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Abstract

For describing the overall structural behaviour of planar R/C buildings, a self-contained
set of fully nonlinear and dynamic formulations is presented in a mathematically consistent
way. Limited degrees of freedom in system deformation, associated with a bare-minimum
reduction of constituent restoring force elements, feature the model developed; without going
into specific structural details, this modelling of a gross nature is primarily intended to cover a
certain class of buildings by incorporating the relevant common properties of a particular
interest. In addition to permitting to adequately reflect the inelastic and hysteretic character-
istics, the current formulation accounts for the effects of nonlinear geometry in the deformed
configuration, and can be used, with a practical sufficiency, for the purposes of clarifying
significant features in the serious damage and ultimate failure sustained under the combined
action of intense ground motion and gravity. The discussions also include the quantitative
identification of the role of basic system parameters in this regard, and the related character-
ization of the destructive capabilities of excitation. In particular, the influence of failure con-
centration at a comparatively soft and vulnerable portion of structure is emphasized by com-

parison with other typical instances of overall failure.
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& Ct ') HX ,) ;}&“%“’Biﬁm ‘JI T é fi '.“te.r‘”hf‘""d at i-th story }acting on the deformed configuration
T - N1 - mSICHT 2R EEN U‘“K)ﬂ L Pivvertical foad at I-th story (Fhe iF1, F2y venn s fou!
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{1 {u} = vy, by, -. , 0 ,T : horizontal story-displacement vector (relative to the support)
1 2 n
{v}= vy, va, «.., vy :vertical story-displacement vector (relative to the support)
{ut=sinR {h}, {v}=(-1+cosRr){(h} [R: translational anglel
m: generalized force associated with R in the incremental strain-energy relation,
dE =MdR, of the total system
(2) cosR . fy (A} - sinR (ps{h} = m
(3) (£} =~t] ({5} + i {e}) = -[m] (cos RR- sin RRZ{A) + 1y {e})

{p} =-Im}( (v)+g+v {e}) = ~tm}( 5inR§—cO$Ré2ﬁ1‘}+g*'\;o(G))
where Im} : story-inertia matrix of structure, f{el=.1,1,..., ),T,
Uy, V,: horizontal and vertical accelerations at the support of structure,
g : gravity constant
el (R} R + (B, bl {e} (Gycos R- g+ VosinR) + M= 0
hy fml{h}
\hy fml{e}

w o=

A= R=HR :equivalent lateral drift (along the circular arc)

Aree B = ~—-m'-/-H~—i : equivalent force (in terms of acceleration) associated
whyfmi{ed  (8/8')(ZW/g} " uith A (ZW: total weight of structure)

H=h,/8 : equivalent total height of structure

_ i fnlle} Bn, B8'= ‘c’h"‘]{E)” :modification factors, depending upon the relative
ihy [m]{R} iy ml{e} distribution of story-mass and story-height (The
former is equivalent to the fundamental participation
function at top story.)
[B=3nr/(2n+]1) =1.00).5 and B' =2n/{n+}) =}.01 2.0, for a uniform distribution of
story-mass and interstory-height]

(6) & + A = -Ugeos(8/H) + (g+¥g)sin(a/n)

(7) 8i=h;R=8b/(hy/hi) = B{a/n)] : story~drift along the circular arc
(h; =Hhj -Rj-1: interstory height at i-th story}

{8) A/q : shear coefficients at all the stories, for a uniform distribution of lateral-force
coefficients
{8/8') (A/g) : base shear coefficient, for the distribution of lateral-force coefficients
according to the specnfled mode of story-drifts
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skeleton curve in restoring
force properties
gravity-effect force, A8

=gsin(a/H) n (g/H)A

= 2,12
Q% =bm*/ T3

= 2y 12 =
g/ =ag0l L8y = (/M) TeAy /oy, ug = ay/ag )

A (=8,u)

ay Ag (n/2) #
= bghy

(a) Trilinear skeleton curve and gravity force

p-
1
1
1
1
1
1

skeleton curve

pl8z (p<0)

auAy ........................
2 Y gravity-effect force
[ug = (oyay - puy)/{ag - p),
achy Up = Uy +ayau/(-p) ]

A

by Budy ughy Upby

(b) Quadrilinear skeleton curve and gravity force

3 BT TIBERIC T B skeleton curve & %R E

Tk <, MJ- v 1 - DOF A #fifae £ 2 Hli— B HERORRIRT
HIE I & ELi I — B L & (1) Te (=2n/9 : elastic period), Ay (s yield capacity), ac (= Ac/Ay,
Ac : crack Capaclty) ay {: secant stiffrness reduction factor at
(6)b,,f,f} J:) j,/l, 6 ‘}’(vu ’[“? i ”’/ ‘f}\ }"’i )70)/( jl% yield point), e (: viscous damping factor)
B (2) u{t) =A(t)/ay [Ay requivalent yield drift}}on the restorlng
N E BN - Ryl o fRBus uU“ ate) =l /ay force diagro
) h ag= (g/H) /2% [g/H : initial gradient in A9=gsin(a/H}]
f‘,%é]{!f‘\ 7) . (8)’(‘&) l) 1[’1“)@_’4&/‘]7)%{4{ L e{t) =U,(t)/Amax [Amax : peak acceleration of G,(t)}]
o I=Amax/Ay [:relative strength of excitation]
;(J' o % HH/]\Té ﬁﬁj E:t EUFEF"T\V)I{ (3) u= u(t;/1'9.;&_‘55‘./_a-;L ay, I, el{t), ag, Ay/q)
. e - (4) Te= (2n//g)/h/ag/n7B [h=Fn/o : average interstory height]
PIBE A~y PP EHR LA ﬂ-ff 5 = 3.83/5g/778 [for h=375 cn)
Ky /2= (8/8')/(h;ag) [K; :elastic stiffaess at base story]
S L EETNETDH S, =2.67 (8/8") /{og x 10%)  [for hy = 375 cn]

Ry (= 8y/K) = (ag/ay) (Ay/g) [:yield transiational angle]

ERTHA~A (R~W) BIFRIE, il (5) ug=Ag/By=aylag [Ag: static stability limit)

e 5 B 70 s e o) ,h_ (6) A9/Ay = sin(8/H)/ (Ay/g) = (8/H)/(Ay/g) = w/ug
THARRAVRIC B B — VHE DB (1) sm (o103 17 et

. ke . & 1 G- =(2.0v2.7) x 1073/ (K /5W)  [for hy =375¢cm, B/R =1.0~0.75]
T’ —‘E\{ n:mﬁlbﬁ){ié}b)} U U‘ ’#‘ JUJ = 59.0:0‘7)210 3 [;or K /L[woro ;w} o]cm N

WL, 7 Sl 5 T 7L b é‘;é} ® ag={ 0x1003 Lzoreis ”393303 e abta ) e <0 0 ol
R § ) o e ac=0.5, ay=0.2; Ay/g=0.25 (merely Formathemancalspec:‘flmvt'y)
[ ;(j{(g Lauid kv, X3 ‘iAm}{},{Vfﬂ; _H(’(I'T (9) au=1.05, uy=3.0, p=-0.01; thus, ‘(;p 24, ()) ué—{;? g é..:‘:f?f.).)
T =40.73 ("soft" :
T (AS) 2B L # o skeleton %) bur Colu/ay T TT/Rg {2 b
curve %, BATSEHYIEMIZIH D 5 B ALE
LB & 7% 5 EIZhR (A7 SR ToRE SFFHR) &L E e, WM EAE§ 2T (s

i) BRI D EFPRL 72 L T, HARBRE B~ & Mo RS R 12 M T B loop koA

§ 5 degrading ¥ Th 5, EH~(2)% 5 &, A~ABFROBRERF2E2-(DrEEL, k-7
N e RN R -9 T B e ;\mﬂfd\mt (wf‘“[’l‘:ﬁﬁﬁ'ﬂ)li[fﬁ%) B, zH%T LA
AL 7 RTHEED M B B, A RYSE @I IC R T 2002 Z TOAWm 2 A-FTh), BN

Ak ﬁhTM@mm@&%k“bé%mu\/g<<1m%W$Tﬂﬁéﬂ W 7 P-A
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Mtk g (MRt & 08l OBEICE L L2 0EBELEE 2T, X, OIIEDOEHE
EROEEEIC AL HEEE (BWEERENBEHERER) 2ERL, OOBFEICRLEWNET
BEHNENEDIBIEEEHICT 5,

4. BHERCAHEE

B SIS BRI op O BME R X ,%mm%%:%w ZoFEREIY (K, /SW) "iz#E <o
PEFTHY, R2-MICBIF M, 20HEYMER LR TE 5, AETIL, T ICEEENRM
2 R&ET 5 2ENERIRY, X, %-%%%n%ﬂmﬁﬁﬁ%@sztﬂﬁwﬂ%mlimF
BEOIEE - BB LG 2 ATE L 0B 0 THEEILL 2 28R 5, R FERNBEEL
WHUE, ZOBEOFNEE 1 & BRI B una & DY, HERE T, Bln (B2ET) - EHHE

500L s00r 500¢
300 300 300 ,
200 200 200 MEL /" .~
100k /‘,//'/
70f 7 "ROC
50:
30
|c 20 HOS P
10| ,/
7 e
5 tHo
3
of
P23 57110
-
100) took 100
70 TOF 19 Classification of Strong Ground Shakings
50 50 50 /
F MEL,/ROC
30 Ensemble a-1 [typical strong motions of
10 to 25 sec duration]
ELC ..... El Centro -~ '40 (imperial
valley EQ), SOOE.
oM ..... Olympia - '49 (Western Wash-
ington EQ), S$86W.
TAF ..... Taft - '52 (Kern County EQ),
p S69E.
e HCN-NS .. Hachinohe - '68 (Tokachi-Oki
R EQ), Ns
HCN-EW .. ditto, EW.
PAC ..... Pacoima Dam - '71 (San Fer-
bt 4k iy nando EQ), S16E.
01 02050507 (0 (sec) O 0203 0507106sec) o Holiday Inn - '71 {(ditto),
— T, T
] NOOW,
b ROC
of - MEL . R
20» i \’_45_{: Ensemble a-2 [impulsive type motions]
’ oS HOS ..... Hoshina - '66 (Matsushiro EQ),
4 o 4 SCeHo EW.
/1 7k / HOS CHO ..... Cholame Shandon No.2 - '66
/Ts of w A (Parkfield EQ), N6SE.
| S a-2 e j‘/ﬂ ROC ..... Rocca - '72 (Ancona EQ), NS

s B t \[R\OC MEL ..... Melendy Ranch - '72 (Stone
At < CHO Canyon EQ), N29w.

'£ , oo Ensemble b [artificial motions of still
ay=1%10" 291X longer duration; vide Caltech
'23n5#'°u'=ex»o" 'i3n1“°a';6,,04 EERL rept., April '68]

b x v ZYsT0 A-1 ... Jennings-Housner-Tsai, Type A,
iy Y - Sample 1.
07 0363 050710 (sec) O 5203 0507 10 (sec) 0] 0203 050710(se) A-2 ... .. ditto, Sample 2.
i T — T~

Bi4  BUSBNEE (1) - BEEEE (1) - fREeE (/1) OBRMLET
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2% 5,
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RIME) & IR 5, ZOBOB S HMERERZ L N EBUNCEEET 2 A0, RER
R L COEEIELZE L BV A nax 2 BRI T GRIE - BIENEE 2ERT HO00FHTHY,
WEVFEOWMEHRE (B, EFEFEHEN TV S (& inx—> ") otlitSz2 80
WG L 2k O # M 2 R8T, &2 AT, RCEEWICH L CHER MM 2 1FT 2
BTEEL C, BRMEL CHId - B3-SR L 72 & 91, EaREeoHbrBlTh 5, Mk
HUCENL 72 2 D EAOFMEHERIZ LT LLES Tldd vy, RAICEK 2-ODE2RA L CHEE
BT A &, BERROEL KT (ENRERIE T 2 EROEMOMEL) 25 THL
B/d L)l AIRICRES N, EEMEICHLLIVSEWEE L -2 ED BEYoaflie
L G DFNICREE L 4 28R9ELN S, £ OBEFIICHNT 2 BIBEE DR TERIZE
Fe- (S RAE—FLL 7225, »otuc LT, SIESILDBEAZEHRF I T, [ 4 &1 Ffc
BETLIULEIH B,

5. %% BmEROFREENL

WIS, BIEBEDIR L B ), B KSMIERT 25 60FMAENE, BOTEHIER
TR E L EDTHET 5. B 6 (I AT 2RENFITRTH ), £, LEHBETRLE
BERELZIANT 2 RO EMTERIE - MAEIcIE U CTRES e EEAER oieke LT, £
ERDOEHRER S, ZOBESBERNF 2N LT, i 1 - DOF ROBLEIZHE L 2 2BHHE
DAL (AH-(0)ZH) 2@ L, - £ 3-DRHMIHRS &, WL RREA L7
[ & 2R RNEARER L L TR HLNE, 2 - T AIEET - EROETHA
TEHT 2QDHEITIE, ROBMEATI - EE~7 bov GHELE~NZ P LotfiiEZfiionR) 2@)T
EFEL TOROBRABILL, £0BE CHESERBIEASINDS 2D BIKTTHRE L. - B
i3, #fili 1 -DOF RNBENDL - B L EHIZFIEAM <, ZoNNEREZEIH - QFRIZRAL, £
DERLLZZGVERCEREYWET S &, BRROCEELCRELORCRAGIEEL T, 2
N i & B EBER DB I BB & BET 5 TR E 52 5, BEBRVERL T2HANY
Wre 73, BT =g = 1 & L BFBIMZ & v hy, EOWHFH L L HHEER & ORICH
I AR RS IO LIS 2 v i T, Eili 1 - DOF Rdga Mz Bic L, X, Z0EH)
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HRAOAIIAmE N {Q4 13, (BEL THAZERAKFIEATH (X) - (Y] ONEED

e Kot

Al ER

)

]

ThrEDL) SHEERICERZ LOT, BAORMFHIERIZEELEZDY, B

FIBLCHE T 5 &, FE L OEMARA L BE OBEERRIC@E R L LRI TT
H0, FOBOEETTIALENTICZEMATY L 2 5F, RO, #IEN7 L EEIERT

(a)

[N : total number of story-

assemblage elements]
k=N
©: yield hinges 8
k-th

®:

O
} story-assemblage
- ——_ element
e 4 /
I I \
p k=1
L,

a

[n : total number of stories in k-th

i story-assemblage element]

B
b

rotational springs 8- 2
)| 1 8= ?k
3 :
P 2=2
=1
H H H ' H '
k-th story-assemblage element rigid auxiliary
of actual structure structure
(V1% Uiy > Vi1 Vi) = (U, )
hknk
= hy

(Uk—]+ e s Ve i) hk : total height of k

(Uk-]+ Upy > V-1t Vk]) k ¢ tota e_'.g to ~th element

{h} = col (hyy) : height vector of
i<fgn

(Uk-1» Vi-1) K k-th element
R {f} = cot (frg), {pl= col (pkg) : horizontal and vertical
I<egng I<ggny force vectors of k-th

element, acting on the
deformed configuration

5 Al % E R E R
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5 & OAHERMEATHEE Tl v, S0 Sl % B BRI IER ) — LSRR L 7 MR 2 R AT 5 B
B EEZ 5,

5, T:@Hﬂé@#ﬁﬂ‘?[?a!i(G)“k"C“V) {61 ~ {Q} BfRic M E 27", BEAEZOHEE
BICINASERL 2w (MBEORKDA L8 LIZHi L €, BoBRE EE T 2B EmiE Eic
MHAATIE L D) kmlﬁﬁu DB, BRE—FOBREICHE Y, ERNBELGERICHT HHE
B9 7 B RO 18 T8 1 MR 0 840 b 2 TAUE K v, M RIS B L 72 2 O BARRYEEA L, 0 B €
TIALICEE L ToORBEHME (313, %1l 1 - DOF ROSRSE) OMRTIICEL, 8~ Q DFf

®3 FHMSHAERNER(L

(1) Uy, Vs horizontal and vertical displacements at the top of k-th element,
relative to the support of total structure
{ulk= col (ug), {vi = col (vyy) : horizontal and vertical displacement vectors
1<y T<Rgny of k-th element, relative to its base

k k .
Uk=E£‘h£ sinRy, Vi = !Lilhg' (-1 +cosRy); {u} = {h} sinRy, {v} = {h} (-1 +cosRy)
[Ry : translational angle of k-th element]

Qx : generalized force associated with hy Ry in the incremental strain-energy
relation, dEy =hy Q dRy, of k-th element

(2) feos R1{g} - [sinRI{N}={0Q}

o F} _
where {Q} = col A T ) con (@ {Fh)
1<keN hk I<k<N
= ot (RN L (T ) o1 (E b0
TSkeN hy TskeN
{Q} = lég;N(Qk); fcos R} = ]dgikaSgN(cos Ri), [sinRl= ](li;s%‘(sin Ry)
[1] : identity matrix (NbyN) ] o
Ehe= col (1) el=|"!
T<8<ny s
Vo) (Mby )

(3) {Fh= -ty (g + Uoy Ll + (G}, (oY = -[mly g+, + V) (8} + (V]
(fr\ﬂk : story-inertia matrix of k-th element)
(4) [M]= [E]TFN[E] - ([T)-18Y T tm) [E] + (17 twd (11-187 - (1]-18Y M [md)
- ([I]-['BJ'I)FB'\];‘;[‘N

mi

1 -
ST T KOS R RL
My = ((E) - (D) + BB D ol fed = (mi);  mi=— v I my
8} k=i+}

where [m] = ldgitfggN(mk) , (Bl = idgiiffN(Bk) , B = ldgi!fsgN(B‘L)

= ‘g’k[ﬁ‘]k(g}k ; total inertia of k-th element
N R N RO
= hy, KT ———=————~h
Fap i (R Pl ey *

{e}= co\ {1), 8¢ Kronecker's detta

(5) (Q)=-(M) b, - (M]h]{sin AT (M} = (W) (g +¥,) - [M] h}{cos R}
where {sinR} = col (sinRy)}, {cos R} = col (cos Rk)' fh] = diag (hk)
1<ksN 1<k<N 1<k<N

(6) (M1{8) + (0} = (- feos R] + g+ v, sinR1) () + (gg}
where {6} =[h]{R}: relative displacement vector [measured along the
cireular arc; {R}= col (R) 1]

{Qg} = [X1{8} - [YI T 71 (5%}

{x]={M] - (Ros R} [M]{eos R} - [sinR}[M]{3inR]
={xij)s xj;=mj;(1- cosTi——Rj): symmetric and zero-diagonal

(Y] = [sin R][M][cos R] - [cos R} M} [sinR]
= (Y;j); vij= ;J-sxn(R‘— R-): skew-symmetric

(7) ([e17Y) Timlte E]7! —(m:-j), mi=mp/(B;81) +{1- 1/B|+l‘(1'1/!3;+])/B}H)}miﬂ
n1|’l_l |_"| ={1- I/Bl)m'/B; [with mNH:O]
. otherwise zero
([e]17Y) {ﬂ}=(mi); m =m. /6'+(I I/8|+]) 1 [with mN+l=0]
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BIBIEIC B3 5 skeleton curve K # B - RI3 &R HEL B2, X, FEoEkE |
Qel FEET D40 0(L, BT L RMFENEGIEIIABESERMITL THALELGR
AEHRL T ah s, EAMRIZ DLW TLRMOBM L HARINITETH S,

6. REMEREDROEH

B S D EE DB RO BEIG BT, 858 TR A BER L% E5
LCGETT 2EBRnRELE L, ByomTE, X, EEOFESG»ZOEBERICHLT
BEED S, B, RBEMEEICRT 2 ZoEofRFENERICK L T3, Sfi2-DOF & (&
BHR AL 28 2 —HEE) 10k 2R DB ) v B TR D, AETIE I N E HR
DIFETE, TA4-DIE ZOHENEMAEER (ATEZECHEE) 2L, £, QODEHRICEIE
BUEDHELZHET 5 LQP b)), BREAEROMETHEEL LWwiH~A: (i=1,
2) BIRICENHELEINCHET 20T, ZNHDOFRIZATH - K3 2BELIEL, = T
BHOANEEAERORBEIZIE, BE-DICHBITFLEELFC2EEERRGOEA»RITL, =
nNEMLZ e i=1, 2) DEBONIHEM I -DOFROEHED ap L EHEIZIIEH A<, Ll
TG L CREE OO R 2 -Gy, SEROERTISELEN (BRER CHRENL 2 81ER) 24
ETAHERF2MEELLHEREIDOTHY, FKRICHE - bEHOBPEE»EUTEBRBIEE @ - @12 -

R4 S B HEROMER

(1) [m/{B,B1) +m,  m,/B} ] 8, Jell (my /834 m,) (U cos R+ g4V, sinR,} . o fB A}
my /85 m,/(8,85) 116, Q, (m,/B3) (~ligcos R+ g+VysinR,) 2072709
1-cos R1-R,)8, = sin(R, - R,)82/h
with {Ag)= (reos Bi-Ry)5, an( ! 2).§ 2
v (1-cos Ry~ R,)8, +sin(R ~R,))E1/h,
(2) A1=—-——Q.l—- N A2=—9‘—2——' : shear coefficients {in terms of acceleration) of the
my /By +m, ”‘2/82 tower and upper story-assemblage elements

my/my = @12@”; (an:nz/nl :ratio of number of stories in the upper versus
lower elements
@12=(m2/n2)/(m1/n1) : ratio of average weight per story in the
upper versus lower elements

(3) [Y;;Yl i ]{&x}+{y;;Al}:{y;; (~lgcos Ry +g+V,sin Rl)}+ (3
1 v, 32 A, ~ligcos R, +g+V sin R, "9
where Y, = mz{BZ Y Bl@}2®lz
m /By rmy By (14 BI@,,@,,) [0 (150 ¥y Y020
Y1=m‘/(8161’)+m2= 148,8,@,,0,,
my /By +m, 8, (1 +B1@,,@12)

(4) Ty =21/Qe : fundamental period of the elastic total system
Ry/Ry=®y, or 8,/8,=uy, [u,,=®,,®,,, ®;,=h,/h;] : associated mode

(5) [A, a0 1{s, e, o s,
= . + . in the elastic situation
A Lo o2ils, 0 25,9, )8,

; - - = ATV, @, =7, 76
with =@ 2,=@,% (@, =¥, 77,505, @,=/7,*u}]

Y, =1/8,

(8) agy = (g/b;)/2} = @g; (9/4m%) (Te/vM)¥/h [i=1¢2]
where @gl =(1+ @12)/@§, @gz= (1 +®;;)/@§

h= (hx +hz)/n : average interstory height, n=n, +n, : total number of stories

(7) a. Ta, Ze; {Te/¥n)2/b @ elastic and gravity-effect parameters of total system
er Ge e
b. By, B}, B,, 8;; @12@17, @12, @12 : dimensionless distribution parameters
c Aya/Ayy, Amax/Ayr {or Amax/Ay,), elt); Ay, /g (or Ay,/g)

: dimensiontess strength parameters (The last factor could be eliminated
by applying the first-order approximation to the geometrically
nonlinear terms.)

d. a_:, a

i poauis Hups Py [i=162] : dimensionless parameters for the degrading

trilinear and quadrilinear properties of
restoring forces

yi
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40k E1 Centro-1940, SOOE 4OF Hachinohe Horbor - 1968, EW 40 Hoshina-1966, EW
3op ——— 30 30 —————
20} gt 20} Mt 20k
. .
<L <
1of 10k 10F
7k 7F 7F
5k 5t b 5h
4t 4l ) 4t
L lower [
T 3k T 3}-port {-dof T 3
/"rr[\ux ok /"nlwux ok P-rrl'ax 2:_
1.0E 10k 1.0}
o7k o7k orf
C F Legend: L
0.51~ 0.5} Full Lines...... Cases of Ductile Skeleton 0.5
Q.4 04 Broken Lines....Cases of Deterigrating 0.4
o3f o3l Skeleton o3f
0.2 \Jéf"pw part ol g ueeereert 0.2k upper part
5 WS S Y W BOubooo I L T S | 1 [T SN W A B S W I
52 345 7 10 15 052 345 7 10 345 7 10 1520 30
Lj=Amex/ Ay — “’Il:Amux/Ayl—’ _“II:Amax/Ayl -
(a)
El Centro-1940, SOOE Hachinohe Harbor -1968, EW Hoshina - 1966, EW
40k aof aQp T
30} Pl 30} Ho2 30f
201 R 20 , 201
Koz 92
-——— - ———
1o} 10F 10f
7 7k 7k
S5k 5t 5t
K K K
Hmax 31 Fmax 3+ Fmax 3F
ort:
| | 2f | o
(R} od 1.0k /&Iower port 1.0k
o7k o7 . Legend: o7 E
o5 C OSE Full Lines...... gcses o: Ouctile Sketeton 05k
y Broken Lines....Coses of Deterioratin Y
o4 04 Skeleton 9 04r
3t TS [ It L 03 mo PO I L 03 [ IS O S U PR T N W
0152 345 7 10 15 0152 345 7 10 345 7 10 1520 30
_12=Amax/Ay2_’ —*Anax/ Ayp —> I2=Annox/ Ayp—*
(b)

F6 EEByBEshRENERE ((2); Case 1, (b): Case 2)

@12 * @ DFIRIT LB OILIBICRILD, &2 AT, Fifi 1 - DOF A&k L TEEO)FUST 5
@1 =1, 2)DEEL B4 EDH (R2-0), ZOBELIZHEHT B &, BEEE THENHEREN
KESEESHRBENGEG LA THL,IZTE S, KEEOERNLHEAS LTI L THE
LR Z25IRT 5 &, O @udvh (LEERSMHHENCH), @ (=0®0) 29k, DFE
ICEWEE & 5@ DEBF ASFERETH Y, —F, L VIRWE LN WES & TREMTIT S
BN @el b, HL, On - @ KOREFIL TR, ENVMRSTHERTLIDIEFEL L5
OB LN L Y, ORI LT max(@a /B, @a/B)21.0 TE DAL 2.5 R, Al b,
RO FEMCIZE IR RKF B BD B, & DFRATEEME GRS N5,

RIZ, WB) & G & OMXSRE [ iE» 5, 15 - BlIICB T 2 BEtayR SR £ Bkayic
FHili ¥ 2 BHEY T, & 5-(1icigi¥ 2 1-DOF Rl & Lk #iE & L, MFE-2)o 2 & (Case 1 Tl
& TIE, Case 2 TIIMEHLE, »5HTE) 2R VET L, JHCQEHBT 5L, ENRE
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@ fEx & - T, iz Case 1 TOLRERR %5 BEMEEE - 2EOEE
M$b U<, N, BRRRERY L TGRS
ﬁ,%mmEMWﬂiﬁ%%mk*~mAﬁen O L o e 10 .58 sec]
LRICHEET 5. B6 MYy —AUIZMT S [ ~p @) for ot é;=6;=l.00),n2=‘+(82=l.33, 83 =1.60)

ny=1 (By
"mﬁﬁm§¢#% LBBEOHEDF I LN Q1100 soHorm e o jon of fleormass)
RLLLOT, SORDURERLTERLSS TG o st
SR O ) — RIS, AP R S5 m@%g?“mwmnm>
IZIG L B WM R e T8 TAL g(=AL/ 8 )k T RN AR égmui"m;lg and deteriorating
BIK (i 1 - DOF AT ZAHA/ g) laficf | dererorstine skelecon. addition (i=16 2]
TR LV, 2L ORIEICIE TR E oS B B i L
ERIBLET, effBe e L2 L HiE b b (e S e R ko
FEOBRT, Lo, BRIC Lo, 20T 2 B ERGHRIE o i 310, age 735107
WA ERILT B R AICE S B, A Tl2 Case I DAL
L0 Case 2, Tak ) Ie, TIOMBRELC, A:j;y'l‘1?%”55‘;233“"9 heteren)
FAOBIEIR RO T3 1.5 AL F, 805 b N LR
BATEY, 4EBOEEE 2 W HIEL T force costlicients] |
B, IOk, R HEE MG L HEE T - e ST feome e toren
Th, HERROMEEI &), BEHELICHT e

Ay1/g=0.25 (merely for mathematical specificity]

LXDHMBEIIKRECELNGEHLIT T, B2
& WD RE Lk & BB 5,
. % B
AFETIE, EEO—EOMREEF 2, RCEM»IREINELOMEHTICHE - HET s 4
RAREIE MR E LT, BMFAFRGEARE L 0T oE LT L ein L2, £ 2 TONRE
(3, HICHEROBEEHERIZET 2RO N2 R L 2 GElifh> NBETH ), ZERHET
DIEFN DL 2 X - C, 1865 - FIERA 2 AELRE & OB b ) TEMELT AL SR L 72,
B, BIHMRICAEDE FTEHROOBRIRBITLUT ThH- T, 208+ +aIc Bl 265
VSRR SRR G ORR I ER A MOME (R - TEER) #9 b, fﬁ%@émudi
fFE 12 b 5
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