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/] ABSTRACT /

The main function of the general hospital building is to provide medical facilities and service. However, damage to the non-structural
elements such as architectural, medical, mechanical and other components will interrupt those functions after the earthquake. Especially,
it is considered that, damage to the non-structural elements is a serious event because it is directly associated with the lives of patients.
Therefore, this study evaluated whether the certain non-structural elements of general hospital building has the seismic performance to
provide hospital medical services after the earthquake. The evaluation is conducted by selecting the non-structural elements used in
general hospital which are sensitive to acceleration, such as cooling towers, air handler, MRI and CT. As a result, the non-structural
elements located on the upper floor without suitable support method did not meet the performance objective. Therefore, adequate
anchorage against the seismic event is required for such non-structural elements that are acceleration-sensitives.
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Table 1. Information of non-structural elements

Category Utility facility Medical equipment
Element Cooling tower Air Handler (42) Air Handler (30) CT MRI (1.5) MRI (3.0)
Location (floor) Roof 5F Roof 1F 1F 1F
Weight (kN) 123 42 30 30 58 85
width X‘T’;Zt(:))( heighy | 56x53x4 6.8x27x2 6.1x2.1x2 24x12x2 16x14x23 20x18x2.3
Support method Anchor bolt None None Anchor bolt/None None None

(b) Damage of ceiling at
kona community hospital

(a) Damage of sprinkler at
new olive view medical center

Fig. 1. Examples of non-structural damage at hospital [5]
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Fig. 2. plan & front view of cooling tower (unit: mm)
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Table 2. Basic performance objective for risk category IV buildings
(existing & new) [11]

Seismic hazard level Performance objective
*BSE-1E Immediate occupancy (S-1)
20%/50 years Position retention (N-B)
Existing (225 years return period) 1-B
building **BSE-2E Life safety (S-3)
5%/50 years Not considered (N-D)
(975 years return period) 3-D
Immediate occupancy (S-1)
*BSE-1N (MCE*2/3) Operational (N-A)
New 1-A
building *BSE-2N Life safety (S-3)
2%/50 years, MCE Not considered (N-D)
(2475 years return period) 3-D

* BSE-1X : Basic safety Earthquake-1, either the BSE-1E of BSE-1N
**BSE-2X : Basic safety Earthquake-2, either the BSE-2E of BSE-2N
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Table 3. Structural and nonstructural performance levels [11]
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Group Performance level Contents
The post-earthquake damage state in which only very limited structural damage has occurred. The basic
Immediate occupancy (S-1) |vertical- and lateral-force-resisting systems of the building retain almost all of their pre-earthquake strength
and stiffness.
Damage control range (S-2) | The post-earthquake damage state between S-3 and S-1.
Structural The post-earthquake damage state in which a structure has damaged components but retains a margin

Life safety (S-3)
performance level

against the onset of partial or total collapse.

Limited safety range (S-4)

The continuous range of damage states between S-3 and S-5.

Collapse prevention (S-5)

The post-earthquake damage state in which a structure has damaged components and continues to support
gravity loads but retains no margin against collapse.

Not considered (S-6)

Where an evaluation or retrofi t does not address the structure

Operational (N-A)

The post-earthquake damage state in which the nonstructural components are able to provide the functions
they provided in the building before the earthquake.

Non-structural Position retention (N-B)

performance level

inoperable.

The post-earthquake damage state in which nonstructural components might be damaged to the extent that
they cannot immediately function but are secured in place so that damage caused by falling, toppling, or
breaking of utility connections is avoided.

In general, building equipment is secured in place and might be able to function if necessary utility service is
available. However, some components might experience misalignments or internal damage and be

Life safety (N-C)

The post-earthquake damage state in which nonstructural components may be damaged, but the
consequential damage does not pose a life-safety threat.

Not considered (N-D)

Where an evaluation or retrofit does not address all nonstructural components to one of the levels

Table 4. Target building performance levels [11]

Structural performance level

Non-structural - - — - -
performance level Immediate Damage control Life safety Limited safety range | Collapse prevention | Not considered

occupancy (S-1) range (S-2) (S-3) (S4) (S-5) (S-6)

. . Not Not Not Not
Operational (N-A) Opergtion A A recommended recommended recommended recommended

Position retention (N-B) nds 28 3B 4B Not Not
occupancy; 1-B recommended recommended

Life safety (N-C) 1-C 2-C Life-safety, 3<C 4-C 5-C 6-C
. Not Not Collapse No evaluation

Not considered (N-D) recommended recommended 3D 4D prevention, 5-D or retrofit
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Table 5. Nonstructural performance levels and illustrative damage [11]
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HVAC equipment | ducting, piping, and conduit, but did not fall.
Units might not operate.

Units are secure and possibly operate if power| Units are secure and operate if emergency
and other required utilities are available.

power and other utilities provided.
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Fig. 4. Detail of single concrete foundation for cooling tower
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Table 6. Strength of anchor bolts

Non-structural Failure mode Strength (kN)
elements
Anchor bolt 37.2
X-dir. -

Tension Concrete failure 203.4
(Tanc) Anchor bolt 55.9

Y-dir.
Concrete failure 157.2
Cooling Anchor bolt 253.9
tower_Anc X-dir. |  Concrete failure 130.3
Shear Concrete pryout 410.8
(Sanc) Anchor bolt 253.9
Y-dir. Concrete failure 3451
Concrete pryout 3144
Anchor bolt 18.6

X-dir.
Tension Concrete failure 30.0
(Tanc) } Anchor bolt 18.6

Y-dir.
Concrete failure 54.7

CT_Anc

- Anchor bolt 42.3

X-dir.
Shear Concrete pryout 59.9
(Sanc) _ Anchor bolt 423

Y-dir.
Concrete pryout 109.3

Table 7. Static friction force of non-structural elements

Elements F: (kN)
Air Handler_Non (30) 52
Air Handler_Non (42) 9.2
CT_Non 115
MRI_Non (1.5) 213
MRI_Non (3.0) 31.2
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Table 8. Result of seismic performance evaluation

. Rocking Sliding
Elements dir. | Floor acc. (@) - -
Demand (R) Capacity (TANC) Result Demand (FH) | Capacity (SANC or Fr) Result
i X 322 37.2 OK 130.3 NG
Cooling tower 079 146.6
_Anc Y 274 55.9 OK 253.9 OK
Air Handler X 4.7 - OK
0.65 412 9.2 NG
_Non (42) Y 45 - NG
Air Handler X 0.2 - OK
0.79 35.8 52 NG
_Non (30) Y 11.0 - NG
X 9.5 18.6 OK
CT_Anc 0.19 8.8 423 OK
Y -72 18.6 OK
X -9.2 - OK
CT_Non 0.19 8.8 11.5 OK
Y -55 - OK
X -12.6 - OK
MRI1.5_Non 0.19 17.0 21.3 OK
Y -10.8 - OK
X -22.0 - OK
MRI3.0_Non 0.19 249 31.2 OK
Y -20.4 - OK

Table 9. Maximum acceleration that each element can resist

Maximum acceleration (g)
Elements — - -
Sliding Rocking (x) | Rocking (y)
Air Handler_Non (42) 0.24 0.84 0.54
Air Handler_Non (30) 0.24 0.81 0.46
MRI_Non (1.5) 0.24 0.34 0.31
MRI_Non (3.0) 0.24 0.40 0.38
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Table 10. Variation in performance according to vertical and plane
locations when elements are placed in one direction

(unit: g)
oo | T M-T RM LB RB
x|y [ x|y [ x]y [ x|y |x]y
Roof | 0.71 0.71 [036/ 0.48 0.40 0.40
6 |054 0.54 | 0.26 [0: .
5 |052 052 (/6843 0.41 0.41
4 |o050 0.50 [ 9360 0.40 0.40
3 |o045 0.45 | 0.39 [0 0.42 0.42
2 |o032 0.32 743 0.27
1 ]0.19]0.19]0.19]0.19 | 0.19 | 0.19 [ 0.19 | 0.19] 0.19 | 0.19
: OK

: > X:0.349,Y:0.31 g (MRI_Non (1.5) Max. acceleration)
: > X:040g, Y:0.38 g (MRI_Non (3.0) Max. acceleration)
: > X:0.81g,Y:0.46 g (Air Handler_Non (30) Max. acceleration)
: > X:0.844,Y:0.54 g (Air Handler_Non (42) Max. acceleration)

L-B (Left-Bottom) 12]1L R-B (Right-Bottom) $J#] (Fig. 5 2F=)o)lA
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Table 11. Variation in performance according to vertical and plane
locations when elements are placed in another direction

(unit: @)

Foor LT M-T R-M L-B R-B
XY | X | Y |[X|Y|X]|Y]|X]Y
Roof 0.67 0.36i0.78 0.40 | 0.67 | 0.40 | 0.78
6 0.48 0.26 | 0.38 | 0.57 [ 0.34 | 0.48 [ 0.34| 0.57
0.57 0.34.10:37] 0.63 | 0.41 | 0.57 | 0.41 | 063
0.56 03610367 060|040 056 | 0.40| 0.60
045 | 0.58 | 0.45 | 0,39 0.35- 0.58 | 042 | 058 | 0.42 | 0.58

= —

032 0.46 [0:32 0.33 | 0.27 | 0.51 [-0.36.| 0.46 [ 0:36 | 0.51

0.19[0.19[0.19 [ 0.19| 0.19 | 0.19 | 0.19| 0.19 | 0.19 | 0.19

: OK
| = X:0.319, Y:0.34 g (MRI_Non (1.5) Max. acceleration)

: > X:0.38¢, Y:0.40g (MRI_Non (3.0) Max. acceleration)

: > X:0.46¢,Y:0.81g (Air Handler_Non (30) Max. acceleration)
1> X:0.54 ¢, Y:0.84 g (Air Handler_Non (42) Max. acceleration)
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