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ABSTRACT

This paper evaluates the merits and sh -
o L ortcom .
NEHRP Provisions and the two-level design Specl?f%;doifnﬂ;ﬁ O%ejlgvel e
B - ' : g e Trn-Servi ‘ : :
study, @ four Séor}}]f re%nfosl‘ced_ concrete hospital building is designed aéggid_clmdeh%es. it
R R tvic Guidelines, separately. Then, the capac?tligesmotf ?hI:sE:HtRP
’ WO

structures at the stages of first-yielding and collapse are eval
and shortcomIngs of these two design approaches are discususitgd doonpate, T e

INTRODUCTION

It 1s not ecqnomic_:al to design structures to resist seismic forces induced by large earthquakes
within the elastiC limits, because large earthquakes have a low probability of occurrence during
the expected life of the structure. To deal effectively with the combination of extreme loading and

low probability, the philosophy of seismic-resistan

building designed 2ccording to the seismic provisions will (1) to resis

without structural damage, and (2) to resist a large earthquake without collapse so that life safety
he concept of rwo-level seismic design a3

-an be maintained. This hilosophy leads naturally tot S1g]
- 7 o Gt : . -1 Buildings (Tri-Services Guidelines

prescribed 1n the Seismic Design Guidelines for Essential o
' ~tice in the United States, = ost structures are designe
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] ' ‘ fatyg
-.- h the design philosophy in the Np. 0y
. On the e s. Thus eve“,th&ucgsame, the approaches used in theSP;HRP

Tri-Services Gul . ealiates the merits and limitati(i)ns of the 011&45?&
| in the NEHRP Provisions and the t:’é(i)r;fz‘;gcds e desigy ':l
ign as described o, lines. In this study, a four-story reinforced concrete NOSpity
in the Tri-Services Guide 13]31988 NEHRP Provisions an the 36 Tn_Se ,
; ing o

: - . rvl(:e
hen. the capacities at the Stages of first yielding and Collapga arz
Then,

sumed to be located in a moderate seismic zope

tal building is as . > With the
fé_fou:*—;;ogf?;siggaé :auli-vlelgo city related acceleration Ay equal to 0.2. According the
coetficien

c e rd Exposure Group for a hospital building is 1] B
NEHRP Prov;is_li?ns,s t?ﬁcssegg‘;cl;ﬁfaoman%e Category is determined as E. Thus, the spefi?l
e 'mO(SfVIR) frame is required to be used to resist gravity loads and earthquae
moment-resﬁ_tmlg floor plan and an elevation of the four-story hospital building are shown i
forces. A Ely;;c?cs ectively. The beam size is 12 inches by 20 inches and column size i 14
'F]g}f' Iban 14 ’inchgs throughout the building. This study focuses on the design of a typical
i]rlllg:riegr fgamc in the north-south direction. The seismic design base shear V is calculated using

the following formula:

1.2 AyS
V=CsW =- RT3 W (1)

Cs 1s the seismic base shear coefficient and has 2.5 Aa/R as the upper bound. Since Ay is equal
to 0.2, the seismic coefficient of peak acceleration A, is also taken as 0.2. The soil condition of
the site is assumed to be classified as S7; thus the soil factor S is equal to 1.2. For an SMR

frame, the response modification factor R is set equal to 8 in accordance with the NEHRP
Provisions. The fundamental period of the building is determined as 0.547 second and the total

dead load W of the building is 3394.9 kips (Ch'ng 1990). From Egq. 1, the design base shear V

Kips. Using the member forces caused by the base shear and gravity
, the SMR frame is designed according to ACI code 318-89 (1989) as shown in Ch'ng
* exural reinforcement is shown in Fi g3

560




<ize of beams 15 15 inches bv 24 ;
: Y <4 1inches and columns is 2
i ns 1s 20

building- The design response spectrum is defs inches by 20 ir
S defined as 8 by 20 inches throughout the

1 22 Ay 5i D¢
Q4 = =
(2)

and Sa hﬂS the fOIIO\Ving Upr)cr bpﬂ.lﬁ[l:

Sa < 2.5 Aga
()

For the building located in a seismic zone with Ay :
Vv and Aa equs 20 40 .
5 o 5 T Y B
actor 1 1.2. According to the Tn-Services Guidelines, the d: il s Lo
Df is 1.00 for the F?llf)forccd concrete structure with a damping r;itiocofdgn‘; 08 e
= i 'mStO qu e Llnq o .thc design response spectrum of EQ-11s detc(;nsiﬁgsuimmg AV,’ i,
i f,;l“{;;lgﬁlg}f llgesﬁ}n essential building such as a haspital nceds.tont?; Z?xrﬁdzzz
_ idealizedaéja < tl lild Ing 1s a regular bquing. In this study, the four-story hoqy ital
wlti-degree-of-freedom stick model with a fixed base. For lox;frisc

building 1S .
up to about 5 stories, the modal analysis can generally be performed by using only

buildings, SaY
a2l mode. Thus, the story lateral forces of the fundamental mode are used to obtain

the fundament
‘he member fOrces. From the free vibration analysis, the fundamental period, the corresponding

mode shapes and the modal participation factor Pkj] at ol _
1ateral forces at level j are computed as )1 vel j can be determined. 1he story

b= PFj1 Sal Wj (4)

where Sal_ is the spectral acceleration at the fundamental period (0.427 sec) and is equal t0 0.2 g
25 determined from the EQ-I response spectrum. W s the weight assigned at the level j. From

‘hese story lateral forces. the member forces cause by EQ-I can be determined and combined
r forces are used to design structural

with those from the gravity loads. The combined membe
members in accordance with the design procedure specified in the ACI code 318-89.

determine its ability tO resist the forces and
0 (0.2 in the ATC3-06 contour map; Ay and
a 10% damping ratio is used
to 0.80. Using Eqs. 2

In level-two design, the structurc is analyzed to

deformations caused by EQ-II. For Ay and A, equal t
A, of EQ-1I are equ al to 0.25. For a reinforced concrete structure,

for post-elastic analyses; thus, the damping adjustmen !

t factor Df 18 equal
and 3, the design responsc EQ-II 15 determined. S
calculated by means of m

gravity loads and EQ-11 computed b

larger than the design ultimate capacity.
implemented tO control the Overstress within a _ _
.ty for a special moment-T¢

capacity is greater than
capacities of beams and colu .
Hence, IDR 15 defined as the ratio of the elastic deman
moment capacity Mc. For ~csential buildings, the Tri-Serv

of beams shall not be greater than 2,
smaller IDR of column ¢ tO ensure strong

hinging will take place in beam T
determined and shown 1n Fig. 4. It can be se
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ficiencies must be corrected by redesign of thegs
e deficiencCics
E; ThU51 th

are within the allowab)e |; CTiticy)
ess. IDRS of all members imi
3 d_er‘ror pI’OC y
By a trial-an
members .

- % l R q(‘
'. - - % L Hl‘
Thus, the frame structure has the CadeIFy 1O res;
: idelines. us,
1CES Gu_ldc

5‘[ b()[h F()'
ent of beams and columns is shown in Fig <%

LY

L‘ APACITY
LIMIT STATES AND STRUCTURAL C

: : ieldi d collapse of str
' tudy: first yielding and collap:
e are used in this s : tic hin
Two types of Ilmlttsmé?csiin g is defined as the fonnatlonh(itl"] gg:-sl:l;iselding &€ an
frame structure, the fifSS ggjcct to earthquakes does not rilac bl o, 4
structure. If a S-tmci;ult-?lc elastic range and‘thc structurscervo;’i: S e
response remains limit state can be conmderc.d i hanism. Thus, the c
L1 ﬁrSt_yleéggfcd as the formation of a failure mecha - *
structure 18

represents a strength [imit state.

UClure

YWhere ;
then the sty " the

€. The coll, o

. 4Pse of
ollapse limiy Stat

. Freeman (1978) is
: spectrum method proposed by _ |

- tth :ﬁcﬂiﬁfa&g’guﬁgg (;':)? thgse two frame structures. The capacity curve displays
construc

ion versus the fundamental period. The Capacit
ity i of the spectral acceleration e -
capacity mftrea“n?es structllrlés designed according to the NEHRP Provisions and t};le Tri
of ghelgwo are plotted in Fig. 6. It can be seen that these two curves alre not 1n the sa
Gu1cic ﬁi’gséompgre the capacities of these two structures, it is desirable to convert t
range.

; Ak | he SPectra]
' ield: he corresponding peak groun acceleratigp
t the first yielding and collapse to t din;
(aggﬂc;rajt}g Ia:]l::tirmine the %GA value corresponding to the first yielding of

the frame, a Iesponse
' ' ' ' ' RP Provisions or the T'ni-Serviceg
3% damping ratio as specified in the NEH _
ép:iilg;lifr?c;v ;;hpzssizg thrgug%l the first-yielding point of the Capacity curves. Then, the PGA
values are obtained from the upper boun

d of the spectral accclc}‘atioqs divided by 2.5. The PGA
values corresponding to the collapse of structures are determined in a similar manner. Thege
PGA values are summarized in Table 1.

used to
S€1Smi
Y Curyeg
Services

ME periogd

Table 1. Structural capacities in terms of PGA
B S

Stage NEHRP Provisions Tn-Services Guidelines
First yielding 0.10 g 0.15 g
Collapse 0.31 g 0.47 g
CONCLUSIONS
From the design and €valuation of the two frame structures designed according to the 1988
NEHRP Provisions and the 1986 I'ri-Services
short-comin gs of these tw
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moderate earthquake nor a large carthquake. |

| . _ g . 4 | 14 e
cvalum? e (wcm!l capacity of structure to l‘t‘:%i*&l”
yncertainty regarding to the huilt_ling et S1

additj e * : :

. lari:é“!}rﬁ,. the designer is not required to

ance in 1th1 f‘“"‘m“-luﬁilk(:, I'herefore, there is some
e event of a large earthquake.

two-level seismic design, the ; e
B lly the current t‘ﬂrtﬁ( ,]l:' 'PProach employed in the Tri-Services Catidel:
st ydfc‘:fqi ners to (:\;ﬂuf tllltII v resistant design philosoph | E:IEMLLIB el e
R chc tible l(}i P o “.& bullldmg performance and toy(jliqc,}:gh Lvd‘ ‘E?Eismlc o
that are suscep arge earthquakes. Thus, the two level ﬂeizrn?osal kgt
* : seismic design can give

jesigners confidence in the design of structures ; | _
damage of buildings in the event of a large carthql;a;:gd Can reduce the risk of catastrophic

3. The bu11((ljlﬁg_ frargcaggs)‘rgd‘?ed according to the Tri-Services Guidelines is much stronger than
the one 6312';13 NFP(IRI;HP%r t()_l}_]e NEHRP Provisions. The essential building designed
according to the INEL OV1S10NnS seems to be unconservative based on the potential
seismic hazard at the site. P
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Figure 1. Typical floor plan of the four-story hospital building
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