2.20 0.00 -99.77
3 171.60 180.90 0.00 | -3.05 0.00 -551.45
2 368.50 388.40 520 | -450 | 1914.79 | -1747.80
1 624.60 658.30 0.00 | 0.00 0.00 0.00
Mezzanine 1015.00 1070.00 0.00 | 0.00 0.00 0.00
Torsional Moment Due To Wind: Structure 2
Level Story Force (Kips) | Story Force (Kips) | ens | Sew Mys Mew
North-South East-West (ft) (ft (ft-kips) | (ft-kips)
Roof 40.10 45.50 249 | 727 ] 9974 -330.75
3 159.70 181.10 328 | 630 52435 |-1140.93
2 342.80 388.90 4.83 | -497 | 165519 | -1934.27
1 581.10 659.30 912 | -8.50 | 5299.86 | -5663.99
| Mezzanine 944.30 1071.60 3.61 | 0.00 | 3411.44 0.00
Torsional Moment Due To Seismic: Structure 1
: Ens | Cew Mys Mew
Level Story Force (Kips) (M) ") (ftkips) | (ft-kips)
Roof 340.00 0.00 | -2.20 0,00 -747.21
3 418.00 0.00 | -3.05 0.00 -1274.23
2 304.00 520 | -450 | 1579.64 | -1368.00
1 195.00 0.00 | 0.00 0.00 0.00
Mezzanine 86.00 0.00 | 0.00 0.00 0.00
Tarsional Moment Due To Seismic: Structure 2
: ns | Bew Mys Mew
Level Story Force (Kips) " ") (fekips) | (it
Roof :300.00 249 | -7.27 | 746.21 -2180.77
3 378.00 3.28 | -630 | 1241.10 | -2381.40
2 277.00 483 | -497 | 1337.48 | -1377.71
1 166.00 912 | -8.59 ] 151398 | -1426.09
Mezzanine 84.00 3.61 | 0.00 | 303.46 0.00

Calculation 6: Torsional Moment Due to Wind & Seismic on Both Structures
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Wind Direct Forces: Structus

e 1 (N-S Direction)

Wind Direct Forces: Structure 2 (N-S Direction)

Force Force

Roaf K P K (Kips) Roof K P K (Kips)

1 588.24 43.10 1176.47 21.55 3 625.00 40.10 1213.24 20.66

2 588,24 4310 1176.47 21.55 4 586824 4010 1213.24 19.44

Total 4310 Total 40.10

Wind Direct Forces: Structure 1 (E-W Direction) Wind Direct Forces: Structure 2 (E-W Direction)

Force Force

Roof ¥ —P K (Kips) Roof K P K Kips)
A 454.55 45.40 930.74 2217 C 47619 45.50 1031.75 21.00 |

B 476.18 45.40 930.74 23.23 D 555.56 45.50 1031.75 24.50

Total 45.40 Total 45.50

Wind Direct Forces: Structu

re 1 (N-S Direction)

Wind Direct Forces: Structure 2 (N-S Direction)

Force Force
3rd Floor K P K (Kips) 3rd Floor K P K, (Kips)
1 769.23 171.60 1538 45 85.80 3 B33.33 159.70 1602.56 B83.04
2 769.23 171.60 1538.46 85.80 4 769.23 159.70 1602.56 76.66
Total 171.60 Total 159.70
Wind Direct Forces: Structure 1 (E-W Direction) Wind Direct Forces: Structure 2 (E-W Direction)
Force Force
K
3rd Floor K P K, (Kips) 3rd Floor “| P K, (Ki
A 625.00 180.80 1291.67 87.53 C 625.00 181.10 1339.29 8451
B B66.67 180.90 1291.67 93.37 D 714.29 181.10 1339.29 96.59
Total 180.90 Total 181.10
Wind Direct Forces: Structure 1 (N-S Direction) Wind Direct Forces: Structure 2 (N-5 Direction)
Force Force
2nd Floo B i : 2nd Floor = K, >
r K K (Kips) K | (Kips)
1 1250.00 368.50 2361.11 195.09 3 1250.00 342 .80 2361.11 161.48
2 1111.11 | 368.50 2361.11 173.41 4 111111 | 34280 2361.11 161.32
Total 368.50 Taotal 342.80
Wind Direct Forces: Structure 1 (E-W Direction) Wind Direct Forces: Structure 2 (E-W Direction)
Faorce Force
K,
2nd Floor K P K {Kips) 2nd Floor 1 P IK) (Ki
A 909.09 388 .40 1909.09 18495 c 1000.00 | 388.90 211.11 184.22
B 1000.00 | 388.40 1909.09 203.45 D 1111.11 | 38890 2111.11 204 68
Total 388.40 Total 388,90
Wind Direct Forces: Structure 1 (N-S Direction) Wind Direct Forces: Structure 2 (N-S Direction)
Force Force
1st Floor K P K (Kips) 1st Floor K P K (K
1 2000.00 | 62460 4000.00 312.30 3 2500.00 | 581.10 4500.00 32283
2 2000.00 | 62460 4000.00 312.30 4 2000.00 | 58110 4500.00 258.27
Total 624.60 Total 581.10
Wind Direct Forces: Structure 1 (E-W Direction) Wind Direct Forces: Structure 2 (E-W Direction)
Force Force
1st Floor K P K Ki 1st Floor K P IK, (Ki
A 1666.67 | 658.30 3333.33 329.15 C 1666.67 | 659.30 3666.67 299.68
B 1666.67 | 658.30 3333.33 20.15 D 2000.00 | 659.30 3666.67 359.62
Tota 658.30 Total 659,30
Wind Direct Forces: Structure 1 (N-S Direction) Wind Direct Forces: Structure 2 {N-S Direction)
Force ; Force
Mezzarine K P b1 2 Mezzanine P K| :
: K‘ (Kips) L : (Kips)
1 10000.00 | 1015.00 | 20000.00 507.50 3 10000.00 | 94430 15000.00 629.53
2 10000.00 | 1015.00 | 20000.00 507.50 4 5000.00 | 944.30 15000.00 31477
Total 1015.00 Total 94430
‘Wind Direct Forces: Structure 1 (E-W Direction) Wind Direct Forces. Structure 2 (E-W Direction)
Force . Force
K
Mezzanine K P IK (Kips) Mezzanine | P K, (Kips
A 5000.00 | 1070.00 | 10000.00 535.00 C 5000.00 | 1071.60 | 10000.00 539.80
B 5000.00 | 1070.00 | 10000.00 535.00 D 5000.00 | 1071.60 | 10000.00 535.80
Total 1070.00 Total 1071.60

Calculation 7: Direct Forces Due to Wind on Both Structures
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Seismic Direct Forces: Structure 1 (N-S Direction) Seismic Direct Forces: Structure 2 (N-S Direction)
Force Force
Roof P b1 i Roof P IK }
Ki K (Kips) K ' {Kips)
il 588.24 | 34000 1176.47 170.00 3 625.00 | 300.00 1213.24 154.55
2 588.24 | 340.00 1176.47 170.00 4 588.24 | 300.00 1213.24 145.45
Total 340.00 Total 300.00
Seismic Direct Forces: Structure 1 (E-W Direction) Seismic Direct Forces: Structure 2 (E-W Direction)
Roof K, P 1K, f:i'ce Roof K, P K, ;fi“’e
A 45455 | 340.00 930.74 166.05 C 476.19 | 300.00 1031.75 138.46
B 47618 | 340.00 930.74 173.95 D 555.56 | 300.00 1031.75 161.54
Total 340.00 Total 300.00
Seismic Direct Forces: Structure 1 (N-S Direction) Seismic Direct Forces: Structure 2 (M-S Direction)
Force Force
3rd Floor K P b1 ! 3rd Floor K B K i
i A ) S )
1 768.23 | 418.00 1538.46 209.00 3 83333 | 378.00 1602.56 196.56
2 768.23 | 418.00 1538.46 209.00 4 769.23 | 378.00 1602.56 181.44
_ Total 418.00 . Total 378.00
Seismic Direct Forces: Structure 1 (E-W Direction) ic Direct Forces: Structure 2 (E-W Direction)
Force Force
K
3rd Floar Ky P K (Kips) | 3rd Floor Ky P K, (Ki
A 625.00 | 418.00 1291.67 202.26 (o] 625.00 | 378.00 1339.29 176.40
B 666.67 | 418.00 1291.67 215.74 D 714.29 378.00 1339.29 201.60
Total 418.00 Total 378.00
Seismic Direct Forces: Structure 1 (N-S Direction) Seismic Direct Forces: Structure 2 (N-S Direction)
Force Force
P bi 3K,
2nd Floor K K Kips) 2nd Floor K P ! Kips)
1 1250.00 | 304.00 2361.11 160.94 3 1250.00 | 277.00 2361.11 146.65
2 111111 | 304.00 2361.1 143.08 4 1111.11 | 277.00 2361.11 130.35
Total 304.00 Total 277.00
Seismic Direct Forces: Structure 1 (E-W Direction) Seismic Direct Forces: Structure 2 (E-W Direction)
Force Force
d Fl K, P I nd Fl K, P K
2nd Floor b K (Kips) 2 loor f ] (Kips)
A 909.08 | 304.00 1909.08 14476 C 1000.00 | 277.00 2111.11 131.21
B 1000.00 | 304.00 1909.09 159.24 D 1111.11 | 277.00 2111.11 145.79
Total 304.00 Total 277.00
Direct Forces: Structure 1 (N-S Direction) Seismic Direct Forces: Structure 2 (N-S Direction)
Force Force
1st Floor Ky P bi / 1st Floor P K :
i (Kips) i : (Kips)
1 2000.00 | 195.00 4000.00 97 .50 3 2500.00 | 166.00 4500.00 92.22
2 2000.00 | 185.00 4000.00 97.50 4 2000.00 | 166.00 4500.00 73.78
Total 195.00 Total 166.00
Seismic Direct Forces. Structure 1 (E-W Direction) Seismic Direct Forces: Structure 2 (E-W Direction)
Force Force
1st Floor K P K {Kips) 1st Floor K = I, Ki
A 1666.67 | 195.00 3333.33 97 .50 C 1666.67 | 166.00 3666.67 75.45
B 1666.67 | 195.00 3333.33 97.50 D 2000.00 | 166.00 3666.67 90.55
Total 195.00 Total 166.00

Seismic Direct Forces: Struct

ure 1 (N-8 Direction)

Seismic Direct Forces: Struct

ure 2 (M-S Direction)

Mezzanine K P K ;g;':} Mezzanine K P K, F(;iroa
1 10000.00 86.00 20000.00 43.00 3 1000000 84.00 15000.00 56.00
2 10000.00] B86.00 20000.00 43.00 4 5000.00 84.00 15000.00 28.00
Total 86.00 Total 84.00

Seismic Direct Forces: Structure 1 (E-W Direction) Seismic Direct Forces: Structure 2 (E-W Direction)
Force : Force
Mezzanine K P IK, (Kips) Mezzanine K P K, (Kips)
A 5000.00 | 86.00 10000.00 43.00 (& 5000.00 84.00 10000.00 42.00
B 5000.00 86.00 10000.00 43.00 D 5000.00 84.00 10000.00 42.00
Total 86.00 Total 84.00

Calculation 8: Direct Forces Due to Seismic on Both Structures
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Contralling Wind Drift: Frame 1 Cs ‘Wind Drift. Frame A
s story | Story Drn Allowable Story Drift (in) Tnh_l Drift | Asowable Total Drift (in) Sto Story | Story Drift Allowable Stoey Drift (in) | Total Drift | Allowable Total Drift (in)
w Height () |  (in) D = Hi400 i} s = Hf400 Y | e | ) Dluang = HI400 in) D = HI400
Roof 11.500 0041 | < | 0345 I 0508 | <] 194 | A Roof 11,500 0073 | <] 0 A 0881 | <] 184
3rd 11.500 0049 [ < | 0345 Acceptabie | 0468 | < | 1505 | Acce 3rd 11.500 0094 | < | 0345 | Acceptable | 0602 |<| 1595 | Acceptable
2nd 11.500 0140 < | 0345 | Acceptabie 0.419 < 1.25 | Acceptable 2rd 11.500 0,161 = | 0348 Acceptable 508 2| 125 Acceptable
1st 12250 0.150 < | 0368 | Acceptable 0.278 < | 0505 | Acceplable 18t 12250 0.161 < | 0368 | Acceplable 0.347 <| 0905 | Acceptable
17.917 0128 | < | 0536 | A 0128 | < | 05375 17.917 0186 | < | 0538 | A 86 | < | 05315
Controlling Wind Crift: Frame 2 Cs ‘Wind Drift. Frame B
Story Story | Story Dft |  Allowable Story Drift (in) | Total Drift | Aowabie Total Drift (in) Story Story | Story Dritt |  Allowable Story Drift (in) | Total Drift | Allowable Total Drift {in)
Height () | (in) Dl = H/400 (i) Diyg = Hi400 Heigh (ft) | (in) Dyg = HI400 (i) Ding = HI400
Fiool 11.500 0042 |« | 0345 ] Acceptabie | 0514 | < | 184 | Acceptable Rool 11.500 0075 | < | 0345 | Acceptable | 0674 | <
Srd 11.500 0.050 < | 0345 | Acceptable 0472 < | 1595 | Acceptable 3rd 11.500 0.089 < | 0345 | Acceptable 0,589 <
2nd 11.500 0136 | < | 0345 0421 | <] 125 | A 2nd 11.500 0161 | < | 0345 | Acceptable | 0510 | <
st 12250 0147 | < | D388 ; 0285 | < 0805 | Accep 1st 12250 0160 | <[ 0368 | Accer 0343 | <
Mezzanine | 17.617 0130 | < | 0538 | Acceptable | 0139 | < [ 05375 Acceptable Mezzanine | 17.917 0188 | < | 0538 | Acceptable | 0188 | <
Table 1: Drift Results for Structure 1 Due to Wind
G Wind Drift. Frame 3 Controlling Wind Drift. Frame C
Sion Story Drift | Allewable Story Drift (in) | Total Drift | Allowable Total Drft (in} Stol Story Drift | Allewable Story Drift (in) | Total Drift | Allowabée Total Drift (in)
0 | | o0 Dune = H400 (in Duna = HI400 SV | g | o) Duea = HI400 (in Dl = HI400
Roof 11.500 0036 | <] 0345 0438 | < | 184 ; Roof 11.500 0075 | < | 0.345 0881 | <] 194 | A
3rd 11.500 0045 | < | 0346 T 0453 | < | 15% ; ard 11.500 D090 | < | 0345 | Acceptable | 0606 |<| 1595 | Acceptable
2nd 11.500 0135 | < | 0345 0408 | < | 125 2nd 11.500 0161 | < | 0345 0517 |<| 125
st 12250 0145 | < | 0368 ble | 0273 | < | 0505 | Acceptable st 12.250 0160 | < | 0368 | Acceptable | 0356 [ <] 0505 | Acceptable
Mezzanine | 17.917 0127 | <] 0538 | Acceptable | 0127 | < [ 05375] Acceptable Mezzanine | 17.917 0196 | < [ 0538 | Acceptable | 0186 [<]05375] Acceptable
Controlling Wind Drift: Frame 4 Controlling Wind Drift: Frarme D
Story Story | Story Drift | Allowable Story Drift (in) | Total Drift | Allowable Total Dift (in) Story Story | Story Drift |  Allowabde Story Orift (in) | Total Drift | Anewabée Tedal Drift (in)
Height (f) | (in) Dy = HI400 {in) Dy = HI400 Height (i) | (in) Dlying = HI400 {in} = Hi400
Roaol 11.500 34 < 45 | Acceptable 0.477 < 184 | Acceptable Roof 11.500 060 < | 0345 | Acceptabie DE&77 < 1.04) Acceptable
3rd 11.500 a1 _| < | 034 T D443 | < | 1508 T 3d 11,500 078 | < | 0346 : 0617 | <| 1585 "
2nd 11.500 1B | =< 42 0402 | < | 125 2nd 11.500 166 | < | 0345 0538 |<| 129
1st 12250 0122 | < | 0368 I 0282 | <[ o0so0s T st 12250 0168 [ <[ 03ea 7 03r2_|<| os0s] !
Mezzanine | 17.917 0160 | < | 0538 | Acceptable | 0180 | < | 05375 i Mezzanine | 17.917 0204 | < | 0538 I 0204 | < | 05375] I
Table 2: Drift Results for Structure 2 Due to Wind
Controlling Seismic Drift: Frame 1 Controlling Seismic Drift: Frame A
st Story | Story Dnn| Allowable Story Dnft {in) Total Drift | - Allcwable Story Drift (in) st Story | Story Drity| ABowable Story Drift (in) | Total Drit | Allowable Story Drift (in)
R e D Daeisune = 0.0200, (in) Dezmunc = 0.0200,, V| eghtim | Dsessaac = 0.020h,, (in) Diszsec = 0.020h,,
Roaf 11.500 0128 | <] D230 ; 0738 | <] 1293 | A Foal 11.500 0157 | < [ 0230 [ Acceptable | 0832 | <] 1283 [ Acces
3rd 11.500 0140 [ < | 0230 | Acceptable | 0608 | < | 1063 | Acceptable ard 11.500 0152 | < | 0230 0735 |<| 1063 | Acceptable
2nd 11.500 0201 | « | 0230 | Acceptable | 0469 | < | 0833 | Acceptable 2nd 11.500 0218 | < | 0230 | Acceptable | 0544 | <] 0833 | Acceptabie
1st 12250 0189 | < | 0245 | Acceptable | 0269 | < | 0600 | Acceptable st 12250 0217 | <] 0245 ] Acceptable | 0326 [<| 0603 | Acceptable
Mezzanine| 17.917 0080 < | 0355 | Acceptable 0080 < | 0358 | Acceptable Mezzanine| 17.917 0110 < | 0358 | Acceplable 0110 <| 0356 | Acceplable
Controlling Seismic Drift: Frame 2 Controlling Seismic Drift: Frame B
Story Story | Story Deft|  Allowable Story Drft (i) | Tot21 Drift | ajigwable Story Drift (in) Story Story | Story Orift|  Asowable Story Drift (in) | Tot2l Dt | anowabie Story Drift (in)
Height (fty | (in) Daisue = 0.0200 () Dissne = 0.020hs Height (%) | (in) Disssing = 0.020h,, (n) Disesiac = 0.020hs
ool 11.500 0.127 < | 0230 | Acceptable 074 = | 1283 | Acceplable Rool 11.500 193 < | 0230 | Acceptable g7 <| 1293 | Acceplable
3rd 11,500 0143 | < | 0230 I 0616 < [ 1063 3rd 11,500 1es | <[o23 £ 734 | <] 1083 £
2nd 11.500 0198 | < | D230 0.47. < | 0833 [ A 2nd 11.500 218 | < | 0.230 548 | <] 0833
st 12250 0188 | < | 0245 I 0273 | < | 0803 [ st 12250 0216 | < | 0.245 £ 0330 | <] 0603 £
Mezzanine | 17.617 0085 | < | 0358 | Acceptable | 0085 | < [ 0358 | Acceptable Mezzanine| 17.817 0114 | < | 0358 | Acceptable | 0114 [ <] 0358 | Acceptabie
Table 3: Drift Results for Structure 1 Due to Seismic
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Cortrolling Seismic Drift: Frame 3 Controlling Seismic Drift Frame C
Sto Story Drift | Aslowable Story Drift (i) | Total Drift | Alowabde Story Drift (in) Sto Story Drift | Allowable Story Drift (in) | Total Drift | Allowable Story Drift (in)
Y Heigﬂw:ﬂ} H"‘} Clasgune = 0.020hy, (in) Disssane = 0020y, Stary He.gurvrﬂ] D:}:‘] Dissignne = 0,020, (in) Desrsuie = 0.020hy,
Root 11,500 o110 | <] o230 [ 0653 [ < [ 1203 Rool 11,500 0163 | <[ o230 [ A 0781 [<] 1203
3rd 11.500 0126 | < | 0230 | Acceptable | 0543 | < | 1063 | Acceptable Brd 11.500 0157 | <] 0230 | Acceptable | 0618 |<| 1063 | Acceptable
2nd 11.500 0183 | < | 0230 | Acceptable | 0418 | < | 0833 | Acceplable 2nd 11.500 0184 | < | 0230 | Acceptable | 0461 [ <] 0833 [ Acceptable
18t 12.250 0171 | <] 0245 | Acceptable | 0235 | < | 0603 ble 1st 12.250 0182 | <] 0245 | Acceptable | 0277 |<| 0603 [ Acceptable |
Mezzanine | 17917 0.064 = | 0358 | Acceptable 0064 < | 0358 | Acceptable Mezzanine| 17.917 0.085 < | 0358 | Acceptable 0095 | <] 035 | Acceplable
Cortrolling Seismic Crift: Frame 4 Controlling Seismic Drift Frame D
Story Stary | Story Drift | - Aowabie Story Drift (in) | Tot! Drift | - apcwabie Story Drift (in) Story Story | Story Drint | Allowable Story Drift (in) | ToRI DAt | syowabile Story Drift (in)
Height (1) | (in) Desssuc = 00200 (i) Dassssuc = 00200, Height () | (in) Dasssanc = 0.020hu, (n) Dasssanc = 0.020Ne
Roof 11.500 0103 < | 0230 | Acceptable 0 641 < | 1293 | Acceptable Rool 11.500 149 < | 0230 | Acceptable 774 | <] 1293 [ Acceptable
3rd 11,500 0117 | < | 0230 I 0538 | <] 1083 I Brd 11.500 147 | < | 0230 625 |<| 1083
2nd 11.500 0167 | < | 0230 0.421 < | 083 2nd 11.500 188 | < [ 0230 478 | <[ nB33
1st 12250 0153 | < [ 0245 I 0253 | < | 0603 ; 1st 12.250 0185 | < | 0245 L 0289 | <| 0603 L
Mezzanine| 17.917 0100 | <] 0358 | Acceptable | 0100 | < | 0358 | Acceptable Mezzanine| 17817 0104 | < | 0358 | Acceptable | 0104 [ <] 0358 | Acceptable
Table 4: Drift Results for Structure 2 Due to Seismic
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uid Ul ¢ B )M Jaquua
pajosuuos-uid Ul GZLL X Ul 0L

uid Ul g B M Jaquiaw
pajoauuos-ud Ul GJE'L XU S0L

uid Ui {7 B i J2quuai
papauuco-ud Wl e L X Ul 0L

uild Ul {7 B Ljis Jaquuai
pajoauua-uid Ul 6ZL'L X Ul DL

heso |szs0s | {sdiv) "cih] Ao [s289°6¥9 | isdu) “ad] -] |s2e96v9 | (sdiy) “ab] hengy |5z 908 | (zdi) "ad]

Duipjai ] uosua | Buipiai ] uoisua) BUIPBI | UsISUa | Buipiel) uosua |
fewo  [gLe0e | (sdiv) ] feio gzl | (sdnd) Yad) feio [szliE | (sdiv) ] fexo [GLE0E | (sdi) *ad]
Sr [ S5 [}y 55 () Sy St {pu) ¥y

uld up Buueag uig ugy Buueag uld up Buueag uld ug Buueag
Ao |58y | (sdiv) “a] Ao SZ90°€95 {sdryt) "t heno |szsoess | {sdiy) “a] heng |52 eer | (zdim) "ad]
ST Ll (1) #y CIER L () 2y SlErpl () By AT () By
4 () p v (w)p 4 () p 4 () p
£ (u)q SCE (g STE (u)g £ (u)q
£ (u) & SCE {u) & STE (u) & £ () e

amdny jeays aunidny Jeays aundny Jgays aundny Jeays
fewo  [oBSIE | (sdiv) o] Aexo ELESP (sdi) “cib Ao [ELESE | (sdiv) ab] fexo [BSLE | (sdiv) ad]

aunydny uoisuag aunydny uoisua] aundny uoisua) ainydny uoisua)
oL (Ut} m SoL (ui) m SoL {ur) m oL () m

sjouod BET SHAUSD BEE sloquod BEE sjoquod BET
W () #gq e (w) #*q 192 (un) #q T () #*q
STLL (i3 874 ()3 SIEL (uny STLL (w3
G5 (133) "4 S9 (1) "4 g9 (1) " 9 (=) "
0g (rs31) "4 0s (1s3) 4 05 (s} *4 05 (1834} 3
Lisquaw L Jad] GL'LIZ (sdiy) "o [isquaw | Jod] 62288 (sdn) "o lisqwaw L jod] 82458 (=diy) "o [1sqwam | 1odl G112 (sdin) "o
(114 daquuagy Gl Jaquiap 9l Jaquiay Sh Jaquiap
Z z z z

AUNJSNIS 9 SSNUJ J0 WORoF 1y 3jEld LoIIauunD uld

2UNJONIS g SSNUL JO WORDE 1 3eid LDJoauLoD uld

UNJINUIS 9 SSNUJ J0 WOROE Ty 3jejd UoIoauund uld

AININIS § SSNU 1 0 WOYoE I 3iBld Uonaauuod Uid

Calculation 6: Pin & Plate Size for Trusses Cont'd

Page 98 of 131




Union Station Expansion

Joseph W. Wilcher Ill

Washington DC

Structural Option

April 7, 2009

Final Report: Signature Expression

Adviser: M. K. Parfitt

suid ) g (Z) yim Jaquiaw
pajosuuod-ud Ul G2 L XUIG L

sudulg
pajsauuo-Ud L1 G2 L XUl Gl

i Jaquisl

heg lsig ipLL | (sdiv) ‘at] L=e] |eze e | (sdmi) “ad)
Buipg | UoBua | Buipjal | uoisuay
feo [seBoL | (sdi) '] feio [sLE0L | (sdni *aid]
S0k (1) ®y SOk () ®y
uld ug Buugag ulg uo Buueag

Aesiy |sza 686 | (sdiv) "ab] fesio [czarses | (sdni) "]
SLEST () Py GLEST () #y

9 (u) p ] fw) p

A {u)q A () q

STy u) e G fui) e

amndny Jeaus aunjdny Jeays
fewp [egw0s | (sdii) “ad] feo [eawoL [ (sdni) “ad]
m._:ﬁjm uoIsua ] mzﬁﬂ.—m uoisua|

Sk () St {un) m

SjoiuoD MM M (u) g SIOAUOD Mmm () g
S i)y TN )y

=] {1s4) " =] (1s4) "4

05 (131} *4 05 (1s3) 4

liequa | jod] GEL 0ok (sdin) "o [ssquisp L Jod] oz'o09 (sdrd) "o
0z Jaquiap 6 Jaquiap

z z

AUNNIS / SSNUL JO WONOE 1y 3j8|d LoN2auuns uig

BUNJOFUIS / SSNU 1 JO WONOE Ty 81BId UDROaULI0D Ul

sudul g
paosuuoo-uid Ul 6L X UG L

[T¥E= e

suld Ul € (z) yum Jaquisw
papauucs-ud U gL XUl STl

=e] [eeaipie | (sdiv) “ab] Aeno [ezz b | (sdiy) “ci]

Buipfai UosUa] Buipiai | uomsua |
fevo [sLeoL | (sdii) ] Aeno B (sdiy) “cih
S0k (1) *y S0L () ¥y

ulg up Buueag ulg ug) Buuzag
hesoy |szose6 || heng |sza 688 | (sdm) “ad)
SIEST (o) Py GLEST (ou) v
2] {u) p g fw) p
A (udq =4 (u)q
STV (u) e et {w)e
amdny 1eaus ammdny jeays

Aeng |saros [ (sdim) "] heng |sa oL [ (sdni) "ad]

aunydny ucisua) aundny uoisua ]
SkL () o S¥l {urh
sjosuod Mm ” () g S|0AUoD MMM (u) g
TN i)y S (un)y
[ =] (1) "4
0s 05 (1) *4
lisquiap | Jod] eZED liequaw | sod] 56508 (sdiy) "dd
9t Sl aquiap

z 2

BUNONIS / SSNUL JO WOROE 1y 3je|d UoN2auund uld

UNINUIS / S8 O WONOE Ty SjEjd USHIauuoD uid

Calculation 7: Pin & Plate Size for Trusses Cont'd

Page 99 of 131




Union Station Expansion

Joseph W. Wilcher Ill

Washington DC

Structural Option

April 7, 2009

Final Report: Signature Expression

Adviser: M. K. Parfitt

suid U1 g (Z) Uim Jaquuaw
papauuoo-uid Ul G| XUl L

Aeio St {sdiy) “ad
2|3l uoIsua |
- To R ) [ (adi) “ad]
6 {,u1) ®y
Ui uD) bupesg
foio B8 | (sdiv) “ad]
\Z (;un) =y
9 (w)p
v (w)q
v {w)e
aindny Jeays
foo [BBOES [ (sdivi) “ad]
anjdny Losua|
vl {u) m
e i () #q
gl (s
59 (i) "4
05 (1) "4
[12quiaw 1 Jod] ze'ece (sdiy) "ol
o Jaquuai

suid ur g (2] yum Jaquswu
pajoauuoo-Lid Ui G | XUl L

heng |svs [ (edi) "]
Duipjai | ucisuaj
heng |5 08 [ (sdm) “ad]
§ (,ul) Py
uld uo Buueag
=) [6Le | (sdii) %ad|
[F4 () By
9 {w)p
¥ (wg
4 () &
Biniany Jeaus
foio  [eRi0ES | (sd) *ad|
aunjdny uoisus |
Pl (ur) m
e % M () #*q
Sl (w1
=] [
[ (s34} *4
lisquaw 1 jod] oEser (sdiv) "o
6L Jaquiap

z
BUNPRS B 55N J0 WOLog Iy SiEld UofRsuusd uid

z
ANINIS | SSNU L JO WoNog 1y 3jBld Uoiasuuod Uid

i=e]

LE )

Aeno

-Te]

sjoguaD

[isquiapy 1 sod]

sud U g (Z) Ul Jequuaw
Uwﬂuw_..__.—o‘.ul_._.ﬁ UIGLLXUIGYL

| R | (sdi) "ad]
Guiplal | uoisua ]

[z B0z [ (sdii) "ad]
0L (1) Py
Ui ug buuesg
GIEST ()
9 {u)p
STy {u)q
4 () e
aundny Jesys
|savos | (sdii) “as|
andny Uoisua|
Srl (ur) m
o s
SLL {un)y
59 (13) "4
0% (1) 4
\Z vED {sdiy) g
gl Jaquaw

suid ul £ (Z) iim Jaquiaw
pajoauuos-uid Ul G L XU gL

hengy [szeiwi | (s “ad]
GuIpial | uoisua |
feo [sisos | (edpi “ad]
SoL (i) ¥y
Ul uD Bupesg
feno 529 686 (sdi) “cid
cleeT () Py
9 () p
STy (u)q
oZr (u) e
amdny Jeays
feio [owOL | (sdmi) bad)]
aindny LUoisus |
Sl () m
Sjonuod M_m- M ) in
SLL (w3
59 (14} "4
08 (rs) *4
[1aqwai 1 104] S28 L6k (sdii) "o
Sl Jaquiap

z
AUNPAUS g SSNU L JO Wolog Iy 318 uojoauued Ui

Z
BINONULS | SSMUL JO Walog Iy 3leld Uoqasulod Ud

Calculation 8: Pin & Plate Size for Trusses Cont'd

Page 100 of 131




Union Station Expansion

Joseph W. Wilcher Ill

Washington DC

Structural Option

April 7, 2009

Final Report: Signature Expression

Adviser: M. K. Parfitt

uid U) { B UM Jaquusi
pajpauuos-uid Ul G0 X G

uid Ul B yjim Jaquiaiy
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Pin Plate Connections To Columns [Truss 1 Structure 1]

Pin Plate Connections To Columns [Truss 1 Structure 1]

Member 15 k Member 16 k
Colurmn 10 a 01] 0113 0.2 Column 10 | a 01]  0118] 0.2
R (Kips) 255,62 0 558] 5635 6.02 R, (Kips) 32856 o 558] 5664 602
t, (in) 1.125 t, {in) 125
Table 8-5 From Steel Manual Table 8-5 From Steel Manual
Angle (deg) 60| Angle (deg) 60|
1{in) 10| I {in) 10.5|
i (in} 1.125| i (in) 1.25|
kK (in) 0.113] (i) 0119
H (in) 0 o (in) 0
al (in) 0 al (in) 1]
a 0 a 0
C 5.635| C 5.664)
Cy 1 Cy 1
P 075 P 0.75
Orncures 605 .o — AT e
DM DM
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t; = 1/4" Max Size: t; = 1/4"
L, (in 1167 [ 17 L, (in 11167 [ 19
Dlpees = Ly | Okay Digee = b | Okay
Min Length Ls = 4, Min Length: Lyws = 4,
Lweld (in) 10| Lweld (in) 10.5|
4t,, (in) 425 41, (in) 4.75)
Luvaia Z 4tw Okay | Luvaia = Ay Okay |
[ Use a 7/16" ETOXX Fillet Weld Use a BME" ETOXK Fillet Weld
Around Plate Perimeter Around Plate Perimeter
Pin Plate Connections To Columis [Truss 1 Structure 1] Pin Plate C: 18 To Columns [Truss 1 Structure 1]
Member 19 k Member 20 K
Column 13 a 01]  0.119] 0.2 Column 13 | a o1  0113] 0.2
Ry (Kips) 175.21 0 5.58] 5664 6.02 Ry (Kips) 13559 | o 558  58635| 602
tp (in) 1.25 to (in) 1.126
Table 8-6 From Steel Manual | Table 8-6 From Steel Manual
Angie (deg) G0 Angle (deg) 50|
1 {in) 10;‘ 1 {in) 10|
K {in) 1.25| K (in) 1.125]
k(in) 0.119) k (in) 0.113]
xl (in) 0 xl (in) 0
al (in) 0} al (in) 0
a 0 a 0
C 5.664) C 5.635
Cy 1 Cy 1
9 0.75 ] 075
Draqurss 393 e Drqursa 321 e
DM Dlﬂld
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, = 1/4" Max Size: 1, = 1/4"
t, (in 1/167) | 19 L, (in 11167 | 17]
Duses = be Okay Dised = b Okay
Min Length: Lya 2 4t Min Length: Ly 2 4,
Lweld (in) 10.5] Lweld {in) 10|
4t,, (in) 4.75| 4t (in) 4,25
Lowia 2 4t Okay Loia 2 9 Okay

Use a 416" EF0XX Fillet Weld
Around Plate Perimeter

Use a 416" E7OXX Fillet Weld
Around Plate Perimeter
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Pin Plate Connections To Columns [Truss 2 Structure 1]

Pin Plate Connections To Columns [Truss 2 Structure 1]

Member 15 L Member 16 i
Colurmn 10 | a oi]  0107] 0.2 Colurmn 10 | a X ICEED 0.2]
R, (Kips) 495.03 [ o 558  5811| 6.02] Ry (Kips) 642,37 [ o 558] 5671 6.02]
1 (in) 1.5 t (in) 175
Table 8-6 From Steel Manual Table 8-6 From Steel Manual |
Angle (deg) 50| Angle (deg) 0]
1 {ir) 14 | {in) 14 5]
K (i) 1.5] W (i) 1.75]
k (in) 0107 k (in) 0121
¥l (in) 0] b (in) 0]
&l (in) 0 al {in) 0]
a 0| a 0]
i 5611 |-C 5.671
Cy 1 Cy 1
@ 075 @ 075
Drsquees 840 e Drquees 1042 g
Dises Disas
Fillet Weld Limitations Fillet Weld Limitations
Max Size: f, 2 1/4" Max Size: t, = 1/4"
t, (in 1/16") | 23 L, (in 1/16") | 27
Diaa S by Okay Disea S by Ckay
Min Length: L 2 4, Min Length: Lywq 2 4ty
Lweld {in) 14 Lweld {in) 14 5]
ax,, (in) 5.75| A, (in) 6.75|
Lieia 2 4y Okay Liyaia 2 Ay Chay
Use a 916" ETOXX Fillet Weld Use a 11/16" E70XX Fillet Weld
Around Plate Perimeter Around Plate Perimeter
Pin Plate Cor To Columns [Truss 2 Structure 1] Pin Plate Connections To Columns [Truss 2 Structure 1]
Member 19 k Member 20 k |
Calumn 13 | a 01 0107 0.2 Column 13 | = 01] o107 0.2]
R, (Kips) 478.13 | o 558] 5611 6.02] R, (Kips) 36515 | o 558]  5611] 6.02]
1, (in) 15 t, (in) 1.5
Table B-5 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60| Angle (deg) 60
| {in} 14 1{in) 14,
K {in) 1.5] W (in} 1.5
k (in} 0,107 K (in) 0.107
x (in) 0 % (in) ]
al (in) 0} al (in) 0
a 0} a 0
c 5611 C 5611
C, 1 o 1
@ 0.75 @ 0.75
Drgarse 1 Disguirea 820 .
Dises a Dysea
Fillet Weld Limitatiors Fillet Weld Limitations
Max Size: t, 2 1/4" Max Size: t, 2 114"
L, (n 17167 | 23 L. (in 1/167) | 23
Dissea S be Okay Dlussa S by Ohay
Min LENGth: Lo  4t,, Min Length: Ly 2 4t
Lweld (in) 14 Lweld (in) 14
a,, (in) 575 2t (in) 5.75
Loaie = 4ty Chay | (Y™ Okay

Use a 8/16" ET0XX Fillet Weld
Around Plate Perimeter

Use a THE" E70XX Fillet Weld
Around Flate Perimeter
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[Pin Plate Connections To Columns [Truss 3 Structure 1]

Pin Plate Connections To Columns [Truss 3 Structure 1]

Member 15 k Member 16 K
Column 10 | a 01]  o0121] 0.2) Column 10 [ a 01] 0421 0.2
Ry (Kips) 515.25 | o 558  5671| 6.02 R, (Kips) 682 66 | o 558]  5671| 6.02
t, (in) 1.75 tp (in) 1.75
Table 8-6 From Steel Manual Table 8-6 From Steel Manual |
Angle (deg) [ Angle (deg) 50|
| {in) 145 1 {in) 145
K (in) 1.75 K (in) 1.75]
K (in) 0.121 K (in) 0.121
x (in) 0 o {in) 0}
al {in) 0 al (in) 0
a 0 a 0
7] 5671 C 5671
c, 1 Cy 1
P 075 @ 075
Diaquesa 835 e Dhraguines 07 e
Dlussa Disea 12

Fillet Weld Limitations Fillet Weld Limitations

Max Size: t, = 1/4" Max Size: t, = 1/4"

t, (in 17167 | 27 t, (in 1/16") | 27
Dusea Sty Chkay Dupea S b Okay

Min Length: Ly 2 4, Min Length: L 2 41,
Lweld (in) 145 Lweld (in) 14 5]
4t (i) 675 4, (in) 675
Lyia 2 4 Cheay Lvaid 2 4t Okay |

Use a 916" ETOXX Fillet Weld Use a 1216" ETOXX Fillet Weld
Around Plate Perimeter Around Plate Perimeter
Fin Piate Connections To Columns [Truss 3 Structure 1] [Pin Piate Connections To Columns [Truss 3 Structure 1]
Member 19 K Member 20 K
Column 13 [ a 01 o12] 0.2 Column 13 [ a 01 o129] 0.2
R, (Kips) 68265 | o 558]  5671| 6.02 R, (Kips) 51525 | o 558  5671| 6.02
tg (In) 1.75 te {in) 1.75
Table 8-6 From Steel Manual | Table 8-5 From Steel Manual |
Angle (deg) 50| Angle (deg) 60|
| {in) 14 5| | {in) 14 5|
K (in) 1.75] Kl (in) 1.75]
K {in) 0.121 K (in) 0121
x (in) 1] x (in) 0
al {in) 0| al {in) 0|
a 0 a 0
c 5671 c 5671
c, 1 Cy 1
] 075 ] 075
Dguarsa nor Dreqursa 835 ner
Dlusad 12 Clused 9
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, 2 1/4" Max Size: t, = 1/4"
1, (in 1/167) | 27 t, (in 1/167) | 27
Clused = b Okay Dluseg S by Okay
Min Length: Lyeg 2 4ty Min Length: Lyeg 2 4t,

Lweld (i} 145| Lweld {in) 145
(i) 675 A, (in) 675
Lot = 4ty Okay Luvsss 2 by Ckay

Use a 1216" ETOXX Fillet Weld
Around Plate Perimeter

Use a 816" ETOXX Fillet Weld
Around Plate Perimeter
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Pin Plate Connections To Columns [Truss 4 Structure 1]

Pin Piate Connections To Columns [Truss 4 Structure 1]

Member 15 k Member 16 k
Column 10 a 01  0118] 0.2 Column 10 o1  0125] 0.2
R, (Kips) 926.15 0 558) 5650 6.02 R, (Kips) 1208.12 558 5690 6.02
& (in} 2125 Ly (in) 2.375
Table 8-6 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) &0 Angle (deg) G0
| {in) 18 1 {in) 19
K (in) 2.125 K (i) 2.375
k (in) 0.118] K (in) 0.125
« (i) 0 « (i) 0
al {in) 0 al {in) 0
a 0 a 0
C 5.658 C 5.680
Cy 1 Cy 1
] 075 1] 075
Draquires 12.15 116" Draquires 14.80
Dima 13 Dluses 1
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, 2 1/4" Max Size: t, = 1/4"
1, (in 1/167) | 33 L, (in 11167 | 37
Dusee S b | Cray Duses S b | Cray
Min Length: Lyga = 4ty Min Length: Lyeq = 4ty
Lweld (in) 18 Lweld (in) 19
4t,, (in) 825 4, (in) 9,25
Luia 2 At Chkay [ Okay
Usea 13/1 5';;2”:;“?':;'%"’ Use a Full Penitration Weld
Fin Flate Connections To Columns [Truss 4 Structure 1] Fin Plate Connections To Columns [Truss 4 Structure 1]
Member 19 K Member 20 k
Column 13 a 01]  o12g] 0.2 Column 13 01 o0118] 0.2
R, (Kips) 1238.42 0 558] 5690 .02/ Ry (Kips) 897 86 558] 5850 602
fp (in) 2375 fe (in) 2125
Table B-6 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) &0 Angle (deg) 50
| {in) 18| | {in) 18
i (in) 2375 K (in) 2125
k (in) 0.125]  (in) 0.118
i (in) 1] I {in) 0
al {in) 0 al (in) 0
a 0] a 0
C 5,680 C 5.658
cy 1 Gy 1
@ 075 @ 075
Diauirnd 1827 e Diuguiret 1.75
Disee 16 Diea 12
Fillet Weld Limitatiors Fillet Weld Limitations
Max Size: t, = 1/4" Max Size: t, = 1/4"
t, (in 17167) | 37 t, (in 1/16") | 33
Dlsas S b | Okay Disea & b | Okay
Min Length: Lywg = 4l Min Length: Lywa 2 4,
Lweld {in) 19| Lweld {in} 18|
a, (in) 25| 4, (in) 625
[ Okay | Luwia 2 Qb Ckay
Use a Full Penitration Weld Use a 12/16" ET0XX Fillet Weld

Around Plate Perimeter
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Pin Plate Connections To Columns [Truss 5 Structure 1]

Fin Flate Connections To Columns [Truss 5 Structure 1]

Member 15 k Member 16 kK
Column 10 | = o1 0113] 0.2 Column 10 I o1 04119 0.2
R, (Kips) 219.4 | o 5.58| 5.635) 6.02 R, (Kips) 287 | o 558]  5.664| 6.02
t, (i} 1125 1, (in) 125
Table 8- From Steel Manual Table 8-6 From Steel Manual
Angle fdeg_] 50| Angle [deg‘; 60|
I {in) 10) 1 {im} 10.5]
K (in) 1.125] i {in) 1.25
K (in) 0.113] K {in) 0.119)]
o (in) 0 xl {in) 0
al (in) 0 al {in) 0]
a 0 a 0|
C 5.635 C 5.664
Cy 1 Cy 1
[+ 0.75 (] 0.75
Drnqures 519 e Diaquren 843 e
Disea Dused

Fillet Weild Limitations Fillet Weld Limitations

Max Size: t, = 1/4" Max Size: t, 2 1/4"

L, (in 1/16") | 17| t, (in 1/16") [ 19
Dlusea S b | Okay Disses S b | Okay

Min Length: Ly 2 41, Min Length: Ly = 3ty
Lweld (in) 10 Lweld (in) 10.5]
4t (in) 425 4t,, (in) 475
Lowid 2 Aty Okay Lyass 2 i, Okay I

Use a 6/16" ETOXX Fillet Weld Use a 716" ETOXX Fillet Weld
Around Flate Perimeter Around Plate Perimeter
Pin Plate Ci To Columns [Truss 5 Structure 1] Pin Plate Connections To Columns [Truss 5 Structure 1]

Member 19 K Member 20 L3
Column 13 | a 01]  0.119] 0.2 Column 13 | a 01 0107 0.2
R, (Kips) 22248 o 558]  5.664| 6.02 R (Kips) 16317 | o 558] 5611 6.02
tp (in) 125 1o (i) 1.125
Table 8-6 From Steel Manual | Table 8-6 From Steel Manual
Angle (deg) 60| Angle (deg) 60
| (in) 105‘ I (i) 105
K (in) 1.25] K (i) 1125
K {in) 0.119] k {in) 0.107]
xl (in) 0 xd (in) 0
al {in) 0| al (in) 0
a 0 a 0
C 5.664) c 5.611
Cy 1 Cy 1
® 075 ? 075
Dhraguires 499 146" Drequired 369 118"
DM DUIN

Fillet Weld L Fillet Weld Limitations

Max Size: t, = 1/4" Max Size: t, = 1/4"

t, (in 1/167) [ 19| t,, (in 1/16") | 17|
Disea & L Olay Dises Sty I Okay

Min Length: Lyg 2 4L, Min Length: L 2 4t
Lweld (in) 105 Lweld {in) 10.5
4ty (in) 475 4, (in) 425
Lol 2 4to Okay Luvwia 2 Ay Okay

Use a 616" EF0XX Fillet Weld
Around Plate Peri

Use a 416" EFOXX Fillet Weld
Around Plate Penmeter

Calculation 14: Plate Connection to Column Cont’d
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Pin Plate Connections To Columns [Truss & Structure 2]

Pin Plate Connections To Columns [Tru

555 6 Structure 2]

Member 15 k Member 16 K
Column 10 [ a 01| 0113 0.2 Column 10 a o1  0131] 02
R, (Kips) 271.15 [ o 5.58] 5635 6.02 R, (Kips) 35779 0 558] 5718 602
tg (in) 1.125 1 (in) 1.375
Table 8-5 From Steel Manual Table 8-6 From Steel Manual
Angle {deg) 60 Angle (deg) 60
I {in) 10, I {in) 10.5
K (in) 1.125 K {in) 1.375
K (in) 0.113] k {in) 0.131
¥ (in) 0 (i) 0
al (in) 0 al {in) 0]
a 0| a 0
C 5.635) <] 5.716]
Cy 1 C, 1
@ 075 @ 075
Diraguired 642 e [ — 795 e
Dase 7 Diase 8

Fillet Weld Limitations Fillet Weld Limitations

Max Size: {, = 1/4" Max Size: 1, = 1/4"

t. (in 116" | 17] t, (in 1/167) | 21
Dhsea S b | okay Dused b | oray

Min Length: Lywa = 9 Min Length: L 2 4t
Lweld (in) 10 Lweld (in) 10.5
4t (in) 4,25 4t (in) 525
Lovaia = 4y, Okay Lyvss = 4t Okay

Use a 7/16" E70XX Fillet Weld Use a B/16" E70XX Fillet Weld
Around Plate Perimeter Around Plate Perimeter
Pin Plate Connections To Colurmns [Truss 6 Structure 2] Fin Plate Connections To Columns [Truss 6 Structure 2]

Member 19 k | Member 20 K
Column 13 [ a 01 0131 0.2| Column 13 a 01 0113 0.2]
R, (Kips) 357.79 | o 5.58] 5716 5.02| Ry (Kips) 27115 0 5.58] 5635 6.02
ta (in) 1.375 I (in) 1925
Table 8-5 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60) Angle (deg) 60|
| {in) 10.5 | {in) 10|
K (in) 1.375 K (in) 1.125]
K (in) 0.131 k (in) 0.113)
w (in) 0 «l (in) 8]
al (in) 0 al (i) 0
a 0 a 0
C 5.716] c 5.635)
Cy 1 Cy 1
@ 075 ® 075
Draquires 7.95 » Drequirsa 642 .
Do 5 118 Do 5 118

Fillet Weld Limitations Fillet Weld Limitations

Max Size: t, = 1/4" Max Size: t, = 1/4"

L, (in 116 | 21 t, (in 1/167) | 17|
Dusea S b | Okay Dussa S b | Okey

Min Length: Ly = 4%, Min Length: Ly = 4,
Lweld (in) 10.5 Lweld (in) 10)
4t (in) 525 4t (in) 425
Lowia Z 4ty Okay Lowia = 4ty Okay

Use a 816" ET0XX Fillet Weld
Around Flate Perimeter

Use a BME" ET0XX Fillet Weld
Around Plate Perimeter

Calculation 15: Plate Connection to Column Cont'd
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Pin Plate Connections To Columns [Truss 7 Structure 2

Pin Plate Connections To Columns [Truss 7 Structure 2]

Member 15 k Member 16 K
Column 10 | 01 o121] 0.2 Column 10 01] 0121 0.2
R, (Kips) 505.975 [ o 558] 5671 6.02 R, (Kips) 692.37 558] 5671 6.02)
1y (in) 175 1, (in) 175
Table 8-6 From Steel Manual Table 8-6 From Steel Manual |
Angle (deg) [ Angle (deg) 50|
| {in) 14,5 I {in) 14.5)|
H (i) 1.75] K {in) 1.75
k {in) 0.121 k (in) 0121
w (in) 0] x| (in) 0
al (in) 0 al {in} 4]
a 0 a 0
C 5.671 c 5671
Gy 1 C, 1
-] 075 ] 075
Diequres 820 " Drequres 1.23 -
Doy g M8 Doy o e
Fillet Weld Limitations Fillet Weld Limitations
Max Size: 1, = 1/4" Max Size: t, = 1/4"
t, (in 17167 | 27 t, (in 1/16") | 27
Dusee 5 to | Okay Dsoa S L | Oy
Min Length: Ly = 4, Min Length: Losia 2 4k,
Lweld (in) 145 Lweld (in) 14.5)
4t,, (in) 6.75 4, (in) 6.75
Lowia Z 4ty Okay Luwsa = 4ty Okay
Use a 916" E70XX Fillet Weld Use a 12/16" ET0XX Fillet Weld
Around Flate Perimeter Around Plate Perimeter
Pin Plate Connections To Columns [Truss 7 Structure 2] Pin Plate Connections To Columns [Truss 7 Structure 2)
Member 19 3 Member 20 3
Column 13 | a 01]  0121] 0.2 Column 13 01] o1z 02
R, (Kips) 606.2 | o 5.58] 5671 6.02 R, (Kips) 450.795 5.58 5.671| 6.02
1, (i) 1.75 t, (in) 1.75
Table 8-6 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60 Angle (deg) 60
1 (in) 145 I {in) 14.5
H (in) 1.75 W {in) 1.75
k (in) 0.121 k (in) 0.121
x {in) 0 xl (in) 0
al (in) 0 al {in) 0
a 0 a 0]
& 5.671 C 5.671
Gy 1 [+ 1
@ 0.75 @ 075
Drequrea 9.83 " Draguired 7.47 o
D e 116 Do a 1M
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, 2 1/4" Max Size t, = 1/4"
& (in 1716") I 27 4, (in 1/16") [ 27
Dises © b |  Okay Duses = by |  Okay
Min Length Lyu = 4, [ Min Length Ly = 41,
Lweld (in) 145 Lweld (in) T 145
4t (in) 6.75 4, (in) 6.75]
Loia = 4Ly, Okay Lvess = 4ty Okay

Use a 10/16" E70XX Fillet Weld
Around Plate Perimeter

Use a 816" E7T0XX Fillet Weld
Around Plate Perimeter

Calculation 16: Plate Connection to Column Cont’d
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Pin Plate Connections To Colurnns [Truss & Structure 2]

Pin Plate Connections To Columns [Truss 8 Structure 2]

Member 15 k | Member 16 K
Column 10 [ a 01 o121 0.2| Column 10 a 01 o0121] 0.2]
R, (Kips) 497 525 | o 5.58] 5671 5.02| Ry (Kips) 634.21 0 5.58] 5671 6.02
tg (in) 175 I (in) 175
Table 8-6 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60) Angle (deg) 60|
| {in) 145 | {in) 14,5
K (in) 1,75 K (in) 1.75]
K (in) 0.121 K (in) 0121
w (in) 0 «l (in) 8]
al (in) 0 al (i) 0
a 0 a 0
C 5.671 c 5.671
Cy 1 Cy 1
-] 075 (i} 075
Diraquires 807 » Drequires 10.28 .
Doy 118 Doy 1 e
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, = 1/4" Max Size: t, = 1/4"
1. (in 17167 | 27] t,, (in 118" | 27
Dusea S tw | Okay Duses S b | Okay
Min Length: Lyug = 4, Min Length: Lygs = 4,
Lweld (in) 145 Lweld (in) 14.5
4t,, (in) 675 4t (in) 675
Lovwia = 4l Okay Lowia = 4ty Okay
Use a 9/16" ET0XX Fillet Weld Use a 11/16" ETOXX Fillet Weld
Around Flate Perimeter Around Flate Perimeter
Pin Plate Cr ns To Columns [Truss 8 Structure 2] Pin Plate Connections To Columns [Truss 8 Structure 2]
Memiber 19 K Member 20 k
Column 13 [ a 01]  o0107] 0.2 Calumn 13 [ a 01] 0107 0.2
Ry (Kips) 4353 [ o 558] 5611 602 R, (Kips) 33332 [ o 558 5611 02
t, (in) 1.5 £, (in) 15
Table -6 From Steel Manual Table 8-6 From Steel Manual
Angle {deg) 60| Angle (deg) 60
1 {in) 14| I {in) 14
K (in) 1.5 K {in) 1.5
K (in) 0.107] K (in) 0.107]
A (in) 0 A {in) 0
al (in) 0| al {in) 0
a 0 a 0
C 5.611 C 5.611
(&5 1 g, 1
P 0.75 P 0.75
Drequired 7.39 16" Dreuirsa 566 116"
DM Dlﬂlﬂ
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, 2 1/4" Max Size: t, 2 1/4"
L, (in 116" | 23| 1, (in 1/16") | 23|
Disea S by Chay Dused = tw Chkay
Min Length: Lyga = 4ty Min Length: Lygia = 4
Lweld (in) 14| Lweld {in) 14
4, (in) 5.75) 4, (in) 575
Lowia Z 4, Ckay | Luveia Z 4y Okay |

Use a 816" EFOXX Fillet Weld
Arcund Plate Perimeter

Lise a 6/16" ET0XX Fillet Weld
Around Plate Perimeter

Calculation 17: Plate Connection to Column Cont'd
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Pin Plate Connections To Colurmns [Truss 8 Structure 2]

Pin Plate Connections To Columns [Truss 8 Structure 2]

Member 15 k Member 16 k
Column 10 [ a of  ooes 0.1 Column 10 of  ooss 0.1
R, (Kips) 31.335 | o 5.15] 5.508| 558 Ry (Kips) 4153 5.15] 5.508| 558
tg (in) 075 I (in) 0.75
Table 8-6 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60) Angle (deg) 60|
| {in) 9 | {in) k]
K (in) 075 K (in) 0.75
K (in) 0.083 k {in) 0.083]
w (in) 0 «l (in) 8]
al (in) 0 al (i) 0
a 0 a 0
C 5.508 C 5.508)
Cy 1 Cy 1
-] 075 (i} 075
Diraquires 084 » Drequires 112 .
Doy 118 Doy g 116
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, = 1/4" Max Size: t, = 1/4"
1. (in 17167 | 11 t,, (in 118" | 11
Dusea S tw | Okay Duses S b | Okay
Min Length: Lg = 4, Min Length: Lygs = 4,
Lweld (in) 9 Lweld (in) 9
4t,, (in) 275 4t,, (in) 275
Lovwia = 4l Okay Lowia = 4ty Okay
Use a 1/16" E7T0XX Fillet Weld Use a 2/16" E70XX Fillet Weld
Around Flate Perimeter Around Flate Perimeter
Pin Plate Connections To Columns [Truss 8 Structure 2] Fin Plate Connections To Columns [Truss 9 Structure 2]
Member 19 k Member 20 K
Column 13 [ a of  ooes] 01 Column 13 of o083 0.1
R, (Kips) 4153 [ o 515  5508] 558 R, (Kips) 31.335 515] 5508 558
t, (i) 075 t, (in) 0.75
Table 8- From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60) Angle (deg) 60
1{in) 9 1 {in} 9
K (in) 0.75 W (in) 0.75
K (in} 0.083] k (in) 0.083
A (in) 0 x (in) 0
al (in) 0] al (in} 0
a 0 a 0
C 5.508) C 5.508
[N 1 [c3 1
P 075 ] 075
- 112 i Draquies 0.84 o
Do 116 Doy 116!
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, = 1/4" Max Size: {, = 1/4"
1, (in 1/16") | 11 t, (in 1/16") | 1
Digea S by I Ohkay Do < b Clay
Min Length: Ly = 4t Min Length: Lgd 2 4t
Lweld (in) 9 Lweld (in) 9
41, {in) 275 4, (in) 275
Livaia 2 M Ohkay Losg Z 4ty Okay

Use a 2/16" E7OXX Fillet Weld
Around Plate Perimet

Use a 1/16" ETOXX Fillet Weld
Around Flate Perimeter

Calculation 18: Plate Connection to Column Cont'd
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Gusset Flate Info Bottom Chord Info Brace Member Info
h {in) 30 |Member W1Ex31 |Member W14x257
w (i) 55 1, (in) 0.275) 1 (in) 1.18
t (in) 225 1 (in) 0.44 1y (im) 1.89
F, (ksi) 36| Fy (ksi) 50 F, (ksi) 50
F, (Ksi) 58 F, (ks) 65 F, (ksi) 65
I(in) 35.625| d (in) 18.5 Ag (in") 75.6

|Balt Type A490N

o (in) 1
@ R, (Kips) 5.3
% (in) 1.75
T 10

Tables 1 through 3: Heavy Brace Member Information

Angles: Gusset Plate to Brace Angles: Gusset Plate to Column

Members 2L8x6x3/4 LLBB Members 2L 6x6x3/8

L (in) Refer to Drawing L (in) 235
t (in) 0.75 t(in) 075
F, (ksi) 36 F, (ksi) 36
F (ksi) 58 F, (ksi) 58
Bolt Type A49ON Bolt Type A325N

@ (in) 1 @ (in) 718
¢ R, (Kips) 35.3] P R, (Kips) 216
Weld Size - A, (in%) 0.601
Ag (in®) 19,88 Weld Size (in) 5016

Tables 4 & 5: Heavy Brace Member Information Cont'd

Determine Load Distrabution

a(in) Weel2 (in) a(in) dy (in) ey (in) e, (in) B = hgaf2 (in) @ (Deg) tan @ a-Btand gptand.e, r(in)

1 27.5 28.5 0 0 0 15 62 1.87824 0.00 0.00 3221
No Moments Exist

Pu(Kips) | Ve (Kips) | He(Kips) | Ve (Kips) | H (Kips)
617.45 28758 0.00 0.00 546.39|

Calculation 19: Uniform Force Method
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Brace Member to Double Angle C cti
Wide Flange Limit States
Tension Yielding Tension Rupture Block Shear
Ag (in) 756 A, (i) 74.2725] a (i) 2
|P.Kips] 517.45 % (in) 75| L(n) )
9R, (Kips) 3402 Okay [L(in) 36| 10 Botts [T/2 (in) 5
U 0.951388889) L (in) 118
7 70.66203125) Ag, (in") 44,84
A (in) 54.26] Controls |Aw, () 36.20
@R, (Kips) 3132 675|Okay A (In7) 434
0.6F An 1489.90
0.6F A 1345.20] Controls
UpeFuB 281.86
R, (Kips) 122029 Okay
Bolts (Shear, Bearing, & Tearout)
Bolt Shear Bearing of Wide Flange Bearing On Angles
9R, (Kips) | 353] 1Bot [p24Fitd, | 138.08] 1Bolt |92 4F.td | 156.6] 1 Balt
Tearout Flange Web (1) Tearout Flange Other (2-10) Tearout Angles Edge (10)
L (in) | 1.46875] L (in) | 2.9375] L (in) | 148875
@1.2F Lt | 101.3878] 1Bot [@12F.Lt, | 202775625 1Bolt [91.2F.Lt | 115.003125] 1 Bolt
Tearout Angles Other {1-8)
L. (in) 29375
@1 2F, Lt 230.0063] 1 Bolt
Bolt 1 353 13806 156.6 101.38]  230.01
Bolt 2 353 13806 156.6 20278 23001
Bolt 3 353]  138.08] 156.6 20278 23001
[Bolt 4 353 13806 156.6 20278] 23001
[Bonts 353]  138.08] 156.6 20278] 23001
[Bots 353]  138.08] 156.6 20278 23001
[Bolt 7 35.3] 13806 156.6 20278] 23001
[Ecite 353  138.08] 156 6 20278 23001
Bolt 9 353]  138.08] 156.6 20278 23001
Bolt 10 353 138,06 156.6 20278 11500
[9Rx (Kips) 706[0kay |
Double Angle Limit States
Tension Yielding Tension Rupture Block Shear
A, (in®) 19.88] Both [A.(in%) 19.03625 a (in) 2
[P Kips) 17 45 X (in) 255 L (in) 38
[9R, (Kips) 715.68] Okay [L(n) 36[10 Balts  |LL/2 (in) 55
U 0929166667 t (in) 075
R 17 68764896 Ag, (i) 28.50
A (in) 16.698] Controls [Py, () 25.86
I9R,, (Kips] 735063 Okay |Pw (M) 5.08
0.6F Ay 830.31
0.6F A, 615.60] Controls
UpsF P 29453
PRy (Kips) 682.60] Okay

Calculation 20: Brace Member to Double Angle Connection Limit States
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Double Angle Connection From Brace Member to Gusset Plate
Double Angle Limit States
Tension Yielding Tension Rupture Block Shear
Ag (in) 19.88 Both A, (in%) 18.1925 a(in) 3]
|P. ips) 617.45 % (in) 255 L (in} 27
@R, (Kips) 715.68 Okay L (in) 24 9 SL2 (in) 275
u 0.89375| Use 0.9 |t{in) 0.75
s i) 16.37325] Controls [Ag, (in’) 40,50
16,698 Ay (i) 2236
9Rx (Kips) 735063| Okay |A (im) 1.78)
0.6F Ay 778.11] Controls
0.6F A, 874.80|
UpsF iy 103.31
PR, (Kips) 661.06] Okay
Baolts (Shear, Bearing, & Tearout)
Bolt Shear Bearing On Angles Bearing On Gusset Plate
oR,, (Kips) [ 353  1Bolt  [|p2.4Ftd | 156.6[1 Bait ta < tp : Only Check Angles
Tearout Angie (1) Tearout Angle Other (2-8) Tearout Gusset Edge (9)
L. (in) [ 1.46875] L (in) 1.9375] L (in) [ 1.46875]
p12F Lt | 57.50156] 1 2F Lt 75.85313) 91 2F L, | 1725047
Tearout Gusset Cther (1-8)
Le(in) 1.9375
@1.2F Lt 227.5594
Balt 1 353 156.6 - 57.50 227.56
Balt 2 35.3 156.6 75.85 227 .56
Balt 3 35.3 156.6 75.85 227.56
|Balt 4 35.3 156.6 - 75.85 227.56
Bolt 5 353 156.6 - 7585 227.56
Bolt 6 353 156.6 75.85 227.56
Baolt 7 35.3 156.6 75.85 227.56
Balt 8 353 156.6 - 75.85| 227.56
Bolt 8 35.3 156.6 - 75.85| 17250
PR, (Kips) 6354 Chay
Gusset Plate Limit States
Tension Yielding Tension Rupture Block Shear
A, (in") 80.15625 A, (in%) 30.5625 Ag, (i) 29 53125]
P, (Kips) 617.45 P, (Kips) 617.45 Any (IN) 16.24219)|
PR, (Kips) 4184.156 Okay PR, (Kips) 1320.469] Okay [Aw (M) 4640625
0.6FuAn 565.2281| Controls
0.6F Ay G37.875]
UpgF Ay 269.1563]
|[9R. (Kips] | 6257883 Okay

Calculation 21: Brace Double Angles to Gusset Plate Limit States
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Gusset Plate to Column Connection
Shear Stresses In Bolts Avaible Tensile Strength Per Bolt Calculate ry
f, (ksi) 29.9059] Fi (ksi) 50.10] <S0ksi [ra (Kips) | 0[No Prying
i, (Kips) | 22.58357426]
Weld Limit States
Using Table 10-2 In Manual
n B L (in) | 23.5] |weld Size (in) | 5(16]
P, (Kips) 287 58]
PR, (Kips) 338] COlay
Double Angle Limit States
Shear Yield Shear Rupture Block Shear

Ay, (im) | 17625 Anw (in2) | 11.625) Age (IN") 3525
9R.(Kips) | 68526 Okay [gR,(Kips) | 303.4125] Okay [Aw (in") 24,00

Ay (IN°) 386

0.6F A, 835.20)

0.6F Agy 761.40] Controls

UnsFufei 223.62]

@R, (Kips) 738.76] Okay

Bolts (Shear, Bearing, & Tearout)
Bolt Shear Bearing on Angles Bearing On Column
9R, (Kips) | 218] 1Bot [p24Ftd, | 685125] 1Bokt ta < tc : Only Check Angles
Tearout Angle (1) Tearout Angle Other (2-8) Tearout Column Edge (8)
L (in) [ 103125] 1Bolt [L(in) | 20625] 1Bolt |L(in) [ 103125] 1Bolt
p1.2F Lt | 40.37344| @1 2F, Lt | 80.746875] P1.2F Lt | 45 2460938
Tearout Column Cther (1-7)

L (in) 20625 1 Bolt
p1.2F Lt 90.49219|
Bolt 1 216§ 68.51 3 40.37 90.49
Bolt 2 21.6 68.51 - B0.75 90.49
Bolt 3 216 68,51 - B0.75 9048
Balt 4 21.§ 58.51 - B0.75 90.49
Bolt § 21.6 68.51 - BO.75 90.49
|Ecit & 21§ 68,51 - B80.75 90.49
|Bott 7 21.§ 58.51 - B0.75 45.25
GR, (Kips) 3024 Okay

Calculation 22:

Gusset Plate to Column Limit States
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APPENDIX I: FINAL MEMBER SIZES FOR TRUSSES
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STRUCTURE 1 TRUSS 1
Mamber 1 Mamibor 2 Mamiber 3 Mamibar 4 Marmber & Mamber §
= | = . V- TE T =1
o 2 = a B 2| 4
{ by
| ﬂ% W “_‘.d‘ N,‘ |
% |
| Mamber T |
Member 1 WT15x95.5 Member & WT 15x95.5 Member 11 Widx159 Member 16 (2) 3" Dia. Rod
Member 2 WT15x85.5 Member 7 W1Bx31 Member 12 W1dx159 Member 17 W14x257
Member 3 WT20x2515 Member 8 Wi6x31 Member 13 W14x59 Member 18 W1dx257
Member 4 WT20x251.5 Member 9 W14x99 Member 14 W1 45D Member 19 (2) 3" Dia. Rod
Member 5 WT15x85.5 Member 10 W14x99 Member 15 (2) 2° Dia. Rod Member 20 (2) 2" Dia. Rod
STRUCTURE 1 TRUSS 2
Mermber 1 Member 2 Mambar 3 Mermber & Marmiber 5 Membar 8
™
@ ® ® = <1 b b ®
E g “ S i
Member 7 Mamber 8
Member 1 WT 15%130.5 Member 6 WT15x130.5 Member 11 W14x176 Member 16| (2) HS510x0.50
Member 2 WT15x130.5 Member 7 W1Bx31 Member 12 W1dx176 Member 17 | (2) HSS10x0.50
Member 3 WT15%130.5 Member 8 WiBx31 Member 13 W1ax176 Member 18 | (2) HSS10x0.50
Member 4 WT15x130.5 Member 9 W14x176 Member 14 | W14x176 Member 19| (2) HSS10x0.50
Member § WT15x130.5 Member 10 W14x176 Member 15 | (2) HSS10x0.50 Member 20 | (2) HSS10x0.50
STRUCTURE 1 TRUSS 3
Maenber 1 Mernber 5 Mamber 6
- : ] =
g Member & g
Member 1 WT 152146 Member 6 WT15x146 Member 11 W1dx193 Member 16 | (2) HSS10x0.50
Member 2 WT15x146 Member 7 WiBx31 Member 12 Widx183 Member 17 | (2) HSS10x0.50
Member 2 WT15x146 Member 8 WiBx31 Member 13 Widx193 Member 18 | (2) HS510x0.50
Member 4 WT15x 146 Member 9§ W14x193 Member 14 W14x 193 Member 19 | (2) HS510x0.50
Member 5 WT15x146 Member 10 W14x153 Member 15 | (2) HSS10x0.50 Member 20 | (2) HSS10x0.50
STRUCTURE 1 TRUSS 4
Member 1 Member 3 Mambar 4 Mamber 5 Mambex 6
. =
b e . a1 S £ 4
i 1 [ i
Mamber
Member 1 WT15x195.5 Member & WT15x195.5 Member 11 W14x342 Member 16 HSS14x0.50
Member 2 WT 1518955 Member 7 W1Ex50 Member 12 Widx342 Member 17 H5S514x0 50
Member 3 WT15x185.5 Member 8 W16x50 Member 13 Wi4x342 Member 18 HS5S514x0.50
Member 4 WT15x195.5 Member 9 W1dx342 Member 14 W14x342 Member 19 HSS14x0.50
Member 5 WT15x195.5 Member 10 W14x342 Member 15 HSS14x0.50 Member 20 H5514x0.50
STRUCTURE 1 TRUSS §
Maerber 1 . Marmber 2 ; Mamber 3 > Mambar 4 ; Mambar 5 . Meerbmr & :
§ . 2 = o = a
= = a = a W) o - z
8
I S| = 1| .= ] i !
Member 7 Member B
Member 1 WT15x85.5 Member 6 WT 15x95.5 Member 11 W14x132 Member 16 (2) 3" Dia, Rod
Member 2 WT 15x85.5 Member 7 W1Bx31 Member 12 WW1dx132 Member 17 W14x233
Member 3 WT20x251.5 Member 8 WiGx31 Member 13 Wi14x53 Member 18 W14x233
Member 4 WT20x251.5 Member 9 W1dxa9 Member 14 W14x59 Member 19 (2) 3" Dia, Rod
Member § WT15x95.5 Member 10 Wi1dx99 Member 15 {2) 2" Dia. Rod Member 20 {2) 2 Dia. Rod

Tables 1 through 5: Final Member Sizes for Trusses
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STRUCTURE 2 TRUSS 6

Mermber 1 Mermbar 2 Marmber 3 Marbar 4 Mermber 5 Mermibar &

- | - A A 1 I ] -

- 2 = 1 o = E
“'.,k wm‘ M‘ > M'a
3
Momber 7 Marmibar
Mermber 1 WT15x85.5 Member & WT 15x85.5 Member 11 Widx153 Member 16 (2) 3" Dia. Rod
Member 2 WT16x85.5 Member 7 Wi1Bx31 Member 12 W14x193 Member 17 Widx311
Member 3 WT 18x400 Member 8 W1Gx31 Member 13 W14x39 Member 18 Wi4x311
Member 4 WT 18400 Member & W1dx59 Member 14 Wi1dx99 Member 19 | (2) 3" Dia. Rod
Member 5 WT 15x95.5 Member 10 W14x59 Member 15 | (2) 2" Dia. Rod Member20 | (2)2" Dia. Rod
STRUCTURE 2 TRUSS 7
Marmber 1 Meriber 2 Marmber 3 Meemoer 4 Mormber 5 Merribar &
™ =
- " =| <1 ® -4
f il o “"m.,,, i fl
Mambor T ji Member B

Member 1 WT15x146 Member & WT15x146 Member 11 Widx193 Member 16 HSS10x0.50
Member 2 WT15x146 Member 7 W1x31 Member 12 Widx193 Member 17 HSS10x0.50
Member 3 WT15x146 Member 8 Wi1Bx31 Member 13 Widx193 Member 18 HSS510x0.50
Member 4 WT 15x146 Member 9 W14x193 Member 14 Wi14x193 Member 19 HSS10x0.50
Member 5 WT15x146 Member 10 W14x193 Member 15 HSS10x0.50 Member 20 HSS10x0.50

STRUCTURE 2 TRUSS 8

=

11

Member 1 WT15x146 Member 6 WT15x146 Member 11 W1dx193 Member 16 HSS10x0.50
Member 2 WT 151146 Member 7 W1Gx31 Member 12 W1i4x193 Member 17 HSS510x0.50
Member 3 WT15x146 Member 8 WiGx31 Member 13 Widx193 Member 18 HSS510x0.50
Member 4 WT 15x146 Member § W14x193 Member 14 Wi4x193 Member 19 HSS10x0.50
Member 5 WT 15x 146 Member 10 Widx193 Member 15 HSS510x0.50 Member 20 HSS10x0.50
STRUCTURE 2 TRUSS 9
Marmber 1 it 2 Marmber 3 Marnbar 4 Mormber 5 Marrbar
- peclbio Lo - il I o - Lol y il

- 2 = - «.\‘ o - 7|
I S| = 1 N i i

s |

Momber 7 Mombar B

Member 1 WT16x85.5 Member & WT 15x85.5 Member 11 W14x59 Member 16 (2) 1" Dia. Rod
Member 2 WT15x85.5 Member 7 W1Bx31 Member 12 W14x99 Member 17 W1dx145
Member 3 WT15x95.5 Member 8 W1Gx31 Member 13 W1dxa5 Member 18 Widx145
Member 4 WT15x85.5 Member 9 W14x59 Member 14 WW14x99 Member 19 (2) 1" Dia. Rod
Member 5 WT15x85.5 Member 10 W14x59 Member 15 (2) 1" Dia. Rod Member 20 (2) 1" Dia. Rod

Tables 6 through 9: Final Member Sizes for Trusses Cont’d
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Trp=

Frrn Blarre:

Froject

)0 K, 10° x 60° Lens

eVW Graze Powercore

Linear, white LED surface light for wall washing and grazing

eW® Graze Powercore is a linear lighting ficture
optimized for surface grazing and wall-washing
applications requiring high-guality white light
Featuring Powercore® technology. eVW Graze
Powercore processes power directly from line
volage. efiminating the need for low-voltage,
external power supphes. Available in 2700 ¥ or
4000 K color temperatures, eV Graze Powercore
offers superior illurmination guality and dramatic
energy savings for new inetaliadons and retrofic
upgrades, Combining 2 space-efficent, low-profile
aluminurn housing and flexitle mounting options
allows fior discrete placement within 2 wide range
of compact archieecwral details

» Tailor light output to specific applications —
W Graze Powercore is avaifable in 1 foand 4
ft exterior-raced housings, with 107 x 607 and
307 x 60 beam angle optons.

*  High-performance illurnination and beam
quality — eV Graze Powercore offers
superior beam gualty for striation-free
saturation as close as & in (152 mm) from
fixture placement VWith a 607 horzontal beam
angle, ¥y Graze Powercore accommodates
end-to-end or incremental placement without
visible light scalloping between fixtures.

* Supports new applications for white
light— Long-fife LEDCs (50,000 hours 2o 50%
lemen maintenance} significantly reduce or
eliminate maintenance problems, allowing the
use of white lighting in spaces where bulb
rmaintenance may be limited or unfeasible.

*  Universal power input range — eV Graze
Powercore accepts line voltage nput of 1040,
120, 220 — 240, and 277 VAL,

= Wersatile insmafiation options — Constant
worgue. locking hinges offer simpde position
controf frorm varicas angles. without special
woods. The low-profile extruded alurninum
howsing accommaodates nstallation within wide-
ranging archiectural niches.

= “Cool lighting” functionality — eV Graze
Powercore fixures do not heat Muminated
surfaces. discharge infrared radiation or emit
witravicdet light

Diirnming capable — Patented DIiMand™
technology offers smooth dimming capability
with standard ELV-type dimmers.

» Trouble-free, code-compliant installation —
P&, UL wet location ratings. UL / cUL, FCC,
CE RoHS WEEE certified.

il comumes I
[

T N—

For detailed product information, please refer to
the &V Blast Powercore Product Guide at
www.colorkinetics comyls/essentialwhive/ewgraze/

PHILIPS
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Specfic

Dus to cominuous morovements and infovations, :pedfications may change without nortios.

‘tam

Zlaczrical

Cartficatien
and Salsty

+ Lummen maazursenant somplia with 65 4 73 00

tlm=

Spedfication

Baan Angls

Color Tamparsiura
Lurranst

Efficcy (LmdW)
Ml Distarea
Lurran Maintsnancad

Irges Yaltsge

Prvacr Cnrearention

Cormandcre

{Heaipght = Widd x Depeh)
Weighe

Howing

Lans

P0G, CONMECICrS
Maounting

Temeratura

Heamidity
Fixctura Rum Longrhs*
Canfication

[l=p 110
Emvérommant

Photometncs

P00 K, 107 x 60° lens

1f 4 Jolar Cardela Distibution
18 ed” can " 0 IES 44 O3 W
) [
20K (375200 > - PR
2 i5 | 0 | el e
“H &6 - i nr 15| AT a8 &1 138 dD
B H = W ©
HE o 1 w48 W F B & i
& in {152 mm] & wnHorm baam saturation :: | o B S —
100,000+ heurs L7g 6 287 © wonl
. i
50,000 howrs L o 507 T e R = B = o BB 6 B [
100/ 120 7 20— 240 7 157 WAC
EPH W-WH
14.5 % rroodmum at ful SE0W maxdmuen at ful TCE——
outpit, seady Sate U, Seady wats =
Commarctally avilabls ELY control dimmers Ermusen & R vt
17x11x201 17w 40w L in " ne s ade
{65 2305 = 71 nim) €9 1119 x 71 =m} " ue un_isde
2712 1088 43 124 b o
(2kg (9 kg as i Wn ML
Extruded anodted aluminom . ik KN 1T4E
Char polyrborate HE i1 AT LR
Irngal mals S fmale waErprool comRCIors B . St
Multipaskional corstant orgue locdng hings: rdipenild
40" I1I°F (40" 5 ) Opaating i Ty
A _11F 207 - 50 C) Sarmp e e
Lumans
0 — 9%, non-cendansing
Far | iply & by 10.7 Eficacy | I7.5 LmAW
B - HOVAC Canfigurntiar: ATt
7 - 130VAC 1F (305 me fooiues imioled
180 - 220VAC ki 20A cirowt sondond
137 - 240 WAC

5 {152 ] Lovker el
UL/ oL, FOC Olams A, CF, RoH5,WWEEE
a7 1 EMY praducr

Doy / Damp £ Wer Location, IP&E

*Thasa figares, provided a5 a guideling, ars acoarats for this configuracios anly. Changing the configuraton
wan allnt, Une Nt n 1 bl

OPTIRIN
fxTE ML

¥V Graze Powsrcoss, 2700 K

FOWERCOSE' | D 1M AN I

s rece @

T maimiwrence of lunen outpul (Y¥han g cutper drops baloe TOR of Initial owput)

w
i

w

BgamAngk  ‘ologe Stem ttam Mambsr Fhillps 12MC Tioe Zas
£ SHO00L000  SI0SO3TAITA e Lot
oIuse e 50 & (5.2 md
ft 5230000000 F10G0270278 E
T 16 52300000008 FI0G0270284 Endanind
£ 33000030010 PI0S03TIOREE e O
1 S0l
mo_gep 1R SIIO00NOE  SI0S037T009% — L.
NAC 4% S1I000M010  SI0S0ITI0I94 = Erdtend
16 52300000034 FI0G02T0300 e 1 G0 mml
WOVAL .
4t 53000000 2e  FI0G02T0302 Sholm

Phiips Cobr Kinetics

3 Burlington Wood: Drive
Burlirgton, Massachusstts 01803 LSA
T 388 RARGE

T 6174233999

Faor 6174233596

Usa Itam Mumbsr whan ordering In Mortr Smerka

wansnoolorkiretics. com

crraem, Tkl O

b Momber  Phibics 12845
(300004 00
(300004 0

*(E3000IR00

F0ECIOIID
F0ECIIOID
FOECITOITL
* D000 104
*(300003R0T

g litm by oin bl
FOECITTOANE
FOECIIOIT
EO00400T  FIOECITIRTE

OIS

zao, Ire. 20 righta ranm v

o, Coker Vismtics, te Cobor Kirmtion kongey ColorBiant
Fanch Ditand
¢ S, lonBNitm, A Py i Witheut Limits, Oiptibin,
-;m 4 traamurks ar taderorts of Philgs 5o m-umlsl

Exssarsin b irile. &' oo
Pewarcon are afhar
whiom, Inc. n e Urelad

DAS-D00006.00 R0 0209
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ILLUMINANCE SELECTION

10-13

in enclosures that isolate ballast vibrations, or elec-
tronic ballasts.

ILLUMINANCE SELECTION

In 1979, the IESNA established an illuminance selection
procedure, which was published in the 6th, 7th, and 8th edi-
tions of its Lighting Handbook. The philosophy of that pro-
cedure was to enable the lighting designer to select illumi-
nances based on a knowledge of space and occupant
characteristics as well as the task and worker characteristics.

The philosophy of that procedure has been embraced
again in this edition, but the procedure has been modified
and simplified to place visual performance and therefore il-
luminance selection more in balance with the other impor-
tant lighting design criteria presented in this chapter and dis-
cussed throughout this edition of the [ESNA Lighting
Handbook. Specifically, the recommended illuminances
provided in the Design Guide are based on the Society’s
judgment of best practice for “typical” applications. Every
situation is unique so, naturally, typical conditions may not
be appropriate for a specific application. As a professional,
the lighting designer should have a better understanding of
the particular space and the needs of the occupants and
clients than what can be presented in a recommended illumi-
nance value for a typical space.

lluminance Recommendations

In 1979, the IESNA established nine illuminance categories,
“A,” the lowest set of recommended illuminances, through
“1.” the highest set. Each of the nine categories had general
descriptions of the visual task, irrespective of the applica-
tion. Generally, the same approach has been employed in
this edition of the IESNA Lighting Handbook to help light-
ing designers establish the best task illuminance. However,
four important modifications have been adopted.

* The recommended illuminances are no longer pro-
vided without reference to a specific application.
Every application in the Design Guide has a specific
recommended illuminance (horizontal. vertical. or
both) representing best practice for a typical appli-
cation.

The nine illuminance selection categories estab-
lished earlier by the [ESNA have been reduced to
seven categories and organized into three sets of vi-
sual tasks (orentation and simple, common, and
special). These groupings provide additional clarity
to the category descriptions (Figure [0-9).
Additional precision has been ziven o the task de-
scriptions in each category. In the previous three edi-

.

lons it was impossible for the lighting designer 10
unambiguously ascertamn what constituted. lor

umple. “low contrast”™ or “small size)” 3pec

Figure 10-9. Determination of llluminance Categories*

Orientation and simple visual tasks. Visual performance is largely
unimportant. These tasks are found in public spaces where reading
and visual inspection are only occasionally performed. Higher levels
are recommended for tasks where visual performance is
occasionally important.

A Public spaces 30 Ix (3 fe)
B Simple orientation for short visits 50 Ix (5 fc)
c Working spaces where simple visual

tasks are performed 100 Ix (10 fc)

Common visual tasks. Visual performance is important. These tasks
are found in commercial, industrial and residential applications.
Recommended illuminance levels differ because of the
characteristics of the visual task being illuminated. Higher levels are
recommended for visual tasks with critical elements of low contrast
or small size.

D Performance of visual tasks of high 300 Ix (30 fe)
contrast and large size
E Performance of visual tasks of high

contrast and small size, or visual

tasks of low contrast and large

size 500 Ix (50 fc)
E Performance of visual tasks of low

contrast and small size 1000 bx (100 fc)

Special visual tasks. Visual performance is of critical importance.
These tasks are very specialized, including those with very small or
very low contrast critical elements. Recommended illuminance
levels should be achieved with supplementary task lighting. Higher
recommended levels are often achieved by moving the light source
closer to the task.

G Performance of visual tasks near
threshold 3000 to 10,000 Ix

(300 to 1000 fc)

* Expected accuracy in illuminance calculations are given in Chapter 9,
Lighting Calculations. To account for both uncertainty in photometric measure-
ments and uncertainty in space reflections, measured iluminances should be
with = 10% of the recommended value. It should be noted, however, that the fi-
nal illuminance may deviate from these recommended values due to other
lighting design criteria.

ranges of contrast and size have been established for
this edition (Figures 10-10 and 10-11).

Recommended illuminances increase roughly loga-
rithmically with increasing task difficulty by com-
bined changes in task contrast and task size. as de-
fined in Figure 10-10. These recommendations are
guided by both the scientific literature and practical

experience.

High illuminances can partiaily compensate for smail size
nd low contrast to maintain high levels or visual perfor-
mance. Changes in visual performance as 1 function of task
:ontrast and size. background reflectance. und observer age

For well-controlled situations.

:an be calculated precisely.”
his procedure can be a useful predictive tool, However. per-

formance al i i‘ylliij Lusk depends on inany uncontrotled vi-

Figure 1
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VA L/7rONIA LIGHTING'

FEATURES & SPECIFICATIONS
INTENDED USE

The Avarte 4 is & general lighting uminaire for lane spaces includng
open ofices, circulaton areas. classmome, lbrafes, caetaias, 3rport d:k-

ating and wiit areas, and nunerous cther commereial applications, Static
or ar functinz availzble,

CONSTRUCTION

Housng i ghes white anamel on cold rolled steel Al edges semmed o roundsd
All shigldings pivot on Bght trass and swing down for easy lamp sccess,
Malded light traps prevent light leaks between shislding and endplates,

Al gir and screw slob units sapplied with screw-on te: bar clos. Ballst
access is from balow,

NPTICAL SYETFM

Twir matte white polyester powder pairt finishad reflechora proside unifom

light distibution. Oxtional ow brightness diffuse aluminum  stepped
refléctors avallable,

Al ciffusers eonirol direct light distribution and jlare by shielding lamps from
direet view.

Metal diffuser staggered round holes IMDR] 52% open perfoated metal
with .075" dismeter hdes backad with white acrdic dffuesr,

Straght blads louver [5EL) siles of pertorated metal with staggered round
hales and soid blade louvere: center. Sides and louver backed with whits
acrflic diffussr,

Meital diffuser alignec mini slces [MDN] 8% ooen perfirated matal bached
with white aerdic diffasar,

Aviliv dilfusen prismatic bers (A0F) extuded aciyliz lews bicked with
whitz acrylic diffuser,

Meital diffuse: with cater slots IMDC). 52% open metal, 075" diameter hoes
with 1" wide solid cester. Sloted with 1/2%2° open slots Diffuser iz bached
with white aeryic overlay.

ELECTRICAL £YETEM

All ballagts supplied are class P, thernally pratected, reseting. HPF, nan-

PCE. UL Listed, C5A Certified. Ballasts are somnd rated A, Standard combi-
naticns cortomn to UL 435

INSTALLATION
Trime &vallabe for standard 17 and 919 ©e bar or screw slot gris,
Fixtires can be row nounted end-to-end.

Catalog Munbsr

Motes Typs

Avante
2AV 2'x4'

Linear Flusrescent

T3
1.20r 3 l:mps

_ Speefizatinns
Lengthe 4 (1219) ’// \\\\,
Width: 24° E02)
Ditfuser Width: 8° (23] I—DW—|
Depth: 5-172° (140) W

Alldimansiors sre nohaz (milimstarsl

Drpweall celing adatars available,

LIETING

UL Listedd w U3 and Canadan salel stamlads, Chivayw Flesum appoved
ard NYC spproved (228 Opions).

Specifications are subject o change without notice,

Bvante is cowered by one or more of the following petents: 5,0823,820; 369,586;
a11.641; 41:40% 2 212513; 67513,

ORDERING INFORMATION

For shertest lead times, configure product using standard options [shown in bold).

Ezample: 24V G 2 32 MDR MVOLT GEB10IS

2RV 12
MLmber of Lamp type [ voltzge | | Options |
2AV 2" wide AMps T WTs(a") MVOLT: GEEWIS Electronic ballast, 2 10% THD,
1 347 mstantstarn
— 2 Othars GEB10PS  Electronic ballast, < 10% THD,
g 3 evgilecla. pregram start
G Grid trim N Inoludad ALE  Acrdie itk guard!
ST Serw slot - - l H14 Emergencybattery pack
| Ar function | | Diffuser Imnrzul 1200 lumiens, see Life
iblant)  Static (ne air functioa) MUK Metsl diffusar, reund Safetyzoction )
A Air mtumsuply holes 6LR Internal fas-blow fuse
_ 531 Straight blads lowver, F- Lamped. Specify lamp type a1d
Accossoriaz o ung holes aalor
Order a2 separata omtilog sumbar MIM Metzl diffussi, mini slets PW51R3E & JIGWIO,W dia, 18-gauge, 3
DA Elr'lmdl csiling edeptsr, unt instalation Usa Giim wires
plua DA auvsssry T Tisurs in g amd ADF :ﬁ:‘"::ugﬁlf::;r lingar NYC New Tork Oty approved
- fixture support in plaster o plasterboard cailirgs. MIC Metsl diffuser, round CP Chicago Plenum approved
) hols with lave center LPB  Air pattern cortrol Hades'

I Mhfar to optons and scosazariss sestion for more detailed infarmation.
2 MYOLT(120-277 voki
3 Nust spacify vahiags, 0 or 7.

sloty
Ottars meailsble

LER Aluminum stepped refle ctor

Fluwescent

Shest & 2AV IX4TE ARCH-260

Page 125 of 131




Joseph W. Wilcher Ill
Structural Option

Adviser: M. K. Parfitt Final Report: Signature Expression

Union Station Expansion
Washington DC

April 7, 2009

2AV 2x4 Direct/Indirect Lighting

ZAVG 232 MDR, (2] 32W TE lamps, 2850 lumens per lanp, s/m 1.2 (along) 1.2{across), test 10, LTL10121
g’ Coefficients of Utilization
pl feovis

CP Summary pe B T S0 Zonal Lumen Summary
20 Fs 0 (= 4] Ea AORESORES0NE S0AES00 100 SORRans10n:  Tone Lunens % Lamp % Fichre
@ 12a0 1280 o 5 & & T@TA O™ OTETE TE OO -3 10 17.7 26.0
40 5 127 1277 1 74 71 68 6 &5 8 66 & & 0 -40° 16658 3.3 43.0
157 1233 1283 2 BT Bl 57 &) 58 B 56 54 51 0 -& s ze T
&0l } s0 250 1141 1184 5 B1 54 48 55 47 43 50 48 42 0" -4 5632 384 1000
I 2HO100E 11 |I4 BE 47 41 46 41 3 45 40 3E 90 - B0 ] Qo Q.0
a0 45 B2 w8 EE B o442 3 4 36 H 40 35 3 0 -180 S52 354 1000
85 622 &0 6 47 58 32 A7 3 X 36 3 27
00 & 408 a0 T 44 34 28 3 2@ oM 33 27V 24
|/ 2 & 41 5 258 M & A 50 26 M
25 46 64 @ 3 2823 28 23 13 27 22 18 L
120 - = 00 0 10 36 362 26 2 17 252 AT Efficizncy: 58.1%
—_— a0°
ZAV G 332 MDR, 2] 32W T8 lamps, 2850 lumens per lanp, s/m 1.2 (along) 1.2{across), test 10, LTL 10155
Coefficients of Utilization
pf i
CP Summary pc a0A% TR e Zonal Lumen Summary
0 (= 4] P AORESORES0NE S03EB00 0% SOREans10n:  Tone Lunens % Lamp % Fichre
@ 1951 1934 o 5 & & T@TA T OTETE TE OO -3 1528 17e 28.2
& 1841 1813 1 T4 T RR AR AT AL RR R P 0T -40°  9ROT AR ARA
157 1280 18T 2 BF B2 57 &0 5E B 56 54 51 0 -8 4552 R TE.0
25T 14T 1TE 3 B1 B4 48 53 47 43 51 48 42 0 -a0° SEAT 5.5 1000
SOIRAE IRAD 4 RR 4R M1 47T M & 4R 40 3@ A0 -CRD 3 oo 0.0
45 1278 1455 EE B 42 35 42 36 H 40 35 3 0 -180 SEAT 5.5 1000
85 BB 11Te 6 47 58 32 A7 ;@ X 36 3 27
& 11 240 T 44 34 D8 3 D2 04 33 08 04
EoEE 4 & 41 51 2 M 2B A 50 26 M
25" 66 & 9 3 2823 28 2313 26 23 19
w0 @ @ 10 3 2T 2l 28 21 7 28 2l T Efficiznoy: 58.3%
[ — -

ZAVG 3 32 MDR ASR, (3) 32W T8 lamps, 2850 lumans per lamp, s/m 1.2 (along, 1.3 (acrossl, tast no. [TL 10120
: Coefficients of Utilization

Y — 20

pf i
CP Summary pc B T S0 Zonal Lumen Summary
o B0 pew TOeSCARICAE 503300 10% SO0t fone Lunens % Larnp % Ficure

o 1277 1877 0 E0 EO B0 40 40 48 47 47 47 O @0 1061 (] oD
5 1380 1370 1 46 44 42 43 41 40 41 40 38 0 -40° 167 R"e 47
15" 1308 1317 2 42 3@ 3% W FH B MM R O0-a 207 340 80.6
21T jEEs 8 3 54 31 3 30 28 A2 28 2T 0 -8 B0 ZE 100D
EOETd 08D 4 35 50 B D0 26 240 20 26 23 20" - 1Bl 2 oo 0.0
45 745 w20 gs 2 27 23 26 23 2 26 253 20 0 -180° SE06 22 1000
o BT JEE B 30 B4 BT B D 13 2 20 19
& T B4 T o222 18 2218 16 21 18 16
134 254 8 26 20 17 20 17 14 18 16 14
== 54 8 24 19 15 18 15 13 168 15 13 -

00 0 10 23 17 14 17 14 12 16 14 12 Efficizncy: 42.2%

“or additonal phetoretric informat on, visit our website at Tithonia, com’,

MOUNTING DATA G

_ ST
Mim Sype.

GA

Ceiling Type

Exposad gnid tee 1T and 76T &
Concealed gid tee G
Screw slot 5T
Flagier or plasterboatd G*

La=-In trim [eoosed grd ea) Sraw skitim o) Lay-nirm (eposss grid tag

\

Scray ok o w kol el

5TA

*DIBA 1ccassary walabia m irovide colhg mim fange i foous support Wr plastor o plasterioad caling. Ao o DGA

roughIn ek

Is W00 x 82N [Tolersn:e IS +1%, 170

VA LiTHONIA LIGHTING

An<SAcuitytrands Company

Lithonia Lighting
Fuorescen:
Che Lithoniz Way, Coayers, BAZI012

Fruie, 800-F2-TTGE Fao T70-B25-2783

Shest & 2AV 2X4 T8 (@200 Acaity Brands Lighting, nc., Rav. 1112008

www.lihanh.com
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Lumen Method For Waiting Terminal 1
Compute Cavity Ratios Light Loss Factors
RCR 1.86 Huo |
CCR 0 Mean Lumens 2802
FCR 1.00 Intial Lumens 2950
Pee LLD 0.949831
- 2)LbD |
Base Reflectance Category Vi
Wall Reflectance 60 SalcAping Pk 2
LDD 097
18 62 3)RSDD |
- 1.86 61 RSDD [ 0.9
2 80 geF |
BF 118
Pre LLF | 0.978458
30 -
Base Reflectance # Luminares [ 10.55712
Wall Reflectance 60
1 29
1.00 29
pe 1.2 28
pw
Wall Area (ft*) 420
Window Area (ft*) 980
Pw 032
cuU
RCR 117
CcU @ 61/32/20 63
Correction Factor 67
Calculation 1: Lumen Method for Waiting Terminal 1
cu
CU @ 72/28/20 80 61 70
50 32| 30 50 32 30
1 71 68 1 69/ 66/
1AT 659.30 66.447 66.13 63 1.17! 67.47 64.617 64,30
2 61 57 2 60 56

Calculation 2: Determining CU
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B |

930 LIGHTING CALCULATIONS

GENERAL INFORMATION

Project identification: Unton  Srarvony Betawston : Warr swve TermewvaL
(Give name of area and/or building and room number)

A a intained illumi for clesign:s_ lux or Lamp data:
2% footcandie: T
L = Type and color:L\J’“ rre

. 3
Manufacturer: A’vl\vfe L Lzmomr_n.]
i INV-6-3 =32~ MDA~ MveT -G.:a.lug:'al lumens per luminaire:

Luminaire data: iy
Number per luminaire:

aase (3 = &&50

SELECTION OF COEFFICIENT OF UTILIZATION

Step 1:Fill in sketch at right T
1p = &6 % hee = Q
) R i i
Step 2: Determine Cavity Ratios o= 0% e
T
~—O=3@ % fire = 2 e, 36
Room Cavity Ratio, RCR = __'"S&
Ceiling Cavity Ratio, CCR = _ O fe--eee- Workpiane -------- !
‘ l.oo 0= 60 %-0= 30 %[ hee= > &
Floor Cavity Ratio, FCR = : e e #f —
.. [
Step 3: Obtain Effective Ceiling Cavity Reflectance (pec) Pcc= —l
€ Y
Step 4: Obtain Effective Floor Cavity Reflectance (prc) prgi=- 21
Step 5: Obtain Coefficient of Utilization (CU) from Manufacturer’'s Data Cu= "_‘r
SELECTION OF LIGHT LOSS FACTORS
Nonrecoverable Recoverable
L i - Room surface dirt deprecianon (5,
_ ASDD -
Voltage to luminaire ey Lamp lumen depreciation o949
e LLD
Ballast factor ik Lamp burnouts factor Lo
Lumi surface d s—— Luminaire dirt depreciation 0477
S———— LDD
: . L oag
Total light loss factor, LLF (product of individual factors above) =
CALCULATIONS
(Average Maintained llluminance)
S (Hiuminance) x (Area)
N =
e L. = e P CiakeT % T T L
50 (15)(35) =Sk
) (2asp) (067Y (0 4T5)
Humi = (Number of Luminaires) x (Lumens per Luminaire) % (CU) x (LLF)
(Area)
i (W34 (v 9132 c.tg-r&\, - S Fe
ok ( s
7 A -
Calculated by: ,‘1-M7’l| k“M _ﬂ: Date: l/l-l /051
/ ]

e

Figure 9-25. Average illuminance calculation sheet.
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CALCULATIONS OF DERIVED QUANTITIES
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