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General Information
* 4 Story Hospital

e Addition to St. Vincent Mercy
Medical Center Campus
Project Cost = $45 Million
Project Size = 144,000 S.F.

Owner: St. Vincent Mercy Medical

Center

Project Deliver Method: Design-Build

Groundbreaking: August 2005

Completion: August 2007
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Project Location
The Heart Pavilion was constructed for St. Vincent’s Mercy Medical
Center Campus, established in 1855.
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Gravity System

e Composite Steel Framing and NWC

e Typical 14’-0” floor to floor height

 Foundation: 80 drilled caissons
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Problem Statement

» Existing Lateral System
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Problem Statement

e Vibration Criteria for Operating Rooms
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Problem Statement
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* Drilled Caisson Foundation System
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Design Goals

e Reduce number of steel moment frames
utilizing seismic detailing

* Decrease the base shear value by

reducing the tonnage of steel

e Reduce cost & construction time by using

fewer frames of a more complex system

* Improve serviceability of O.R. spaces by

redesigning for vibration criteria

* Improve soil conditions by implementing

a Geopier Intermediate Foundation System
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M.A.E. Acknowledgement

 Utilize knowledge of structural
computer modeling to build RAM
Model (AE 597A)

* Expand upon basic connection
design principles to detail seismic

connections (AE 534)
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Breadth Acknowledgement
Breadth Study I: Facade Study

Existing Redesigned

View from Main Street




S | DEPTH | BREADTHS | RECOMMENDATIONS | QUESTIONS |

Breadth Acknowledgement

Breadth Study II: Construction Management Study




S | DEPTH | BREADTHS | RECOMMENDATIONS | QUESTIONS |

Presentation Outline

* Project Information

Existing Structural System

Problem Statement & Solution

Structural Redesign

Construction Management Study

Recommendations




DEPTH | BREADTHS | RECOMMENDATIONS | QUESTIONS |

SMF Design Concept

Reduced Flange Section
(“Structural Fuse”)

Remain Elastic
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SMF Design Considerations

e Minimize number of SMF’s along interior
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SMF Design Considerations

» Keep layout symmetrical

N
Tl —

2" Floor

PTH | BREADTHS | RECOMMENDATIONS | QUESTIONS |

3 Floor
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SMF Design Considerations
e Orient SMF’s to keep COM & COR as close as possible
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SMF Design Process

Existing Lateral SMF Lateral

Roof 241 118

2 275 206

Base Shear (k) 1100 678

The SMF System reduces approximately 38 % of the base shear!




PTH | BREADTHS | RECOMMENDATIONS | QUESTIONS |

RAM Structural System Model

e Assumptions
A rigid diaphragm assigned to

every floor
- Columns pinned at the base
- Beams & Columns fixed-fixed

within SMF’s

- 5% eccentricity applied to ﬁﬁ
account for accidental torsion
- P-delta effects automatically taken

into account




Member Optimization

* Real Case
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Member Contribution- Beams

A=1/3

E Ix M; m; Li Member
Member . . (Mim;L;:3) / (ELL;2) o
ksi in4 ft-k ft-k ft Contribution
(ksi) (n*) (k) (k) ( + (L) /(AE)
" 29000 2700 741 3.88 25 0.00031 8.66%
g
[1+]
D%T 29000 1830 213 2.69 25 0.00009 2.55%
—
L omiyewn N 29000 2700 518 275 35 0.00021 6.01%
- + [F:EL)/[AE) DL v
E ; 15 0.00031 B8.75% g E
: T = 9 29000 1830 151 182 35 0.00006 1.71%
: Ye oooome o, 2 29000 2700 734 3.89 25 0.00030 8.60%
E .97% =
=z 14 0.00006 1.82% 2¥]
EER— e = 3 29000 1830 210 251 25 0.00008 2.34%
Z o
pE 0.00538 100%

ColD-3 124%
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L;
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A=1/3
[ff?:;ig?%:g;ﬂ ant:;:s;nn
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L.Beams

Middle
EBeams

= Ri.Beams

Frame 3
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Typical SMF Sizes
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Typical SMF Sizes
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RBS Connection Design

e Four basic design concerns:

Determining the moment at the plastic hinge of the beam

Determining the moment at the column face

Ensuring the “strong column-weak beam” criterion is met

Ensuring the panel zone strength of the column is adequate
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RBS Connection Design
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RBS Connection Design
e Interior Alternative I
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RBS Connection Design
 Interior Alternative II
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RBS Connection Design
* Interior Alternative III

e |
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RBS Connection Selection Based on Economy

Total Cost per Connection

347 $10,987

Alternative |

Alternative II1 9,540 216

Using a W14x257 column size is more economical!




SMF Design Conclusions
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« Number of moment frames significantly reduced v~

« Tonnage of steel reduced v

R

Density of Steel
Lateral System Tonnage of Steel
(psf)
Redesigned System 248 3.22
v

e Base Shear value reduced by 38%
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Surgery Space Redesign

e Assumptions:
- Weight of person = 185 lbs
- Walking velocity = 100 steps/min
e Vibrational velocity limit = 8000uin/sec
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Surgery Space Redesign
25'
Vibration Design l | 2
W24x68
I
Y
Mid-span
Flexibility of 1.7 E-06 in/Ib
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3 g g g 2|
g 5 3 3 g
Vibrational s S S S g
Frequency of Floor 6.82 Hz
Slab
Vibrational 7983 pin/sec < 8000 A
Velocity of Floor nin/sec OK - 'T' W24x68 I
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Foundation Redesign ¢

8 = FOOTING SETILEMENT —

//— RIGID FOOTING

=~

* Geopier Intermediate Foundation System

K= 14 pol Kog™ 140 pel

STIFF SPRING ANALOGY




Geopier Desig

@ : 1 L

BREADTHS | RECOMMENDATIONS | QUESTIONS |

Basement Plan

Foundation Plan
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Enlarged Plan View of Geopiers for SMF 3




| BREADTHS | RECOMMENDATIONS | QUESTIONS |

Section View of Geopier Elements for SMF 3
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Construction Management

Existing System Redesigned System Savings
(days) (days) (days)

Component

Structural Steel 119 88 +31
A's
. ; SEQ. 1
Geopier system saves approximately 7 weeks!
SMF detailing saves approximately 4 weeks! e
S50, 8 $E~.6\

| :sm.f; SEQ.5 N

Sequencing Plan
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Construction Management

Component Existing System Redesigned System Savings
Structural Steel $2,463,000 $1,871,000 +$592,000
Total $3,103,000 $2,209,000 + $894,000
Existing System Redesigned System

Redesigned system saves $6.21/S.F.!
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Recommendations

e SMF System

- Reduction in number of moment frames
- Reduction in tonnage of steel
- Reduction in cost & construction time

e Surgery Space Redesign
- Satisfies vibration criteria for
“fast walking”

e Geopier Intermediate Foundation System
- Provides vertical reinforcement to soil
- Reduces cost & construction time

INDATIONS | QUESTIONS |

Recommended v

Recommended v

Recommended v
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Building Architecture
e L-Shaped Footprint
e Patient rooms along perimeter

» Storage space located in center
for easy accessibility
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Weak-Axis Connection Strong-Axis Connection




Design Basis
e ASCE 7-05

 FEMA-350 Recommended Seismic Design Criteria for New Steel
Moment-Frame Buildings

e FEMA-351 Recommended Post Earthquake Evaluation and Repair
Criteria for Welded Moment-Resisting Steel Frame Structures

e AISC Seismic Design Manual




Wind Design Forces

Level

Wind Design

53

42

28 3536 2287

48

202

131 1137 726




Seismic Design Forces

Base Shear and Overturning Moment Distribution

4074 169941
Main 0 6593 0 0.000 0 678 0

Base Shear 678 k




Torsion Effects

Story Storv Force Torsional
COM (ft)  COR (ft) e, (ft ’('k) Moment (ft-
k)

3 74.79 84.53 9.74 271 2640

1 69.20 78.19 8.99 130 1169

Amplification Factor, A,

Story
8y (in) 8, (in) 8 vg (in) Smax (in)

3 4.26 0.362 4.26 4.62 0.817

1 1.56 0.110 1.56 1.67 0.796




Torsion Effects

Torsional Moment Due to Seismic Loading

Story

COM (ft)

COR (ft)

e, (ft)

Story Force

(k)

Torsional
Moment (ft-
k)

1 157.03

131.38

25.65

130

3335

&4 (in)

3.90

Amplification Factor, A,

6, (in)

0.114

8 avg (in)

3.90

Spax (in)

4.01

Ax

0.734

1.42

0.122

1.42

1.54

0.817




<0.40

0.40-0.50
0.50-0.60
0.60-0.70
0.70-0.80
0.80-0.90
0.90-0.95
0.95-1.00
>1.00

Story

Total
Drift (in)

1.56

Story
Drift (in)

1.56

Amplified
Drift (in)

5.70

Reduction
(CuTa)/Tx

2.42

Allowable
Story Drift (in)

2.70 OK




<0.40

0.40-0.50
0.50-0.60
0.60-0.70
0.70-0.80
0.80-0.90
0.90-0.95
0.95-1.00
>1.00

Story

Story Drift Ratio

0.7 x Story
Drift Ratio

0.8 x Story Drift
Ratio

Avg. Drift Ratio
next 3 Stories

Soft Story
Status

0.00664

0.00465

0.00531

No




Irregularities

Irregularity Type Comment Status

Re-entrant Corner This irregularity does not apply to SDC C

By looking at the floor plans, irregularity

. OK
does not exist

Out-of-Plane Offsets

Horizontal Irregularities




Irregularities

Irregularity Type Comment Status

Roof Wt./Adjacent Story Wt
Weight Mass =44psf/108 psf < 150% OK
Reference Appendix A for story weights

In-Plane Discontinuity of Vertical Lateral By looking at the floor plans, irregularity

OK

Vertical Irregularities
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RBS Connection Selection Based on Economy

Steel Cost per Connection

Alep  Otiffeners & 600 6963 7563 378 2250

Alt. 111 None - 8481 8481 4.24 2250

$8505

$9540




Alternative I 7.7 45.00 30.5 70.00 $2,482

Alternative III 4.8 45.00 9 70.00 $846




SMF Design Conclusions

Density of Steel

Lateral + Gravity Tonnage of Steel ¢

Redesigned System 678 8.80




