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H. CALCULATION APPENDIX

H.1 GENERAL PROPERTY CALCULATIONS FOR PERIOD OF VIBRATION CALCULATIONS
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FIGURE H-1.1: WEIGHT AND MASS CALCULATIONS
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FIGURE H-1.2: MOMENT OF INERTIA CALCULATIONS
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FIGURE H-1.3: MASS MOMENT OF INERTIA CALCULATION
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H.2 PCA COLUMN INPUT CALCULATIONS
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FIGURE H-2.1: DIMENSIONS FOR PCA COLUMN INPUT
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FIGURE H-2.2 AXIAL LOADS FOR 4 WEB SYSTEM FOR PCA COLUMN INPUT
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FIGURE H-2.3: AXIAL LOADS FOR 6 WEB SYSTEM FOR PCA COLUMN INPUT
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H.3 PCA COLUMN OUTPUT FOR FLEXURAL REINFORCEMENT

General Infc

File Name:

Project: Comcast

Column: 24

Code: RCTI 313-02

Run Cpti Investigation
Bun RAxisz: Biaxial

rties:

Material Prope

f'c = 10 ksi
Ec = 5700.01 ksi
Tltimate strain = 0.003 in/fin
Betal = 0.685
5
Points
X {im) b4
1 0.0
4 252.0
7 430.0
10 228.0
Gross section area, Ag
Ix = 3.15322+009 in™4
¥o = 240 in

Rebar Datalbass: RSTM RE1S
Size Diam (in) Arsa {(in"2)
£ 3 0.38 0.11
£ ¢ 0.75 0.44
£ @ 1.13 1.00
$ 14 1.€8 2.25
Confinemsnt: Tied: #3 tiss wi
phifa) = 0.8, phi(k) = 0.9
Pattern: Irregular
Total steel area, &s = 152.00
Lyea in"2 ¥ (in) Y¥o{in})
2. 10.0 27.0
2 5z2.0 27.0
2. 4.0 27.0
2. 13&8.0 27.0
2. TE.0 27.0
2. 220.0 27.0
2 Zgz.0 27.0
2. 304.0 27.0
2. 34€.0 27.0
2 3EB.0 2 ]
2. 430.0 27.0
2. 472.0 27.0
2. 38.0 507.0
2. EQ.O 507.0

col
Enginesr: clm
Units: English
Slanderness: Not considered
Column Type: Structural
fv 80 ksi
Es = 29000 ksi

X {im)
430.0
430.0
0.0
0.0
Size Diam (in) Area {in™2) Size Diam (in) Aresa (in™2)
# = 0.€3 0.31
& = 1.00 0.79
# 11 1.41 1.5¢
ith #10 bars, #4 with larger bars.
phi{c) = 0.&5
in™2 at 0.24%
Area in™2 Lrea in™2 ¥ (im) ¥ o(in)
2.0 2.00 38.0 Z7.0
2.0 2.00 EQ.0 Z7.0
2.0 2.00 122.0 27.0
2.0 2.00 lg4.0 Z7.0
2.0 2.00 20&.0 Z7.0
2.0 2.00 248.0 Z7.0
2.0 2.00 290.0 Z7.0
2.0 2.00 33z2.0 27.0
2.0 2.00 374.0 27.0
2.0 2.00 41e.0 27.0
2.0 2.00 453.0 27.0
2. 2.00 zZ4.1 507.0
2. 2.00 gg.0 507.0
2.0 2.00 108.0 507.0
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Z.00 1zz.0 507.0 Z.00 136.0 Z.00 150.0 L0
Z.00 leg.0 507.0 Z2.00 178.0 Z2.00 18z2.0 L0
Z.00 Z06.0 507.0 Z.00 Z20.0 Z.00 0 7.0
2.00 Z43.0 507.0 2.00 Zgz.0 2.00 o} .0
Z2.00 290.0 507.0 2.00 313.0 2.00 [u} L0
2.00 348.0 507.0 2.00 360.0 2.00 o} .0
Z2.00 3B8.0 507.0 2.00 402.0 2.00 [u} L0
Z.00 430.0 507.0 Z2.00 444.0 Z2.00 0 L0
Z.00 472.0 507.0 1.00 240.0 1.00 2.0 L0
1.00 240.0 114.0 1.00 240.0 1.00 2.0 o
1.90 240.0 18€.0 1.00 240.0 1.00 .0 n]
1.00 Z240.0 Z58.0 1.00 Z240.0 1.00 2.0 5.0
1.00 Z40.0 330.0 1.00 Z40.0 1.00 2.0 L0
1.00 Z240.0 402.0 1.00 Z240.0 4Zg.0 1.00 2.0 L0
1.00 240.0 474.0

B L R SR BE R R
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FIGURE H-3.1: PCA COLUMNS OUTPUT FOR FLEXURAL REINFORCEMENT
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H.4 MOMENT DUE TO WIND LOAD CALCS
4 Web (Moment 1.0W)
Story Pier Load Loc P V2 W3 T M2 M3
30" [FTORYT PIERT  WINDXX Top 19080 BF3 B75 6376 137376 -128486
STORY1 PIER1  WINDXX Bottom 19080 -145 675 8377 -152418
STORY1 PIER1  WINDYY Top 1 1495 0 -1849 78889972
STORY1 PIER1 __ WINDYY Bottom -1 1495 0 -1849 3
24" [FTORYT PIERZ  WINDXX Top 5122 32 1196 1610490715 45383
STORY1 PIER2 WINDXX Bottom 5122 -34 -1198 16104 -51062
STORY1 PIER2  WINDYY Top 1 1350 0 -1849 £ 8584861
STORY1 PIER2  WINDYY Bottom 1 1350 0 -1849 4
24" [FToRYT PIERT . WINDXX Top =3y} 7 S | £ B 1.5 17 oy (- -1 |
STORY1 PIER3  WINDXX Bottom 5122 34 -1196 16104 288027] 51235
STORY1 PIER3  WINDYY Top 1 1351 0 2249 T 8586125
STORY1 PIER3 __ WINDYY Bottom 1 1351 0 2249 3] B809029]
30" [FTORYT PIERZ . WINDRX Top ~To050 E (O Y (I KT Y (SR V17
STORY1 PIER4  WINDXX Bottom -19080 145 675 @377 _-z4e7ed] 152598
STORY1 PIER4  WINDYY Top -1 1498 0 2054 T 8393541
STORY1 PIER4 _ WINDYY Bottom -1 1498 0 2054 4[ 572077

FIGURE H-4.1: ETABS OUTPUT FOR 4 WEB SYSTEM MOMENTS DUE TO UNFACTORED

WIND LOAD

&4

& Welb [Momeant 1.000")

Story Fiar Lioaed Lo P W2 e T b1 e
STORY1 PIERS  WINDKK  Top SE51 “AE B 2 Fj] 4659
STORY1 PFERS  WINDXX  Botom A051 4B A3 2 L ER14
STORY1 PIERS  WINDYY Top -303 920 0 Ty AERAA
ETORY1 PIERS  'WINDYY Boitem -395 aza o 102 a6 99msS
WIHLER  Top T a 0T T o Ihe raoa]
PIERG  WINDXY Bottom 12005 74 861 | IIi 28444
FIERE  WINDYY Top -89z 983 28 751 1633 675729
FIERE  WINDYY Botterm -az 983 28 751 2079
— — — E—
FIERT  WINDXX Top 5586 24 947 1472 -3030%  -17571
FIERT  'WINDXX Boitem 3546 24 84z 14? ATEET
FMERT  WINDYY Top WA 458 i 45 e G348
FERT  'WINDYY  Boitom W 858 16 45 ool
STORY1 PIERA  WINDKK  Top -2358 B 5] 1476 -20185  -6661
STORY1 PIERS  WINDXXY  Bothom - 2358 g 54 PV EEETE L
STORY1 PIERE  WINDYY Top 1653 are 7 448 1602  E250059
STORY1 PIERA  WINDYY Eoftem 1653 are "y -448 1832 Baanva
TORr T DICEE  WIMLIRE Top TS 5] e e I L
SETORY1 PIERS  WINDXX Boitem -BB44 4B A28 5603 -22601
STORY1 PFIERS  WINDYY Top 3535 1940 477 11182 2801
STORY1 FIERG  SWINDYY  Biodtom AR54 1085 ATR 8544 2003
ETORYT1 PIERIO  WINDXE  Top “BZ1T T 5B EEN BT FETE]
STORY1 PIERIOD  SWIMDXY  Bothem -gasq a3 306 Ik L] T2
STORY1 PIERID  WINDYY Top AIGT a0 441 5814 F§) 170647
STORY1 PIERI0  WINDYY Bofterm -4238 a0y 513 5814 22173] 183303
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FIGURE H-4.2: ETABS OUTPUT FOR 6 WEB SYSTEM MOMENTS DUE TO UNFACTORED

WIND

18"

24"

18"

18"

24"

18"

& Web System: Moment Resulling from Factored Wind Loadin

Stary Piar Load Loc M2 ('K} M2('K)

STORY1 FIERS  GDIGWX Too 30 -B565
STCORY1 PIERS  9D16WX Bottom -249 0727
STORY1 PIERS  9D16WY Top 12 138204
STORY1 PIERS  9D16WY Bottom & 158544

22972

-52631

STORY1 PIERE  9D18WX Bottom

STORY1 PIERG ab1eWy Tep 3208 1074055

STORY1 PIERE  SD16WY Battom 3912 10955?1'
Y1 PIERT  SO16WX oo o0 oy

STORY1 PIER?  SD16WX Battom 52580 -35801

STORY1 PIERT ab1eWyY  Tep 3252 1001090

STORY1 PIER7  9D16WY Bottom 3660 1019943

-52668

STORY1 PIER8  9D16WX Battom .22330
STORY1 PIERE8  9D18WY Top 3457 0993272
STORY1 PIER8  9D16WY Battom 3585 1012586

Y1 PIERS  S016wW~  Too 30454 316
STORY1 PIERS  SD16WX Bottom 45992 -45062
STORY1 PIERS  9D16WY Top 5952 1053894
STORY1 PIERS  SD16WY Bottom 5978 1077201
STORY1 PIERID  GD16WX Top 3875 4320
STORY1 PIERI0  9D16WX Battom 4931 BE40
STORY1 PIER10  9D18WY Top 34683 270414
STORY1 PIER10  9D16WY Bottom 34318 200827

FIGURE H-4.3: ETABS OUTPUT FOR 6 WEB SYSTEM MOMENTS DUE TO FACTORED

WIND
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4 Web System: Moment Resulting from Factored Wind Loading

Story Pier Load Loc M2 ('k) M3 ('k)

STORY1 PIERT aD18wWx  Top -18748 -11597
STORY1 PIER1 aD16WX  Bottom -33328 -14772
STORY1 PIER1 aD1ewWyY  Top -431 1190864
STORY1 PIERI aD18WY Bottom 157 1223777
STORY1 PIER2 aD1eWxX  Top -12406 -659
STORY1 PIER2 aD18WX  Bottom -38685 -1401
STORY1 PIER2 aD1ewWyY Top -310 1150040
STORY1 PIER2 aD16WY Bottom -282 1179760
STORY1 PIER3 aD1eWX  Top -12355 11504
STORY1 PIER3 aD16WX  Bottom -38723 12276
STORY1 PIER3 aD1ewWY  Top -260 1150247
STORY1 PIER3 aD16WY Bottom -319 1179982
STORY1 PIER4 aD1eWX  Top -18463 22797
STORY1 PIER4 aD16WX Bottom -33609 26005
STORY1 PIER4 aD1ewWY  Top 147 1191448
STORY1 PIER4 aD16WY Bottom -438 1224428

FIGURE H-4.4: ETABS OUTPUT FOR 4 WEB SYSTEM MOMENTS DUE TO FACTORED
WIND
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H.5 SHEAR DUE TO WIND LOAD CALCS

4 Web: Summary of Wall Shear Forces

y
T—M Story Pier Load Loc P V2 V3 T M2 M3
STORYT PIERTT . ODTGWX  Top %L 502 0 T 3 T
STORY1 [PIER11  9D16WX Bottom 755 502 0 1 -3 194593
STORY1 [PIER11  9DI16WY Top -34429 4 3 0 108 1960
STORY1 |PIER11  9D16WY Boftom  -35110 -4 4 0 131 1329
STORY! PIERIZ 9DI6WX Top 590 231 0 T 2 -18256
STORY1 |PIER12Z 9D16WX Bottom 565 -231 0 1 -3 -30956
STORY1 [PIER12 9D16WY Top -10200 0 0 0 2167353
STORY1 |PIER12 9D16WY Bottom  -10395 2366 0 0 0 2313031
STORY1 JPIERI3  9DI1GWX Top 116 558 0 2 T 113250
STORY1 |PIER13 9D16WX Bottom 145 3 0 1 -2 205343
STORY1 [PIER13  9D16WY Top 16083 -16 0 0 32 3210
STORY1 |PIER13  9D16WY Bottom 16440 -16 1 0 56 558
STORYT |PIERZI  9DI16WX Top BT S0 -1 T 27 76055
STORY1 |PIER21 9D16WX Bottom 6634 902 1 1 27 224860
STORY1 [PIERZ1  9D16WY Top -34499 5 3 0 107 1256
STORY1 |PIER21 9D16WY Boftom  -35142 5 4 0 133 2092
STORY1 |PIER2Z  9DIGWX Top 5799 54 0 0 - 45
STORY1 |PIER22Z 9D16WX Bottom 5939 54 0 0 -2 -3097
STORY1 PIERZ2 9D16WY Top -8305__2164] 0O 0 0 1721905
STORY1 |PIER22Z  9D16WY Bottom 8466 2156 0 0 0 1846695
[STORY1 PIERZ3  9DI6WX  Top S | I T -26 12613
STORY1 |PIERZ3 9D16WX Bottom 6691 1009 -1 1 27 239359
STORY1 [PIERZ3  9D16WY Top 15828 7 0 0 30 2460
STORY1 |PIER23  9D16WY Bottom 16150 7 1 0 &7 1291
STORY1 |PIER31 9DI16WX Top 12560 505] -2 T &1 75753
STORY1 |PIER31 9D16WX Bottom  -12723 905 2 1 &1 225084
STORY1 [PIER31 9D16WY Top -34629 5 3 0 107 2196
STORY1 |PIER31 9D16WY Boftom  -35273 5 4 0 134 1292
STORY! |PIERIZ . ODIGWX  Top 10928 1 0 [V R 1A E
STORY1 |PIER32 9D16WX Boftom  -11106 56 0 0 -2 19798
STORY1 [PIER32 9D16WY Top 8417 2165 0 0 0 1722205
STORY! PIER32 9DI16WY Bottom -8578 0 0 0 1847052
STORYT |PIERGS . ODIGWX  Top -12054] o] 2 T B0 72510
STORY1 [PIER33 9D16WX Bottom  -12192 1013 2 1 -49 239584
STORY1 [PIER33 9D16WY Top 15706 10 0 0 29 929
STORY1 |PIER33  9D16WY Bottom 16029 10 1 0 56 2530
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STORY1 [PIER4T  9D16WX Top -195I'I6| 523' -3 1 51 110016

STORY1 PIER41 9D16WX Bottom  -20045 523 3 1 80 196280

STORY1 PIER41 9D1BWY Top -34826 41 3 0 109 1468

STORY1 PIER41 9D1BWY Bottom  -35508 4 4 0 133 2075

STORY| PIER&Z 9DIBWX Top 21475 233 0 1 -2 38989

STORY1 PIER42 9D1BWX Bottom  -21782 233 0 1 -3 51848

STORY1 PIER4Z 9D16WY Top 10627 0 0 0 2168375

STORY1 PIER42  9D16WY Bottom -106823 2393 0 0 0 2314312

— STORYT PIERZS JDTBWX  10p 15038 519 3 2 B0 111539

STORY1 PIER43 9D16WX Bofttom -158961 579 -3 1 74 207030

STORY1 PIER43 9D16WY Top 15711 17 0 0 31 295

STORY1 PIER43  9D16WY Bottom 16070 17 1 0 54 7T

FIGURE H-5.1: ETABS OUTPUT FOR 4 WEB SYSTEM SHEAR DUE TO WIND

Note: The load case 0.9D + 1.6W was used to calculate the shear. The V2 column lists
the shear experienced along the member where as the shear perpendicular to the member
is listed under V3. Member perpendicular to the shear force resisted the force with only
10% of the actual width. This was a conservative assumption for calculating the shear
experienced in a member and is the reason that all the V3 forces are zero or close to zero.
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& Wed: Summang of Shear Forces (0011 in Bending|
lory Pi=r Lad Lo W2 WA 143
Top .o g ) T ! "
STCRY1 PIERSE  ID1EWX  Bolom 778 &L i I 4
sToRY1 PIEREE  4DMEWY Tap -uasm o 3 o
SToSY1 PIEREE  GDVEWY  Bokam TEAE = i -3 ¥
3 Tap T ] [1]
PIERGE  901EWX Bofom 1582 [T i 7
PIERET  9DI8WY Tap 34002 24 3 : {0E
BIERSE 0016 Botiom 34ET2 28 4 1 133
L3 ap B i ] '
STORY1 PIEREE | O016WX  Botam 2446 -341 0 I i
STORY1 PIEREE  GD1BWY Tap G155 0 i ¥
fetoayi PIERE2 OD18WY  Bobom 5320 3 i i I
| BTN | 'E‘l:ﬂ. Tl Flgm _;EIE'."!’J‘: Tap T i] i -11 [ k-
ETORY1 PIERS)  O01EWHK  Butom 381 T 5 z 15 160838
STCRY1 PIERES  D1EWY Tap {2308 Y i 1 R T
m.f.'l'l,_."?\'l FIERE] ACEMY Bolmom 13758 Al 1 - L1k 24418
— e
-1 1
PIERTY : 0Di8wWX i b
sToRY1 PIERFY  OC1EWY Top 32T 7 3 T
—— {sTo&yY1 PIERFE - GDi6WY Botam JILIE 17 4 .
IETomw1 PIERTE - uLiewes Tap AT il i] T o
sToayl PIERFE  O01EWX  Botam qEEa 104 0 i ;
STORY1 PIERT2 O016WY  Tap -E::4 i i F
froRy 1 PIERT3 001EWY  Bottom R348 £ 0 I 0
— T LR Rl | g T = 1)
STORY1 PIERTE  9D16WX  Botam 8245 A I -4
STORY1 PIERT3  ODI6WY  Tap 14080 A8 0 - 22
E===m foTcav1 PIERFI  9D18WY  Botom 14251 68 [ g 54
s [ 1 FIEF ]a]] Tap N T4l - I ]
SToRY1 PIEREE  9D1EWX  Botiom 10433 T4 z I 43
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H.9 GRAVITY LOAD CALCS
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H.11 WIND REPORT SUMMARY

SUMMARY AND MAIN FINDINGS

Tha One Pannsylvania Flaza (Liberty Tower) Tower was previously fesied in our [sborstory in 2001
and 2002, This lelest study in 2005 was necessary due to changes in the building geomedry near the fop
of the tower. The pressure madel construcied for the 2003 study was maodified to reflect the 2005
geomelry and lested in order to provida new overall structural leads and cladding pressure resulls

This repart on the study of wind aclion on One Pennsylvania Plaza provices the fallowing information:

1. Owerdl wind loads from integration of local pressures suitabie for use in the design of the
structural system;

local pesk pressures acting on the external surfaces of the project;

A, local pesk pressure differences (exftemal pressure lgss internal pressure and nset pressures
across parapets, canopies, etc, apsn ta the wind an both sides) suitable for use in the design of
the windows, cladding and free-standing elements. and,

4. predictions of the wind anvironment in pedesinan aress around the site (rem 2005 study),

The updated prassure model was instrumented for pressure measwements at 703 ocaticns, | was
tested in turbulent boundary [zver fliow conditions for 38 wind angles, Figura 3 shows close-up views of
the pressure madeal

A design probability distnbution of gradient wind speed and direclion hed been previously developed
for the area on the basis of full scale meteorological records from the Philedelphia area. Pegk wing-
inducad ovarall loads and responses measured i the wind tunnel were combined with this design
probabiily distribution to predict extreme values for various return pengds. Similardy, pradictions were
mads for external and differential pressures.

The highiights and main findings of this study are 23 follgws:

Wind Climate

= The dractional characteristics associated with tha wind chimate model are shawn in Figure 1 far
various réiurn parods. It can ba s2an that for strong winds, westerly directions are the most
impartant.

= & surfaca (10m) wand climads model was developed based an ihe surfacse matecrological records.
for Philladaiphia. For sength reguirements, the wind climate maodel was scaled o conform o
ASCE-T. The design J-sacond gust wind speed fram ASCE for the project site was found 1o be
approximately S0mph, From BOCA 35, & design fastest-mile wind speed at 10 melres for the
same location was estimaled to De approximately TEmph. These are equivalent values with
differant gust durations, Thus the requirerments of bolh ASCE-T and BOCA 56 for the design for
wind loads have been met

«  Predictions of exreme mean hourly wing speeds far various return pefiads ane shawn in Figure 2.
The 60 year returs penod mean haurly wind speed at gradient is 57 mph (43 mi's).

Overall Building Response

*  The predicted accelerations and base moments were calcuated for both 10 year ard 30 vear

retum periods for various walues of tofal damping retios, The results are summarized In Tables 2
and 3. Figure 7 shows the sign convention and centre of coordingtes used

+ The largest building acceleration for a 10 year retumn period is 384 milli-g and with & damping
ratio of 1.5% of crifical. The BLWTL crilesion for accepiable building metions recommends thal a
10-y=ar acceleration nol excesd 20-33 mili-g for an office building. The accelerations reduce to

ﬂl‘:ﬁmﬂ.. BLWT-3534-2005 - wii- Alan G, Davenpar Wind Engineering Group
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Z7.1 milli-g and 23.5 milll-g with strectural damping vakses of 3.0% and 4.0% respectively which
sy be altainabda with the introduction of an awsdlary damper syslem.

Mote that the corner acceleralions in Table 2 are the worst that would be axpecled in the lower
zince they are calculaled at the maximum distznce from the centre of coordinates at the fop
occupied floor (approximatsly 95 feef), All sccelerstions decreszs sl lowsr elevations.
Furthermore, the iorsion-induced acceleration reducss as the centroid is approached at any Toar.

The largast predicted base bending momends occur in the Y-direction and are 3. 530E+09 Ib-ft and

J25E+00 bRt for 8 S0-vear return period and 2.0% and 2.5% damping respectvely, These
moments were calculated at Level B3 (EL -4'-57)

The squivalent floor-by-floor static wind loads are given in Table 3 for 2 10 year return period and
in Table 4 fora 50 year retunn perod and for damping vabues of 1 5%, 2.0%, 2.5%, 3.0% and
4 0% of critical, These are lo be applied &t the centre of coordinates given in Figure 7 at every
floor level Diagrams of the distributed equivalent stalic forees, caresponding to the pradicted
base moments, for a damping ratio of 2.0% of oritical, are shown in Figures 10

Combined load cases showld be considered in order to ensure that the combined action of
VANOUS wind forces s alkevad for properly. Tabde 5 containg the relevamt load combiration factors
to be used in conjunction with this above equivalent statle wind loads,

Local Differential Pressures

Unizss othersise noted, the results contained in this report are bassd gn the as fested building
geomelry, The addiional detallz of the double wall systemsa at the top of the Bullding {parapet)
and the winter garden areas are given special attenticn and is discussed further in Seclian 5

Internal pressure coafficdents were detarmined assuming a nominaly-sealed building and wers
siublracltad from the external pressure coefficents. The intermal pressurés could be larger if
cperable windmus wera apen of the building ervalops was to be breached during a storm event.
For the case of the doukle wall system prasant for the first faur lavels of the Wintar Garden araa,
an additicnal study was conducted to hetter estimate the diferential préssures and suctions
atrass the inner and outer walils. See Section 5.2 1.1 for furiher detaila.

The resulting differential pressore cosfficients were combined with the design probabalby
distribution of wind speed and direction to form predictions of differential suctions and pressures
fior warious return periods. The results sre summanzed in block zone farmat in Figures 11 and 12

When considenng cladding elements exposed o the internal pressurs of the buildimg, the targest
predicted differential pressure and suction for 8 return period of S0 years are 450 psf and B4 6
psf, respectively, The largest differential pressure oocurs 2l tap location 412 {south elevation near
level 49) and the largeat differentizl suction scours at tap koeation 109 (norh elevation near level
54|

The [zrgest predictad net differential pressure and suction far the locations ndicated in Appendie
E for a return period of 50 years are 50.7 psl and 68.8 psf. respectively, The largest aifferzntial
préssure occurs at ap losabon 1066 (west elevalion parapel wall) and the largest differential
suclion cocurs al tap lecation 1018 (north elevation parapet wal). The diferenfial pressures for
e double wall parapat at the lop of tha tower are discwssad in Seclion 5.2 2.1

Table T summarizes (he 20 farges! predicled differential pressures and sucbons and their
carresponding tap kealion far each of the abova cases. Table B cortaing the estimates of the
diffarantial pressures aoross (ha Innes and ouler waks of the Winlar Garden ragian

Kors of the local pressures include any aliowance Tor stack {Ihenmal) effects o Ihe direcl effectz
of mecharical systems. The Canadian building code recommends an allowance for stack effects
of 02 kPa par 100m [equivalent io aboul Apef par 330 ft.} of building height and am allowance of
0.1 kPa (2 psf) for mechanical syeiemn efiects. These allowances would be added to baoth the
differential suctions and the differential presgures,

“Rﬂpm. BLVT-5536-2005 - i - Alan G, DEwanpall Wied Engingoring Group |
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Pedestrian Wind Environment
*  Figure 16 shows the locaticns where pedestrian level wind speeds were measured,

«  Experdmental resulis heve besn combined with the extratropical wind climate to provids
predictions of the wind spesds expecied 1o be exceeded for £5% of the fime and thoss expected to
be axceeded once per year These pradictions can be comparsd directly with acceptance criteria
for pedestrian comfort and safely respectivaty.

+  Figure 17 shows that all of e measured localions are acceplable based on the safety critena for
al-weather areas. When compared to the comfort criteria, all lccations are acceplable for
common activities with axpesures of long duration. Mear the main entrances. wind speads ana
moderate - suitable for prolongad stays such as short or long sitling. Locatdian 15 is located in fhe
plaza area, not far from the southwest building emdrance. Based on our comifort crileria, this
Iocation exhibits wind speeds which are elighily higher than tha other locations amnd would be
sultable for longer duration aclivities such as lkeisursly walking., A number of the locations
produced predicted pedesinan level wing speeds which exceed those typically experienced in a
suburban tarrain. Soma aof thesa locations appreach wind speeds typically encountared in opan
country tarrain. Under thase circumetances. particulasty those approaching the open country
benchmark, pedestrians mey expanence wind conditons o which they may be uraccusiomed to
im @n urban segting,

= Figures 18 and 189 provide colowr coded diagrams which summarize the suitabilily of each
measuremeant location with respact to pedestrian level comfort and safely raspectively. Tha
comdort and safety cetegories used correspond to those summarized in Saction 6.5,

s Compared to the annual wind speads pressntad here, wind speeds n sprirgg and winls ara an
averzge about 9% higher and in summer thay are about 22% lower. Autumn does nat differ much
fram the annual wind spesds reparted

Notes

+  Pradictions for an B-yaar retum penad [maan recumance tersal of R YEArs) represent levels
which are expected to ocour on average once in B years. For raference, the risk of exceeding an
R-year retum pericd load in a design life of L years is 1- (1- YR)" . Thus, for example, the risk of
exceeding a 50 year load in a design Efelime of 50 years is about 64%, whareas the rizk of
exceeding a 1000 yvear laad Ina 50 yvear design life is abowt 5%,

+  The predictions in this repert are best estimates and do not inckide any load or safefy factors
such as ose typleally reguired by builging codes

- S
“HBM' BLWIT-5524-200% a s filgn G. Davergon YWind Engnesnng Group
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TABLE 2a LOADS AND RESPONSES FOR ONE PENNSYLVANIA
PLAZA FOR A 10-YEAR RETURN PERIOD

Damping Ratic

- VARIABLE E=16% | £=20% | £=26% | £=30% | E=40% |
¥ Acceleration imilli-q) q4.0 | 7.8 7.0 6.4 i 2.0 ;
Y Acceleration (millieg) . 8. .. %28 | 84 | 258 232
Torsional Acceleration (milli-g) 10.0 8.6 7.7 [l 5.1 |
_Centroidal Acceleration (mlli-g) } 381 | 330 f 285 | 289 | 233 |
Comner Acceleration (mill-g) 364 43.2 28.7 271 225
Tarsion Velocity {milli-rads/sac) 11 - 10 08 0.8 0.7

¥ Morment (Ib-11) 14BE+08 | 142E+08 | 130E+08 | 1 3BE+DS | 1 34E+0D |
¥ Marment {lb-ft) 255400 | ZBOE+0D | 251E+08 | 2 39E+09 | 223E+00
Torsional Moment (1b-ft) BZ1EHD7 | GO4E+DT | SB4E+0T | SHVEHDT | STRESOT |

Motes:
1. Allloade and responsass abows are for 2 10-year return period.
2. Momenis ane calculated about basermant level B3 (EL 4'-57).

Accelerations are calculated at s height 872 4ft. abave level B3, cormesponding te the top
occupled focr (oor 55).

4. Torslonal accelzrabions are expressed as linear accelerations at a distance of 95,06, from the
rapar centra of coordinatas (the fadhest dstance from the centre a parson could standj.

5 Centroidal accelerations are the combination of X and Y acceterations with an appropriaie

coincident action fector.
4. Comer accelerations ane the combnation af X, Y and T accelerations with an appropriate
coincidant action factor.
7. Damping: As Shown
G. Periods
MODE MODAL MASS FACTORS | UPPER BOUND FERIOD
X Y T i zeconds)
1 0.000 1.000 ¢.000 738
2 0.9543 0,000 | 0.002 375
3 L. boo2 | Qo0 | 0882 H i
“RBWE BLWT-5534- 2005 -20- Pl G, Dananpan Wing Enginserning S
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FIGURE 11b BLOCK DIAGRAMS OF PREDICTED PEAK DIFFERENTIAL PRESSURES {i.e. inward-
acting loads) FOR A SG-YEAR RETURN PERIOD - East Elevation.
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H.12.1 SUSTAINABILITY BREADTH CALCULATION
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FIGURE H-12.1: BUILDING ENERGY AND WIND TURBINE ENERGY CALCULATION
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