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THE NEw York Crty Bus DepoT BuiLpDiNG STATISTICS

FUNCTION: Bus Depot, Service Garage, MTA Offices

EXISTING CONDITIONS O BUILDING STATISTICS SIZE: 390,000 SE

0 SITE AND LOCATION HEIGHT: 80’
¢ STRUCTURAL SYSTEM STORIES: 3 (4 in office area)

PROBLEM STATEMENT
PROPOSED SOLUTION
STRUCTURAL DEPTH
CONSTRUCTION BREADTH

CONCLUSIONS = Bus Facility

= Storage/Maintenance

QUESTIONS B - Office

STV(“ //}9)0 w New York City Transit

= Public
= Vault

= IREI; Slide | 3
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THE NEw York Crty Bus DepoT SITE AND LOCATION

EXACT LOCATION:

EXISTING CONDITIONS ¢ BUILDING STATISTICS :
Undisclosed by Owner

¢ SITE AND LOCATION
¢ STRUCTURAL SYSTEM

PROBLEM STATEMENT

PROPOSED SOLUTION

Image: Colton’s Topographic Map of the
STRUCTURAL DEPTI—I City and County of New York (1835)

CONSTRUCTION BREADTH .
areKki s.org

CONCLUSIONS

QUESTIONS
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THE NEw York Crty Bus DepoT Ex1sTING STRUCTURAL SYSTEM

FOUNDATION:
RN oS o T . o Pile Foundation (as deep as 150")

9
PROBLEM STATEMENT R 11O

0 STRUCTURAL SYSTEM
PROPOSED SOLUTION
STRUCTURAL DEPTH
CONSTRUCTION BREADTH el
CONCLUSIONS

/2 SECTION
C-l;h -ty
Eri1a

QUESTIONS S —

1, LONGITUDINAL SECTION

A-301/ 1arer”

Kaitlyn Triebl | Structural Option | Advisor Kevin Parfitt Slide | 5

FIRST FLOOR




TrE NEw York Crty Bus Depot Project GOALS

eplace Moment Frame Scheme with Brace
¢ R pl M F Sch h Braced
EXISTING CONDITIONS S|
Frames Sialy
PROBLEM-STATEMENT ¢ PROJECT GOALS ¢ Maintain Bus Flow ~
PROPOSED SOLUTION <> LOW€1” Sﬁismic R€aCtiOnS ‘.,:
O Control drift of the 3" Floor Mezzanine and |
STRUCTURAL DEPTH : -
High Roof
CONSTRUCTION BREADTH O Decrease the Construction Time per Frame =
CONCLUSIONS O Decrease the Cost of Lateral System Erection B
ecrease the Skilled [Laborers Necessary on Site
O D he Skilled Lab N yonS
QUESTIONS " &
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THE NEw York City Bus DepoT

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION ¢ BUCKLING
STRUCTURAL DEPTH PR SINEL EeIS
¢ BRACE RELOCATION
CONSTRUCTION BREADTH
CONCLUSIONS
QUESTIONS
Kaitlyn Triebl | Structural Option | Advisor Kevin Parfitt

BuckriNnGg RESTRAINED BRACED FRAMES

y 4

STAR SEISMIC

POWERCAT

Proprietary collars for |
stable connections
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1000

500l SCBF-1
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THE NEw York Crty Bus DepoT

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION ¢ BUCKLING
STRUCTURAL DEPTH PR SINEL EeIS
¢ BRACE RELOCATION
CONSTRUCTION BREADTH
CONCLUSIONS
QUESTIONS
Kaitlyn Triebl | Structural Option | Adpvisor Kevin Parfitt

BeNEFITS OF BUuckrLING RESTRAINED BRACES

O Beneficial for Poor Soils

Images: Nordstrom
Topanga Mall
(Coffman Engineers)
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THE NEw York City Bus DepoT

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION ¢ BUCKLING
STRUCTURAL DEPTH G g
¢ BRACE RELOCATION
CONSTRUCTION BREADTH
CONCLUSIONS
QUESTIONS
Kaitlyn Triebl | Structural Option | Advisor Kevin Parfitt

BrAcE RELOCATION

Large Deflections under

Original Design

Proposed Design Alteration
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THE NEw York Crty Bus DepoT Bay ELIMINATION

EXISTING CONDITIONS §
|/
PROBLEM STATEMENT g
PROPOSED SOLUTION ﬁmue S
STRUCTURAL DEPTH O BAY ELIMINATION
CONSTRUCTION BREADTH ¢ LATERAL LOADS &
DISTRIBUTION
CONCLUSIONS O BRACE DESIGN
QUESTIONS ¢ RAM MODELS
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THE NEw York City Bus DepoT

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION

STRUCTURAL DEPTH 5”’]3 AY ELIMINATION
CONSTRUCTION BREADTH ~  ATERAL LOADS &

DISTRIBUTION

CONCLUSIONS 0 BRACE DESIGN
QUESTIONS ¥ RAM MODELS

Kaitlyn Triebl | Structural Option | Adpvisor Kevin Parfitt

[LATERAL LOADS AND DISTRIBUTIONS

Bulldmg A: West Facii:lf@ansmn
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Overturning Moment:
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30078 KA

Original Seismic Values (R=3.5)
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THE NEw York Crty Bus DepoT

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION

STRUCTURAL DEPTH O BAY ELIMINATION
CONSTRUCTION BREADTH ATERAL LOADS &

DISTRIBUTION

CONCLUSIONS ¢ BRACE DESIGN
QUESTIONS O RAM MODELS

Kaitlyn Triebl | Structural Option | Adpvisor Kevin Parfitt

[LATERAL LOADS AND DISTRIBUTIONS

Level I:
B: 407 k
F: 136k

Level 2:
B: 341 k
F: 114k

[evel 3:
B: 150k
F: 50k

150k

341k

407k
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TrHE NEw York City Bus DepoT Brace DEsiGN

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION
STRUCTURAL DEPTH O BAY ELIMINATION
CONSTRUCTION BREADTH ¢ LATERAL LOADS &
DISTRIBUTION : Frame 4A |
CONCLUSIONS O BRACE DESIGN Buildin'» A , Coffman Engineers
QUESTIONS ¢ RAM MODELS
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THE NEw York Crty Bus DepoT RAM MobELS

EXISTING CONDITIONS Model Assumptions:
PROBLEM STATEMENT v AM d.taphragms “S‘d
O All connections pinned (except base)
PROPOSED SOLUTION O Axial Stiffness Modifier applied to
STRUCTURAL DEPTH O BAY ELIMINATION Braces
CONSTRUCTION BREADTH O LATERAL LOADS & O Rigid End Offsets applied to Braces
DISTRIBUTION O PA Effects Included
CONCLUSIONS O BRACE DESIGN
QUESTIONS 0 RAM MODELS
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THE NEw York City Bus DepoT

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION
STRUCTURAL DEPTH

CONSTRUCTION BREADTH Q0 COST ANALYSIS
O SCHEDULE ANALYSIS
0 CONSTRUCTION
QUESTIONS SEQUENCE

CONCLUSIONS

Kaitlyn Triebl | Structural Option | Advisor Kevin Parfitt

CosT ANALYSIS

Dasse Design, Inc.

Braces
26%

$1,400 ___-m- Dasse Design, Inc.

Connections

Pricing Connections 31%

Columns

15%
. Columns
Connections 23%

L Piles & Pile Caps
1%

per connection
|perproject | $2,995,548.31|  $3,346,611.66

* Note : per project costs include braces,
connections, columns, and beams

Piles & Pile Caps Frame Beams
25% 3%

6 Story BRBF

Dasse Design, Inc

Cost Relatwe to%?‘{llcplr%%—]aght

6 Story SCBF
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THE NEw York City Bus DepoT

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION
STRUCTURAL DEPTH
CONSTRUGTION BREADTH ¢ COST ANALYSIS
¢ SCHEDULE ANALYSIS
CONCLUSIONS
¢ CONSTRUCTION
QUESTIONS SEQUENCE

Kaitlyn Triebl | Structural Option | Advisor Kevin Parfitt

SCHEDULE ANALYSIS

Moment Connection Schedule | The New York City Bus Depot
| Single Day | Full Bay Assembly |

Hour 1 | Hourd

EEMEI

Angles
e |
Weldlng
Total Time: 4hr 40min
Bolts
Weldmg

Column 1 Erection
Column 2 Erection

Beam Erection

Hour5 Hour6 Hour7 Hour8
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THE NEw York City Bus DepoT

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION
STRUCTURAL DEPTH
CONSTRUGTION BREADTH ¢ COST ANALYSIS
¢ SCHEDULE ANALYSIS
CONCLUSIONS
¢ CONSTRUCTION
QUESTIONS SEQUENCE

Kaitlyn Triebl | Structural Option | Advisor Kevin Parfitt

SCHEDULE ANALYSIS

Braced Connection Schedule | The New York City Bus Depot
| Single Day | Diagonal Brace Assembly |

Hour5 Hour6

Hour7 Hour8

MEMEEEI

Column 1 Erection

Column 2 Erectlon

Beam Erection

Left Bolts -

T
o]

T.ta .

Bhr - I
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THE NEw York City Bus DepoT

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION
STRUCTURAL DEPTH
CONSTRUGTION BREADTH ¢ COST ANALYSIS
¢ SCHEDULE ANALYSIS
CONCLUSIONS
¢ CONSTRUCTION
QUESTIONS SEQUENCE

Kaitlyn Triebl | Structural Option | Advisor Kevin Parfitt

SCHEDULE ANALYSIS

BRB Connection Schedule | The New York City Bus Depot
| Single Day | Diagonal Brace Assembly |

jouwl | How2 | Wow | Houwd

Hour 5

Hour 6

"~ How7 | vows

B s e s o e e e D

Cqumn 1 Erection

Column 2 Erection

BRB/Beam Attachment

Beam/Brace Erection

s
Total Time
s Erecion
i
s

Zhr - I
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THE NEw York Crty Bus DepoT

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION
STRUCTURAL DEPTH

CONSTRUCTION BREADTH 0 COST ANALYSIS
O SCHEDULE ANALYSIS
0 CONSTRUCTION
QUESTIONS SEQUENCE

CONCLUSIONS

Kaitlyn Triebl | Structural Option | Adpvisor Kevin Parfitt

CONSTRUCTION SEQUENCE

1 Onground, attach brace to beam. NEXT

staRd 7 | WiLbcAT /7
SEISMIC Installation Instructions
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THe NEw York City Bus DepoT R EEVALUATION OF (QOALS

\\}/ Replace Moment Frame Scheme with Braced
EXISTING CONDITIONS
\/ Frames
PROBLEM STATEMENT \/ Pricing Connections
iY Nt v per connection
STRUCTURAL DEPTH * Note : per project costs include braces,
\/ connections, columns, and beams
CONSTRUCTION BREADTH \/
CONCLUSIONS \/
QUESTIONS
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TrHE NEw York City Bus DepoT ACKNOWLEDGMENTS

Architectural Engineering Faculty and Staff:

EXISTING CONDITIONS Professor Parfitt: Advisor
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PROBLEM STATEMENT A. Christopher Cerino
PROPOSED SOLUTION Christopher Papa

QUESTIONS Rl Tl
STRUCTURAL DEPTH Andrew Nolt
CONSTRUCTION BREADTH Star Seismic™:
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CONCLUSIONS New York City Mass Transit Authority:
QUESTIONS Mahesh Patel
Friends and Family

Kaitlyn Triebl | Structural Option | Advisor Kevin Parfitt Slide | 21






TueE NEw York City Bus DepoT CONNECTIONS

EXISTING CONDITIONS

PROVIVE FLANGE AND/ CP(TYP) r a_rfg:a NSFFS
OR WEB STIFFENERS : | )

WHERE REQUIRED PER

PROBLEM STATEMENT " | e

1/2" STIF PL NSIFS BEAM VARIES
(TOTAL OF 8) SEE FRAMING PLANS

PROPORTION PLATES AND WELDS
FOR APPROPRIATE FORCES

BRACE (TYP)

DESIGN ANGLE AND CONNECTION
FOR VALUES SHOWN ON BRACING
ELEVATION

PROPOSED SOLUTION

STRUCTURAL DEPTH

CONNECT FOR TABULATED

BEAM VARIES \_ s
SHEAR VALUE UNLESS NOTED 3/8" MINIMUN

SEE FRAMING PLANS / il
OTHERWISE ON PLAN / SS

CONSTRUCTION BREADTH - | P st i \—BAC‘(ING BAR (TYP)
@ i 3= WELDED

DESIGN ANGLE AND CONNECTION
FOR VALUES SHOWN ON BRACING
ELEVATION

CONCLUSIONS

/B8 BRACE CONNECTION DETAIL ¢, BRACE CONNECTION DETAIL

Q—Q\'H SCALE: NONE W SCALE: NONE
s-202
S-203

APPENDICES

Kaitlyn Triebl | Structural Option | Advisor Kevin Parfitt Slide | 23



TueE NEw York City Bus DepoT CONNECTIONS AXIAL STIFENESS MODIFIERS

EXISTING CONDITIONS

Connection Strength = Py i4ing core” B W
PROBLEM STATEMENT B= Compression Max : Tension Max

w= Tension Max : Yield Strength*Steel Area

PROPOSED SOLUTION _ ;
o Eb-m ce *"'l:_.-'iaid |'.'-|'.'-'F"'El-"|l L.}-'IEEIEd el g
STRUCTURAL DEPTH Modifier = = 1 T
'total brace ‘*yield core’ “total braces
CONSTRUCTION BREADTH
CONCLUSIONS
APPENDICES
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THE NEw York City Bus DepoT

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION
STRUCTURAL DEPTH
CONSTRUCTION BREADTH
CONCLUSIONS

APPENDICES

Kaitlyn Triebl | Structural Option

Advisor Kevin Parfitt

BUILDING A ECONOMIZATION

Stiffness and Overstrength Factor Analysis

NYC Bus Depot Building

race #

N A WN =

184.171t-128.08ft to F-2D
184.17ft-128.08ft to F-2
184.17ft-128.08ft to F-2D
184.17ft-128.08ft to F-2
184.17ft-128.08ft to F-2D
184.17t-128.08ft to F-2
65.79ft-150.50ft to B.1-2
65.79ft-150.50ft to C-2
65.79ft-45.00ft to B.1-4A
65.79ft-45.00ft to C-4A
87.92ft-45.00ft to C-4A
87.92ft-45.00ft to C.14A
65.79ft-45.00ft to B.1-4A
65.79ft-45.00ft to C-4A
87.92ft-45.00ft to C-4A
87.92ft-45.00ft to C.14A
65.79ft-45.00ft to B.1-4A
65.79ft-45.00ft to C-4A
87.92f1-45.00ft to C-4A
87.92ft-45.00ft to C.1-4A
44.171t-75.50ft to B-3B
44.17t-75.50ft to B-3
44 17ft-120.00ft to B-3
44 .17t-120.00ft to B-2B
44 .17ft-75.50ft to B-3B
44.171t-75.50ft to B-3
44.171t-120.00ft to B-3
44.17ft-120.00ft to B-2B
B-3to B-3B
B-3to B-2B
65.79ft-150.50ft to B.1-2
65.79ft-150.50ft to C-2
C1-2toC-2
C.1-2to D-2
65.79ft-150.50ft to B.1-2
65.79ft-150.50ft to C-2
C.1-2to C-2
C.1-2to D-2
C.1-2t0 C-2
C.1-2to D-2

Fymax = p=

46 5.00 1.00 1.00 A

ksi| Cd (5, R=8, 5.5, R=7)

A=Area Based,

362.9
362.9
376.1
376.1

i (in)=

10 inside tube straight section
.75 No shim+Gap&plates

Wildcat Brace Stiffness Analysis

uss-Guss (in) (at sugg

)

elongation (S€TVice level -

en (K/in)

241.0
241.0
265.0
265.0
263.0
263.0
284.0
284.0
301.0
301.0

g /Kcore Method A, (in)

w om =CyAn(in) (Used)

Maxima
1.177%
Wildcat Overstrength Factor Analysis

1.01%
0.94%
1.08%
1.04%
0.98%
0.98%
1.03%
1.01%
0.96%
0.63%
0.47%
1.18%
1.01%
0.84%
0.69%
1.07%
1.00%
1.00%
0.90%
0.91%
0.83%
1.10%
1.08%
0.85%
0.95%
1.14%
1.12%
0.96%
0.83%
0.83%
1.08%
0.78%
0.94%
1.00%
1.05%
0.91%
1.01%
1.05%
1.04%
1.05%

se B

1.35

1.31
1.29
1.32
1.31
1.30
1.30
1.31
1.30
1.29
1.20
1.16
1.35
1.30
1.26
1.22
1.32
1.30
1.30
1.27
1.28
1.26
1.33
1.32
1.26
1.29
1.34
1.33
1.29
1.26
1.26
1.32
1.24
1.28
1.30
1.32
1.28
1.30
1.32
1.31
1.32

ecommend use w

ecommend use w

1.1(CorThuax

NN
@ ™
o,

HH D DS
D DD D O yscmax
coocoo

model (K/iN)

gineering Tools

Ratio Kest/Kmodes

- afRecommended Stiffness
w wiModificaiton Factor (KF)

-k
NN
oo

Ratio Key/ Kupwp/KF

Using Design A,)

START (ELF Example
Area-Based Design)

Approximate base
shear V using required
seismic parameters and
Ta

Salect frame
locations foonfiguration.
Note that the 30%/70%
compresion/tension brace mtio
does not apply to BRE Frames.

Assume brace Stiffness
Meodification Factor KF
{Or brace stiffness
value) for each brace.

Distribute lateral forces
to frames.

Approximate beam and
column sizes and brace
capacitiesfcore areas

If desired, determine
the actual building
period T based on

actual brace stiffnesses
and refine base shear.

Refine distribution of
lateral forces to frames
based on actual brace
stiffnesses. Analyze
members.

Revise member sizes as
necessary

Engineersends to BRB MFR:

1. Baysizes f brace
configuration

2. Approx. beamfcolumn sizes

3. Approx. brace cap. [ areas.

4. R[C4 |, p, and assumed
Fyminvalue and stiffness
factor KF.

5. Actual code-level forces and
lbuilding drifts may also be
helpful.

BRB MFR sends to engineer:

1. Rec.Fyrange for core
material.

2. Brace stiffnesses or stiffness
factors KF.

3. Rec.over-strength factors @
and fm.

4. MFRmay also send rec.
core areas or other helpful
info. related to the design.

Did
beam feolumn
sizes or core

areas change?

Approximate brace and
connection design

Approximate brace
lengths using conn.
design and layout

Calc. brace stiffnessf
stiffness factors KF

Calculate brace over-
strength factors o and

pa-

Confirm project braces
do not exceed tested

assemblies.

M ENGINEER PRO

MNOTED IMN BLUE, BRB
MANUFACTURER P
NOTED IN TAN,

Procoed with design
documents.
Recommend sending
manufacturer final info
for final coordination.
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THE NEw York City Bus DepoT

EXISTING CONDITIONS
PROBLEM STATEMENT
PROPOSED SOLUTION
STRUCTURAL DEPTH
CONSTRUCTION BREADTH
CONCLUSIONS

APPENDICES

Kaitlyn Triebl | Structural Option | Adpvisor Kevin Parfitt

TORSION: BUILDING A

Building A: Frame Torsional Shear

B | 20002| 075| 11.18] 4583| 157529  20.28
4 | 21522] 039] 2145| 6683 172844] 4327
B | 42158] 075 1642] 4083] 1250.32]  57.19
4 | 43575 039 20.78] 6583] 167710 8361
B | 54256| 075| 2067| 36:83] 1017.34]  84.28
542.56| 0.61] 2048 42.00] 108133  103.69
| 4a | 542556 039 20.48| 65.83] 1677100 @ 102.60

Building A : Mass and Rigidity

11 9

92

oof

[ERY

N

8 21

0o

10

Ye)
(o}
N | =
N

N [w([=
ala
-n |7
5 |o
S |o
= -~
=
o
!!

Building B : Mass and Rigidity

oof
rd Floor
nd Floor

Roof | 125 89| 123) 98] 13 19
3rdFloor | 125 95|  123) 98  13] 13
ondFloor|  125] 99| 123] 98] @ 13] @ 1

Building C : Mass and Rigidity

=
D
[y

2

rd Mezz
rd Floor
2nd Floor

o

| 98 54 25
3 1 | 99 a4 12
| 99 25 10
2nd Floor | 9 25| 1

99
1]
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TueE NEw York City Bus DepoT SEISMIC

EXISTING CONDITIONS

PROBLEM STATEMENT BREF Segmic e |

PROPOSED SOLUTION Brce SHEAR (B=F ot 35 @ fx moment Sranes)

STRUCTURAL DEPTH Ve= CoW

CONSTRUCTION BREADTH |5 /RID) = aef(#h) =0, 0t

CONCLUSIONS S/[1 7] = onf[CBowy3h)] = 0.0 ONTROLS (also 7, 01)
APPENDICES wnkn T, [ [1R1)] = 014(0) MW)(?/!) =019

Kaitlyn Triebl | Structural Option | Advisor Kevin Parfitt Slide | 27



TueE NEw York City Bus DepoT SEISMIC

Structure Load  Max (in) Permitl:ed[inil Fl'.atiu

| EQ | 050053 | 3634 | 0.4 |
EXISTING CONDITIONS mmm
3634 | D40 |
PROBLEM STATEMENT mmm

mm—m

STRUCTURAL DEPTH 0.020h... (Seismic per Code) Structure Load Max (in) Permitted (in) Ratio

H
PROPOSED SOLUTION 200 (Wind per Code)

CONSTRUCTION BREADTH

—— (Seismic for Nonstructural)

CONCLUSIONS

APPENDICES
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