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Executive Summary

SSM St. Clare Health Center is a 420,000 square foot hospital located in a residential area of
Fenton, Missouri. The building and parking areas sit on a 54 acre site, which was previously a 9-hole golf
course with gently varying topography, large stands of trees, and a 3 acre pond. The hospital program
contains a wide variety of medical use spaces, including 158 emergency supported inpatient beds,
diagnostic and surgical services, administrative offices, dietary facilities, and pharmaceutical
dispensaries. Budgeted at $226.8 million, the hospital was constructed with an Integrated Project
Delivery method and came in well under budget at $223.5 million.

Structurally, the hospital is a composite steel frame building resting on massive concrete drilled
piers which are connected by grade beams. The structure is broken up into three buildings (bed tower,
surgery tower, and interventional care unit) isolated by expansion joints. These individual buildings
each contain their own lateral force resisting systems which include special moment frames (SMF),
special concentrically braced frames (SCBF), special reinforced concrete shear walls (SRCSW), and
ordinary concentrically braced frames (OCBF).

HGA Architects and Engineers served as the primary architects and structural engineers on the
project. They worked closely with the MEP engineers, KIWW, and the construction manager, Alberici
Construction, through an integrated “Lean” project delivery contract that focused on improving
coordination and quality by sharing project risks. The project began construction in September of 2006
and reached completion in March of 2009.

SSM St. Clare Health Center was designed in 2004 and uses the 2003 Edition of the International
Building Code and ASCE 7-02 as a reference standard. Design loads were determined based on these
codes, additional St. Louis County Codes and Ordinances, and practical engineering judgments.
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SSM St. Clare Health Center

Fenton, Missouri: St. Louis County

General Information

Full Height: 90 feet

Number of Stories: 6

Size: 427,000 gross square feet
Cost: $223.5 million

Date of Construction: Sept. 2006 — March 2009

Project Delivery Msthod:

Integrated *Lean” Project Delivery

Project Team P BIADRRAEE s
Owner: SSM Health Care, St. Louis "
Owner's Program Manager: Hammes Company
Architect of Record: HGA Architects and Engineers SRR L
Associate Architect: Mackey Mitchel Associates Y. ﬁ i -
Structural Engineers: HGA Architects and Enginears g
MEP Engineers: KJWW Engineering
Construction Manager: Alberici Construction
Elevator Consultants: Lerch, Bates & Associates Inc.

Architecture

158 emergency supported inpatient beds

Diagnostic and surgical services

Dietary facilities and pharmaceutical dispensaries

Floor plans developed using Lean process principles classically used in
manufacturing facilities.

Structural Systems

Framing

Steel framing, composite deck and lightweight concrete
Composite wide flange members

Foundations

* Slab on grade

* Drilled concrete piers connected by grade beams
* Lateral System

* special moment frames (SMF)

« special concentrically braced frames {SCBF)

* special reinforced concrete shear walls (SRCSW)

« ordinary concentrically braced frames (OCBF)

Mechanical Systems
« Fan coil units in each patient room fed by central boiler and chiller system

« VAV dedicated outside air for ventilation.
Lighting and Electrical Systems

« Back up generators dasigned to power the entire hospital for >90 minutes
* Ultrasonic ceiling sensors and infrared wall switch sensors for energy savings.

Construction

+ Special noise control procedures implemented to minimize disturbance to
local residential neighborhoods.

Christopher Brandmeier | Structural Option |
https:/fwww.engr.psu.edu/aefthesis/portfolios/2015/aqb5205/index.html

Ground floor atrium
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TECHNICAL REPORT 3

1 GENERAL INFORMATION

1.1 PURPOSE

This report contains spot checks of typical members in SSM St. Clare Health Center and
evaluates several other alternate floor assembly designs for a typical interior bay. SSM St. Clare Health
Center’s original system is a composite steel framing system. The alternates are a non-composite
system, a two way flat plate concrete slab system, a one way concrete slab system with intermediate
beams, and a one way concrete slab system with full span.

1.2 Scope

The major sections of this document discuss dead loads, live loads, and building gravity systems
that resists those loads. The building’s location and relevant resource documents used in its design are
also presented. The appendices to this document contain the original load calculations from HGA
Architects and Engineers. The analysis focuses on the bed tower, labelled sections “A” and “B” on the
record drawings.

1.3 SITE LOCATION AND PLAN

SSM St. Clare Health Center is located in Fenton, Missouri (St. Louis County) in a relatively open
residential area. The site was previously a golf course, which provided open space and gently sloping
terrain. Figure 1 shows the relative placement of the site in Missouri, while Figures 2 through 5 show
the building’s location on the site as dictated by zoning codes and city ordinances.
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Figure 1: Building Location
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Figure 3: Original Site, Golf Course
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TECHNICAL REPORT 3

Figure 5: Building with Site Landscaping
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TECHNICAL REPORT 3

1.4 LisT OF PREPARATORY DOCUMENTS
e SSM St. Clare Health Center Site Development Plan
o Produced by Stock & Associates Consulting Engineers Inc.
e SSM St. Clare Health Center Replacement Hospital Project Manual
o CP-11 E/T Document Issuance
e |BC
o 2003 Edition (as reference)
o 2012 Edition (for further design studies)
e ASCE7
o ASCE 7-02 (as reference)
o ASCE 7-10 (for further design studies and load calculations)
e Vulcraft Steel Deck Catalogue, 2008 Edition
e AISC Steel Manual 14t Edition
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TECHNICAL REPORT 3

2 GRAVITY LOADS

This section examines the dead, live, and snow loads used to design the building’s gravity
system. The original design calculations for gravity loads can be found in Appendix A. Dead loads are
determined based on standard material weights, manufacturer data, and engineering experience. A full
list of calculations for the values in Table 4 can be found in Appendix B. Future analyses of the building
will focus on the bed tower. The majority of these loads are not present in the bed tower, but are listed
here for comparison to the calculated loads, and as a reference.

2.1 DEAD AND LIVE LOADS
Table 1: Typical Live Loads

Live Load Value (psf) Code Minimum (psf)
Operating Room 60 60

Offices 50 50

Private Rooms 40 40

Corridors (1% Floor) 100 100

Corridors (other) 80 80

Stairs and Exits 100 100

Equipment Rooms 125 125

Table 2: Non-Typical Floor Dead Loads

Dead Load Original Design Values (psf)  Thesis Calculated Values (psf)
Hospital Floor 60 64
Hospital Roof 78 70
Power Plant Roof 133 N/A
Penthouse Floor 60 N/A
Penthouse Roof 28 N/A
Rooftop Mech. Unit Supp. 75 N/A
Piping Zone 115 N/A
MRI Zone 78 N/A
Piping and MRI Zone 103 95
Exterior Brick Wall 50 51
Exterior Curtain Wall 20 N/A
Exterior Metal Panel 15 N/A

Note in Figure 6 on the next page that the bed tower’s floor plan is congested with corridors.
This means that conservatively, a live load of 80 psf can be assumed for the entire floor area unless a
higher load occurs. The highest load to occur in the hospital outside of a corridor is an operating room
with movable partitions; however, 60 psf + 20 psf returns the load conservatively to 80psf. The entire
floor slab is the same 64 psf “Hospital Floor” assembly.
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Figure 6: Architectural Plan of Bed Tower (typical 30°x30’ bays in red)
2.2 SNOWw LOADS

The following section contains example calculations of snow loads and snow drift loads on SSM
St. Clare Health Center.
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2.2 SNOW LoADs
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TECHNICAL REPORT 3

3 TypPICAL MEMBER SPOT CHECKS FOR GRAVITY LOADS

The following section contains spot checks for SSM St. Clare Health Center’s original composite
framing gravity system. The checks include deck unshored length and capacity, beam moment capacity
and deflection limits, girder moment capacity and deflection limits, and column axial capacity (for an
interior and exterior column).
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October 9, 2014

Designer . Brandmeier ’ 11:11 PM
Deflection Calculation Checked By:
Joint Displacements WET (o CRETE
Joint Label X Translation Y Translation Rotation
(in) (in) (radians)
N1 0 -6.217e-3
N2 0 =503 | 434063 |
N3 0 -.708 0
N4 0 - .

N5 0 0

5t — S

RISA-2D Educational Version 1.0 [X:\Thesis\Research\Girder Deflection Check.r2e] Page 1
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October 9, 2014
Designer : Brandmeier 11:24 PM
Deflection Calculation Checked By:

LIVE LOAD

Joint Displacements

Joint Label X Translation Y Translation Rotation
(in) (in) (radians)
-3.397e-3

RISA-2D Educational Version 1.0 [X:\Thesis\Research\Girder Deflection Check.r2e] Page 2
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TECHNICAL REPORT 3

4 ALTERNATIVE FRAMING SYSTEMS FOR GRAVITY LOADS

The following section examines four alternate framing systems to determine the best option for
further study in a system redesign. The assumptions and evaluation criteria for the study will be
presented first, followed by the calculations as supporting data.

4.1 ASSUMPTIONS

The following design calculations are based on an analysis of purely vertical dead and live loads
using ultimate strength design. Where possible, design aids such as Risa 2D and the concrete CRSI
Tables have been used for simplified analysis and initial member sizing. All calculations are conducted
on an interior bay that is 30’x30’. The analysis for concrete assumes that all criteria for Direct Design
Method have been met. With the exception of member spot checks for the original composite steel
gravity system, column design was not considered.

4.2 SysTEM COMPARISON AND DECISION MATRIX

Tables 3 and 4 present the findings from evaluating the original composite steel framing, non-
composite steel framing, 2 way flat plate concrete slab, 1 way concrete slab with intermediate beams,
and 1 way concrete slab with a full span. Table 4 specifically uses weighted criteria to evaluate the
overall effectiveness of each system. The values range from -2 to 2 depending on the performance of
the system in the given category: 2 being the best performance and -2 the poorest performance.
Section 5, the conclusion, contains a further discussion of the findings in this report and
recommendations for a possible lateral system design.

The environmental impact category is based on the lifescycle net carbon emissions for an
assembly in pounds of CO2 per pound of material. This category is important as more clients in the
industry seek to achieve high LEED certifications.

Table 3: Values for Evaluation Criteria

Composite Steel | Non-Composite | 2 Way Flat Plate | 1 Way Slab with

Criteria Framing Steel Framing Slab Intermediate 1 Way Slab
Weight (psf) 53.5 49.5 124.4 127.4 165.3
Depth 24" 24" 10" 24" 24"
Cost $14.25/ SF $13.43/SF $11.25/SF $13.67 / SF $11.72/SF
Fire Protection None None None None None
Fire Rating 2Hr 2 Hr 4 Hr 4 Hr 4 Hr
Environmental Impact

9107.6 8744.7 6209.7 6349.6 8239.7
(IbCO2/1b)

BRANDMEIER | 11




TECHNICAL REPORT 3

Table 4: Weighted Decision Matrix

Importance [Composite Steel | Non-Composite | 2 Way Flat Plate | 1 Way Slab with
Criteria Factor Framing Steel Framing Slab Intermediate 1 Way Slab
Cost 1.50 -1 0 1 0 1
Environmental Impact 1.50 -1 -1 1 1 1
Constructibility 1.00 2 2 2 0 0
Durability 1.00 1 1 1 1 1
Fire Resistivity 1.00 1 1 2 2 2
Weight 0.75 2 2 1 1 0
Vibration Susceptibility 0.75 -1 0 1 1 1
Detailing Intensity (Seismic) 0.50 1 1 -2 -2 -2
2.25 4.5 8.5 5 5.75

4.3 ALTERNATE GRAVITY SYSTEM CALCULATIONS
NOTE ON FORMATTING! Each alternate system contains the same order of calculations that
follow the natural load path of the structure:

Drawing or Layout of Typical Bay
Determination of Loads

Slab/Deck Design/Check

Beam Design/Check

Girder Design/Check

Software Output (where applicable)
Design Summary

Noukwnpe

The final pages in this section are calculations comparing the five systems. The information
presented on the final calculation pages has been summarized in Table 3 and Table 4.

BRANDMEIER | 12
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Designer  : Brandmeier .
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Designer  : Brandmeier 11:09 PM

Girder Design Checked By:

Joint Displacements TORL Lo AD

Joint Label X Translation Y Translation Rotation
(in) (in) (radians)
-8.556e-3

855663

-1.223e-2

RISA-2D Educational Version 1.0 [C:\..\RISA Technologies\RISA-2D Educationalluntitied.r2e] Page 3



37

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

COMET

SUMMARY  DIAGRA
AJOﬁJ'CZMAFkaNWE STEE L

8x3
—t wWiI8 x35 o
Wigx3S
WIigx35
\\R o )
X .
a 1¥x35 .
3 W 3
2
I§x3
—4 W 5 4

pECK. 3viLl 2¢727 DEk wf 32" Lw coe
Z Hr FIRE RATING
TYP

S0 lest 5“'@6‘
3500 psi concrete (L)




Z WAY

33

50 SHEETS — 5 SQUARES

3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0235 —
3-0137 — 200 SHEETS — FILLER

COMET

5 Service LL < Zx(se—rv(‘cé DLX

Y,
¢ shffnesses meek ACIBE| | 3.0.0.C v
v

Z Way Slab 5\'/5'('@/\:

Limtatiorns
22 conbauous spans v
2 rec#amamar wf —% robto <2 e
2 gpan lenjHas vary < Y d V4
tolumns offset < 157 v’

?  redistnibubion £ moments by 594 NP

CES! PECOMMEN DATIONS (P' "1-367

{

Span ol —col = 30

5u,oeﬂ‘mpose&' Fachred loadh=  13g,% (Fom Lao:(om))

Min. Col = H1”

‘CY GO kg

e - Y st
PEAD LoDz 150 (12) = 125  psk
Live reab = USE FulL LIVE LOAD Bl¢ LEFLECTION 13 NoT

AN ISSUE
c g0 psF

SMPH[M'oo-seJ = /F,'m‘sihesr Z psC
Déa&‘l HEP ¢ 5 Pg-p

lal/Misc = 7 45t

"

12(7) + 1. (20)

Fne tored Sw,aéf{mtoobefl
13¢.€ p5é

tal

Al




Z0AY

34

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0287 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

COMET

Min Tanel Hickress  (Ac) Thece 2.5¢)

w o P ( {ntar ior e! P jr\

b /a Aror paneis, v pere'’s =

Wio drwop panels, extevior w] edge beams = L
33

/n = 30(12)- 41

= 3‘ﬁ \~f\
lo . 22 . 40 ~ 10 in
32 232

Find  Shear Shemopda

2(128) + 1388
Z88-¢

TTAL FACTORED LoAD

[T

e weY
U, : o,zm@;__ﬁem-,@\)go: (14 &

202) w2

A= (o-1.8¥10-2.8) o gv
2

Ve = 2x{{'¢ b, d
2 (1) Voo (30%12)(8)

i1+

al

n

3644.3

Ve = 0,38 ers) = 2782 ke > Vo il Kk

2 pRY
2
\/M s 0.2??%(/@0K3°>' (*‘%ﬁj>
= 2561’ k

V, = AX{f% bd
= H()Tses (4(41+9))(2)

1o
= 3.tk

bV, = 0.95(37¢.75)

- 297.5 . - 2975k >V, -2%.(k




Z WAY

35

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

COMET

FinD TomAL FACTORED pMomerdT

|\

Mo i"‘ —gz jaz

. x
O,788% (30)(50’%)
2
- 7895, (bt

Dism Bure HoM g TS -

Interior bq\{' no beams

k= Fadt, 065
+ fack = 0.35
ext - Fact = NJA

L 0.35'40

,'/ V N
/1/ -~
"0-65 o ‘-'Orés M'

267 ¥6 Lhie ]
i P /,./ ;_(. . W{

, N :
—%?,%M \l 4 az,u (e

TO LoLumtd v UIDDLE STRAPS »

73’ 15 23’
Lo .= / R

¢ e
) ; 1 o
- 3731 244 | -373.0 L4l

(0.79) (0-25)

0. ¥ 107 | 1Co.t Icft
(0.60) (0.40O)

~373,1 |-l24,4Y | -378.a Y+
a o

LoL M co

~O




2w AY 36
- Design Flexual Reinforcement.
(alculate
ﬁﬁg pr; 5 A:\L« L\— [ = 8.3 s use u)afs;’cqse.
333¢ bot ¢ d = h : 2.9
33383
wwwilL
Pl
oo Asm.‘,,j 0,00 % b A
Ly = 0:904‘3(15x123(lo)
BHHGH = 3.24in?
3888 e
ITTT > -~ -
8RS Smax * Zh (N 28 ¢
$995 3 B
o g [
min mmé . ‘
-
2
° Ay - My 4= 0,15(%.2)
ol ‘)A
My M&,@%_ﬁnz) cest cueac Ao CHERKS,., .
- ol 373 10.52 1S # 8 [1.85 ~j2Z"
+ ol 160.? %.53 N6 Y34 ~le. "
-~ wd 124.4 3. 80 VEL) 2.72 5"
+ mid 1071 3,02 | &5 3,41 ~ 6.
Strain Checle
Eg = .__.__.d;G Z.. = qLes(eo)
2. %5(10(/5;(12:)
136 % = Lle2"
C= LleT o 3667
= 0018 2002207 o,
2 0,005
b= 0.4
Es ,4.
= ¢of 0.018
+ eol 0,041 0.4
-mid 0055 0.9

Fmid 0,00 0,14




Zwhay

37

50 SHEETS — 5 SQUARES

3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0235 —
3-0137 ~ 200 SHEETS — FILLER

COMET

SUMMARY DIAGRAM
2-WNARY FLAT PLATE (oNCRETE 3LAR

"7!6' l6‘ i ;”16' L
Vo & = 71
| A
- | . . *t/ 4" Sq. TYP
L vh . |
: Yo
5 N g toL
12-5T CgzesT|
0 )
15" “\‘ R) Mo
- \
1-58 ER
L~ [g_g_r . ' ,5_81,.4.—. J— .
s -
75" " v

|
-

toL MDD E totL

MoTE: Al peinforcement siting was evaluated
based on CES| TAR

SPAWN: 30 x 30’
SUPERIMPOSED (0AD ¢ 150 paf

HooO psi NW concrete
60,000 psi steel




1 watf - ER

FAS

3-02356 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

COMET

One -Way Slab w/ eves BeAU S

Minimum Hickness Table 95 (4)

botly  ends conbaucus - 'zj'? = E—Og)— = 12.3% —= 3"
one end ecombrauous _5_ - go(r2) . 15"
z zd

O LARGE., TRY DIFFERENT CUNFIG

| /|
o'
i
iﬁ } 1%
- QK— .. B
¢ "
%0’

Minimum J"chne-sé Table 9.3 (“X

, Ty g |
one md cenfinuens = / - __i&z) = é%f .
24 24 T
Ninimum Uear cover = 3J(4*

Pead |owel = ’w<—%§~) + 4 (wisc) = (07 psf
LL z %0 psf
Total factorred load

)]

1.2( 02 ps€) + 1.6 (%0 pst )
251.3 psf

fr‘f(tO?,os\C)

I43.85 psf

\

L\




| WAY- €8

29

50 SHEETS — 5 SQUARES

3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

3-0236 —

COMET

Mu

W

zsiﬁ) </s>

_eeo

s
= 206+ Ok

- M

ASre? m

= 24 L ()
0.4({23) (40)(S)

0.33

A}

Use (2% bar, As= oo inx @&"oc

T
= oo n
Smox ; zw z(?"s)i ] 3\ /
n Flgt o /18"
min 8 ( J ~
45/”20 = a.000 (Dyo)A
= ooz [16)( 2.6 V]
= 6003 )/
é\wu'n
Eg= _4;_9 g o= _ad(eo)
ceu a,%’ﬁ(*l)(l)(:z\)
= 5 - 0.1
2.64- - (0:00%) = 0,59, "
L= 0.59.
= 0211 >0,005 > 00202 085
= 0,619 -

TEOsEN) controweD, b =01V

by = 01 (od(e0) (5004 /1)

2.25% K& > 2063 /S
Thevma| [/ C(ackfn‘q] Revnborcemrent

b

H

O,0t3 nt —» sz O)i:tl.( @ (2 9.¢C.




( WAY - €8

Yp

3-0235 — 50 SHEETS — 5 SQUARES

3-0236 — 100 SHEETS — 5 SQUARES
' 8-0237 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

COMET

Beam  Design
TRELE 1.5 y
Beam both ends Conhauons - = 30(‘2\3
zt z
W, = Ll!Z(lSo(?‘—’z—s» - a) + (,Q(%o}](s
= {1233+ (29315
= (251.3.0%)
= 3.77 &[4
M= wadh™
7
= . o- 18" \?
337 (30~ 127
¥
= 3%z.77%

Siee est mate

b 20M,

d= 2"
b= (4.4 ~ zo*
h=d+ 2.5
h= 22.5
= 24"

~  (hecle self um‘aft\‘;’

bl ?

W

TOOO

#

Wiz 20(24) (150) = so0 pMf

s A AL VA 4 ot

jH4

W, = 3.32 * 500(1.2) = 4 357
“looo

Mo = 432(289)° = 44309

%
20(443.62) = 9323.% > B00O

Mm = "{‘{5,61 KC\L




1-WAY ER

41

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES
3-0137 — 200 SHEETS — FILLER

COMET

As re?, = _‘__‘,A,,.n..,,.

qky id
= e (12 L
6.4 (60 0.45)(20)
= 5r’0{3 '\nq_
Try o # 4
AS= Q(er \) = é,O NP 5,('7?)/
Spacine = 20 - Z(15, - 0.5(2) - ¢(u1z5)
s 5

= a4t e 2% > 025"

BN
W

ol &)
Or ?6("0 (z0)

5,794

_S.2a4

055
é" 2 5

w1y

"

S

24-1,5-06.%- 2L
= 21,43¢ > 20"/

$H, = o,q(é(w) (ZI,‘(BQ— 6.21%\)(%33

2

= S072.303 » 44 LLi S

S =  0.00%3 (zz,43@~u,13)

i

6270

0. 00272 Y 0,005 » O0.0Co20% v’

s sion) contRoueDd, &=0,4 v

\““"\’T § "

(6) #4
)
.Q Q90 ; I:,s"

20"

26"




1-wWAY &8

3-0235 — 50 SHEETS — 5 SQUARES
® 3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

COMET

B ey
NOTE: THIS SHEAR CALCULATION 1S FOR ' PRCOF -0 —¢oNCEPT
AND Wit NOT BE CALCULATED AND DESIGNED FoR
EVERY MEMBRER 1IN THIS REPORT, THE REASON)
FOR. THHS CcHOICE (S THAT SHEAR REIN FORCEMERT
1S MORE AN EXCERCSE N CONTROLL NG FAILURE
MODE ALVD DoEs NOT LoNTRIBUTE SIGNIFICANTLY
TO MEMBER s12ING, EconoHy, oR ConSTRUCTIBILITY
EXCEPT IN EXTREME CcASES.

Laleulate V.

l, = ziHe0 (zo)(z143¢) = 5423 k

[eoo
/= 0.5V,
= o.5(o. ?-5)(54 23)
= 20.34% k
L AL S —— Y I $ k/ﬁ(,
Lovo
A [
4;655\@ %30 ts,ssk

v "2
55 ek
65 6'1'\\ o ke
- v

.

D

.

o '/“f—é) A s?'

\\\..W
6355
Caleulate Ve
v‘b - VV\ _Vc = 5?(?1 -— 5"(!7—3
¢ O *8
= 22.7%6 L

e (bu)(d)
22.%kE ¥ [vovo (20 (vvse) = Zlé,‘YLu/

<
fU Y
‘A




li wh - EB

{43

50 SHEETS — 5 SQUARES

3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0235 —
3-0137 — 200 SHEETS — FILLER

COMET

Spacin q ’{Zeo},w‘re-M ents

Vae d{F¢ bod
< L{J‘“(zo)(zwad)

222 1,5 e -

- S dr, 7 - fﬂ.ﬁ‘f -

24" \
min

Mia mum shear refn@:fc ,‘p,%

Avpnin = S 0,?5mv(20>(103/400w§
E 50 (20) (1) f050

- O.18% in?
a,[&c /‘l'l2
Use 24 @ " min
2(0,2) = 04 in* > o0.16¢ At

Shear €ern G)fu'r\ﬁ\

\
~J

= A(C d(
s \; AN

: o (eo)(2u430)

2%. %6
= 22.6 in 1
Use min “me/\w4’ - o 1 tent no rm‘n»[.

Start 2* ﬁraM face oF sumoafl'

4 ¥ 1

1

\
] ¢
+qQ\0 f aq@w"

T muum

‘ o e I
¢ 4
{ { {
i ( !
!

7" I fs ' “‘ 7%

;
e
i

,_‘\\_
&

2
zqﬂ

.

10,77 *= 1€
24

J




1 wWAY - EB

44

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES
3-0137 — 200 SHEETS — FILLER

COMET

GIEPER_TESIGW)

F
Ph A

CN s’

P= 437 kb (is )

= $5.9%5 k
D= yx20(150) = 0,416 E[f
(o)

(oo

Ma = odie(30)°, L5559 (15)
2 .

n

Yo .8 kit ¢+ 490,025 Kk EF

"

55¢8,5

ESTMATE SIZ2E{ UseE SAME SIZE, AVD rerAr

th= 24
b: 20
Asz & #lOo = (2,((.2?\) = P62 07
d = 24-15~ 122 -0,5
z
Clhecleg -

Spacinqs 20~ (5(2) ~ 05(2)~ f27(¢)

5
= L¢3 P L2 o L0 S

0=  o(eN(eF) = ¢ 723"
0. 85 (1) (20)

¢ = 6723 X T
EXT

)

M, O.ﬂ(},@:’(@ﬂﬁ'-%ﬁ’ (;,,;;3)(’,7»

617.3 > 532,5 kit /

z = ____‘;i“” (2.3¢5-3.20) = 06,0051 >0.005 >0,
: »=0.9

\R]

vore? /




4 WAY-ER

(A'RDER. DrAGRAM

I~
}_,]

I l’su

& OV OO
20"

(&) #'©

-

H3TI4 — S133HS 002 — LE1O-€
S3YYNODS § — SL1IIFHS 002 — L£20-¢
$3HVNODS § — S133HS 001 — 9E20-€
S3IYYNDS § — SLIFHS 0§ — S€20-€

13W0D



46

50 SHEETS — 5 SQUARES

3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0235 —
3-0137 — 200 SHEETS — FILLER

COMET

SUMMARY DIAGE At
1 WAY SLAR wWiTH WITERMEDIATE BEAM

Bl S
ey = = TS 4 it

! AsLAG sPR)

| 81
o
Gl 61
|
B1 i
: - . sl

Bl: 20" x 20"
(6) % botom reinforcement no' T ackion assumed
#Y straps @ 10" o.c.
Gl 20" x 24"
() 410 boHom renforcement, ne T achon assumed

SLAB: 25" SLAB
#4 bars @ C¢" 0.C. ,

Thermal /¢ ackiag
g4 bars @ 12" B.C.

Y600 pal NW concrete
6O kg 5"'62(




| 1 way

H?

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

COMET

1 whY SLAB WO EvgE BEAMS

] d
30!
o T SR o
[;5 e ..,_‘,mm.w.w....,{
<3

Minimum “slab Huckness 4.4 Cd\)
both encs cont = —l— - 3o0(z) 12) = (2,95"(.7}2%%'(

29 2%

]

one end et Bo(12) . s

24 24

Use (3% run | building direchon
’ J ]

DEAD Lodn ¢ (spo G:@__) « 1625
12
LL : 7O PS*C
TOTAL FACTREDL (oD + 1.2 (ic2.5)+ (.C(50)
= 333%¢ Fsc
Mu = (00.33% (30)°
f

= 2407 kLk
Asre? = z.deg(2)

2. (¢9) (8,95 x (13- 1.5))
= 0.¥85 n*




1 wAY

4%

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES
3-0137 — 200 SHEETS — FILLER

COMET

Use # 9 @ 12" o.c,

As’ o > 0.8 .n% ‘/

LheCKS

Smax = 7\6 N
[€" 1% w

)

Asmin = 0,008 (/2)(10,5)
= 0.226% =« 1.0V
A = 13- /,6',/,'/.2_5 = 10.93¢ > 0.5/
g5 * 0‘?903 0.%6-13)  a=_1.0(40>
(-3 SO0
= 0.018 20,005 >0.00753V o84
= 147
TENSION coNTRoLLED, $=0.9 ¢ (4T
0.%5

= 73
&)Hn = 0,?((1)(60)(1&‘736' %P)/lzs

= 45,9 > 3247 bk S

crwal Cracking, Reinborcement

ASM‘/‘ = O zz? —2 nse (l> #g@ Iz‘l O,C,




4 wAaY

41

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES
3-0137 — 200 SHEETS — FILLER

COMET

BEAM _ DEs(gN

i

ToTAL FACTOREDL LOAD

= Joiga pht
= 102 ef{
M, = 10,2 (20)"
I'2
= 475 kL
bA? = 20 M,
A 24-25
= 21.8
b= 444"
s So"
h = 24"
Ason = L1435 (12)
ﬂ 0.4(c0)(0.45)( 21.5)
= 12,4847
Use [I0) # (O
A= 10(tz?) = 12.2 in?
Lhecks
O ™ g{( Hopoo 25(‘ 5\
%4 (60020
= {1.256
S = so-2(18)- 05(2) - 16(127)
7
: B.3F <25/
d = z24-15-06-120 = 2135 <705

a = (z2,2(ec0) = 4HR3,,

0.55() (50)

e © 4483 - s5.7%
0/%

n

333.8(20) + 2220 (150)(1LD)

CUecy M,




’ I 4 wAY

50

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES
3-0137 — 200 SHEETS — FILLER

COMET

25 5 Q.00 (zubc,s— 5,2;») = 0,00US > 0.008 > 0.0020%

S Z¥

TENSION CoNTROULED, = 0.9

dM, = 0. ( 2.7 (¢0) ( 20,365 - ‘f’—'ig—é‘) /123

= 1pQa2. 1

tf

FAILD ,‘,

UseE (12) # 10

5= 50-(3(2)- 0.5(2)- 2(127) -
"
a = 13%3.24(co)
0.5 1) (55)
= 5,373
¢ = M = 6.32% in
0{?5
Z% - 0/00’5 (Zfr%s - Cr"'SLgS = 0,00?’ >0,00§ >0‘m2671
& "BL% :
> 0.1 (1m0 o) o35 - 227 1)
2 2%i.¢d > (1475 kit /
FA<eES
T - e g
5"
N 21,85
)
: 24"
R(IZB& @287
000000 Ly 2000 p”"')
- — ,‘
15"
P - v

2.29% in /




i

50 SHEETS — 5 SQUARES

3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0235 —
3-0137 — 200 SHEETS — FILLER

COMET

SUMMARY _DIAGRAM

1 DAY CoilPETE SLAS

SLAG SPAN

R

B+ 50"x2Y"

(2) #10  bolom rein Corcerent, no T achon 455 umed

SlAg. (3" ofe way Flat slb
4Q pars @ 2" 0.C.
Tl'xefma(/dm c(m‘nﬁ
25 bars @ (12" O.C.

4,000 psi N conccrede
& ks steel




51

50 SHEETS — 5 SQUARES

3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

3-0235 —

COMET

Comparisong

Wem‘aths.'
aeé[;é_m'%reme 26 (30) (1) + 55(3)()= Y720 I ]
pecie  2.%4(30.30) = 255¢ (b
smbs 2 (»sxak + 24 z.ﬂ = lbo b
. 74ge b
Cone: Floor, (,4%"2,743(%0»«30) = Y0644 b
® MNoN LomP

SEEL:  FeAHE

bECk
Shudsg
(oric | Ftoof
» Z-wAY

STEEL  REGAR zo,oosv:[

440.0’/7501005/ 3@(30\,6(%9j: 193725 b

toNC ; SLAR

35(30V(4) ¢ 55(30)(1)

1.6 {20%30)

o

(43-1.c%) (zo\xso)

I

—
s¢so b /

"

= ’5 | 2 ‘B

:wg* e ettt \\
7362 b |

= 32188 o J

) ‘!‘75(30\)(30)(%}060)-' 1932516 = {lo,100 Ib

o ] wAY wl mr pebA -

ToTAL

Yye 3o b
53.5 954

§es50 (b

1.5 pst

111532.5
124.9 ps

sEEL  eFsAR  §90(000s)(3d(30)(2) x 2.5(20)(2) Lééé@)h 1350l [ 1He
LONC SLAR rsO(o.fias)/f “ ] 274290
o T way who twr gEA
S oo L _
STEEL  KRE®AR ‘{?0/0.095)[30{30]/75—; u.i(qs_o)] = 72407.% 14776
1653 psf

CoNG SLAB

150 (0.495) |

j = 146373

/a4 1
2.4 ps(




53

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

COMET

FRVIROMNMENTAC IMPACTS:: TASED DW) CRATLE ™

! AN “‘& ”
Steel [770 GbCOZ/h:nne ) ‘2;3;%23 = 0,8027 by,
(onc. 1o = 0,049 %,
lw tone. 168 = p0t62 PP
Reraf g1 = 90,3955 h®Pe/,
CoMP 2% (o.3029) + Hogai(o.0%62) = TU07.5¢
NoN oM P v 736z (sgc2a) ¢ 37 (0.0262) = 97447
2 wAY : /757,5/03?55)# [{olos (D,OW(?\) = ¢209.7
1 WAY W/ L A (0,3%6}* [12 ?7?.?/0@“‘?‘5): e341.¢
1 wht wh - L»{oz,g/(o,??ss> + 146373 (o.odﬁs'\) 792397




TECHNICAL REPORT 3

5 CONCLUSION

An unbiased comparison of five gravity systems based on eight distinct criteria indicated that
the two way flat plate concrete slab system was a clear stand-out. The system achieved overall a lower
cost, shallower cross section, better fire rating, and better environmental impact than any other system.

The only system that was demonstrated to be unviable was the clear-span one way concrete
slab system. The excessive depth of the slab at 13” created large bending moments, heavy beams, and
wasteful use of material. Also, with square bay dimensions, a one way slab would tend to act in a two-
way mode and cracking could develop in the transverse direction under high loads. Given the need for
thermal and cracking reinforcement, it is reasonable to make the switch to a two way slab and
drastically decrease the required slab thickness.

Of the concrete systems, the 1 way concrete slab with intermediate beams faired poorly
primarily because of its complexity and relatively high cost of construction. Although it does make far
more efficient use of materials than the one way clear span system, the additional complexity cannot
overcome the difference, or save enough material to rival the two way flate plate concrete slab.

The original composite steel framing system performed surprisingly poorly compared to the
other available systems. This is most likely due to the somewhat oversized members currently in place.
The assumption of pure vertical gravity loading used in these comparative designs may be neglecting
important loading conditions that contributed to the large composite member sizes and thus heavier
weight, greater depth, and higher environmental impact. A redesign based on consistent assumptions
would be necessary to properly evaluate the potential of the composite system, especially against the
non-composite system.

The lateral system in the bed tower consists of special concentrically braced frames and special
reinforced concrete shear walls in the East-West direction, and special moment frames in the North-
South direction. The elements are efficiently placed at the far wings of the building and the center of
rigidity appears to align well with the center of mass upon visual inspection. The system layout is
adequate for the given layout, but the elements themselves may be optimized to best suit the building’s
stiffness requirements to prevent torsional irregularities.
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6 APPENDIX A: GRAVITY LOADS

Design Criteria (Live Loads)

Hospitals

Operating rooms, labs 60 PSF *
Private rooms 40 PSF *
Wards 40 PSF *
Corridors (above 1floor) 80 PSF *

* Design for uniform load indicated or 1000# concentrated load over 2.5 feet square,
whichever produces the greater load effect.

Offices

Offices 50 PSF **
Lobbies & 1°t floor corridors 100 PSF **
Corridors (above 1 floor) 80 PSF **

** Design for uniform load indicated or 2000# concentrated load over 2.5 feet square
whichever produces the greater load effect.

Misc. Live Loads

Corridors, except as otherwise indicated 100 PSF

Stairs and Exits 100 PSF ***

Dining Rooms and Restaurants 100 PSF

Retail Stores (first floor) 100 PSF

Mechanical rooms 125 PSF (Includes allowance for equipment pads)
Storage — Light 125 PSF

*** Design for uniform load indicated or 300# concentrated load over 4 inches square
whichever produces the greater load effect

Partition loads 20 PSF
(Offices & locations where partitions are subject to change)

Design Floor Live Loads (Typical unless noted otherwise in calculations)
Typical floors: 80 PSF (60 PSF + 20 PSF Partitions) or (80 PSF Corridors)

First floor (typical): 100 PSF (60 PSF + 20 PSF Partitions) or (100 PSF Corridors)
First floor (equip): 120 PSF (60 PSF + 20 PSF Partitions + 40 PSF Equipment)
Mechanical Rooms: 125 PSF

Elevator Machine Rooms: 500 PSF

Interstitial Level: 25 PSF

Roof Top Mechanical Unit Support: 50 PSF (Live Load + Snow Load)

Other Live Loads

Handrails and guards 50 PLF or 200# concentrated load @ top rail
Components 50# over 1 foot square

Grab bars, shower seats, dressing rm. seats250# load in any direction at any point

Impact Loads

BRANDMEIER | 14
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Elevator loads shall be increased by 100 percent for impact
Machinery weight shall be increased to allow for impact
Elevator machinery: 100 percent

Light machinery, shaft or motor driven: 20 percent
Reciprocating machinery or power driven units: 50 percent
Hangers for floors or balconies: 33 percent

Live Load Reduction
Live loads to columns will be reduced in accordance with IBC Section 1607.9.1. Live loads that
exceed 100 PSF and roof live loads will not be reduced.

Distribution of Floor Loads
Uniform floor live loads shall be patterned to produce the greatest effect on continuous framing.

Roof Loads

Uniform roof live loads shall be patterned to produce the greatest effect on continuous framing.
Minimum roof load will be less than snow load

See section 1607.11 for other roof loads (roof gardens, landscaped roofs, canopies)

Interior Walls and Partitions

Interior Partitions 5 PSF horizontal pressure

Medical Equipment

MRI Equipment (four pt loads) 29000 lb/4 = 7250 Ib

MRI Equip minus equip allowance 7250 |b — (40 PSF)*(25 ft2) = 6250 Ib

BRANDMEIER | 15
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Design Criteria (Dead Loads)
Hospital Floor (Composite slab, 2 Hour)

3" Deck +3 1/2" LW Conc 48 PSF
Beams/Girders/Columns Self Wt (Assume = 9 PSF)
Ceiling/Mechanical/Misc 12 PSF

60 PSF (Mass DL = 69 PSF + 10 PSF for Partition Mass)
Hospital Roof (Future Floor) (Composite slab, 2 Hour)

3" Deck +3 1/2" LW Conc 48 PSF
Beams/Girders/Columns Self Wt (Assume = 9 PSF)

Ceiling/Mechanical/Misc 12 PSF

Roofing/Insulation/Ballast 18 PSF

78 PSF (Mass DL = 87 PSF)
Hospital Roof (No future floors) (Composite slab, 2 Hour)

3" Deck +3 1/2" LW Conc 48 PSF
Beams/Girders/Columns Self Wt (Assume 9 PSF)
Ceiling/Mechanical/Misc 12 PSF
Roofing/Insulation/Ballast 18 PSF

78 PSF (Mass DL = 87 PSF)
Power Plant Roof (No future floors) (Composite slab, 2 Hour)

3" Deck +3 1/2" LW Conc 48 PSF
Beams/Girders/Columns Self Wt (Assume 9 PSF)
Ceiling/Misc 7 PSF
Mechanical Piping 60 PSF
Roofing/Insulation/Ballast 18 PSF

133 PSF (Mass DL = 142 PSF)
Penthouse Floor (Composite slab, 2 Hour)

3" Deck + 3 %" LW Conc 48 PSF
Beams/Girders/Columns Self Wt ( Assume =9 PSF)
Mechanical/Misc 12 PSF

60 PSF (Mass DL = 69 PSF + 10 PSF for Partition Mass)
Penthouse Roof (Steel Roof Deck)

Steel Deck 3 PSF
Beams/Girders/Columns Self Wt ( Assume = 7 PSF)
Mechanical/Misc 7 PSF
Roofing/Insulation/Ballast 18 PSF

28 PSF (Mass DL = 35 PSF)
Roof Top Mechanical Unit Support
Beams/Girders/Columns Self Wt ( Assume = 7 PSF)
Mechanical Unit 60 PSF
Miscellaneous Pipes & Ducts 15 PSF
75 PSF (Mass DL = 82 PSF)
Hospital Floor — Piping Zone (Composite slab, 2 Hour)

3" Deck +3 1/2" LW Conc 48 PSF
Beams/Girders/Columns Self Wt (Assume = 9 PSF)
Mechanical Piping 60 PSF

Ceiling/Misc 7 PSF

115PSF (Mass DL = 94 PSF + 10 PSF for Partition Mass)
Hospital Floor/Power Plant (Composite slab, 2 Hour)
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3" Deck + 3 1/2" LW Conc 48 PSF
Beams/Girders/Columns Self Wt (Assume = 9 PSF)
Mechanical Piping 60 PSF

Ceiling/Misc 7 PSF

115PSF (Mass DL = 94 PSF + 10 PSF for Partition Mass)
Hospital Floor — MRI Zone (Composite slab, 2 Hour)

3" Deck +3 1/2" LW Conc 48 PSF
Beams/Girders/Columns Self Wt (Assume = 9 PSF)
2" Concrete Topping 18 PSF
Mass for Permanent Equip (15 PSF Mass DL)

Ceiling/Mechanical/Misc 12 PSF

78 PSF (Mass DL = 102 PSF + 10 PSF for Partition Mass)
Hospital Floor — Piping Zone plus MRI Zone (Composite slab, 2 Hour)

3" Deck +3 1/2" LW Conc 48 PSF
Beams/Girders/Columns Self Wt (Assume = 9 PSF)
2" Concrete Topping 18 PSF
Mass for Permanent Equip (15 PSF Mass DL)
Mechanical 30 PSF

Ceiling/Misc 7 PSF

103 PSF (Mass DL = 127 PSF + 10 PSF for Partition Mass)
MOB Floor (Non-Composite slab, 0 Hour)

1%" Deck + 2" LW Conc 29 PSF
Beams/Girders/Columns Self Wt (Assume 9 PSF)
Ceiling/Mechanical/Misc 7 PSF

36 PSF (Mass DL = 45 PSF + 10 PSF for Partition M ass)
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