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ABSTRACT

When the earthquake damage to the structure may be due to several reasons such
as the location of structure. The strength of structure. Characteristics of structure. Including the
foundation of structure. The first element of structure is affected when subjected earthquake is the
foundation. In this study we have studied the effect of foundation flexibility for the performance
of structure when the structure is subjected to earthquake. The result of this study, foundations of
structure are important for analysis structure under seismic loading. Because effect of foundation
flexibility increasingly fundamental period of structure and target displacement of structure, cause

increase plastic rotation of structure more than plastic rotation of structure with fixed foundation.

Keywords : Non-linear static pushover analysis, Pile foundation, Performance-based seismic
assessment, Reinforced concrete, Soil-structure interaction
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2.1.2 HUUDADIHINAAVDITHAIUIAT IV (Fiber-Section Model)
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3 1/ 2.9 Stress-Strain Model for Monotonic Loading of Confined and Unconfined Concrete
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| 19 2.10 Effectively Confined Core for Circular and Rectangular Reinforcement Section
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2.2.1 HUUIARINGANIIHMIFVIIINITZINVBIAMIH HEIDOU (p-y Curve of Soft Clay)
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P For z = z, (depth where flow
Fu / around failure governs)
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0.5
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0 1 3 ‘15 Vs

(é’Naﬂmﬂ : Lymon C. Reese, William F., Van Impe.,2001)
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M3 2.1 A1 &5, VOIAUHTEIDDU

Consistency of clay Average value of kPa * Ex

Soft <48 0.020
Medium 48 - 96 0.010
Stiff 96 - 120 0.005

(* $199991 : Peck et al. 1974, p. 20.) (5‘N§W‘Iﬂ : Lymon C. Reese, William F., Van Impe.,2001)
1. 181 Undrained Shear Strength (C,) , Unit Weight (y) 1agf1 &y, v09aUHeD
9 H Y
ﬁ]”lﬂuuﬁ”lu']ﬂlﬂ”lﬂ”lﬁﬂ@%uﬂﬁluqxiqﬂellﬂﬂﬂulﬁﬁﬂfl I@]ﬂi%ﬂTﬁﬁ@ﬂﬂ?TﬂTﬂﬁuﬂ”lﬁVNﬁ@\i‘ﬁ”l\iﬂ”l\i

I 1 o o Y a =1
L‘]JLlﬂ”lﬂ”laﬂG]”IHTI”IMQNEIWU?NGIUMHEJ’J

P, = {3+ DA z}cub (2-23)
C b

u

P, =9c,b (2-24)

o v 9

1 a 1 <
Tag P, Ao MMAIRIUNIUgIgAv0IauaonINeIvoa 1y

= a

z D ANVANNINAIAUIUDIYANABIMIHINGANTTUVDIAY
C, f® A1 Undrained Shear Strength YoIAUNANEAN 2
[ @ 3
b fie MANuAhsvesHThaata iy
Y 1 a 4 Y1 o [ =
Matlock (1970) lata@uaa1nisiimes J 1nnmsnaaes laslda 0.5 dmsuaumiion
89U (Soft Clay) taz 19a1 0.25 dmsuALm eI una1e (Medium Clay)

2. MUIUAMTIAAOUAD Yo ANANT

Y50 = 2.5850b (2-25)
3. ﬁm’smmﬂ'wmmﬁﬂ Z, NAUNT
6c b
Zr = —U- (2_26)
(b+jc,)

4. $rszaunnuanveanlugaNidean1snIa p-y curve YBIAUIAUMIIAUWTOINNI
1 o o Y a A % o [} 1 d’d 1 1
Z, MMAINUMUGIFAVDIAUNAUNNY 0.72P,, 1M TUNNA y NUAININNI Y4,
5. SszauauanvesaulugaNdesnsnal p-y curve voauiiniosnd z, A1M1aa
AMumMugegavesauiimasaunmsdandmsugnm y Alamnna 3y,

p= 072P, [ij 2-27)
V4

T

] = d’ o 3 1 d’d \ 1
HASAT PASUMANINTTINIUNNAT y NUAININNIN 3y50
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2.2.2 HUUIARINGANIIHMITVITINITZMNVBIAMIHHEIMTA (p-y Curve of Stff Clay)

o a a <
Reese et al (1975) "lﬁ'mummumamwtmﬂismamumﬁmummﬂmi

v { o 1 a g 4 o Aa
‘Vlﬂﬂ@\iﬂﬂgﬂ‘ﬁ 2.14 TﬂElﬁnJﬁﬂﬂ”lu'JmTHﬂ”IW”IﬁEJLG]@S@]NﬂLﬁﬂ‘l%}iuﬂﬁi]”lﬂﬂ\i‘Wi]ﬁﬂiiiJ"lJﬂ\i

a = < Y v dy
Aumtieme lasatl

¥y—0.45y,
P=4 EQ-[——£1")
v 4 045y,
apf——
]
]
1
—0.085~
E=——"7¢
¥so
i
I
| Y, = 414, vy,
E=kz i Vo = &5
>
0 0.45y, 0.6y, 18y, Deflection, y(mm.)

(é’Naﬂmﬂ : Lymon C. Reese, William F., Van Impe.,2001)

~ Aa a = <3 A o o
gﬂcﬂ 2.14 Wimﬂiimlmﬂumumumﬂimi‘ULLNﬂizanui@U

1. ¥1191 Undrained Shear Strength (C,) , Unit Weight (Y) Y93aU11 {8 1I0UUAIUIN

' o o 9 a

1 { ' y v I ' o w
mmasdumugegavesaumiion Tagldaindesninninaunsnsaesdisarudumimas

MuUMUgIgavesAumiie)

P =2c,b+bz+ 283,z (2-28)
P =110,0 (229

1 o w a v <
Tag P, Ao ATMAIAIUNIUGIgATDIALADAIINEIUDIA NN

z o ANANIINAIALIUDIYATNADINTHINGANTTU p-y curve VBIAU
C, f® A1 Undrained Shear Strength YoIAUNANEAN 2

A J Y Y o 3
b fie AANUNINveIdAE I

1 a 4 1 o [
2. AN K, 910015199 2.2 1agMuIma yg, 11nauns
Yso = EsoD (2-30)

1 a 4 { 3}./ o 1
3. MW NAD T Ab mmswﬂgﬂﬁ 2.15 NUUATUIUA ypil”lﬂﬁllﬂﬁ

Yo = 41A Y, (2-31)
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A 1 ) 4 ) v A ~ <
A1TINN 2.2 ATWITIUANDT kC A1 ITUAUN UYLV

Average undrained shear strength (kPa)

50-100 100 - 200 300 - 400
K, (static) MN/m’ 135 270 540
K, (cyclic) MN/m’ 55 110 540

(5135&%‘”1 : Lymon C. Reese, William F., Van Impe.,2001)
0 02 0.4 06 08 1

SRS

10T

12
(é’Naﬁmﬂ : Lymon C. Reese, William F., Van Impe.,2001)

~ 1 a 14 o v A =\ [
5UN 2.15 Amimes At AN TUAUN LYY

U

d’dlﬂ}

° 1 ] v a <) ] 1 1
4. MUIUATANUTUNUD p-y curve ﬂl@iﬂulﬁﬁﬁl’)uﬂl\‘]ﬁ1ﬁﬁﬂnﬂﬂ1 y NUAUDYNIN

A 1 %
nsomny 06y, naums

25

y— 045y, |

= AP|1-
P=Ak 045y,

(2-32)

o J o 4 a 3 o o 1 $ 1 1
5. MUIUMANUANNUT p-y curve YDIAUHTBIMIIAHTUNNATy AUAIWINAN
9 1
06y, uazupeni1 18y, 9nauns

0085

50

p= 0936AF, - P.(y-06y,) (2-33)

o v o 4 a [~ [ 1 1 1 ]
6. MUIUAIANUTUHUT p-y curve YDIAUNUGIWIITHTUNNATy NUAIWINAN
18y, 9naums

p= 0936AR, ——2py

A (2-34)
50
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2.2.3 HUUFIABINGANTTUMIFTUNIINIZNVBIAUNT Y (p-y Curve of Sand)

\
P
Pz G
Linear i
I
I
I
Parabolic = = P i
i Yu
| I
k - 77pfr -}Lm i
Vi 1 |
1 i
| |
k,z i i
b 3b ¥
60 60

(5’1@8@%} : Lymon C. Reese, William F., Van Impe.,2001)

~ a a N o o o
gﬂﬂ 2.16 WQ@lﬂiilﬁl@\‘]ﬂucﬂ318ﬂ3m5ﬂl!33ﬂ531’nlﬂu3@ﬂ

Reese et al. (1974) lal@usunusiasangdnssuvesaunitelunsaisunss
o a3 [ y 1 a AR 4 o
N5ERUYUTOVIINNITNAAD I ﬂﬂgﬂ‘ﬁ 2.16 Tﬂflfﬁll”liﬂ?ﬂﬂﬁ/\l15111&@]959’]1\1"]L‘Wd@ﬂ1u3m
o v d a Y o dy
ANVTAUNUT p-y curve GIJ@\Tﬂ‘L!‘V]iWﬂﬂﬂQH
1 a @ <
1. #1191 Friction Angle , Unit Weight ('Y) VDIAUNTY uazmummmwﬁ}mmmmu

o J a g
2. MUIUAIWITIUH DTN AUTUNT

a= Q;ﬁ = 45+f; K, = 04K, =tar’ (45—Q) (2-35)
2 2 2
3. Aumidsdumugegavesauasnnued 1 wide Tagldaindinainn

qunNIg

K, tangsin g N tang

= b+ zt [
ps =72 tan(s — §)cosa | tan(s —g) (b+ ztangsina)
+ Kyztang(tang sin g — tana) — K_b] (2-36)
p, = K byz(tar® g -1) + K byztang tan® g (2-37)

9
4. M y, = 30/809MUUMUIUMMARIUMUGIFAVDIAUIIN

Puc = AP, or Py = AP, (2-38)
Taed1 A 150 A 1im0ngdit 2.17

9
5. Muum y, = b /60nn1umMuInAT P, 10
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pm = Bs ps or pm = Bc ps (2'39)

Tagan B, %50 B, vnangild 2.17
o o A v o
6. UIUANVFUITUAUVOINTINANUTUWUT p-y curve 1INAUNS

p=(k,2y (2-40)

Tagan K, WININATTIN 2.3 19D 2.4

1 2 3 1 2 3

0 L L 0 f y
u u < 1 T

\

‘\ A (Cyclic)
1

A(Static)

w
3
T

>3, B(Cyclic)=0.55

z
b
B(Static)=0.5

N
: H

6

(é’Naﬁmﬂ : Lymon C. Reese, William F., Van Impe.,2001)

{ 1 a g o v A
gﬂﬁ 2.17 AT UMD IA N T IVAUNTY

A1519% 2.3 Value of kpy for submerged sand

Relative density Loose Medium Dense

K, (MN/m’) 5.4 16.3 34

(gwﬁwm : Lymon C. Reese, William F., Van Impe.,2001)

A1319N 2.4 Value of kpy for sand above water table

Relative density Loose Medium Dense

Ky, (MN/m’) 6.8 24.4 61

(5135&%‘”1 : Lymon C. Reese, William F., Van Impe.,2001)

° U A g . v v
7. MuuaIundunswl Parabolic TunTIUANUTUNUS p-y curve VINEAUMS

p=C,. (2-41)
TagmmIsTMesa199 MUINN
C n/n-1
P, — B P P
Mm=——"N=—",C=—, Y =| —— (2-42)

Yo = Ym my., Ym kpyX
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2.2.4 wqﬁnssummsmsﬁumju (Pile Group Behavior)

a @ %’ @ <3 1
Rollins tiagAme (2006) Vlﬁlﬁ'uﬁ]wqGlﬂ’i’iiJﬂTi’i‘Uu'H’i'uﬂ“llf]\ilﬁ’1lﬂliJﬂij3JLLﬁ$

[

o Y <3 U A Ao o Y 9 " o o Y
N1 amumummmuwnqﬂuﬂimmmmﬂimmnmumn Tﬂammaqmumuuﬂ
Y

9 < ' Y o a J A 3 A 9 Y (v 1 o o 9
ﬂ'luﬂl'lﬂ“ll@ﬂlﬁ'll‘llﬂﬂﬁjﬂflﬂﬂ1ﬂ'l'i'3!.ﬂ313WLWN@uLﬁ1L“UiJLﬂfJ'J lmﬁh’i"l]'i'ﬂﬁﬂﬂ'lﬂWﬁ\‘lﬂTNVﬂN“Uﬂ\?

< 1 @
s luuaazu IR guns

LE‘T'IL%?JLLQ'JLLSﬂ
f = 026In(S/D)+05< 10 (2-43)
!.ﬁ"ll%mlﬂ’)“ﬁﬁ'ﬂ\‘l
f = 052In(S/D) <10 (2-44)
Lﬁmﬁmgmﬁmmﬂuﬁ'ﬂﬂ
f = 060In(S/D) - 025< 10 (2-45)

1w I 1 1 1 J <3 4 <
Iﬂﬁlﬂ'lﬂ'lll'l]i S Lﬂuﬂ’]'§383T’T'N331’7'J'NﬂﬂﬁuElﬂﬁ'l\ilelluﬁ\‘]ﬂﬂﬁuﬂﬂa%‘llﬁ'lléllu

[ I ' < [ {
auda 11 uaz D Flumanunhaaudunaasasgli 2.18

Load Direction i #

D

T

1st Row Piles

2nd Row Piles

A
A

<

3rd Row Piles

4th Row Piles

{ v < 1 a o
51U 2.18 aNHUSVDUTUUNNQUUASNANILIINTE N
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Xiang-Lian Zhou #a¢ Jian-Hua Wang (2009) ﬁﬂquammmmemum
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Structural Performance Level and Range
Nonstructural )
S-1 S-3 S-4 S-5 S-6
Performance Damage
Immediate Life Limited Collapse Not
Level Control
Occupancy Safety Safety Range | Prevention Considered
Range
N-A
Operational Not Not Not Not
Operational 2-A
1-A Recommended | Recommended | Recommended | Recommended
N-B Immediate
Not Not Not
Immediate Occupancy 2-B 3-B
Recommended | Recommended | Recommended
Occupancy 1-B
N-C
Life Safety
Life 1-C 2-C 4-C 5-C 6-C
3-C
Safety
N-D
Not
Hazards 2-D 3-D 4-D 5-D 6-D
Recommended
Reduced
N-E Collapse
Not Not Not No
Not 4-E Prevention
Recommended | Recommended | Recommended Rehabilitation
Considered 5-E

3.1.2 Immediate Occupancy Level (I10)
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3.1.3 Life Safety Level (LS)
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(Design Earthquake)
3.1.4 Collapse Prevention Level (CP)
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3.2.2.1 Yszanvearuny o naalassaiig
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Ussinndudn | V. Nwse N, S,

A > 1500 m/s - -

B 750 - 1500 m/s - -

C 360 - 750 m/s > 50 > 100 kPa

D 180 - 360 m/s 15 - 50 50 - 100 kPa
<180 m/s <15 <50 kPa

FJ
o v o

] ] Fl
UFUAUNNANVHUININND 3 10AT NTAUANTAAI
E Plasticity Index (PT) > 20
Moisture Content (w) > 40%

S_u<25kPa
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s
9 v CAE

~ 1w a £ a Ay Y
MTNN 3.4 ﬂ”lﬁiJﬂi%ﬁ‘ﬂﬁﬁ”ﬁ’iﬁﬁlﬂ!ﬂuujnm‘ﬂ@]’ﬂﬂiﬂiﬂﬁi”lﬂ Fa
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umﬁau‘ﬁ'ﬂizﬁﬁgmimmmi (Seismic Base Shear, V) 3@04M111994
thminvealassadrauazanuiswenauesvesInseaduiedunsenszriuruaulng Ta
1ATFIUURS FEMA 356 lamnualimuianinaums
V =CC,C.C,SW (3-5)
TauC, fie mdwlszansUSuudnaneuauoslagfuamon
C,=10 dmiu T>T, (3-6)
C, =15 AM5U T < 0.1 sec (3-7)
MC, fogserinT = 0.1uaz T = T, f1u2m 1833 Linear Interpolation
M T, Huanngili 3.1-3.2
c, Ao mdulszansusuudidesnnmanlasugveslaseadre fauaasluaissd 3.6
Tagagdoaldar C, = 1.0 lunsaidmsigriuun liFadu (Nonlinear)

P2 '
C,flo mduszansilSunaiiioanin P — A Effect fuaaInaums

(R-1)?%°

C,=10+ (3-8)



35

Y U < J o
Rﬁ@ ATDATTITIUAITULUILNTI ATUIUIINAUNIT
S
R=C,| (3-9)
VW

1T o a £ o Y @ {
C_ v mduilszanslsvuduie awaasluasei 3.7

Y
w e hwiinTaseadelsz@nsnavoseinns
S, Ao AT UaUouFITnasud 1T UN1TeeNUUUNAINIUNITAUYD

Taseadn T

3.2.5.1 Mmihwdnlassasilszansnaveinims

¥ o 9 a a A ¥ @ 2 A 9
UTWUﬂTﬂiﬂfTiTQﬂizﬁﬂ‘ﬁNa o ‘lﬂWUﬂlﬁi‘Vf]ﬂiul!u3ﬂﬂﬂl@ﬂ@1ﬂ15‘ﬂﬁﬂﬂ
o a a o Y [ 1 Aa 9 %‘ v d'
1!13J”I‘Wﬁ]”l§ﬂl”liuﬂ”l§flmi13WIﬂiQﬁiTQiULLﬁQLLWHﬂHllW’J Tﬂﬂﬂ%ﬁﬂﬂi?NUTWUﬂﬂiiﬂﬂﬂQV]
2 I o A o It
MINUAUVDIDIANT Ltaxumuﬂminﬂﬂizm‘w@uﬂ m@m'lﬂu
9 %’ o . = Aq ¥ & o
1. 3980% 25 YIUIHUNUITINNIT (Floor Live Load) 1uﬂimmaﬂ®1ﬂ1iw1%LﬂUWﬁﬂ
to @ Y o R = 3 o g X
mmi%’aﬂinEluﬁ“lmuﬂu@lmmmmumuﬂﬁluﬁu’au

@

3 d ! %,' £ ' %’
2. TN UNUDINUIDINTT uazwmﬂuﬁ’mmm ﬁ%@uWﬁuﬂUﬁﬁ‘l{]ﬂlﬁﬂﬂlﬂ1ﬂ1ﬂu1ﬁ f

'
A o 91 A

v v 2 Y Y
VOIMITI9IANT NNTLDAININUNNIFUDE1T08 480 UMD 1NNT Tagliiaonlda1n
11NN

g Y] A A A [ PPN g‘/ Y
3. M UNUDUATOIND INTDIINT L!ﬁ$Qﬂﬂﬁﬂ!‘ﬂﬁﬂ@l\illﬂﬂﬂTJiﬁllﬂﬂﬁiﬁ'iN
o v d' v Y b4
3.2.6 mimmmmn15maeumaﬂmmmmimaain

11ATTIUUDI FEMA 356 lamvualdmunaninsnaeudauthnine (Target
Displacement) 31NTUNT

T2
§=CCLC,LCS 9 (3-10)

ar

'd 1
Tae C,fo mdnszansuiuud dawaasluaisiei 3.8
A U 1 d‘ 9 1
g o AANUEAHBInNNs Ty 1vedlan

g
mduilszans C,,C,,C, muimmuiaie 3.2.5



36

1 '
M50 3.6 maudszanslSuud C,

T < 0.1 second (3) T 2 Ts second (3)
Structural
Framing Framing Framing Framing
Performance Level

type 1 (1) | type2(2) | type1(1) | type2(2)
Immediate Occupancy 1.0 1.0 1.0 1.0
Life Safety 1.3 1.0 1.1 1.0
Collapse Prevention 1.5 1.0 1.2 1.0

(819849970 : FEMA 356 Code)

1. Structures in which more than 30% of the story shear at any level is resisted by any combination of the following

2. All frames not assigned to Framing Type 1.

3. Linear interpolation shall be used for intermediate values of 7.

H I
M5190 3.7 mdulsyaniuSunduna C

components, elements, or frames: ordinary moment-resisting frames, concentrically-braced frames, frames with partially-restrained

connections, tension-only braces, unreinforced masonry walls, shear-critical, piers, and spandrels of reinforced concrete or masonry.

Steel Steel
Concrete Concrete Steel
No. Concentric Eccentric
Moment Shear Moment Other
of Stories Braced Braced
Frame Wall Frame
Frame Frame
1-2 1.0 1.0 1.0 1.0 1.0 1.0
3 or more 0.9 0.8 0.9 0.9 0.9 1.0

Note: Cm shall be taken as 1.0 if the fundamental period (7) is greater than 1.0 second.

1 '
M319h 3.8 mduszanslSuud C,

(81989970 : FEMA 356 Code)

Number of Shear Buildings (1) Other Buildings
stories Triangular Load Pattern Uniform Load Pattern Any Load Pattern
1 1.0 1.0 1.0
2 1.2 1.15 1.2
3 1.2 1.2 1.3
5 1.3 1.2 1.4
10+ 1.3 1.2 1.5

1. Buildings in which, for all stories, interstory drift decreases with increasing height.

(81989970 : FEMA 356 Code)
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A9 3.9 Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures-

Reinforced Concrete Beams

Plastic Rotation Angle, Radians (3)

Condition Component Type
10 LS Cp
i. Beams controlled by flexure (1)
PP Trans. Reinf. (2) L

Pbal b,dy fc

<0.0 C <3 0.010 0.020 0.025

<0.0 C 26 0.005 0.010 0.002

=05 C <3 0.005 0.010 0.002

=05 C 26 0.005 0.010 0.015

<0.0 NC <3 0.005 0.010 0.020

<0.0 NC =6 0.0015 0.005 0.010

>0.5 NC <3 0.005 0.010 0.010

>0.5 NC =6 0.0015 0.005 0.005
ii. Beams controlled by shear (1)
Strrup spacing < d/2 0.0015 0.002 0.003
Strrup spacing = d/2 0.0015 0.002 0.003
iii. Beams controlled by inadequate development or splicing along the span (1)
Strrup spacing < d/2 0.0015 0.002 0.003
Strrup spacing > d/2 0.0015 0.002 0.003
iv. Beams controlled by inadequate embedment into beam-column joint (1)

0.01 0.01 0.015

(81989910 : FEMA 356 Code)

1. When more than one of the conditions i, ii, iii, and iv occurs for a given component, use the minimum appropriate

numerical value from the table.

2. “C” and “NC” are abbreviations for conforming and nonconforming transverse reinforcement. A component is

conforming if, within the flexural plastic hinge region, hoops are spaced at < d/3, and if, for components of moderate and high ductility

demand, the strength provided by the hoops (Vs) is at least three-fourths of the design shear. Otherwise, the component is considered

nonconforming.

3. Linear interpolation between values listed in the table shall be permitted.
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A1519% 3.10 Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures-

Reinforced Concrete Columns

Plastic Rotation Angle, Radians

Condition Component Type
10 LS Cp
i. Columns controlled by flexure (1)
P \%
A] fc Trans. Reinf. (2) bW d fc
<0.1 C <3 0.005 0.015 0.020
<0.1 C 26 0.005 0.012 0.016
=04 C <3 0.003 0.012 0.015
=04 C 26 0.003 0.010 0.012
<0.1 NC <3 0.005 0.005 0.006
<0.1 NC =6 0.004 0.004 0.005
=04 NC <3 0.002 0.002 0.003
=04 NC =6 0.002 0.002 0.002
ii. Columns controlled by shear (1,3)
All cases - - -
iii. Columns controlled by inadequate development or splicing along the span (1,3)
Hoop spacing < d/2 0.005 0.005 0.01
Hoop spacing > d/2 0 0 0
iv. Columns with axial loads exceeding 0.70P (1,3)
Conforming hoop over the entire length 0 0.005 0.01
All other cases 0 0 0

(81989910 : FEMA 356 Code)

1. When more than one of the conditions i, ii, iii, and iv occurs for a given component, use the minimum appropriate

numerical value from the table.

2. “C” and “NC” are abbreviations for conforming and nonconforming transverse reinforcement. A component is

conforming if, within the flexural plastic hinge region, hoops are spaced at < d/3, and if, for components of moderate and high ductility

demand, the strength provided by the hoops (Vs) is at least three-fourths of the design shear. Otherwise, the component is considered

nonconforming.

3. To qualify, columns must have transverse reinforcement consisting of hoops. Otherwise, actions shall be treated as force-

controlled.
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AN 3.11 Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures-

Reinforced Concrete Beam-Column Joints

Plastic Rotation Angle, Radians
Condition Component Type
10 LS Cp
i. interior joints (2,3)
P vV :

. Trans. Reinf. —

Ag fc V,
<0.1 C <12 0.000 0.020 0.030
<0.1 C =15 0.000 0.015 0.020
=04 C <12 0.000 0.015 0.025
=04 C =15 0.000 0.015 0.020
<0.1 NC <12 0.000 0.015 0.020
<0.1 NC =15 0.000 0.010 0.015
=04 NC <12 0.000 0.010 0.015
=04 NC =15 0.000 0.010 0.015

ii. other joints (2,3)

P ' \%

A] fc Trans. Reinf. (1) Vn
<0.1 C <12 0.000 0.015 0.020
<0.1 C =15 0.000 0.010 0.015
=04 C <12 0.000 0.015 0.020
=04 C =15 0.000 0.010 0.015
<0.1 NC <12 0.000 0.0075 0.010
<0.1 NC =15 0.000 0.0075 0.010
=04 NC <12 0.000 0.005 0.0075
=04 NC =15 0.000 0.005 0.0075

(1989970 : FEMA 356 Code)
1. “C” and “NC” are abbreviations for conforming and nonconforming transverse reinforcement. A joint is conforming if
hoops are spaced at < ic/3 within the joint. Otherwise, the component is considered nonconforming.
2. P is the design axial force on the column above the joint and Ag is the gross cross-sectional area of the joint.

3. Vis the design shear force and Va is the shear strength for the joint.
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Concrete (Non-Linear Constant Confinement Concrete Model)
Compressive Tensile Strain at peak Confinement
Concrete
Strength (Pa) strength (Pa) stress (m/m) factor (-)
Cover 1 2.36E+07 0 0.002 1.00
Beam 1 2.31E+07 0 0.002 1.13
Beam 2 2.33E+07 0 0.002 1.14
Beam 3 2.37E+07 0 0.002 1.16
Beam 4 2.41E+07 0 0.002 1.18
Beam 5 1.90E+07 0 0.002 1.12
Beam 6 1.96E+07 0 0.002 1.15
Column 1 2.95E+07 0 0.002 1.48
Column 2 3.05E+07 0 0.002 1.52
Column 3 2.53E+07 0 0.002 1.26
Column 4 3.10E+07 0 0.002 1.56
Column 5 2.57E+07 0 0.002 1.28
Cover 2 1.97E+07 0 0.002 1.00
Column 6 2.32E+07 0 0.002 1.34
Pile 1 1.96E+07 0 0.002 1.28
Pile 2 1.87E+07 0 0.002 1.22
Pile 3 1.82E+07 0 0.002 1.19

~ [ a 4 o a 3 A A 9
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Steel (Menegotto-Pinto Steel Model)

Modulus of elasticity (Pa) 2.00E+11 Yield strength (Pa) 3.00E+08
Strain hardening parameter 0.02 Transition curve intial shape
20

Fracture/bucking strain 0.06 parameter
Transition curve shape Isotropic hardening calibating

18.5 0.025
calibrating coeff. Al coeff. A3
Transition curve shape Isotropic hardening calibating

0.15 2

calibrating coeff. A2

coeff. A4
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Fixed Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.282 s 0.282 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.084 g 0.125 g
01717 (S,)
alsznevlSunaneuaued (R) 5 - 5 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.028 g 0.042 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 26356 39425
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.67 5.50
a 0.074 0.074
vV, 190000 190000
C, 2.15 3.52
Target Displacement 0.045 0.51% | 0.111 1.23%
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Sand Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.341 s 0.341 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.087 g 0.131 g
01717 (S,)
alseneulSurnanouaued (R) 5 - 5 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.029 g 0.044 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 27446 41095
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.83 5.73
a 0.074 0.074
vV, 190000 190000
C, 2.04 3.24
Target Displacement 0.066 0.73% | 0.156 1.74%
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Stiff Clay Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.310 s 0.310 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.085 g 0.128 g
01717 (S,)
alsznevlSunaneuaued (R) 5 - 5 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.028 g 0.043 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 26873 40217
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.56 5.33
a 0.074 0.074
vV, 200000 200000
C3 1.98 3.16
Target Displacement 0.052 0.57% | 0.123 1.37%
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Soft Clay Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.428 s 0.428 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.092 g 0.139 g
01717 (S,)
alseneulSurnanouaued (R) 5 - 5 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.031 g 0.046 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 29053 43557
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.85 5.77
a 0.074 0.074
vV, 200000 200000
C, 1.84 2.81
Target Displacement 0.098 1.09% | 0.226 2.51%
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Fixed Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.554 s 0.554 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.100 g 0.150 g
01717 (S,)
alsznevlSunaneuaued (R) 5 - 5 -
dtlsznounnudinny (1) 1.25 - 1.25 -
ala.maneuausauruaulna (C,) 0.016 g 0.023 g
Tminlassadalseansna (w) 1955457 1955457

A A
HIUROUNTIUVD991A5 (V) 30492 45788
o J d’ d’ Y
MuIUAINSINaUNI LY

C, 1.42 1.42
C, 1.24 1.24
C, 1.00 1.00
C, 0.90 0.90
R 6.15 9.24
a 0.056 0.056
vV, 280000 280000
C3 1.00 1.00
Target Displacement 0.161 0.89% | 0.217 1.21%
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sand Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.620 s 0.620 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.104 g 0.156 g
01717 (S,)
alsznevlSunaneuaued (R) 5 - 5 -
dtlsznounnudinny (1) 1.25 - 1.25 -
ala.maneuausauruaulna (C,) 0.016 g 0.024 g
Tminlassadalseansna (w) 1955457 1955457

A A
HIUROUNTIUVD991A5 (V) 31677 47603
o J d’ d’ Y
MuIUAINSINaUNI LY

C, 1.42 1.42
C, 1.24 1.24
C, 1.00 1.00
C, 0.90 0.90
R 6.39 9.61
a 0.056 0.056
vV, 280000 280000
C3 1.00 1.00
Target Displacement 0.191 1.06% | 0.287 1.59%
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Stiff Clay Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.587 s 0.587 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.102 g 0.153 g
01717 (S,)
alsznevlSunaneuaued (R) 5 - 5 -
dtlsznounnudinny (1) 1.25 - 1.25 -
ala.maneuausauruaulna (C,) 0.016 g 0.024 g
Tminlassadalseansna (w) 1955457 1955457

A A
HIUROUNTIUVD991A5 (V) 31085 46696
o J d’ d’ Y
MuIUAINSINaUNI LY

C, 1.42 1.42
C, 1.24 1.24
C, 1.00 1.00
C, 0.90 0.90
R 6.27 9.42
a 0.056 0.056
vV, 280000 280000
C3 1.00 1.00
Target Displacement 0.170 0.94% | 0.256 1.42%
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Soft Clay Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.717 s 0.717 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.109 g 0.165 g
01717 (S,)
alsznevlSunaneuaued (R) 5 - 5 -
dtlsznounnudinny (1) 1.25 - 1.25 -
ala.maneuausauruaulna (C,) 0.017 g 0.026 g
Tminlassadalseansna (w) 1955457 1955457

A A
HIUROUNTIUVD991A5 (V) 33418 50271
o J d’ d’ Y
MuIUAINSINaUNI LY

C, 1.42 1.42
C, 1.24 1.24
C, 1.00 1.00
C, 0.90 0.90
R 6.74 10.14
a 0.056 0.056
vV, 280000 280000
C3 1.00 1.00
Target Displacement 0.261 1.45% | 0.393 2.18%
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Fixed Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.763 s 0.763 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.112 g 0.169 g
01717 (S,)
alsznevlSunaneuaued (R) 5 - 5 -
dtlsznounnudinny (1) 1.25 - 1.25 -
ala.maneuausauruaulna (C,) 0.018 g 0.026 g
Tminlassadalseansna (w) 2024195 2024195

A A
HIUROUNTIUVD991A5 (V) 35448 53347
o J d’ d’ Y
MuIUAINSINaUNI LY

C, 1.48 1.48
C, 1.13 1.13
C, 1.00 1.00
C, 0.90 0.90
R 7.70 11.59
a 0.056 0.056
vV, 260000 260000
C3 1.00 1.00
Target Displacement 0.266 0.99% | 0.400 1.48%
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Sand Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.831 s 0.831 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.116 g 0.175 g
01717 (S,)
alsznevlSunaneuaued (R) 5 - 5 -
dtlsznounnudinny (1) 1.25 - 1.25 -
ala.maneuausauruaulna (C,) 0.018 g 0.027 g
Tminlassadalseansna (w) 1955457 1955457

A A
HIUROUNTIUVD991A5 (V) 35464 53405
o J d’ d’ Y
MuIUAINSINaUNI LY

C, 1.48 1.48
C, 1.13 1.13
C, 1.00 1.00
C, 0.90 0.90
R 7.71 11.61
a 0.056 0.056
vV, 260000 260000
C3 1.00 1.00
Target Displacement 0.327 1.21% | 0.492 1.82%
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Stiff Clay Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.802 s 0.802 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.114 g 0.172 g
01717 (S,)
alsznevlSunaneuaued (R) 5 - 5 -
dtlsznounnudinny (1) 1.25 - 1.25 -
ala.maneuausauruaulna (C,) 0.018 g 0.027 g
Tminlassadalseansna (w) 1955457 1955457

A A
HIUROUNTIUVD991A5 (V) 34944 52608
o J d’ d’ Y
MuIUAINSINaUNI LY

C, 1.48 1.48
C, 1.13 1.13
C, 1.00 1.00
C, 0.90 0.90
R 7.59 11.43
a 0.056 0.056
vV, 260000 260000
C3 1.00 1.00
Target Displacement 0.300 1.11% | 0.451 1.67%
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Soft Clay Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.936 s 0.936 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.122 g 0.184 g
01717 (S,)
alsznevlSunaneuaued (R) 5 - 5 -
dtlsznounnudinny (1) 1.25 - 1.25 -
ala.maneuausauruaulna (C,) 0.019 g 0.029 g
Tminlassadalseansna (w) 1955457 1955457

A A
HIUROUNTIUVD991A5 (V) 37349 56293
o J d’ d’ Y
MuIUAINSINaUNI LY

C, 1.48 1.48
C, 1.13 1.13
C, 1.00 1.00
C, 0.90 0.90
R 8.12 12.23
a 0.056 0.056
vV, 260000 260000
C3 1.00 1.00
Target Displacement 0.437 1.62% | 0.658 2.44%
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Sand Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.309 s 0.309 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.085 g 0.128 g
01717 (S,)
alseneulSurnanouaued (R) 5 - 5 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.028 g 0.043 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 26855 40189
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.56 532
a 0.074 0.074
vV, 200000 200000
C3 1.98 3.16
Target Displacement 0.051 0.57% | 0.122 1.36%
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Stiff Clay Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.299 s 0.299 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.085 g 0.127 g
01717 (S,)
alsznevlSunaneuaued (R) 5 - 5 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.028 g 0.042 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 26670 39906
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.53 5.28
a 0.074 0.074
vV, 200000 200000
C, 2.00 321
Target Displacement 0.048 0.53% | 0.115 1.28%
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Soft Clay Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.366 s 0.366 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.089 g 0.133 g
01717 (S,)
alseneulSurnanouaued (R) 5 - 5 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.030 g 0.044 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 27908 41802
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.70 5.54
a 0.074 0.074
vV, 200000 200000
C3 1.90 2.96
Target Displacement 0.072 0.80% | 0.167 1.86%
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Fixed Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.341 s 0.341 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.087 g 0.131 g
01717 (S,)
alsznevlSunaneuaued (R) 3 - 3 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.029 g 0.044 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 27446 41095
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.63 5.44
a 0.074 0.074
vV, 200000 200000
C, 1.93 3.04
Target Displacement 0.062 0.69% | 0.147 1.63%
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Sand Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.390 s 0.390 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.090 g 0.135 g
01717 (S,)
alseneulSurnanouaued (R) 3 - 3 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.030 g 0.045 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 28351 42481
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.95 5.92
a 0.074 0.074
vV, 190000 190000
C, 1.97 3.08
Target Displacement 0.086 0.95% | 0.201 2.23%
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Stiff Clay Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.366 s 0.366 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.089 g 0.133 g
01717 (S,)
alsznevlSunaneuaued (R) 3 - 3 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.030 g 0.044 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 27908 41802
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.70 5.54
a 0.074 0.074
vV, 200000 200000
C3 1.90 2.96
Target Displacement 0.072 0.80% | 0.167 1.86%
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Soft Clay Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.465 s 0.465 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.095 g 0.142 g
01717 (S,)
alseneulSurnanouaued (R) 3 - 3 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.032 g 0.047 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 29737 44604
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.94 591
a 0.074 0.074
vV, 200000 200000
C, 1.81 2.74
Target Displacement 0.117 1.30% | 0.266 2.96%
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Sand Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.365 s 0.365 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.089 g 0.133 g
01717 (S,)
alseneulSurnanouaued (R) 3 - 3 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.030 g 0.044 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 27889 41774
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.89 5.82
a 0.074 0.074
vV, 190000 190000
C, 2.00 3.16
Target Displacement 0.075 0.83% | 0.177 1.97%
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Stiff Clay Design EQ Max. EQ
MUIULTINOUNTIUVDIDIAT

MUNTFUVDI1AT (T) 0.357 s 0.357 s
AMANUSINDUAUDIF NS VDO ALUUVUDI

0.088 g 0.132 g
01717 (S,)
alsznevlSunaneuaued (R) 3 - 3 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneuausauruaulna (C,) 0.029 g 0.044 g
hminlassadalszansma (w) 943330 943330

A A
HIUROUNTIUVD991A5 (V) 27741 41547
o J d’ d’ Y
MuIUAINSINaUNI LY

C0 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.67 5.50
a 0.074 0.074
vV, 200000 200000
C, 1.91 2.99
Target Displacement 0.068 0.76% | 0.160 1.77%
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Soft Clay Design EQ Max. EQ
ﬁmmumﬁauﬁgmmmmms
AUMIFUYeIeIAs (T) 0.390 s 0.390 s
MANUTIAOUAUBITIHTUIDNLUVVDY
0.090 g 0.135 g
01713 (S,)
alsznoulsunanouaues (R) 3 - 3 -
dtlsznounnudinny (1) 1 - 1 -
ala.maneudusaruaulna (C,) 0.030 g 0.045 g
dhmiinTnseadadszantne (w) 943330 N 943330 N
umﬁauﬁgmmmmms V) 28351 42481
fnammsiadeuiidhmue
C, 1.30 1.30
C, 1.00 1.00
C, 1.00 1.00
C, 0.90 0.90
R 3.75 5.63
o 0.074 0.074
vV, 200000 200000
C, 1.87 2.90
Target Displacement 0.081 0.90% | 0.189 2.10%









