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Cancer Hospital Overview
th Study

Structural System Redesign

Progressive Collapse Design

2adth Study

Blast-Resistant Glazing
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: Yale-New Haven Hospital
,000 square feet
patient floors + 2 mechanical floors

es of Construction: September 2006 - October 2009

rall Project Cost: $253 M

2ry Method: Design-Bid-Build with GMP

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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er - Yale-New Haven Hospital
hitect - Shepley Bulfinch Richardson & Abbott

nstruction Manager - Turner Construction Company

uctural Engineer - Spiegel Zamecnik & Shah

h./Elec./Plumbing - BR+A Consulting Engineers

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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itized curtain wall panel system:
ass + terra cotta

[wo-story lobby with three-story
ss awning overhanging front of

of system: combination cast-in-
oncrete and metal roof decking

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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N:

-handling units: 6 on 5% floor + 2
vof; 70,000 cfm per AHU

30/277V + 208/120V 3 phase, 4 wire
tems

mergency power: (3) 2000kW/
D0KVA diesel generators

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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Structural System

el Moment & Gravity Frames + (4)

forced Concrete Shear Walls 81 24 17 ol

¢

=
g

ypical Bay: 30’ x 30’

loor System: 4-1/2” thick concrete slab
3” metal deck

W2l x 13
W 2 x 13 [28]
W 24 x 146 [28

mns: W12 /14 /24, HSS, cruciform,
ed concrete

4’ thick reinforced concrete
hear wall locations)
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d Reinforced Concrete Structural System

gn criteria based on ACI 318-05

CE 7 Load Combination: 1.2D + 1.0E + 1.0L + 0.2S

pical flexural members designed for moment and shear capacities as well as
e load deflection.

pical interior columns designed for axial loads using design aid charts from
sigh of Concrete Structures, 13™ edition, by Nilson, Darwin, and Dolan.

(K, versus R, charts)

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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sed Reinforced Concrete Structural System

oncrete Moment Frames + Existing
hear Walls

Typical Bay: 30’ x 30" (with
intermediate beams at 10°)

Floor Slab: 5” thick, one-way floor slab
ACI deflection criteria)

Beams: 12” x 25”
ders: 16” x 30”

ior Columns: 16” x 16” to 40” x 40”

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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ssive Collapse Design
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ne spread of an initial local failure from
ent to element, eventually resulting in
e collapse of an entire structure or a
sproportionately large part of it.”
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ogressive collapse design in the U.S.
verned by Unified Facilities Criteria (UFC)
)23-03 “Design of Buildings to Resist

gressive Collapse” published by the Dept.
fense.
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sive Collapse Design

4-023-03 outlines two design approaches: direct and indirect.

the event of column failure.

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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e Collapse Design

ndirect Method required.

st Scenarios:

Corner Column Failure
Interior Column Failure

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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ollapse Design

on of required ties for Indirect Method:

Corner
Column

Internal Ties l Ties
(dotted lines)/«= b .

Horizontal Tie to
External Column
or Wall

b

Peripheral Tie Vertical
(dashed lines) Tie

Note: The required External Column, External Wall, and Corner Column
tie forces may be provided partly or wholly by the same elements that are
used to meet the Peripheral or Internal tie requirement.

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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6.45 per foot width
6.45 per foot width

0.24
0.12 per foot width
0.12 per foot width

0.31
0.27 per foot width
0.62 per foot width

24.7 0.44 4.00
24.7 0.44 6.35
121.5 2.16 10.16
24.7 0.44 6.35

Provided flexural reinforcement in slabs, beams, girders, and
columns are adequate to develop required tie forces.
einforcement must now be detailed to meet the ductility
quirements for the indirect method.

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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Detailing Requirements:

* Vertical ties to be continuou
entire height of building with
mechanical splices at third poi
THE 2 vechawicaL Seucss | column heights.

@ ) poums o swRY
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* Horizontal ties to be contin
through bays with splices a
joints and regions of high str
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Detailing Requirements:

¢ “Seismic” hook to be used a
interfaces.

< da? Bae Diverer

A
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DTH STUDY
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BLAST-RESISTANT GLAZING:

» Design Criteria

* Design blast pressures are based on
charge size and stand-off distance.

* Primary design goal is to mitigate the
effects of flying glass shards due to blast
pressures.

» Glass fracture is not only acceptable, but
expected.

* Blast design based on ASTM F 2248
standard.

Oran Safety Glass® (0OSG)

http:/7/www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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T GLAZING:

4y F 2248 - 03 * ASTM F 2248 chart relate
Standoff Distance (m) distance and charge mass ta

7 8910 12 15 20 25 30 40 50 60 70 80 100 120 equivalent design load.
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Stand-off distance = 75’

Charge Mass = 100 1bm ¢
Ibm
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* Typical Design Wi
75 160 125 1;50 200 250 3(;0 400 15-20 pSf
Standoff Distance (ft)

ecifying an Equivalent 3-second
ing for Blast Resistant Glazing
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GLAZING:
sign Analysis

* Critical glazing panel o
lobby facade:
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T GLAZING:
Design Analysis

Ay £ 1300 - 04" * ASTM E 1300 charts give

load-resistance value for a
Plate Length (in.)
0 50 100
| 6.0 mm (114 in) Glass S
[ Nonfactored Load (kPa)

. Four Sides Simply Supported
- Pp =0.008

- 1 kPa =20.9 psf ; NFL =1.70 kPa or 35.5

[ 3-Second Duration

1.2
1.50

200 /]
2.

300 /N | )

5.00
7.00 W \

-~

Plate Width (in.)
Plate Width (mm)

| L] [ ]

2000 3000 4000

Plate | anath (mm)

nining Load Resistance of Glass
Idings

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000



SMILOW CANCER HOSPITAL | 20 YORK STREET, NEW HAVEN, CONNECTICUT

DANIELE R. NAVARRETE | STRUCTURAL OPTION

T GLAZING:

Design Analysis

TABLE 2 Glass Type Factors (GTF) for Insulating Glass (1G),
Short Duration Load

Lite No. 2
Monolithic Glass or Laminated Glass Type

AN HS FT
GTF1  GTF2 GTF1 GTF2 GTF1 GTF2

AN 0.9 0.9 1.0 1.9 1.0 3.8
HS 1.9 1.0 1.8 1.8 1.9 3.8
FT 38 1.0 3.8 1142 3.6 36

Lite No. 1
Monalithic Glass or
Laminated Glass Type

TABLE 5 Load Share (LS) Factors for Insulating Glass (IG) U

Note 1—Lite No. | Monolithic glass, Lite No. 2 Monolithic glass, short or long duration load, or Lite N
glass, short duration load only, or Lite No. | Laminated Glass, Lite No. 2 Laminated Glass, short or long

Lite No. 1 Lite No. 2

Monalithic Glass Monalithic Glass, Short or Long Duration Load or Laminated Glass, £

MNominal : 3 4 5 6 8
Thickness (V&) (%42) (36) (¥4) (¥18)

mm  (in.) LS1 LS2 | L§1 LS2 | LS1 LSz |LS1 Ls2

(942) 3.48 119105 1.11 | 181 106|415 102
(lami) : 243 1, 132650 1.18 (109 1.10[245 1.04
) |1 . k 43| 200 2. 18 146 | 4.83 791 114|174 1.06
(942) . 1.46 3. 2.00 | 278 418 131|853 113
(%4s) . 126 4. 57 276 | 2.00 2.80 156|527 1.23
|1 3 114 7. 31 418|156 2.00 200337 142
1.06 17. 853 | 1. 27 (142 337|200 200
103 304|107 145 67123 526|156 280
101 6881 32.2 7110 108|124 514
1.01 1102 e47)1.03 37.1[1.05 211112 946
101 113.]1.02 647|103 364|107

M E 1300 Standard

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000

* ASTM E 1300 tables give
factors for different glass
types/configurations.

* For heat-strenghtened glass, C
[Table 2]

e For IGUs with both lites @ %4”,
[Table 5]

» Load Resistance = NFL x GT
=35.5psfx 1.8x 2.0
=128 psf

Therefore, curren
charge, but not
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T GLAZING:

or Blast-Resistance

* To design for a 200 Ib char
TABLE 2 Glass Type Factors (GTF) for Insulating Glass (IG),

Short Duration Load change glass type to fully-te

Lite No. 2
Lite No. 1 Monolithic Glass or Laminated Glass Type

Monolithic Glass or =
e A AN HS FT * For fully-tempered glass, GTF
GTF1 GTF2 GTF1 GTF2 GTF1 GTF2 [Tab]e 2]

AN 0.9 09 1.0 1.9 1.0 3.8
HS 1.8 1.0 1.8 1.8 1.8 3.8

FT 38 10 38 19 IEENNNSS « For IGUs with both lites @ %",

TABLE 5 Load Share (LS) Factors for Insulating Glass (IG) U [Tab]e 5]

Note 1—Lite No. | Monolithic glass, Lite No. 2 Monolithic glass, short or long duration load, or Lite N
glass, short duration load only, or Lite No. | Laminated Glass, Lite No. 2 Laminated Glass, short or long

_ LiteNo.1 e » Load Resistance = NFL x GT

Monalithic Glass Monalithic Glass, Short or Long Duration Load or Laminated Glass, £
Nominal : 3 4 5 6 8

Thickness () (%52) (¥ie) {4) [Eel =35.5 pSfX 3.6x2.0

mm  (in.) LS1 LS2 | L§1 LS2 | LS1 LSz |LS1 Ls2

(942) 3.48 119105 1.11|181 1.08|415 10273
(lami) : 243 1. 132650 118|109 1.10|245 1.04 |43

(14) . : . 43| 200 2 18 146 | 4.83 7.91 114|174 1.08 | 30. = 256 pSf> 140 pSf
(942) . 146 3. 2.00 | 278 418 131|853 1.13|14.

(%4s) . 126 4. 57 276 | 2.00 2.80 156|527 1.23
|1 E 114 7. 31 418|156 2.00 200|337 142]s.
106 17. 853 | 1. 27| 142 337|200 200]2.

103 304|107 145 67123 526156 2802 Usefully-tempered, la
101 6881 32.2 71110 108|124 514 y

1.01 102 647|103 371|105 211|112 e46|12 blaSt.reSiStantde

1.01 113, 11.02 64.7]1.03 36.4|1.07

M E 1300 Standard

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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STANT GLAZING:

-Strengthened versus Fully-Tempered Glazing

eat-Strengthened Fully-Tempered

* Low level of residual * High level of residual
stress stress

* Some waviness from heat ¢ Visible waviness from heat
treatment treatment

* Tends to stay in opening * Breaks into relatively
after fracture, but can harmless “diced” pattern
oreak into large, sharp
eces under blast loads * About twice as strong as
HS, but at a cost premium

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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ssive Collapse

igning for progressive collapse using the Indirect Method is a feasible optic

or concrete structures, existing reinforcement is usually adequate to develop
equired tie forces.

Proper detailing of tie splices and connections is CRITICAL.

ast-Resistant Glazing

1creasing stand-off distance is the best way to mitigate glazing failure due to
loads.

tempered, laminated glass is the preferred material for blast-resista

ility of an explosive attack must be assessed as accuratel
blast-resistant glazing must be determined accord

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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IONS & COMMENTS
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