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BUILDING CODE DATA (EXISTING)

* International Building Code 2000
* Business — Group B Occupancy (§304, page 24)

« Type of Construction, Type H1IB, Sprinklered
— 4 Story Office Building
— Max. Height | 75°-0” (Table 503, page 71)
— Max. Stories | 5 (Table 503, page 71)
— Max Allowable Area Per Floor | 53,438 SF
— 0 hour fire rating required

Similar results for existing classified in IBC 2009

BUILDING INTRODUCTION PROBLEM STATEMENT

BUILDING CODE DATA (REDESIGN)

* International Building Code 2009

* Business — Group B

Occupancy

« Type of Construction, Type IV (HT)
— 4 Story Office Building

— Max. Height | 65°-0”
— Max. Stories | 5

§602.4

— Max Allowable Area Per Floor | 36,000 SF

— Minimum width and

PROPOSED SOLUTION

depth used for HT

GRAVITY REDESIGN

“Floors shall be without
concealed spaces.”

LATERAL REDESIGN

BUILDING CODE DATA (REDESIGN)

 International Building Code 2009
* Business — Group B Occupancy

« Type of Construction, Type IlIB  §602.3

4 Story Office Building

Max. Height | 75°-0”

Max. Stories | 4

Max Allowable Area Per Floor | 60,648 SF
0 hour fire rating required

MECHANICAL & ENVELOPE

“...the exterior walls are
of noncombustible
materials and the interior
building elements are of
any material permitted by
this code. ”

CONCLUSION AN



EXISTING SPSW LATERAL DESIGN

SHEAR WALL DETARS =
WITHOUT CMu, SEE
5/5501  (SM)
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TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (hours)

(see Sectio

Bearing walls
-,
Exterior" 7

Interior
Monbearing walls and partitions
Exterior

See

e Section
Interior 602.4.6

MNonbearing walls and partitions

Roof construction and secondary
members (see Section 202

BUILDING INTRODUCTION PROBLEM STATEMENT

PROPOSED SOLUTION

FLOOR-CEILING ASSEMBLIES
WITH COMPOSITE DECK

Vuleraft Decks have been tested by Underwriters Laborataries Inc. for their Fire Resistance Ratings. In as much as new listings are continually being added, please contact the factory if your required
design is not listed below. The cellular decks listed comply with U.L. 209 for use as Electrical Raceways.

Restrained Concrete U.L. Unrestrained
99 5 Assen_'n bly _ Thickness & De_sign yp Bea_lm
* 475" of NW on unprotected deck required for a 2 hour fire Rating Protection Type (1) No. (234) Rating

. Unprotected Deck 1.5VL1.5VLI2VLIBVLl [ 1BVIP2VIRBVIP | 1 Hr |
rati ng ' 1.5VL,1.5VLL2VLI,3VLI | 1.5VLP, 2VLP, 3VLP
Exposed Grid 1.5VL1.5VLI,2VLI,3VLI 2VLP,_3VLP

2" NW&LW 2VLI,3VLI 2VLP_3VLP
1.5VL1,2VLI,3VLI 1.5VLP, 2VLP, 3VLP
Cementitious

FIRE RATING — COMPOSITE DECK

) bri2* | avwl|  aviP|  2Hr |
2 /2" NWELW 2VLI,3VLI 2VLP 3VLP
1.5VLI,2VLL,3VLI 1.5VLP, 2VLP, 3VLP

« Construction Type HIB requires no floor construction fire
1,1.5,2,3 Hr.

resistance 11523 H
L Dee 11523 H.

Sprayed Fber | \waiw | Deér* 1.1.53 H:
| TA524H

a1 11523 H,

Docz # 115 H.

Do1a 1

2 LW Dote # L1523H.

Dote 4 1215 H:

Unprotected Deck Doto 4 1215 b
Doz # 1215 H:
- Dots # L1523 H,
Dots # 1,15 H:

D919 # 1.5VL.1.5VLIL.2VLI3VLI 1.5VLP 2VLP 3VLP 1.1.5 Hr.
[ i v a oo L A p v

’ ]
m "]
g & 2

GRAVITY REDESIGN LATERAL REDESIGN MECHANICAL & ENVELOPE CONCLUSION
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EXISTING DESIGN - DEAD LOADS EXISTING DESIGN - LIVE LOADS REDESIGN - DEAD LOADS

Dead Loads
Occupancy or Use | Load (psf

Floors (typical 95
Roof

Live Loads Breakdown of Floor Dead Loads

Load (psf
51

Load (psf

Occupancy or Use
Floors (typical
Balcon
Stairs

o

Occupancy or Use
Concrete and steel deck

100
100
150
250
20
10
10

Breakdown of Floor Dead Loads
Occupancy or Use LLoad (psf
Concrete and steel deck 63
Concrete ponding
Computers
Lights
Mechanical
Sprinkler
Miscellaneous
Provided by Cromwell Architects Engineers, Inc.

Carpet
Computers
SDL (MEP+LTG+Sprinkler)
Framing

Mechanical
Sidewalk
Roof Minimum
Snow Load
Ground Snow Load

10

= |
o N ol
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— = SAP2000 QUEEN POST MODEL

2.25-foot depth post

Axial Load Results

Axial Reaction

Member Releases

—N.T.S. Cable Reaction

Post Reaction 42 KPS Post Reaction 42 "Ps

PRELIMINARY CALCULATIONS
O =tan-1(w/h) =  1.3¢  rdas

Point Loads

a= 8866 "

from actual
172.97

Cable 1 9.7%

CALCULATE RESULTANT FORCES IN CABLE AND BEAM
Cable Reaction 186.21 P

Beam Axial Reaction 181.37 “Ps

172.97
-40.586
-40.586

PROPOSED SOLUTION GRAVITY REDESIGN LATERAL REDESIGN MECHANICAL & ENVELOPE CONCLUSION AN




BUILDING INTRODUCTION

PROBLEM STATEMENT

FLOOR SYSTEM COMPARISON

Potential Floor System Advantages and Disadvantages

Tongue and groove wood plank Spacing will be an issue

Concrete floor system Additional weight may be of concern
Would not match architectural style of building

Composite concrete and wood system Intricate calculations required

Steel decking and concrete system In use in existing building
Would match redesign of building

Post tensioned slab Not an economical solution
Would have to span in the short distance thus
decreasing the utility of the post tensioning

PROPOSED SOLUTION GRAVITY REDESIGN LATERAL REDESIGN

MECHANICAL & ENVELOPE

CONCLUSION

A




Existing System Redesigned System

GRAVITY SYSTEM SIDE-BY-SIDE
COMPARISON

Underfloor Air Distribution System

BUILDING INTRODUCTION PROBLEM STATEMENT PROPOSED SOLUTION GRAVITY REDESIGN LATERAL REDESIGN MECHANICAL & ENVELOPE CONCLUSION AN
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I e ' I FLOOR-TO-FLOOR HEIGHT I I

o T e COMPARISON ng

| = = amas s e ——
29°-0” 29°-0”
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2.25-foot depth post

N.T.S.

Post Reaction 42 KPS Post Reaction 42 "Ps

PRELIMINARY CALCULATIONS
O =tan-1(w/h) =  1.34 "

a= 8366 "

CALCULATE RESULTANT FORCES IN CABLE AND BEAM
Cable Reaction 186.21 “Ps

Beam Axial Reaction 181.37 KPs

PROPOSED SOLUTION GRAVITY REDESIGN

BUILDING INTRODUCTION

MACALLOY BAR & CABLE SYSTEMS

Macalloy TechnoTensioner

Hydraulic Cylinder Turnbuckle  paad End
Draw Bars

Bar

Axial Reaction

Cable Reaction

Macalloy 460 Bar System

Table 1 - Tendon Capacities for Carbon Macalloy 460

Thread Mmm Mi10 M12 Mi6 M20 M24 M30 M36 M42 M4g M56 M64 M90 Mi00
inch 38 1/2 5/8 3/4 1 114 138 15/8 2 21/4 21/2 31/2 4

mm 10 11 19 22 28 34 39 45 52 &0 a7 o7
Nominal Bar Dia. inch 039 043 059 075 087 1 134 184 177 205 236 ‘ 343 3,80

Min. Yield Load N 25 36 108 156 249 384 501 660 912 1204 2633 3172
- dp 56  BA , 243 351 56  B18 1126 1484 270.7 : z 560.4 7131
N 33 48 143 207 330 483 €85 875 1596 338 4208
e Kip 74 108 ! 321 465 742 1086 1495 1967 358.8 7 7549 9455
N 24 35 103 149 238 348 479 630 1149 2138 2418 3029
kp 54 787 : 2516 335 535 7823 1077 14163 58 25831 . 54359  680.95

(leg/m) 0.5 0.75 14 22 3 4.8 FAl 9.4 1285 16. 222 415 46.7 58
{Ibit) 0.34 0.5 0.94 148 2.02 323 4.77 68.32 8.4 1.2 14.92 2789 31.38 38.97

Jf,ﬂ

Design Resistance to EC3

Nominal Bar Welght

B TEE—
|

LATERAL REDESIGN MECHANICAL & ENVELOPE CONCLUSION




QUEEN POST FIRE RATING

 Building not required to have a fire rating Fire rating of glulam IS approximately
« Assume a fire occurs on four sides of the member 1 hOUF and 15 minutes
« Assume member acts purely in compression (a column) .,.egv“,‘x"'.

t=254-7 B[B 2
= 2. =

APA — The Engineered Wood Association
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L ATERAL SYSTEM LAYOUT

Ground Level Only e s

L i)

First and Second Levels Only

All Levels
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IRREGULARITY

BUILDING INTRODUCTION

PROBLEM STATEMENT

— Type la
§ 1 —Type lb
T

— Type 5

§12.3.2, Table 12.3-1
ASCE 7-10

PROPOSED SOLUTION

Torsional Irregularity _Y_

Extreme Torsional Irregularity

Nonparallel System Irregularity

GRAVITY REDESIGN

§12 7.3 | Structural Modeling f

Type la §12 8.4.3 Ampllflcatlon of Accidental Torsional Moment Y‘
-directi
et _ Equivalent Lateral Force Analysis ProcedureY‘
-direction -
s _ Satp
avg — 2
5 E
Smax
= = = [ ] =
Storyl 1.03 33155 11.26 3840
A,= 0.020h,
LATERAL REDESIGN MECHANICAL & ENVELOPE CONCLUSION A




IRREGULARITY

BUILDING INTRODUCTION

PROBLEM STATEMENT

- Type la
§ 4 —Typelb
T

— Type 5

§12.3.2, Table 12.3-1
ASCE 7-10

PROPOSED SOLUTION

Torsional Irregularity _Y_

Extreme Torsional Irregularity

Nonparallel System Irregularity

GRAVITY REDESIGN

‘ lCl tera l force resisting SyStem §12.5.3 | Orthogonal Combination Procedure (30%/100%)Y‘

igning wi 1273
not aligning with the orthogonal _ tructural Modeling y

, Table 12.6-1 | Equivalent Lateral Force Analysis Procedure f

application for seismic forces. 1622

LATERAL REDESIGN MECHANICAL & ENVELOPE CONCLUSION AN




I RREGULARITY — Type il :pr-eF;]ISPaeri%iscontinuity in Vertical LFR Element "

Vertical

— Type B  Discontinuity in Lateral Strength-Extreme ——v—
Weak Story Irregularity

§12.3.2, Table 12.3-2
ASCE 7-10
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CENTER OF RIGIDITY — WEST SIDE

CENTER OF MASS — WEST SIDE

"
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CENTER OF MASS — EAST SIDE CENTER OF RIGIDITY — EAST SIDE
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SEISMIC FORCES

Seismic Shear Summary - West End

el | | i
Level kips kips
191.97 185.64

290.03 282.97

Seismic Shear Summary - East End

el i | e
Level kips kips

325.55

BUILDING INTRODUCTION

PROBLEM STATEMENT

PROPOSED SOLUTION

GRAVITY REDESIGN

LATERAL REDESIGN

WIND FORCES

Wind Shear Summar

X

Level 3 35.04
Level 2 67.36
Level 1 63.31

Wind Shear Summar

Level kips
Level 3 35.04

Level 2 67.36
Level 1 63.31

MECHANICAL & ENVELOPE

- West End

Vy
kips
53.91
103.94
98.15

- East End

vy
kips
47.25
91.1
86.02

CONCLUSION

A




MECHANICAL DUCTWORK SIZING

TRANE Ductulator® Duct Sizing from Air Handling Units (AHU)

Max Supply Mln Out3|de Return A|r Rounded Ductulator® Alternative Ductulator®
T
_ East | HOR2 6544 25x30 | 08
AHU-IW | Ist | West | HOR2 | 8920 | 1715 | 7205 | 9000 | 2536 |  20x48

OSA-E | - | Est | HOR2 | 8400 | 8400 | - | 800 [ 25@2 [ = 20¢2
OSA-W | - | West | HOR2 | 10200 | 10200 | - | 10000 | 25¢0 | 2060

BUILDING INTRODUCTION PROBLEM STATEMENT PROPOSED SOLUTION GRAVITY REDESIGN LATERAL REDESIGN MECHANICAL & ENVELOPE CONCLUSION AN




HSS Section Batt Insulation HSS Section

THERMAL BRIDGE ELIMINATION

Redesigned HSS Envelope

R (BTU-in/h-ft>-°F) | U (1/R
OutsideAirFilm | - | 017 | 588 |
 Aluminum Composite | 05 | 006 | 15.86

Battinsulaion | 3 | = 1145 | 0.09
 Aluminum Composite | 05 | 006 | 1586
InsideAirFilm | - ] = 068 | 147
] Sum

Thermal Batt FIBERGLAS® Insulation (Owens Corning Insultating Systems, LLC, 2007)
Almaxco ACP Mechanical Properties (Almaxco, 2012)

HSS Section

Batt Insulation

BUILDING INTRODUCTION PROBLEM STATEMENT PROPOSED SOLUTION GRAVITY REDESIGN LATERAL REDESIGN MECHANICAL & ENVELOPE CONCLUSION AN




ARCHITECTURAL GUIDELINE

History of Heifer International
Character of the Campus

— Site Circulation In all my travels around the world, the

— Movement on the Site Important decisions were made where people
 Character of Buildings sat in a circle, facing each other as equals. —
« Character of the Interior Space Dan West

BUILDING INTRODUCTION PROBLEM STATEMENT PROPOSED SOLUTION GRAVITY REDESIGN LATERAL REDESIGN MECHANICAL & ENVELOPE CONCLUSION AN
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ARCHITECTURAL GUIDELINE
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LATERAL REDESIGN

GRAVITY REDESIGN

PROPOSED SOLUTION

PROBLEM STATEMENT

BUILDING INTRODUCTION




ARCHITECTURAL GUIDELINE
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STRUCTURAL STEEL SUPPORT

STEEL "TREE’ DETAILS

WATER TOWER SECTION

1 i il A : . The structural columns, or “trees”, that grow
i = == throughout the building are a metaphor for
‘ trees naturally occuring in the wetlands
; surrounding the building. The trees support
— the roof, the one common canopy for all
i T~ employees, which collects rainwater
STRUCTURAL STEEL PIPE “’”&J =
— \
CORRUGATED \ e STL./GAURDRAIL
MTL. PANEL 5 2, RE MESH
$ PANELS
\
‘ A GALV. MTL. GRATE
\ T
\ WELDED PLATE |
‘ \ CONNECTIONS L
ROOF DRAIN L
AIR RETURN \ E
DUCTS ", B
SPRINKLER —— / | -
——LINE — e A1 /4 STRUCT. STL. L
 — ———— g ey / PIPE & PINNED i
N o - —" 4( / i CONNECTION B
~— O / DIRECT LIGHT / iy
530 /" FIXTURE N\@ /# ==
SR 7 \?/ S J—
AN )/ ROOF SUPPORT + j 574
AN - TREES A 7
sy & A | o~ |
EXPOSED' 1. >Ny STEEL COLUMN | 3 o
ROOF WATER I—-—-j | A I 4
DRAIN PIPE - D, -
- | ~7 H|___ | CORRUGATED | o
\ [ N 7B MTL. PANEL -1 o
| | £ ] ——
| LU = b _4 -
////\ ./ ™
¢ ? v
~ .
AL |
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ARCHITECTURAL GUIDELINE
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Polk Stanley Wilcox Architects
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SECTION ‘A" THROUGH CAFE AREA BUILDING SECTION ‘C’ THROUGH

ATRIUM SPACE

L

il

i@ Hll l \N||||||m|||||||||||||||m|nn““—

T O O N N e T T T B ‘I--
77277777 T 1/////11/!

(s ] . l b
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Polk Stanley Wilcox Architects Polk Stanley WI|COX Archltects



TIMBER-CONCRETE COMPOSITE

Reinforced

connection
L.

Used with permission from Dr. David Yeoh,
Universiti Tun Hussein Onn Malaysia
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TIMBER-CONCRETE COMPOSITE

SHEAR CONNECTOR AND WIRE MESH

SHEAR KEY CONNECTION

HILTI AND SHEAR KEY CONNECTION
Protective plastic cap

- —Shear Connector -~ . -_

—Glulam ——

Nut 9 12.7(0.5in)

Used with permission from Dr. Peggi Clouston,

University of Massachusetts

BUILDING INTRODUCTION

PROBLEM STATEMENT

1‘ '|

q

Used with permission from Dr. Massimo Fragiacomo

University of Sassari
PROPOSED SOLUTION

||
YT
H
L=

1
|
|

GRAVITY REDESIGN

LATERAL REDESIGN

Figure from Gutkowski et al. 2010

MECHANICAL & ENVELOPE

CONCLUSION
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TIMBER-CONCRETE COMPOSITE

GLUED COMPOSITE MEMBERS CUSTOM LAG BOLT SYSTEM

4" REINFORCED
CONCRETE SLAB

5' WIDE TEST ASSEMBLY

CUSTOM 2X RECLAIMED

LAG BOLT TIMBER DECKING
TEMPORARY SUPPORT,

TO ALLOW CONC

o
B \ PLACEMENT

8" x 16"
RECLAIMED

lest assembly diagram. BEAM

Used with permission from Jodo Negrao, g—
University of Coimbra

Used with permission from Mr. Jim Swenson,
KPFF Consulting Engineers
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MECHANICAL & ENVELOPE

CONCLUSION
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