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TH E H EAI_TH CENTRE HANNAH VALENTINE | STRUCTURAL

ADVISOR | DR. LINDA HANAGAN

GENERAL INFORMATION

Location | Southeastern US

Occupancy | Healthcare
Height | 166 ft
Total Levels | 14 (above + below grade)
Size | 450,000 SF of program space
Cost | $168-203 million
Construction | January 2012-2016 (projected)

Project Delivery | CM At-Risk

PROJECT TEAM
Architecture | SmithGroupJJR
Structural | Walter P. Moore
Lighting/Mechanical | ccrd
Construction | McCarthy Building Construction
Civil/Site | Kimley-Horn and Associates, Inc
Wind Consultant | RWDI Consulting Engineers

ARCHITECTURE

The Health Centre is a new “core-and-shell” university hospital expan-

sion project featuring a nine-story hospital bed tower and state-of-the- CONSTRUCTION
art technical facilities. Inspired by the concept of lifelines, it takes ar- Special efforts have been made to ensure a sustain-
chitectural cues from surrounding classical campus buildings. A variety able construction process. Dirt and filling material

of health facilities are offered in the building, including operating from digging the foundations was used to build a
rooms, an intensive care unit, emergency department, clinical facilities, new soccer field in the community. All trees re-

and med-surg patient rooms. moved during the building process are scheduled

STRUCTURAL SYSTEMS to be replanted.

Framing........... Cast-in place concrete with one-way floor slabs are
used for framing above grade. Post-tensioned two-
way concrete slabs are used in the parking garage.

Foundations.....Slab on grade is connected by grade beams. Below
grade are cast-in-place spread footings & drilled piers.

MR i S

oy |

Lateral ............ Concrete moment frames resist wind lateral loads. {L
I‘ IT

Parking garage shear walls resist seismic/soil loads.

MECHANICAL SYSTEMS

Two mechanical rooms service the building on the 5th and penthouse
floors. Three large cooling towers go up to the roof. Fan coil units are

RENDERINGS AND INFORMATION
COURTESY OF:

cient lamps. Surge protective devices were installed for low-voltage

equipment. Both photoelectric switches and daylight-harvesting \/\/A LTE R P MOO R E

switching controls contribute to energy savings.

used to heat the building. Custom central-station air-handling units
utilizing split system air conditioners are used to cool the building.

LIGHTING/ELECTRICAL SYSTEMS

Interiors are lit with linear T8 and T5 LEDs fixtures, and energy effi-
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2 | General Information

2.1 Executive Summary

The Health Centre is a 450,000 square foot university hospital expansion project located in the
southeastern United States. Located adjacent to existing hospital facility ‘Clinic B,” this nine story
L-shaped building is connected by two bridges to the surrounding campus. Demand for new,
state-of-the-art medical technology, additional research space, and extra hospital beds prompted
the design and construction the Health Centre. At a height of 163 feet, the Health Centre will be
by far the tallest building in the surrounding area when its construction is complete in 2016.

As a nod to the heritage and character of the surrounding university campus, The Health Centre
takes its architectural cues from classical Italian and contemporary sources. Fagade materials
used on the building include stucco, metal panels, and a glass curtain wall. A green roof and four
story underground parking garage contribute towards its goal of LEED silver certification. This
building was designed as a “core-and shell,” necessitating a structural consideration for flexibility
of spaces and future expansion.

The structure of the Health Centre is mainly cast-in-place concrete on drilled piers and spread
footings. Its floor system in the hospital bed tower consists of cast-in-place one-way concrete
slabs and beams. Concrete moment frames spread throughout the structure resist the building’s
lateral loads. Below grade, parking garage floor slabs consist of two-way post-tensioned concrete
slabs. The parking garage has its own lateral system of concrete shear walls. Some structural
steel components exist in the building, including roofing and bridges connecting to other
buildings on campus.

Governing codes for the design of the Health Centre required the use of IBC 2012. However, an
exemption was obtained to allow the structural design to use IBC 2006 requirements. ASCE 7-05
provides the minimum design loads for live, snow, wind, and seismic considerations. Due to the
life safety importance associated with hospital structures, a conservative approach was used to
determine building loads.

| 3



2.2 Site Plan

The Health Centre is located on a university campus in the southeastern United States. Adjacent
to the site is ‘Clinic B,” the existing hospital building. Bridges connect the hospital facilities to the
surrounding campus. A new entry drive allows patients and emergency vehicles direct access to
the new Health Centre. Figure 1 shows the site plans from SmithGroupJJR documents.

Terrain around the site is extremely flat. As the tallest building in the immediate area, The Health
Centre will be fully impacted by wind loads.
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Figure 1 | Site Plan of Surrounding Area



2.3 References

The following table is a list of documents referenced during the preparation of Notebook A to
determine building loads.

Organization Reference

International Building Code 2006 International Building Code

American Society of Civil Engineers ASCE 7-05 | Minimum Design Loads for Buildings and Other
Structures

American Concrete Institute ACI 318 | Building Code Requirements for Structural Concrete

American Institute of Steel Construction  Steel Construction Manual, 14" Edition

United States Geological Survey Seismic Design Maps

Penn State Architectural Engineering Course Notes

Vulcraft Deck Catalog

Walter P. Moore Health Centre General Notes Sheet

Table 1 | Notebook A References

3| Gravity Loads

This section details the building gravity loads due to dead, live, and snow, and perimeter loads.
Loads were determined using structural documentation from Walter P. Moore and the
references listed in the previous section. A full list of design gravity loads used by the original
structural engineer may be found in Appendix A.

3.1 Roof Loads

Three roof gravity load cases exist for this building: typical concrete roof, penthouse roof, and
green roof. Figures 2-4 depict the roof sections that correspond with each load case.
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Figure 2 | Typical Concrete Roof Section (SmithGrouplJR)



PVC ROOF MEMBRANE

COVER BOARD

ROOF INSULATION T

R-VALUE PER ot

SPECIFICATIONS =T

VAPOR RETARDER

SUBSTRATE

BOARD

METAL DECK

FIREPROOFING }
(AS QCCURS) \4 _
s

Figure 3 | Penthouse Roof Section (SmithGroupJJR)

6” tray module

RIS

IR T WOnET

‘m‘
i
|

Rigid insulation

o "
(FALLEPSR

Concrete topping

- o IR
CONCRETEZLAS
R Lo T S 3

Figure 4 | Green Roof Section (SmithGrouplJR)




|  fef L

(

3-0235 — 50 SHEETS — 5 SQUARES
3-0238 — 100 SHEETS — 5 SQUARES
8-0237 — 200 SHEETS — 5 SQUARES

8-0187 — 200 SHEETS — FILLER

COMEY

Grcwijr\/ Locds - Ro:s?

I)Greem RCU{’\ Sslzu, seast
| J‘.‘ilel:; o oy M EnE: v
V\Su

ICOV\c.reflz: sua *‘(sa;w&loz‘oyd) lboi

£% e s G TRy
2) Typical Concrete Reot

Fvusl»é + lr\s‘.«la‘hom
C-oMJ&Jz Slab + ﬁam 5
ME’P

P 1L\r\ous£ R
) g[{\wp W\ls}\li lnsuloc"bn ,
S‘b&lr.\:ramtv»ﬁ
e D
iae&k 15" 226hk Ype

Tito Rt S
)(’&fj;* %,iMﬁqw-‘gw

4 E’r‘;i]‘:;f,y%rﬁ Roof ~ Not Reduer

. ‘Zﬁ"ﬂfﬁf el Relicd

Live Loods Lrom ASLE 7-05 Tahle H-]



HNV5006
Count Measurement
1


Below is a summary of the roof gravity dead and live load values determined in this section.

Load Type Dead Live
Typical Roof 115 psf 20 psf
Not reduced
Penthouse Roof 40 psf 20 psf
(50 psf SDL from structural drawings) Not reduced
Green Roof 135 psf 100 psf

Not reduced

Table 2 | Roof Gravity Load Summary

A flat roof snow load for the building is calculated below, but will not control design. Snow drift
will be considered for the green roof and lower 6™ level roof due to the large height difference
between these levels and the penthouse roof. The 6% level is designed for future expansion and
may become an enclosed floor in the future. Floor live loads for the 6™ level roof will likely
control.
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3.2 Floor Loads

Floor dead and live loads will be determined for both the bed tower and parking garage floor
systems in this report. On the following page, Figures 6 shows typical details for the floor slabs
under consideration for this report. Concrete floor slabs in the bed tower are typically 5 or 7
inches. All dead load values are based on the typical bay pictured in Figure 5.
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Figure 5 | Typical Bay from Third Floor Area D Floor Plan (Walter P. Moore)
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Figure 6 | Floor Section in Bed Tower (left, SmithGrouplJJR) and Parking Garage (right, Walter P. Moore)
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Floor Use Dead

5” slab — 120 psf
7” slab — 145 psf

Typical Hospital Areas

Live
100 psf — reduced
(design value)

Corridors + Lobbies 5” slab — 120 psf 100 psf
7” slab — 145 psf

Stairs 5” slab — 120 psf 100 psf
7” slab — 145 psf

Mechanical Rooms 5” slab — 120 psf + 200 K mech. equip 150 psf

7” slab — 145 psf

Diagnostics + Imaging 5” slab — 120 psf

7” slab — 145 psf

+ 80 K diagnostic equip.

350 psf — not reduced
(design value)

Patient Rooms (Designed 5” slab — 120 psf 80 psf
as Hospital — Corridor) 7" slab — 145 psf
Parking Garage 5” slab — 120 psf 40 psf

7” slab — 145 psf

Table 3 | Floor Gravity Loads Summary
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3.3 Perimeter Loads

The building perimeter enclosure produces a linear dead load through its attachment to the
main building structure. The Health Centre has three main enclosure systems: curtain wall,
stucco panels, and metal panels. Figures 7-8 depict the methods of attachment for each
system.

Each system has a different load path that is dependent on its connection to the structure. The
curtain wall’s framing system is connected to the main structure by a structural steel plate and
embedded metal stud.

Loads transfer from the stucco wall via continuous light gauge angles attached to continuous
light gauge zees. The light gauge zees are connected by a fiberglass thermal spacer clip to
gypsum sheathing, which takes the load to the main structure via another light gauge zee.

A light gauge zee connects the metal wall panels to the main structure, and load is transferred
through steel bolts.

sum

cement plaster system

thermal spacer<¢lip

Insulating glass

/CLLLt-ail’:\ANaH framing

05 12 DINGE-

1
| aluminum sill
|
|

7AENET.EEET EERTEEY

i éﬁ‘rt@wa_u framing

nsulated shadow box

fire resistive joint

Figure 7 | Curtain Wall Connection Detail (left) and Stucco Panel Wall Envelope (right) from SmithGroupJJR
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mema

Figure 8 | Metal Panel Connection Detail (SmithGrouplJR)
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4 | Typical Spot Checks for Gravity Loads

The following section analyzes the existing gravity framing system of the Health Centre. The
existing system is a one-way cast-in-place concrete slab with intermediate concrete beams.
Framing members and slab were analyzed for flexural and shear capacity.
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Interior Column D12

Total Axial Load (K)

Level Dead (psf) | Live (psf) | Red. Live (psf) Dead Lorl, 1.2D+1.6L+.5L,
Penthouse Roof 40 20 20 36 13.9998 50.200
Penthouse 86 150 150 113.4 135.000 359.080
Level 9 86 80 40 190.8 171.000 509.560
Level 8 86 80 34.142 268.200 201.728 651.605
Level 7 86 80 32 345.6 230.528 790.565
Level 6 86 80 32 423 259.328 929.525
Level 5 86 80 32 500.4 288.128 1068.485
Level 4 86 100 40 577.8 324.128 1218.965
Level 3 86 100 40 655.2 360.128 1369.445
Level 2 86 100 40 732.6 396.128 1519.925
Level 1 86 100 40 810 432.128 1670.405
Parking 1 105 40 40 904.5 468.128 1841.405
Parking 2 - 105 40 40 ga8 504.128 2012.405
Parking 3 105 40 40 1093.5 540.128 2183.405
Parking 4 105 40 40 1188 576.128 2354.405

Axial +1.2 Self Wt. 2557.205
Trib Area = 900 ft? Note: L, excluded from total axial live load total
K= 4 and added as .5 L, to third column.
Roof Trib= 700|ft’
Self-Weight= 169|K

14
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Exterior Column C13.5

Axial Load (K)

Level Dead | Live |Reduced Live| Trib Area |Dead - Area LorL 1.2D+1.6L+.5L,
Penthouse Roof 40 20 20 225 9 4.500 13.050
Penthouse 86| 150 150 281.25 33.1875 42.188 109.575
Level 9 86 80 61.312 281.25 57.375 59.431 166.190
Level 8 86 80 49.212 281.25 81.5625 ¥3.272 217.361
Level 7 86 80 43,851 281.25 105.75 85.605 266.119
Level 6 86 80 40.656 281.25 129.9375 97.040 313.439
Level 5 86 80 38.475 281.25 154.125 107.861 359.778
Level 4 86| 100 44.245 337.5 183.15 122.794 418.500
Level 3 86 100 42.817 3375 212.175 137.245 476.452
Level 2 86| 100 41.667 387.5 241.2 151.307 533.782
Level 1 86| 100 40.713 337.5 270.225 165.048 590.597
Parking 1 105 40 40 375 309.6 180.048 661.847|
Parking 2 105 40 40 150 325.35 186.048 690.347
Parking 3 105 40 40 150 341.1 192.048 718.847
Parking 4 105 40 40 150 356.85 198.048 747.347

Axial + 1.2(Perim + SW) 747.347
Perimeter DL= 13.46 Note: L, excluded from total axial live load total
Ky = 3 and added as .5 L, to third column.
Self-Weight= 153




5| Alternative Framing Systems for Gravity Loads

Three alternative gravity systems were explored for the existing building loads. The systems
under consideration in this report are:

e Alternative 1: Composite Wide-Flange Steel
e Alternative 2: Two-way Flat Slab
e Alternative 3: Non-Composite Steel Joists

All gravity framing systems maintained the 30’-0” x 30’-0” bay size of the existing structure.
Structural systems were evaluated based on strength and serviceability.

| 38



EXISTING CONDITIONS HANNAH VALENTINE
STRUCTURAL OPTION

5.1 Alternative 1: Composite Wide-Flange Steel

VALENTINE | 39
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EXISTING CONDITIONS HANNAH VALENTINE
STRUCTURAL OPTION

5.2 Alternative 2: Two-Way Flat Slab

VALENTINE | 45
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EXISTING CONDITIONS HANNAH VALENTINE
STRUCTURAL OPTION

5.3 Alternative 3: Non-Composite Steel Joists
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6| System Comparisons

Existing: One-Way Slab Composite Steel | Two-Way Slab | Non-Composite Joists

Architectural Coordination

Depth 25" 22" 10" 29"

Fire Rating >2hr 2 hr >2hr 2 hr

Fire Protection Type None Cementitious/Sprayed None Cementitious/Sprayed
Cost $21.45 /SF $28.41 / SF $16.70 / SF $23.90 /SF
Durability High Acceptable High Acceptable
Weight 175.1 psf 48.3 psf 125 psf 50.4 psf
Servicability N/A Vibrations N/A Vibrations
Concrete Shear Wall Yes Yes Yes No

Steel Moment Frame No Yes No Yes

Steel Braced Frame No Yes No Yes
T

Further consideration will be given to the composite steel and two-way slab gravity systems for
a more in-depth investigation. Both systems offer the fire-rating and durability required for a
healthcare facility. The two-way slab system is a cheaper and thinner gravity system, but the
composite steel system is much lighter. Additional investigation will also be required to
determine if the vibration requirements of hospital equipment are better suited to concrete
construction. Non-composite joists were not as light-weight as expected, and are likely to have
vibration issues. Therefore, this system has been ruled out for future consideration.
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7 | Appendix A

Design building loads from the load key plan on structural documentation are listed in Table 5.
The table includes superimposed dead loads, live loads, and concentrated live loads.
Superimposed dead loads do not account for the total dead load of the structure.

LOAD KEY TABLE SUPERIMPCSED DEAD AND LIVE LOAD

SENSITIVE
p— STPERTRCEET TEAD ml?o?n TIVE TORCER TATEIIVE B L.
iPSA IP3F) [0
AHU 1 = AIF HANDLING UNIT 15CMEF + BOTOPRING = 75 150 HA 15000 B3
CEPHA1 - CENTRAL ENERGY PLANT ADOF BCHER 0N 2,000
CEPAz - CENTFAL ENERGY PLANT ADOF BOCMEP + 50FAMP - 150 0N 2,000
CT = COOLING TOWER 50 150 MR e
OAOA - DROP OFF AREA, 300 100 HA 2000
EXTt - EXTERIOR PLAZA ALDNG CLIFTON AD =0 100 HA 2,000
EXTz- EXTERIOR SOILALONG GAID 12.5 1,18 200 MA 2000 :
HOS1 = TYRCGAL HOSAITAL AREAS 15 100 RED 000 2,000 MIPS @ 5 PP
HOS2 - HOSAITAL (RAGNOETICS AND B GING 15CMEP + 60TOF = 75 s HA 105 KIPS OAEQUIR WGT | 1000 MIPS @ 100 PAM
HOS 3 - HOSPITAL DIAGNOSTICS AND SURGICAL SUITES 15 100 RED 2000 OF EQLIP. WEGT 4,000 MIPS @ a5 PPM
KIT = KITCHEN BCMEP = 40T0F + 40CML - 35 15 NA 000
0= LOADING DOCK 15 20 MR e
MEC = MECHANICAL/ELECTRICAL RODMS 1ECMER & BOTORRING - 75 150 MR 2000 OR EQUIR WET ! L 5
[ =2 S WL
MUt = MIXED) USE 1 15CMER + 40CMU= 55 100 RED 2000
MiLiz - MIXED) LSE 2 15CMEP + 5 FIN- 20 100 RED 2,000
WILIz - MIXED) LSE 3 15CMER - 40 TOP + 400MU - 35 100 FED 000
PAT- TYPICAL PATIENT ROOMS 15 B0 AED (4] 1000
Pt = TYFIGAL PARRING 5 S0 WA 2,000
Pz~ PARKINGWITH CURE ALLOWANCE SCNEP + 4070 - 25 0N 2,000
PLE1 - PUBLIC AFERS, LOGHIES, AND CORRIDORS 15 100 NA 000
PlEz - PLELIC AREAS, LOBBIES, AND CORRIDORS wi THICK SET TILETOPPING | 15CMER « 25TILE - 40 100MA 74y 000
AF1 = AOOFWITH INSULATED CONCRETE TOPFING [15CMEF + 25T0P + 10A00F = 50 20 WA
AFz - GREEN ADOR OUTDOOR PUBLIC AREA SLCFQ‘EEEm-H?é;E.EHEO;g?j & 100MA
AF2- TYPIGAL FOOF P 20HR
AFPH = PENTHOUSE ROOF =CMEP + 25 ROOF = 50 20FED
AR - RESTROCM Y5CMEF + 25FIN - 40 100 RED
STA - METAL STAIR &0 100 NA
STO= LIGHT STORAGE 15 1= NA 000
TVROOF - TRANGFORMER VALLT FOOF

Table 5 | Load Key Plan Values

| 48



Figures 9-11 show different floorplate shapes typical for The Health Centre.
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Figure 9 | Typical Structural Floor Plan for Floors 1-3 (Walter P. Moore)
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Figure 10 | Typical Structural Floor Plan for Floors 5-6 (Walter P. Moore)
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Figure 11 | Typical Structural Floor Plan for Floors 7-9 (Walter P. Moore)
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