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Appendices

Appendix A: Typical Plans
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Figure A.1 Typical Floor plan, taken from $202. See following figures for sections indicated on the plan.
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Figure A.2 Section 1 through portion of building at 0° rotation (see Figure 1), taken from 3/A401.
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Figure A.3 Section 2 through portion of building at -15° rotation (see Figure 1), taken from 2/A402.
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Figure A.4 Section 3 through portion of building at -45° rotation (see Figure 1), taken from 4/A402.
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Figure A.5 Section 4 through portion of building at -20°

rotation (see Figure 1), taken from 3/A403.
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Appendix B: Wind Load Calculations
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Northeast USA Site

General Wind Load Design Criteria

Design Wind Speed 90 mph  [AscE 7-05, Fig. 6-1C
Directionality Factor (K,) 0.85 ASCE 7-05, Fig. 6-4
Importance Factor (l,,) 1.15 ASCE 7-05, Thl. 6-1
Exposure Category B ASCE 7-05, Sect. 6.5.6.3
Topographic Factor (K,) 1.0 ASCE 7-05, Sect. 6.5.7.1
Internal Pressure Coefficient (GC,;) 0.18 ASCE 7-05, Fig. 6-5

Velocity Pressure Coefficients (K,) and Velocity

Pressures (q,)

11.55

Ground 0.00
2nd 15.17 0.572 11.59
3rd 29.17 0.693 14.05
4th 43.17 0.776 15.73
5th 57.17 0.839 17.00
Penthouse 71.75 0.897 18.18
Roof 94.25 0.972 19.70

Building Dimensions

B (ft) 129 200
L (ft) 200 129
h (ft) 94 94
W (ft) 170 228

*B= normal to wind direction

L= parallel to wind direction

h= mean roof height

W= Length of face used to calculate

wind pressures

April 7th, 2011
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Variable
ny 1.064
8a 3.4
gy 3.4
gr 4.204
Zmean 56.4
[ 0.274
- 382.594
V2 mean 67.917
N, 5.994
R, 0.0452
B 0.010
Ny 6.774
Ry 0.1367
Ns 9.2963 14.4129
Rs 0.1018 0.0670
n 48.2519 | 31.1225
R 0.0205 0.0316
R 0.1842 0.1502
0.8309 0.8075
Gy 0.846 0.828
Description N-S Wind |E
L/B 1.550
Windward Walls 0.8
Leeward Walls 039 | -05
Side Walls -0.7
h/L 0.470 0.729
Roof - 0 to h/2 0.9 -1.083
Roof-h/2toh 0.9 -0.809
Roof - h to 2h 0.5 -0.591
Roof - >2h 0.3 N/A

April 7th, 2011
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California Site

General Wind Load Design Criteria

Design Wind Speed 85 mph  [AscE 7-05, Fig. 6-1C
Directionality Factor (Kg) 0.85 ASCE 7-05, Fig. 6-4
Importance Factor (l,,) 1.15 ASCE 7-05, Thl. 6-1
Exposure Category B ASCE 7-05, Sect. 6.5.6.3
Topographic Factor (K,,) 1.0 ASCE 7-05, Sect. 6.5.7.1
Internal Pressure Coefficient (GC,) 0.18 ASCE 7-05, Fig. 6-5

Velocity Pressure Coefficients (K,) and Velocity

Pressures (q,)

——

Ground 0.00 10.31
2nd 15.17 10.34
3rd 29.17 12.54
4th 43.17 14.03
Sth 57.17 15.16

Penthouse 71.75 16.22
Roof 94.25 17.57

Building Dimensions

B (ft) 129 200
L (f) 200 129
h (ft) 94 94
W (ft) 170 228

*B= normal to wind direction

L= parallel to wind direction

h= mean roof height

W= Length of face used to calculate
wind pressures
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Variable
ny
8a
8y 3.4
8k 4.204
Zmean 56.4
Lo 0.274
T— 382.594
Vo mean 67.917
N, 5.994
R, 0.0452
B 0.010
Ny 6.774
Ry 0.1367
Ns 9.2963 14.4129
Rs 0.1018 0.0670
n 48.2519 | 31.1225
R. 0.0205 0.0316
R 0.1842 0.1502
Q 0.8309 0.8075
Gy 0.846 0.828
Description
L/B

Windward Walls
Leeward Walls
Side Walls

h/L

Roof - 0to h/2
Roof-h/2toh
Roof - h to 2h
Roof - >2h
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Appendix C: Seismic Load Calculations
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General Seismic Design Criteria

Site Class D Geotechnical Report
Importance Factor (Ig) 1.25 ASCE 7-05, Thl. 11.5-1
Short Spectral Response Acceleration (S,) 0.28 ASCE 7-05, Fig. 22-1
1-sec. Spectral Response Acceleration (S,) 0.06 ASCE 7-05, Fig. 22-2
Site Coefficient (F,) 1.6 ASCE 7-05, Thl. 11.4-1
Site Coefficient (F,) 24 ASCE 7-05, Thl. 11.4-2
Response Modification Coefficient ( R) 5 ASCE 7-05, Thi. 12.2-1
Long-Peried Transition Period 6 s ASCE 7-05, Fig. 22-15

Seismic Design Parameters

Description Value
Modified Short S.R.A. (5;3) 0.448
Modified 1-sec. 5.R.A (Sy4) 0.144
Design Short S.R.A. (Sps) 0.2987
Design 1-sec. S.R.A. (Sp,) 0.0960
Seismic Design Category B
Shear Wall Data
Shear Wall le with Le in | Areain N5- | Lengthin |Areain EW-
ar Wa le () Ang f: Wi Height (ft) ngﬂ'l in gth in
Number 8 NS-axis (deg) NS-Dir. (ft) | Dir. (ft") | EW-Dir. (ft) | Dir. (ft?)
1 40 95 94.25 3.49 3.49 39.85 39.85
2 20 0 94.25 20.00 20.00 0.00 0.00
3 8 a0 84.25 0.00 0.00 8.00 8.00
4 20 0 894.25 20.00 20.00 0.00 0.00
5 18 0 71.75 18.00 18.00 0.00 0.00
(3] 48 20 104.25 0.00 0.00 48.00 48.00
7 8 0 104.25 &.00 .00 0.00 0.00
8 24 a0 104.25 0.00 0.00 24.00 24.00
9 18 -105 71.75 4.60 4.66 17.39 17.39
10 13 -15 71.75 12.56 12.56 3.36 3.36
11 30 -15 94.25 28.98 28.98 7.76 7.76
12 25 45 94.25 17.68 17.68 17.68 17.68
13 34 -45 85.75 24.04 24.04 24.04 24.04
14 38 -110 3717 13.00 13.00 35.71 35.71
15 35 -20 37.17 32.89 32.829 11.97 11.97
MNote: "Areas" are web areas, A="Length of Wall"x"Thickness of Wall". all shear walls are 1'-0" thick
April 7th, 2011 University Sciences Building | Northeast USA - 100 -
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Rigid Diaphragm Model - Seismic Response Coefficient (C;)
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C 0.02 N/A N/A 0.02 N/A N/A
X 0.75 N/A N/A 0.75 N/A N/A
A, (ft%) N/A 25,460 N/A N/A 25,460 N/A
Cw N/A 0.15 N/A N/A 0.21 N/A
h, (ft) 94.25
T, (s) 0.6050 | 0.4583 N/A 0.6050 | 0.3932 N/A
Cy 1.7
C,Ta 1.0285 | 0.7792 N/A 1.0285 | 0.6684 N/A
Cscac 0.0747
Csmax | 0.0233 | 0.0308 | 0.0281 | 0.0233 | 0.0359 | 0.0367
Cs,min 0.01
Cs 0.0233 | 0.0308 | 0.0281 | 0.0233 | 0.0359 | 0.0367

* Note: Calculated based on mass participation factors and modal periods. See "Rigid Diaphragm

Model - Modal Information" table for values used in this calculation.

Semi-Rigid Diaphragm Model - Seismic Response Coefficient (Cg)

G 0.02 N/A N/A 0.02 N/A N/A
X 0.75 N/A N/A 0.75 N/A N/A
A, (ft) N/A 25,460 N/A N/A 25,460 N/A
Cuw N/A 0.15 N/A N/A 0.21 N/A
h, (ft) 94.25
T, (s) 0.6050 | 0.4583 N/A 0.6050 | 0.3932 N/A
Cy 1.7
C.T, 1.0285 | 0.7792 N/A 1.0285 | 0.6684 N/A
Cs,catc 0.0747
Csmax | 0.0233 | 0.0308 | 0.0224 | 0.0233 | 0.0359 | 0.0236
Cs,min 0.01
Cs 0.0233 | 0.0308 | 0.0224 | 0.0233 | 0.0359 | 0.0236

* Note: Calculated based on mass participation factors and modal periods. See "Semi-Rigid

Diaphragm Model - Modal Information" table for values used in this calculation.

April 7th, 2011
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NE USA S-3 Structure

General Seismic Design Criteria

Site Class D Geotechnical Report
Importance Factor (l) 1.25 ASCE 7-05, Tbl. 11.5-1
Short Spectral Response Acceleration (S) 0.28 ASCE 7-05, Fig. 22-1
1-sec. Spectral Response Acceleration (S,) 0.06 ASCE 7-05, Fig, 22-2
Site Coefficient (F,) 1.6 ASCE 7-05, Tbl. 11.4-1
Site Coefficient (F,) 2.4 ASCE 7-05, Tbl. 11.4-2
Response Madification Coefficient ( R) 3 ASCE 7-05, Thl. 12.2-1
Long-Period Transition Period 6s ASCE 7-05, Fig. 22-15

De :
Dy n {

Modified Short S.RA. (Syg) |

Modified 1-sec. S.R.A (Sy1) 0.144

Design Short S.R.A. (Sps) 0.2987

Design 1-sec. S.R.A. (Spq) 0.0960

Seismic Design Category B

Seismic Response Coefficient (C)

G 0.02
X 0.75
Ay (ft') N/A
Cw N/A
h, (ft) 94.25
T, (s) 0.6050 | 0.6050
A 1.7
BT 1.0285 | 1.0285
Cscaic 0.1244
Cs max 0.0389 | 0.0389
Csmin 0.01
G 0.0389 | 0.0389
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CA S-3 Structure

General Seismic Design Criteria

Site Class D Geotechnical Report
Importance Factor (Ig) 1.25 ASCE 7-05, Thl. 11.5-1
Short Spectral Response Acceleration (S,) 2 ASCE 7-05, Fig. 22-1
1-sec. Spectral Response Acceleration (S;) 0.63 ASCE 7-05, Fig. 22-2
Site Coefficient (F,) 1 ASCE 7-05, Thl. 11.4-1
Site Coefficient (F,) 1.5 ASCE 7-05, Thl. 11.4-2
Response Modification Coefficient ( R) 8 ASCE 7-05, Thl. 12.2-1
Long-Period Transition Period 8s ASCE 7-05, Fig. 22-15

Description [ value
Modified Short S.R.A. (Sy;s) 2
Modified 1-sec. S.R.A (Sy1) 0.945
Design Short S.R.A. (Sps) 1.333
Design 1-sec. S.R.A. (Sp,) 0.630
Seismic Design Category D

Seismic Response Coefficient (C)

C, 0.028 N/A 0.028
X 0.80 N/A 0.80
h, (ft) 94.25

T,(5)% | 1.0631 | 15734 [ 1.0631 | 1.8047

¢y 1.4
CuT, 1.4884 | N/A | 1.4884 | N/A
Cs caic 0.2083
Cowmx | 00661 | N/A | 00661 [ N/A
Csmin 0.049
cr N/A | 0030a | n/a | 0.0400
Coniin N/A | 00562 [ N/a | 0.0562
G 0.0661 | 0.0562 | 0.0661 | 0.0562

* Note: Calculated using SRSS combination of modal Cm,i values
(See "CA S-3 - Modal Information" Table)

¥ Note: For "ELF" solution, this is calculated using ASCE 7-05
equation12.8-7. For "MRSA" Solution, this is calculated using SRSS
combination of modal periods (See "CA S-3 - Modal Information”

Table)

X Note: Per ASCE 7-05, Section 12.9.4, MRSA forces must be at least

85% of ELF forces
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CA S-1 Design

General Seismic Design Criteria

Site Class D Geotechnical Report
Importance Factor (l;) 1.25 ASCE 7-05, Tbl. 11.5-1
Short Spectral Response Acceleration (S,) 2 ASCE 7-05, Fig, 22-1
1-sec. Spectral Response Acceleration (S,) 0.63 ASCE 7-05, Fig. 22-2
Site Coefficient (F,) 1 ASCE 7-05, Tbl. 11.4-1
Site Coefficient (F,) 1.5 ASCE 7-05, Tbl, 11.4-2
Response Madification Coefficient ( R) 8 ASCE 7-05, Thl. 12.2-1
Long-Period Transition Period 8s ASCE 7-05, Fig. 22-15

Seismic Design Parameters

Description Value
Modified Short S.R.A. (Sys) 2
Modified 1-sec. S.R.A (Sy1) 0.945
Design Short S.R.A. (Sps) 1.333
Design 1-sec. S.R.A. (Sp1) 0.630
Seismic Design Category D

ELF N ‘
€ 0.028 N/A 0.028 N/A
X 0.80 N/A 0.80 N/A
h, (ft) 94.25
T,(s)% | 1.0631 | 09871 | 10631 | 1.0651
2 1.4
G, 1.4884 | N/A | 1.4884 | N/A
Cs carc 0.2083
Commx | 0.0661 | N/A | 00661 | N/A
Comin 0.049
E Nn/A | o442 | N | 00520
Conpain ® N/A | oose2 | N/a | 0.0562
[ 0.0661 | 0.0562 | 0.0661 | 0.0562

* Note: Calculated using SRSS combination of modal Cm,i values
(See "CA S-1 - Modal Information" Table)

¥ Note: For "ELF" solution, this is calculated using ASCE 7-05
equation 12.8-7. For "MRSA" Solution, this is calculated using SRSS
combination of modal periods (See "CA S-1 - Modal Information"

Table)

1 Note: Per ASCE 7-05, Section 12.9.4, MRSA forces must be at least
85% of ELF forces
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Appendix E: Moment Frame Calculations
Irregularities Check
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CONSDERED  R\LID

VERTAL \RRELULARITIES  (ASstE 7-08  TABLE 12.3-3):

la & \p =2 CHAKED Vik WAND -CALLULATION SPREADSHEET ($€EE
SAMPLE  FRAMMES/ (DLUMN)

2> Lt © owwr @ ST Level (PENTWOULE  LeveL 1S
ALSO vERY  REAVWY, BUT 1§ ABOVE S™ LevEL, wormow s
WEAVIER, AND THE olNLY (EVEL AROVE —HE PENTWOULE S
f ROOF, WHILA  NEEp wOT BE  (ONIIDERED)

U™ LENEL APPROY IMATE WEILHT § 1Q00 K (Wy)

S™ LeveL APPROXIMATE WEILHT ¢ 2500 K (e
We - 230 - 138® X 394% 1Y%
Wy Llole)

No TYPE 2 \eemAL  |RREGULARTY
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l VRRELULAR\TIES (REL

A PA

R{QOFQ

3= LaTBRAL  LAMDUT RS CHRXEN TO  ELIMINATE “THIS
[ RREGUMAR\TY

H=» LATERAL LAMOUT WhsS
A\RKRETLLLARITY

LHOLEN TO  ELIMINATE T

Sa b Sh=> LATERAL LANOUT Wte
IRREGULARNTY

CrostY 7O CLIMINATE  THE
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CA S-3 - Column U/12 Interaction Check

WA14x132 —"@

LY
i
A
Q
s
i
Yy
I »
i e
w5 3
T :
Y
*
| .
l S
: -
l £
’
1
i 3
(=) -
i 2
A4
! 3
&~ =
: :

Chiller Mechanical Room Roof

Py grav (K)= 137.00
Meax (k-fty= 27.31
Meay (k-ft)= 0.00

Penthouse Level
Py grav (K)= 304.00
Meox (k-ft)= 100.29
Meay (k-ft)= 0.00

5th Level
Py grav (K)= 462.00
Meax (k-ft)= 161.41
Meoy (k-ft)= 0.00

4th Level
Py grav (K)= 531.00

Meox (k-ft)= 192.56
Meay (k-ft)= 0.00

3rd Level
Py grav (K)= 594.60
Meax (k-ft)= 209.55
Meqy (k-ft)= 0.00

2nd Level
Py grav (k)= 655.80
Meax (k-ft)= 233.20
Meoy (k-ft)= 0.00

p (k') = 6.63E-04
by (k-ft™") = 1.02E-03
by (k-ft") = 2.10E-03

p (k') = 6.78E-04
by (k-ft"") = 1.03E-03
by (k-ft") = 2 10E-03

p (K') = 5.93E-04
by (k-ft") = 9.12E-04
by (k-ft"") = 1.78E-03

p (k") = 5.93E-04
by (k-ft") = 9.12E-04
by (k-ft") = 1.78E-03

p (K") = 5.41E-04
by (k-ft") = 8.26E-04
by (k-ft") = 1.62E-03

p (k") = 551E-04
by (k-ft") = 8.31E-04
by (k-ft") = 1.62E-03

pPy=0.09
Int. 0.08

pPy=0.21
Int. 0.31

pPy=0.27
Int. 0.42

pPy=0.31
Int. 0.49

pPy= 0.32
Int 0.49

pPy=0.36
Int. 0.56

H1-1b
OK

H1-1a
OK

H1-1a
oK

H1-1a
OK

H1-1a
oK.

H1-1a
oK.

April 7th, 2011

University Sciences Building | Northeast USA

- 126 -



Final Report Kathryn Gromowski | Structural Option

- =

i e
T Reeoey IU\ $-3 BM.- (on. Conn. 5 VoF 4
Desion REPRESENTATIVE (ONNECTION  FOR.  (oLumN D/a oN
‘ 2™ LeveL
4
Vﬁ*}' : Moz 471 k-fr
=
<40
| ( F i Vg&; Sy
Hu VS(V;\I . i VS“N My
; P\J\ = S UBRY%
\&/‘" W2\ x 182 Wax\8L <
: Poa= 623 %
: Vo = 202 w
" — REDUED BEMM

Sectons, TYP

HAmMpapD”

q\?"l S WW Y370 CoLumN

CHELC Barm = QMp = 1790 wb 7D Mo o’
@\]A: Sdo - 7D \/g«w ok’

DistoN BN ~T0 ~ (@LUMN  (oNNECTION —
Pe hic 358-05, § 554 5S4, BEM, FLANLES AAD Wby
MUST @E WELNED T (oLUuMN Witk COMRLETE  JoiNT SENETRATOA
LRADVE WELDS . THESE DEyglo? THE FuLL STRENGTH oOF
TUE BMAE MMERIAL: SINCGE THE gehAh 1§ Ot UNDER APPL\ED
LOADS, THE conNECTION  WIlL BE ALy,

CREOR  COoLOMN - S\DE  LIM\T  STATES —>

T=C= Mo . 47 e-erQaamtd) - 266 K
A= 227 in = A48

Lothw Vu\MbQ beupiNg =
To$ Qkn = 06 AS ke Fye = 0.9 (625 (26bic)’($0%sY = |40
o)

LOLA\, wWEB VEWING—>

o Go & PRa=Q Fye (S Ve &hb fue =10(so kst ) (5 (326000 )+ (46) (1o
= \H7L ¥ D

74

| = S S e sl

April 7th, 2011 University Sciences Building | Northeast USA -



Final Report Kathryn Gromowski | Structural Option

TN ReEPORT ICP*S'S BM~loL.  Conw. | £g 2 oF Y

. LOCAL WER LaPPLING =» N5 oo <o

&
Cu\<q}K,‘:(Po‘3,\,_}L[“ L. 15] ’~—CF Y
*cc
@Rn= 675 (04 (i) {1 + 3(,3 -7\[@\(, (0 \gs,)(ﬂ‘o%m)
b i uc. 1 b6 in
ICT B W Qe

WEBD QRuuvuNG =
NOT APPLILKELE FoR.  LATERAL \LoAD CASES

PAUEL ZomnE SHEAR MIELDING=

= (b ) =2\ * 270 %

HAmpap"

Pz PusBpr = S43 +023
o 1

P = ASV’ = 109 n?* (S0 %s))* SHUB0 %

=—63 X% Pr < O7S R #084|I

o <.q)€,‘: dolb PY 4. )hoc( 3oy b 5, >
dp Q¢ fux
Bl 0.4 (LAY (7.9 ) (1. i) & (\%W(Q ST
22701280 (1 bln) /| Qe |

No STertueRs REQUIRED  Fog STRENGTW  DESIoN

ReEdbutep Beam  SectioN  DeSibN —>
Governed By Aisc 3586-0S  KND  AKe BMI-OF

>

O TRIAL RBS  DIMENLIONS
St b kot o A0Sy = 050S) T 68T
VA 0LS Y OLS(R2T) T M8 = 18"
TR cowar.. RN LA¥GR b 2 B2 (S)e s
S Sz Ak Yy 213,78

Znes 7 Zn — 20k (47 Fut) = W6~ 2 (2S)(NMB) (22,71 48 = 318, A7 ip3
M‘?f: Cor Ry Fy Zass = WS (WO vs) (31847 7Y (H0) = (6B #4

Vigs= Vgor + 22 = 530+ 2(w7bi»*)i\sncx;i‘s( L2 = - 26%x
il L

Mawt= Mo+ Iy = Mot Vom (S $5) = 1UB\ + (375 + 724)(0a0)
= NS kY ,

§N@: = 2(3'%0) 7 4340

April 7th, 2011 University Sciences Building | Northeast USA -



Final Report

Kathryn Gromowski | Structural Option

YMPAD"

s—/‘
)
V.

oL VRt ‘CA -3 Bm.-(ov. Conw, | PS 3 of Y
T‘)\pt e Zoleym N/p.a) z. rin (‘n?(sc\ésl" S%oq) (‘Van) = 2739 k-1

©

SMee © 1(273 kbF) = SU78 b

el . VB >io g
ZMee
Mpe = Zy Ry By = HT (a1 ) (O8I )(Jan) = 2182 ko bh

\ Ve

Me = Mpr + Vasg S = 8 + W (375 (/)= ABY el

Me < @y Mee QR

=\.Q

Ny = 2Mer ) Vgeu = 1(\@6}% ST T AW v < OV O
L \& &

QMgess = 0.4(3V4 (n?)(SD Bs( M) T N6 kA > M o

CRee GEOMETRY /WEVLAT  LIMATATIONS =
Pee B E3N N AU 3WR-OT, BEAM LiMTrATIONS ARE S
W Max S12€6 T W30 ¥ Wil o v
L> Max WT. T 300p¢ 7 (824l Q¥
— +§,M‘M‘,b = \\"SU 7 \\\‘lb 1 ___QL‘__/__

Ly /§3"‘“\)m‘t\= =2 L 2x3 17%. = 103 Q%K V'
A / AXT vn

Lo Ao 4. LOLIET - 720 SR
/l'\’( ’F" e
L? ‘”/.m = 2. <L 7&\5’@ * «q LY v

Pek §T32 1N AUC BSB-0S, LoLuMN LiMiTATIONS ALE !
L>Max S2€ T W36 5 WM v
= b;/mf 3.0 £ 72N er 7

Wro® 6.068 <S4 o

CRELL (oNTWWLTY  PLATE  REQVIREMENTS =D
PER @ 2MH ) MSC 388-05,  (owmuiTy PLATES  EED
Notr @8 PROVIDED  \F

YT 2bbn 7 0 [ibbety FpRg = 0 {I8(125)( e = 231

FAT Ry e
~AND =~
Yy = ow = NS - 208in OV
P @

ONTINVITY PLATES NOT REQUIRED

April 7th, 2011

University Sciences Building | Northeast USA -

\



Final Report

Kathryn Gromowski | Structural Option

’Lp. &2 BM-(u, ConNe

AmpaD"

Frone Remsey a4 of H
<
REDESILN PANEL ZonE For Mg (PeR Auc 3w-05 $4.3.)—>
T=Cs Mo = oaoax wB (P . s K
a%, 207 n = 198
FOSNS) =242 7 FEEER 3 Ik S IRER foudble
6.4 = 10 For ST MY

vce mse 3| -0F,

Neeo wee PLATE 8a3a, pg 64~ 3)

Assume \'\/h £ \\0 4/8€ —

Fap .
AL Veey 3 2028 - 135y
06 Fydp by, 1 (14 iy 0:6(26)(6:82)(1.66) (1. 512)
=180

Uce (2) V7 PLATES, ONE et SIDE

Cwee Moy THICEWE SS (?zr./ PrisC 341 -0F, 8 az3 b)
> dz ¥y o (227£2049) + 6L.BA(1WD _ 6,346 in
9o aon i
= 201") 22" > 036G, oK
‘\’b.): \~ka(oll\ > 0"5”(4 3 0‘(./

————

April 7th, 2011

University Sciences Building | Northeast USA



Final Report Kathryn Gromowski | Structural Option

HAmpap

FindL  REPORT |CA -3 B BRAULING l 9 \ OF 3

REK AL BM-OS . § 48, BOTH FLANGES oF BGAMS MULT
Be BRMED @

Lo = 008 A E - 0.086(3.00i-)(32000 ¥i)(\Was) = 12 47 £4
F\‘ SO kst =2 E0 v

Fo. & SYRENGTW oOF

Por 2002 R 28y = 0020 NN(UTIDN(D ¥ . 2467 X

\’\o 12‘-' {'\’\,\(6.‘(\

AND & STFENESS oF

Por = L (\or& 25 © > L (no(mmm(sons
Q l—’\\ﬂ hl) O\"Y \1G Ve (217——\.'\46)—
Al
Beite @ mig-LentTy
= 120. 85 ¥/n

= A0S =AY £ ST s

Ty LSxSx e

LENGTW = SeAN 0  NeaeestT @gaM —> L= 1241 Ly=227
LEMs e na?’ = 1877 = 52,23

YROM ThBLE H-W 10 ASL SPeuritATIoN), @ KL= I3 L
CP\’I\727.(D W . > Ppr oX v

SterNess T A€ = 3.08.0° QA0KS) . S48 k/in > 4,

e ——

L M7 ™

ol

Use () LsxSxiu @ Mioseal
ALso, BRALES MUsT Be PROVIDED @ RBS W/ STRENLTH of

Phr * 006 %y Zaes By = 0.0L0M(A wIN(S06) = ya. K
\\u 11‘7—)‘\{6*

AND K STFEpNESY OF

Boe = (\0?\\,22& Ty ): iy (10 () (3)4) () = 878y,
(0) Ly e 0 | 126 in (22.7=-348)

TRY  LsxSx %

>

FROM  TRBLE u-u ju st S\’CL.} @ W=13 P
PRz S1A K > B ov

STIFFNESS = SRLin (240D - W6 ¥/in 7 B
S N

April 7th, 2011

University Sciences Building | Northeast USA -



Final Report

Kathryn Gromowski | Structural Option

phec |
T AL RERRT lCA' -3  Bm BK!\(IN(:‘ ey & OfF 3
s r £A) LSRS K™ R EhCR. . 2S
. TOR (ONSTRULTABILATY, -THE SAME BRAES sSnsuLh BE
LSED Ax R8BS & M\ psPANMN
® ® $ ®
| : o LSxSx % 3‘"‘(5 @ R%S5 }
= MIDsPAN, Ty?
d— } ! 3
I | ‘Bb 1

PARTIAL BANUNG PLAN

SIALEL NTS

AMPAD
G O

W2 GRANTY—/
BEnM

SectonN A -B

O

W2 1H2 LATERAL
PO M

LSxSx 78" BRINE

SUALE . NTS

DESIbN  DETRIL ‘B
= UsC 8" K36 PLATE
-0ONy AT 9°  PNGLE

B Des\bh T RS\

Teson Nigd =

Tewson  RueTue€~>

(Bots X PLATE O ONNELT O

Bovy REQUIRED —> TRY  A2E-N  Row I 8
N X% = 4496 ¢

= Bl . —> W SBouxs
N~
D 15,9 |1 P RREN AL
TRy V¥ ANSN @Gors
A Rl e = IS 9 | 2 80TS |
28.3 %

ORa=qFy Po=04(% F6) (S0 W) = Va0 ¥

ORn= QFu he = 075 (58 ks ]5.86 — 1 (Ve )(56 )] (1 ~157) = o>

BEAM)
o MATUY ANGLE THWICk NESS
Down  FroM WoRizonNThl

PERFETLN WO\ ZTOoNYTAL

> ?‘\) oK L

o)

¥

April 7th, 2011

University Sciences Building | Northeast USA



Final Report

Kathryn Gromowski | Structural Option

\ 1
FinkLe Reteret ’Cw S-3 em, BeAUNG l o 3 OF '3

R uote SHERA® — 2 B %,
. PRESTRE 1 *g_ LS p“ 2/ 6 Aax = 5B (XY [’_3/3“(7 ‘/‘(\"\/9 \ﬂ] = 32,1 K

Vo= 0% byv s O.6(36 1) (HI(S) = 60,78 Kk 4~
Ru®0.6R Aw = 0.6(58% (7 ) (u.5™~ 1S (0% %)= 6ok

ORa=6IS(S2\ + b0AS) = BH.6 % ox v

BoLt oWeAR /EEARNL /Tenr-ouT —2

':C?‘ Bout snekR 2 a2 283 K

< B

z BeMNG > Ora = ¢ 24 Fordp = 075 (2 (SB ) (7 (1) = &3k
N

Tem-uT @ exe=> @rac Q12Fu 4 x =0.75 (1. 2)(S8 s X7 ) (1. S> 05 (14))
. = G W

"BOLT SHEAR  ontROrs AL BOLTS = Qe 2(24,3) T Sl k g

4
WELY —
IWALABLE BERM  ELanGE = 1 %
GeomgrryY — ot 1T B
e Q¥n= 13920 Lis@>n)~ (\,575“_‘/,“)](1);.. 4,6\
|

g' P= ES

VsE 3/|; FluLet wWELD (MlN\MUM)

SUPPORT
BEAMA

% 88" PLME (A3)
N ¥ /

- L5xSx 7B BRANLE

N ' ATSN BT
\
\

a E——_—-Jb : s 3/\6E s

y DeTAIL B
SUNLE L NTR

-

April 7th, 2011 University Sciences Building | Northeast USA -



Kathryn Gromowski | Structural Option

CAS-1

£V L2b9
9182l

£¥ 2269
89898

162686
8€6782L

20 24851
SVbLLEL

2024851
194669

0£'50EY
Y pL5E

wo  wz
EEARCE s SRS
=[Py 44 4007)
S5y =S1s0
yeduins 593
698

o Lz

=51 LA SHZA L T
=[Cf 4427l
ssor  =izr0
peduod ey
598

o ovz

=51 LG ST
=[P g4 271
ooz =izz0
eduwod Lok
108

G- )

=51 LA SHZA Y T
(6w 44207l
oVl =zs0
peduio) a1
108

#o  ech

=51 LA ST LT
(O ¢+ 271z
obplL =70
edwo) €31
aes

o eee

=SV LA SHZAYL T
=i g 207

¥EOE 770
pedwod  Zhh
9L

=8I

L)z
iz
Wz

=Wz
=iz
=2anz

sz
wz
o7

=S NI
=Bz
- oz

LSz
iz
W oz

=S Wzrdin
=Tz
T

~Lupsiz
Wiz
w3z

= Bwze
~AE
iz

LSz
)iz
W37

=W
Iz
Lz

FAnE.S
LWz
Wz

39949 weag yeapr-uwiniod Buons

o Lib =)
SEXE LM SIS
29528 =(PDWK
1908 =G Bw
0oshL =G8Ny
feAzIPUZ
Ho £98 =(4) "W
SEXE LM azIS
05pSe =GN
05602 = () BW
00SHL =GN
18437 pig
Mo BLE =() "W
05XE LM SIS,
TYEZE =GN
el =) Bw
oSkl =G e
fera1 Ui
no 928 =) ‘Wb
9LXE LM ETIS
SETYE = (A
se9gk =) W
00902 = ()"0 iy
A1 UIS
o au5 = ‘b
GLXE LM SIS
OVBLT =K
V19 =) BW
00817 =(pN)"0n
asnouad
no 622 =(4) Wb
GTXG UM ETIS,
S2ORT =
588 =(r) B
0026 =GN
ooy
¥ooy9 wesg

‘opL

1 0pei a1EIde008 B} 'Bi0jaIaY |
'$8U0Z [aued 0} 3NP 301 I WP 3}
40 9651 SaunSSe pUE 'SZ |=] 'S 5=pD

"% 0187 sajeodicoul J03Yd YU ¢

WO ZSTIEY MUy

12400 =(upoisy

a
sl S009 Avausy
WO 8ZE5E v
12010 =(ujrdotsy
a
sl €50z oSy
O POSZ0L My
28910 =(upriotsy
%o
el 96p8 A0Sy
WO 9LbSE M
2220 =(u)ioisy
%o
5o 1908} Avausy
WO ByEvL M
SEET0 =(u)A¥oisy
%o
no $9151 OISy
HO 659BYL M
ZLH0 =(u)Asoisy
M2
s,
Kioys 6529 5
yos

9621 =
05121 = (wA)

0857 = (|
TPRP LM 3TIS
uwnie )

SObL =%y
21801 = (wn) "W

0967 =(u) |
STEXPIM TS
uunp)

z621L =%
ZE001 = (u)

0442 =(u|
SBEXVIM 3715
uune

[
B0bE = (u) "W

0412 =(ud |
SBEXPIM TS
uunp )

281 =7
5725 = (Wi W

0881 =Gui|
DLEXPIM 3TIS
uned

SgLL =
S8 = (u) W

0864 =(u |
OLEXYIM TS
uuno )

z0z =4y 9z9e =" Zoz =4y 9z9g =P Zoz =Wy 9671 =P
L9052 =000 BETHT = (W PW | 90T = (WM BETHZ =(u W | PESLL = (W 05IZ) = (uow
015 =(ud | 0089 =(u)| 015 = (ud | 0099 =(u)| 015 =(u)| 0957 =(u) |
SEXIM EZIS GTYXY LA aZIS SEXELM EZIS ATXPLM SIS SEXBLM EZIS TP STS
weag uinon weag uunion uweag uunion
57
207 =y 6766 =% 20z =y 676€ =19y 0z =y S0pL =10y
05602 = (1) Wt se81z = (NP | 0560T = (U0 SE8LT = (AN Cw ] srp0L = (U 21801 = (u) P
015 =(u) | 0089 =(u)| 015 =) 0099 =(u)| 015 =(u) | 0962 =) |
SEXEIM TS SEXBLM IS 9THXPLM SIS SEXBLM SIS 9THXPLM BTS
weag weag uunien weag uund
652
Lyg =wwy Lo ="y 2rg =y LS = 1rg =ty [
THYBL =)W ST00Z = () Pw | ZEEEL = (WU ST00Z = (uAPn 1226 = (WA ZE00L = (yA) 1w
008 =(ud | 0009 =(u)| 008 = (ud | 0009 =(u) | 008 =(u)| 0212 =(u)|
05X IM IS 05XaLM IS BEEXP LM SIS 0SXLM EZIS BEEXP LM ETS
weag weag uunien uweag uunion
151
8z =Wy Lrse =1y 875 =Wy 1L5E =1y 875 =y [
SE9E = () W 6189l =P | sege) = (N 61891 = ()P 2189 = (u)Wny 8078 = (u) P
0gEl =(u) | 0009 =(u)| 0E L =(u) 0009 = ()| 0L =(u)| 0212 =(u)|
XM TS BEXP LA aZIS aLXBLM S B6EXP LM STS aLXBLM S SEEXPLM SIS
weag uuney weag uunien weag uunien
6062
8z =Wy 60'1E =" sz =Wy 60'4E =P sz =ity PR
0119 = () oy 05501 = () O 0119 = (uA) "ty 05401 = (¥4 S50E = (uA) "0y 5228 = () om
0gel =(u)| pps =(u)| 0Ek =) vbs =G| 0EE L =G| 0881 =(,u)|
AUXIIM IS 0LEXP LM aZIS aLXBLM IS DLEXPLM ETS AULXILM IS 0LEXPLM SIS
ueag uwnos ueag uunjos ueag uunes
1vse
BuL =y ez =" 1L = by 8e2e =90 6L L =ty SghL =P
589 = () Wi 0L 21 = () 528 = [y Wy 0L'21 = (uA) P £V P = [y Wy 58 = (u)
LoE =(u)| Ovbs =(u)| 10E =(u)| 0pps =(u) | 10E = ()| 0861 =(u)|
STXIIM IS OEXP LA SIS STHILM S DLEXPLA SIS STHILM S DLEXPLM SIS
weag uuined weag uunios weag uunpd
652
1z =001 1z =1 1z =1 i
1) seays

@

©

205k =0y

[ T

pL=Gu

[@hapig

pL=Gy

[T

bL=y

AT WS

8spL =Wy

asnoyad

bL=y

Jo0y

]

ipawedd - |-S VD

-134 -

University Sciences Building | Northeast USA

April 7th, 2011



Final Report

Kathryn Gromowski | Structural Option

CA S-1 - Column U/12 Interaction Check
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2 %
T S

Chiller Mechanical Room Roof

Py grav (K)= 137.00
Meax (k-ft)= 17.70
Meay (k-ft)= 0.00

Penthouse Level
Py grav (K)= 304.00
Meax (k-ft)= 104.50
Mgy (k-ft)= 0.00

5th Level
Py grav (K)= 462.00
Meqx (k-ft)= 168.19
Mgy (k-ft)= 0.00

4th Level

Py grav (K)= 531.00

Meax (k-ft)= 200.65
Meay (K-ft)= 0.00

3rd Level
Py grav (K)= 594.60
Meax (k-ft)= 218.35
Meay (k-ft)= 0.00

2nd Level
Py grav (K)= 655.80
Meax (k-ft)= 242,99
Meay (k-ft)= 0.00

p (k') = 2.28E-04
by (k-ft") = 3.22E-04
by (k-ft") = 6.41E-04

p (k') = 2.32E-04
by (k-ft") = 3.22E-04
by (k-ft") = 6.41E-04

p(K') = 212E-04
by (k-ft") = 2.96E-04
by (k-ft") = 5.90E-04

p (K") = 2.12E-04
by (kt") = 2.96E-04
by (k-ft") = 5.90E-04

p (k") = 1.98E-04
by (k-ft") = 2.73E-04
by (kft") = 5.46E-04

p (K") = 2.02E-04
by (k-ft") = 2.73E-04
by (k-ft") = 5.46E-04

pPy= 0.03
Int. 0.02

pPy=0.07
Int. 0.07

ppu =010
Int. 0.10

PPy = 0.11
Int. 0.12

PPy = 0.12
Int 0.13

pPy= 013
int. 0.14

H1-1b
OK

H1-1b
OK

H1-1b
OK

H1-1b
OK

H1-1b
OK

H1-1b
oK
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Appendix F: Viscous Fluid Damper Design

X-Direction Preliminary Sizing

CA S-3 with VFD - X-Direction - Capacity vs. Demand
14 I T - . .
|
[ |
| | g Capacity
12 | m
3 B Demand (5%)
|
| A Demand (Design)
|
. ‘ Allowable Disp |
|
|
|
[
08 |
S |
=
&
06 |
|
|
|
|
0.4 ‘l 4
|
|
i ﬁ
|
0.2
[
1
|
0 ¢
0 5 10 15 20 25
Sd
CA S-3 with VFD - Y-Direction - Check Trial
General/Trial Properties Ky
Trial Damping Percentage (B) 70 Calculated
B (from ASCE 7-05 Table 18.6-1) 3.0

C4 55

R 8

[ 1.25

[0 3

Sms 2.000

Sm 0.945

Sos 1.33

So1 0.63
Trial Dyp 6.500 oK.
Trial Dypy 9.750 OK.

Trial T,p=1.1T,  2.591
Trial T)y=3.0T,  7.066

Dy 1.004
Ho,cale 6.472
Hmax(TiD < Ts) 2,776 Do Not Use
Hmax(T12 Ts) 1.164 Use
Hp 1.164
M 9.709
To 2541 0K
Tam 7.339 0.K
T, 04725
To  0.0945
Qu 0.5
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= Weight/ Story Mode 1 i Mode 2 i Mode 3 i
{w;) bir w1 wibis b wibi wibp bis wibi3 widi3
AHU Roof 818.26 1.000 818.257 818.257 1.000 818.257 | 818.257 1.000 818.257 818.257
Chiller Roof 354.13 0.941 333.222 313.546 0.966 341.994 | 330.272 1.024 362.638 371.348
Atrium Roof 569.48 0.393 223.541 87.748 0.651 370.850 | 241.501 3:123 1778.273 | 5552.887
Penthouse 2281.28 0.899 2051.752 | 1845.316 0.859 1959.326 | 1682.808 0.695 1586.225 | 1102.938
5th 2590.94 0.548 1419.691 777.913 0.591 1530.533 | 904.125 1.441 3734.093 | 5381.626
4th 1858.99 0.430 799.094 343.493 0.450 835.796 | 375.771 1.046 1943.597 | 2032.054
3rd 1867.80 0.267 499.374 133.512 0.288 538.499 | 155.253 0.649 1211.354 785.619
2nd 1884.64 0.109 204.755 22.246 0.109 204.755 22.246 0.272 512.260 139.236
Totals i 6,349.686| 4,342.032 ﬁ 6,600.011 | 4,530.234 ﬁ 11,946.698 | 16,183.967
- Weight/ Story Mode 4 : Mode 5 : Mode 6 :
{w,) bis Wby, widiy bis widis widis bis wibis Wb
AHU Roof 818.26 1.000 818.257 818.257 1.000 818.257 | 818.257 1.000 818.257 818.257
Chiller Roof 354.13 -3.376 [-1195.394| 4035.131 0.685 242.628 | 166.234 0.413 146.411 60.532
Atrium Roof 569.48 1.118 636.477 711.356 0.154 87.635 13.486 0.195 110.855 21.579
Penthouse 2281.28 -1.018 [-2322.571| 2364.608 0.171 391.196 67.083 0.113 257.405 29.044
5th 2590.94 0.656 1699.936 | 1115.342 -0.195 -506.212 98.903 -0.139 -360.410 50.135
4th 1858.99 0.665 1236.523 | 822.484 -0.341 -634.146 | 216.323 -0.281 -522.791 147.021
3rd 1867.80 0.516 963.480 496.999 -0.314 -587.121 | 184.555 -0.270 -503.550 135.755
2nd 1884.64 0.253 477.556 121.010 -0.157 -294.970 | 46.166 -0.133 -249.987 33.159
Totals - 2,314.265| 10,485.188 - -482.732 | 1,611.006 - -303.809 | 1,295.481
- Weight/ Story Mode 7 i Mode 8 i Mode 9 i
{w;) b7 wid,; w7 b widig widg b widig widig
AHU Roof 818.26 1.000 818.257 818.257 1.000 818.257 | 818.257 1.000 818.257 818.257
Chiller Roof 354.13 0.770 272.660 209.932 -0.392 -138.718 | 54.338 -0.304 -107.541 32.657
Atrium Roof 569.48 -4.767 |-2714.881| 12942.661 -0.405 -230.580 93.361 -0.150 -85.550 12.852
Penthouse 2281.28 0.119 272.190 32476 -0.307 -700.280 | 214.964 -0.298 -679.530 202413
5th 2590.94 -0.040 -102.476 4.053 -0.046 -119.544 5.516 -0.132 -342.451 45.263
4th 1858.99 0.334 621.298 207.645 0.140 259.944 36.348 0.131 243,311 31.845
3rd 1867.80 0.406 758.447 307.979 0.218 408.032 89.137 0.284 531.076 151.002
2nd 1884.64 0.224 422.398 94.671 0.128 241.347 30.907 0.177 334.156 59.248
Totals _ 347.893 | 14,617.674 - 538.457 | 1,342.827 - 711.728 1,353.538
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Mode
Property SRSS
1 2 3 4 5 6 7 8 9
T 2355 2.198 1.966 0.847 0.775 0.755 0.607 0.550 0.495 1327
£ Pre, 51.15% 1.01% 28.13% 0.08% 7.21% 1.06% 117% 0.51% 0.39%
;*’ W, (k) 9285.632 | 9615.429 | 8818.826 | 510.799 144.649 71.248 8.280 215.915 374.246
= 2 1.462 1.457 0.738 0.221 -0.300 0.235 0.024 0.401 0526 | ]
'28 Csm 0.039 0.046 0.052 0.120 0.131 0.135 0.168 0.185 0.206 0.027
Vir 364.912 | 445455 | 456.834 61.438 19.007 9.605 1.388 39.947 76.937 226.683
=|  Faum 47.025 55227 31.290 21.723 32.217 25.871 3.264 60.704 $8.453 25.732
g]  Fousm 19.150 23.082 13.867 31.735 9,553 -4.629 1.088 -10.291 -11.625 10.570
ug Fatam 12.847 25.030 68.000 16.897 3.450 3.505 -10.829 -17.106 9.248 20232
2]  Foovim 117.913 | 132241 | 60.656 51.658 -15.403 -8.138 1.086 -51.952 73.457 62.710
3; Fsm 81.589 103300 | 142.789 45.129 19.931 11.395 -0.409 -8.869 37.019 57.956
£ Fam 45.923 56.410 74322 32.826 24.968 16.529 2.478 19.285 26.302 31507
‘éi Fam 28.699 36.345 46.321 25.578 23.117 15.921 3.025 30.271 57.409 19.707
5
8 Fan 11.767 13.820 19.588 12.678 11.614 7.904 1.685 17.905 36.122 8207
= D 7.788 6.581 2.982 0.384 0.783 -0.582 0.030 0.454 0.535 4.072
= ea 7.328 6.356 3.054 -1.29% 0.536 0.241 0.023 0.178 0.163 3.846
52 St 3.057 4.286 9312 0.429 0.120 0.113 0.142 0.184 -0.080 3.051
S| Beewm 7.004 5.652 2.074 0.391 0.134 -0.066 0.004 0.139 -0.159 3.630
%" &m 4.267 3.888 4.298 0.252 0.153 0.081 0.001 0.021 0.071 2.496
= 84m 3348 2.959 3.118 0.255 0.267 0.164 0.010 0.063 0.070 1.924
§ Sam 2.082 1.897 1.934 0.198 0.246 0.157 0.012 0.099 0.152 1.196
8 8am 0.846 0.715 0.811 0.097 0.122 0.077 0.007 0.058 0.095 0.489
Bppin) 2.023 0.993 -0.315 7.394 -1.084 -1.502 0.030 2778 3.071 1.042
V.olin/s) | 4907 2.837 -1.008 54.878 -8.792 -12.494 0.311 31711 38.953 2618
g Dyt 19.115 9.872 4.473 0.576 1174 0.873 0.045 0.680 0.803 9.860
2l Wnlk 971.636 | 1006.145 | 922.790 53.449 24.822 11.916 0.866 22.593 39.161 560.842
c}_‘n B, 0.05
B Buo 0.041 0 0 0 0 0 0 0 0
E B 0.197 0 0 0 0 0 0 0 0
Bymreq 0.564 0.564 0.603 0.603 0.603 0.603 0.603 0.603 0.603
W 6,887.735 | 7,132.366 | 6,987.429 | 404.722 187.955 90.231 6.560 171.076 296.527 4,035.31
=| Shuinng 884.45 | 1,083.73 | 2,343.04 | 1,053.86 240.15 -155.07 220.75 377.17 553.96 799.79
= | g 939.95 | 1,122.20 | 228808 | -312.20 -350.51 375.08 286.72 -962.87 -1,824.18 804.01
5 [ 225316 | 166418 | 75034 942.93 -1,560.56 796.63 -26.31 931,52 -3,687.50 1,177.39
% 2 Foenm, 98339 | 126181 | 336972 | -1,035.12 | -1,400.44 1,374.34 1,850.19 -1,228.69 -1,859.71 1,078.40
8
E e 161412 | 1,83458 | 1,62574 | 1,606.22 1,229.15 1,114.79 -5,581.42 -8,174.54 -4,191.16 951.62
HEEN 2,057.56 | 2,410.46 | 2,241.05 | 1,584.37 703.99 551.42 660.52 2,697.32 4,232.45 1,228.43
Bl zFa, 330809 | 3,75896 | 361276 | 2,043.01 763.98 575.20 543.64 1,726.52 1,948.27 1,975.18
8 Fom, 8140.77 | 9,975.06 | 862021 | 4,158.98 1,534.38 1,169.08 984.96 2,945.24 3,124.32 4,821.42
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Total Required Damping Force per Story = 2F,= 4,821.42 k
F k) = Fi k) =
Frame # Bay o e 0;(deg) | N=nicos(6)) preduo (K) (k)
(ni) ZFZIIZN Fpseudo/cos(ei)
DtoE 2 0 2.000 453.16
Fto G 2 0 2.000 453.16
11to 12 2 -15 1.932 469.14
453.16
10 9to 10 2 -45 1.414 640.86
11 Mto N 2 45 1.414 640.86
15 El to F1 2 -20 1.879 482.24
Total Required Damping Force per Story = 2F;= 1,975.18 k
= Fi k) =
Frame # Bay # of dampers 0, (deg) N= n;cos(6;) Foseduo (k) (k)
(ni) ng/zN Fpseudo/cos(ei)
1 DtoE 2 0 2.000 185.64
1 FtoG 2 0 2.000 185.64
5 11to 12 2 -15 1.932 192.19
185.64
10 9to 10 2 -45 1.414 262.54
11 Mto N 2 45 1.414 262.54
15 Elto F1 2 -20 1.879 197.56
Total Required Damping Force per Story = 2F,= 1,228.43 k
F k) = Fi k) =
Frame # Bay # of dampers 0;(deg) | N=n,cos(B) pseduo (k) (k)
(ni) zle./ZN Fpseudo/cos(ei)
DtoE 2 0 2.000 115.46
FtoG 2 0 2.000 115.46
11to 12 2 -15 1.932 119.53
115.46
10 9to 10 2 -45 1.414 163.28
11 Mto N 2 45 1.414 163.28
15 El to F1 2 -20 1.879 122.87
Total Required Damping Force per Story = 2F;= 951.62 k
= F; (k) =
Frame# | Bay |#ofdampers| g (qeo) | N=ncos(ey | Frseduo (¥ (k)
(ni) ZFS/ZN Fpseudolcos(ei)
1 DtoE 2 0 2.000 89.44
1 FtoG 2 0 2.000 89.44
5 11to 12 2 -15 1.932 92.60
89.44
10 9to 10 2 -45 1.414 126.49
11 M to N 2 45 1.414 126.49
15 E1l to F1 2 -20 1.879 95.18
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Total Required Damping Force per Story = ZFpey= 1,078.40 k
= F; (k) =
e Bay # of dampers 8, (deg) | N=nicos(®) Foseduo (K) i(k)
(ni) ZFPENT/ZN Fpseudo/cos(ei)
DtoE 2 0 2.000 101.36
Fto G 2 0 2.000 101.36
11to 12 2 -15 1.932 101.36 104.93
10 9to 10 2 -45 1.414 143.34
11 Mto N 2 45 1.414 143.34
15 El to F1 2 -20 1.879 107.86
Total Required Damping Force per Story = 2F,= 1,177.39 k
= F, (k) =
Frame # Bay AR 6, (deg) | N=ncos(6) Foseduo (k) (k)
(ni) ZFATR/ZN Fpseudo/cos(ei)
DtoE 2 0 2.000 110.66
Fto G 2 0 2.000 110.66
11to 12 2 -15 1.932 110.66 114.56
10 9to 10 2 -45 1.414 156.50
11 MtoN 2 45 1.414 156.50
15 E1l to F1 2 -20 1.879 117.76
Total Required Damping Force per Story = 2F¢z= 804.01 k
= F; (k) =
Eramer Bay # of dampers 8, (deg) | N=ncos(®) Foseduo (K) (k)
(ni) ZFCHLR/EN Fpseudo/cos(ei)
1 DtoE 2 0 2.000 135.54
FtoG 2 0 2.000 135.54 135.54
11to 12 2 -15 1.932 140.32
Total Required Damping Force per Story = 2F, = 799.79 k
= F; (k) =
Frame# | Bay | #ofdampers| g (deg) | N=ncos(e) | Foseduo (K H
(ni) ZFAHU/ZN Fpseudo/cos(ei)
DtoE 2 0 2.000 199.95 199.95
FtoG 2 0 2.000 199.95
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Y-Direction Preliminary Sizing

CA S-3 with VFD - Y-Direction - Capacity vs. Demand
14 . — . . - . .
| \ i ! i | —e—copaciy
12 v - . I T [ ‘ W Demand (5%)
| A Demand (Design)
| s Allowable Disp
s ﬁ
‘z {
+
20 25

CA S-3 with VFD - Y-Direction - Check Trial
General/Trial Properties Sy
Trial Damping Percentage (B) 70 Calculated
B (from ASCE 7-05 Table 18.6-1) 3.0
Cy 5.5
R 8
| 1.25
0, 3
Sws 2.000
S 0.945
Sps 1.33
Sp1 0.63
Trial Dyp 6.500 OK.
Trial Dy 9.750 O.K.

Trial T;p=1.1T, 2.591
Trial Tyy=3.0T, 7.066
Dy 1.004
Hp,cale 6.472

Hmax{TiD < Ts) 2.776 Do Not Use

Hmax(T1>Ts) 1.164 Use
Ho 1.164
Hu 9.709
Tio 2.541 0K
Tim 7.339 O.K.
T, 04725
To  0.0945
(<1 0.5
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e Weight/ Story Mode 1 ! Mode 2 ! Mode 3 !
(w) bt widi widis b wid, wid $is widis widis
AHU Roof 818.26 1.000 818.257 818.257 1.000 818.257 | 818.257 1.000 818.257 818.257
Chiller Roof 354.13 13.4245 | 4754.024 | 63820.211 | 0.8307 | 294.160 | 244.345 | -3.3957 | -1202.538 | 4083.504
Atrium Roof 569.48 3.9424 | 2245.141 | 8851.348 0.8450 | 481.236 | 406.667 | -0.1811 | -103.148 18.683
Penthouse 2281.28 2.5827 5891.940 | 15217.313 0.8036 | 1833.137| 1473.029 0.2207 503.479 111.118
5th 2590.94 2.0072 | 5200.513 | 10438.440 | 0.6681 | 1730.947| 1156.408 | 0.2588 670.410 173.470
4th 1858.99 1.4676 | 2728303 | 4004.129 0.5080 | 944.449 | 479.822 0.2237 415.939 93.064
3rd 1867.80 0.8777 1639.364 1438.866 0.3171 592.287 187.817 0.1416 264.392 37.425
2nd 1884.64 0.3381 637.252 215.474 0.1274 | 240.168 30.606 0.0548 103.268 5.659
Totals _ 23,914.795| 104,804.038 - 6,934.643| 4,796.950 - 1,470.059 | 5,341.179
el Weight/ Story Mode 4 . Mode 5 : Mode 6 :
(w,) bia Wi Wi Pis widbis widis bis Wi widig
AHU Roof 818.26 1.000 818.257 818.257 1.000 818.257 | 818.257 1.000 818.257 818.257
Chiller Roof 354.13 -0.7414 | -262.560 194.667 1.1403 | 403.804 | 460.445 0.9022 319.481 288.222
Atrium Roof 569.48 0.1585 90.290 14.315 0.1915 | 109.036 20.877 0.2312 131.673 30.445
Penthouse 2281.28 0.0389 88.745 3.452 0.1259 287.137 36.141 0.1273 290.309 36.944
5th 2590.94 -0.1030 | -266.801 27.474 -0.2299 | -595.570 | 136.902 | -0.2085 | -540.219 | 112.637
4th 1858.99 -0.1458 | -271.040 39.517 -0.3611 | -671.220 | 242.355 | -0.3413 | -634.461 | 216.537
3rd 1867.80 -0.1239 | -231.414 28.671 -0.3200 | -597.696 | 191.263 | -0.3078 | -574.917 | 176.962
2nd 1884.64 -0.0585 | -110.281 6.453 -0.1563 | -294.506 | 46.022 -0.1488 | -280.446 41.732
Totals _ -144.803 | 1,132.808 - -540.757 | 1,952.261 - -470.321 | 1,721.736
i Weizht/ Story Mode 7 ; Mode 8 : Mode 9 .
(w;) b7 widy; Wiz bis widig widig P widis widis
AHU Roof 818.26 1.000 818.257 818.257 1.000 818.257 818.257 1.000 818.257 818.257
Chiller Roof 354.13 -17.0000 | -6020.236 | 102344.004 | 7.7650 | 2749.823| 21352.312| 0.3700 131.028 48.480
Atrium Roof 569.48 16.5102 | 9402.219 | 155232.549 | -5.1244 |-2918.253| 14954.366| -1.4614 | -832.233 | 1216.219
Penthouse 2281.28 -2.3673 | -5400.582 | 12785.052 | -2.2581 |[-5151.279| 11631.919| -0.2818 | -642.756 | 181.098
5th 2590.94 -0.1020 | -264.381 26.978 -0.3226 | -835.786 | 269.608 | -0.1273 | -329.889 42.003
4th 1858.99 0.9592 | 1783.114 | 1710.334 1.5161 | 2818.470| 4273.165 | 0.2285 424.762 97.054
3rd 1867.80 1.3878 2592.048 3597.128 2.1659 | 4045.464 | 8762.066 0.3842 717.569 275.675
2nd 1884.64 0.7755 1461.557 1133.452 1.2673 | 2388.368 | 3026.734 0.2310 435.374 100.576
Totals _ 4,371.996 | 277,647.754 - 3,915.065 65,088.427- 722.111 | 2,779.363
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Mode
Property SRSS
1 2 3 4 5 6 7 8 9
T 2.355 2.198 1.966 0.847 0.775 0.755 0.607 0.550 0.495 1723
£ Pr%, 1.32% 78.35% 0.02% 1.24% 1.33% 5.99% 0.02% 0.55% 3.32% :
;,_*’ W, (k) 5457.017 | 10024.968| 404.606 18.510 149.784 128.476 68.844 235.491 187.613
& T, 0.228 1.446 0.275 0.128 0.277 0273 0.016 0.060 0260 |
é Com 0.039 0.046 0.052 0.120 0.131 0.135 0.168 0.185 0.206 0.038
v, 214453 | 464.427 20.959 2226 19.681 17.321 11.538 43.569 38,569 363.888
=] Faum 7.338 54.800 11.666 -12.580 29.781 -30.135 2.160 9.106 43.705 43.000
gl Foumm 42,631 19.701 17.145 4.037 -14.697 11.766 -15.888 30.601 6.998 15.465
Lg [ 20.133 32.229 1471 1388 3.968 4.849 24.814 32.476 44.451 25.298
Sl Fewm 52.835 | 122.769 7.178 1364 -10.451 110,691 14.253 57.326 34331 96.200
E Fai 46.635 | 115.925 9.558 4.102 21676 19.895 0.698 9301 -17.620 90.838
= B 24.466 63.252 5.930 4.167 24.430 23.366 4.706 31.365 22.687 49.585
g Fan 14.701 39.667 3.770 3.558 21.754 21.173 6.841 45.020 38327 31.133
8 o 5714 16.085 1472 1.696 10.719 10328 3.857 26.579 23.254 12.643
= Duno 1215 6.530 1112 0398 0723 0.678 0.020 0.068 0.264 5.117
el 16313 5.425 3.776 0.295 0.825 0611 0.334 0.528 0.098 4.256
":; St 4791 5.519 0.201 0.063 0.139 0.157 0.325 0349 0.387 4324
gl Seeum 3138 5.248 0.245 0.016 0.091 0.086 0.047 0.154 0.075 4112
%" 85 2.439 4363 0.288 0.041 0.166 0.141 0.002 0.022 0.034 3.418
= 84 1783 3318 0.249 0.058 0.261 0.231 0.019 0.103 0.060 2.600
g 8am 1.067 2.071 0.157 0.049 0.232 0.209 0.027 0.147 0.102 1623
8 8 0.411 0.832 0.061 0.023 0.113 0.101 0.015 0.086 0.061 0.652
Bryo (in) -66.430 4.866 21.506 3.053 0.447 0.292 1.557 2.025 0.733 3.912
Y wolinfs) [ 161100 | 13.011 68.748 22.662 3621 2.428 16.106 23122 9.301 11.114
- Dinsi 4.971 9.79% 1.668 0.598 1085 1017 0.029 0.102 0.397 7.675
AT 571015 | 1048999 | 42337 3.470 25.703 21.488 7.204 24.641 19.632 21914
"E: B, 0.05
= Buo 0.000 0.041 0 0 0 0 0 0 0
E [ 0.000 0.265 0 0 0 0 0 0 0
Bumreq 0.603 0.564 0.603 0.603 0.603 0.603 0.603 0.603 0.603
W, 4323763 | 7,436.147 | 320.582 26.275 194.628 162.706 54.547 186.587 148,652 5,826.42
=| TR 355818 | 1,13868 | 28831 65.94 -269.02 240.06 2,774.24 2,742.35 562.04 893.82
2 Fonem 265.05 | 1,370.83 -84.90 88.94 235.92 -266.10 -163.19 353.17 1,519.04 1,075.34
H i 90253 | 1,347.48 | -1,591.79 -415.90 -1,405.02 -1,038.26 168.03 535.15 384.59 1,057.89
% T — 1377.68 | 1,417.05 | 1,306.36 1,695.04 | -2,137.30 -1,886.45 1,171.88 1,214.47 -1,994.80 1,118.66
g
T 1,772.72 | 170481 | 111425 640.35 1,170.31 1,151.37 -27,187.56 850128 | -4,414.24 1,346.30
L 2,024.45 | 224130 | 1,288.59 452.26 745.06 703.39 2,892.29 1,808.78 2,459.79 1,758.79
S 4,054.00 | 3,590.87 | 2,036.80 532.22 840.67 779.92 1,999.09 1,266.15 1,462.96 2,814.76
8 3hm, 10,523.14 | 893543 | 526174 1,126.87 1,721.51 1,613.26 3,577.31 2,163.96 2,432.95 7,003.37
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Total Required Damping Force per Story = 2F,= 7,003.37 k
F = Fi k) =
Frame # Bay # of dampers 0, (deg) N=n;cos(6)) pseduo (k) (k)
(ni) ZFZ/ZN Fpseudo/cos(ei)
2to3 2 0 2.000 658.23
2to3 2 2.000 658.23
VtoW 2 15 1.932 681.45
658.23
10 9to 10 2 -45 1.414 930.88
11 Mto N 2 45 1.414 930.88
14 5to6 2 20 1.879 700.48
Total Required Damping Force per Story = 2F,= 2,814.76 k
= Fi k) =
Frame # Bay # of dampers 0, (deg) N= n;cos(6;) Foseduo (k) (k)
(ni) ZF3/ZN Fpseudo/cos(ei)
2to3 2 0 2.000 264.55
4 2to3 2 0 2.000 264.55
7 VitoW 2 15 1.932 273.89
264.55
10 9to 10 2 -45 1.414 374.13
14 Mto N 2 45 1.414 374.13
14 5to6 2 20 1.879 281.53
Total Required Damping Force per Story = 2F,= 1,758.79 k
F k) = Fi k) =
Frame # Bay B afiieinpets 0, (deg) | N=nicos(®;) [ Peedwe (k) (
(ni) ZF4/2N Fpseudo/cos(ei)
2to3 2 0 2.000 165.30
4 2to3 2 2.000 165.30
VioW 2 15 1.932 171.14
165.30
10 9to 10 2 -45 1.414 233.78
11 Mto N 2 45 1.414 233.78
14 5to6 2 20 1.879 175.91
Total Required Damping Force per Story = XF.= 1,346.30 k
= F; (k) =
Frame # Bay S 6, (deg) | N=ncos(6)) Foseduo (K) i (k)
(ni) EF5/ZN Fpseudolcos(ei)
2to3 2 0 2.000 126.54
4 2to3 2 2.000 126.54
7 VtoW 2 15 1.932 131.00
126.54
10 9to 10 2 -45 1.414 178.95
11 Mto N 2 45 1.414 178.95
14 5to6 2 20 1.879 134.66
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Total Required Damping Force per Story = 2Fey= 1,118.66 k
= F; (k) =
Frame # Bay # of dampers 6, (deg) | N=ncos(6;) Foseduo (k) (k)
(n) SFpent/EN | Fpseudo/€05(6))
2to3 2 0 2.000 105.14
2to3 2 2.000 105.14
VioW 2 15 1.932 105.14 108.85
10 9to 10 2 -45 1.414 148.69
11 Mto N 2 45 1.414 148.69
14 5to 6 2 20 1.879 111.89
Total Required Damping Force per Story = 2F,z= 1,057.89 k
= F, (k) =
Framc Bay # of dampers 8. (deg) | N=nicos(®) Foseduo (K) (k)
(ni) ZFATR/ZN Fpseudo/cos(ei)
2to3 2 0 2.000 99.43
4 2to3 2 2.000 99.43
VioW 2 15 1.932 99.43 102.94
10 9to 10 2 -45 1.414 140.61
11 Mto N 2 45 1.414 140.61
14 5to6 2 20 1.879 105.81
Total Required Damping Force per Story = 2F = 1,075.34 k
= F (k)=
Eramet Bay # of dampers 0, (deg) | N=ncos(0) Foseduo (K) (k)
(ni) ZFCHLR/ZN Fpseudo/cos(ei)
2to3 2 0 2.000 181.28
2to3 2 0 2.000 181.28 181.28
7 VtoW 2 15 1.932 187.68
Total Required Damping Force per Story = 2F = 893.82 k
=, F. (k) =
Frame # Bay # of dampers 6, (deg) | N=nicos(6) Foseduo (k) (k)
(ni) ZFAHUIEN Fpseudo/cos(ei)
3 2to3 2 0 2.000 993.46 223.46
2to3 2 0 2.000 223.46
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Frame Elevations and Damping Coefficient Calculations

CA S-3 with VFD - Frame 1 - Actual Force Required and Damper Size

97.63 97.63 97.63 ; ; 97.63
4
48.82 48.82 48.82 ; : 48.82
Damper Sizes

48.82 48.82 48.82 48.82 - - 55K

= - 110K
73.22 73.22 73.22 ; : 73.22
L

43I - 165K
- = 220k
- - s30¢

97.63 97.63 97.63 i; : 97.63

Level C Velodity (in/s) a e Size (k)
AHU Roof 12.35 31.370 0.6 97.63 110
Chiller Roof N/A 31.370 0.6 N/A N/A
Atrium Roof N/A 31.370 0.6 N/A N/A
Penthouse 6.18 31.370 0.6 48.82 55
5th 6.18 31.370 0.6 48.82 55
4th 9.26 31.370 0.6 73.22 110
3rd 12.35 31.370 0.6 97.63 110
2nd 37.89 31.370 0.6 299.55 330
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CA S-3 with VFD - Frames 3 and 4 - Actual Force Required and Damper Size

3 @ 1

41.00 41.00

20.50 20.50

30.75 30.75 Damper Sizes
- = 55K
- - 110K
T} - 165k

—— — 1T =220k

41.00 41.00 - - 330

P

161.50 61.50

ey
N
w
[0s]
o

125.80

Level @ Velocity {in/s) a Freq Size (k)
AHU Roof 5.19 31.370 0.6 41.00 55i
Chiller Roof N/A 31.370 0.6 N/A N/A
Atrium Roof N/A 31.370 0.6 N/A N/A
Penthouse 2.59 31.370 0.6 20.50 55
Sth 3.89 31.370 0.6 30.75 55
4th 5:19 31.370 0.6 41.00 55
3rd 7.78 31.370 0.6 61.50 110
2nd 15.91 31.370 0.6 125.80 165
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CA S-3 with VFD - Frame 5 - Actual Force Required and Damper Size

— ——
73.22 73.22
— e
48.82 48.82

- .
48.82 i 48.82
{E—- -
73.22 73.22
==l ]
97.63 97.63
—1 .
299.55 299.55

Damper Sizes
- =55«
- - 110K
41 -165kK
T - 220k
- - 330«

Level C Velocity {in/s) a P Size (k)
AHU Roof N/A 31.370 0.6 N/A N/A
Chiller Roof 9.26 31.370 0.6 73.22 110
Atrium Roof N/A 31.370 0.6 N/A N/A
Penthouse 6.18 31.370 0.6 48.82 55
Sth 6.18 31.370 0.6 48.82 55
4th 9.26 31.370 0.6 73.22 110
3rd 12.35 31.370 0.6 97.63 110
2nd 37.89 31.370 0.6 299.55 330
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CA S-3 with VFD - Frame 7 - Actual Force Required and Damper Size

e

(D

<
41.00 41.00
=
20.50 20.50
= =
30.75 30.75
—— N
41.00 41.00
— ¢
61.50 61.50
167.73 167.73

Damper Sizes
- - 55K
-l - 110K
<} - 165K

Level c Velocity {in/s) a e Size (k)
AHU Roof N/A 31.370 0.6 N/A N/A
Chiller Roof 5.19 31.370 0.6 41.00 55
Atrium Roof N/A 31.370 0.6 N/A N/A
Penthouse 2.59 31.370 0.6 20.50 55
5th 3.89 31.370 0.6 30.75 55
4th 5:19 31.370 0.6 41.00 55
3rd 7.78 31.370 0.6 61.50 110
2nd 21.22 31.370 0.6 167.73 220
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CA S-3 with VFD - Frame 10 - Actual Force Required and Damper Size

©

30.75 30.75
41.00 41.00
61.50 61.50
82.00 82.00
270.24 270.24

Damper Sizes
- - 55K
- - 110K
411 -165kK
T - 220k

=330K

Level C Velocity (in/s) a Frea Size (k)
AHU Roof N/A 31.370 0.6 N/A N/A
Chiller Roof N/A 31.370 0.6 N/A N/A
Atrium Roof 3.89 31.370 0.6 30.75 55
Penthouse N/A 31.370 0.6 N/A N/A
5th 5.19 31.370 0.6 41.00 55
4th 7.78 31.370 0.6 61.50 110
3rd 10.37 31.370 0.6 82.00 110
2nd 34.19 31.370 0.6 270.24 330
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CA $-3 with VFD - Frame 11 - Actual Force Required and Damper Size

L9

o

(D

€

30.75 30.75
Damper Sizes
41.00 41.00
- - 55K
- - 110K
T -165k
T -20k
- -0k
61.50 61.50
e — e —
82.00 82.00
270.24 270.24

Level C Velocity (in/s) a Freq Size (k)
AHU Roof N/A 31.370 0.6 N/A N/A
Chiller Roof N/A 31.370 0.6 N/A N/A
Atrium Roof 3.89 31.370 0.6 30.75 55
Penthouse N/A 31.370 0.6 N/A N/A
5th 5.19 31.370 0.6 41.00 55
Ath 7.78 31.370 0.6 61.50 110
3rd 10.37 31.370 0.6 82.00 110
2nd 34.19 31.370 0.6 270.24 330
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CA S-3 with VFD - Frame 14- Actual Force Required and Damper Size

O ©

30.75 30.75

30.75 30.75 Damper Sizes
- -5«
B - 110K
41} -165k
T =220k

41.00 at.00] S -330K

61.50 61.50

167.73 167.73

Level C Velocity (in/s) a Eo Size (k)
AHU Roof N/A 31.370 0.6 N/A N/A
Chiller Roof N/A 31.370 0.6 N/A N/A
Atrium Roof 3.89 31.370 0.6 30.75 55
Penthouse N/A 31.370 0.6 N/A N/A
5th 3.89 31.370 0.6 30.75 55
4th 5.19 31.370 0.6 41.00 55
3rd 7.78 31.370 0.6 61.50 110
2nd 21.22 31.370 0.6 167.73 220
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CA S-3 with VFD - Frame 15- Actual Force Required and Damper Size

73.22 73.22
Damper Sizes
48.82 48.82 - - 55«
- = 110K
413 =165k
4T =220k
=330K
73.22 73.22
97.63 97.63
299.55 299.55

Level C Velocity (in/s) o P Size (k)
AHU Roof N/A 31.370 0.6 N/A N/A
Chiller Roof N/A 31.370 0.6 N/A N/A
Atrium Roof 9.26 31.370 0.6 73.22 110
Penthouse N/A 31.370 0.6 N/A N/A
5th 6.18 31.370 0.6 48.82 55
4th 9.26 31.370 0.6 73.22 110
3rd 12.35 31.370 0.6 97.63 110
2nd 37.89 31.370 0.6 299.55 330
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Damper Support/Brace Connections Design
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Appendix G: Earthquake Scaling for Nonlinear Analysis

X-Direction

CA 5-3 w VFD - X-Direction - Earthquake Ground Acceleration vs. Time Plots
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CA S-3 with VFD - X-Direction - Summary Data for Normalizing Response Accelerations

File PGV {(cm/sec) PGA (g) AT (sec) Step 1 Factor Step 2 Factor
El Centro #6 111.84 0.4390 0.005 0.6234 0.62343
Saratoga 55.55 0.3046 0.005 1.2552 1.25516
81.87 0.6005 0.020 0.8516 0.85165
167.05 0.8246 0.010 0.4174 0.41739
122.77 0.8433 0.020 0.5679 0.56793
22.61 0.1463 0.005 3.0838 3.08378
El Centro #7 108.79 0.4475 0.005 0.6409 0.64091
Average 0.2864
Idealized Spectrum 0.286
Spp = 0.63 V= 69.7 ratio= 1.00000
Sps'= 1.33 Ap= 0.532
To= 0.095 T=Cu.Th= 2.20
T 0.474

CA S-3 with VFD - X-Direction - Normalized Acceleration
2.5
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Y-Direction

CA 5-3w VFD - Y-Direction - Earthquake Ground Acceleration vs. Time Plots
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CA S-3 with VFD - Y-Direction - Summary Data for Normalizing Response Accelerations

File PGV (cm/sec) PGA (g) AT (sec) Step 1 Factor Step 2 Factor
Bonds Corner 4425 0.7711 0.005 1.5485 1.54846
Corralitos 45.43 0.4738 0.005 1.5082 1.50824
57.61 1.4973 0.020 1.1894 1.18936
Sepulveda 63.22 0.7468 0.005 1.0838 1.08382
5317 0.4346 0.010 1.2887 1.28868
48.18 0.2659 0.005 1.4221 1.42215
Chihuahua 30.41 0.2469 0.01 22532 2.25318
Average 0.2423
Idealized Spectrum 0.242
Spy = 0.63 Vg = 68.5 ratio= 1.00000
Sos = 1:33 A= 0.532
Tg= 0.095 T=Cu.Th= 2.60
T, = 0.474

CA S-3 with VFD - Y-Direction - Normalized Acceleration

Period (sec)
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Appendix H: Construction Management Breadth

General Conditions Detailed Estimate Summary

Project Duration 23 months
Construction Duration 20 months
Personnel
Description Quantity Unit Unit Rate Cost
Vice President 100 Week 52,500 $250,000
Project Executive 100 Week 52,200 $220,000
Project Superintendent 100 Week $1,925 $192,500
Assistant Superintendent 100 Week 51,800 $180,000
Field Engineer 100 Week 51,265 $126,500
Project Manager 100 Week 52,075 $207,500
Project Engineer 100 Week 51,800 $180,000
Office Engineer 100 Week 51,265 $126,500
Project Administrator 23 Month 5800 518,400
Safety Coordinator 100 Week $175 $17,500
Project Scheduler 100 Week 5225 $22,500
Estimating Expenses T LS $45,000 $45,000
Total| $1,586,400
Construction Facilities/Equipment
Description Quantity Unit Unit Rate Cost
Field Office Trailer Set-Up 1 5 $2,000 $2,000
Field Office Trailer Rental 23 Month 5425 $9,775
Field Office Trailer Removal 1 LS $2,500 $2,500
Construction Site Fence 20 Month 5600 512,000
Sidewalk Overhead Protection 1 (5 $1,250 $1,250
Storage Trailer 15 Month $140 52,100
Gang Box 20 Month $55 51,100
Tools/Equipment 20 Month 5650 $13,000
Fire Extinguishers 20 Month $275 $5,500
Personal Protective Equipment 20 Month $250 $5,000
Dumpsters 20 Month 51,800 $36,000
Copier/Fax/Printer 23 Month $400 $9,200
Computer/LAN Equipment 23 Month $2,400 $55,200
Mobile Phones 23 Month $325 $7,475
Signage 1 LS $2,600 52,600
Total| $164,700
Temporary Utilities
Description Quantity Unit Unit Rate Cost
Field IT/Network Set-up 1, LS 54,250 54,250
Temporary Power Installation 1 LS $15,000 $15,000
Temporary Power Consumption 20 Month 5750 515,000
Temporary Water/Sanitary Supply 1 LS 51,500 51,500
Temporary Toilets 23 Month $550 $12,650
Potable Water 23 Month $175 54,025
Total| $52,425
Miscellaneous Costs
Description Quantity Unit Unit Rate Cost
Progress Photographs 20 Month 5350 57,000
Travel Expenses (Staff Vehicles) 20 Month $3,500 $70,000
Delivery/Shipping Expenses 20 Month 5300 56,000
Clean-Up Expenses 20 Month 52,000 $40,000
Misc. Field Expenses 20 Month 51,000 $20,000
Office Supplies 20 Month 586 $1,720
Document Reproduction 1 LS $25,000 $25,000
QC & Commissioning (0.5%) 1 LS $250,000 | $250,000
Permits {0.75%) 1 LS $375,000 | $375,000
Insurance (0.3%) 1 LS $150,000| $150,000
Bonds (0.6%) 3 LS $300,000 | $300,000
Total| $1,244,720
Total General Conditions Cost| $3,048,245
General Conditions Cost per Month| $132,532
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Assembly % of Total | Cost per SF Total Cost

A Substructure > 5.41% $15.44 $2,130,949.30
B Shell
B10 Super Structure °° 16.77% $47.83 $6,600,000.00}
B20 Exterior Enclosure * 3.77% $10.75 $1,483,307.85
B30 Roofing* 2.12% $6.06 $835,666.39]
C Interiors > 11.78% $33.61 $4,637,948.48
D Services
D10 Conveying* 0.76% $2.17 $300,000.00|
D20 Plumbing °° G . |
— 57% 101.45 $14,000,000.00
D30 HVAC
D40 Fire Protection * 1.17% $3.33 $459,616.52
D50 Electrical ™*¢ 15.24% $43.48 $6,000,000.00}
E Equipment & Furnishings > 0.00% $0.00 $0.00
F Special Construction 0.00% $0.00 $0.00
Subtotal 92.59% $264.11 $36,447,488.53
General Conditions °* 7.41% $21.13 $2,915,712.61
Subtotal with GC's 100.00% $285.24 $39,363,201.14
Location Multiplier 1.00}
Time Multiplier 1.00|
Total Cost $39,363,202.14

NOTES:
. Cost taken from RS Means Square Foot Estimate
P57 _ Cost taken from RS Means Detailed Estimate

G _ Cost taken from Original Building Cost Data, as provided by Turner Construction
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Description Foleam Uit Quanm'eS/D“ra“°n/(;:;tt::;::"e| Atrium Roof | Chiller Roof [ AHU Roof
Cost/Duration 2nd Level | 3rd Level I 4th Level | Sth Level
Level Level Level Level
Gravity Beams
Quantities (LF) 2,489 2,489 2,489 2,804 1,986 1,127 262 928
Duration {days) | 900 LF/day 2.77 2.77 277 3.12 2.21 1.25 0.29 1.03
Cost | 60 S/LF $149,353.20 | $149,353.20 | $149,353.20 | $168,257.40 | $119,134.80 | $67,620.00 | $15,720.00 | $55,686.00
Gravity Columns
Quantities (LF) 273 252 252 252 233.28 116 87.75 110.5
Duration (days) | 900 LF/day 0.30 0.28 0.28 0.28 0.26 0.13 0.10 0.12
Cost | 100 siF $27,306.00 | $25,200.00 | $25,200.00 $25,200.00 | $23,328.00 | $11,600.00 | $8775.00 | $11,050.00
Lateral Beams
Quantities (LF) 904 904 904 904 422 307 136 259
Duration (days) I 800 LF/day 1.13 1.13 1.13 1.13 0.53 0.38 0.17 0.32
Cost | 160 S/LF $144,592.00 $144,592.00 $144,592.00 $144,592.00 $67,520.00 $49,168.00 $21,760.00 $41,440.00
Lateral Columns
Quantities (LF) 622 574 574 574 516 244 130 111
Duration (days) I 600 LF/day 1.04 0.96 0.96 0.96 0.86 0.41 0.22 0.18
Cost | 300 $/LF $186,600.00 | $172,200.00 | $172,200.00 | $172,200.00 | $154,710.00 | $73,110.00 | $38,940.00 | $33,150.00
Welding
Quantities (LF) 300 300 300 300 132 168 36 96
Duration (days) | 12 LF/day 25.00 25.00 25.00 25.00 11.00 14.00 3.00 8.00
Cost | 725 siF $21,750.00 | $21,750.00 | $21,750.00 | $21,750.00 $9,570.00 $12,180.00 | $2,610.00 | $6,960.00
Spray Fireproofing
Quantities (SF) 36,183 36,183 36,183 37,972 23,558 15,813 4,139 18,889
Duration {days) 1250 SF/day 28.95 28.95 28.95 30.38 18.85 12.65 3.31 15.11
Cost 1.90 $/SF $68,747.13 | $68,747.13 | $68,747.13 | $72,147.29 | $44,760.62 | $30,045.38 | $7,864.29 | $35,889.82
Shear Studs
Quantities (#) 1,660 1,660 1,673 2,139 1,513 0 149 0
Duration {days) | 900 #/day 1.84 1.84 1.86 238 1.68 0.00 017 0.00
Cost | 2.80 $/stud $4,648.00 $4,648.00 $4,684.40 $5,989.20 $4,236.40 $0.00 $417.20 $0.00
Composite Deck
Quantities (SF) 20,102 20,102 20,102 21,096 13,088 0 2,300 0
Duration (days) | 2850 SF/day 7.05 7.05 7.05 7.40 4.59 0.00 0.81 0.00
Cost | 3.21 $/sF $64,525.82 | $64,525.82 | $64,525.82 | $67,717.20 | $42,012.16 $0.00 $7,381.40 $0.00
Roof Deck
Quantities (SF) 0 0 0 0 0 8,785 0 10,494
Duration (days) | 3600 SF/day 0.00 0.00 0.00 0.00 0.00 2.44 0.00 2.92
Cost ] 3.11 S$fSF $0.00 $0.00 $0.00 $0.00 $0.00 $27,321.97 $0.00 $32,636.65
Rebar
Quantities {tons) 8.5 8.5 8.5 9.0 74 0.0 1.5 0.0
Duration (days) I 2.9 tons/day 2.93 2.93 2.93 3.10 2.55 0.00 0.52 0.00
Cost | 1900 S/tons $16,150.00 $16,150.00 $16,150.00 $17,100.00 $14,060.00 $0.00 $2,850.00 $0.00
Slab
Quantities (CY) 309.56 309.56 309.56 324.87 201.55 0.00 35.41 0.00
Duration (days) | 110 C¥/day 2.81 2.81 2.81 2.95 1.83 0.00 0.32 0.00
Cost | 163 SfCY $50,458.79 $50,458.79 $50,458.79 $52,954.43 $32,853.25 $0.00 $5,772.20 $0.00
ACT Ceiling
Quantities (SF) 11,340 11,340 11,340 6,286 0 0 0 0
Duration (days) | 380 SF/day 29.84 29.84 29.84 16.54 0.00 0.00 0.00 0.00
Cost [ 275 s/sF $31,185.00 | $31,185.00 | $31,185.00 | $17,286.50 $0.00 $0.00 $0.00 $0.00
Additional Facade
Quantities (SF) 666.67 666.67 666.67 666.67 350.00 583.33 250.00 300.00
Duration (days) | 300 SF/day 2:22 2.22 2.22 229 1.17 1.94 0.83 1.00
Cost | 10 $/sF $6,666.67 $6,666.67 $6,666.67 $6,666.67 $3,500.00 $5,833.33 | $2,500.00 | $3,000.00
Column Covers
Quantities {LF) 895 895 826 826 826 749 360 218
Duration (days) 600 LF/day 1.49 1.49 1.38 1.38 1.38 1.25 0.60 0.36
Cost 60 S/LF $53,703.60 | $53,703.60 | $49,560.00 | $49,560.00 | $49,560.00 | $44,938.80 | $21,582.00 | $13,053.00
Steel Totals
Quantities (LF) 4,288 4219 4,219 4,534 3,157 1,794 616 1,408
Duration (days) 5.24 513 5.13 5.48 3.85 217 0.77 1.66
Cost $507,851.20 $491,345.20 $491,345.20 $510,249.40 $364,692.80 | $201,498.00 | $85,195.00 | $141,326.00
Deck/Slab Totals
Quantities (SF) 20,102 20,102 20,102 21,096 13,088 8,785 2,300 10,494
Duration (days) 12.80 12.80 12.80 13.46 8.98 2.44 1.65 2.92
Cost $131,134.60 $131,134.60 $131,134.60 $137,771.62 $88,925.41 $27,321.97 $16,003.60 $32,636.65
Misc. Structural Totals (Shear Studs , Welding & Fireproofing)
Duration {days) [ 5579 | 5579 | ss81 | s775s | 3153 | 2665 | 648 | 2311
Cost | $9514513 | $95145.13 | $95,181.53 | $99,886.49 | $58,567.02 | $42,225.38 | $10,891.49 | $42,849.82
Misc. Architectural Totals
Duration (days) 33.56 33.56 33.44 20.14 2.54 3.19 1.43 1.36
Cost $91,555.27 $91,555.27 $87,411.67 $73,513.17 $53,060.00 $50,772.13 | $24,082.00 $16,053.00
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Assembly % of Total Cost per SF Total Cost

A Substructure ¥ 5.64% $15.44 $2,130,949.30
B Shell

B10 Super Structure ' 10.67% $29.20 $4,029,457.85

B20 Exterior Enclosure > 4.04% $11.05 $1,524,807.85

B30 Roofing ** 2.21% $6.06 $835,666.39
C Interiors > % 13.47% $36.84 $5,084,450.98
D Services

D10 Conveying * 0.79% $2.17 $300,000.00

Lo P'“mb;r;im 37.08% $101.45 $14,000,000.00

D30 HVAC

D40 Fire Protection * 1.22% $3.33 $459,616.52

D50 Electrical °*° 15.89% $43.48 $6,000,000.00
E Equipment & Furnishings al 0.55% $1.51 $208,916.60
F Special Construction > 0.00% $0.00 $0.00
Subtotal 91.58% $250.54 $34,573,865.48
General Conditions °%' 8.42% $23.05 $3,180,777.39
Subtotal with GC's 100.00% $273.58 $37,754,642.87
Location Multiplier 1.00
Time Multiplier 1.00
Total Cost $37,754,643.87

NOTES:

*F - Cost taken from RS Means Square Foot Estimate

PET _ Cost taken from RS Means Detailed Estimate

SDET_ Cost from RS Means Detailed Estimate added to RS Means Square Foot Estimate

ORI _ cost taken from Original Building Cost Data, as provided by Turner Construction
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. RS Means Unit Quantities/Duration/Cost per Level i i
Description Cost/Duration Sl | S diovdl | A Shiredl Penthouse Atrium Roof | Chiller Roof AHU Roof
Level Level Level Level

Gravity Beams

Quantities (LF) 2,489 2,489 2,489 2,804 1,986 1,127 262 928

Duration (days) | 900 LF/day 2.77 277 2.77 3.12 2.21 1.25 0.29 1.03

Cost | 60 S/LF $149,353.20 | $149,353.20 | $149,353.20 | $168,257.40 | $119,134.80 | $67,620.00 | $15,720.00 | $55,686.00
Gravity Columns

Quantities {LF) 273 252 252 252 233.28 116 87.75 110.5

Duration (days) | 900 LF/day 0.30 0.28 0.28 0.28 0.26 0.13 0.10 0.12

Cost 100 $/LF $27,306.00 | $25200.00 | $25,200.00 | $25200.00 | $23,328.00 | $11,600.00 | $8,775.00 | $11,050.00
Lateral Beams

Quantities {LF) 904 904 904 904 422 307 136 259

Duration (days) | 700 LF/day 1.29 1.29 1.29 1.29 0.60 0.44 0.19 0.37

Cost [ 400 s/LF $361,480.00 | $361,480.00 | $361,480.00 | $361,480.00 | $168,800.00 | $122,920.00 | $54,400.00 | $103,600.00
Lateral Columns

Quantities (LF) 622 574 574 574 516 244 130 111

Duration (days) | 700 LF/day 0.89 0.82 0.82 0.82 0.74 0.35 0.19 0.16

Cost | 600 S/LF $373,200.00 | $344,400.00 | $344,400.00 | $344,400.00 | $309,420.00 | $146,220.00 | $77,880.00 | $66,300.00
Welding

Quantities (LF) 375 375 375 375 165 210 45 120

Duration (days) | 12 LF/day 31.25 31.25 31.25 31.25 13.75 17.50 3.75 10.00

Cost | 725 snF $27,187.50 | $27,187.50 | $27,187.50 | $27,087.50 | $11,962.50 | $15225.00 | $3,262.50 $8,700.00
Spray Fireproofing

Quantities (SF) 36,183 36,183 36,183 37,972 23,558 15,813 4,139 18,889

Duration (days) | 1250 SF/day 28.95 28.95 28.95 30.38 18.85 12.65 3.31 15.11

Cost [ 1.90 s/sF $68,747.13 | $68,747.13 | $68,747.13 | $72,147.29 | $44,760.62 | $30,04538 | $7,864.29 | $35,889.82
Shear Studs

Quantities (#) 1,660 1,660 1,673 2,139 1,513 0 149 0

Duration (days) | 900 #/day 1.84 1.84 1.86 2.38 1.68 0.00 0.17 0.00

Cost | 2.80 $/stud $4,648.00 $4,648.00 $4,684.40 $5,989.20 $4,236.40 $0.00 $417.20 $0.00
Composite Deck

Quantities (SF) 20,102 20,102 20,102 21,096 13,088 0 2,300 0

Duration (days) | 2850 SF/day 7.05 7.05 7.05 7.40 4.59 0.00 0.81 0.00

Cost | 321 $/sF $64,525.82 | $64,525.82 | $64,525.82 | $67,717.20 | $42,012.16 $0.00 $7,381.40 $0.00
RoofDeck

Quantities (SF) 0 0 0 0 0 8,785 0 10,494

Duration (days) | 3600 SF/day 0.00 0.00 0.00 0.00 0.00 2.44 0.00 2.92

Cost 3.11 $/SF $0.00 $0.00 $0.00 $0.00 $0.00 $27,321.97 $0.00 $32,636.65
Rebar

Quantities (tons) 8.5 8.5 8.5 9.0 7.4 0.0 1.5 0.0

Duration (days) | 2.9 tons{day 2.93 2.93 2.93 3.10 2.55 0.00 0.52 0.00

Cost 1900 $/tons $16,150.00 | $16,150.00 | $16,150.00 | $17,00.00 | $14,060.00 $0.00 $2,850.00 $0.00
Slab

Quantities (CY) 309.56 309.56 309.56 324.87 201.55 0.00 35.41 0.00

Duration (days) | 110 C¥/day 2.81 2.81 2.81 2.95 1.83 0.00 0.32 0.00

Cost | 163 $fcv $50,458.79 | $50,458.79 | $50,458.79 | $52,954.43 | $32,853.25 $0.00 $5,772.20 $0.00
ACT Ceiling

Quantities (SF) 11,340 11,340 11,340 6,286 0 0 0 0

Duration (days) | 380 SF/day 29.84 29.84 29.84 16.54 0.00 0.00 0.00 0.00

Cost [ 275 s/sF $31,185.00 | $31,185.00 | $31,185.00 | $17,286.50 $0.00 $0.00 $0.00 $0.00
Additional Facade

Quantities (SF) 666.67 666.67 666.67 666.67 350.00 583.33 250.00 300.00

Duration (days) | 300 SF/day 2.22 2.22 2.22 2.22 1a7 1.94 0.83 1.00

Cost | 10 $/SF $6,666.67 $6,666.67 $6,666.67 $6,666.67 $3,500.00 $5,833.33 $2,500.00 $3,000.00
Column Covers

Quantities {LF) 895 895.06 826 826 826 748.98 359.7 217.55

Duration (days) 600 LF/day 1.49 1.49 1.38 1.38 1.38 1.25 0.60 0.36

Cost 60 S/LF $53,703.60 | $53,703.60 | $49,560.00 | $49,560.00 | $49,560.00 | $44,938.80 | $21,582.00 | $13,053.00
Steel Totals

Quantities (LF) 4,288 4,219 4,219 4,534 3,157 1,794 616 1,408

Duration (days) 5.25 5.16 5.16 5.51 3.80 247 0.77 1.68

Cost $911,339.20 | $880,433.20 | $880,433.20 | $899,337.40 | $620,682.80 | $348,360.00 | $156,775.00] $236,636.00
Deck/Slab Totals

Quantities (SF) 20,102 20,102 20,102 21,096 13,088 8,785 2,300 10,494

Duration (days) 12.80 12.80 12.80 13.46 8.98 2.44 1.65 2.92

Cost $131,134.60 | $131,134.60 | $131,134.60 | $137,771.62 | $88,925.41 | $27,321.97 | $16,003.60 | $32,636.65
Misc. Structural Totals (Shear Studs , Welding & Fireproofing)

Duration (days) [ 6200 | 62008 | 6206 | 6200 [ 3428 [ 3015 [ 723 | 2511

Cost | $100,582.63 | $100,582.63 | $100,619.03 | $105,323.99 | $60,959.52 | $45,270.38 | $11,543.99 | $44,589.82
Misc. Architectural Totals

Duration (days) | 335 | 3356 | 3344 | 2014 | 254 | 319 | 143 | 1.36

Cost | $91,555.27 | $91,555.27 | $87,411.67 | $7351317 | $53,060.00 | $50,772.13 | $24,082.00 | $16,053.00

April 7th, 2011 University Sciences Building | Northeast USA -178 -



Kathryn Gromowski | Structural Option

Assembly % of Total Cost per SF Total Cost

A Substructure ¥ 5.32% $15.44 $2,130,949.30
B Shell

B10 Super Structure °' 15.48% $44.92 $6,199,531.85

B20 Exterior Enclosure > 3.81% $11.05 $1,524,807.85

B30 Roofing ™" 2.09% $6.06 $835,666.39
C Interiors > % 12.69% $36.84 $5,084,450.98
D Services

D10 Conveying * 0.75% $2.17 $300,000.00

cE P'“mb;”RiOR'G 34.95% $101.45 $14,000,000.00

D30 HVAC

D40 Fire Protection * 1.15% $3.33 $459,616.52

D50 Electrical ®™° 14.98% $43.48 $6,000,000.00
E Equipment & Furnishings " 0.52% $1.51 $208,916.60
F Special Construction > 0.00% $0.00 $0.00
Subtotal 91.73% $266.26 $36,743,939.48
General Conditions ° 8.27% $24.01 $3,313,309.78
Subtotal with GC's 100.00% $290.27 $40,057,249.26
Location Multiplier 1.00
Time Multiplier 1.00
Total Cost $40,057,250.26

NOTES:
% _Cost taken from RS Means Square Foot Estimate

PET _ Cost taken from RS Means Detailed Estimate

SFPET _ Cost from RS Means Detailed Estimate added to RS Means Square Foot Estimate

ORIS _ Cost taken from Original Building Cost Data, as provided by Turner Construction
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Final Report

CA S-3 with VFD Structure
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RS Means Unit

Quantities/Duration/Cost per Level

Description Coblaash ond Level Sriilbevd | a5 Level | Sth Level Penthouse | Atrium Roof | Chiller Roof |  AHU Roof
Level Level Level Level
Gravity Beams
Quantities {LF) 2,489 2,489 2,489 2,804 1,986 1,127 262 928
Duration (days) | 900 LF/day 2.77 2.77 2.77 3.12 2.21 1.25 0.29 1.03
Cost I 60 S/LF $149,353.20 | $149,353.20 | $149,353.20 | 5168 257.40 | $119,134.80 $67,620.00 | $15720,00 | $55,686.00

Gravity Columns

Quantities (LF)

273 252 252 252 233.28 116 87.75 110.5

Duration {days) I 900 LF/day

0.30 0.28 0.28 0.28 0.26 013 0.10 0.12

Cost. | 100 S/F

$27,306.00 $25,200.00 $25,200.00 $25,200.00 $23,328.00 $11,600.00 $8,775.00 $11,050.00

Lateral Beamns

Quantities (LF) 904 904 904 904 422 307 136 259

Duration (days) | 800 LF/day 1.13 113 1.13 1.13 0.53 0.38 0.17 0.32

Cost: | 160 $AF $144,592.00 | $144,592.00 | $144,592.00 | $144,592.00 | $67,520.00 | $49,168.00 | $21,760.00 [ $41,440.00
Lateral Columns

Quantities {LF) 622 574 574 574 516 244 130 111

Duration (days) | 600 LF/day 1.04 0.96 0.96 0.96 0.86 0.41 0.22 0.18

Cost I 300 S/LF $186,600.00 | $172,200.00 | $172,200.00 | $172200.00 | $154,710.00 $73,110.00 | $38,940.00 | $33,150.00
\VFD Braces

Quantities (LF) 381.80 363.40 363.40 363.40 216.60 152.80 81.00 196.00

Duration (days) | 700 LF/day 0.55 0.52 0.52 0.52 0.31 0.22 0.12 0.28

Cost | 150 S/F $57,270.00 | $54,510.00 | $54,510.00 | $54,510.00 | $32,490.00 | $22,920.00 | $12,150.00 | $29,400.00
Viscous Fluid Dampers

Quantities (#) 20 20 20 20 12 8 4 8

Duration (days) | 4 #/day 5.00 5.00 5.00 5.00 3.00 2.00 1.00 2.00

Cost I 4000 $/damper $80,000.00 $80,000.00 $80,000.00 $80,000.00 $48,000.00 $32,000.00 | $16,000.00 | $32,000.00
Welding

Quantities (LF) 300 300 300 300 132 168 36 96

Duration {days) l 12 LF/day 25.00 25.00 25.00 25.00 11.00 14.00 3.00 8.00

Cost | 725 siF

$21,750.00 $21,750.00 $21,750.00 $21,750,00 $9,570.00 $12,180.00 $2,610.00 $6,960.00

Spray Fireproofing

Quantities (SF) 36,183 36,183 36,183 37,972 23,558 15,813 4,139 18,883

Duration {days) I 1250 SF/day 28.95 28.95 28.95 30.38 18.85 12,65 3.31 1501

Cost l 1.90 S/SF $68,747.13 $68,747.13 $68,747.13 $72,147.29 $44,760.62 $30,045.38 $7,864.29 $35,889.82
Shear Studs

Quantities (#) 1,660 1,660 1,673 2,139 1,513 0 149 0

Duration (days) | 900 #/day 1.84 1.84 1.86 2.38 1.68 0.00 0.17 0.00

Cost. | 280 $/stud $4,648.00 $4,648.00 $4,684.40 $5,989.20 $4,236.40 $0.00 $417.20 $0.00
Composite Deck

Quantities (SF) 20,102 20,102 20,102 21,096 13,088 0 2,300 0

Duration {days) l 2850 SF/day 7.05 7.05 7.05 7.40 4.59 0,00 0.81 0.00

Cost I 3.21 S/SF $64,525,82 $64,525.82 $64,525.82 $67,717.20 $42,012.16 $0.00 $7,381.40 $0.00
Roof Deck

Quantities (SF) 0 0 0 0 0 8,785 0 10,494

Duration (days) | 3600 SF/day 0.00 0.00 0.00 0.00 0.00 2.44 0.00 2.92

Cost l 3.11 S/SF $0.00 $0.00 $0.00 $0.00 $0.00 $27,321.97 $0.00 $32,636.65
Rebar

Quantities (tons) 8.5 8.5 85 9.0 7.4 0.0 15 0.0

Duration (days) I 2.9 tons/da 2.93 2.93 2.93 3.10 2:55 0.00 0.52 0.00

Cost. | 1900 $/tons $16,150.00 | $16,150.00 | $16150.00 | $17,100.00 | $14,060.00 $0.00 $2,850.00 $0.00
Slab

Quantities (CY) 309.56 303.56 303.56 324.87 201.55 0.00 35.41 0.00

Duration {days) ] 110 CY/day 2.81 2.81 2.81 2.95 1.83 0,00 0.32 0.00

Cost l 163 S/CY $50,458.79 $50,458.79 $50,458.79 $52,954,43 $32,853.25 $0.00 $5,772.20 $0.00
ACT Ceiling

Quantities (SF) 11,340 11,340 11,340 6,286 0 0 0 0

Duration (days) | 380 SF/day 29,84 29,84 29.84 16.54 0.00 0.00 0.00 0.00

Cost l 2.75 S/SF $31,185.00 $31,185.00 $31,185.00 $17,286.50 $0.00 $0.00 $0.00 $0.00
Additional Fagade

Quantities (SF) 666.67 666.67 666.67 666,67 350.00 583.33 250.00 300.00

Duration (days) | 300 SF/day 2.22 2.22 2.22 2.22 1.17 1.94 0.83 1.00

Cost. | 108/

$6,666.67 $6,666.67 $6,666.67 $6,666.67 $3,500.00 $5,833.33 $2,500.00 $3,000.00

Column Covers

Quantities (LF) 895 895 826 826 826 749 360 218

Duration {days) ] 600 LF/day 1.49 1.49 1.38 1.38 1.38 1:25 0.60 0.36

Cost | 60 $/F $53,703.60 | $53,703.60 | $49560.00 | $49,560.00 | $49,560.00 | $44,938.80 | $21,582.00 | $13,053.00
Stee| Totals

Quantities (LF) 4,288 4,219 4,219 4,534 3,157 1,794 616 1,408

Duration {days) 5.24 513 513 5.48 3.85 217 0.77 1.66

Cost $507,851.20 | $491,345.20 | $491,345.20 | $510,249.40 | $364,692.80 | $201,498.00 | $85195.00 | $141,326.00
Deck/Slab Totals

Quantities (SF) 20,102 20,102 20,102 21,096 13,088 8,785 2,300 10,494

Duration {days) 12.80 12.80 12.80 13.46 8.98 2.44 1.65 2.92

Cost $131,134.60 | $131,134.60 | $131,134.60 | S137,771.62 $88,925.41 $27,321.97 | $16,003.60 | $32,636.65

Misc, Structural Totals (VED's, Shear Studs, Welding & Fireproofing)

Duration (days)

Cost

6079 | 6079 | eost [ e27s [ 3453 | 2865 | 748 [ 2511
| ¢17514513 | $175,145.13 | $175181.53 | $179.886.49 | $106,567.02 | $74225.38 | $26,891.49 | $74,840.82

Misc. Architectural Totals

Duration (days)

| 3356 | 3356 | 334 | 2014 | 254 | 319 | 143 | 1.36

Cost

| g91,55527 | $91,555.27 | $87,411.67 | $7351317 [ $53,060.00 | $50,772.13 | $24082.00 | $16,053.00
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Assembly % of Total Cost per SF Total Cost

A Substructure ¥ 5.56% $15.44 $2,130,949.30
B Shell

B10 Super Structure ' 11.68% $32.45 $4,477,457.85

B20 Exterior Enclosure > 3.98% $11.05 $1,524,807.85

B30 Roofing ™" 2.18% $6.06 $835,666.39
C Interiors ¢ 13.26% $36.84 $5,084,450.98
D Services

D10 Conveying ** 0.78% $2.17 $300,000.00

D20 Plumbing °°

— 36.52% $101.45 $14,000,000.00

D30 HVAC

D40 Fire Protection *F 1.20% $3.33 $459,616.52

D50 Electrical ¥ 15.65% $43.48 $6,000,000.00
E Equipment & Furnishings " 0.54% $1.51 $208,916.60
F Special Construction > 0.00% $0.00 $0.00
Subtotal 91.36% $253.78 $35,021,865.48
General Conditions ° 8.64% $24.01 $3,313,309.78
Subtotal with GC's 100.00% $277.79 $38,335,175.26
Location Multiplier 1.00
Time Multiplier 1.00
Total Cost $38,335,176.26

NOTES:

¥ _Cost taken from RS Means Square Foot Estimate

PET _ Cost taken from RS Means Detailed Estimate

SFDET _ Cost from RS Means Detailed Estimate added to RS Means Square Foot Estimate

ORI _ Cost taken from Original Building Cost Data, as provided by Turner Construction
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Appendix I: Sustainability Breadth

Photovolatic System
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City: Los Angeles
State: California
Lat (deg N): 33.93
Long (deg W): 118.4
Elev (m): 32
DC Rating: 15.6 kW
DC to AC Derate Factor: 0.77
AC Rating: 12.0 kW
Array Type: Fixed Tilt
Array Tilt: 0
Array Azimuth: 160
Cost of Electricity: |12.5 cents/kWh
Koxith Solar Ra(iiation AC Energy Energy Value
(kWh/m®/day) (kWh) $)
January 2.88 969 121.12
February 3.87 1,213 151.62
March 4.77 1,678 209.75
April 5.76 1,947 243.38
May 6.57 2,292 286.5
June 6.79 2,277 284.62
July 7 2,418 302.25
August 6.6 2,263 282.88
September 5.13 1,692 211.5
October 4.15 1,418 177.25
November 3.21 1,045 130.62
December 2.72 894 111.75
Year 4.96 20,106 2513.25

April 7th, 2011 University Sciences Building | Northeast USA -185 -



Kathryn Gromowski | Structural Option

L High Season (June-Sept.) | Low Season (Oct.-May)
Description
S/kW S/kWh S/kW S/kWh
Facilities Charge $5.00
Demand Charge
High Peak Period $9.00 $4.25
Low Peak Period $3.25
Energy Charge
High Peak Period 0.04679 0.04045
Low Peak Period 0.03925 0.04045
Base Period 0.01879 0.02252
ECA 0.05690 0.05690
ESA $0.46 $0.46
RCA $0.96 $0.96
Redactive Energy Charge
High Peak Period 0.00026 0.00023
Low Peak Period 0.00017 0.00023
Base Period 0.00011 0.00014
Totals
High Peak Period $10.42 0.10395 $5.67 0.09758
Low Peak Period $4.67 0.09632 $1.42 0.09758
Base Period $1.42 0.07580 $1.42 0.07956
S:z-:izn Low Season | Total High Total Low
Description Times/Days | Hrs/Week $/KW to S/kW to Season Season
$/kWh S/kWh S/kWh S/kWh
High Peak Period 1P-5P/M-F 20 $0.03006 | $0.00818 $0.13401 $0.10576
Low Peak Period 10A-1E/McF 30 $0.00898 | $0.00137 | $0.10530 $0.09895
5P-8P/M-F
Base Period §:t’12uA:MF 118 $0.00069 | $0.00035 $0.07649 $0.07991
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LUumeta

Solar Innovation from California

Electrical Characteristics

PowerPly™ 400

Peak Power (Pmax)*

400 Wp (+/- 5%)

Maximum Power Point Voltage (Vmpp)* 82V
Maximum Power Point Current (Impp)* 4.88 A
Open Circuit Voltage (Voc)* 989V
Short Circuit Current (Isc)* 533 A
Module Efficiency* 13.8%

Operating Temperature

-40°C to +85°C

Maximum Series Fuse Rating 15 A

Nominal Operating Cell Temperature (NOCT) 60°C +/- 2°C
Temperature Coefficient of Power (Pmax) -0.45 %/°C
Temperature Coefficient of Voltage (Voc) -0.35 %/°C
Temperature Coefficient of Current (Isc) 0.02 %/°C

IV Curves
Cell Temperature: 25°C
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Voltage (V)
— 1000 W/m* — CLrrent vs. Voltage
— 00 W/m?

600 W/m*

— Power vs Voltage

Warranty

*Measured at Standard Test Condiitions (STC). Irradiance 1000 W/m?, AM 15, Cell Temperature 25°C

Mechanical Characteristics

Solar Cells: 160 Monocrystalline Silicon 125 x 125 mm
Dimensions: 929 x 48.4 x 0.4 inches (2360 x 1230 x 10 mm)
Weight: 65 Ibs (30 kg)

Front Sheet:

DuPont*® Tefzel® (ETFE)

Encapsulation:

Ethyl Vinyl Acetate (EVA)

Back Sheet:

Fiberglass Reinforced Plastic (FRP)

Junction Box:

IP-65 rated

Adhesive:

Peel-and-Stick Polymer Tape

Roof Compatibility:

Single Ply Membranes (PVC, TPO, EPDM),

Modified Bitumen, Metal

Roof Slope:

2:12 (10°) or less

92.9 inches 1

(2360 mm) 1

1
M
1el
+
+
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4+

-

L |
=SS ="

www.lumetasolar.com / Email: sales@lumetasolar.com / +1 949 266 3855

4935353

¢+
‘¢0?§"'
e ===

7

0.4 Inches
10 mm

S-year repair or replacement warranty

12-year / 25-year limited peak power warranty

Certifications

UL 1703 for use in systems up to 600 V, CSA listed

IEC 61215 and IEC 61730 for use in systems up to 1000 V

Fire Rating: Class B up to 1:12 Slope, Class C Unlimited Slope

Patents

US Patents 7,531,740 and 7,557,291 issued

Additional US and/or international patents may apply

Notes

Consult Installation Manual for detailed instructions

Specifications are subject to change without notice

Dealer Information

©2010 Lumeta. All rights reserved
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el dat Sunny Boy 5000-US Sunny Boy $000-US Sunny Bay 7000-US Sunny Boy B000-US

09VAC 200V ZIVAC 0IVAC  29I¥A  ZIVAC 208VAC  20VAC  ZTVAC 20vac ZTVAC
Input [DC}
Mese. acommandsd PV povear [ meduls STC| 5250 W 7500 W BTS00 W 10000 W
Mg, DC povar [@ coaq = 1] 5300 W 5350 W 7400 W BA0D W
Mest. DC vobags 400y 400V 400y A00V
DC nominal vokga 310¥% 310 310 345v
MAPP vokegs rangs 250 Y -4BOY 290V -4BOY 250 % - 4BOY 300Y -4BOY
Wiln. DG vokags / start yohage 250% / 0V 250¥ /300 ¥ 250% /300 ¥ 300V / 345 ¥
Mess. input curnant / par siing [of DC cisconmd] VA0 A 25A 204 3047204 WASZ0A

34 A@eombimd armingl 34 A @combimd rarmingl 34 A @ combind tarminel 34 A @ combined tarming |

Mumbsrof MPP trackars / =
fused o ringgs par MPP troschar L8 e o g
Output [ACH i
AC nominal powar 5000 W 4000 W 7000 W THBD W BOOO W ,E
Megt. AC apparant powar S000 VA 000 VA 7000 VA BOOD VA :
Neominal AC vobags / afusable WEV/e 20V e TIVSe WEVS/e 200v/e v/ e WEV/e Z0V/ie 2Iv/e 2oy /e IV é
AC vobags rings 12 -Z29Y 211-26dY ZU-TTY -2V 211-26dV 24-IDY 12 -Z9Y 211-26dy 2d-TBY 211264V 2Ad-msv
AC grid fracquaney; ranga &0 Hz; 59.3 - 805 Hz &0 Hz; 59.3 - 40.5 Hz &0 Hz; 59.3 - 40.5 Hz M Hz; 593-805H 3
Mesc. cutput currant 4A  NA 1BA WA 2/A 22A dA 294 25A 32A -
Pownarfostor [eos @) 1 1 1 1 7
Phass conductons / connadion phasas 1/2 1/2 14 1/2 1/2 1N 1/2 1/2 14 1/2 141 =
Harmonics <4% <4% <4% <4% ;
Efficiency ‘2_
Megt. afficdancy PETE  BEE  PLBE  WIE  WEEX I70E  IIE WFE 970% Wb.3E 5% E
CEC dfidaney P5TE 955%  955% 955%  955%  QA0%  955%  WOE 940% 0% 0% .i
Protecfion devices H
DC ravanss-pokarty pratadion L] L] L] L] E3
AC shott & et pretection L] L L L ¢
Guburically issktad / albpoks s raiive montaring urit 8/ 8- 8/ 8- 3
Prstaction ckas / bags cetagory 1/ 1/ Pl Pl 3
Ganeral dota =
Dimansions [V /H /D] in mm [in] 470/ 815 /240 \BS/ 24 /9] E—
DC Disconnad dimarnsions |W / H / D] in mm [in 1B7 /297190 |7/12/75| *
Pescking dimansans [W £ H /D] in mm [in] 390/ SB0 £ BOO |14 /23 /315 H
DC DEcon nad pocking dmemsioms W /H / D{in mm fn| 370 /240 f2B0 NS5/9/11) -":_
Waight / DC Disconnect wosight ddky 141 1b] /3.5ky |B b Sbkg NdS b/ 35ky [BIb] =
Pesc kingg wesigsht / DC Disconneet pesching wsigght &7ky 147 1b] fd ky [91b] &7 ky 152 1b] /4 ky [ 1b] ‘;
Oparaling tamparctuns rangs [full powesr| -25°C..+45°C |-137F..+113"F H
Neisa amission |typieal| 44 dBlA| 45dBlA| 48 dBlA| 49 dBlA| 5‘,
Intarnal consum ption ot iight 01w 0.1W 01w 0.1 W i
Topology LF tresnsfe mar LF tresnsfo rer LF transfermar LF transfarmar 2
Cooling conespt QptiCesl QpliCesl QptiCesl QpliCesl E-_
Eldrorics pretadion mling / connadion o MNEMA 3R / NEMA 3R NEMA 3R/ NEMA 3R NEMA 3R/ NEMA 3R NEMA 3R/ NEMA 3R H
Feotures ;
Displesy:tast ina / grophic e/- a/- ./~ /- 3
Intarfosces: RE4BS / Bluetooth afo afo afo afo 3
Warranty: 10 /15 / 20 yaars ®/afa 8/0f0 ®/0fa ®/0f0 L
Cattificetas and parmits [mors enaiksbls on recquest| UL 741, UL199B, IEEE 1547, FCC Pt 15 [Class A& B|. C54 C22.2 No. 107.1-2001 3

NOTE: USinvartars ship with gresy ks,

Dustes e nominal conditions

® Stondard factures O Oplional featuras — Net eveiksbls

Typa dasdgnetion SB S000US 5B 4000US SB 7000US SB BOQOUS

Ls 2§ 5K A Saka 1 Tee buak

Accessories
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T et s — 2 ABSUSIESMCHE BTFBINY-HL

L |
o T =
92
ko]

»
% L |Combiswirh [Combisibor.
e B el E st ok
" :- "vt:xzﬁl } mﬁ COMEDSNTCH SMCBEILoISIb G
8 =" ¥y~ 480V DL ) Voo V1

1 I 1 1 1
1000 2000 300 4000 000 6000 7000
P [W]

SUNHIDQA7RDUS 100927 S vy oy, DppConl avd SKih am g

Toll Free +1 888 4 SMA USA
www.SMA-America.com SMA America, LLC
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Green Roof

GREENGRID |
Tlhe Nafural ‘[ChoiTe for Yourj'Ro"f ~ ‘

ELEMENT DESCRIPTION

Module sizes (nominal) 2ftx2ftx2.5in(~61cmx61 cmx6cm)
2ftx2ftx4in (~61 cmx 61 cmx 10 cm)
2ftx4ftx4in(~61cmx122cmx10cm)
40inx40inx4in(~102x 102 cm x 10 cm)
2ftx2ftx2.8ftx4in

(~61 cmx 61 em x 85 cm x 10 cm) {triangle)
2ftx2ftx8in(~61 cmx61 cmx 20 cm)
2ftx4ftx8in(~61 cmx 122 cm x 20 cm)

Depth of modules (three depths) 2.5in (~ 6.4 cm), 4 in (~ 10 cm), and 8 in (~ 20 cm) (nominal)
Weight of planted modules 2.5-in depth — Approx. 11-13 Ib/ft? (53.7 — 63.5 kg/m?)
(when wet) 4-in depth — Approx. 18-22 Ib/ft? (87.9 — 107.4 kg/m?)

8-in depth — Approx. 35+ Ib/ft? (170.8+ kg/m?)
(Weight may vary based on requirements for project-specific
vegetation selections and variations in regional materials
incorporated in growth media.)

Module material 100% post-industrial recycled High Molecular Weight Polyethylene.
Protected with UV inhibitors and stabilizers.
— 150 mil (2.5 and 4 in)
— 200 mil (8 in)

Module drainage clearance above roof 0.5 in (1.3 cm)

Color of modules Black
Drainage/root resistance medium 3-oz spunbonded polypropylene geotextile
Growth media Proprietary mixture consisting of organic and inorganic material
Slip sheet protection fabric 6-0z non-woven geotextile slip sheet. (Installation of slip sheet
between GreenGrid® modules and roof surface is recommended.)
Vegetation Drought-resistant groundcovers, natives, perennials, and/or ornamental grasses

specifically selected for climate, hardiness zone, color, and size.

OPTIONAL ELEMENTS

Paver size 2 ftx 2 ft (~ 61 cm x 61 cm) (various depths available)
Paver material 100% recycled rubber
Paver colors (standard) Forest green, charcoal, brick red, black, and blue

(other, non-standard colors available)

Paver weight 7.5 Ib/ft?, based on 1.75-in depth (36.8 kg/m?, based on 4.5-cm depth)
Edge treatments Aluminum or steel, available in various colors and designs.
GreenGrid and ABC Supply Co. are trademarks of American Builders & Contractors Supply Co., Inc. 5 T
The GreenGrid® System is a proprietary technology of ABC Supply. U.S. and International patents pending. =
WESTON® is the exclusive licensee of the GreenGrid® System in the U.S. L \S¥/SOLUTIONS A
www.greengridroofs.com © 2008 Weston Solutions, Inc.
(®) PRINTED ON RECYCLED PAPER B-D06&-S 4.08
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