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Eﬁﬁgrmﬂkﬂ\'ﬂ Building chkg round SOUihweslSWdenl HOUSing BUildiI'Ig

1000 Apache Boulevard East, Tempe, Arizona

= Building Background Mp
= Building Structural System = Client: Arizona State University
. = Problem Statement = New 20-story apartment building
E ; = Proposed Solution = Overall height: 208 ft
_.E._ E = Structural Investigations = Total area: 260,000 ft2
= Architectural Impact » Estimated total cost: $37.5 million
= Sustainability Study = Projected construction time: 177 days (? months)

= Conclusion




Ksenia Treliakova Building chkground SOUIhweSI'SIIUdenI'HOUSing BUildiI'Ig

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

Unique Features Typical Floor Plan
= Building Background
= Modular

= Building Structural System
= Uses prefabricated assemblies

= Problem Statement

= Slip-formed concrete cores
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= Proposed Solution

= NO columns
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= Structural Investigations

= Frected using Lift Slab Construction

= Architectural Impact L' Ambiance Plaza. 1987
_ [ Zd,

= Sustainabillity Study

= Conclusion



Eﬁﬁgrmﬂkﬂ\'ﬂ Building chkg round SOUihweslSWdenl HOUSing BUildiI'Ig

1000 Apache Boulevard East, Tempe, Arizona

Unique Features Lift-Slab Construction
= Building Background
= Modular

= Building Structural System
= Uses prefabricated assemblies

= Problem Statement
= Slip-formed concrete cores
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Proposed Solution
= No columns

= Structural Investigations
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= Frected using Lift Slab Construction

= Architectural Impact L' Ambiance Plaza. 1987
_ [ Zd,

= Sustainabillity Study

= Conclusion



Ksenia Treliakova BU"ding Structural Sysfem SOU'IhweStSiUdenl'HOUSing BUiIdiI'Ig

Structural Option 1000 Apache Boulevard East, Tempe, Arizona

Structural Framing Plan
= Building Background

= Building Structural System = Mat Foundation O OO ONONG ® W @ @
~ = Problem Statement - Soil conditions .

[ :
] o . 3
. = Proposed Solufion ® 7
— = =
. . ® .
= . » Structural Investigations " Floor System o1
] - Structural steel framin % .
= Architectural Impact J @ °
- 3" metal deck
" Sustainability Study - 3-1/4" lightweight concrete topping ®

= Conclusion




Ksenia Trefiakova Building Structural System Southwest Student Housing Building

tructural Option 1000 Apache Boulevard East, Tempe, Arizona

(3) 25’ x 25" Concrete Cores

= Building Background = Gravity and Lateral system

= Building Structural System Gravity: Load Type Load Value (psf)
Construction Dead Load 59

= Problem Statement Superimposed Dead Load 15

! e

Live Load 80
: Facade Load 15
|
Proposed Solution o Lond ; __qJ';

WO T

o

= Structural Investigations Lateral:
' = Architectural Impact Vigse = 235K r
7« sustainability Study V.. = 565k

= Conclusion Maximum drift = 2.74 In (h/400 = 6.24 in)
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Conclusion

How versatile is this construction method?



Ksenia Treliakova Problem Statement SOUI'hweStS'IUdenl'HOUSing BUiIdiI'Ig

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

" Building Backgrouna How versatile is this construction method?
" Building Structural System = How easily could it be redesighed for higher seismic loads?
. = Problem Statement « How would the connection of the floor system to the core need
Ny -
. g : to ch e
= g * Proposed Solution ° henge

= Structural Investigations
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= Architectural Impact

= Sustainabillity Study

= Conclusion



Eﬁﬁﬂrgﬂﬂkﬂ\'ﬂ Problem Statement SOUIhweSI' SIIUden'I' HOUSing BUildiI'Ig

1000 Apache Boulevard East, Tempe, Arizona

" Building Backgrouna How versatile is this construction method?
" Building Structural System = How easily could it be redesighed for higher seismic loads?
. = Problem Statement « How would the connection of the floor system to the core need
- E 2
—RR = Proposed Solution 1o changes

. . » How does the construction cost fluctuate for more extreme
= Structural Investigations

I
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I N
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loading condifions?
= Architectural Impact

= Sustainabillity Study

= Conclusion



Ksenia Treliakova Problem Statement Southwest Student HOUSing BUiIdiI'Ig

Structural Option 1000 Apache Boulevard East, Tempe, Arizona

" Building Backgrouna How versatile is this construction method?

" Building Structural System = How easily could it be redesighed for higher seismic loads?

= Problem Statement « How would the connection of the floor system to the core need
to change?

= Proposed Solution
» How does the construction cost fluctuate for more extreme

e

NS
O =
. -
— -
I u
] u
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. tural Investigation
Structural Investigations loading conditions?

" Architectural Impact » What effect would the redesign have on the floor plan?

= Sustainabillity Study

= Conclusion



Ksenia Treliakova Problem Statement Southwest Student HOUSing BUiIding

Structural Option 1000 Apache Boulevard East, Tempe, Arizona

" Building Backgrouna How versatile is this construction method?
" Building Structural System = How easily could it be redesighed for higher seismic loads?
. = Problem Statement « How would the connection of the floor system to the core need
= . : to change®?
. = Proposed Solution
— . . = How does the construction cost fluctuate for more extreme
— B = Structural Investigations . s
T loading condifionse
" Architectural Impact = What effect would the redesign have on the floor plane
= Sustainability Study » How easily can this type of building attain a LEED

» Conclusion Certification in a cost-effective waye



Ksenia Tretiakova Proposed Solution Southwest Student Housing Building

Structural Option 1000 Apache Boulevard East, Tempe, Arizona

= Building Background » Relocate to SDC D
= Building Structural System « St Louis, Missouri
= = Problem Statement = |[nvestigate ways to transfer diaphragm
' E E n Proposed Solution shear to the cores
=ik . .
= » Structural Investigations = Cost analysis
= i" 1
— - = Architectural Impact = Architectural evaluation
= Sustainability Study = Sustainability study

= Conclusion
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Structural Investigations
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1000 Apache Boulevard East, Tempe, Arizona
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Building Background
Building Structural System
Problem Statement
Proposed Solution
Structural Investigations
Architectural Impact
Sustainability Study

Conclusion

= New design loads:

Gravity Loads
Construction Dead Load 59 psf
Superimposed Dead Load 15 psf

Live Load 80 psf

Facade Load 15 psf

Snow Load 20 psf

Base Shear 1001.4 kips

= Special reinforced concrete shear walls

= Assumption: no extreme torsional
irregularity (ASCE 7-05, 12.2.5.4)

Cinew = 0.02

W iagnew = 24,349 kips

/

Trial sizing: 12", 16" and 18" walls

« Used 16" walls for building weight

Shear check: t

min

=9.26 In



Ksenia Treliakova Sfru Cfurql |nvesﬁg qﬁons SOUIhweSI' SIIUden'I' HOUSing BUildiI'Ig

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

Core Design
= Building Background = Reinforcement detaqils:
= Trial wall thickness = 16"

= Building Structural System

= Minimum shear reinforcement — S .
- " Problem Statement i’rEQﬁﬁﬁfﬁffﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁfﬁﬁﬁﬁﬁiﬁﬁﬁﬁﬁﬁﬁiﬁﬁEijﬁ
A | il « V. =2678k >> V,__ . = 1001k iy R
- EW = Proposed Solution T ; =0

B | il = Minimum moment reinforcement fl

— = Structural Investigations . [ B
- = Boundary elements I N
= Architectural Impact S SNE
= Maximum compressive stress = 0.253f"_ gl g
« Sustainability Study T =i

= Conclusion



Ksenia Trefiakova Structural Investigations Southwest Student Housing Building

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

Core Design

= Building Background . . = Reinforcement details:

= Trial wall thickness = 16" e | 1
= Building Structural System . . T e @son

= Minimum shear reinforcement o ... . .
- Problem S.I.O.I.emen.l. T ] ,;_1%.. 16) #8's, evenly distributed

<

« V.= 2678k >> V.. = 1001k

= Proposed Solution . . —
= Minimum moment reinforcement _ 5 ]

§/
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I
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.
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= Structural Investigations
= Boundary elements

= Architectural Impact
= Maximum compressive stress = 0.253f"_

= Sustainabillity Study

= Conclusion /\/



Ksenia Trefiakova Structural Investigations Southwest Student Housing Building

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

Core Design

= Building Background = Reinforcement detaqils:
= Coupling beams .
= Building Structural System T ——#5@5" 0.
« Shear from ETABS model: p—
e = Problem Statement . \
T , V max,model (3rd floor) = 130.7 Kips
- = Proposed Solution
A #9's @ 5.4" o.c.

vcoupling beam design =158 kipS e

2l_9||

{ (center them and maintain clear cover)

i ]

= Structural Investigations

= Architectural Impact ///
e I [ G 7
1w

/12

= Sustainabillity Study

N
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(V]
1
Nl

= Conclusion 2



Ksenia Treliakova Sfru Cfurql |nvesﬁg qﬁons SOUIhweSI' SIIUden'I' HOUSing BUildiI'Ig

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

Core Design Core Shapes

= Building Background
= Modeling

= Building Structural System
« 3 models (different core layouts)

= Problem Statement

- Original design
Proposed Solution — — S—
- Option I (minimal openings) | | |
= Structural Investigations || |1 |
- Option 2 (consolidated openings)

L A
|

= Architectural Impact

= Sustainabillity Study

= Conclusion



Ksenia Treliakova Sfru Cfurql |nvesﬁg qﬁons SOUIhweSI' SIIUden'I' HOUSing BUildiI'Ig

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

Core Design Core Shapes

= Building Background
= Modeling

= Building Structural System
« 3 models (different core layouts)

= Problem Statement

- Original design
Proposed Solution —
|

- Option T(minimal openings)
= Structural Investigations

L A
|

| LI

- Option 2 (consolidated openings)

= Architectural Impact

= Sustainabillity Study

= Conclusion



Ksenia Treliakova Sfru Cfurql |nvesﬁg qﬁons SOUIhweSI' SIIUden'I' HOUSing BUildiI'Ig

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

Core Design Core Shapes

= Building Background
= Modeling

= Building Structural System
« 3 models (different core layouts)

= Problem Statement

- Original design

L A
|

Proposed Solution
- Option I (minimal openings)

1
L
[
—
[ 1
—

= Structural Investigations

- Option 2 (consolidated openings)

= Architectural Impact

= Sustainabillity Study

= Conclusion



Ksenia Trefiakova Structural |nvesﬁg ations SOUIhWQSI' SIIUden'I' HOUSing BUiIding

tructural Option 1000 Apache Boulevard East, Tempe, Arizona

Core Design ETABS Outputs
= Building Background
= Modeling
= Building Structural System . .
o3 « 3 models (different core layouts) Design Original Option1l Option 2
" Problem statement _ Original design Max Deflection (in.) 6.126  6.126  9.737
- = Proposed Solution Option 1(minimal , | Min Deflection (in.) -0.455  -0.888  -2.555
i [ - Option 1(minimal openings
= = Structural |nvesﬁgqﬁons . . . MOde 1(SeC) 3.943 2.167 2.783
et ’r - Option 2 (consolidated openings) Mode 2 (sec) 3.521 2.025 2 486
= Architectural Impac
P Mode 3(sec) 3.319  1.797  2.332

= Sustainabillity Study

= Conclusion
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Building Background
Building Structural System
Problem Statement
Proposed Solution
Structural Investigations
Architectural Impact
Sustainability Study

Conclusion

Floor System Design

» Focus: floor-to-core connection

« Shear transfer

= Complexity
« Coupling beams
« Boundary elements

e« Consfruction method

= 2 potential designs:
« “Steel Collar” Design

Shear goes directly from diaphragm to

core via shear studs embedded in the core

« “Drag Strut” Design

The beams running along each core act as
collector elements, shear transfer is from beams

to core via welds on elements embedded in core



Ksenia Treliakova Sfruﬁcfurq| |nves-|-igq'|'ions SOUihweStSiUdeniHOUSing BUiIding

Structural Option 1000 Apache Boulevard East, Tempe, Arizona

Floor System Design

= Building Background = 2 potential designs:

Vo CoNcRETe CoRE

= Building Structural System /% « “Steel Collar” Design

= Problem Statement e ~Curs (8" Torrin) Shear goes directly from diaphragm to

= Proposed Solution | 5" s puare, 31" pEEP core via shear studs embedded in the core

I 8%
. = eg-’ b SHeaR STURS

WO T

o
ANy
- W
—
.
A
.
"
-."--.'..-I

CoreeL
= Structural Investigations e « “Drag Strut” Design
: Taeicas. FW@ .
" Architectural Impact Tospire 525" The beams running along each core act as
= Sustainabillity Study - CorgeL : Bunt uf collector elements, shear transfer is from beams
Co SE eTioN ] .
= Conclusion ) to core via welds on elements embedded in core
MON!




Ksenia Treliakova Structural |nves-|-igq'|'ions SOU'IhweStS'IUdenl'HOUSing BUiIding

Structural Option 1000 Apache Boulevard East, Tempe, Arizona

Floor System Design

‘;‘\

= Building Background = 2 potential designs:

Lo — Io" Comerere Core
= Building Structural System SN « “Steel Collar” Design
o] : :
e = Problem Statement . Shear goes directly from diaphragm to
‘ = * ) @ . .
. - = Proposed Solution N S core via shear studs embedded in the core
E = | . X - o T 4 ¢Heaar swos
= E I ° ° AP : ' ‘o T
E _ E: = Structural Investigations |- Emecoven Hotow s . “Drag Strut” Design
e - . . SgeTioN
- TYP. FLooRr. .
= " Architectural Impact L The beams running along each core act as
i . . - | InTerior. STL THBE
= Sustainabllity Sfudy 4] e e emeesmen collector elements, shear transfer is from beam:s
) % SecTionN . .
= Conclusion to core via welds on elements embedded in core

K Wipe CLANGE 'S WELDED TY (MTeRlok
<. TURE



Ksenia Trefiakova

Strucfural Option

Structural Investigations

Southwest Student Housing Building

1000 Apache Boulevard East, Tempe, Arizona

S ] T R T O
[ W R A A

Building Background
Building Structural System
Problem Statement
Proposed Solution
Structural Investigations
Architectural Impact
Sustainability Study

Conclusion

Cost Evaluation

= Used bare material costs for evaluation

Bare Material Costs
Item Original Design Option 1 Option 2
Concrete 113373 247340 216553
Reinforcement 74385 381027 432258

Welds 0 1080 1080
Shear Studs 0 70553.6 6364.8
Other Steel 0 2069809.2 2069809.2
Total ($) 187757 2769810 2726064
Difference from Origin 0 2582053 2538307

= About the same for both opftions

» Additional 8% of total consfruction cost



Ksenia Treliakova Architectural |mpqc'|' SOUIhweSI'SIIUden'I'HOUSing BUildiI'Ig

Structural Option 1000 Apache Boulevard East, Tempe, Arizona

Original Design
= Building Background = Advantages

= Building Structural System « EQsy access to cores

= Problem Statement .IE'-I'.-*'.I.E!I. . Regular

= Proposed Solution « Modular

» Structural Investigations .'iﬂ.l..ﬁ...l..“'. » Disadvantages

B 4BR B3R [M2BR [T 1BR M Studio .
« Numerous core peneftrations

§/

L BT B

I
M—
I
.
[
—

= Architectural Impact

= Sustainabillity Study = Patterns

= Conclusion e Bathrooms line the corridor



Ksenia Trefiakova

Structural Option

Architectural Impact

Southwest Student Housing Building

1000 Apache Boulevard East, Tempe, Arizona

§/
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Building Background
Building Structural System
Problem Statement
Proposed Solution
Structural Investigations
Architectural Impact
Sustainability Study

Conclusion

Original Design

BE==iRE

iia (A=A

IEEN e

B4BR M 3BR isz T T BR u

= Advantages

« Easy access to cores

« Regular

« Modular
= Disadvantages

« Numerous core peneftfrations
= Patfterns

e Bathrooms line the corridor



Ksenia Treliakova Architectural |mpqc'|' SOUIhweSI'SIIUdenI'HOUSing BUildiI'Ig

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

Option 1
= Building Background = Advantages

= Building Structural System « No core penetrations

= Problem Statement .!“HI.JEHL-IF.E
[ LIt T BT -

= Proposed Solution = Disadvantages

Hl'-! i) | T 7L
» Structural Investigations — | B ‘. O - Not as regular

M4BR M3BR M28R MR M Studio « Bathrooms are not as stacked

e More usable area

-~
i
—
I
B
— T

L BT B

= Architectural Impact

= Sustainabillity Study

= Conclusion



Ksenia Treliakova Architectural |mpqc'|' SOUIhweSI'SIIUdenI'HOUSing BUildiI'Ig

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

Option 2
= Building Background = Advantages

= Building Structural System « EQsy access to cores

= Problem Statement « Modular

§/

= Proposed Solution « More usable area

e« Bathrooms are more stacked

L BT B

I
M—
I
.
[
—

= Structural Investigations

M 4 BR B3R M2BR [ 1BR [ Studio

= Architectural Impact = Disadvantages

= Sustainabillity Study « Core peneftfrations

= Conclusion



Ksenia Trefiakova Sustainability Study Southwest Student Housing Building

1000 Apache Boulevard East, Tempe, Arizona

Goal

= Building Background
= Afttain a minimum of LEED Certified status

= Building Structural Syst : . . :
JIIGING SITUCTUrdl oystem with minimal, if any, cost investment

= Problem Statement

L A
|

P luti
roposed solution « LEED Certified status requires a minimum

Structural Investigations of 40 points

R B ] &
[ |

= Architectural Impact

= Sustainability Study

= Conclusion




Ksenia Tretiakova Sustainability Study Southwest Student Housing Building

Structural Option 1000 Apache Boulevard East, Tempe, Arizona

LEED Point Evaluation
= Building Background
= Current design = 20 points

= Building Structural System

= Problem Statement
= Additional easily attainable points = 21

=
Nl

= Proposed Solution
« 3 of the 21 credifs require money

= Structural Investigations
- Sheltered bike racks for 15% of residents

Rt 1)

= Architectural Impact
P - Landscaping to protect, restore and

= Sustainability Study shade the site

= Conclusion




Ksenia Tretiakova Sustainability Study Southwest Student Housing Building

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

LEED Point Evaluation
= Building Background = Current design = 20 points
« Bike racks (1 credit)

= Building Structural System
Estimated cost at about $70/ft2

. = Problem Statement = Additional easily attainable points = 21
. Estimated area needed = 450 ft2
. = Proposed Solution « 3 of the 21 credifs require money
- Im « Total cost = $35,000
—i = Structural Investigations - Sheltered bike racks for 15% of residents
] (0.1% of total building cost)
= Architectural Impact - Landscaping fo profect, restore and

shade the site

= Sustainability Study

= Conclusion



Ksenia Tretiakova Sustainability Study Southwest Student Housing Building

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

LEED Point Evaluation
= Building Background = Current design = 20 points
« Landscaping (2 credits)

= Building Structural System
« Total cost = $200,000

= Problem Statement = Additional easily attainable points = 21

o

| = g (0.5% of total building cost)

. = Proposed Solution « 3 of the 21 credifs require money

E— -

I |

— R = Structural Investigations - Sheltered bike racks for 15% of residents
= Architecturqgl Impact | | - Landscaping to protect, restore and

Total estimated cost for 3 credits: shade the site

= Sustainability Study $235,000

(0.6% of total building cost)

= Conclusion



Ksenia Treliakova Conclus ion SOUIhweSI' SIIUden'I' HOUSing BUildiI'Ig

Structural Option 1000 Apache Boulevard East, Tempe, Arizona
Structural, Architectural, Cost Sustainability
= Building Background
= 8% more expensive (bare material) in SDC D = Can easily attain LEED Certified
= Building Structural System
= Complicated connections * Requires:
e = Problem Statement
- BN = Viability: Inifial time investment during preconstruction
. = Proposed Solution
= « None. Extreme torsional irregularity. Monetary investment of 0.5 - 0.6% of toftal cost

i ]

= Structural Investigations
Torsional amplification factor = 2.5 for Option 1

= Architectural Impact
Peer review?e

= Sustainabllity Study
« Architecturally viable

= Conclusion



Ksenia Trefiakova Thank You! Southwest Student Housing Building

Structural Option 1000 Apache Boulevard East, Tempe, Arizona

= Building Background

= Building Structural System Questions or Comments?

= Problem Statement

= Proposed Solution

= Structural Investigations

o

= Architectural Impact

\

= Sustainabllity Study

= Conclusion
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Building Background
Building Structural System
Problem Statement
Proposed Solution
Structural Investigations
Architectural Impact
Sustainability Study

Conclusion

Core Corner Details
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Appendix

Southwest Student Housing Building

1000 Apache Boulevard East, Tempe, Arizona

Building Background
Building Structural System
Problem Statement
Proposed Solution
Structural Investigations
Architectural Impact
Sustainabillity Study

Conclusion

Masses Modeled in ETABS

Model Masses

Roof  1.73E-06 k-sec2/in2

Typical Floor  2.57E-06 k-sec2/in2]
First Floor  3.16E-06 k-sec2/in2]
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Appendix

Southwest Student Housing Building

1000 Apache Boulevard East, Tempe, Arizona

Building Background
Building Structural System
Problem Statement
Proposed Solution
Structural Investigations
Architectural Impact
Sustainability Study

Conclusion

Steel Collar Design

5" thick steel plate, 36" deep

/\ Seam of new concrete apq the
_j\ - — concrete poured before lifting
7~
= / | 3" @ shear stud connectors @ 6" o.c.
3 L‘f/:ﬂ/

\ = /

=7
N e

s =7/
T ?fdﬁ TITTITTTTILLY — 5" deep corbel extending out 14"; 12" wide.
L7 7 | made with (3) §" plates;
} L A R | 1 : 2 fillet weld on both sides of each support plate.
N — -
e S

<




Ksenia Trefiakova

Structural Option

Appendix

Southwest Student Housing Building

1000 Apache Boulevard East, Tempe, Arizona

= Building Background

= Building Structural System
= Problem Statement

= Proposed Solution

= Structural Investigations
= Architectural Impact

= Sustainability Study

= Conclusion

Steel Collar Design

n/!

N

AANNANN

16" concrete core wall
¥ fc=4000 psi
—4-3" concrete curb extending 12" out on the typ. topping
—b5" thick steel plate, 36" deep

—3" @ shear stud connectors @ 4" o.c.

4
A4
=.u-'——primary girder running lengthwise through the building

—>5" deep corbel extending out 14";
made with (3) 3" plates;
% fillet weld on both sides of each support plate.




Ksenia Trefiakova Appendix Southwest Student Housing Building

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

Drag Strut Design /\/

16" concrete core wall

= Building Background

B CUE ISR N )

= Building Structural System

hollow steel tube embedded through the thickness
of the concrete core wall

( interior steel tube that is slid through the embedded %
> hollow tube, then welded into place

= Problem Statement

= Proposed Solution

= Structural Investigations

= Architectural Impact

= Sustainabillity Study

-
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s
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b

T F < T e . - A& a2 - .4

W P "4' LTS ‘ et ‘-..-;“ it v A‘ A XD ERN
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Ksenia Trefiakova Appendix Southwest Student Housing Building

Strucfural Option 1000 Apache Boulevard East, Tempe, Arizona

Drag Strut Design
= Building Background \/\

= Building Structural System .
= Problem Statement ol
/ ] typical floor system

= Proposed Solution — o

RWAWRW .= e )/—1 6" concrete core wall

. . f ——1—primary girder running lengthwise through the buildin
" S TrU C -I- U rO | | n v e S TI g O TI O n S g "1 o /—hollowrys?eel tube emt?edd:d through th:l thickness ofgthe concrete core wall
I 4 /—interior steel tube that is slid through the embedded hollow tube,
: then welded into place

= Architectural Impact ‘

= Sustainability Study

= Conclusion N



