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APPENDIX A: TECHNICAL DRAWINGS
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GEOTECHNICAL DOCUMENTS
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© NBT Number and approximate location of additional boring drilled by URS in December 2010
® B4

Number and approxit 1 ion of pi boring drilled by URS in July - August 2009
© Bs-1 Numberand approximate location of URS boring drilled in October 2008 for crosshole seismic test
® B-1  Number and approxi I of p boring drilled by Langan Engineering in 2006
© B1  Number and app of pi boring drilled by URS in July - August 2007

A cB4

Number and approximate location of boring for Cooler Box drilled by URS in March 2008

[Ferz2 50 5F footprint.

[Total # corings required by
joode: 18 (up to 8 can be
joutside but within 25 f of

footorint)

[Totz! qualifying to date: 16

Boring Location Plan
Whitney Museum Chelsea Site
New York, New York

AT W ERIEY
[acacs:

[PROV: 11100032
75 NT: 3

Y
1

R
{

ELEVATION

~1004-

GEOLOGIC SECTION A—A'
SCALE: HORIZONTAL 1"=40"
VERTICAL 1"=30

GENERALIZED SOIL_AND ROCK DESCRIPTIONS:
GENERALIZED SOIL/RCCK DESCRETIONS

GEOTECHMCAL BORING DRLLED BY CRAG TEST
HORING AND WARREN GEORGE, INC, UNDER URS
SUFERWSION.

CORE RUN NUMBER TRACE SLT AND ERICK FRAGMENTS. [7]

EXPRESSED AS A RATIO )

LEGEND
£
TOTAL LENGTH OF RECOVERED CORE 1O THE

OF
LENGTH CORED, IN PERCEN
3 th 100
RUN ' m.a 97

ROCK QUALITY DESICAATION DEFINED AS THE
TOTAL LENGTH OF ALL THE PECES OF CORE
R DVDED BY T0TAL LENGTH

ROCK CORE_RECOVERY, ORGANIC SILTY CLAY:

OCCASIONAL SHELLS. [6]

SC - CLAYEY SAND: GRAY CLAYEY FINE TO COARSE SAND, WITH
OCCASIONAL SHELLS. [6]

S/G
(30 10 3b)

OF CORE_ BUN. N PERCENT

NoVALUE DETNED AS NGMBER OF BLOWS 07 A
. 140 HAMMER FALLING FCR 30 INCHES
| 33 REQURED TO Auv.w £ A STANDARD SPUIT S°00N
SAN vPLgf( |2 INCHES AFTER INITWL 6 INCH
FPENETRAI

HIGHLY WEATHERED, NODERATELY FRACTURED,
HARD, [ta TO 1d]

APPROXIMATE STRATA BOUNGARY

F - Fil: BROWN, COARSE TO FINE SAND WITH ROCK FRAGMENTS AND

o

Q

SOFT BLACK TO GRAY ORCANIC SILTY CLAY WITH

SANDS AND GLACIAL TILL: SANDS WITH SOME SILTS AND GRAVELS,

R — BEDROCK: BLACK GRAY FINE GRAINED MICA SCHIST, MODERATELY TO
INTERMEDIATE TO MEDIUM

20

SCALE HORIZONTAL (FEET)
15

40

b 4 WATER LEVEL IN THE OSSERVATION WELL AND v T (FEET) WANE, KW JONEEY
1/21/08 DATE OF OBSERVATION VERTICAL SCALE (FEET) o] ‘m{] 7 wvowt [0 m-mf.m,]».,, o
o e wanre 7o [ra wa 6

ELEVATION (FT)

1, MATERIAL DESCRIPTIONS ARE GENERALIZED AND INCLUDE
SAMPLES WITH A NATURAL DEGREE OF VARMTION. SEE BORING
LOGS FOR MORE CETAILED DESCRIPTONS OF THE INDMOUAL
SAMPLES.

2. DEPTH AND THCKNESS OF SOIL STRATA BOUNDARIES ARE
BASED ON INTERPRETANION OF BORINGS AND LABORATORY TEST
RESULTS AND ARE SHOWN ONLY TO AID IN vfw Z
GENERALIZED SUBSURFACE CONDITIONS. S BETWEEN
GORNGS A DIFFER. FHOM THE  CONDTIONS. SLOW HERES

3. FOR LOCATION OF PROFLE, SEE FIGURE 3

GENERALIZED SUBSURFACE PROFILE A-A
WHITNEY MUSEUM~-CHELSEA SITE
NEW YORK, NEW YORK

80

60
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APPENDIX B: INTRODUCTION CALCULATIONS

BUILDING DEAD LOAD CALCULATIONS

Total Dead Load Calculations

Level Type SQin SQ ft Wt/SFt | Wt/flr (k)
Roof N 31 431080 2994 102 305.35
483 32 220480 1531 116 177.61
Roof S 33 154530 1073 161 172.77
628 34 128723 894 118 105.48
35 598722 4158 84 349.25
Level 9 16 96701 672 99 66.48
500 37 495578 3442 126 433.63
Level 8 3 877728 6095 121 737.54
2002 6 119746 832 98 81.49
7 225656 1567 118 184.91
8 271800 1888 116 218.95
16 415454 2885 99 285.62
23 75238 522 112 58.52
27 334730 2325 187 434.68
Level 7 3 1498650 10407 121 1259.28
2342 6 535436 3718 98 364.39
8 69584 483 116 56.05
12 123266 856 98 83.89
16 40078 278 99 27.55
20 83450 580 94 54.47
21 103600 719 84 60.43
27 335340 2329 187 435.48
Level 6 2 1897600 13178 136 1792.18
4188 4 460080 3195 107 341.87
12 49612 345 98 33.76
13 79600 553 166 91.76
16 40078 278 99 27.55
19 103640 720 154 110.84
28 156520 1087 214 232.61
29 988974 6868 203 1394.18
30 149084 1035 158 163.58
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Total Dead Load Calculations

Level Type SQin SQ ft Wit/SFt | Wt/flr (k)
Level 5 1 2830400 19656 109 2142.46
2915 5 172000 1194 158 188.72
11 84200 585 133 77.77
16 40078 278 99 27.55
22 564400 3919 122 478.17
Level 4 6 2801124 19452 98 1906.32
2589 8 90400 628 116 72.82
10 93800 651 109 71.00
12 98340 683 98 66.93
16 591510 4108 99 406.66
23 84280 585 112 65.55
Level 3 6 949600 6594 98 646.26
2155 7 93200 647 118 76.37
8 205328 1426 116 165.40
9 458320 3183 181 576.08
12 26000 181 98 17.69
16 704038 4889 99 484.03
23 243288 1690 112 189.22
Level 2 16 265600 1844 99 182.60
419 36 448300 3113 76 236.60
Level 1 14 1434000 9958 126 1254.75
4863 15 371600 2581 148 381.92
16 222000 1542 99 152.63
24 1222800 8492 186 1579.45
25 384200 2668 191 509.60
26 839400 5829 169 985.13

Totals
Sq. ft Weight (k)

183882 23084
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DL Schedule Summary (S-200.01)
DL DL
Floor Type  PSF Floor Type  PSF

1 109 21 84
2 136 22 122
3 121 23 112
4 107 24 186
5 158 25 191
6 98 26 169
7 118 27 187
8 116 28 214
9 181 29 203
10 109 30 158
11 133 31 102
12 98 32 116
13 166 33 161
14 126 34 118
15 148 35 84
16 99 36 76
17 124 37 126
18 135

19 154

20 94
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SNOW LOAD CALCULATIONS
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WIND LOAD CALCULATIONS

Main Wind Force Resisting System—Method 2 All Heights
Figure 6-9 l Design Wind Load Cases
- 8ISP py
P LLdn
l " WERE AT
075 P gy = —— 075 Pry
Fa o [TTTIT T
1 1 *._.._.'_' i _'_LC’S’Ly
CASE 1 CASE 3
B y
F—— e
| | |
' , ’ 0363 P gy ‘_
Ly ety O
N o = ]
Ba— + /,‘ - —— + ) - - -D %
| = _~ b — -’ L e
[ My ] Mr | My %
! | et |
e.75P yry 0.75Pr x ‘ [ | arsPLy 0.563F wx l !' l l l_l 0563 P I x
! | o8 B I 0.563?,_,
My=0.75 (Pwyx+PByey My=0.75 (PwytPryByey My=0.563 (Puy+Py)Byey + 0.563 (Pwy+PyByey
8x=io.158,\' ey==0.15By e,\-=i:0.158x ey'='$0.l5By
CASE 2 CASE 4

Case 1. Full design wind pressure acting on the projected area pempendicular to each principal axis of the
structure, considered separately along each principal axis.

Case 2. Three quarters of the design wind pressure acting on the projected area perpendicular to each
principal axis of the structure in conjunction with a torsional moment as shown, considered separately
for each principal axis.

Case 3. Wind loading as defined in Case 1, but considered to act simultaneously at 75% of the specified
value.

Cased. Wind loading as defined in Case 2, but considered to act simultaneously at 75% of the specified
value.

Notes:

1. Design wind pressures for windward and leeward faces shall be determined in accordance with the
provisions of 6.5.12.2.1 and 6.5.12.2.3 as applicable for building of all heights.
2. Diagrams show plan views of building.
3. Notation:
Py, Pwy: Windward face design pressure acting in the x, y principal axis, respectively.
Pry, Pry: Leeward face design pressure acting in the x, y principal axis, respectively.
e {ex. ey : Eccentricity for the x, y principal axis of the structure, respectively.
My: Torsional moment per unit height acting about a vertical axis of the building.
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Wall Pressures Equivalent Point Loads
E-W qGfCp |qiGCpil| WW | LW |Pressure E-W |Pressure hi Dist Ld Bx Px
Level ht Kz qz Cp -0.55| 0.8 | -0.3 PSF Level PSF ft plf ft k
RN 160| 1.39| 33.41| 23.793(-18.37| 42.17( -7.72 49.89 RN 49.89 10 498.9 55.8 27.9
RS 142 1.36 32.68| 23.279|-17.98] 41.26| -7.72 48.98 RS 48.98 9| 1348.3 53.8 72.5
9 140| 1.36| 32.68| 23.279 —17.98‘ 41.26| -7.72 48.98 9 48.98 18| 1789.1 55.8 99.9
8| 124 1.32 31.72| 22.595|-17.45] 40.04| -7.72 47.76| 8 47.76 19| 1964.3 113.7 223.3
7 102| 1.26| 30.28| 21.568(-16.65| 38.22( -7.72 4594' 7 45.94 23| 1589.9 118.3 188.1]
6| 78| 1.21 29.08| 20.712|-15.99] 36.71| -7.72 44.43| Vb = 611.6|k Mover = | 27902.3[kft
Wall Pressures Equivalent Point Loads
N-S qGfCp |qiGCpil WW | LW |Pressure N-S |Pressure ht Dist Ld By Py
Level ht Kz qz Cp -0.55| 0.8 | -0.5 PSF Level PSF ft plf ft k
RN 160| 1.39| 33.41| 22.631|-18.37| 41.00(-13.38 54.38 RN 54.38 10 543.8 150.3 81.7|
RS 142| 1.36| 32.68| 22.143|-17.98| 40.12 —13.38| 53.50 RS 53.50 9| 1527.9 143.8 219.8]
9 140| 1.36| 32.68| 22.143 -17.98] 40.12 -13.38I 53.50 9 53.50 18| 2009.4 150.3 301.9]
8 124| 1.32| 31.72| 21.491|-17.45| 38.94 —13.38| 52.32 8 52.32 20( 2209.0 191.2 422.3
7 102| 1.26| 30.28| 20.515(-16.65| 37.17 —13.38I 50.55 7| 50.55 23| 1162.6 229.2 266.4
6| 78| 1.21| 29.08| 19.700|-15.99] 35.69 -13.38' 49.07 Vb = 1292.1(k Mover = | 65303.3 |kft
Wind Factors Inherent Moments
E-W| N-S Bx ex Mtx By ey + Mt +
Gi= 0.83| 0.85 Level ft ft k-in ft ft k-in
GCpig 0.55 - RN 55.8 8.4 2799 150.3 22.5 22099
Cp= -0.3 -0.5 RS 53.8 8.1 7014 143.8 21.6 568396
Kd= | 085 - 9 558 8.4| 10039  150.3 22.5| 81651
Kzt = 1.0 - 8 113.7 17.1 45681 191.2 28.7| 145310|
= 115 - 7] 1183 17.8|  40072]  229.2 34.4| 109905
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SEISMIC LOAD CALCULATIONS
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FIGURE 12.8-1 TORSIONAL AMPLIFICATION FACTOR, A«
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Amplification Factor Analysis RS Alternative
EW| (Sl Ay (Sxe)2 A T (Bseds Ay (Bse)2 Aa Avve  [Ava/Ase
RN 1.057 0.236 1.054 0.134 0.1850 1.28
RS 0.821 0.041 0.920 0.142 0.0915 1.55] 0.556 0.128 0.705 0.195 0.1615 1.21
9 0.780 0.191 0.778 0.19 0.1905 1.00
8 0.589 0.32 0.588 0.33 0.3250 1.02 0.428 0.510
7| 0.269 0.269 0.258 0.258 0.2635 1.02
(Bye)s Ay (Bye)2 Ay Az |AmadBavg (Bye)s Ay (Bye)2 Ay Mg [AvadDare
RN 0.183 0.053 -0.238 -0.102| -0.0245 4.16
RS 0.130 0.01 -0.136 -0.016| -0.0030 5.33 0.308 0.135 0.274 0.100 0.1175 1.15
9 0.120 0.041 -0.120 -0.061| -0.0100 6.10
8| 0.079 0.042 -0.059 -0.043( -0.0005 86.00 0.173 0.174
7 0.037 0.037 -0.016 -0.016 0.0105 3.52
N-S|  (B,e)s Ay (Bse)2 A, Al | AnadAs: (Bye)s Ay (Bse)2 A, A | Al A
RN 0.185 0.032 0.183 0.032 0.0320 1.00
RS 0.153 0.007 0.151 0.006 0.0065 1.08 0.062 0.023 -0.045 -0.004 0.0095 2.42
9 0.146 0.03 0.145 0.03 0.0300 1.00
8 0.116 0.038 0.115 0.037| 0.0375 1.01 0.039 -0.041
7| 0.078 0.078 0.078 0.078 0.0780 1.00
(Sye)s Ay (Sye)2 Ay Ave  [Avaf/Bag (Bye)s Ay (Bye)2 Ay Avve  [Ava/Ase
RN 0.123 -0.829 0.978 0.218| -0.3055 2.71
RS 0.952 0.053 0.760 0.042 0.0475 1.12] 1.039 0.284 1.087 0.341 0.3125 1.09
9 0.899 0.245 0.718 0.198 0.2215 1.11
8| 0.654 0.342 0.520 0.306 0.3240 1.06 0.755 0.746
7| 0.312 0.312 0.214 0.214 0.2630 1.19
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Seismic Design Criteria
$-200.01 ASCE 7-05
Sds 0.65 Ta(s) 0.9
Sdi 0.13 Cu 1.7
1 1.25 T(s) 1.53
R 3 TL(s) 6
W (k) 5849
Cs 0.0602
Amp Factor Maximums RS Alternative
85w Aavg Amax/Aavg 55w Aavg Ama)/Aavg
RN| 1.057 0.185 5.71
RS| 0.920 0.092 10.05 0.705 0.1615 1.21
9| 0.780 0.191 4.09
8| 0.589 0.325 1.81
7] 0.269 0.264 1.02
8"5 Aavg Ama:r/Aavg 8Ns Aavg Amax/Aavg
RN| 0.978 -0.31 3.20
RS| 0.952 0.05 20.04 1.087 0.3125 1.09
9] 0.899 0.22 4.06
8| 0.654 0.32 2.02
7] 0.312 0.26 1.19

Sean Felton | Structural Option | Advisor: Susteric | April 3, 2013
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APPENDIX C: CUSTOM MEMBER STRENGTHS

MEMBERS SPECIFIED IN CURRENT DESIGN
PLATE GIRDERS

| 66

Plate Element Dimensions (in) Material Propoerties
Shape B tf nf D tw h 0] 0.9
32.5 18 4 1 32.5 2 24.5 E 29000 ksi
33-1 18 a 1 33 2 25 Fy 50 ksi
241 18 al 1 a4 2 36 G | 11200 ksi
46-1 18] 2] 1 a6 1 42 K L
46-2 20 4 2 46 2 30
46-3 18 4 1 46 2 38
72-1 16 3 1 72 2 66
L 20|ft
Weld size 0.5|in
Note: Dimensions taken from drawing S$-211
Section Properties
Individual Flange Web Total
A X [Ax Ax2 y Ay2 lox loy A Ax A 1xx lyy rx WT (plf)
32.5 72| 14.25| 1026| 14620.5 5| 1458.0/ 96.0| 1944.0 49 600 193 29433 6804 12 6 656
33-1 72| 14.5| 1044 15138.0 5| 1458.0) 96.0| 1944.0 50 625 194 30468 6304 13 6 659
a4-1 72| 20| 1440 28800.0 5| 1458.0/ 96.0| 1944.0 72| 1296 216 57792 6304 16 6 734
46-1 36| 22| 792| 17424.0 5| 729.0] 120 972.0 42 832 114 34872 3402 17 5 383
46-2 160 19| 3040|57760.0 5| 4000.0| 853.3| 5333.3 60 900 380 117227 18667 18 7 1291
46-3 72| 21| 1512]31752.0 5| 1458.0) 96.0| 1944.0 76| 1444 220 63696 6304 17 6 748
72-1 48| 34.5| 1656| 57132.0 4| 768.0] 36.0] 1024.0] 132| 4356 228| 114336 3584 22 4 775
Tensile Strength Flexural Strength
7n (k) Flange Compactness Web Compactness Yielding Max Unbr Length (Lp)
325 8685 bf/2tf Ip ar h/tw ip r Z $Mn (ft-k) in ft
351 5750 325 2.25 92| 241lc 123| 90.6| 137.3|c | 32525 12197| 214 18
i o 33-1 2.25 92| 241lc 125| 90.6| 137.3|C 3338 12518| 214 18
44-1 2.25 92| 241lc 180| 90.6| 137.3(C 5472 20520 202 17
46-1 5130 46-1 450 92| 241lc 420 906 137.3|C 3348 12555| 197 16
46-2 17100 46-2 250 92| 2a1le 150 906| 1373]c 7880 29550] 253 21
46-3 9500 46-3 2.25 92| 241lc 190 90.6| 137.3|C 5912 22170 201 17
72-1 10260 72-1 2.67 92| 241lc 330 906| 137.3|C 12024 45090| 143 12
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22R
Section Properties AISC Chapter |
Concrete Reinforcement Pipe Compression Capacity
wt 145 pcf fy 150 ksi fy 46 ksi Do 22 in NO SLENDER ELEMENTS
f'c| 8000 psi Esr| 29000 ksi Es| 29000 ksi t| 1.25in FyAs 3471
wt 490 pcf Cc2 0.95
Callout 11 td| 1.16 AsrEs/Ec 17.75
Ag 299 in2 Ai 1.56 in2 Isx| 64638.9 ind Di| 19.5 in
Ec| 5098 ksi n 2 Zx| 496.8 in3 Dd| 21.8 Pno 5852
Ig 7098 ind Asr 3.12 in2 o) 0.202 OK Ast| 75.5in2 oPn 4389 k
Slenderness Checks Tensile Capacity |
AISC XIV Chapter | Asfy 3471 k
Pipe Slenderness |Lp Ar Max AsrFysr 468 k
D/t 18.92 < 95 120 195|C Compression
57 195 195{C Flexure Tno 3939
ACI 318-11 Chapter 10 $Tn 3545 k
Composite Shape Slenderness Flexural Capacity
Eclg 36184968 |rcomp 27.5 SLENDERNESS NOT CONSIDERED
EcAg 1522576 K 1.0
Esisx | 1874528059 (L 45 Yielding
EsAsx 2188385 KL/r 19.7| 22l KL/r Limit Mp=FyZ 22855 in-k
SLENDERNESS NOT CONSIDERED dMn 1714 ft-k
15A
Section Properties AISC Chapter |
Concrete Reinforcement Pipe Compression Capacity
wt| 145 pcf fy 150 ksi fy 46 ksi Do 15 in NO SLENDER ELEMENTS
f'c| 8000 psi Esr| 29000 ksi Es| 29000 ksi t| 1.25in FyAs 2295
wt| 490 pcf c2 0.95
Ag| 123 in2 |Callout 11 td| 1.16 AsrEs/Ec 0.00
Ac| 123 in2 Ai 1.56 in2 sx| 18763 ind Di| 12.5in
Ec| 5098 ksi n 0 Zx| 217.5 in3 Dd| 14.83 Pno 3228
Ig 1198 ind Asr 0 in2 p| 0.283 OK Ast| 49.9 in2 $Pn 2421 k
Slenderness Checks | Tensile Capacity
AISC X1V Chapter | Asfy 2295 k
Pipe Slenderness |Lp IM |Max AsrFysr 0k
D/t 1290 < 95 120  195|C Compression
57 195 195|C Flexure Tno 2295
ACI 318-11 Chapter 10 $Tn 2066 k
Composite Shape Slenderness Flexural Capacity
Eclg 6109839 |rcomp 18.6) SLENDERNESS NOT CONSIDERED
EcAg 625648 |K 1.0
Eslsx | 544119416 (L 25 Yielding
EsAsx | 1447008 |KL/r 161 22]  Ki/riimit Mp=FyZ 10006 in-k
SLENDERNESS NOT CONSIDERED dMn 750 ft-k
15B
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Section Properties AISC Chapter |
Concrete Reinforcement Pipe Compression Capacity
wt 145 pcf fy 150 ksi fy 46 ksi Do 15 in NO SLENDER ELEMENTS
f'c| 8000 psi Esr| 29000 ksi Es| 29000 ksi t 1in FyAs 1872
wt 430 pcf c2 0.95
Ag 133 in2 Callout 11 td| 0.93 AsrEs/Ec 0.00
Ac 133 in2 Ai 1.56 in2 Isx| 15865 ind Di 13 in
Ec| 5098 ksi n 0 Zx| 180.7 in3 Dd| 14.86 Pno 2881
| lg| 1402in4 Asr 0in2 p| 0.235 OK Ast| 40.7 in2 oPn 2161 k
Slenderness Checks | Tensile Capacity l
AISC XIV Chapter | Asfy 1872 k
Pipe Slenderness |Ap I}.r IMax AsrFysr 0k
D/t 16.13 < 95 120 195|C Compression
57 195 195|C Flexure Tno 1872
ACI 318-11 Chapter 10 ¢Tn 1685 k
Composite Shape Slenderness Flexural Capacity
Eclg 7147648  |rcomp 18.7| SLENDERNESS NOT CONSIDERED
EcAg 676700 K 1.0
Eslsx | 460092980 |L 25 Yielding
EsAsx| 1180272 |KL/r 16.0, 22[ KL/r Limit Mp=FyZ 8314 in-k
SLENDERNESS NOT CONSIDERED $®Mn 624 ft-k
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PROPOSED ADDITIONAL MEMBERS
PG56-1
Material Properties Section Properties Flexure Design
fy 50 ksi Single Flange Web Total Flange Compactness
E 25000 ksi A 240 A 81 A 561 in2 B/2tf ~Lp Ar
G 11200 ksi X 23 x| 0.563 Ixx| 128960 ind4 1.20 9.2 241 C
dens 430 PCF Ax| 5520| Ax| 45.56 rx 15.2 in Web Compactness
0.284 pci Ax2| 126560 Zx| 11085.6 in3 hw/tw Lp rr
Plate Properties Ixo| 2000 16 90.6 1373 C
Lb| 20 ft y 6 lyy 20160 in4 SLENDERNESS NOT CONSIDERED
D 56 in Ay| 1440 ry 6.0 in
B 24 in Ay2| 8640 Limit State 1 Yielding
tf] 10 in lyo| 11520 J| 16136.7 Mp 554278.1 in-k
tw 2.25in Limit State 2 LT8
Weight 1909 PLF Lb 240 in
hw| 36 in Lp 254.1in
ho 46 in LTB DOES NOT APPLY
Compression Design ®Mn 41570.86 ft-k
Flange Slenderness
B/2tf K'c Kc rr Tension Design
1.20 1.000 0.76 13.4 NS Yielding
Web compactness ¢Tn 25245 k
hw/tw Ar
16 35.9 NS RUPTURE MUST BE
SLENDERNESS NOT CONSIDERED CONSIDERED
Limit State 1 Flexural Buckling Shear Design
K 1.0 Traverse Stiffeners
L 240 hw/tw hw/tw Limit
KL/r 15.8  113.4 KL/r Limit 16 58.2
NO STIFFENERS REQUIRED
Fe 1142 ksi E3-2 kv 5
Fer 49.1 ksi
Limit State 2 Torsional Buckling Cv=1.0
Cw 1E+07 in6 hw/tw Limit 59.2
Fe 1567 ksi Cv 1.0
Fer 49.3 ksi
Vn 3780
oPn 27541 k Qvn 3402 k
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PG56-1 EQUIVALENT CROSS SECTION
Material Properties Section Properties Flexure Design
fy 50 ksi Single Flange Web Total Flange Compactness
E 29000 ksi A 160 Al 120 A 440 in2 B/2tf Lp wr
G 11200 ksi X 34 X 0.5 Ixx| 185813 ind4 1.25 9.2 241 C
dens 450 PCF Ax| 5440| Ax 60 rx 20.6 in Web Compactness
0.284 pci Ax2| 184560| Zx 10940 in3 hw/tw Ap Ar
Plate Properties Ixo| 853.33 30 90.6 1373 C
Lb| 15 ft ¥ 5 lyy| $333.33 ind SLENDERNESS NOT CONSIDERED
D 76 in Ay 800 ry 4.6 in
20 in Ay2| 4000| Limit State 1 Yielding
8in lyo| 5333.3 J| 6986.67 Mp 547000 in-k
twi 2in Limit State 2 LTB
Weight 1497 PLF Lb 180 in
hw| 60 in Lp 195.2 in
ho 68 in LTB DOES NOT APPLY
Compression Design HMn 41025 ft-k
Flange Slenderness
B/2tf K'c Kc Ar Tension Design
1.25 0.730 0.7303 13.2 NS Yielding
Web compactness oTn 19800 k
hw/tw Ar
30 35.9 NS RUPTURE MUST BE
SLENDERNESS NOT CONSIDERED CONSIDERED
Limit State 1 Flexural Buckling Shear Design
K 1.0 Traverse Stiffeners
L 180 hw/tw hw/tw Limit
KL/r 8.8 113.4 KL/r Limit 30 59.2
NO STIFFENERS REQUIRED
Fe 3731 ksi E3-2 kv 5
Fcr 43.7 ksi
Limit State 2 Torsional Buckling Cv=1.0
Cw 1E+07 in6 hw/tw Limit 58.2
Fe 889 ksi Cv 1.0
Fer 48.8 ksi
Vn 4560
oPn 21488 k oVn 4104 k
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24R-1
Section Properties AISC Chapter |
Concrete Reinforcement Pipe Compression Capacity
wt| 145 pcf fy 150 ksi fy 46 ksi Do 24 in NO SLENDER ELEMENTS
f'c| 15000 psi Esr| 29000 ksi Es| 29000 ksi t| 1.75in FyAs 5204
wt 490 pcf c2 0.95
Callout 11 td 1.63 AsrEs/Ec 103.69
Ag| 330in2 Ai 1.56 in2 Isx|111388.7 ind4 Di 20.5 in
Ec| 6981 ksi n 16 Zx 798.3 in3 Dd| 23.755 Pno 11030
___I_g 8669 ind4 Asr 24.96 in2 [ 0.255 OK Ast| 113.1in2 $Pn 8272 k
Slenderness Checks Tensile Capacity
AISC XIV Chapter | Asfy 5204 k
Pipe Slenderness |Ap |},r IMax AsrFysr 3744 k
Dft | 13.71 < 95 120 195|C Compression
57 195 195|C Flexure Tno 8948
ACI 318-11 Chapter 10 $Tn 8053 k
Composite Shape Slenderness Flexural Capacity
Eclg | 60520963 (rcomp 29.4 SLENDERNESS NOT CONSIDERED
EcAg| 2304189 (K 1.0
Eslsx| 3230271344 (L 25 Yielding
EsAsy 3280962 |KL/r 10.2| 22| KL/r Limit Mp=FyZ 36722 in-k
SLENDERNESS NOT CONSIDERED ®Mn 2754 ft-k
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APPENDIX D: ETABS VERIFICATION

HAND CALCULATIONS
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3-0235 — 50 SHEETS
3-0236 — 100 SHEETS
3-0237 — 200 SHEETS
8-0137 — 200 SHEETS
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MEMBER SELECTION TABLE

176

Truss Loads

Trial Member Selection

L Pdx Pdy Plx Ply Pd PL |1.2Pd 1.6Pl| Pu T/C |pmax| L p |Trial Size ¢Pn
D 1] 33.8] 703 909 512 662 1149 837 1379 1339| 2718 C 0.368| 18| 0.325|W14x 283 3077
2| 32.2| 892 1124 635 800| 1435 1021 1722 1634] 3356 C 0.298| 18| 0.266|W14x 342 3759
3| 29.7] 751 845 726 817| 1130 1093| 1357 1749 3105 T 0.322] O] 0.271|W14x 342 3690
4] 23.3] 844 1780 421 894 1970 988| 2364 1581| 3945 T 0.253| 0] 0.204|W14x 455 4902
T 1 201 703 512 703 512| 843.6 819.2] 1663| T 0.601] O] 0.521jW27x 178 1919
2 20| 1595 1147 1595 1147| 1914 1835| 3749 T 0.267| O] 0.172|W27x 539 5814
3 20| 844 421 844 421] 1013 673.6] 1686 T 0.593] 0] 0.575|W27x 161 1739
4 10| 468 146 468 146| 561.6 233.6] 795.2] T 1.258] 0] 0.575|W27x 161 1739
B 1] 20.05 0 0 0 0 0 0 of C 0.597] 22| 0.552|W27x 217 1812
2| 20.16| 703 88| 512 64_ 708 516| 850.2 825.6| 1676 C 0.597| 22| 0.552|W27x 217 1812
3| 20.16] 1595 2001 1147 150 1607 1157] 1929 1851] 3780 C 0.265| 22| 0.205|W27x 538 4878
4] 10.08] 844 105 421 64| 851 426] 1021 681.3] 1702 C 0.588| 12| 0.54|W27x 161 1852
\' 1 28| 880 618 880 618| 1056 988.8] 2045 T 0.489] 0| 0.482|W14x 193 2075
2| 27.3] 1069 712 1069 712\ 1283 1139| 2422 T 0.413+ 0] 0.399|W14x 233 2506
3] 25.2| 874 773 874 773 1049 1237| 2286 C 0.438| 14| 0.406|W14x 211 2463
4 22| 885 585 885 585| 1062 936] 1998 C 0.501| 14| 0.487|Wi4dx 176 2053
5| 21.1] 1865 954 1865 954 2238 1526| 3764 C 0.266| 14| 0.247|W14x 342 4049
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APPENDIX E: TRUSS DESIGN CALCULATIONS

EXTERIOR WALL ALLOCATION

TrRUSS 0.9
Truss 0.9
Wit 15|PSF G H | J K L ED:
L |Elev. |Ht |[|W [wt (W |[wt W [wt |[W |[wt (W |[wt (W |[wt |wW |[wt
9| 151.67 9.1 20 2.73 20| 2.73] 11.5| 157
8 133.5| 199 20 5.98 20 5.98 20 5.98| 17.1 5.11| 8.67 2.59
7| 111.83| 22.7 20 6.80 20 6.80 20 6.80 20 6.80 20 6.80|14.33 4.87 5 1.70
6| 88.17| 23.7 20 7.10 20 7.10 20 7.10 20 7.10 20 7.10|14.33 5.09 <)) A BT
LoadsA:)pIied 22.6|k 22.6|k 21.4lk 19.0(k 16.5(k 10.0(k 3.5k
L Elev. |Ht. KLF
5 64.5| 11.8| 0.18
TRUSS X
Truss X
AREA H | J K L M M.5
L Elev. 20 40 60 80| 100 120/ 130

64.5| 138.3| 138.3| 138.3| 138.3| 138.3| 172.9 34.6
50.67| 283.4| 283.4| 283.4| 283.4| 283.4| 283.4| 283.4
36.5| 245.0| 245.0 219.6| 165.2| 110.8| 56.4 29.2
24.25| 83.4( 29.0
Bottom| 20.08| 22.8| 25.52| 28.24| 30.96| 33.68| 35.04
LOAD =[ 15 [PSF

L Elev. H | J K L M | M5
2425 2.1 21| 21| 2.1 21| 26| 0.5
50.67| 4.3 43| 43| 43| 43| 43| 43
36.5| 3.7 3.7 3.3 25| 17| 0.8 04
24.25| 13| 0.4

N jw B[

N |w ik (U
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TRUSS 0.9
LEVEL 6 LOADS
*G 15
Level Area (DL DW DC SL Level |Area |DL DW |DC |LL SL D L
S 520 84 273 2 50| 22| 48.4| 26.0| 114 6| 390 168 0 0| 150 0| 65.5| 58,5 0O
8 590| 121| 598 2 150 0| 79.4| 885| 00
7 660 121 6.80 2 100 0| 88.7| 66.0| 00 W*-K
6 390 148 7.10 2 130| 44| 6638| S07| 17 Level |Area DL DW |DC |LL SL D L
Total=| 283 231 13 8| 245| 187| 2.59 100 0| 504| 245 00
7| 520| 146| 6.80 100 0| 848| 520 0O
G.5 6| 390 170| 7.10 2| 150 0| 75.2| 585 0.0
Level Area (DL DW [DC SL Total=| 210| 135 0
6 390 1521 0 0 130| 4.4| 58.3| 507 17
K5
W#*-H Level |Area |DL DW |DC |LL SL D L
Level Area DL DW DC SL 6| 390 173 0o 0| 150 0| 67.4| 585 0.0
S 470 84 273 2 50| 22| 44.2| 235| 103
8 530 121 598 2 321 00| OO0 WH*-L
7 580 121| 6.80 2 100 79.0/ 58.0| 00 Level |Area |DL DW |DC |LL SL 2] L
6 390 156| 7.10 2 130| 44| 700| 507 17 7| 370| 183| 4.87 2| 100 0| 746| 370 OO
TJotal =| 265 132 12 6| 364 176| 5.09 2| 150 0| 712| 546| 00
Total =| 146 92 0
HS
Level Area (DL DW |DC SL W*-L5
6 390 157.8 0 0 140 22| 615 546| 089 Level |Area |DL DW |DC |LL SL D L
7| 150| 183| 1.70 100 0| 311 150 00
W*-| 6| 372| 183| 178 150 0| 719| 559| 00
Level Area DL DW pC SL Total=| 103 71 0
] 280 84 157 2 50 22| 27.1| 140| 6.2
8 500| 154| 598 2 125 0] 850 625| 0.0 W*-M
7 550 121| 6.80 2 100 0| 75.3| 550/ 00 Level |Area |DL DW |DC |LL SL o) L
6 390 159 7.10 2 150 0| 71.3| 585 00 6| 411 203| 0.00 2| 150 0| 855| 61.7| 0O
Total=| 259 190 6
M.5
15 Level [Area DL DW |DC |LL SL D L
Level Area DL DW DC SL 6| 390| 203|33.00 2| 150 0| 114.2| 58.5| 0.0
6 390| 1628 0 0 150 0| 635 585| 00
W*-J
Level Area (DL DW DC SL
8 365 187 5.11 2 100 O 75.4( 36.5| 00
7 530 121| 680 2 100 0| 729| 530 o©00
6 380 i66| 7.10 2 150 0| 739 585| 00
Total=| 222 148 0
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LEVEL 5 LOADS
Load Information
Wall Load 0.18|KLF
Dead Load 109|PSF
Live Load 200|PSF
Grid Angle 9|deg
0.157|rad
Trib Angle | 0.079|rad
X Trib Y Trib Load Components Loads
Grid [x |[start |end [px [Base |start [end |Dy [at [aD |pwpc|aL [pD  |PL
F 0 o 5 5 0.31 031 0.70 0.39 2.5 0.3 36 2 05 5.8 0.5
F.5 10 5' 15 10 1.0 0.70 1.49 0.79| 10.9 1.2 22 1.2 22
G 20 15' 25 10 1.88 149 2.27 0.79| 18.8 2.0 3.6 3.8 7.6 3.8
G.5 30 25' 35 10 2.67 227 3.06 0.79| 26.7 2.9 5.3 2205
H 40 35' 45 10 345 3.06 3.85 0.79| 34.5 3.8 3.6 6.9 9.3 6.9
H.5 50 45' 55 10 424 385 463 0.79| 424 46 8.5 46 8.5
1 60 55" 65 10| 503 463 542 079 503 55 3.6 10.1] 11.0 10.1
1.5 70 55' 75 10 5.81 542 6.21 0.79| 58.1 6.3 11.6 6.3 11.6
J 80 75° 8 10| 6.60 621 7.00 0.79 660 7.2 3.6 13.2| 12.7 13.2
J.5 90 85' 95 10 739 7.00 7.78 0.79| 73.9 8.1 14.8 8.1 148
K 100 95° 105 10| 818 778 857 0.79| 81.8 8.9 3.6 16.4| 145 16.4
K.5 110 105' 115 10 896 857 9.36 0.79| 89.6 9.8 17.9 9.8 179
L 120/ 115° 125 10 9.75 9.36 1014 0.79| 97.5 10.6 3.6 19.5| 16.2 19.5
kS5 130 125' 135 10| 10.54 10.14 10.93 0.79| 1054 11.5 211 115 211
M 140 135 145 10| 11.32 1093 1172 0.79| 113.2 123 3.8 22.6| 18.2 226
M.5 150 145'155.75 10.8) 12.11 11.72 12.56 0.85| 130.5 14.2 26.1] 14.2 26.1
N.2 | 162| 155.8° 1615 5.75| 13.02 12.56 13.02 0.4S| 735 8.0 20 14.7| 121 14.7
REACTIONS
Reactions (k)
Level6 |H N.2
D 0 340
L 0 244
S 0 0.5
Level 5
D 1112 404
L 747 295
S 18 0.5
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180

Load | Reaction (k)
J L
D -1072| 3392
L -787( 2418
S -2 4
Pu -2547| 7943

TRUSS N.2
Load Properties
Level 6 [Level 5
Trib W 6.5 6.5|ft
DL 203 109|PSF
LL 150 200|PSF
Distributed Loads
wD 1.3 0.7|klf
wL 1.0 1.3|kif
Point Loads
Pd 340 404 |k
Pl 244 295|k
Reactions
N.2 6
D 1340 -350
L 945| -252
S 2 -1
TRUSS X
LOAD SUMMARY
Level J 1.5 K K.5 L LS M M.5 | N.2
5|D 2.1 24.0 26.1 24.0 2.1 32,7 50.9] 51.6(1340.0
L 44,0 44.0 44.0 60.0| 85.0f{ 950.0| 945.0
S 2.0
4D 17.5 31.7 22.6 45.9| 16.9
L 6.8 14.0 10.3 18.4 5.0
3|D 19.2 34.1 9.1 3.6 3.5
L 6.8 12.1 9.0 0.0 0.0
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AREA TAKEOFF
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TRUSS J

TRUSS H

Area Takeoff
Dead Loads 4 0.9
w D wD (kif)| A PD PC PD
5 10 108 1 | 445( 48.5 0.0 1072
4 10 98 1.0 445| 436 2.0
3 10 118 1.2 445( 52.5 2.0
Live Loads 4 0.9
w D wD (kif)| A PL | PC | PL
= 10 200 2.0 445( 839.0 787
4 10 50 0.5 445 22.3
3 10 50 0.5 445( 22.3
Level 5 Reactions (k)
w 0.9 X 4 3 4
D 1.1 1072 -18.7| 48.5|D -973 429
L 2.0 787 -6.8| 89.0|L -22 179
S -4 S -6 2
Level 4
D 1.0 -361.7| 45.6
L 0.5 283.6| 22.3
Level 3
D 1.2 -419.7| 54.5
L 0.5 -333.9| 223
Level 5
0.9 X 4 w Reactions (k)
1112 -19 35 2:2 Load 3 4
747 -7 64 4 D 2479 -906
18 2 1661 -572
Level 4 S 34 -16
0.9 X 4 w Pu 5646| -2008.8
780 31 2.0 Colun{24R-1 15A
568 19 1
Level 3
0.9 X 4 w
-640 38 2.36
-464 32 1
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FOUNDATION IMPACT

APPENDIX F
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DEFLECTION CALCULATIONS

APPENDIX G
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APPENDIX H: COST AND SCHEDULE INFORMATION

RS MEANS CITY DATA

AR FAE . w54 928 X
0 mowrtan 97.2 86.4 %.4 746 s
96.0 7.7 1)
ok 104 | 1199 | 349 707 843
e L8 1220 1 97.3 945 %1
; 1103 ]
ichestar 100.1 106.1 1
rkato 97.3 1032 102.7 1248 1124
dom 9.0 238 1001 12438 1110
fimar %556 1039 99.0 124.7 1103
Goud 972 1194 1 1009 1249 115
snerd 97.1 1037 1 989 1249 1104
ok Lakes 9.1 979 984 1223 1085
el .84 %3 992 1249 1105
of River Falls 8.0 945 N2 1248 1105
97.1 1234 108.7
9.0 1228 1095
thadale 9.1 549 7 976 1233 1089
e 9.9 543 295 1225 1096
o 97.7 573 7 g9 1216 1089
enwood 973 544 9.4 1239 1102
ksco 97.4 636
ot 9.5 65.3
- 975 581 99.1 735 879
g 8.1 595 8l 9.0 735 873
omd 9.1 54.0 77 95.7 735 282
¥mbus 974 56.2 79 100.4 735 835
97.6 735 87.0
| = g;f o 22y
ous %99 1063 102 i 702 852
ing Green 982 945 % 9.2 64 | 834
o 97.1 918 a4 97.7 734 7| 870
s 100.3 894 95, 996 735- 881
Fer 9.1 952 a7, %7 735 887
| Girardeay 995 895 %, 98.4 734 874
iton 97.5 899 aq,
¥ Bas 97.0 89.7 a3,
s Cy 100.7 1082 108 | 104.2 167.0
seoh 9.9 4.3 974 SALY 1
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vl 9.2 1029 %9, 98.0 1330 1134
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SUPERSTRUCTURE
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FOUNDATIONS
REINFORCEMENT

DYWIDAG Prestressing.Steel Threadbar System

DYWIDAG Prestressing Steel Threadbar is a high tensile alloy steel bar which features a coarse right-hand thread over its full
length. The system is proven and offers in a range of

Manufactured in accordance with the German Certificate of Approval (Dt Institut fir ik), the system also offers
general conformance with BS 4486 : High Tensile Steel Bars for Prestressing of Concrete. During the steel making process, the
threadbars are hot rolled, quenched and tempered, followed by cold working and further tempering, to achieve the necessary
performance.

DYWIDAG Prestressing Steel Threadbars, 15mm - 75mm@ are suitable for all static loading applications. Additionally, for
and dynamic i DYWIDAG P Steel Th 26. 5mm 40mm@, see note ( c ) below, offer a

fatigua resistance in excess of 2 million load cycles over a tensile range of 630 - 2 as in the

Approval No. ETA - 05/0123 and ETAG 013. Stress relaxation when loaded to 70% fpu is less than 3.5% over a 1000 hour period

in accordance with BS4486.

Key features of the system are:

* Fully threaded bar — can be cut and coupled at any point.

® Coarse pitch threadform (d/2), righl-hand with two faces ensuring the thread is self cleaning. Ideal for construction site use.
* Low steel — during service life.

® Prestressing grade steel — high strangth offers weight savings and reduced working diameters.

Technical Data for Prestressing Steel Threadbar

Nominal Steel Ultimate | 0.1% (a) 70% (b) 50% Cross Diameter | Thread Bar
Diameter Grade Strength Proof Ultimate | Ultimate | Sectional Over Pitch Weight
fpu g gf Area Threads
mm N/mm? kN kN kN kN mm? mm mm kg/m
15 900/1100 195 159 136 98 177 17 10 1.44
20 900/1100 345 283 241 173 314 23 10 2.56
265 950/1050 579 523 405 290 551 30 .| 13 4.48
32 950/1050 844 764 591 422 804 36 16 6.53
36 950/1050 1069 967 748 535 1018 40 18 8.27
40 950/1050 1320 1194 924 660 1257 45 20 10.21
47 950/1050 1822 1648 1275 911 1735 52 21 14.10
57 835/1035 2671 2155 1870 1335 2581 64 21 20.95
e e e P

75 835/1035 4572 3645 3200 2286 4418 82 24 35.90

0 . m genera 88 1o Ba o o e ™Ay

(c) Approval Standards: @ 26.5 - 47mm (grade 950/1050N/mnv’) ETA 05/0123 and ETAG 013. @s 15 & 20mm (grade 900/1100N/mm?) formtie approvals. @s 57 - 75mm
(grade 855/1035 N/mm?) system approval.

Modulus of Elasticity: E = 205,000 N/mm? +/- 5%.

Stock Lengths: 15mm - 20mm@ bars, 6.0m; 26.5mm - 75mm@ bars, 12.0m. Tolerances +/- 50mm.

All bar diameters can be cut to length to suit customer requirements.

Couplers for Threadbars.

Couplers enable prestressing steel threadbars to be coupled or extended, reliably and efficiently. Coupler strength (for bar
@s 26.5 - 47mm) = 1.27 x Yield Strength, which equates to 1.15 x Ultimate Strength, in with German Appi

Ci Coupler for other steel bar grades (bar @s 15 & 20mm, and 57 - 75mm) exceed the published
Ultimate Bar Strengths and are covered by separate approvals (see note C, Technical Data).

Precautions should be taken to ensure that the coupler remains centrally located. This can be achieved through the use of grub
screws and/or a centre pin. Marking the two bars with paint or similar at half a coupler length prior to engagement provides visual

of ion and is as good working practice.
¢ 1 l F Adadad w; s i q v F ;
standard coupling centre pin - optional
P o e
paint - visual indicator grub screws - optional
wvm-—wsn—lnnm
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DRIVEN PILES
Depth 68|ft Type | Do(in) | t(in) | Di | Astl | pif |Embd.(ft) L
fy 80|ksi 1| 13.375 0.5| 12.375 20.2| 68.8 11 79 ft
f'c 5000|psi 2| 13.375 0.5| 12.375 20.2| 68.8 16 84 ft
dstl 490|PCF
0.284|pci
Diameter Area
75 mm 4418 mma2
2.95 in 6.848 in2
RS Means p 290
Dia |Mat'l [Sales |Labor |Equip |[O&P Current Typel n |cOst
12| 32.00] 5%| 6.80 4.41 15% 1 2 37722.01
13.375| 33.72| 5%| 7.59 4.92 15% 2 10 200547.39
14| 345 5%| 7.95 5.15 15% Total $ 238269.40
Thick Wall Addition Proposed [Type | n |Cost
+ | 093] 5% o o] 15% 1 5 94305.02
Reinforcement 2 12 240656.87
+ | o083 5% o034 o 15% Total | S 334961.90

Final Cost Figures

Dia [Mat'l |Sales [Labor |Equip |O&P
13.38| 154.84 5%| 30.99 4.92 15%
Loc 1.042 1.670 1.319
Time 1.01
Total S| 238.75

Difference S 96692.49
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