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Children’s Hospital — Hershey Medical Center Existing Structural System

Foundation
* 600 micropiles
e 3'x3'to 10’ x15’ pile caps
e Strut beams span between pile caps
 f'c=4000 psi for all concrete elements
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Conclusion
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WA16X26 (15) .
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SEE NOTE 5
1]
5

Existing Structural System

THEL

W14x22 (B)T/S

W1BX26 (15) c=1 Yy
T/STEELEL=470-0 112"

WIBXa1 (31) =1 1,

X55'(31)
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WABX26 (22) c=1 Ty

SEE NOTE 5

WABX31 (22) =1 1

W16X26 (35) c=1 'fa

W1BX26 (35) c=1 >

W16X26 (35) &=1 '

OMIT DECKING AS REQD
FOR PLACEMENT OF STUDS

SECTION
TYPICAL COMPOSITE FLOOR DECK
PARALLEL TO BEAM/GIRDER

SECTION
TYPICAL COMPOSITE FLOOR DECK
PERPENDICULAR TO BEAM

Gravity System

Composite Floor System:
e 2” deep, 20-gage composite metal deck with 4 %" topping

* 3" Shear studs to wide flange beams
All columns are W 14s
Beams are typically W16s - W21s



Children’s Hospital — Hershey Medical Center Existing Structural System

Introduction

Thesis Proposal

Structural Depth
Slab Design
Shear Wall Design

Column Design
5 Lateral System
e 4 Moment Frames in East-West direction

e 4 Braced Frames in North-South direction

Construction Management Breadth

Conclusion
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Structural Depth

Solution
* Gravity System:
* Two-way reinforced flat slab system
* Shear caps if necessary for punching shear
e Lateral System:
* Reinforced concrete shear walls
 Two additional patient floors
e Structural height =113.5 ft

Proposed Column Layout
e Column line F and G eliminated
e Typical span: 30’ x 34.5’

Proposed Layout



Children’s Hospital — Hershey Medical Center Structural Depth

Two-Way Flat Slab Design
e Typical span considered for preliminary design
* Element stiffness determined
Introduction * Performed moment distribution
* Moments distributed to columns strips and middle strips

Existing Structural System : :
& y * Designed reinforcement

Thesis Proposal
Assumptions:

 f’c=5000 psi
* Slab tthkness Of 9” 1 Joint 1 ‘ Joint 2 Joint 3 ‘ Joint 4 Joint 5

SPAN | 16 1-2 2-1 2-7 g 3-2 3-8 3-4 4-3 4-9 4-5 5-4 5-10 ‘

” k | 4681 4433 4433 452.2 : 459.9 452.2 477.9 477.9 452.2 387.1 387.1
® S h e a r Ca p d e pt h Of 4 . 5 DF ‘ 0.514 0.486 0.327 0.334 . 0.331 0.325 0.344 0.363 0.343 0.294 0.453
S h W I I D A FEM ‘ 831.82 | -831.82 3 -773.55 717.39 | -717.39 1086.11 = -1086.11
e a r a e S I g n DIST1 ' -427.23 -404.59 | 19.06 19.44 5 18.58 18.27 1931 | -133.78 -126.58 -108.36 | 491.62 594.49
co ‘ 11.29 | -239.72 o 11.72 -79.29 11.44 291.09 -64.16

DIST 2 580 549 | 74.80 J 2236 2198 2323 | -109.76 -103.86 -88.91 | 29.04
co \ 4432 | 3.25 ; 45.99 -65.06 | 13.77 17.20 | -52.64 1

Fi n a I D e S i g n .iofr.lt 1 i.?einforcement i Middle Strip i Column Strip - Middle Strip
Strip Width, ft ! ! i

DIST 3 -21.56 -3.27 -3. -3. 6.31 R 6.56 -11.23 -10.63 -9.10 23.83
co \ -194 | -12.77 : -2.01 -6.66 3.89 14.11 =539

Column Design

DIST 4 0.99 0.94 2.95 i A | 2.87 g 2.98 -6.53 -6.18 -5.29 2.44

co \ 1.75 0.56 . 1.82 -3.87 1.77 1.44 =3:13

DIST 5 -0.90 -0.85 -0.74 -0. 0.68 . 0.71 -1.16 -1.10 -0.94 1.42

Sum Y~455.69 455.69 @ -994.20 94.67 -663.09  663.09
0.00

SUMIT | 0.00 i 0.00

Construction Management Breadth

Conclusion brovided A (i



Children’s Hospital — Hershey Medical Center Structural Depth

Ram Concept Model

* Used to check all floor sections Typical Floor
. : Max A =1.6"
* Live load patterns were considered
Introduction * Punching Shear checks performed
* Allowable deflection, A = e 1.73”

Existing Structural System 240

ThesisIRISEEE * Penthouse live load of 250 psf

* Slab thickness increased for penthouse level

Penthouse Level

) Max A = 1.4"
Shear Wall Design

Column Design

Construction Management Breadth

Conclusion
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Introduction
Existing Structural System

Thesis Proposal

Slab Design

Column Design

Construction Management Breadth

Conclusion

Structural Depth

Design of Shear Walls
e 4in North-South direction
e 4in East-West direction

Deflection/Story Drift Limitations
* Wind-H/400
e Seismic - 0.02*hs

Assumptions
 f’c=5000 psi

Slab acts as a rigid diaphragm
Cracked sections

e Columns—0.7lg

 Shear Walls—f2=0.5
Shear walls take no out-of-plane bending
P-A effects considered within model

Center of Mass

@ Center of Rigidity
Eccentricity

X-Dir. (ft)
166
174.3
8.3

Y-Dir. (ft)




Children’s Hospital — Hershey Medical Center Structural Depth

Wind Loading
* Recalculation of base shear due to increased story height
 ASCE 7-10 wind load cases applied
Introduction  Load Case 1 controlled in both directions

Existing Structural System * Serviceability checked for H/400 696.3 k —>T .

Thesis Proposal 2109.76 k

Slab Design Wind Base Shears

Level Height X-Disp. Y-Disp. Total Disp. | Story Drift | Drift Limit
ft in in in in in
Roof 22 0.62 0.60 0.86 0.20 0.66
CO | umn Design Penthouse | 15 0.47 0.45 0.65 0.14 0.45
15 0.38 0.35 0.52 0.14 0.45
} et 2 hoa, condored 15 0.28 0.26 0.38 0.13 0.45
Construction Management Breadth s, i 165 018 0.17 0.25 0.11 0.49

15 0.10 0.09 0.13 0.09 0.45
15 0.03 0.03 0.04 0.04 0.45

Conclusion ASCE 7-10 Figure 27.4-8 Serviceability Check

as defined in Case 2. ct simultaneou: he specified




Children’s Hospital — Hershey Medical Center Structural Depth

Seismic Loading
* Original response modification factor (R) =3
* Ordinary reinforced concrete shear walls (R) =5, Cd =4.5
Introduction * Base shear calculated for additional weight of the structure
Existing Structural System e Accidental torsional effects e = 0.05
e Drift checked against 0.02hsx

Thesis Proposal
Load Cases:

ASCE 7-10 Section 12.5.3 (a) - “the requirement for considering the orthogonal combination is deemed
satisfied if members are designed for 100% of the forces for one direction plus 30% of the forces for the Seismic Base Shears

Slab Design
g perpendicular direction.”
Level Height . Total Disp. Story Drift Drift Limit
o o ft in in in

* 30A)EX + 1OOA'EY Wall A Wall€ | WallD Walll Roof 22 1.27 0.94 5.28

q Case 1 60.2 447 71.3 171.1 Penth 15 0.96 0.63 36

COIU mn De5|gn ® 30%Ex = 100%Ey c::: 2 52.3 79.5 54.4 165.3 entsouse 15 075 062 36

Case 3 188.8 201.8 2121 61.2
C 100%Ey + 30%Ex Case 4 186.3 209.1 207 41.3 L 1= L= =2

16.5 0.35 0.50 3.96
15 0.18 0.39 3.6
15 0.05 0.16 3.6

Drift Limits

Max Shear (kips) 188.8 209.1 212.1 171.1

Construction Management Breadth
* 100%Ey — 30%Ex

Conclusion



Children’s Hospital — Hershey Medical Center

Introduction
Existing Structural System

Thesis Proposal
Slab Design
Column Design

Construction Management Breadth

Conclusion

Structural Depth

Shear Wall Design
e Designed using ACI 318-08 Section 11.9 — “Provision for Walls”
e Design with controlling shear for each wall
* Wall 3 experienced greatest lateral force
* Load combination:
e 12D+1.6L+1.0W

Final Design

2" (D*1@2” 25 & 12: 8¢,
o MR

Wall A Wall B Wall C Wall D Walll | Wall 2 Wall 3 Wall 4

Wind 145.4 223.0 165.1 170.36 521.6 524.9 560.1 481.8
Seismic 188.8 292.5 209.1 212.1 171.1 211.4 245.7

Controlling 188.8 292.5 209.1 2121 521.6 524.9 560.1 481.8

Maximum Wall Shear Forces
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Introduction
Existing Structural System

Thesis Proposal

Slab Design
Shear Wall Design

Construction Management Breadth

Conclusion

Structural Depth

Column Design

* Designed in RAM Structural System

* All columns are square geometry

* Three columns sizes
e 24" x 24"
e 20”x20”
e 18" x18”

* Reinforcement pattern:
* 14 bars, long. #6-#10 (four faces), transverse #3
* 16 bars, long. #6-#10 (four faces), transverse #3
e 20 bars, long. #6-#10 (four faces), transverse #3

0.80-0.90

> 1.00 ar
Failure

Load Capacity Ratios



Children’s Hospital — Hershey Medical Center Construction Management Breadth

. Structural 5teel 54,588,000
COSt AnalYSls Reinforcement 5119,600
* Costs determined from RS Means !‘::E';::““E ??ﬁ'lrggg

L o[ :?l??r
Floor Finishing 5122,200
. . . Fireproofing 5376,000
Introduction  Accounts for material, labor, and equipment costs 35,843,800

L-5tory Concrete Structure

Existing Structural System . _ Concrete $1,020,000
* Equivalent structure difference = $256,000 Reinforcement 976,700
i Formwork 53,954,000
Thesis Proposal Floor Finishing $149,000
56,100,000
Tty Conretestuure
StrUCturaI Depth E{:::rr:tinntrete Structure 33000
Reinforcement 51,282,000
S|ab Design Formwork 55,322,000

Floor Finishing 5198,000
58,138,000

Shear Wall Design

Column Design

Conclusion
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Thesis Proposal
Structural Depth
Slab Design
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Column Design

Conclusion

Construction Management Breadth

Schedule Impact
* Assumptions:
 Multiple crews per task
* For anideal construction process
* Based on RS Means output

e Existing Schedule
* Projected 155 days

* Proposed Schedule
* Completed 7-story design in 289 days
* Equivalent 5-story design in 212 days

Structural sueel: 7-11 West (G to 1)
Set StructuralSteel
Oetad Steel
nstallDecking
Structural Steel: 11:7 Center (G 0 1)
Set StructurstSteel
Detad Steel
Istall Decking
Structural steel: 71 €35t (G 10 1)
Set Structursl Steel
Detad Steel
frstall Decking
Structural Steel: 11.7 Canter (1103)
Set Structural Steel
Oetad Stwel
Iostall Decking
Structural steel: 7-1 East 1 103)
Set Structural Steel
Detad Steel
Install Decking
Structural tee: 11:7 Canter (3 to Roof)
Set Structurst Steel
Detad steel
nstallDecking
Structural Steel: 71 £35t (3 to Roof)
Set Structural Steel
Detad steel
InstallDecking
Deck Pours
Pour S0G (West)
Pour S0 (Centr)
Pour S0G (East)
Pour 15t Floor Siab (West)
Pour 15t Floor Sia (Center)
Pour 1st Floor Siab East)
Pour 20d Floor Sab (West]
Pour 2nd Floor Sab (Center)
Pour 2 Floor Siab (East)
Pour Roof Siab
Pour Sth Floor Siab (Center)
Pous Sth Floor Sab (East)
Pour 4th Floor Sab (Center)
Pour 4th Floor Sab (East]
Pour 3rd Floor Sab (Center)
Pour 3ed Flooe Siab (East)
Spray Fire Proofing Af Levets

1017

st Finsh ober 1 ovember 1 December 1
p B 1001 M um U

Wed 8/25/10 Tue 3/29/11
Wed 8/25/10 Thu9/30/10
Wed 8/25/10 Wed 9/1/10
™S2/10  Tues1ano
Wed 9/15/10 Thy9/30/10
Wed9/15/10 Wed 10/27/10
Wed /15/10 Mon 9/27/10
TueS/28/10 Thu10/7/10
FI10/80  Wed 10727110
F110/15/10 Tue 12/7/10
F110/15/10 Fr110/29/10
Mo 12/1/10 Wed 11/10/10
Thu 11/11/10 Tue 12/7/10
Mon 11/1/10 Fi12/17/10
Mo 11/1/10 Thu 11/11/10
FIVI2/10 Tha11/25/10
FL26/10 F12/17/10
FA11/12/10 Tha/6/11
FIYI2/10 Tha11/25/10
FAL126/10 Thu12/9/10
F12/10/10 The 161
FA11/26/10 Toe 1/18/11
FALL26/10 F112/10/10
Mon 12/13/10F7 12/24/10
Mon 12/27/10 Tue 1/18/11
Mon 12/13/16Tue 2/1/11
Mon 12/13/10 Tue 12/28/10
Wed 12/25/10Mon 1/10/11
Toe 11101 Tue2//11
Tue8/31/10 Tue 3/29/11

5/10 Tha 102110
Mon 12/20/10 Men 1272710
Toe 12/28/10 The 1/6/11
MM ey
PN Tue 118/
Wed 1/19/11 Tue 1/25/11
Wed 1/26/11 Tue2/1/11
Wed22/11 Tue2/15/11
Wed 2/16/11 Tue 2122111
Wed 2/23/11 Tue3/1/11
Wed 3211 Tue 3/8/1
Wed 3911 Tue 3/15/11
Wed 3/16/11 Tue 322111
Wed 3/23/11 Tue 329/11
A4 A1

Existing Schedule

na

1)

January 1
T

123

February 1

March 1
wo us

weds/io

Proposed Schedule
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Goals:
e Structural layout impact minimized

it

Introduction * Floor depth was minimized

Existing Structural System .
* Longer construction time frame
Thesis Proposal
Recommendation:

Structural Depth )
P * Concrete redesign can not be recommended

Slab Design

. * Foundation would need to be checked and resized
Shear Wall Design

Column Design

Construction Management Breadth
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