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I Welcome Introduction Architecture I

global village introduction

« $57.5 million project

« 122,000 square feet

* residential / commercial

« 4 stories + mech. penthouse
« 62.5 feet tall

 march 2009 — sept. 2009
 LEED Gold certified

project team

owner | rochester institute of technology
architect | arc

cm at risk | the pike company

civil | erdman anthony

structural | lemessurier consultants
mechanical | ibc engineering

lighting / electrical | lam partners
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Introduction Architecture Existing Structure

e european-inspired complex

* Incorporates different themes and materials to
represent different regions from around the world

e unigue shape creates an outdoor heated courtyard

« facade made up of cement fiber board, brick
masonry veneer, and aluminum clad windows

RIT’s Global Village Building 400 Rochester, New York Christopher VandeLogt Structural Option Senior Thesis Final Dr. Linda Hanagan



I Architecture

aground — 3" floor

« 3% lightweight concrete on 3”
composite metal decking

* typ. beams: W16x31

* typ. girders: W21x44

* typ. bay size: 29" x 32’

6" concrete on-grade slab

 |solated spread and continuous strip

footings

Existing Structure — Gravity
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Problem Statement I

4% floor - roof
wood framing: 2-2x6 @ 16" wood studs

typ.
wood floor construction: 16” LPI Plus
42 @16” typ. o s

N ST
54" PLYWOOD

SHEATHING

2%% BOTTOM PLATE

/

3,* PLYWOOD J
| \ é: |

ZX6 —
2x4 LEDGER
2-1%7 % 16% LVL

(2) 2x6 TOP PLATE——/
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Architecture Existing Structure — Lateral Problem Statement
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I Existing Structure Problem Statement & Solution Arch. Breadth I
]

problem statement proposed solution breadth topics
* two different structural systems  structure building entirely out of reinforced « architecture — analyze changes due to
produces a complicated design and concrete through the use of a flat plate system new structural system and create new
more firms need to be involved e uUse moment connections to resist lateral loads plans if necessary
* two different lateral systems used « configure structural system as best as possible not e construction management — study of on-
to alter existing architecture or floor plans campus residential buildings and cost
analysis

RIT’s Global Village Building400 | Rochester, New York Christopher VandelLogt Structural Option Senior Thesis Final Dr. Linda Hanagan



I Problem Statement Architecture Breadth Structural Depth I
]

column layout

D ©® C » ©® ©® © ® 0 0 ® o0 v ® ® 0 ©® 6 O 606 ) .

* column placements chosen based on 3 O—— —f G
d i : B p b

3" floor as to not affect residential . Ly L v o ﬁ

floor plan best as possible 7 Ll HEETE S eV, M= S E

* Dbay widths in between 15" and 25 to D—h—+ S g S L g ot B s = O s ] -

be efficient for a flat plate system 421 7= T T

« column centers vary a distance no 1 | O e [z | www [ saaw | v | e | saw | we | wo | ww | we | waw

more than 10% of span from column

line *columns highlighted in green denote a required change in

floor plan or architecture
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I Problem Statement Architecture Breadth

affected spaces ] i

15 areas in total located on 3 floor, Bedroam | Lhing Foc

8 columns affect fan coil unit areas, i f

6 columns affect bathroom spaces, E— gl

. — — _ B i A R (R

and 1 column affects corridor space 1T TR T e

* entire second floor altered e o] = Bedeoam | - Living Room
before R 4R

___, [Kitshen
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Problem Statement Architecture Breadth Structural Depth

affected spaces

before after
« 15 areas in total located on 3" floor, : % | ” | | ” | R - o -
8 columns affect fan coil unit areas, | [ [ [ [ [ 1 ] oo | ] oome] | T 1
6 columns affect bathroom spaces, - S R =2 s T P = e T T . |
and 1 column affects corridor space : Wf Tf T T | | T | | L% C" f %w S F]% %T B h]" 'T LE |
e entire second floor altered >_’|—_) PN i EL)\..I LA i El- A BN ] E],. N LAJ ] El- N E L _Jj_| 1-»; . LA u\é . o . U1 EM@ EE[
U — — — o — — - P = s =) e Ld
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| Arch. Breadth Depth — Gravity Redesign Conclusion I
]

super-imposed dead loads column size ® G © @ .7
« 35 psf. SDL, MEP, partitions, ceiling « 20" x 20" with (8) #10 bars spaced equally -
« 106 psf: 82 slab self weight e ground columns on grid lines F-2 and F-1 analyzed (3= - |
« 18 psf: roofing « panel size: 19.5’ x 18’ (maximum) 2
_  size controlled due to unbalanced moments by © = -
live loads eccentricity of shear ' T
. 100 psf: 2 floor : total_compgessclj\_/e force aprt)_hfgi A;t?vz kips > SN N
. 40 psf: 3 and 4t floors maximum bending moment: -Kips D>l . |
« 150 psf/ 30 psf: mech. penthouse or | o200 | ogm

« 20 psf: roof
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| Arch. Breadth Depth — Gravity Redesign Conclusion I
]

slab thickness slab reinforcement design & & v @ 6 @ @

« 8% thick reinforced slab » direct design method used O (Fv e rarery s e Drewreee res e ragrore
* maximum clear span: 18’-4” - numbers refer to the amount of #5 bars that are | #] #||[# ]| |& #] #]||» 5] #]|]# 8] |||z 8] #]| 2
« 874" calculated using equations from equally spaced over the distance given ()i ZLrils Stelliz &l w1l 3] allls 51 Sl11s =1 o]

Section 9.5.3 of ACI 318-08 but due » note: bars spanning in the long direction are £ 4L Se el el A DL 2l Sple o) SLlE AL #h

to inadequate deflection checks, placed lower in slab than the bars in the short L _l __H_ —1[ _L}_ _j _1 l_ _] j L _1 _1 j_ _1 _Il

thickness raised and adequacy direction O ot et ot oMhe ot oie o 2P =1 2
 max deflection: .448 © l1# 21 =& #1211+ 1 #0=s = 21|15 2 210+ 20 #L
- ACI Table 9.5b limit: .500” Lo || owoe b owow | ow || oo | s
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Arch. Breadth Depth — Gr—avity Redesign Conclusion
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| Arch. Breadth Depth — Lateral Redesign Conclusion I
]

ETABS model assumptions il
- columns modeled as found and slab - rectangular prism with dimensions 223’ x 53’ x58' = :{ H nd gj
modeled as a rigid diaphragm with the « same ground to roof height on each side of | { i : - l,‘ /! i
weight of each floor building I ’ |:f' I 2
* 0.7 |, multiplied applied to columns * concrete beams were modeled to represent . i I
according to Section 10.10.4.1 of moment connections ’ 1 |
ACI 318-08 |
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Wind: Y-Axis Loads

Arch. Breadth

Seismic Loads

Depth — Lateral Redesign

Conclusion

D o applied loads e A
eight different load cases were input into ETABS e Jerras
N S o model : ; 1
, , Pwx Prx ! ‘ PrLy FEEEEN
176 — - o | - o ASCE Standard 7-10 used
B-225 < V-468.2k < v=31k ] ] _ ) ) ] CASE 1 CASE 3
controlling case In x-direction: seismic - -
Wind: X-Axis Loads controlling case in y-direction: wind load case 2 oy
: 2 AR
. - My - : J—— | o
i: 26: 0.75P gy r;.rsP;; | l l l l l 0.75PLy PIEERX # & 4‘ ‘ ‘ ;‘5:;5;“’13(
, Mr=0.75 (Ppx+PryBxey Myp=0.75 (Pyy+Pry)Byey Mr=0.563 (Pyx+Pry)Byexy + 0.563 (Pyy+P f}:B Y€y
12.6 I 0 ex==+0.15 By ey ==+ 0.15 By ey ==+ 0.15 By ey ==+ 0.15 By
BoE s v CASE 2 CASE 4

&=792 A M-=3438ftk
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I Arch. Breadth Depth — | ateral Redesign Conclusion I
e ]

lateral drift S —— overturning moment
 seismic drift check: .015hg, Level Seismic Wind  wind loads controlled creating a
 wind story drift check: h, /400 Bufame | ABvrame | Aatowsble | Oxframe | Ovrrame | Aatowstle maximum overturning moment of 14,032
Roof 0.079 0.091 1.800 0.019 0.114 0.300 .
Pent 0.141 0.160 1.921 0.031 0.189 0.320 ft-klps
ath 0.201 0.223 1.921 0.046 0.267 0.320 * resisting moment of building: 254,445 ft-
3rd 0.272 0.300 2.279 0.066 0.378 0.380 k|pS
2nd 0.178 0.193 2.520 0.046 0.261 0.420
Total Drift 0.871 0.967 10.441 0.208 1.209 1.740
V ok V ok V ok V ok
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I Arch. Breadth Depth — Lateral Redesign Conclusion I
]

lateral load moments moment connection design ® ® © ® © ® ©

 found using ETABS model - lateral load moments added to unbalanced O s e e v =
moment transferred by flexure due to gravity loads
Lateral Load Moments (ft-k) * required reinforcement analyzed using total ~ SN PR PR 1 VPR ¥ (Y PO 1 { DU 1 )

~hen X-Direction Y-Direction moment O ]1 1[1 M ]D{ H H k )
2nd 96 68 « numbers refer to the amount of #5 bars that are T

3" 118 64 equally spaced over the distance given © D{_ _H“_‘H‘—%M%__H_—_M_ ol

4th 106 43
Pent 48 19 _ )

@ %"‘ _% I_ 313271[]1?37 _ImI_ _I &"— '—I ]1_ _Im
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Arch. Breadth Depth — L ateral Redegign Conclusion
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I Structural Depth Conclusion Questions I
]

advantages overall disadvantages
* building more durable and lower * due to budget constraints, this system would not e structure cost was estimated at around
maintenance costs be permitted due to high upfront costs triple the existing structure cost
« Improved fire rating and sound * Increased field labor

proofing
 stiffer structure produced
* |ess construction waste
« fewer firms involved
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Conclusion Questions
]
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Appendix

Weight of Floors

Seismic Forces

Variable Value Reference Equivalent Lateral Force Procedure 1" Floor: 2" Floor: 3" Floor:
SDL= 5 psf SDL= 5 psf SDL= 5 psf
I= 1.25 Table 1.5-2 G= 0.02 Table 12.8-2: Other MEP= 10 psf MEP= 10 psf MEP= 10, paf Building C
S-,z 0.21 USGS X= 0.75 Structures Partitions= 15 psf Partitions= 15 psf Partitions= 15 psf g
_ _ Slab= 106.3 psf Ceiling= 5 psf Ceiling= 5 psf 5 = 7
S:= 0.06 USGS hy= 625 ft MEPEquip= 150  psf Slab= 1063 psf Slab= 1063 psf i Floor Weight, |Story Height, h, w,h* e Story Force |Story Shear| Overturning
Site Class: C Geotech Report T= 0.445 sec W, (k) (ft) x Ao (k) (k) Moment (k-ft)
F.= 1.2 Table 11.4-1 C= 1.7 Table 12.8-1
’ ) Rinach= 4314 Arora= 12456  # A= 12456 Ground 2345 0.0 0.00 0.00 0.0 361.1 0.0
F,= 1.7 Table 11.4-2 T= 0.756 sec Ao 12456 ft
2nd 1760 14.0 89799.12 0.09 33.8 361.1 473.2
S 0.252 k= 1.128 Weight: 2345 kips Weight: 1760 kips Weight: 1760 kips
3 1760 26.7 5685.30 0.19 69.9 3273 1863.3
§,0 1= 0.102 C= 0.070 1 183583 2
S 0.168 G 0.037 P oo S, . 4th 1698 373 260630.10 0.27 98.1 257.4 3662.1
S.= 0.068 Civim 0.010 SDL= 5 psf SDL= 5 psf sDL= 5  psf Pent 1735 48.0 354584.69 0.37 133.5 159.3 6406.4
Category: B Table 11.6-1,2 S L M S il @ Roof 335 58.0 68682.22 0.07 25.9 25.9 1499.4
ategorys . ! Partitions= 15 psf Partitions= 20 psf Insulation= 3 psf . z X = 2 .
Table 12.2-1: Ordinary RC Use C;= 0.037 Ceiling= 0 psf Ceiling= 0 psf 20% Snow= 6.16  psf Sum: 9632 9593814 1.00 361.1
R= 3 Momant Frame Slab= 1063 psf Slab= 1063  psf i =
MEP Equip= 150  psf V OK V ok
T= 6 sec Fig 22-12 Base Shear (V=C,W) = 361 Total Overturning Moment = 13904
A= 12456  ft’ A= 744 ft? Argra= 11487 ft°
Acper= 11487 ft°
Weight: 1698 kips Weight: 1735 kips Weight: 335 kips
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Appendix

Column Design of Ground Floor Columns

Column BD Column BE Column BF
y Trial (ziglumn ' Roof Slope= 2z3 / ' 2 — = = = Ty Lol = 20 in teol 1= 20 in Lot 1= 20
= in We so0f= ps ’ .
i SR Wigies 0 pst ha Ceol206= 20 in Leol,20i= 20 in Seol,26i= 20
Flat Plate With No Edge Beams (By Direct Design Method use # 10 bars Wane= 308 psf -1 7 A= 608.731779 ft’ A= 1295.82878 fi? A= 1410.357
@ ®
h
i C " i 2 Bending " Ar= 152182945 f¢ Aro= 323957195 Arjot=  352.58925
bars, o= 2 wis 150 psf Non-Reducible h A 5 i 'A " 5 " ‘A 5 ¢ /A
_ - . uAr= 2434.92712 ft UAT= 5183.31512 ft A= 5641.428
hnaint= 20 f = 19.163  ft bars= 6 Wt 30 st of | |o % ;s : .
’ * 4 Floors= s Wy 4= 40 psf barsyern b B Ky Ar > 400ft OK K. Ar > 400ft OK K Ar > 400ft
Inas en= 20 ft li= 17 ft s ’ ,-l-| Is l:l_| ;J-| | Note: Includes roof but not ground Wep3= 35 psf ~ ~ =5 | hs = 055 s 0.46 G 0.45
f= 4000 psi ls= 16.67 ft -+ Frame C { <+ Lt hg= 10 ft wi3= 40 psf pan— —
B : e e M - - m -1 Crgof= 1.00 Cyoof= 0.88 Croor= 0.85
f= 60000  psi ly= 16833 ft ‘ . : P
v v hy= 1067  ft w,= 100 psf Non-Reducible b
- - I3 . Is - > - > | - -
Wgp= 35 psf ly= 19 ft Y Middle 2 hy= 1266 ft — N/A  psf
w = 100 psf lg= 20 ft | ’L hy= 14 ft Wi ground™ N/A psf
teot, 100 20 in Width; = 9.5815  ft + [} rrameB { — + [}—=Mid3 Mif’ a Column BD Column BE Column BF
Leot, 26= 20 in Width:,= 18.0815 ft l T MeTans tong= 96 ft-k MeTans sons™ 96 ft-k MeTans jens™ 96
: P ; ~ 4 | -FD > = F 13 > |- E F > M = - M = - M ot
Ia= 17.50  ft Width:= 16.835  ft ' 4 Middle 1 I - . oIS e Column Strength / Strength Interaction Curve RTABSohork 68 tek RTARS Ao B ik ETABSAhor o2
S Manbjong= 31.7 ft-k Mot tone= 27.3 ft-k M =
2= 1517 ft Width:,= 84165  ft | M2 .—L \ i L ’J_‘ i Al blore
Ina= 15.33 ft Widthge= 17.9165 ft - rT' ITJ I_:I'— - ” ‘T’ 3 Pure Compression Balanced-Strain Strength Mun short= 133 ft-k Muab,shoet= 27.5 ft-k Munbshort=
L= 17.33 ft Widthe.= 195 ft ! 15 ! F LT ' I v I LT Po= 19157 kips &= 0.00207 Bi= 0.85 P= 44.8 kips P= 92.9 kips P=
A4 . FF 5 . P= 12452 kips = 103 in < h oK A= 1227 in’ Po= 1059  kips Po= 2060  kips Po=
lhs= 15.00 ft Need to change orientation so 12 > 11 Note: Make sure |; > |, d,= 250  in f= 6000  ksi ) . )
lne= 18.33 ft Pure Tension d= 1000 in fo= 300 ksi Ps 1= 7.7 kips S~ 15.7 kips Ps=
ne~ .
. T= -589.0 kips dy= 17.50 in foa= -60.00 ksi
e 0L K ds in; fue kel My jong= 127.7  frk My jong= 1233 frk My jong=
5= in fos= ksi
Pure Bending (Solve by Hand) dg= in fe= ksi MUAM"= 813 ft-k Mu,slu‘-z 95.5 ft-k Mu,shm=
dy= in f= ksi Pr= 202.6 kips Pr= 403.6 kips Py=
dg= in fea= ksi
Py= 606.0 kips My= 555.4 ft-k
DPy= 3939 kips M= 361.0 ft-k
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Appendix

Transferred by Eccentricity of Shear

Interior Column BF (Reinforcement Needed) Vi 116.2  kips V= 116.2  kips

M ong= 16.7 ft-k Myy,short= 19.9 ft-k

too, 1dir= 20 in b,= 108.50 % Centroid= 13.56 in Centroid= 13.56 in

i 20 in by= 2713 in Je= 96434 i e 96434 i

M o= 417  ft-k b,= 2713  in A= 773 in’ A= 773 in’

Whisaro 49.9  ftk M= 195.6  kips

Vo= 293.4  kips ViE 122 psi V= 117 psi

V5= 226.2  kips T 178 psi V= 184 psi

V= 116.2 kips V= 146.7  kips V= 178 psi V= 184 psi
ov,= 190 psi > v, OK dv, = 190 psi > v, OK
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Flat Plate With No Edge Beams (By Direct Design Method)

hnax jot= 20 ft
Inax,ex= 20 ft
f= 4000 psi
f= 60000 psi
Wep= 35 psf
W= 100 psf
teol,1aie= 20 in
teol 201~ 20 in
Ina= 1750 ft
h2= 1733 ft
ls= 1533 ft
[ 1833 ft
lys= 1500 ft
lg= 1517 f

Slab Thickness

1= 19.163  ft
Iy= 17 ft !
Is= 1667 ft
= 19 &
1= 20 f b
lg= 16.833 ft
Width;,= 9.5815 ft T
Width;y= 18.0815 ft
Widthge= 16.835 ft h
Width;,= 9.5 ft
Widthze= 19.5 ft -
Width= 18.4165 ft

Need to change orientation so 12 > 11

tinpue= 0.00 in
Lenin,int™ 6.67 in
tminen= 8.07 in
Use ty= 8.50 in > § oK
Wide Beam Action
Yna 5= 181 ft Do, = 192
Imax26i= 20 ft henas, re= 19.5 ft
o= 713 in
W= 329.5 psf
Long Direction
V= S1.1 kips
V= 146.8  kips > V, oK
Short Direction
V= 525 kips
V= 158.2 kips > V, 0K

B .
| ; "
Frame C o
Y i v ! - > < > | <
7 Middle 2 y s
Frame B = T Mid 3 Mid 4-
: Middle 1 Iy < FD > < Frame F » | <« FrameF
Frame A ;-T-| ’L
h 4 ¥ S
1r o
t t t t +
[} la ls [} Iy le
Note: Make sure |, >,
Punching Shear
hnan 0= 181 ft
Note: Dimensions from Same Bay
hnax,fe= 195  ft
V= 114.6 kips
by= 1085  in
£ Ves 195.6 kips
£253 :
=Es Vea= 2934  kips
= Ves= 2262 kips
V= 146.7  kips > V, oK

RIT's Global Village Building 400

Rochester, New York

Appendix

Deflection Check

25

Assume: 90

Interior Panel I, - |,

% of w, is sustained
% of immediate deflection due to dead load occurs before partitions are installed

Check if; Nonstructural attached elements will be damaged by excessive deflection

Exterior Panel |, - |,

w=
Ap,me=
A max=

’\luvg-xerm=

Christopher VandelLogt

Column Strip
5552 in' lgmia=
1.724 k/ft Wo=
1.221 k/ft W=
0.062 in Apmex™
0.081 in Apma=
0.246 in Mlong-term™

Check Live Load Deflection

A= 0.099 in
ACI Limit= 0.667 in

Check Total Load Deflection

A= 0.406 in
ACI Limit= 0.500 in

Middle Strip Column Strip Middle Strip
7062 in’ I col= 5552 in® lymia= 5834  in®
0.918 k/ft Wp= 1.724 k/ft Wp= 0.872 k/ft
0.650  k/ft w,= 1.221  k/ft W= 0.618  k/ft
0.014 in Aomee= 0.050 in Apmer= 0.025 in
0.018 in A max= 0.066 in AL max= 0.033 in
0.054 in Biongtam™ 0.201 in Bjongtem™ 0.100 in

Check Live Load Deflection
A= 0.099 in
OK ACI Limit= 0.633 in OK
Check Total Load Deflection
A= 0.407 in
OK AC| Limit= 0.475 in OK

Structural

Exterior Panel I3 - |,

Exterior Panel |, - |4

Column Strip Middle Strip
lgco™ 5552 in* lgmid= 6448  in’
Wn= 1.724 k/ft Wp= 0.872 k/ft
w= 1221 k/ft w,= 0.618  k/ft

Apmes= 0.050 in Bomai= 0.014 in
B mai® 0.066 in A= 0.026 in
Binsiani 0201 in Appogten™ 0.062 in
Check Live Load Deflection
A= 0.092 in
ACI Limit= 0.633 in OK
Check Total Load Deflection
A= 0.361 in
ACI Limit= 0.475 in OK

Column Strip Middle Strip
lg.col™ 5859  in’ g mid= 5884  in*
Wp= 1.859 k/ft Wy= 0.880 k/ft
W= 1316  k/ft w,= 0.623  k/ft

Apmax= 0.053 in Apmor= 0.030 in
A e 0.070 in Almar® 0.039 in
D 0212  in Diorg o™ 0.119  in
Check Live Load Deflection
A= 0.109 in
ACI Limit= 0.667 in OK
Check Total Load Deflection
Ag= 0.448 in
ACI Limit= 0.500 in oK
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I Appendix '

super-imposed dead loads stairwell corner design L e M

« 35 psf: SDL, MEP, partitions, ceiling « preliminary sizes and reinforcement given
« 106 psf: 82 slab self weight

Bl B1: b=14”, h=20" with (3) #9 bars

B2: b=18", h=25" with (5) #9 bars

live loads Tl G2: b=12", h=25" with (3) #9 bars
q . ¥
. 100 psf: 2" floor i % 5
- i
Gl B2 =
—

B>
-] /
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