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Site Plan | Existing Gravity | Existing Lateral

Building Introduction
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Proposal

Redesigned Lateral System
Buckling Restrained Braced Frames | COM/COR

Redesigned Gravity System

Purpose | Solution
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Construction Breadth

Proposed System

Critical Path Schedule | Cost Analysis

Conclusion
Comparison
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Use: Student Housing

Size: 170,000 sq. ft.

Stories: 9

Height: 87 ft.

Construction: September 2014 — July 2016

Towson University: Owner

Whiting Turner Contracting: General Contractor and CM
Ayers/Saint/Gross: Architect

Hope Furrer Associates: Structural Engineer
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Building Introductior
| Existing Gravity |
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Existing Gravity System | —
= 8” thick slab Typical Bay o | 55 30 100
= Two-way post-tensioned flat plate rotal Load 163 153 250
» 24" x 24" Concrete columns

08 123 150

Dead Load 1
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Building Introduction Three main questions
Site Plan | Existing Gravity | Existing Lateral

= What could be bettered with the project by changing the

Pr0POSAa
Purpose | Solution structural system?
Redesigned Gravity System . . .

?
Hollow Core Plank | Steel Columns | Steel Beams " Is this alternative feasible®
Redesigned Lateral System = What are the impacts?
Buckling Restrained Braced Frames | COM/COR » Benefits & repercussions

Construction Breadth
Critical Path Schedule | Cost Analysis

Conclusion
Comparison
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Non-Composite Beams

Hollow-Core Planks

Redesigned Gravi oM T
| T LX L LA [e

Steel Columns
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0000eec -
Towson, Maryland @

Elematic precast hollow core planks

= 8" thick, 27 topping
= 4’ wide
= 5,000 psi concrete strength
= 79psf
= Reduced from 108 psf
Redesigned Gravi om
Hollow Core Plank | o 2" Joint
. Gront Reinforcement . .
Tons \ grouted in Connection detall
ifr . slab keyway .
= A A —— = Transfers diaphragm forces
I | = Lateral bracing
e = Grout adds stiffness
‘X Steel beam with
y stabilizer bars
to brace top flange
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Column sizes

* Column depth constant through building height
« Spliced every two floors

e Exterior: W 12x53, W 12x40

* Interior: W 12x65, W 12x53

Building Introduction
Site Plan | Existing Gravity | Existing Lateral

Proposal
Purpose | Solution

| m——— g i
E=Ta =

Redesigned Gravi em PV |:oig 1 I il S
Hollow Core Plank | Steel Columns | Steel Beams i .

[

- -
——
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SN

J

Redesigned Lateral System
Buckling Restrained Braced Frames | COM/COR

i

Construction Breadth
Critical Path Schedule | Cost Analysis

Proposed columns Existing columns

Conclusi Shifting columns
pneiuson . Optimizing steel performance

Comparison o :
« Minimal architectural changes
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Towson, Maryland Typical Bay

= Shifted columns eliminates transfer beams
= Beam depth 14" maintained throughout

= Deflection controlled majority of beam sizes
= Designed for 2 hour fire rating

27'-0"

17’_0”

sl
| Steel Beams
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Hollow Core Plank | Steel Columns | Steel Beams
Buckling Restrained Braced Frames | COM/COR

West Village Housing Phases Il & IV

Towson, Maryland

Site Plan | Existing Gravity | Existing Lateral

Redesigned Gravity System
Critical Path Schedule | Cost Analysis

Building Introduction
Construction Breadth

Proposal
Purpose | Solution
Conclusion
Comparison
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Selected Design

« Columns: W 12x40
e Beams: W 8x10
 Braces: W 8x21

Sadesigned ~ . Buckling Restrained Braced Frame Advantages CoreBrace
Buckling estrained Braced Frames | * Field tOIGrar!C_eS _ * Stiffness factors Vary
» [ast and efficient frame erection « Bolted lug connection

« Response modification coefficient, R, of 8
* Provides member ductility
* Less imbalance of tension and compression forces

[
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>
(o |
—
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Lateral Brace Location

[eras ! %)) | | «+ COMI/COR 4ft apart, x-direction
oo | | . Reducing lateral torsion
Radesianed | aters A | _i__zLii:[::[ii]: o Appropria’[estiﬁness
| COM/COR I i

SoloYo T
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Construction Breadth Acoustical Breadth
.+ |Is the schedule reduced? * Has sound transmission been
+ Has money been saved? improved?

« What else can be done? * How are residents effected?
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Proposed Zoning Diagram

Techniques to fast track schedule o \Jz - s

 Utilize sequencing to advance schedule ) - ﬁ; Efone1 | EzoneZ
'

« Zoning assures an efficient work environment

« Constructability W Zonel1 W Zon

onstruction Breadth
Critical Path Schedule |
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o $60,000.00
% Savings 23.5 -
$50,000.00
% Increase - 21.5

$40,000.00

Net Savings $30,000.00

15% $20,000.00

$10,000.00

onstruction Breadth Additional Savings ‘.
| Cost Analysis = Early Student Move-in Gravity Lateral

= Summer semester tuition
B Proposed Existing
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Towson, Maryland : |
Benefits Repercussions Resulting answers

Quick installation Lateral brace cost > Lighter weight structure
» Stiffer lateral elements
» Schedule/cost reduction

Off site production Fire proofing > Reduced column sizes
Structural integrity Shifting architecture > Efficent
» Constructability
Acoustical > Pros and Cons
nelusion performance

Comparison
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Building Introduction
Site Plan | Existing Gravity | Existing Lateral

Proposal
Purpose | Solution

Redesigned Gravity System

Hollow Core Plank | Steel Columns | Steel Beams

Redesigned Lateral System
Buckling Restrained Braced Frames | COM/COR

Construction Breadth
Critical Path Schedule | Cost Analysis

Conclusion
Comparison
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WBS Task Sub-task Description Qty. Units Production Rate Crew hours Crew Cost /hr #workers on crew total labor hours Existing Gravity System Existing Lateral System
Procas S Plaks | totow 5 ek 1035 [5+ | o0es | zazes | zeet 22,068 resiresing e 200 g, 0N AN T ERii] BURE MU R
=P Integral topping and | oo | ¢ £ 0.08 94.48 189.05 84.48 Reinforcing in Place - Elevated slabs, #4 - #7 10.974938  Ton 2025 22224.25 IPIacmlg Cnluncrete - walls, 8" thick 1253089 CY %3 Rl e
e e finish. 2" thick F. : : . . Normal Weight Concrete - 5000 psi 029926 v, 120 24353 12 F Reinforcing in F‘Iace -ICﬂIumns, #3- 47 . 1.37676 Ton 2750 3786.09
S Beam W 14 x 82 as | LF 0.078 6.864 135 5§ 6.864 P|3Ciﬂg Concrete - 6"-10" thick, pumped 202.94267 CYy. 28.5 5783.87 orms In P|HEE, Walls - J{}b-bu”d p|‘IfWﬂDd, over 8 3 use 210.0219 SFCA 13.95 2929.81
Structural Steel | 0 T oo c cor o  coc Concrete in Place - Columns, square (4000psi), 24"x24" average reinforcing | 1.3836048|  C.Y. 1275 1764.10 0.00
Members Total 55081.38 Total 19194,17
Columns Structural | W shape, 12 x40 | 933 | LF. 0.054 0.50382 102.5 0.50382
Columns Structural | W shape, 12x 53 | 77.3 | L.F. 0.057 4.4061 135.5 4.4061 Proposed Gravity System Proposed Lateral System
Structural Steel Beam W 8 x 10 181 | LE 0.093 16.8051 16.8051 Bl.lildil'lg Element Quantit\r Unit Unit Cost Total Cost Bu||d|ng Element Quantits’r Unit Unit Cost Total Cost
Members Precast Slab Planks - Hollow, 8" thick 1056 S.F. 10.35 | 10929.6 Columns Structural - W Shape, 12x 53 77 3 LF. 146 11285.8
Finishing Floors - Integral topping and finish, 2" thick 1056 S.F. 6.55 6916.8 Structural Steel Members - Beams, W 8x 10 180,664 LF. 57 | 4877.928
Structural Steel Members - Beam, W 14 x 82 88 L.F. 201 17688 Braces - Star Seismic BRBF bolted lug connection 11000
Structural Steel Members - Beams, W 8 x 10 72 L.F. 27 1944 -
Columns Structural - W Shape, 12x 40 9.33 L.F. 86.5 807.045 0
Total $| 42113.99 Total 5| 24447.36




Existing NC and 5TC Values
L 17-8 I_J'--ll, -1 "_\.:' 13-4 L 17 -§ J"I,
1 1

Maoise Criteria Level sound Transmission Class

=35 --512-
=] M =5
=40 =6l

Figure 39: NC and 5TC values for both systems

Partition Label Room #'s Description STC Value|
Apariment demising wall | AL2AZ3 Apariment-Apartment Twea layers 112" GB each side of 3-5/8" studs 16" 0UC plus 1-12" FG 55 |
Coridor wall ALYAR Apariment-Apariment Two layers 12" GB each side of 3-5/8" studs 16" 00 plus 1-1/2" FG 55 |
Be g weall 853 | Badroom-Bedroom-Living Arsa One layer 58" GB 3-5/8" studs 16" O.C, plus 1-1/2" FG 50 |
Exteriorwall Typel Apariment-Dutsida 4" masonry, 2 /2" stone woolfzcoustical insulation, 58" GB il |
Floor/Ceiling Assembly | 55,00 Apariment-Apartment &" PT =lab, ceiling tiles, carpeting 58 |
Proposed Apartment Partitions

Partitian Label Room #f's Description STC Value
Apariment demisingwall | KA Apariment-Apariment Three lagers 11" GB each side of 3-5/8" studs 16" OLC. plus 3" FG il |
Cordarwall F, Apariment-Apariment Three layers 1/2" GB each side of 3-5/8" studs 16" OC. plus 3" FG a1 |
Bedroom wall WA | Bedroom-Bedroom-Living Area One layer 58" &8 3-5/8" studs 16" O.C. plus 1-1/2" F& 50 |
Exteror wall Type 1 Apariment-Outside 4" masonry, 2 1/3" stone wool facoustical Insulation, 518" GB i |
Floor/ Celling Assembly NA Apartment-Apartrnent 8" hipll o cre plank 2" topplng, acousitcal cedling tles 58 |




Wind Force Determination N-5

Building | o Ent above Total Building | HETENt abOVe | TEMNEY 1 prcconse | TR AR
ground level z K; 4= Py Paily | ground level 2| Hecight - Story Force

Level () ipsf) Leve () (£ g

Level 1 00 ] 0575 | 1654 | 1066 | -1118 | 2184 Levell 4.0 500 21.54 Ciab

Level 2 120 0575 | 1654 | 1066 | -1118 | 2184 et 120 11.34 2131 74,26

Level 3 27 0647 | 1861 | 1199 | -11.18 | 23.47 — i; ;E'g i;; ;‘;E

Level 4 333 0722 | 2078 | 1339 | -1118 [ 2457 — 340 05T ¥ 67 .18

Level 5 440 0782 | 22.49 | 1449 | -1118 | 2567 — 543 1057 e 511 per geatechnical repodt

Level 6 54.7 0832 | 2393 | 1542 | -1118 | 2680 r— =3 T =Ty — 3f$ —

Level 7 653 0.875 2518 | 1623 | -1118 | 27.41 — 26.0 11.30 2812 95.29 . 1?::1 pr———
Level 8 76.0 0914 | 2629 | 1694 | -1118 | 2312 Lower Roof| 879 9,96 28.84 86.18 Lovok Roof, Diaphi1 table 11.4.2 Valld o OMENT (810

Lowes Rool &3 0% &' &AM | Li&e | -1LES | SN e %3 .00 2.2 5.5 R Disp Y Levell | 0.00 | 1767 | 0 | 0.000 | 0.00 | 2649 0.00
PH Roof 939 0.977 2810 | 1811 | -11.38 | 29.29 Total Base Shear (kips) =]  737.90 S . 02 Level2 | 1200 | 1936 | 25287 | 0.040 | 1066 | 264.9 127 87
_ | _ | _ _ Lp u.alof_: -0.00657 Sp| _0.0578 Leveld | 213 | 1888 | 44638 | 0071 | 1881 | 2543 400.67

Bulding Height above S Suiiding Height above | Tributaoy ol Prcsoune Toral Lateral ::::j Eg;gfﬁ :51 Eg:;g : Imp-urtant: Factor] 1;1' table 11.5-1 Level 5 40 1888 | 85614 | 0036 | 3608 | 208.0 144_’5.1.1

Level ground level z Kz q: Piw Prils (psD Level | Eround levelz| Height b Story Force WS 0.02137 211153 :ﬂmf:ahﬂase on Sos . table 116-1 Level 6 493 | 1888 [ 106314 [:I.H_ﬁ 44.3[? 172.0 2208.68

(1) (#t) 8 adp) W6 0.03080 160187 Sign Lot Based on 5':'11 _EI taie 11.6-2 Level7 | 5867 | 1460 | 98379 | 0.156 | 4146 | 1272 2432.28
p—T 0 Y o 16.54 11.18 69| 1587 Level 1 0.0 5.00 15.87 581 o design method Iz:'e”'::;r“; section 12.8 Level 8 68 1481 | 116279 | 0185 | 4900 | 857 3332.01
Level 2 170 0575 16.54 11.18 60| 1587 Levrel 2 12.0 11.34 15.87 10.97 R 3 able 1221 Lower Roof| 7883 H44 e | 0a23 | 3252 36.7 2563.41
Level 3 727 0647 | 1861 1258  -as9| 17.27 Level 3 27 105/ L. 11.24 €] 0018  [eq.1282 PHRoof | 8667 | 99 | 9944 | 0016 | 419 | 42 363.19
Level 4 333 0722 | 2078 1404  -489) 1873 el 2.2 10.67 18.73 1219 W] 151396 |kips TOTAL 15140 | 628717 | 1.0000 | 264.94 1371255
Lewel 5 4.0 10.67 19.89 12.95 Ta=| 0000 |egizar

Level 5 440 0.782 22.49 15.20 -4.69) 19.89 —p =7 10.67 20.87 13.58 k= 0.750 12.8.3

Level 6 w7 0.832 | 2394 1618 -469) 2057 Level 7 65.3 10.67 2171 14.13 Seismic Base Shear] 264343 |kips

Level 7 653 0.875 25.18 17.02 -469) 2171 Lewrel B 76.0 11.30 272,45 15.48

Level 8 76.0 0.914 26.29 17.77 469 2246 Lowes oot 579 9.96 23.22 1411

Lower Roof are 0.953 27.41 18.53 -469) 23.22 PHFoof 95.9 4.00 23.69 5.78
FH Roof 959 0.977 23.10 19.00 -469| 2368 Total Base Shear (kips) = 1156.22




