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SUMMARY

Purpose &
Contents

Development of probabilistic characteristics of displacement-ductilit
y for establishment of damage-control seismic design method of bridge

o First year;, probabilistic distribution characteristics in material
-level
o Second year; probabilistic distribution characteristics in member-
level

Results

o We performed material experiments with different lateral confinemen
ts and quantified the characteristic values composing the stress-stra
in model(maximum stress, corresponding strain at maximum stress and d
escending slop post to maximum stress) based on the experimental dat
a. In addition, we proposed the new stress-strain model of confined c
oncrete.

o We performed sectional analyses using the proposed stress-strain mo
del of confined concrete and identified the distribution characterist
ics of displacement ductility. In addition, we performed experiments
of columns having different lateral confinements and evaluated the pr
obabilistic distribution characteristics of displacement ductility.

Expected
Contribution

°o With this study results, we can quantify the probabilistic distribu
tion characteristics of displacement ductility of columns according t
o the amounts of lateral confinements. Therefore, we established the
fundamental technology for damage-control seismic design method. We c
an apply this technology not only for bridge structures but also for
other structures showing ductile behavior in earthquake |ike building
structures, underground structures and so on.

Keywords Seismic Damage Stress-Strain Displacement Probability
’ Design Control Ductility  |of Failure
I. Title

Development of probabilistic characteristics of displacement-—

ductility for establishment of damage-control seismic design method of

bridges
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II. Objectives and Necessity of Research

Many foreign countries suffered from the tremendous economic loss
resulted from severe damage of facilities in great earthquake, which
required a great effort and cost for recovery of damage even though
loss of human lives was minimized.

For this reason, the necessity of new seismic design paradigm
shifting seismic performance objective from the prevention of collapse

of facilities to the control of damage of ones is rising recently.

Similar to other countries, Korea also aims to prevent the collapse
of facilities against design earthquake, and adopts the deterministic
design method to accomplish this aim. This design method has merits
for securing the seismic safety readily against strong earthquakes but,
it has weakness of high cost design because of excessive safety
margin and the following ones.

- Uncertainties of the responses of bridges to the design earthquake
event (non—quantification of demand)

-  Uncertainties of capacity of bridges (non—-quantification of
capacity)

— Uncertainties of damage levels of bridges against the design

earthquake event (non—quantification of damage level)

Accordingly, the design method which can predict damage levels

should be established for the control of nationwide earthquake disaster.
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IM. Contents and Scope of Research

For establishment of design method predicting damage levels of
facilities, the probabilistic distribution characteristics of displacement

ductility of structural members should be identified.

o First vyear; probabilistic distribution characteristics 1in
material-level

We performed material experiments with different lateral
confinements and quantified the characteristic values composing the
stress—strain  model (maximum stress, corresponding strain at
maximum stress and descending slop post to maximum stress) based
on the experimental data. In addition, we proposed the new

stress-strain model of confined concrete.

0 Second year; probabilistic distribution characteristics in
member-level

We performed sectional analyses using the proposed stress—strain
model of confined concrete and identified the distribution characteristics
of displacement ductility. In addition, we performed experiments of
columns having different lateral confinements and evaluated the

probabilistic distribution characteristics of displacement ductility.
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IV. Research Results

1. First year; probabilistic distribution characteristics in
material-level

We designed 300 experimental specimens with circular section and
rectangular ones having different lateral confinements and performed
experiments. The specimens with circular section have 40% ~ 160% of
lateral confinement ratios with respect to confinements specified in the
'Highway Bridge Code’ and the specimens with rectangular ones have
50% T130% of confinement ratios.

The probabilistic characteristics of the characteristic values

composing the stress—strain model are as follows.

@D Circular section

, Confinement(p,)~Maximum stress(f,.)
Circular - - . :
Linear equation Quadric equation
m fee =1166.1p, +21.424 f.. =— 178040 +1367.9p, +21.068
m+1o f.. = 834.54p_+25.203 .. = 199987 +657.91p, +25.604
m—1o fo. = 1447.7p, +17.645 .. =— 556050 +2077.8p, +16.533
m+20 f.. =602.97p, +28.982 f.. = 57800p> — 52.027p, +30.139
m— 20 f.. =1729.2p, +13.867 f.. =—93407p% +2787.7p, +11.997
_ Confinement(p,)-Stress at maximum stress(e,.)
Circular - , - :
Linear equation Quadric equation
m €., = 0.4704p, +0.0016 €., = 22.518p° +0.2153p, +0.002
m+1o €. = 0.5666p, +0.0019 €. = 26.631p% +0.2648p, +0.0025
m—1o €. = 0.3743p, +0.0012 €,, = 18.405p +0.1657p, +0.0016
m+ 20 €. = 0.6627p, +0.0023 €,, = 30.744p? +0.3143p, +0.0029
m—2c €,. = 0.2782p, +0.0009 €, = 14.292p? +0.1162p, +0.0012
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S Confinement(p,)-Descending slop(£,,)
Linear equation Quadric equation
m E,,, =—241647p, +2850.5 | E,  =3x10"p} —694164p, +4085.8
m+1lo E, . =—198631p, +2213.9 E, =1X 1O7pz —359664p, +2498.3
m—1c B, =—284664p, +3487.1 | E, =2x107p —470654p, +3815.6
m+20 | B, =—155614p, +1577.3 | E, =1x107p’ —304169p, +1839.7
m—20 | B, =—327680p, +4123.7 | E, =2x107p" —526149p, +4474.2

@ Rectangular section

Confinement(p,)~Maximum stress(f,.)

Rectangular Linear equation Quadric equation
m foo=541.4p, +24.74 f.. = 1081907 4+ 1943p, +20.67
m+lo f.. = 467.96p, +26.762 f.. = 146311p> +2364.5p, +21.259
m—lo f.. =614.86p, +22.733 f.. =—T0078p 4+ 1523.2p, +20.097
m+ 20 f.. =394.51p, +28.777 f.. =—1844280” +2785.1p, +21.84
m—20 f.. =688.31p, +20.718 f.. =—31961p° +1102.6p, +19.516
Confinement(p,)-Stress at maximum stress(e,)
Rectangular ; : ) .
Linear equation Quadric equation
m €, = 0.4057p; +0.0021 €,. = 0.3115p7 +0.4028p, +0.0021
m+1lo e, = 0.4228p, +0.0027 €, = 1.1997p? +0.4073p, +0.0027
m—1lo €. = 0.396p, +0.0015 €., = 10.69507 +0.5346p, +0.0011
m+20 ¢,. = 0.4362p, +0.0033 €,, = T7.1468p” +0.3436p, +0.0036
m—20 ¢,. = 0.3826p, +0.0009 €., = 16.642p7 +0.5983p, +0.0002
Confinement(p,)-Descending slop(Z,,,)
Rectangular . . . .
Linear equation Quadric equation
m E, , =—141050p, +1627.75 | E,  =8627.4p> —141162p, +1628.1
m+ 1o E,,, =—89656p, +1049.6 | E, =—4x10%—39205p, +903.18
m—1lo E,, =—192443p,+2205.9 | [, =4x10°%°—243118p, +2353
m+ 20 E,, =—38262p, +471.4 | E, =—8x10°p> +62752p, +178.29
m—20 E,, =—243837p, +2784.1 | E, =8x10°%"—345075p, +3077.9
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We proposed the new stress—strain model.

Stress(fc)

fCC

descending part

(1_k)fcc .

Q €
“ M Strain(s)
. ) Circular | Square
Description Equations , )
section | section
s
e fee=Ffoo T33 a pshfyh[l—ﬁ} a=10 | a=0.31
fyh S
€ee €p = €, T0.035- B py—|[1—— 6=1.0 | =047
S fCO D
f2
Ees E,, =48 ~ —Z y=1.0 | y=13
pshfyh
kfe
€eu €y = € T k=0.15
Ccu cCc Edfs
fes €, » Maximum stress and Strain at maximum stress
f ; Volumetric confinement ratio and yield stress(MPa) of
Characteristic Psh> Jyh Jateral confinement, respectively
values S ; Longitudinal space of lateral confinement(mm)
D ; Diameter of member(or length for square section)(mm)
a,B,y  Section coefficients
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2. Second year; probabilistic distribution characteristics in

member-level

We designed column specimens with square section having lateral
confinement ratios(sectional ratio) of 1079, 74% and 47% with respect
to confinements specified in the 'Highway Bridge Code’ and performed

quasi-static loading experiments.

The sectional dimension of specimens is 650mm X 650mm and the
height 1s 3.27m. 3 identical specimens were made for each design

variable (lateral confinement ratio)

The lateral confinement(p,)-displacement ductility(u,) relation in

experiments is as follow.

py =202.14p, +2.83

We proposed the ultimate limit strain(e,) and the plastic hinge
length(Lp) with the calibration between analyses values (analytical
displacement ductility) obtained by the proposed stress—strain model

and the experimental data (experimental displacement ductility).

- Ultimate limit strain ; €, =¢, at f,=0.85f, (strain at 0.85f, in

descending part, k=0.15)

- Plastic hinge length ; L, =0.2H—0.1D where, 0.1D< L, < 0.45D
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With the proposal stress—strain model we evaluated the probabilistic
characteristics of displacement ductility of column identical to the
experiment specimen and the imaginary column with circular section of

750mm diameter.

D Rectangular section

12
10
m+20
Q 1
;-. 8 P L 89
6
S " /3 m-1o
3 |
Q L
& I% - m-20
a
2
| WSPTI3 4 SPT16 ©SPTI9 Avg
R O o —
0 0.005 0.01 0.015 0.02
Confining steel ratio p,
ua(displacement ductility) R
m—20 A =246.51p, +0.6795 0.9999
m—1lo A =302.51p, +0.8198 0.9998
m A = 350.09p, +1.1591 0.9942
m+ 1o A =414.43p, +1.4812 0.9990
m—+ 20 pa =441.46p, +2.2832 0.9961
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@ Circular section

12
10
m+20
<
3 8
E m+1o
k5
a 6 m
€
£ m-1o
g 4 2
E- /// m-2¢c
2
O | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01
Confining steel ratio p,
ua(displacement ductility) R’
m— 2o A =400.65p, +0.6321 0.9996
m—1lo A =555.71p, +0.4604 1.0000
m A = 736.66p, +0.2875 0.9666
m+1lo A =930.54p, +0.0863 0.9994
m-+ 2o A =1151.10p, —0.2533 0.9982

- XXi —



V. Plan for Application

With this study results, we can quantify the probabilistic
distribution characteristics of displacement ductility of columns
according to the amounts of lateral confinements. Therefore, we
established the fundamental technology for damage-control seismic
design method rising recently. We can apply this technology not only
to bridge structures but also to other structures showing ductile
behavior in earthquake like building structures, underground structures

and so on.

We can also apply this seismic design technology for assessment of
seismic performance of existing structures and for seismic retrofit of
them too. Therefore, this technology can be the fundamental one to

attain consistent seismic performance of entire facilities.

We can predict the damage levels of facilities in design earthquake
using this technology quantifying the displacement ductility, which
presents the recovery time and cost. Therefore, we can manage
earthquake disaster in nationwide because the direct damage caused by

earthquake can be estimated.
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o YAE Atsta Ak A=mED (1), (2), ), 6), (NS FFTHS
A 20%, 30%, 50%= Z+zh Aeksty, Ammd (3)7 (5)= ZaaAa
FES HAAE Absta Atk el AR EF ARATHd = A8 9l

mdojty dPdHed A& F e AL (DR QF AL 5749

= T
vde BE A48 5 A HAnde daxs Arrd @), @), (NS 44

A, Alzrste] A@S FaAsth £ 355 At 2Ed AFEA Ald 2 SA4S

(1)9] Kent and Park+= X% 100x1509] A ALZE @ H o] H(Beam)E A #s}

of Ade AyE AFEIY L, o]F 1982 AAMZE G vERA 47]E A
ZF A8S st Ao 3 mdg Aeksdth (2)¢ Sheikh and Uzumeri

Ll
v AAE O] RAE WAT JAE UNE VIR 747 6719 AEA, F
24715 Azsle] A9S F3eA 3)Manders dFEH F 157], A
o 157], HA"H F 14715 AFete] 23S stk (4)Saaticioglu and
Razvi= 94 ()¢ flddd AgAe 2), Q) 28 o 9o v& A+
(Scott et aDell ©J3+ AFZAdo] F7H42l 11719 A4S SafA RS Atst
Atk (5) Muruguma+ 9d ™ 107], BAMA4E @ 1071, (6)Fujiivc 93w
5071, 8AkztE w3071l gk AdES FastAth (7Hoshikumays 3w
HAEE 47]0) ek AAS FH5HA

AA Ll A71= (19 550x5509] AAAE st (7)9] A& 500mm T
ol 7k AA A&H dHoldoen, tiiE 200mm WHele] THo R A E o
Atk AU FAL (7oA HAa 019%™, 3)ellA ol 7870t} v+
FAYES] FrEe B TAYES Arel Hl 20~30MPacl 7t M
gorom, Hat (79 185MPa, Hl: (6)9] 50.0MPa olth FH= 2%
8 AHgEE 300~400MPas) WSS FEsL hEolon, Ak A 6

[4

1671, AAt49 @4 117]

’
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o
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9] 164MPa, 1425 MPa ©o|t}. 3 &t A4
Za8]2 9+ Hook EFY I, tE 7o uHd
Overlapping B}, dtthe] Ho] 3 A3 Sl 9l Spiral(WAdE )
EFSl, 84S sk Weld S, e =z

B < (Cross-tie)o] AA¥ = 4-97F A A<

ek Al Ze APAZE Spiral? Weld BHE AE8tom, ()& 371

uly

3)l A= Overlapping Bt A &3tal glow, (4), (6), (7)< Wel
&3star Ak (5)9 Afol= FYA Spiral BFY S Al Fste] AdstATh 92
G gk AEe () (DallA AE=HAor, (3)2 wWHIE Hook EFSY

ox
Afle dRiEg a77F e Agu AT EBe 2AdmEToR

o,
o
EO
o
X

%_
Ao (7S WA Weld BHYoE 4 & Budtos 1 7}Fso]
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£ 34 758 2adEe] $Y-NYE AL By
Stress—Strain Model for Confined Concrete
Model = - —— - S 287t Sy
A= X (Ascending branch) 3}7+ =2 (Descending branch) A5<9
(1) Modified Kent and Park 2¢ ( € )2} , ,
— Kt/ ¢ _ e f.=Kf'l1— 2, (e,—0.002K)] 20% of Kf Square
(1982) fe= K1 002 ~ o002k ‘
(2) Sheikh and Uzumeri - 2€, e |’ — _ _
(1982) fo= wale | fo=fedl = Z(e, = €..)} 30% of f, Square
(3) Mander et al. _ femr B Square, Circle,
(1988) fe= r—142" Wall-type
. . 1/(1+42K) .
(4) Saatcioglu-Razvi €. e \? _ . O0I5f. Square, Circle,
(1992) fC - fCC 2 c_u B €ce fC B fCC €35 7 €ce (66 GCC) 20% of fcc Wau_type
f(’(’ - Eiem 2
f(l = 'E‘[E( + e EC —
(5) Muruguma et al. iy €m = feu _fu, (66 _ Ecc)+f(;[; _ Square, Circle
(1980) co cc 2 € €
f(,’ = ( )2 ( C - 6(() + f(( o o
6(’O ECC
fcc Eieco 2
fc: Ei€c+ 760
(6) Fujil et al. _ Ceo fo=fo— E e, —€.) 20% of f.. Square, Circle
(1988) e Je 3
fc_ ( )3 (6(‘_6(‘0> +f(’c
6(0 - EC‘(
(7) Hoshikuma B e\ _ _ Square, Circle,
(1997 fc - ECE(; ll - E( . ) fc fcc Edes (ec Ecc) 50% of f{x‘ Wall-type

AT A, 4, 0 WA S )
L EAYES IRRANLE, o, A2 FREANIE
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3 35 AjE &

@ AYA AL 2 54

- . TS| oa
Model wagy | 494 S AR 23d= 4 BRLI= | aga 24 | 932 W= 97
a,
(1) Modified Kent and Park Rectangle 100 x 150 0.35~1.87 27.6 275 14 L;Inkn;véln
(1982) Square 550 x 550 1.50~3.50 23.1~41.4 294~316 4 00K &
Overlapping
(&) Shetkh and Uzumeri Square 300 x 300 | 0.76~2.40 | 31.2~40.86 | 275~757 24 Hook &
(1982) Overlapping
Circle D 500 1.60~4.80 | 28.0~33.0 | 307~340 15 Spiral
(3) Mander et al. Square 450 x 450 | 1.86~197 | 22.0~23.0 309 15 Hook &
(1988) Overlapping .
Wall-type 150 x 700 1.62~7.87 28.0~41.0 310~360 14 Hook, Cross-tie
& Overlapping
@ Saa(tféoggzl?_Ram Square 160 x 160 1.34~2.78 23.0~29.0 Unknown 11 Weld
(5) Muruguma et al. Circle D 150 0.76~2.79 31.4 164 ~1380 10 Spiral
(1980) Square 194 x 194 0.90~3.13 31.8 195~1425 10 Spiral
(6) Fujii et al. Circle D 150 0.62~4.02 30~50 328~863 50 Weld
(1988) Square 150 x 150 | 0.62~2.50 30~50 328~863 30 Weld
Cirel D 200 0.39~4.66 18.5 235 6 Weld
1r
ce D 500 0.19~1.16 28.8 295 10 Weld & Hook
(7) Hoshikuma Souare 200 x 200 0.39~4.66 23.2 235 Weld
(1997) 500 x 500 1.73~4.10 24.3 295 Weld
350 x 700
Wall-Type | 300 x 900 1.72~2.45 24.3 295 4 Weld & Cross—tie
250 x 1000
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g T2 AA7E@FALEEAAY, 2015)2 $H-¥¥E =d
(1) 9HAEAE A% SY-HPFE B4 4

QuAle] BEAAT st 19 3065 2e TBA-AQ Gk S-w
JE AANS AT A
A
ﬂ'---lr:.'. et T L L L P
IO SRR
-"J
’-f
E B
% 316 dHAAE 3 $HE-HYEE T4
€ n
0< €, < €, TAFAA, fC:¢C(O.85ka)[1—(1— EC ) l (3.18)
6(1() < 6CS 6cu ?-Z—]-_oﬂ}\:L f(:¢(085f(k) (319)
o] 7] A,
¢, = ZAYE U3 AMEAF
n = ‘s JAF YA S
€, = HA S AS =2 ujo] HYPE
€, = TIHAVHE

ZAYE Z%=7F 40 MPa ©]8k8 3% n, €, €, 22 2.0, 0002, 0.0033%
2 3. Z38E FE7 40 MPaS =33 H S+ v 10 MPa®l Z= S7F
o dste], n, €,9 #*S 000014 F7FAIZIAL €9 ghs 0.0001% FHAA]7]H,

n 232000 whek A7 g
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4. 82APA A L AF

b AR A

B oAgdAE ¢EFde wi 2adee) g9 WPEd Be A% S48
373 2ol FWBATY fifs FoEAYES tet 9
of wek 7z 100714, % 300719 ARAE A

2tk AAA AA WM FHIH (p)R sk ar, FEI8(p)ol wek FA
7

il

(s)ol wt AFAES FEFUT ERuAAVFE
(2012) chiv] S HIFow s dFddH AAA S 45 =mudA
7150l Wl ske] 40%, 60%, 79%, 98%, 121%, 157%= &3+ 6

L, F3] 1o AP 49%, 71%, 87%, 112%, 131% =, F3H] 1:2¢] Abzt
S 31%, 58%, 87%, 105%, 131% T#3te] 5F 7= 247t Alzssich 49
Aol AA= &Fd F7E a3E5 gotsty] flete] 17l 3183 o] I & glof
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(o) AHZterH(F3 0] 1:2) AEA vjd=
[e]



¥ 38 Yy A A
3 5 e 2w AAE =k
agam | T TL]H] a0 | gga s | g gwg | A
mm Ps [s, mm] A [9%] Loy, %]
C50-0 10
0.0113 50 157
C50-X 6
C65-0 10
0.0087 65 121
065-X 6
8079 0.0071 80 10 93 EEAS
1%} .
CR0-X 200mm 6 .
X
C100-0 S00mmmm 1 10 0.908
100 x 0.0057 00 h 79 (4@DI0]
C130-0 10
0.0043 130 60
C130-X 6
C195-0 10
0.0029 195 40
C195-X 6
¥ 39 A EHE(EEY] 1) AEA A
o 33 ) PHZ =23 AA7E S
agAm | T 537' T | TARA | AgA s | A gvy A
mm Ps [s, mm] A (%] [y, %]
$30-0 10
0.0189 30 131
$30-X 9
5350 0.0162 35 10 112
$35-X [ 1200mm : 9 %HOP?'{}?QEL
$45-0 ) 10 .
200mm | 0.0126 45 87
S45-X ) 9 0.713
S55-0 10 [4@D10]
600mm | 5103 55 71
S55-X 9
S80-0 10
0.0071 80 49
S80-X 9
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9 . | ol & e
(a) AT 7+ (b) Strain gauge 2%
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FAI(p)- AN T4 (f,)

43
12} A F2] 22} A2

m f..=1166.1p,+f,, f.. =—17804p> +1367.9p, + f.,
m+1o f.. =884.54p, +25.203 f.. = 199987 +657.91p, +25.604
m—1lo f.. =1447.7p, +17.645 f.. = 5560507 +2077.8p, +16.533
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m E,,, =—241647p, +2850.5 E,,, =3x10"p} —694164p, +4085.8
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m—1lo E,,, =—284664p, +3487.1 E,,, =2x10"p} —470654p, + 3815.6
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m E,,, =—141050p, +1627.75 E,,, =8627.4p> —141162p, +1628.1
m+ 1o E,,, = 89656p, +1049.6 E,,, =—4x10°p? —39205p, +903.18
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(e, )% A7 Ao mepA 2 AFoA = Agey &g o dds= |
HE(e,)S AMEERE 7HA AT

gy 5 ZAYESY MEE A AExe WeAlse dEA UA
27] ol & A= e,0 MEATE F 353~ 3% 355004 ¢, o MEA
2] 1.0, 15 % 20M = 72t 7hgete] ¢,° 2F8A (o, )E ofHist 22 Ao

Z AR AT}

Vo =—= (3.61)




!

rr

o, =m, V (3.62)

o,
VE” =\ I/; = )\m— (A=1.0, 1.5, 2.0) (3.63)
mf
o =m_V. =A—"0, (3.64)
P w T m &

SAME E(e,,)S LH 310714 ¢ o] HfSHA] MEE Hs
g Foll BHE = HEEY Fe, 6, r6,) 0l R STAARGE(, )] TEE
21(3.65) 9 # T}

kf e
g ooy = € T € €p = B, (3.65)

AwA | AN EE ., HAoge =9F WgE o,
om) | B T |EEAA | AEAF | 4 @ |EEAA | EAS
B D) (o) V| (mw (o) (V)

S30series | 0.0059 0.0008 0.1356 0.0148 0.0020 0.1356

S3oseries | 0.0052 0.0007 0.1346 0.0090 0.0012 0.1346

S45series | 0.00501 0.0007 0.1373 0.0057 0.0008 0.1373

SHoseries | 0.0038 0.0007 0.1842 0.0045 0.0008 0.1842

S80series | 0.0036 0.0007 0.1944 0.0035 0.0007 0.1944
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T 354 AU o, ¢ o BE, BEAD, WEAFA-LS)
A8 A D HANYSHA HMEE ¢, €
e | B F [ EEd | MsAS | @ 7 |EEad | wEAT
AR () () (m) (o) ()
S30series 0.0059 0.0008 0.1356 0.0148 0.0030 0.2034
S35series 0.0052 0.0007 0.1346 0.0090 0.0018 0.2019
S45series 0.0051 0.0007 0.1373 0.0057 0.0012 0.2059
Sbhbseries 0.0038 0.0007 0.1842 0.0045 0.0013 0.2763
S&80series 0.0036 0.0007 0.1944 0.0035 0.0010 0.2917
¥ 355 AU o, o o Bit, EEAA, WEAFA-20)
A8 % D A SHA HEE ¢, €
A7 1;].]31 ﬁg iL E%E -]' Eﬂ%‘lﬂ’}l\‘ llo iL E%—\E <]' %%‘7—'”‘/;:
S A0 I () () (m) () ()
S30series 0.0059 0.0008 0.1356 0.0148 0.0040 0.2712
S35series 0.0052 0.0007 0.1346 0.0090 0.0024 0.2692
S45series 0.0051 0.0007 0.1373 0.0057 0.0016 0.2745
Shbseries 0.0038 0.0007 0.1842 0.0045 0.0017 0.3684
S&0series 0.0036 0.0007 0.1944 0.0035 0.0014 0.3889
Stress(fc)
£ A
E 6-]— 7(;- Edes
¥ %
R
o e ™
Strain(g,)
29 3107 7% =agEe] Su-wEE =A
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A% ko BT SH(AZTR)
F(29 31078 k. AF)

SganeEol ATEER e 2ok oheka

wol wheh thmA] A getefof d.

£2 eyl 9@ ko @S 46660 oJaA ®

|
a2
oo
= 7
o
—
a
ol
o
2
filo
=)

SFAMEE] AR

EdﬁS(m tno)
Kntno) = €y, (3.66)
CCm +no)
3E 356 FHIHE ko FAFEH A=1.0 )
A k
(A2 H]) m— 20 m—lo m m+1lo m+20
0.0094 0.195492 0.17836 0.15 0.111721 | 0.064806
0.0081 0.20244 0.181928 0.15 0.108125 | 0.057714
0.0063 0.206441 | 0.184045 0.15 0.106009 | 0.053650
0.0051 0.182365 | 0.175351 0.15 0.109285 | 0.055759
0.0035 0.179725 0.17475 0.15 0.109022 | 0.054755
3 357 FHIHE ko FAMEHE, A=15)
=] .’__L]j] k
(W =n]) m—20 m—1lo m m+1lo m+20
0.0094 0.159121 | 0.164371 0.15 0.118390 | 0.071719
0.0081 0.165148 | 0.167778 0.15 0.114539 | 0.063835
0.0063 0.167385 | 0.169405 0.15 0.112407 | 0.059427
0.0051 0.129175 | 0.155553 0.15 0.117785 | 0.063265
0.0035 0.122540 | 0.153659 0.15 0.117895 0.06242

- 203 -



A <H| k

(A =H]) m—20 m—lo m m+lo m+ 20
0.0094 0.122751 | 0.150382 0.15 0.125060 | 0.078632
0.0081 0.127857 | 0.153628 0.15 0.120953 | 0.069956
0.0063 0.128328 | 0.154765 0.15 0.118804 | 0.065205
0.0051 0.075985 | 0.135755 0.15 0.126285 | 0.070771
0.0035 0.065354 | 0.132569 0.15 0.126769 | 0.070086

0.25
Ky 2= 3.3861p, +0.1714
| [Kpzo = -1499.2p.2 + 22.819p, + 0.115] .
0.20 e
I :/_% . .
L K.10= 0.8954p, +0.1731 ] .
[Kp.10= -607.980,% + 8.7762p, +0.1502]
0.15
-
L . e
0.10 + hd —
' L | *m+20 Kpu1o = 0.3007p, + 0.1069
e m+lo [Kpe1o = 384.49p,7 - 4.6831x +0.1213]
[ m ﬁ?’/‘a
0.05 +
| =m-10 Koz = 1.5002p, + 0.0476
. m-2 [Kpezo = 588.01p,2 - 6.1218p, +0.0697
0.00 ’
0 0.002 0.004 0.006 0.008 0.01

Confining steel ratio p,

29 3108 FA o] W kip)e] #(A=1.0)
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3E 359 FAIHo] mE k(p,)el Ak (A2}

wH, A=1.0)

k=241 (p,)

BEY¥T
B 12F A 2F4] 22} A|QA

m k=0.15 k=0.15
m+1lo k= 0.3007p, +0.1069 k= 384.49p7 —4.6831p, +0.1213
m—1lo k=0.8954p, +0.1731 k=—607.98p7 +8.7762p, +0.1502
m+ 20 k=1.5002p, +0.0476 k= 588.01p° —6.1218p, +0.0697
m—20 k=3.3861p, +0.1714 k=—1499.2p7 +22.819p, +0.115

0.18

0.16

0.14

0.12

0.10

0.08

0.06

0.04

0.02

0.00

=

: |
F [k,.1, = -826.84p.2 + 12.935p, + 0.1167| ,’!’;%
E — .
r m I =TT
[Kpq = -2084.6p,2 + 34.2420 + o.ozai R
F :& o N — )
r Kpu1o = -0.1298p, +0.117 ¢
T ko= 491.23p,2 - 6.4972p, + 0.1355]
F | x m+20 /fz
T— Sm— —_— Z
T 4Mm {Kpuzo = 714.03p2 - 7.9438p, +0.0825 ]
| =m-1c
T1em2
0 0.002 0.004 0.006 0.008 0.01

Confining steel ratio p,

19 3109 FEZH ] wWE k(p,)e] FH(A=15)

360 FAIro] wWE kip,)el Ak (A2}

o, A=1.5)

k=241 (p,)

TEXe
12} A k4] 22F Ak
m k=0.15 k=0.15
m+1c ke =—0.1298p, +0.117 k= 491.23p7 —6.49972p, +0.1355
m—1lo k=2.2171p, +0.1478 k =—826.84p] +12.935p, +0.1167
m+2c k=1.3117p, +0.0556 k= T714.03p> —7.9438p, +0.0825
m—2c k= 17.2203p, +0.1019 k =—2084.6p” +34.242p, +0.0235
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0.18

0.16

0.14

0.12

0.10

0.08

0.06

0.04

0.02

0.00

K10 = 3.5388p, +0.1225 ]

F [Kpo= -1045.7p.2 + 17.094p, + 0.0832]

i
K10 = -0.5604p, +0.1272 = —

[Kpe1o= 597.96p,2 - 8.3113p, +0.1497]

Kp.2o= 11.054p, +0.0324

F | [kpoo=-2670p2 + 45.664p, - 0.068]

x m+20

e m+lo

Kpezo = 1.1233p, + 0.0637

m

[K e = 840.05p,2 - 9.7658p, +0.0952

= m-1oc

* m-20

0 0.002 0.004

0.006 0.008 0.01

Confining steel ratio p,

19 3110 FETH ] wE

361 FAre] wWE k(p,)el Al

k(p,)el #H(A=2.0)

k2 (AFZhehR, A=2.0)

k=49 (p,)

Eye
134 Aok 23} A9k

m k=0.15 k=0.15
m+ 1o k =—0.5604p, +0.1272 k= 597.960° —8.3113p, +0.1497
m—1o k= 3.5388p, +0.1225 ke =—1045.7p% +17.094p, +0.0832
m+20 k= 1.1233p, -+ 0.0637 ko = 840.0507 —9.7658p, +0.0952
m—20 k= 11.054p, +0.0324 k =— 26700 +45.664p, — 0.068

3 359~3F 361°0A4 k(p)el Ak S A &ete] FAIud wE =37
HEE BYEE Ve a9 3111~29 31133 2tk AgHorn Fgka)
WY g ExEdd Wt k(p)ol #s T2/ A &stolof SdAMPE] 3
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0.025

0.020

0.015

cu

w
0.010

0.005

0.000

0.025

0.020

0.015

cu

w
0.010

0.005

0.000

O O A A N [ m+20
i ---m+lo
m |
i —-m-lo
I ---m-20
0 0.002 0.004 0.006 0.01

Confining steel ratio p,

3111 k(py)e] AeHA2 283 SAFAMPES] X =(A=10)

X A I N S A O s m+20
i ---m+lo
m |
i —-m-lo
I ---m-20
0 0.002 0.004 0.006 0.01

Confining steel ratio p

27 3112 k(p)e] A 283 SAIAMGES] &
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0.025

T I O A A [ m+20
[ ---m+lo
0.020 . m R
. g —-m-1o
I |- -m-20
0.015 T
“0010 | _-Z
0.005 e e
0.000 i
0 0.002 0.004 0.006 0.008 0.01

Confining steel ratio p,

1 3113 k(py)e] AQHA S 283 ST AMPES] EEE=(A=20)

a9 3114~79 31168 AN ME THAANYEY LT B2 kgt
g aYEE Yed 2

3.114= A=1.0& AL3 Aoz MEAo] 7}4 ZA e

o
fr
oot
i
rl
k3
1o
o2
o
rlo
=
=
e
P
o
fr
i
Auj

T
__\1
N
aic)

0.25
0.20 i
i & k = -0.0062n2 - 0.0342n + 0.15
I R?=0.9999
015 |
~ i
| [——ps=0.0094
0.10 |- ps=0.0081
| |—ps=0.0063
L |-=ps=0.0051
0.05 1 P !
I |——ps=0.0035
e EE
0.00 !
-3 2 -1 0 1 2 3

Variance mtno

a9 3114 S ARFES] EEE wE k(n)o #(A=1.0)



0.18 [ [

o016 | ——— k=-0.0109n?- 0.0215n +0.1501| |
' ‘ ,,—7 — R?=0.9991
0.14 /

0.12

0.10

008 |_|——ps=0.0094
| |-e—ps=0.0081 \.
0.06 1 . 5s-0.0063
0.04 |—|-=ps=0.0051
| |——ps=0.0035
0.02 i, w3
0.00 |
-3 -2 -1 0 1 2 3
Variance mtno
a9 3115 S ARE ES] ExEe| mE kin)el #(A=15)
0.18 | |
016 i k=-0.0156n?- 0.0088n +0.1501 |
' - A R?=0.9973

i | )
0.10 //A/

4

0.08 |—|——ps=0.0094
| |—+—ps=0.0081
0.06 T . 0s=0.0063
0.04 = ps=0.0051
- |——ps=0.0035
002, ma
000 ]
3 2 -1 1 2 3

Variance mtno

19 3116 SRFAMEES] FEE WE k(n)o] gH(A=2.0)
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0.020

0.015
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w
0.010

0.005

0.000

0.025

0.020

0.015

cu

w
0.010

0.005

0.000

k(n)e] A<t
W 78 3117~29 3.1199 72t}

k(n)el @& thzA 445

1
ftlo
a
oo
ol
ol
2
oot

5 A A A A SO B m+20
I ---m+lo
m |
- —-m-lo
I | |--m20
[ L s -7 ,”’/ _
+ P T //, _7
0 0.002 0.004 0.006 0.008 0.01

Confining steel ratio p,

3117 k(n)e] AHA 2 A &3 SFARGES] EEX=(A=10)

A N [ m+20
i ---m+lo
m |

- —-m-1lo

i o |- -m20

: /,,—‘ T - ’,”’ yd

-= - i
0 0.002 0.004 0.006 0.008 0.01

Confining steel ratio p,

29 3118 k(n)e] AeHAS A &3t SIARNGES] EEX=(A=15)

- 210 -



0.025

----- m+20
---m+lo
0.020 m |
I ’ —-m-1o
---m-20
0.015
“ 0.010 — -
0.005 e T
0.000
0 0.002 0.004 0.006 0.008 0.01

Confining steel ratio p

19 3119 k(n)e] AeHAS A &3 SIARNGEES] EEXE=(A=20)

4 WAAHES BRI 4 (A7 EH)

7h k(p)el Aok H&

a9 3120~2" 31222 k(p)el AbAS A&ste] P (A A H])ol w
< MAdAEE v 2EXE=E ekl adott S AEE E(e,, ) #e A

(36500 o8 Ao FRFAAVAE(e,)S AT F WIALE nle
Ry aAdY gdsder g wAd dusid A Hed fo e,
E,, = ¥ 332, ¥ 337, ¥ 3422 Aga9ch

Agw PATNE S2w AV E O] 47%, 74%, 107%0]v WAN 2 7}
7k 0.0034, 0.00535, 0.0077°]t}h. ©]Z AAwu = LERHW zHzF 0.0068, 0

Zolm 3# 3632 k(ps)gl Aok S A3 WA T HE e Aolu)
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0.02

1.8
1.6
m+20

1.4

1.2 m+lo
£ 1.0 —m
<
3
S~
208 m-1a
+
£
£ 06 m-2¢

0.4

0.2

0.0

0 0.005 0.01 0.015
Confining steel ratio p,
a9 3120 FEIve mE WA E Hlo] EEE(A=1.0)

X 362 kip,)el AS 143

p, (AN 48 Halnzto)
m— 20 m— 1o m m+1lo m+ 20
0.0068 2.33 2.85 3.52 4.20 5.00
0.0107 2.95 3.64 4.38 5.30 6.34
0.0155 4.44 541 6.43 7.64 9.08

F 363 k(p,)9] AL 483

REEND

m— 20 m— lo m m-+ 1o m-+ 20
0.0068 0.662 0.810 1.000 1.193 1.420
0.0107 0.674 0.831 1.000 1.210 1.447
0.0155 0.691 0.841 1.000 1.188 1.412
I 3647 A=159 diElA kip)e] AAE A3 WAL E S UERd
Aolm 3 3.656% k(p,)eo] AFAS A3 HAAALE HE YERd Folth
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1.8
16
m+20
1.4
1.2 m+lo
£10 —m_
el
~N
T 08 m-1o
+l
E
< 06 - m-20
0.4
0.2
0.0 - S ‘ ‘ ‘ ‘
0 0.005 0.01 0.015 0.02

Confining steel ratio p,

% 3121 FEIA g WA E Hlo] EXE(A=15)

P, KA (1 + ko)
m— 20 m— 1o m m+1lo m+ 20
0.0068 2.09 2.170 3.52 4.37 531
0.0107 2.64 3.49 4.38 547 6.70
0.0155 4.02 5.16 6.43 791 9.64

P, MA(m+ko)/MA(m)
m— 20 m—1lo m m+lo m+20
0.0068 0.594 0.767 1.000 1.241 1.509
0.0107 0.603 0.797 1.000 1.249 1.530
0.0155 0.625 0.802 1.000 1.203 1.499

Aol & 3672 kip)el AdAe 483 WA E S e Aol
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=
©

1.6 m+20
1.4
m+lo

1.2
g 1.0 —A
2
g 0.8 m-1o
£
<
=% 0.6 T " mZo

0.4

0.2

0.0 : —

0 0.005 0.01 0.015 0.02

Confining steel ratio p

a9 3122 HEIH0] E WA E He] X E(A=20)

£ 366 kipy)ol #AHAS A8 A= AT, A=20)

p KA (m + ko)

: m—20 m—1lo m m+lo m+20
0.0068 1.77 2.58 3.52 451 5.65
0.0107 2.34 3.30 4.38 5.64 7.16
0.0155 3.52 492 6.43 3.18 10.38

3 367 k(p)e] A A&3 HMAAdE v(AHzheH, A=2.0)

o MA(m+ko)//’LA(m)

i m— 20 m—lo m m—+1lo m—+ 20
0.0068 0.503 0.733 1.000 1.281 1.605
0.0107 0.534 0.753 1.000 1.288 1.635
0.0155 0.547 0.765 1.000 1.272 1.614

groltk, 1ela 19 3.123~1% 31259 WA E
363, % 3.65, & 3679 WAALE ¥E HE&F Aoty & 368~%
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Displacement Ductility p,

Displacement Ductility p,

cujo] whE WARE A S el Holn
12 T
10 +
P m+20
8 |~ |||T1U
[ L M
6
L /} m-lo
: féﬁﬁi — m-2c
‘ 7 -/
2 ¢
i [ =SPTI3 4 SPT16 +SPT19 ¢ HZ |
0 | |
0 0.005 0.01 0.015 0.02
Confining steel ratio p,
(a) MY dHsd s 53 H9AE 2 X2E(A=1.0)
10
8
r My =413.17p, +1.4497| NS 1, = 350.09p, + 1.1591
- R?=0.999 « R? = 0.9942
. =
6 ©

R? = 0.951 W, = 307.37p, +0.78

[ 1 B
e
Al W, = 202.14p, + 2.8307

R2=1

2
i | =SPTI3 4SPT16 +SPT19 7 |
o 1 | !
0 0.005 0.01 0.015 0.02
Confining steel ratio p,
(b) WA E EEE(EHA) S A A9 Hw(A=1.0)
a9 3123 FEIHe) wE HedAd = FEX254(A=1.0)
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3 368 FHIH O W& WA =] ARBA(AHZEE, A=1.0)
ha
m—2 [, = 253.59p, +0.6085 0.9998
m—1lo pa = 307.37p, +0.7800 1.0000
m pa =350.09p, +1.1591 0.9942
m+1o [in =413.17p, +1.4497 0.9990
m+92 [, =489.74p, +1.7553 0.9982
12
10 m+20
< m+1lo
FE
% [ s M
3 6 L
c : /%/ m-lc
[} L
g 4 r !/ m-20
f?u; /
| =SPT13 4SPT16 *SPT19 « HZ |
ol — |
0 0.005 0.01 0.015 0.02
Confining steel ratio p
(@) P dHeA S B MYAdE BEXE(A=15)
10
) I My = 425.52p, + 1.5264|—AO
R? = 0.9995 < M, = 350.09p; + 1.1591
r [ RZ = 0.9942
> F © e
P /1
g o
E’ 4 4 H 2122'32";;12'8307 !/ 1 = 295.04p, + 0.724
£ L =2 R? = 0.9997
a 2
] = SPT13 4 SPT16 o SPT19 o EHI |
0 I I ‘ L } ‘
0 0.005 0.01 0.015 0.02

Confining steel ratio p,

Ol
M
ke
k
g
>
0
(1t
jnii)
i
i)
lo,
=
El
>~
R
o

(b) HAA
Oy 3124 A M mE WA= X5 (A=15)



3 369 FHIHo] mE AAAALEY AFAAZIEH, A=15)
ha
m— 20 A = 232.05p, +0.5059 0.9992
m—1lo ta = 295.04p, +0.7240 0.9997
m pa =350.09p, +1.1591 0.9942
m+1lo pa =425.52p, +1.5264 0.9995
m~+ 20 pa = 520.04p, +1.8515 0.9989
12
m+20
10
5 g | m+lo
Z I
% [ lse M
a 6 r . =
E [ // m-1o
. — >
3 L m-20
a
2
| =SPT13 4SPT16 *SPT19 « HZ |
0 | | 1
0 0.005 0.01 0.015 0.02
Confining steel ratio p
(@) M)A dHsA S 53 I E BEE(N=2.0)
10
3 W, = 441.21p, + 1.5564]  A°
R? = 0.9997 ©
1, = 350.09p, + 1.1591
5 R? =0.9942
> © e
£ 6 7 ]
a eer
= I .= 202.14p_ + 2.8307
g 47 " - osm / 1, = 280.94p, + 0.686
g R2=1
3 7
a 2
] = SPT13 4 SPT16 SPTI9 & H |
0 ‘ ‘ | |
0 0.005 0.01 0.015 0.02

Confining steel ratio p,
(b) MAAYE L)k 23] Blal(A=2.0)
Ty 3125 gEIH mE WA= X5 (A=2.0)



=<

Hlo] whE Mgl E

Ua

[, =209.62p, +0.3627

11, = 280.94p_ +0.6860

11, = 350.09p, +1.1591

[, =441.21p_ +1.5564

[, = 567.96p, +1.8627
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. k(n)e] AA AL
S 3126~19 3189 k(n)o) AkAS Agstel FAIu(AHu)e]
2 WsAAE vo PEEE Uehd 2golth FRIANLE(,)S A9 4

(3.69)l e AH Ao SAFAUNGE(e,)S AT F WHAAY=E v

w
Do
=5
w
w
=~
=5
w
WS
N\
il
a3
oo
_O|L
38

3
A8d JHIv e ERNAATIE R 47%, 74%, 107%°]H A H]
7} 0.0034, 0.00535, 0.0077°]tt. ol& AAn= yeplid Zhzk 0.0068,
0.0155 ©]t}.

3 3712 A=1.00 WHeliA k(n)o] A+ S &3 WA= @S UEd
Aolm & 3722 k(n)e] AbAS 283 AAAGdE v E ekl Flojnt

1.8
1.6
— ] m+20
1.4
12 m+41o
10 | —m
E i
=
S~
® 038 m-1o
E
< 06 m-20
0.4
0.2
0.0 Il Il Il Il 1 1 Il Il
0 0.005 0.01 0.015 0.02

Confining steel ratio p,

2% 3126 FEIAlC] wE WA E Hl o X =(A=1.0)
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3 371 k(n)9] A<t

- [ —
p. (A Z4]) KA (m + ko)
: m— 20 m—lo m m+1lo m-+ 20
0.0068 2.35 2.85 3.52 4.24 5.18
0.0107 2.95 3.64 438 5.34 6.38
0.0155 4.40 5.37 6.43 7.69 8.85
%372 k(n)e] AR HAEH WAANE M(AZEE, A=10)
MEEL) K i)/ Mt
° m— 20 m—lo m m+1lo m-+ 20
0.0068 0.67 0.81 1.00 1.20 1.47
0.0107 0.67 0.83 1.00 1.22 1.46
0.0155 0.68 0.84 1.00 1.20 1.38
& 3735 A=159 tiEiA k(n)e] AtAS A&t AALE e Y
Aolm # 3747 k(n)Y AFAE A& WAL= v E YERA Folth
1.8
1.6
m+20
1.4
12 m+l1lo
£10 —m
2
r 08 m-1a
H
< 06 m-20
0.4
0.2
0.0
0 0.005 0.01 0.015 0.02
Confining steel ratio p,
a9 3127 A mE WA E Hle] X E=(A=15)
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%373 k(n)o] AAAL A48 WAANE ALY, A=15)

o KA (m + ko)

: m— 20 m—lo m m+1lo m-+ 20
0.0068 2.20 2.74 3.52 4.37 5.46
0.0107 2.68 3.49 4.38 551 6.74
0.0155 3.90 512 6.43 8.00 941

%374 k(n)o] ALAL 488 WAANE W(AZeE, A=15)

P NA(m+ka)/NA(m)

° m— 20 m—lo m m+1lo m-+ 20
0.0068 0.63 0.78 1.00 1.24 1.55
0.0107 0.61 0.80 1.00 1.26 1.54
0.0155 0.61 0.80 1.00 1.24 1.46

¥ 375 A=2.0° diEA k(n)e AbAS A& AAAYE s YE
AolM & 376& k(n)e] AITAES 283 WAAYE #E vheha Slolct,

1.8

1.6 m+2a

1.4

m+lo

1.2
E 1.0 B PO I A
2
g 0.8 m-1o
E
< 06 T m-20
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0.2

0.0

0 0.005 0.01 0.015 0.02

Confining steel ratio p,

% 3128 FHEIAl g WA E Hlo] X E=(A=20)
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Confining steel ratio p
(a) M8 dHaA S 3 WA E F2E(A=1.0)
10
8 Wa= 414.43p, + 1.4812 s
r R? = 0.999 @ = 350.09p, + 1.1591
5 R2 = 9942
> o« Lz
2
z ° 7 7 ]
§ L “\_\,o | =
2 [ U,= 202.14p, + 2.8307
g 4 R?=0.951 :
GE, 3 M,= 302.51p, + 0.8198
= r R? = 0.9998
< L
2 r
o 2
’ = SPT13 4 SPT16 SPT19 < mHA
0 ‘ !

0 0.005 0.01
Confining steel ratio p,

0.015

0.02

(b) MAAEE 2=t 223t Ha(A=1.0)
_]

R

=4 (A=1.0)

3 5

KA R
m— 20 fa = 246.51p, +0.6795 0.9999
m—1lo pa =302.51p, +0.8198 0.9998
m pa = 350.09p, +1.1591 0.9942
m+ 1o pn =414.43p, +1.4812 0.9990
m+ 20 pa =441.46p, +2.2832 0.9961

- 223 -



12
10 m+20
T 3 m+lo
Z
B L. m
a 6 i
t /%/ m-lo
Q
g 4 !’/ m-20
(T
2
=) 5 ]
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0 0.005 0.01 0.015 0.02
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10
8 Ha= 436.09p, + 1.4558 g
r R2 = 0.9995 «F Ma=350.09p, + 1.1591
< R? = 0.9942
=
= g
= 6 .
i F A s :
a 1
£ I y = 202.14p, +2.8307 /
qE, 4 R?=0.951 s
o r H,= 285.73p, + 0.8261
8 R? = 0.9997
Qo
2
o 2
’ = SPT13 4 SPT16 SPT19 < mHA
0 I | l L]

0 0.005 0.01 0.015 0.02
Confining steel ratio p,

() WAAHE BEEEN)G} 2gAe] v2(A=15)
J E4(A=15)

N
o
w
}—A
w
(@)
olot
e
rd
=
R=)
il
rE
X
r o
~
k1
o
M
24
J

KA R
m— 20 pa = 204.90p, +0.8153 1.0000
m—1lo pa = 285.73p, +0.8261 0.9997
m pa = 350.09p, +1.1591 0.9942
m+ 1o pa =436.09p, +1.4558 0.9995
m+ 20 pa =475.10p, +2.3326 0.9970

- 224 -



12
m+20
10
a m+lo
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8 6 N o
L .
S [ |- m-lo
§ 4 1 !/
8 F | m-20
a
2
’ = SPT13 4 SPT16 SPT19 e A
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0 0.005 0.01 0.015 0.02
Confining steel ratio p
(a) V48 WA S 3 HAAdE FE2E(A=2.0)
10
8 = 451780, + 1.4858] |, AO
R? = 0.9997 ¢ 1,= 350.09p, + 1.1591
- R? = 0.9942
=
= g
= 6 .
t)' A H
3 G
a 1= 202.14p, + 2.8307 / NGRS
< R?=0.951
w -
£ 4
8 / Ha= 265.32p, + 0.8622
(1] —
< R? = 0.9991
2
o 2
’ = SPT13 4 SPT16 SPT19 < mHA
0 Ll I L
0 0.005 0.01 0.015 0.02

Confining steel ratio p,

(b) MAAEE 2=t 223t Ha(A=2.0)
_]

R

54 (X=2.0)

KA R
m— 20 pa =164.91p, +0.8862 0.9966
m—1lo Ha = 265.32p, +0.8622 0.9991
m pa = 350.09p, +1.1591 0.9942
m+ 1o pa =451.78p, +1.4858 0.9997
m+ 20 pa = 503.75p, +2.4727 0.9962
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J A IHlo] gk k(p)e] APA (¥ 3.108~1% 311003 =&k

ofl
]
Lo

AP gk k(n)el AlbA(2d 3114~1% 3116)= Hlaugh Az}
of GF2 mug Aoz veytth webd, Fdulel] e kip)el Al Bt
SHFAMFGES] A= tig k(n)e] Ak el el Aolrt. g Ao wE
SEFAMGES] EAE tigk k(n)e] A (2" 3114~19 3116)2 Hlx

g A A=1.0& A& A7t 7 MEAol A2 Ao® YERti (Y 3132

oo
i
rH
=

%)
uebA | ko] AS 2](3.68)% o] FE3AS W WA TS FXEALE T}
A a0 2 =AY )
k=—0.0062n>—0.034n +0.15 (3.68)

0.25
0.20 i
i & k =-0.0062n2 - 0.0342n + 0.15
I R? = 0.9999
0.15
-
|l |——ps=0.0094
0.10 1| ——ps=0.0081
—+—ps=0.0063
b |-=—ps=0.0051
005 1 P !
L |——ps=0.0035
-e o
000 L1
3 -2 -1 0 1 2 3

Variance mtno

% 3132 SEEANYPES] EEE WE k(n) FH(A=1.0)
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()= ATTER 7PYstofof dt}. T2y & ZAES HYE Hd A

el WEAes GEA A 7] dEel ddde deiME dddss
&

Wdsto] e © WEASFE X 380~ % 382904 ¢, o W

1

S

208 &= 247} 7k ske] e, o 2FHAE AHA

o Cep ’

3) 2 7o) HA S HHE ¢, A& 2 F HMIE ¢,

(A=ay | BT | ESAA | WSAS | B # | ZeEA | WeAs
B (m) (o) (M (m) (o) (M

0.0057 0.0041 0.0009 0.2195 0.0029 0.0006 0.2195
0.0043 0.0033 0.0008 0.2424 0.0022 0.0005 0.2424
0.0029 0.0030 0.0008 0.2667 0.0017 0.0005 0.2667

CEEN A € o
G | B ¥ |EZAA [ BEAF | @ ¥ |EE0A | A5AT
! (m) (o) (V) (m) (o) (V)

0.0057 0.0041 0.0009 0.2195 0.0029 0.0009 0.3293
0.0043 0.0033 0.0008 0.2424 0.0022 0.0008 0.3636
0.0029 0.0030 0.0008 0.2667 0.0017 0.0007 0.4000
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E 382 A ¢, e 9 Wi, TFEAA, WEASR(A-20)
3] 3 72 HANYSHA HMEE ¢, €
(] A 1)) ¥ oo | ETAX | WAl | ¥ o | Zodx | HEAS
(m) (o) (V) (m) (o) (V)
0.0087 0.0059 0.0015 0.2542 0.0063 0.0032 0.5085
0.0071 0.0046 0.0008 0.1739 0.0039 0.0019 0.4783
0.0057 0.0041 0.0009 0.2195 0.0029 0.0013 0.4390
0.0043 0.0033 0.0008 0.2424 0.0022 0.0011 0.4848
0.0029 0.0030 0.0008 0.2667 0.0017 0.0009 0.5333
S ARGEC] AT EEE YERN Y] 98 k] g % 380~ 3% 3.8290 4
L2 ETAAE o] &M 2(366)= A&shd F 383~ 3853 3ol AxtdH
1=
¥ 383 A v E ke H(PAFTHE N=1.0 )
=l k
(HZA 1)) m—20 m—lo m m+ 1o m+ 20
0.0087 0.136969 | 0.157731 0.15 0.117226 | 0.062331
0.0071 0.140812 0.156835 0.15 0.124183 0.082435
0.0057 0.152476 | 0.160618 0.15 0.124667 | 0.087582
0.0043 0.143723 | 0.157242 0.15 0.127512 0.093499
0.0029 0.135755 | 0.154661 0.15 0.129317 | 0.097246
¥ 384 A ko] H(FF A, A=15)
A ) k
(H 2 H]) m—20 m—1lo m m+ 1o m+ 20
0.0087 0.136969 | 0.157731 0.15 0.117226 | 0.062331
0.0071 0.140812 0.156835 0.15 0.124183 0.082435
0.0057 0.152476 | 0.160618 0.15 0.124667 | 0.087582
0.0043 0.143723 | 0.157242 0.15 0.127512 0.093499
0.0029 0.135755 | 0.154661 0.15 0.129317 | 0.097246
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3 385 FHIuE ko] Z(FFdE™, A=2.0)
2 TLH| k
(| 2H)) m— 20 m— lo m m+1lo m-+ 20
0.0087 -0.00472 | 0.103959 0.15 0.140988 | 0.083342
0.0071 0.011734 0.107544 0.15 0.148148 0.109105
0.0057 0.033147 0.115444 0.15 0.147107 0.114303
0.0043 0.008454 0.106925 0.15 0.152392 0.12403
0.0029 -0.01939 0.098421 0.15 0.156541 0.131071
9 3133~ 31352 A AIHE R Fo AP EY] X T mE k
S 2P EZ2 Yed Fow dFdHE JHH Y g wH|gk Ao=w 1
Sh 9 31335 A<109 AEF ow MEA AH A7 et
0.25
0.20 k =-0.0092n%-0.0147n + 0.1501
R?=0.9979
0.15
$
s

—e—ps=0.0087
0.10 |-+ ps=0.0071 \ Q

—=-ps=0.0057 \

——ps=0.0043 i
0.05 +—

—-ps=0.0029

- B
000 L LI LI1]

-3 -2 -1 .0 1 2 3
Variance mtno
O 3133 FEEAREES X% wE k(n)e #(A=1.0)
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0.25

——ps=0.0087
020 |+ Pps=0.0071 y =-0.016n% + 0.0054n + 0.1502
" |-=ps=0.0057 R?=0.9943
——ps=0.0043

015 | ——ps=0.0029

CTTT N

0.05
0.00
-3 -2 -1 0 1 2
Variance mtno
Y 3134 FERAARGE] Bx o] wE kin)el F(A=15)
0.25 ‘
—e—ps=0.0087
0.20 | |—ps=0.0071 y =-0.0228n2 + 0.0256n + 0.1503 |
—=—ps=0.0057 R2=0.9967
——ps=0.0043
0.15 [——ps=0.0029
x |- g \

0.10 | /
f N

0.05 |
, v

0.00
-3 -2 -1 0 1 2
Variance mtno

a9 3135 SEIAMPESY FE=] WE kin)e] F(A=2.0)
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G o AT vy dHsA A A8 f, €. B, © 3E 332
¥ 337, ¥ 3428 HE&3Au
ALH A E 2 WAATE Y] 47%, 74%, 107%c] W A A v &2 e
W ZH2; 0.0034, 0.00535, 0.0077 ]t}
¥ 386 A EHA AL (LPFFH)
4 HH e @ @ ©)
CEEERP T
S 107% 74% 47%
Hlj &
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A 5.0
SekE ) 1.8 %
e D16 D13 D10
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T 08 - m-1g
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m+1lo
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e
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Confining steel ratio p,

0.01

=4(A=1.0)

3389 ATy mE HA = A (I FEH, A=1.0)
Ma R?
m—2c pa =400.65p, +0.6321 0.9996
m—1lo fa = 555.71p, +0.4604 1.0000
m pa = 736.66p, +0.2875 0.9666
m+1lo pa = 930.54p, +0.0863 0.9994
m-+92a pa =1151.10p, —0.2533 0.9982

- 234 -



Ay 4 A3 ¢E-¥dE RdSs S5t 5% FE4 542 o
w7 2
O 93
- A T4 H(f,)-FE 2 (p,)
12+ A2 271 A<t
m f..=1166.1p,+f,, f.. =—17804p> +1367.9p, + f.,
m+ 1o f.. =884.54p, +25.203 f.. = 19998p° 4+ 657.91p, +25.604
m—1o f.. = 1447.7p, +17.645 f.. =— 5560507 +2077.8p, +16.533
m+ 20 f.. =602.97p, +28.982 f.. = 578000 — 52.027p, +30.139
m—2o f.. =1729.2p, +13.867 f.. =—93407p° +2787.7p, +11.997
. Ho AP E(e,)-FE 2 (p,)
15+ A k4 27} Aok
m €., =0.4704p, +e,, €, =22.518p> +0.2153p, +¢,,
m+ 1o e,, = 0.5666p, +0.0019 €,, = 26.631p7 +0.2648p, +0.0025
m—1o €,, = 0.3743p, +0.0012 €., = 18.405p> +0.1657p, +0.0016
m+ 20 e, = 0.6627p, +0.0023 €., = 30.744p7 +0.3143p, +0.0029
m—2o €., = 0.2782p, +0.0009 €, = 14.292p> +0.1162p, +0.0012
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P57 & 71(E,, )-8 a8 (p,)

AP
12} A2 22 A4

m E,,, =—241647p, +2850.5 E,,. =3>x10"p? —694164p, 4 4085.8
m+1o E,,. =—198631p, +2213.9 E,,. = 1x10"p? —359664p, +2498.3
m—1lo E,,, =—284664p, +3487.1 E,,, =2x10"p> —470654p, + 3815.6
m+ 20 E,, . =—155614p, +1577.3 E,,, =1x10"p? —304169p, + 1839.7
m—20 E,,, = 327680p, +4123.7 E,,, =2x10"p} —526149p, +4474.2
@ Apzhed

A 7here _ ﬂﬂ%?é—%%ﬂf@—%%ﬂ%ﬂ](;_g)
IR 22k A4

m f.. =541.4p, +24.74 f.. =— 1081907 +1943p, +20.67
m+ 1o f.. = 467.96p, +26.762 f.. =—146311p7 +2364.5p, 421.259
m—1lo f.. =614.86p, +22.733 f.. =—T70078p% 4 1523.2p, +20.097
m+20 f.. =394.51p, +28.777 f.. = 1844287 +2785.1p, +21.84
m—20 f.. =688.31p, +20.718 f.. =—31961p% +1102.6p, +19.516

A AP E(e,)-FH 2D
A 13 A c&i]rﬂ S ](gi} A

m €. = 0.4057p, +0.0021 €., = 0.3115p" +0.4028p, +0.0021
m+ 1o €., = 0.4228p_+0.0027 €., = 1.1997p° +0.4073p, +0.0027
m—1lo €.. = 0.396p, +0.0015 €. = 10.695p7 +0.5346p, +0.0011
m+20 €., = 0.4362p, +0.0033 €., = 7.1468p" +0.3436p, +0.0036
m—20 €. = 0.3826p, -+0.0009 €.. = 16.642p7 +0.5983p, +0.0002

P &7 2 71(Ey,,) -8 224 (p,)
12} A2 22} A 4]

m By, =—141050p, +1627.75 | B, =8x10 5% —1x10°p, +4724.9
m+ 1o E,., =—89656p, +1049.6 E,, . =—4x10°0% —39205p, +903.1¢
m—1lo E,,, =—192443p, +2205.9 E,,, =4x10°0 —243118p, +2353
m+ 20 E, . =—38262p, +471.4 E,,, =—8x10°p" +62752p, +178.2¢
m—20 E,,, =—243837p, +2784.1 E,,, =8x10%? —345075p, +3077.9
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Confining steel ratio p,
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Cross— i Height | unconfined | | Material/ R . i

. section reingofrcement ) Spacing | Volumetric | Anchorage | ratio of
Scale |sectional| Type (mm) concrete . diameter N .

P N ® (mm) (5) (MPa) ratio (%) D (mm) | ratio (%) type section

shape
(€] ] 9 10 11 az)
© ® ® | @ | @ | @

S C SCO @200 600 18.5 0 — — — — —
S C SC1 @200 600 18.5 0 SR235 ©6 150 0.39 weld -
S C SC2 @200 600 18.5 0 SR235 ©6 | 100 0.58 weld —
S [} SC3 ®200 600 18.5 0 SR235 @6 50 1.17 weld —
S [} SC4 ®200 600 18.5 0 SR235 @6 25 2.33 weld —
S C SC5 ®200 600 18.5 0 SR235 06 125 4.66 weld —
S S SSO | 200 x 200 600 23.2 0 — — — — 1.0
S S SS1 | 200 X 200 600 23.2 0 SR235 ©6 | 150 0.39 weld 1.0
S S SS2 | 200 x 200 600 23.2 0 SR235 ©6 | 100 0.58 weld 1.0
S S SS3 | 200 X 200 600 23.2 0 SR235 ©6 50 117 weld 1.0
S S SS4 | 200 % 200 600 23.2 0 SR235 ©6 25 2.33 weld 1.0
S S SS5 | 200 X 200 600 23.2 0 SR235 @6 12.6 4.66 weld 1.0
L C LCO @500 1,500 28.8 1.01 — — — — —
L [} LC1 ®500 1,500 28.8 1.01 SD295 D10| 300 0.19 weld —
L C Lcz ®500 1,500 28.8 1.01 SD295 D10| 150 0.39 weld —
L C LC3 @500 1,500 28.8 1.01 SD295 D10| 100 0.58 weld —
L C LC4 @500 1,500 28.8 1.01 SD295 D10 50 1.16 weld —
L C LC5 @500 1,500 28.8 1.01 SD296 D13| 300 0.34 weld -
L C LC6 ®500 1,500 28.8 1.01 SD295 D16| 300 0.54 weld —
L C LC7 @500 1,500 28.8 1.01 SD295 D10| 100 0.58 90° hook —
L C LC8 ®500 1,500 28.8 1.01 SD295 D10| 100 0.58 135° hook —
L (o] LC9 @500 1,500 28.8 1.01 SD295 D10| 100 0.58 180° hook —
L S LSO | 500 < 500 | 1,000 24.3 0.95 - - - - 1.0
L S LS1 | 500 x 500 | 1,000 24.3 0.95 SD295 D13 60 1.73 weld 1.0
L S LS2 | 500 X 500 | 1,000 24.3 0.95 SD295 D16 75 2.19 weld 1.0
L S LS3 | 500 < 500 | 1,000 24.3 0.95 SD295 D13 40 2.60 weld 1.0
L S LS4 | 500 X 500 | 1,000 24.3 0.95 SD295 D16 40 4.10 weld 1.0
L w LW1 | 350 < 700 | 1,000 24.3 0.95 SD295 D13 65 1.72 weld 2.0
L w LW2 | 300 < 900 | 1,000 24.3 0.95 SD296 D13 67 1.74 weld 3.0
L w LW3 250 X 1,000/ 1,000 24.3 0.95 SD295 D13 75 1.77 weld 4.0
L w LWw4 250 X 1.000| 1,000 24.3 0.95 SD295 D13 75 2.45 weld 4.0
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¥ 6.3 Mander®] 43w AdA A

Material Strength® nfine—
Longit Longitu- | Trans- (MP2) Co te Lateral Testi
- me - o
on.g u dinal verse Core diam- e confining °s mg
dinal effec— strain
Unit steel steel eter (mm) i pressure
steel b . tive— rate
) e Tatio ratio d, a e
ratio , ® ness MPa) (s7™YH
Pec 14
o ® o lolelo g o an
©@ ®) ©6) @ ©)
a 0.0123 0.0160 0.020 28 295 310 438 0.970 3.0 0.000003
b 0.0123 0.0160 0.020 31 295 340 438 0.970 3.3 0.013
c 0.0123 0.0160 0.020 33 295 340 438 0.970 3.3 0.013"
Cyl1l - - - 28 - - - - - 0.013
1 0.0123 0.0160 0.025 28 295 340 438 0.983 4.18 0.013
2 0.0123 0.0160 0.015 28 295 340 438 0.950 2.42 0.013
3 0.0123 0.0160 0.010 28 295 340 438 0.911 1.55 0.013
4 0.0123 0.0159 0.006 28 295 320 440 0.890 0.85 0.013
5 0.0123 0.0159 0.020 28 295 320 440 0.986 3.14 0.013
6 0.0123 0.0163 0.020 28 295 307 434 0.926 2.84 0.013
Cyl 2 — — - 31 — — — — — 0.013
7 0.0251 0.0327 0.020 31 296 340 438 0.987 3.35 0.013
8 0.0253 0.0330 0.020 27 260 340 438 0.987 3.35 0.013
9 0.0256 0.0334 0.020 31 286 340 438 0.987 3.35 0.013
10 0.0246 0.0320 0.020 27 295 340 438 0.986 3.34 0.013
11 0.0369 0.0480 0.020 27 295 340 438 1.002° 3.40 0.013
12 0.0246 0.0320 0.020 31 360 340 438 0.986 3.34 0.013
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¥ 6.4 Mander®] 93w A A st 28 E

Plain Concrete Date®

Confined Strength f',,

Confining Stress e,;;

Strain at Hopp Fracture

Eefy

Unit . | Theo- | Experi- Experi- Experi-

| s, Fleo . A ]i::;):;_ ret- | mental/ | Experi- | Theo— | mental/ | Experi- | Theo- | mental/

(MPa) | (MPa) (S (GPa) MPa) ical® ’I‘h.eo—b mental | retical® Th.eo—c mental | retical® Th.eo—d

(@) 3) (5) ® (MPa) | retical 9 (10) retical 12) (13) retical
@) ®) an (14)

a 30 24 0.002 24 38 40.3 0.94 0.008 | 0.0088 0.91 0.060 0.056 1.07
b 31 30 0.0015 31 48 48.3 0.99 0.0042 | 0.0061 1.69 0.039 0.053 0.74
c 33 32 0.0015 32 47 50.5 0.93 0.0058 | 0.0059 0.98 0.058 0.053 1.09
Cyl 1| 28 29 0.0015 26 — — — — — — — — —
1 28 29 0.0015 26 51 51.0 1.00 0.0073 | 0.0072 1.01 0.058 0.062 0.94
2 28 29 0.0015 26 46 43.0 1.07 0.0050 | 0.0051 0.98 0.056 0.048 117
3 28 29 0.0015 26 40 38.5 1.04 0.0040 | 0.0039 1.03 0.055 0.040 1.38
4 28 29 0.0015 26 36 345 1.04 0.0033 | 0.0029 1.14 0.035 0.034 1.03
5 28 29 0.0015 26 47 46.5 1.01 0.0065 | 0.0060 1.08 0.058 0.059 1.02
6 28 29 0.0015 26 46 45.1 1.02 0.0058 | 0.0057 1.02 0.057 0.059 0.97
Cyl 2| 31 32 0.0014 28 — — — — — — — — —
7 31 32 0.0014 28 52 50.8 1.02 0.0057 | 0.0055 1.04 0.060 0.045 1.33
8 27 30 0.0014 28 49 48.6 1.01 0.0058 | 0.0057 1.02 0.057 0.048 119
9 31 32 0.0014 28 52 50.8 1.02 0.0054 | 0.0055 0.98 0.060 0.048 1.26
10 27 30 0.0014 30 50 48.5 1.03 0.0064 | 0.0057 112 0.058 0.047 1.23
11 27 30 0.0014 30 54 48.8 111 0.0045 | 0.0057 0.79 0.0432 | 0.042 1.03
12 31 32 0.0014 28 52 50.7 1.03 0.0056 | 0.0055 1.02 0.043 0.044 0.98
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=] 5 5 = o] O ¢ S =
AARZb G AEA 14719 AA AYS E 659 Zow, HAFANE E
= o A = = O =] ~7
2 ZAYE FIHIES JYstd & 663 2o
A 5 > o
3 6.5 Mander®] 2AZbA A A A9
Vertical Reinforcement Transverse Renforcement? Confining Stress
Test
Wall ‘e I 0t i
I c f e e f s strain
® ok : o pe (P =ty S| R iy ! X
Mo | w MR @ ® © | qo || M2 e
2 ®) 1D 12) (s7)
13)
1 28 0.0172 | 0.030 330 0.0196 0.0270 0.0466 310 | 0.650 3.97 5.44 0.00001
2 28 0.0172 | 0.030 330 0.0196 0.0270 0.0466 340 | 0.650 4.33 5.97 0.0133
3 28 0.0172 | 0.030 330 0.0157 0.0270 0.0427 310 | 0.541 2.64 4.52 0.00001
4 28 0.0172 | 0.030 330 0.0157 0.0270 0.0427 310 | 0.650 3.16 5.44 0.00001
5 28 0.0172 | 0.030 330 0.0068 0.0094 0.0162 310 | 0.454 0.95 1.32 0.00001
6 28 0.0172 | 0.031 330 0.0292 0.0416 0.0708 330 | 0.587 5.66 8.06 0.00001
7 | 28 - - | - - - - - - | =] - 00133
8 28 — — — — — — — — — — 0.00001
9 41 0.0172 | 0.030 330 0.0196 0.0270 0.0466 340 | 0.650 4.35 5.97 0.0133
10 1 0.0306 | 0.053 290 0.0196 0.0270 0.0466 340 | 0.700 4.69 6.43 0.0133
11 41 0.0306 | 0.053 290 0.0098 0.0135 0.0233 340 | 0.586 1.95 2.69 0.0133
12 41 0.0306 | 0.056 290 0.0292 0.0416 0.0708 360 | 0.634 6.66 9.49 0.0133
13 41 0.0108 | 0.020 290 0.0205 0.0582 0.0787 360 | 0.399 2.94 8.36 0.0133
14 41 0.0108 | 0.019 290 0.0082 0.0225 0.0307 340 | 0.397 111 3.04 0.0133
15 41 — — — — — — — — — — 0.0133
16 41 — — — — — — — — — — 0.00001
3T 5] > =1 = = = =
# 6.6 Mander®] AAbzdl A Ao gk ZAYE SIUPE
Plain Concrete Confined Strength Confining Stress Strain at Hopp Fracture
Date® Il Eesy Eess
. Experi- Experi- Experi-
Wall , Experi- | Theo-
W fleo . E, j::trall retiiilb mental/ | Experi- | Theo- | mental/ | Experi- | Theo- | mental/
(MPa) (;; (GPa) (MP2) (MPa) Theo- | mental | retical® | Theo— mental | retical® | Theo-
2 “4) ® ® retical ® (©)) retical an 12) retical
] ao aas)
1 26 0.0022 22 46 49 0.94 0.014 0.012 117 0.027° 0.048 0.56°
2 29 0.0018 24 56 55 1.02 0.017 0.0098 1.73 0.042 0.047 0.89
3 26 0.0022 22 46 44 1.05 0.013 0.010 1.30 0.028 0.040 0.70
4 26 0.0022 22 51 47 1.08 0.019 0.0111 1.71 0.050 0.050 1.00
5 26 0.0022 22 37 33 1.12 0.0075 0.0052 1.44 0.0284 0.025 114
6 26 0.0022 22 56 56 1.00 0.021 0.015 1.40 0.055 0.062 0.89
9 43 0.0018 32 72 71 1.01 0.0082 0.0076 1.08 0.030 0.040 0.76
10 43 0.0018 32 72 72 1.00 0.0076 0.0079 0.96 0.034 0.034 1.00
11 43 0.0018 32 60 57 1.05 0.0052 0.0047 111 0.025 0.0225 111
12 43 0.0018 32 78 81 0.96 0.0102 0.0098 1.04 0.045 0.044 1.02
13 43 0.0018 32 69 69 1.00 0.0065 0.0072 0.90 0.055 0.056 0.98
14 43 0.0018 32 58 55 1.05 0.0046 0.0043 1.70 0.033 0.032 1.03
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Murat Saatcioglu= Mander et al.(1988)2] A3A 267§, Razvi and
Saatcioglu(1989) A& A 1771, Scott et al.(1982)2] A&l A 147H, Sheikh and
Uzumeri(1980)2] A& A 247, Abdulkadir and Saatcioglu(1991)2e] 23] 371
T T 84/Me AdA(LEEH B AgEH)E o] &ste] HE FAE]
H-HYPE BAAS 19 699 #Zol AStsiAith B A AdAAE A
SHH # 6.7~ 3% 6.10% Zuh

.F
cc
0.85f!
fi
o
k4
0.85 - !
4 Confined
: i
]
o I
oy !
O |
g TR | 1
0.20f%, ke -:----;----- ------------------ v
I
o I 1
i 1 1 1
] i 1 i ] }
€01 €oss €1 85 €20 [
5 2= =] =
19 69 Murat Saatcioglu®] 34 S| E ] W3] E I Ao}
¥ 67 B A7l 497 zH)
Column® Reineforceme;lt f, (MPa) k, ks ! 'co ! ’C(,', exp f 'oc, anal f ,,cc, anal
label arrangement’ @ @ ®) (MPa) (MPa) (MPa) F oo ex
[6D) 2 ©6) (€] @ 9
a 10 3.08 5.53 1.00 24.0 38.0 41.0 1.08
b 10 3.38 5.45 1.00 30.0 48.0 48.4 1.01
c 10 3.38 5.45 1.00 32.0 47.0 50.4 1.07
1 10 4.28 5.23 1.00 29.0 51.0 51.4 1.01
2 10 2.54 5.72 1.00 29.0 46.0 435 0.95
3 10 1.70 6.12 1.00 29.0 40.0 39.4 0.99
4 10 0.96 6.75 1.00 29.0 36.0 35.5 0.99
5 10 317 5.51 1.00 29.0 47.0 46.5 0.99
6 10 3.06 5.54 1.00 29.0 46.0 459 1.00
7 10 3.38 5.45 1.00 32.0 52.0 50.4 0.97
8 10 3.38 5.45 1.00 30.0 49.0 48.4 0.99
9 10 3.38 5.45 1.00 32.0 52.0 50.4 0.97
10 10 3.38 5.45 1.00 30.0 50.0 48.4 0.97
11 10 3.38 5.45 1.00 30.0 54.0 48.4 0.90
12 10 3.38 5.45 1.00 32.0 52.0 50.4 0.97

- 267 -



# 68 B ArAke AdAa3(©2)

Column® | Reineforcement ! ' 00, ex ' 00, anal f , anal
label arrangement” 5 El;/;'Pa) (’11) ("752) (I{/H‘;Z) f(hj;a)p f(lf:l;a) l f '0; expl
1) (2) (6) ) ® [©)

3(a 1 4.99 6.42 0.26 32.0 40.0 40.2 1.01
3(b) 1 4.99 6.42 0.26 32.0 38.4 40.2 1.05
4(a) 1 2.50 7.23 0.26 32.0 33.3 36.6 1.10
6(a) 1 5.17 6.44 0.24 39.0 51.9 47.1 0.91
6(b) 1 5.17 6.44 0.24 39.0 51.1 47.1 0.92
7(a) 1 2.59 7.25 0.24 39.0 43.3 43.6 1.01
7(b) 1 2.59 7.25 0.24 39.0 44.8 43.6 0.97
15(a) 1 2.50 7.23 0.26 29.0 35.1 33.6 0.96
15() 1 2.50 7.23 0.26 29.0 31.6 33.6 1.06
16(a) 1 4.99 6.42 0.26 29.0 38.0 37.2 0.98
16() 1 4.99 6.42 0.26 29.0 38.0 37.2 0.98
2 5 2.88 6.02 0.65 23.1 33.0 34.4 1.04
6 2 2.88 6.23 0.53 231 32.4 32.7 1.01
12 5 2.11 6.35 0.65 30.3 40.4 39.0 0.97
13 5 2.88 6.02 0.65 30.3 43.0 41.5 0.97
14 5 3.25 6.06 0.55 30.3 43.5 41.2 0.95
15 5 4.46 5.74 0.55 30.3 48.5 44.5 0.92
17 2 211 6.56 0.53 30.3 38.5 37.7 0.98
18 2 2.88 6.23 0.53 30.3 41.7 39.8 0.96
19 2 3.25 6.27 0.45 30.3 42.2 39.5 0.94
20 2 4.46 5.94 0.45 30.3 45.6 42.3 0.93
22 5 2.11 6.35 0.65 29.5 35.8 38.3 1.07
23 5 2.88 6.02 0.65 29.5 37.9 40.8 1.08
24 5 3.39 6.04 0.54 29.5 39.9 40.6 1.02
26 5 4.66 5.72 0.54 29.5 45.5 44.0 0.97
1 2 1.81 6.58 0.62 319 37.6 39.2 1.04
2 2 1.02 6.91 0.82 31.4 39.6 37.2 0.94
3 4 1.54 6.23 1.00 30.9 37.4 40.5 1.08
4 4 0.89 6.83 1.00 31.2 37.4 37.3 1.00
5 4 4.74 5.53 0.66 29.8 491 46.9 0.96
6 4 2.42 5.85 0.92 29.1 44.6 42.1 0.94
7 2 3.95 6.29 0.37 34.8 44.5 43.9 0.99
8 2 3.33 5.88 0.65 34.7 47.5 474 1.00
9 2 412 6.26 0.36 34.4 42.3 43.7 1.03
10 2 5.25 5.75 0.47 34.6 45.3 48.7 1.07
11 4 2.42 6.31 0.59 34.6 43.9 435 0.99
12 4 2.95 5.57 1.00 34.7 50.6 51.1 1.01
13 2 1.90 6.54 0.61 26.6 34.6 34.2 0.99
14 2 5.10 6.16 0.32 26.8 36.9 36.9 1.00
15 2 4.78 5.81 0.49 26.9 39.6 40.4 1.02
16 4 1.86 6.14 0.90 27.6 37.6 37.9 1.01
17 4 3.44 6.17 0.47 28.0 38.0 38.0 1.00
18 4 5.23 5.48 0.62 28.1 47.8 46.0 0.96
19 3 2.92 6.39 0.45 28.4 40.6 36.8 0.91
20 3 3.81 5.76 0.64 29.5 44.8 43.5 0.97
21 3 4.88 5.75 0.51 30.2 46.5 44.4 0.95
22 5 2.96 6.27 0.50 30.2 43.5 39.4 0.91
23 5 4.39 5.55 0.69 30.5 47.0 473 1.01
24 5 5.06 5.62 0.56 30.5 49.7 46.3 0.933
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F 69 BF ArAkel AE230)

Column® Reineforceme:t Friony OMP) Ft short Fa.toms k. oo k, feo f o6, e f'eciana | f ,’CC,MAM
label arrangement’ @ (Pa) ® ® @ (MPa) (MPa) (MPa) F oo, exp
o)) @ @ ® © a0 av
1 11 5.44 7.46 1.00 0.20 5.10 26 46 51 1.11
2 11 5.97 8.18 1.00 0.20 5.03 29 56 56 1.00
3 12 3.81 3.73 1.00 0.21 5.43 26 46 45 0.98
4 13 4.35 7.46 1.00 0.21 5.30 26 51 47 0.92
5 11 1.89 2.59 1.00 0.21 6.11 26 37 37 1.00
6 11 9.64 13.711 0.88 0.12 4,74 26 56 62 111
9 11 5.97 8.18 1.00 0.20 5.03 43 72 70 0.97
10 11 5.97 8.18 1.00 0.20 5.03 43 72 70 0.97
11 11 2.99 4.09 1.00 0.20 5.65 43 60 58 0.97
12 11 10.51 14.96 0.85 0.12 4.70 43 78 81 1.04
13 14 7.36 20.94 0.90 0.11 4.93 43 69 73 1.06
14 14 2.49 6.82 1.00 0.20 5.80 43 58 57 0.98

% 6.10 B} AAke] AH A 2(4)

Column®| Reinforcement] fiwwe | fise o b e
label | arrangement® | (MPa) | (MPa) | kywwe | Ko ki | (MPa)|(MPa) | (MPa) CC.op
(n (2) (3} (4) (5) (6) (7) (8) (9) (10) (11)
RC1 6 0.9 — 0.55 — 7.51 23 24 27 1.12
RC2 [ 0.9 — 0.55 — 7.51 25 26 28 1.08
RC5 T 2.2 - 0,33 - 7.07 25 31 30 0.97
12(a) 9 0.9 2.5 1.00 | 026 | 6.24 29 4} 37 .93
12(b) 9 0.9 2.5 1.00 | 0.26 | 6.24 29 41 37 0,90
13{a) 9 0.8 2.5 1.00 | 0.26 | 6.28 29 38 37 0,97
13(b) 9 08 | 25 | 1.00 | 026 | 6.28 | 29 34 37 1.09
14(a) 8 .6 2.4 .00 | 027 | 650 29 35 37 0.97
14(h) B 0.6 2.4 .00 | 0.27 | 6.50 29 36 37 1.03

were tested by Razvi and Saatcioglu (1989).
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¥ 6.11 Sato and Yamaguchi®] AFZbebd

A A

Concrete Longitudinal Lateral reinforcement
reinforcement
Specimen
Fc | Ei | Number| Pg | Osy | o . | Number| s Ps | owy | PsOay | debe
tmer? | 2 | @NA SIZE | % | yiad andsize| mm | 05 | weme? | wmm? mem
CCA35 A 35 | 260 72
=ml | 4-p 6.2
CCAS0 ﬁ@ 50 | 1.80 258
— 16-D13 | 287 | 4040 1431 265.6
CCB43 | asa| 288 43 | 2.60 372
w1 - | 5¢ 6.2
CCB60 @ 60 | 1.80 258
CCP 272
3E 612 AHEH AP A "ig 45 E 2 53 E(Sato and Yamaguch)
Yielding of o Buckling of y
o Yielding of o Fracturing of Peak of
lengitudinal : longitudinal ;i
) lateral reinf. i lateral reinf. strength
specimﬂﬂ I‘Elnf. I‘&iﬁf,
o E o € o £ o € o €
Mimm2 % Mfmm2 % Mimm2 % Mimm2 b Mmm2 %
CCA35 32.0 | 0147| 566 | 0.801]| 79.7 | 6410 | 80.4 | 6.780| 80.4 | 6.780
CCAS50 321 | 0.223| 552 | 1.979| 571 | 3.332| 431 | 5.299| 57.0 | 3.332
CCB43 34.1 | 0193| B80.3 | 2.606| 849 | 5448 | 466 | 7.391| 85.1 | 5.014
CCB&0 27.8 | 0.150| 621 | 1.851]| 58.5 | 2974 - - 62.2 | 2.226
CCP - - - - 39.0 | 0.230
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