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Historic Structure Steel framing (30ksi) Siea
5-&" 10 7 Typic

Existing Conditions Mass masonry exterior bearing walls s P

8” draped-mesh slab system (860psi) Wire-Mesh Reinforcement
Typical bay size: 20’-8” x 35’-6" [ Cement Finish

\Girndﬁr Concrete Slab
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Flaster Ceiing
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Image taken from Historic Building Construction by Donald Friedman
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Existing Conditions

Historic Structure

Current Structure

Existing Conditions

Steel framing (30ksi)

Mass masonry exterior bearing walls
8” draped-mesh slab system (860psi)
Typical bay size: 20’-8” x 35’-6"

8” two-way flat-plate concrete slab system
Circular and rectangular gravity columns
2 (10”) concrete shear walls in each direction

* Foundation consists of 3’-10” thick mat slab and
spread footings

W10x22 30 Gr ]

W14x38 30Gr _

W14x34_30 Gr

W16x57 30Gr _ _

W14x34 30 Gr

W14x34 _30 Gr.

W12x30_30 Gr.

3rd Floor
Current Design
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Problem The seven stories of concrete structure added atop the
Statement historic steel and masonry structure contribute

_ an extensive amount of weight to the building.
Proposal & Design Goals

Proposed Redesign the concrete addition as a steel to decrease the
Solution weight on the historic system.

Design Goals  « More efficient reinforcing of historic members at
transfer level

e Decrease size and/or depth of foundation
* Incorporate historic steel members into lateral system
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Current Loads e Based on the requirements within the New York
City Building Code (NYCBC)

Proposed Gravity  Live loads based on ASCE7-05 minimum
Structural Depth Study Loads distributed load requirements

e Dead loads based on requirements within
ASCE7-05 and known values of material weights

Proposed Lateral  Wind and seismic loads determined in RAM
Loads Structural System in accordance ASCE7-05
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Structural Depth Study

Computer Modeling
using RAM SS

Structural Depth Study

e All diaphragms modeled as rigid

e Assumed adequate connections and load
transfer between new and historic structure

e Assumed that all columns be braced at floor
levels

e Masonry modeled with cracked section
property of 0.6

e Story forces placed at 5% eccentricity to
account for accidental torsion

e Historic steel modeled using conservative
and comparable modern sections based on
weight, depth, and stiffness
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Gravity System Design * Frame layout based on existing column grid
to minimize effects on interior architecture

Structural Depth Study
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Gravity System Design * Frame layout based on existing column grid
to minimize effects on interior architecture

Wi2x14 (8)

e Slab and deck selection based on span and
fireproofing requirements:

Wi2x14 (8)

Structural Depth Study

6” lightweight concrete slab with

3” Lok-Floor composite deck s

e Steel sized in accordance with the AISC
Manual of Steel Construction LRFD design
methods

S Wixta ) - — Wixtd B — T, — —
H L |

H

Composite design of beams and girders
found to be more efficient
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Structural Depth Study

Member

Reinforcement

Structural Depth Study

At the 3™ floor transfer level:
e SIX girders to be reinforced in existing design

W14x38 30 Gr

W14x38 30Gr

Vel XIgS

W14x38 30 Gr

W14x3g 30 Gr

W14x38 30 Gr.

W14x38 30 Gr

W14x38 30 Gr

W1dx43 30Gr

W14x38 30 Gr

W14x38_30 Gr

W14x38 30 Gr

W14x38 30 Gr

W14x38

W14x38 30 Gr _

W14x38_30 Gr

W14x38 30Gr _ |

W14x38 30Gr__

W10x22 30Gr__ _

W12x30 _30 Gr

W14x38_30 Gr,

W14x38 30 Gr

WX

W12x26

W12x26

W12x26

W12x26

W12x26

W14x38 30 Gr

W14x38 30 Gr

W14x38 30 Gr

W14x43 30Gr

= { I I W14x38 30 Gr__ 2
e

W14x38 30 Gr

T E——=—==
Q

—W14x38 30Gr _ =
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W14x38 30 Gr
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W14x34 30 Gr.

W16x57 30 Gr__ _

283006 —
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Member At the 3' floor transfer level:

W12x28

2

1
W14x38 30 Gr W14x38 _30 Gr W’IZxS% éﬁ]l;r = W14x38_30 Gr W12x26
tad ted
=4

Reinforcement e SIX girders to be reinforced in existing design ,
* Only FOUR to be reinforced in proposed design B D B e

2 ——— W14x43 30Gr _ [FR ____ WI14x38 30Gr__ rf WIBRE QT T W14x38 30 Gr T W1dx38 30Gr __ 4
Lprgd I.:rd irs
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Structural Depth Study Reinforcement designed using plastic analysis
Old design: (2)W27x194
New design:  (2)W24x176
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24%176!
e |

& &
W14x38 30Gr _ =|!| W14x38 30Gr __= W14x38_30 Gr _W14x38 30Gr _ =

W14x38 30Gr _ . il W14x38 30 Gr W14x38_30 Gr W14x38_30 Gr

__.':._%?.
® O

i 1| W14x38 30Gr __ =i ___ _WIex57 30Gr _ =i _____WI16x57 30Gr _ _

W14x38 30Gr_ _ ) W14x38 _30 Gr | W14x34 _30 Gr W14x34 _30 Gr

W12x26 30Gr _ |

W10x22 30 Gr -
W12x30 30Gr ¢

98" 132 34"

m
o

3rd Floor
Proposed Desir{




246 West 17t Street : :
New Yori,sNY A Presentation Outline Structural Depth Study

~@ley

®

R LT3 I— TF ______________

198"

Wi12x26

W14x38 30Gr __ _ W14x38_30 Gr N W14x38_30 Gr

Wi12x26

W14x38_30 Gr r W14x38 30Gr __ _
W14x22 W12x26

o

R
W14x38 30Gr__%
—-§i8
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Reinforcement o 4 columns on each of the first 3 levels

e Frame geometry controlled initial column size B T~ | memne | menue
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Structural Depth Study

Member
Reinforcement

Structural Depth Study

Historic column reinforcement:

4 columns on each of the first 3 levels

Frame geometry controlled initial column size
Continuous reinforcing required between stories

Final design: 26” x 26” column (4ksi)

#—14 3/8"—~

e T,
G28

Historic Girder

7#1 1/2" COVER

%

B14
Historic Beam

j‘1 1/2" COVER

7 L #4 TIES

L (3) #10 BARS, BUNDLED
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Lateral System e Drift limitations:
Design

- L/600 for historic stories
- L/400 for modern stories

. 1-1/8” overall deflection at 6t floor level
Structural Depth Study in the E-W direction due to seismic joint

e Chevron braces chosen as lateral force
resisting members
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Structural Depth Study

Lateral System

Design

Structural Depth Study

* Design process in RAM SS:

- Brace, column, and beam design for lateral
strength requirements

- Brace design for lateral deflection limitations
* Deflection controlled the design
- Column design for lateral deflection limitations

- Brace, column, and beam check based on
lateral strength requirements

- Beam check and re-design based gravity
requirements

e Seismic drift amplification factor
. C4=3.25

DRIFT DATA

Wind Drifts [in]

Seismic Drifts [in]

X-DIRECTION (E-W)

Total Drift

Story Drift

Allowable
Story Drift

Total Drift

A Elastic

: A Amplified

Story Drift

Allowable
Story Drift

DRIFT DATA

W1 =Wind

Wind Drifts [in]

+X, W2 =Wind -X

Seismic Drifts [in]

E2 = Earthquake +X

Y-DIRECTION (N-S)

: Total Ht.

Total Drift

Story Drift

Allowable
Story Drift

Total Drift

Story Drift

Allowable
Story Drift

: 134.486

[ER

W1 =Wind+Y, W2 =Wind -Y

E4 = Earthquake +Y
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CURRENT FOUNDATION DESIGN LAYOUT PROPOSED FOUNDATION DESIGN LAYOUT

Area = 5528.7 SF Area = 4956.2 SF
Volume = 784.3 CY Volume = 550.7 CY

Foundation e Current design
Impacts 3’-10” mat slab
3’-10” continuous spread footing

* Proposed design

Structural Depth Study 3’ mat slab (10” decrease)
2’ continuous spread footing (22” decrease)

Foundation Design Comparison Area=501SF  Volume =71.1CY | Area=511SF  Volume =37.0CF

Mat Slab Current Design | Proposed Design | Difference
Surface Area [SF] 5528.7 4956.2 -572.5
Thickness [inches] 46 36.0 -10.0
Concrete Volume [CY] 784.3 550.7 -233.6
Continuous Footing Current Design | Proposed Design | Difference
Surface Area [SF] 501 511 10.0
Thickness [inches] 46 24.0 -22.0
Concrete Volume [CY 71.1 37.9 -33.2

Total Conc. Volume [CY] 855.3 588.5 -266.8
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Cost Considerations e Materials

eConcrete (foundations, structural system)
*Steel (rebar, reinforcing members)

e Concrete labor

Construction Cost Study sFormwork

ePlacement (concrete, rebar)
*Finishing

e Steel labor
*Welding

*Bolted connections
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Construction Cost Study

Construction Cost Study

Estimated

e Cost values based on relative savings seen in labor

Savings per  and materials associated with the system change

System e Total savings amount to 7.6% of overall project cost

Current (Concrete)
System

Proposed (Steel)
System

Savings

Foundation Cost
S202,133

Foundation Cost
$140,687

In Foundations
$61,446

Superstructure Cost
S2,423,497

Superstructure Cost
§1,235,295

In Superstructure

Total Cost
$16,500,000

Total Cost In Total Cost
$15,250,352 $1,249,648
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Total Cost e QOverall cost estimates based on relative cost
Comparison savings

Total Construction Cost Comparison

Construction Cost Study

Current (Concrete) System

Proposed (Steel) System
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Recommendations

Structural Structural design goals attained:
Design v’ Historic members utilized in the lateral system
v Reduced transfer beam reinforcing member size

v’ Decreased foundation depths

Construction Construction cost findings:

Cost v Decreased foundation depth means less excavation

Conclusions & Recommendations ] ) )
and foundation material (cost savings)

v Fewer reinforced historic steel members means less
associated labor and materials (cost savings)

v" Overall estimated savings of $1.25 million (7.6%)

Conclusion Recommend changing the structural system of the
addition from concrete to steel
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