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a7 — b — EhiR

strain N7 FLTEZ LN BHEEEE LI EEIT 5,
BEINZEHETL, TNUNATIZIRTERa, b, c ZARBRL THEBTS paramlCd > 7 ) — FOMBIART X =L ANTHL

— FIRIEHE A
Nla[ﬁ'aff‘f]@%‘ff function [stress] = ss_concrete(strain, param) 5 ‘ .
Z>2£;t[0 01 ;]’E%‘\ﬂﬁi@”é %SS_CONCRETE returns stress corresponding to the given strain :
ec = param.ec;
eu = param.eu;

igk .
EIEEOX a = strain <= 0; %-- tensile stress is zero ol |
—RihiE b = strain >= -ec; 151 ,
s2 = param.fc * strain/ec.*(strain/ec+2); ol | \ |
S I5 ¢ = strain >= -eu & strain < -ec; 5l B iy £\(e I
= - : o=—f | 0=Jc
s3 = -param.fc; : &) \&

stress = a.*(b.*s2 + ¢.*s3); MatlabD T & (£ \/—/‘R/—/

O G e VI i
end (x) BEZZLOHTE . %Iii% ‘—/)\‘E?ﬁ% -
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function stress = ss_steal(strain, param)
%SS_STEAL returns stress corresponding to the given strain
ey = param.fy/param.E;

a=abs(strain)<ey; strainh N7 ML TEZXONBHEEEE LICEET S,

s1 = param.E * strain; BESNEBHETL, ZhUNTIERTERa b, c ZHAEL AT

b=abs(strain)<param.est & abs(strain)>=ey;
s2 = param.fy*ones(size(strain));
s2 = sign(strain).*s2;

strain./abs(strain)(CHHE T 2 A

signBI# % 5 1F 5 HMER]

signBISUTIEB DRI S % IR I MatlabiZ B4

TOLDEIRKIKTZ —DEL 7D

c=abs(strain)>=param.est;

alpha = param.fy / param.xi * param.Est / param.E;

s3 = param.fy + alpha * (1-exp(-param.xi*(abs(strain)/ey-param.est/ey)));
s3 = sign(strain).*s3;

stress = a.*s1 + b.*s2 + c.*s3;

end
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%-- Setting Parameters

fc = 30; %-- Compression Strength

ec= 0.002; %-- Platcization Strain
eu=0.0035; %-- Ultmate Strain
param_concrete = init_concrete(fc, ec, eu);

strain [-4000:100:10001/1000000;
stress = ss_concrete(strain ,param_concrete);

figure(3)
plot(strain, stress, 'r-')
ylim([-40 51)

function [param] = init_concrete(fc, ec, eu)
%INIT_CONCRETE sets the parameters of steel material

param.fc = fc;
param.ec = ec;
param.eu = eu;
end

Ex5Z23LI0Hh%RTEE | ss_concrete

ELLIGHZERS H
HoWHEZEFZ,
777 L THERTS

function [stress] = ss_concrete(strain, param)
%SS_CONCRETE returns stress corresponding to the given strain

ec = param.ec;
eu = param.eu;
a = strain <= 0; %-- tensile stress is zero

b = strain >= -ec;
s2 = param.fc * strain/ec.*(strain/ec+2);

c = strain >= -eu & strain < -ec;
s3 = -param.fc;

stress = a.*(b.*s2 + c.*s3);

end
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%-- Setting Parameters

E = 200000; %-- Young Modulus 200GPa

fy= 300; %-- Yield Strength

xi=0.050; %-- Hardening Curvature

Est=4500; %-- Hardening Coefficient
est=0.020000; %-- Hardening Strain (20000u)
param_steel = init_steal(E,fy,xi,Est,est);

strain = [0:100:2000 4000:2000:40000 50000:10000:300000]'/1000000;
strain = [flipud(-strain);strain]
stress = ss_steal(strain,param_steel);

figure(1)

plot(strain, stress,'r-');
figure(2)
plot(strain,stress, 'r-");
x1im([0 600001/1000000)

function [param] = init_steal(E,fy,xi,Est,est)
%INIT_STEAL sets the parameters of steel material
param.E = E;

param.fy = fy;

param.xi = xi;

param.Est = Est;

param.est = est;

end

Ex25Z25¢I0N%RTEEL | ss_steal

ELLIGAZERS D
HoWHEEEFZ,
777 L THERT S

function stress = ss_steal(strain, param)
%SS_STEAL returns stress corresponding to the given strain
ey = param.fy/param.E;

a=abs(strain)<ey;
s1 = param.E * strain;

b=abs(strain)<param.est & abs(strain)>=ey;
s2 = param.fy*ones(size(strain));
s2 = sign(strain).*s2;

c=abs(strain)>=param.est;

alpha = param.fy / param.xi * param.Est / param.E;

s3 = param.fy + alpha * (1-exp(-param.xix(abs(strain)/ey-param.est/ey)));
s3 = sign(strain).*s3;

stress = a.*s1 + b.*s2 + c.*s3;

end
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sample_01% 31T
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£ init_concrete.m
) init_member.m
) init_steal.m

o2, lognorm.asv

) lognorm.m

) mk_model_02.m
“sample_01.m
#)sample_02.m

i T
sample_01.m (Z2Y7H)

<

This script shows the ss-

>

v v -t ®F ) I-9ARR07Y7 ¥
v v v v =
774 EE =
<G Eal |« Users » kyoro » OneDrive » K¥1XVk » data 2019 » 025 » 04 EFHETTHE » Matlab VP
BaEOIANI - ®@ | IWVE 24VEY ®| F-9A%-2 ®
LR >> sample_01 £~ &
7 axial_force.m 2| fx >> He 200000 ~
£ bending_moment.m i FHec 0.0020
7 capacity_cale.m [ est 0.0200

FHEst 4500

>> sample_01 | [« s

30

IVVREE ®

— x = lognorm(n,30,5);

2% x = lognorm(1000,30,5);
histogram(x)

5x sample_03
clear all

sample_01 v

ss_concrete & ss_steal v\

ELLHFET 5 & =rER

%-- Setting Parameters

fc = 30; %-- Compression Strength

ec= 0.002; %-- Platcization Strain
eu=0.0035; %-- Ultmate Strain
param_concrete = init_concrete(fc, ec, eu);

strain = [-4000:100:1000]/1000000;

stress = ss_concrete(strain ,param_concrete);
figure(3)

plot(strain, stress, 'r-')

ylim([-40 5])

%-- Setting Parameters

E = 200000; %-- Young Modulus 200GPa

fy= 300; %-- Yield Strength

Xxi=0.050; %-- Hardening Curvature

Est=4500; %-- Hardening Coefficient
est=0.020000; %-- Hardening Strain (20000u)
param_steel = init_steal(E,fy,xi,Est,est);

strain =
strain = [flipud(-strain);strainl];
stress = ss_steal(strain,param_steel);

figure(1)

plot(strain, stress, 'r-");
figure(2)
plot(strain,stress, 'r-"');
x1im([0 600001/1000000)

[0:100:2000 4000:2000:40000 50000:10000:300000]'/1000000;

RITHER
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itr_maxidi ) R L _ERR{E
INR LD > 7e3mE. KIEIC
BhohWZ EDRWE S (T
b5 E%a kR THEL

Za—hFYETIE NEERIC
EDL L TERICIER SR L
DT, errmax CEAERAET
RAEZEDHTHL

EDTE Puy & Pumax P
TNENTKRD S

FHfE>TH W
ss_concrete. ss_stealT

ISADHEERD B

g

A Nmax

param=mk_model_02();
itr_max = 500;
err_max = 0.007; %-- it is assumed to be zero

%-- fiber

y = param.member.y;
eu = param.concrete.eu;
hs = param.member.hs;

%-- min/max curvature
phil = 0;
phi2 = 0.1;

%-- strain distribution

eclzar 7 U —FDEHF (N7 L)

ecl = -eu + phil * y;
erl = -eu + phil * hs;
ec2 = -eu + phi2 * y; eriZFHNE (RH7—)
er2 = -eu + phi2 * hs;

sclEaA > 7 U — bR (RT FL)

%-- stress distribution

scl = ss_concrete(ecl, param.concrete);
sr1 = ss_steal(erl, param.steel);
sc2 = ss_concrete(ec2, param.concrete);
= ss_steal(er2, param.steel);

wn

S

N
|

srid oI (RH7—)

%--_axial force

N1=axial_force(y, scl1, srl1, param);
N2=axial_force(y, sc2, sr2, param);

axial_force& W\ 5 B A7 IC/E %

%-- Newton method

for kk = 1:itr_max
%-- calculating next phi
a=(N2-N1)/(phi2-phi1);
phi=phi2-N2/a;

%-- calculating stress distribution
ec = -eu + phi * y;

er = -eu + phi * hs;

sc = ss_concrete(ec, param.concrete
sr = ss_steal(er, param.steel);

N = axial_force(y, sc, sr, param);

%-- checking axial force
if N<=err_max
break;
elseif N<O@
phil = phi;
NT = N;
elseif N>0
phi2 = phi;
N2 = N;
else
%-- not used
break;
end

end BAHEADEEDG (hEROLNBIEHDH) T
MIFfE—X> FERD D

y0=eu/phi;
M = bending_moment(y,y0,sc, sr, param);

Dumin D puaxE ¢ TEHT

) 7 pe— Pumax

AHWIN

s | @M € NMins

Pmax & Nmax AN
PENZTRKD B

.

v

[
axial_forceB8#ls = 2 THES

AONHPED (err_maxBAF) % Sbreak L—7%H %)

-

19
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function [N] = axial_force(y, sc, sr, param)
%AXIAL_FORCE returns axial force of the RC beam

Nc =0; Nelda>r7U— A niEd 28N

for ii=1:(length(y)-1)

dy = y(1i+1)-y(ii);

bw = param.member . bw;

Nc = Nc +|(sc(ii)+sc(ii+1)) x dy / 2 * bw;]
end

INVAL itk A=Y A ALY - )

As = param.member.As;
NS = sr % AS;  NsIZ$kB A 9189 2 8 S
N = Nc + Ns;
end

12
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function [M] = bending_moment(y, y@, sc, sr, param)
%BENDING_MOMENT returns bending moment of the RC beam

Mc = 0;
for ii=1:(length(y)-1)

] *
7

WhnfmeafaUlLEn oEnd 5

(y(ii)-y0)

Fsc(ii+1)H(y(1i+1)-y0))| * dy / 2 % bw;]

dy = y(ii+1)-y(ii);
bw = param.member.b
Mc = Mc +[(sc(ii)*
end
As = param.member.As;
hs = param.member.hs;
Ms = sr x As * (hs-y0);
M = Mc + Ms;
end

aihva

5 7]

HUEBENODOBMOREIZHITELT
E—XV FAEROTHOEST S
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sample_02% 31T

4\ MATLAB R2019a - academic use

- a X
b SR E e e o

= [E o g [ I7MnoER & @ BmeE= L Lf( }tmﬁ )

#HE # FRER B | um 790 T-UAR-Z0 R sy & Ri75SUSE simuink  FE UJ2
WVTR SATATE v v Uf-b  BF  YUaA0Ur v v [ RUFOIUT v

774 =% 1F SIMULINK M =
<o Eal i > C > Users > kyoro > OneDrive > F¥IXVR > data 2019 > 02 3F » 04 (SEELFHE » Matlab ~p
BEOIAN - ® R ®
L >> sample_0L ®

#) axial_forcem - >> sample_02 1.1023e+11

%hﬂﬂdiﬂt&m‘im‘*“‘-m > fprintf((phi=" num2str(phi, %) Mu='num2str(M,%f) ¥nD)  [FHans 16.9224¢-05,23...

{j::na:a:;ny;f:t:.: phi=0.000069 Mu=234960919.878661 %E 20‘3000

E & X f:g o> ec louble

&) init_member.m [H ect douvle

) init_steal.m [Hec2 y

2] lognorm.asv r hd

£ lognorm.m WYFEE ®

#) mk_model_02m fprintf((Mu="num?2str(Mi), %F) ¥n']) "

:jsa"‘"'eﬁl-"‘ — fprintf({'phi=" num2str(ph * Mu

. Sample’z'mm v fprintf(['phi=" num2str(phi,%f) ' Mu
bending_momentm (BE%%) v sample_01
returns bending moment of sample_02
the RC beam © fprintf(['phi=" num2str(phi,%f) ' Mu.. «

Tl

>> fprintf([‘phi=’ num2str(phi, '%f") '

Mu="

HETTNITINERE Ophi EMOELFERTE

num2str(M, '%f’') ‘¥n’1)

F L <ENMFT 2D HE

=X

N

/G

param=mk_model_02();
itr_max = 500;
err_max = 0.001; %-- it is assumed to be zero

%-- fiber

y = param.member.y;
eu = param.concrete.eu;
hs = param.member.hs;

%-- min/max curvature
phil = 0;
phi2 = 0.1;

%-- strain distribution
ecl = -eu + phil * y;

erl = -eu + phil * hs;
ec2 = -eu + phi2 * y;
er2 = -eu + phi2 * hs;

%-- stress distribution
scl = ss_concrete(ecl, param.concrete);

sr1 = ss_steal(erl, param.steel);
sc2 = ss_concrete(ec2, param.concrete);
sr2 = ss_steal(er2, param.steel);

%-- axial force
N1=axial_force(y, sc1, srl1, param);
N2=axial_force(y, sc2, sr2, param);

%-- Newton method

for kk = 1:itr_max
%-- calculating next phi
a=(N2-N1)/(phi2-phil);
phi=phi2-N2/a;

%-- calculating stress distribution
ec = -eu + phi % y;

er = -eu + phi * hs;
sc = ss_concrete(ec, param.concrete);
sr = ss_steal(er, param.steel);

N = axial_force(y, sc, sr, param);

%-- checking axial force
if N<=err_max
break;
elseif N<o
phil = phi;
N1 = N;
elseif N>0
phi2 = phi;
N2 = N;
else
%-- not used
break;
end
end

y0=eu/phi;

M = bending_moment(y,y0,sc, sr, param);

1A
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function [M, phi] = capacity_calc(param)
%CAPACITY_CALC returns capacity of RC cross section from given parameters

itr_max = 500;
err_max = 0.001; %-- it is assumed to be zero

%-- fiber

y = param.member.y;

eu = param.concrete.eu;
hs = param.member.hs;

%-- min/max curvature
phil = 0;
phi2 = 0.1;

%-- strain distribution

ecl = -eu + phil * y;
erl = -eu + phil * hs;
ec2 = -eu + phi2 * y;
er2 = -eu + phi2 * hs;

%-- stress distribution

sc1 = ss_concrete(ecl, param.concrete);
sr1 = ss_steal(erl1, param.steel);

sc2 = ss_concrete(ec2, param.concrete);
sr2 = ss_steal(er2, param.steel);

%-- axial force
N1=axial_force(y, scl1, srl1, param);
N2=axial_force(y, sc2, sr2, param);

sample_02Z7Tc4 X7 U 7 M2,
paramz A58 L 3 2B~ ZTE

%-- Newton method

for kk = 1:itr_max
%-— calculating next phi
a=(N2-N1)/(phi2-phi1);
phi=phi2-N2/a;

%-- calculating stress distribution

ec = -eu + phi * y;

er = -eu + phi * hs;

sc = ss_concrete(ec, param.concrete);
sr = ss_steal(er, param.steel)

N = axial_force(y, sc, sr, param);

%-- checking axial force
if N<=err_max
break;
elseif N<@
phil = phi;
N1 = N;
elseif N>0
phi2 = phi;
N2 = N;
else
%-- not used
break;
end

end P4 255 ilgi.?J_

y0=eu/phi;
M = bending_moment(y,y0,sc, sr, param);

end

17
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Matlab T (3 X2 IER 9% % 1R 9 BI%LognormalDistributionZ EH T 5 (Z |

Statistics and Machine Learning ToolboxZ B AT B EHNH 5

\

TR EA 2, WHERDPHDNRXIX—ZuboaKHT
MEIEME B e HES S 5EMEBFL:

function [x] = lognorm(n,mean,sd)
%LOGNORM returns n random values obeying lognorm distribution

mu = log(mean”2/sqrt(mean*2+sd*2));
sigma = sqrt(log(sd*2/mean*2+1));

x = exp(sigma*randn(n,1)+mu);

end randn |3 ZEAEE R B %
RE I HIZERY

EEME TS
EAREH02DER SR

XOWBIERDE (P39 pye D8 of) o,

Y (=InX) ZIE#RDH (F9 :uy. 98062)
Y=InX

2 2
o
Hx ol =ln<—)2(+ 1>

py =In
Jui + o Hx

10
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n=1000;
~
%-- material Sample_@?,
fc = lognorm(n, 30, 5); %-- Compression Strength
ec = lognorm(n, 0.002000, 0.000200); %-- Platcization Strain
eu = lognorm(n, 0.003500, 0.000200); %-- Ultmate Strain j‘" - j‘ . ﬁ E % L?k t i _ti—
3 e BRI /INT A — %
E = lognorm(n, 200000, 1000); %-- Young Modulus 200GPa * *‘I- HB* 7 )‘ Oj,ﬂ_ % yy L/ T % é %)
fy= lognorm(n, 300, 10); %-- Yield Strength
xi=lognorm(n, 0.050, 0.010); %-- Hardening Curvature < N . R o
Est=lognorm(n, 4500, 1000); %-- Hardening Coefficient 7LC (‘: A LifC (' ° 'fc AV 7 U - H:T:fﬁﬁgﬁ-ifg) Li
est=lognorm(n, 0.020000, 0.003000); %-- Hardening Strain (20000u) qzi/_j . 30 [N/m m2] éj\iét& . 5 [N/m m2] <\: L/ 7‘_
- . N . —
%-- member
H = lognorm(n, 600,1); %-- height
bw=lognorm(n, 400, 3); %-- width [mm]
As=lognorm(n, 1435, 1); %-- Area of Riber
hs=lognorm(n, 500, 1); %-- height of Riber )
- ; — N 2 o Y
M=zeros(n, ); AR & FELBDEHADE DR, Za—bVETHIFE-—XY R

phi=zeros(n,1);
forii=1:n . =
y=0:H(i/120:H(i); % fiber height LSl I Pk
concrete = init_concrete(fc(ii), ec(ii), euii));
steel = init_steal (E(ii),fy(ii),xi(ii),Est(ii),est(ii));
member = init_member(y, bw(ii), As(ii), hs(ii));
param.concrete = concrete;
param.steel = steel;
param.member = member;
[M(ii), phi(ii)] = capacity_calc(param);
fprintf([num2str(ii,'%0.4d") : phi=" num2str(phi(ii), %f)])
fprintf([' Mu='num2str(M(ii), %f") '¥n'l)
end
histogram(M)

1iBEDEOHEAELYE RFEWS) ZHANT

sample_027% BE#MbL L 7=
capacity_calcB8%i %= ¥ H

UTZ=ETTS
>> sample_03

10
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160

140 -

120 |-

100 |-

80 |

60 -

40

20 -

0

>>histogram(fc)

15 2

Ay Y —bDOEFERE

30 35 50

=)

140 T

120 -

100 [~

80 -

60 -
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20 -

0

>>histogram(M)

1.9 2 2.1 2.2 23 24 25 26 27 28
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