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Abstract

The objectives of this research work are to study the compressive behaviors and mode of
failure of Tubed concrete specimens and Tubed RC columns, subjected to concentrically axial load,
2.) to compare the obtained test results with those calculated by using ACI Committee 318 composite
column design equation and 3.) to propose appropriate design equations. The main variables used in
this study were the ultimate compressive strengths of concrete, which are 18, 25 and 32 MPa, the
thicknesses of steel jackets, which are 3.2, 4.5 and 6.0 mm, and the preconfining stresses, which are in
the range of 0.05 f_ to 0.1 T . The shapes of the cross-section of the specimens are square and
circular.

From the study of the Tubed concrete specimens, it was found that the ultimate compressive
strength and their ductility are increased significantly, compared to the reference concrete specimens.
The compressive behavior of the specimens is linear up to 50 - 80% of their maximum compressive
strength ( f' ). Beyond that, the nonlinear behavior with large deformation before failure is shown
and can be classified into 3 types: (1) Strain hardening, (2) Elastic-perfectly plastic and (3) Strain
softening. The failure is in the form of progressive mode of failure. It was also concluded that the
square Tubed concrete specimens with 6.0 mm thick steel jacket and the preconfining stress of
0.1 f and the circular Tubed concrete specimens with 4.5 mm thick steel jacket and the preconfining
stress of 0.05 f provide the optimum compressive behaviors and mode of failure for further study of
the Tubed RC columns.

From the study of the Tubed RC columns, it was found that the compressive behavior of the
specimen is linear up to 60-80% of their maximum compressive strength (P, ) and, then, the
nonlinear behaviors were observed and can be classified into 2 types: Strain hardening and Elastic-
perfectly plastic. The specimens have significantly larger ductility and deformation before failure
compared to the reference RC columns. Comparing the obtained compressive strengths with those
predicted by the ACI design equation, the ratio of P, /P, is less than 1.0. Therefore, it was
proposed that the ACI design equation should be adjusted in the form of
P =0.85f, (A, —A)+Af’ +030A™ f "™ in the case of the square Tubed RC columns
and Py ™™™ =0.85f (A, — A) + A fS +0.40A™ f** in the case of the circular RC columns.
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32 150.0 mm. 32 45 150.0 mm. 45 6.0 150.0 mm. 6.0
150.0 mm. mm mm mm mm mén mm
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d‘ Y 1 = Y o d‘ d‘ [ d' 9 a o
MINN 3.1 AIPINNATOUABUNIANINAATIHAsNTAT N 1T luauITe
f/ t wiheusan 1y
co
i 100 TumsTeusanou (MP 3
[GEU] AIDYN (MPa) (mm) (MPa) TUIU

1 CR18-0-0 18 - - 3
CR25-0-0 25 - - 3
CR32-0-0 32 - - 3
2 SR18-3.2-0 18 3.2 0 3
SR18-4.5-0 18 4.5 0 3
SR18-6.0-0 18 6.0 0 3
SR25-3.2-0 25 3.2 0 3
SR25-4.5-0 25 4.5 0 3
SR25-6.0-0 25 6.0 0 3
SR32-3.2-0 32 3.2 0 3
SR32-4.5-0 32 4.5 0 3
SR32-6.0-0 32 6.0 0 3
3 SR18-3.2-0.05 f 18 3.2 0.05 ., 3
SR18-4.5-0.05 f . 18 4.5 0.05 f, 3
SR18-6.0-0.05 18 6.0 0.05 f 3
SR25-3.2-0.05 f_ 25 3.2 0.05 f_, 3
SR25-4.5-0.05 f_, 25 4.5 0.05 f_, 3
SR25-6.0-0.05 f 25 6.0 0.05 3
SR32-3.2-0.05 f 32 3.2 0.05 3
SR32-4.5-0.05 f 32 4.5 0.05 3
SR32-6.0-0.05 f 32 6.0 0.05 f_, 3
4 SR18-3.2-0.1 f, 18 3.2 0.1 f, 3
SR18-4.5-0.1 f, 18 4.5 0.1f 3
SR18-6.0-0.1 f 18 6.0 0.1f 3
SR25-3.2-0.1 f 25 3.2 0.1 f, 3
SR25-4.5-0.1 f 25 4.5 0.1 f, 3
SR25-6.0-0.1 f, 25 6.0 0.1 f, 3
SR32-3.2-0.1 f 32 3.2 0.1 f, 3
SR32-4.5-0.1 f 32 4.5 0.1 f, 3
SR32-6.0-0.1 f, 32 6.0 0.1 f, 3
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AsduazAUANLA ) _
, AUTUUAVDIADUNTA AUTUUAVDUNAN
ngun TRGIAN 112U | B/t | Confining pressure | p,, = A /A, A, fo E, A, f, E,
ratio (MPa) (%) (mm’) (MPa) | (GPa) | (mm)) (MPa) (GPa)

1 CR18-0-0 3 B ) 1 22500 17.19 20.32 - - -

CR25-0-0 3 B ) ] 22500 24.55 23.29 - - -
CR32-0-0 3 - B B 22500 30.84 26.09 - - -

2 SR18-3.2-0 3 46.9 ) 8.02 22500 17.19 20.32 1961 323.30 203.43
SR18-4.5-0 3 333 ) 11.00 22500 17.19 20.32 2781 324.85 204.66
SR18-6.0-0 3 25.0 B 14.27 22500 17.19 20.32 3744 325.48 194.90
SR25-3.2-0 3 46.9 B 8.02 22500 24.55 23.29 1961 323.30 203.43
SR25-4.5-0 3 333 B 11.00 22500 24.55 23.29 2781 324.85 204.66
SR25-6.0-0 3 25.0 B 14.27 22500 24.55 23.29 3744 325.48 194.90
SR32-3.2-0 3 46.9 ) 8.02 22500 30.84 26.09 1961 323.30 203.43
SR32-4.5-0 3 333 ) 11.00 22500 30.84 26.09 2781 324.85 204.66
SR32-6.0-0 3 25.0 ) 14.27 22500 30.84 26.09 3744 32548 194.90
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ANLNYIVD (AD)

q

. AUANLAUDIADUNT G AuaulAYeINAN
NUN A1081 UIU B/t | Confining pressure | p,=A /A A, fo, E. A, f, E,

ratio (MPa) (%) (mm’) | (MPa) | (GPa) | (mm’) | (MPa) | (GPa)

3 SR18-3.2-0.05 f_, 3 46.9 0.90 8.02 22500 17.19 20.32 1961 323.30 203.43
SR18-4.5-0.05 f_, 3 333 0.90 11.00 22500 17.19 20.32 2781 324.85 204.66
SR18-6.0-0.05 f_, 3 25.0 0.90 14.27 22500 17.19 20.32 3744 325.48 194.90
SR25-3.2-0.05 . 3 46.9 1.25 8.02 22500 | 24.55 | 2329 | 1961 | 32330 | 203.43
SR25-4.5-0.05 3 333 1.25 11.00 22500 | 24.55 | 2329 | 2781 | 324.85 | 204.66
SR25-6.0-0.05 f . 3 25.0 1.25 14.27 22500 | 24.55 | 2329 | 3744 | 32548 | 194.90
SR32-3.2-0.05 f_, 3 46.9 1.60 8.02 22500 30.84 26.09 1961 323.30 203.43
SR32-4.5-0.05 f_, 3 333 1.60 11.00 22500 30.84 26.09 2781 324.85 204.66
SR32-6.0-0.05 f_, 3 25.0 1.60 14.27 22500 30.84 26.09 3744 32548 194.90
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q

. AUANTAUDIADUNTA AuantAvemnan
NQUN f10819 112U | B/t | Confining pressure | p, =A /A A, fr E, A, f, E,

ratio (MPa) (%) (mm’) | (MPa) | (GPa) | (mm’) | (MPa) | (GPa)

4 SR18-3.2-0.1 f_, 3 46.9 1.8 8.02 22500 17.19 20.32 1961 323.30 203.43
SR18-4.5-0.1 f_, 3 333 1.8 11.00 22500 17.19 20.32 2781 324.85 204.66
SR18-6.0-0.1 f_ 3 25.0 1.8 14.27 22500 17.19 20.32 3744 325.48 194.90
SR25-3.2-0.1 f, 3 46.9 2.5 8.02 22500 | 2455 | 2329 | 1961 | 32330 | 203.43
SR25-4.5-0.1 f, 3 33.3 2.5 11.00 22500 | 2455 | 2329 | 2781 | 324.85 | 204.66
SR25-6.0-0.1 f_, 3 25.0 2.5 14.27 22500 | 2455 | 2329 | 3744 | 32548 | 194.90
SR32-3.2-0.1 f, 3 46.9 32 8.02 22500 | 30.84 | 26.09 | 1961 | 32330 | 203.43
SR32-4.5-0.1 f_, 3 333 3.2 11.00 22500 30.84 26.09 2781 324.85 204.66
SR32-6.0-0.1 f_ 3 25.0 3.2 14.27 22500 30.84 26.09 3744 325.48 194.90
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159.0 mm. 162.0 mm.
150.0 mm. 32 32 4.5 150.0 mm. 4.5 6.0 150.0 mm. 6.0
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Concrete specimen Concrete specimen Concrete specimen Concrete specimen
with steel jacket with steel jacket with steel jacket
156.4 mm. 159.0 mm. 162.0 mm.
32 150.0 mm. k] . 45 | 150.0 mm. 45 6.0 | 150.0mm. | 60
150.0 mm. mm mm mm mm mm
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f t whousaiile

nguil #1081 (MPa) (mm) lumsTousanou (Mpa) DRITRIT
1 C18-0-0 18 - - 3
€25-0-0 25 - - 3
C32-0-0 32 - - 3
2 S18-3.2-0 18 3.2 0 3
S18-4.5-0 18 4.5 0 3
CS18-6.0-0 18 6.0 0 3
(S25-3.2-0 25 3.2 0 3
CS25-4.5-0 25 45 0 3
CS25-6.0-0 25 6.0 0 3
CS832-3.2-0 32 3.2 0 3
C832-4.5-0 32 4.5 0 3
C$32-6.0-0 32 6.0 0 3
3 CS18-3.2-0.05 f 18 3.2 0.05 f_, 3
CS18-4.5-0.05 18 4.5 0.05 f 3
CS18-6.0-0.05 f 18 6.0 0.05 f_, 3
CS25-3.2-0.05 f 25 3.2 0.05 f_, 3
CS25-4.5-0.05 T 25 4.5 0.05 f . 3
CS25-6.0-0.05 f_ 25 6.0 0.05 f . 3
CS32-3.2-0.05 32 3.2 0.05 f 3
C832-4.5-0.05 f 32 4.5 0.05 f 3
CS32-6.0-0.05 f 32 6.0 0.05 f_, 3
4 CS18-3.2-0.08 f 18 3.2 0.08 f_, 3
CS18-4.5-0.08 18 4.5 0.08 f 3
CS18-6.0-0.08 f 18 6.0 0.08 f_, 3
CS25-3.2-0.08 f_ 25 3.2 0.08 f 3
CS25-4.5-0.08 f_ 25 4.5 0.08 f 3
C825-6.0-0.08 f 25 6.0 0.08 f 3
CS832-3.2-0.08 f, 32 3.2 0.08 f 3
CS32-4.5-0.08 32 4.5 0.08 f_, 3
CS32-6.0-0.08 f 32 6.0 0.08 f_, 3
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q

' ANAYDIADUNTA autiAveunan
ngu o . B/t Confining pressure p, =A/4,
M fodunagel | 91U ' A f! E. A, f, E.
N ratio (MPa) (%) , ,

(mm") (MPa) (GPa) (mm") (MPa) (GPa)

C18-0-0 3 - - 2 17671 19.9 20.4 - -

1 C25-0-0 3 - - - 17671 26.7 24.2 - -

C32-0-0 3 - - = 17671 31.9 27.5 - -
CS18-32-0 3 46.9 0.90 8.02 17671 19.9 20.4 1540.1 312.1 201.5
CS25-32-0 3 46.9 1.25 8.02 17671 26.7 24.2 1540.1 312.1 201.5
CS32-32-0 3 46.9 1.60 8.02 17671 31.9 27.5 1540.1 312.1 201.5
CS18-45-0 3 333 0.90 11.00 17671 19.9 20.4 2184.2 321.6 205.0
2 CS25-45-0 3 333 1.25 11.00 17671 26.7 24.2 2184.2 321.6 205.0
CS32-45-0 3 333 1.60 11.00 17671 31.9 27.5 2184.2 321.6 205.0
CS18-60-0 3 25.0 0.90 14.26 17671 19.9 20.4 2940.5 326.1 197.5
CS25-60-0 3 25.0 1.25 14.26 17671 26.7 24.2 2940.5 326.1 197.5
CS32-60-0 3 25.0 1.60 14.26 17671 31.9 27.5 2940.5 326.1 197.5
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q

A A 9 v
ANNYIUDY (AD)

: . gulAVDINBUNTA auiiavounan
nqu v B/t Confining pressure P, =A/4,
2 AIDENNATDL $1UU 4 . E A f, E
N ratio (MPa) (%) ¢ , ‘ ’ , ’
(mm") (MPa) (GPa) (mm") (MPa) (GPa)
CS18-32-0.05 3 46.9 0.90 8.02 17671 19.9 204 1540.1 312.1 201.5
(CS25-32-0.05 3 46.9 1.25 8.02 17671 26.7 24.2 1540.1 312.1 201.5
(CS32-32-0.05 3 46.9 1.60 8.02 17671 31.9 27.5 1540.1 312.1 201.5
CS18-45-0.05 3 333 0.90 11.00 17671 19.9 20.4 2184.2 321.6 205.0
3 CS25-45-0.05 3 333 1.25 11.00 17671 26.7 24.2 2184.2 321.6 205.0
CS32-45-0.05 3 333 1.60 11.00 17671 31.9 27.5 2184.2 321.6 205.0
CS18-60-0.05 3 25.0 0.90 14.26 17671 19.9 20.4 2940.5 326.1 197.5
CS25-60-0.05 3 25.0 1.25 14.26 17671 26.7 24.2 2940.5 326.1 197.5
CS32-60-0.05 3 25.0 1.60 14.26 17671 31.9 27.5 2940.5 326.1 197.5
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A A 9 v
ANNYIUDY (AD)

: _ AUIAVDINDUNTA auiiavounan
nau | _ B/t Confining pressure | p =A4/4,
2 | 909NNAA0Y | §qyqu A, f! E, A, f, E,
N ratio (MPa) (%) ) >
(mm") (MPa) (MPa) (mm") (MPa) (MPa)
CS18-32-0.08 3 46.9 0.90 8.02 17671 19.9 20.4 1540.1 312.1 201.5
(CS25-32-0.08 3 46.9 1.25 8.02 17671 26.7 24.2 1540.1 312.1 201.5
(CS32-32-0.08 3 46.9 1.60 8.02 17671 31.9 27.5 1540.1 312.1 201.5
CS18-45-0.08 3 33.3 0.90 11.00 17671 19.9 20.4 2184.2 321.6 205.0
4 (CS25-45-0.08 3 333 1.25 11.00 17671 26.7 242 2184.2 321.6 205.0
CS32-45-0.08 3 333 1.60 11.00 17671 31.9 27.5 2184.2 321.6 205.0
CS18-60-0.08 3 25.0 0.90 14.26 17671 19.9 20.4 2940.5 326.1 197.5
CS25-60-0.08 3 25.0 1.25 14.26 17671 26.7 24.2 2940.5 326.1 197.5
CS32-60-0.08 3 25.0 1.60 14.26 17671 31.9 27.5 2940.5 326.1 197.5
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4) VUAUMINATOU
[} [} Y] 1 Y (% 09)1 9
" gJFugusesiudtodanadenliFouduenunIdoInIl
4 1 v
" $1015AAAeAI0819NAd VIR UIAT Y UTM Tagiatenaanadiu
v
YDIAIDHNNATOUYNTOITU TABLHUTULITAVNNIY (Bearing plate) 141 50 mm ARG LVDT

ﬁﬂﬁWﬂﬁTuUuU?L’Jmﬁ}’Jﬂﬂ (Crosshead) VY9UAT09 UTM LD IAT282N1THAUDIAI0E19INAT DL

=1

Tunuannu danaalugai 3.16 wazgilin 3.17
Y
" ndudeaethdy1a91n LVDT 1azAsinasaa1n UTM 4oy
¥ & A gy
Data Logger 4a2d3a1 llsunsuivernudoya
" aSsudledlnadeutazinIediie I nSeunadou®i1n1g Preloading
Taelriusenseinedledanadeuilszana 50 kN
3 4 4 [V 1 o Y T
" 91015 Unloading 1@ gudin309ii3aa19 9 azihimstiufinaaig o
WelTuAuUMINATIUA 196 1INATDY

4 v ]
" AT INTEMFHIMIAT 09 UTM 881991 9 Y52308 1 mm/min

9
= v o C=

uaziimsduna snnehimstuiinngAnssuvesdtedanaaeuniugdie 1aun Ausnace

a v o ' o o A 3 ] Y

AnTlANUFURNUTIZHINWTINada luuuunuuazmsraad luuuunuSwilwdu Taq
1 [ { o < A a 1 ~
HAZATINADANHIIUDIaD AN WAANS INUAIZIRNIEN

o A o [ [ ] a a wua 1 o

" shimaiunsansgiiae llaudredunadounanisitaeeaauy ol

MMsFunauazliuNNNEAULAMIIIAVDIAIE1NATD L
@ 4

" hmMIAIuIMn vH2eLse ANNMSoa [WeUns1LaaInua NN UG

FTHINHUIGUTINUANIATIAUDIADUNTA
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71U 3.16 uaaImsAndedteg Ao

Axial Loads
6 % 6 162 mm. 6
mm | mm 150 mm mm

Bearing plate M LVDT

Ty k00

| | HH A mm

ESpecimenf t=6 mm.

Section A-A 3 3 Section A-A

Bearing plate
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N ||
|| ||
N |
N ||
i i
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v 9
510 3.17 LUV 1ADINTAARIA I INATDY

U

62



63

33 MINATOUIEIABUNIAIEINHAN (Tubed RC column) Ngnlousanaw

Y [~ Y v
mailasnranmeldusanadalumuuny
av dy (= = = a 3 ) [ <3 ] Y 4
NUITHUNPANEIDUAINDUNTATTNIHANTIHT U IMTVUIAEN 15U 11U N1ed
a J 9 I A o I [
wazermsalyd fudu Taadueimsnisrurumngaludszmalne naziudnyuzian
Y
AUPDNUULAINIIATIIU 2.6.9.1008 - 38 TudIuvesdanyaen15 1¥usInseRun Tubed RC
= ] = Y Y o Y ] = d‘ [ 1 Y
column HAAHAULFUALINUAT 1HTUTINTZIIMAAIDE1INATBUADUATAN ToUTANDUAIY
< % 1 o { o 1
aonman F9na11' 13 luriden 3.2 AsliusinsziiTagassiounuAoUNT @ LAZINNANTT
nageuliiadon 3.2 WU VAYeIFIEINATR UMM auMiNAnEIge lumInagoy
~ a < ~ 19 ] 9 < Y @
LEABUNIAATUINAN (Tubed RC column) Ngnlovsanaualsilasmmannialdusinadalu
A
HUAY AD

v A

o [y % [ A < % { { 1%
" fmSuvuavesdlee 1@ IneunS AT uHanmNAAdIMAsNTAT A TUuIa
Y o A A 9 Aauv A 1 [ dy
NUIAA 0.15x0.15 m AINFY 0.75 m ABUNTAN 19 111783 3 A1 A1l 18 25 1Ay 32 MPa
< { ~ ] @ [
Hasmmannldlunisnaaey JA1INKHUI 6.0 mm uazn1sIivuIsusIlsusSanou
Yum 0.1 £ Famaenanianumangaylumsiiundnyige 11 Tubed RC column
o [ @ T A < % [
B S Suvuiaveddieg @ Ine uasaaTmnanwidanay Jvuiantida
9 ] -4 = A 9 av A 1 [ dy
IFURIUAUINE190.15m AN 0.75m ADUNTANTFIUIIUITeN 3 A1 A9H 18 25
3 A 9 =\ 9 ] @ [
uaz 32 MPa Hasnmannlslumsnaasy YANNHUT 4.5 mm Lagms IHHUeus leusaneu
YR 0.05 1 Famaananianumangaylumsiiundnyiae 11 Tubed RC column
J
2) galszasanmsnaasy
4 <3 1 1 o w
= efnuinanavednsldlaonran (Steel jacket) NUNAADRIEY (Strength)
HazANNW e (Ductility) venaunianeldusanasalunuinu
d‘ = a [ 1Y d‘d Y 1 [ J
" WRANEINGANTTUMTTULTINADA TUUUILAUNLNS T HUIeuse Tousanou
0’/’ [ a wva a < { o [
(Preconfinement) 39UNAANHULYDINIIIVA LA Ao unIaaswManngn lousanou
9 < 9 [
aretasnmanmelausanasa luuuiuny
3) Mlveghanaasy
VUIARTAAVD U A DENNATDUR 1Y UA TAGAUNITDONUULLAIADUNS AL
< o y { o
IMANUDY 2.9.1.1008 - 38 (mm%mwuﬂﬁizmm 147, Yon 4314()) HazauNITUUUNDY
. =~ = o w A Yo A A
VDIACI committee 440 (2002) tazilssusuiidaveuain IdnuANUEILITAVDUATDIND
A 9 A wva A ~ £ o ' A A
nagounilunequiamsuazmsi@envuiaivuizan Fua1aana1Iua B/t nnu

PoMMuUANNNUINE.T.N. Yo7 4314(R) ag AISC LRFD wagdi L/B =5.0 Faoglugaen 19
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- Y
NuveudasnannienAoUNIA (Concrete - filled steel tube column) VDIVUIADIATIAY
[ a . A (A <
wazomsgaihunartluansgomwsn (Schneider, S.P., 1998) taziilsumavounaniaonly
LAY p, > 4% muNinualuIaI§IuNIT00NIUY AISC LRFD (AISC, 1994) Aduead

Tuzin 3.18

Se—— o
37.5 mm.
S &

37.5>mm.

150.0 mm.

6.0 mm: 76.0mm.  ~6.0mm.

150.0 mm.

6.0 mm.lL 46.0 mm.

@ L 150.0 mm.

76.0 mm. N

6.0 mm.

6.0
f} @ L 150.0 mm.

Stirrups, RB6
Main Steel, DB12

37.5 mm.
N o

37.5 mm.
——

{ < a Y I
?j‘]_]ﬁ 3.18 ﬁWﬂaglﬁﬂﬂﬂl@ﬂlﬁaﬂlﬁﬁmmﬂﬂ@nﬂEJ'N“VIﬂﬁ’ETU Tubed RC column

U

a A < Y o oA Ao
" @faunIamasuiianiinaaliagig 13e

dmTumsszyFeves diedunaaouainounFaaTumannidadiasy

o

[ Y o [ a a <
gsa lagnimualugduun AX - Y - Z Tagdnbs A nunedeyiiaveuainouniams uman

) Y a < Y a a
(ﬂ'l“l’iuﬂ‘lﬂ CRC WiJ'lfJﬁ\? Lﬁ?ﬂﬂuﬂgﬁlﬁiﬂlﬂﬁﬂBWQﬁN iag SRC ’HiJ'lEl’ﬁ\i Lﬁ'lﬂﬁ]“hm%@]tﬁih

]
v v A

< Y o A A o 1 Y < [ =2 o v w [
LWflﬂWu']@]ﬂﬁﬂ’ialelfl]9’]5ﬁﬂgﬂi@ﬂiﬂﬂﬂu@jﬂﬂa@ﬂlﬂﬁﬂ) AYT X 1N19D9 Masenllszae

Q

a A Aq Y = Y o o w o VoA
VDIADUNTA (ﬂ@uﬂﬁ@‘ﬂ‘l%iuﬂ'ﬁﬁﬂy'lﬂigﬂi‘]ﬂﬂ’JfJﬂ'lﬂ\?’t‘]ﬂﬂigﬂﬂ 3A1A9 18 25 U 32MPa)

Y 3 A v W 1 <
NHIT Y 1’?1”815\‘1 ﬂ'NiJWuT’llf]\‘l‘lJﬁfJﬂlT‘iﬁﬂﬂiﬂﬂ‘iﬂ@]’z)ﬂﬂ%‘lﬂﬂﬁ@ﬂ (mmwuwmﬂaaﬂmaﬂ
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= 1 A

118179 6.0 mm) tazd@ sy 63 Z e nirsusaleusanou (Imslimieuseleu

Sanou vu1a 0.1 ) 9nA10619M1552YFOAIDINNATDU 14U SRC25 - 6.0 - 0.1 WO

v W

@ 1 a < o A A o v w o @
ﬁ']f)fl'l\uﬁ'lﬂﬂuﬂéﬂlﬁﬁulﬁaﬂﬁﬁﬁﬁﬂﬁlﬁaﬂuﬂﬁiﬁ IMae0a1lszay 25 MPa Qﬂi@ﬂiﬂg]’ﬂﬂ

q

< = ] [ {
YaonmanuuIan1IuKKl 6.0 mm Taelinis Iivuleuseleusanoun 0.1
110319 3.19 9131399 3.5 Uay M15199 3.6 LAAIIIHALDIAVBAUAINOUNTA
a 3 @ { { v o @ 1
ESUMANINAATINAONIATE YUIA 0.15 x 0.15 m AW 0.75 m 31U 18 A29819 1Ay

] I~ 1 Y 1
mmmuma@mﬂu 3 IGEY! llﬂl!ﬂ

[

oA A @ ll = a g Ay 1xo
ngun 1 v Lﬁ'W]’JﬂfJN“I/IﬂﬁE]‘]Jﬂ’E)Mﬂﬁ@]LﬁﬁJmﬁﬂVIlliJiJ’JﬁiPﬂfJ‘U A
o Y 1 = Y 1Y) 1 9 a
1UIU 6 AIDYN «mﬁlmﬂmmmammﬂﬁ@‘umm

(Control RC columns)

=1

oA A o ] = ) <3 1 Y v I
ARUIN 2 A9 LAINIBINNATDUADUNTAUTTUIHANN mﬂﬁﬂﬂmﬂ?ﬂﬂa'ﬂﬂlﬁaﬂ

Tag lutims 1¥nieusa Tousanous1LIU 6 @A108149

oA A o ' = a 3 A " Y 9 <]
naun 30 LﬁW]QGHWQﬂ@ﬁﬂUﬂ@uﬂﬁﬁlﬁihlﬂﬁﬂﬂgﬂ’ﬂ@ﬂuﬂﬂﬂﬂaﬁ]ﬂ!’ﬂaﬂ

= 9 1 [ 1 d‘ ) 9 (% ]
wazims vuaenss leusanoudn 0.1 o, 9IUIU 6 AIBYN
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150.0 mm.

750.0 mm.
I3

L
\

RC column

150.0 mm.

. . ‘n<' E.
I S z
S g S
2 . =

T 4DBI2
RB6 @ 150 mm.
t =0 mm.

162.0 mm.
6.0 | 150.0mm. | 6.0

7

Z///%
_
. //
_
%/?
.
O

7

_
.
7
Z%Z
/

a
%

750.0 mm.

Z
/
_

e

RC column
with steel jacket

162.0 mm.

0
m. |, 150.0 mm. mm.
g
g

_150.0 mm.

4 DBI12
RB6 @ 150 mm.

Grow?2 |

6.0
mm. ‘

162.0 mm.

162.0 mm.

6.0 | 150.0 mm. 6.0
mm.

|
\

750.0 mm.

\ N\
JAAK I A A

RC C(‘)lumn

with steel jacket
and preconfinement
162.0 mm.

6.0 6.0
mm._ | 150.0 mm. mm.
= ‘
<l g .

g

1 ‘@ . E
=) —
(=)

2
. 4DBI12
SE RB6 @ 150 mm.
t=6.0 mm.

517N 3.19 1wazBeAUDIRIPE19NATDY Tubed RC column HINAATIHABLIAT A



[

d‘ = % 1 Y o d' d‘ [ d‘ 9) a o
ATNN 3.5 71902108ANIBYNNATDU Tubed RC column KHUIAAT YN qiﬁ‘ﬂi“b’iﬂﬁl‘!’h]ﬂ

' Aq ¥
A , miousan 1y ] Yaqlousa sUnhda
nquN AI9ENNATDY fo (MPa) | t(mm) TumsTeusan UMY
ums leusanou (MPa) (Confined materials) (Cross section)
150.0 mm.
CRC18-0-0 18 - - 2
A g
EINBUNTALTTUINAN E
X CRC25-0-0 25 - - 2 : A
4 DBI12
RB6 @ 150 mm.
CRC32-0-0 32 ) ) . No steel jacket
162.0 mm.
SRC18'60'0 18 60 0 2 6.0 mm.| 150.0 mm. [6.0 mm.
g
EADUATAIES UIKAN Sl N g
2 SRC25-6.0-0 25 6.0 0 2 < e [Ey] s
+1laonwian S . W%
SRC32-6.0-0 32 6.0 0 2 £ RBS @ 150 mm
162.0 mm.
SRC18-6.0-0.1 f, 18 6.0 0.1 f, 2 o e L
= a 3 ]
EADUNS AT ILKAN E '
3 +1 3 P e -
SRC25-6.0-0.1 f. 25 6.0 0.1 f. 2 annivan e | > JZSI
+nienseleusaney g = —
SRC32-6.0-0.1 T, 32 6.0 0.1f, 2 E RB6 @ 150 mm
FINAIDYNNATOU 18

L9



M317 3.6 T1002186ARI019NATOU Tubed RC column viﬂ'wTﬂﬁlm‘5&m%’@%"a'ﬁGl%'lumiﬁﬂmuaxﬂmauﬁﬁmqﬂamaﬁﬁ@ﬁgﬁm%’m
nqu A10819 1w | B/t | L/B | Confining | pg. = Aj/A, AOUNIA Yaonman ANy mianlaen
i ratio | ratio (%) DBI12 RB6
pressure A, f C'O A f y A f y A f y
(MPa) (mm®) | (MPa) | (mm’) | (MPa) | (mm’) | (MPa) | (mm’) | (MPa)
1 CRC18-0-0 2 - - - 2.0 22500 | 19.6 - - 113.1 | 35840 | 283 | 26043
CRC25-0-0 2 - - - 2.0 22500 | 26.3 - - 113.1 | 35840 | 283 | 26043
CRC32-0-0 2 - - - 2.0 22500 | 32.6 - - 113.1 | 35840 | 283 | 26043
2 SRC18-6.0-0 2 333 | 5.0 - 14.27 22500 | 19.6 | 3744 | 32548 | 113.1 | 35840 | 283 | 260.43
SRC25-6.0-0 2 333 | 5.0 - 1427 22500 | 263 | 3744 | 32548 | 113.1 | 35840 | 283 | 26043
SRC32-6.0-0 2 333 | 5.0 - 14.27 22500 | 32.6 | 3744 | 32548 | 113.1 | 35840 | 283 | 26043
3 | SRCI18-6.0-0.1 2 333 | 5.0 1.80 1427 22500 | 19.6 | 3744 | 32548 | 113.1 | 35840 | 283 | 26043
SRC25-6.0-0.1 . 2 333 | 5.0 2.50 1427 22500 | 263 | 3744 | 32548 | 113.1 | 35840 | 283 | 26043
SRC32-6.0-0.1 T, 2 333 | 50 3.20 1427 22500 | 32.6 | 3744 | 32548 | 113.1 | 35840 | 283 | 26043

89
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™ = ) < Y
A UNIAINIaANHIUIAANAN

Y o

o [ 4 o [} a <

dmSumsszyreves dresnnadeuaneunIaaiumannihaanay lagn
o [ a a [ o
smualugiuuy BB - € - D Taednus E mainederiavessaouniawiuman (Mvuald C

=] = Aa 3 9 a = ~ a I Y A
NNEDILAABUNTAATUIHANS DY 1Az CST HUBD LA UNI AT UIMANHINAANaNN
@ J 9y I @ =2 o v w @ = A Aq Y
gnleusaneualeasniman) dnys B nuede Maidailssasvesnaunia (nounsanldly
mMsanulsznoudleididnilszds 3 A1 A0 18 25 uag 32MPa) 8ANT C HU1YAI AN
3 A v W 1 3 A 1A
voslasnrani leuiadied19anadey (ANURUIV0IUaRMUANT 1 A1 AD 4.5 mm) LAy
15y 6ns D vaneds wieuseTeusaneu @mslivuleusealeusaneu yuia 0.05 )
gNAIDENNITIZYTOAI0ENNATO 15U CST25 - 4.5 - 0.05 HNIWDIAIDE 1A INOUNT AT
I @ Ao o w @ @ I
mannihdanay Itdedalsede 25 MPa  gnTeusadlelasnnanyuiAnuHU1 4.5 mm
Taglims lminousslousanoui 0.05 .,
o d 4 A o
910311 3.20 915199 3.7 Az 7131990 3.8 LAAIIIBALIDIAVDUAIADUNIA
a <] o ] o Y [
sumanmindanay vNAFURIUAUINA19 0.15 m AN 0.75 m $1UIU 18 A109619 LAy
1 I 1 9 [
amnsousiseemilu 3 ngu Tdun
oA A @ 1 =) a s A =5 @
nguil 1 Av iendiedanadouneunia@surand luliiag Teusa

o @ 1 = Y o 1 Y A
1UIU 6 AIDYN “]f\‘]ﬁlslﬂﬂu!,ﬁ1ﬂ3®fJN“VIﬂﬁfJ‘UfJN’EN

(Control RC columns)

1
= 3

oA A o ' ~ A 3 Yy 9 3
nguil 2 fle lAIveuNadoUADUNI A AN IgNHeRuAeaonman
Taglutims nureusaTousanous LU 6 @108149
oA A @ ' ~ A 3 A ) 3
nguil 3 fle lIAIBENNATBUADUNI AL UIHANTIgNHaR AIEaoMMAN

= Yy 1 [} 1 L:i r 0 [ 1
wazims vulenseleusanoun 0.05 fCD IUIU 6 AIDY



70

750.0 mm.

150.0 mm.

@

RC column

150.0 mm.

)

. S
o N
bt
4 DBI12
RB6 @ 150 mm.
t =0 mm.

159.0 mm.

45 | 150.0mm. | 4.5
mm. | I~ mm.
| \
| f
i i
i \

i |
\ f
\ |
i i
i i
| i

g | |
g \ f
(e}
=S | |
by | |
| i
i |
i |
\ i
¥ |
i i
| i
f i
| f
i ? i
RC column
with steel jacket
159.0 mm.
4.5 4.5
mm,| 150.0mm. | ;.
0 .
~| g .
z
S : —
(=]
b
|
] 4 DBI2
35 RB6 @ 150 mm.
t=4.5 mm.

159.0 mm.

159.0 mm.
_150.0 mm.

4.5 4.5

£
g
<
[
2
RC c‘olumn
with steel jacket
and preconfinement
159.0 mm.
4.5 4.5
mm,,_|, 130.0mm._ | _mm,
= ‘ ‘
<| & .
g
T 2 i3
g g A N
g T j 21
< B [ —
(=} At N
2 .
. ~—~F
. 4 DBI12
3'E RB6 @ 150 mm.
t=4.5 mm.

30

320 51902198AUDIAIDE1INATOU Tubed RC column HINAANAL



AMINN 3.7 T19a2108AR10819NATDY Tubed RC column Hindganaun 14 luauide

1 c!' 9
sl , UL EUTERIE . Yaqlousa sinihda
naun A0 NNATD1 fo (MPa) | t(mm) 1 Tousar U
ums leusanou (MPa) (Confined materials) (Cross section)
150.0 mm.
C18-0-0 18 - - 2 B |
=) a E “A‘AA
[EADUNI A5 WINAN g ﬁ -
| C25-0-0 25 - - 2 g -
4 DBI12
RB6 @ 150 mm.
€32:0-0 32 i i 2 No steel jacket
159.0 mm.
4.5 4.5
CST18-4.5-0 18 45 0 2 mm,, |, 150.0mm,_|_pe,
4 E
=3 A <
45 EINDUNT AT NINAN T
2 CST25-4.5-0 25 0 2 B £ E
+1lasnivan =
45 —
CST32-4.5-0 32 0 2 2l RB6 @ 150 mm.
, 45 ! 45 159.0 mm. 45
CST18-4.5-0.05 f/, 18 0.05 f/ 2 mm._| 150.0mm_|_pm.
=3 A < e
EINDUNT AT NINAN % E
45 5 gl ef
3| €ST25-4.50.05 £, 25 0.05 f. o | +laenuian -
+ U5 lpUTANDU =l .
! . ’ . 4 DBI12
CST32-4.5-0.05 f.. 3 4.5 0.05 f/ 2 ol At S0 mm,
FINAIDYINNATOU 18

IL



v
v v A

M3190 3.8 51082100AA10819NATOU Tubed RC column WinAadnasudasan 15l umsanyazauauianinavesiagiinedoa

q

ngu f10819 fwou | B/t | L/B | Confining | po, = A /A, ABUNIA Yasniman manasy waniaen
i ratio | ratio (%) DBI2 RB6
pressure Ac fc’o AS f y AS f y As f y
(MPa) (mm’) | (MPa) | (mm’) | (MPa) | (mm’) | (MPa) | (mm’) | (MPa)
1 C18-0-0 2 - - - 2.0 17671 | 19.9 - - 113.1 | 35840 | 283 | 260.43
C25-0-0 2 - - - 2.0 17671 26.7 - - 113.1 | 35840 | 283 260.43
C32-0-0 2 - - - 2.0 17671 31.9 - - 113.1 | 358.40 | 28.3 260.43
2 CST18-4.5-0 2 33.3 5.0 - 11.0 17671 | 199 | 21842 | 321.6 | 113.1 | 35840 | 283 | 260.43
CST25-4.5-0 2 333 5.0 - 11.0 17671 | 267 | 21842 | 321.6 | 113.1 | 35840 | 283 | 260.43
CST32-4.5-0 2 333 5.0 - 11.0 17671 | 319 | 21842 | 321.6 | 113.1 | 35840 | 283 | 260.43
3 CST18-4.5-0-0.05 2 33.3 5.0 0.90 11.0 17671 | 199 | 21842 | 321.6 | 113.1 | 35840 | 283 | 260.43
CST18-4.5-0-0.05 f_ 2 33.3 5.0 1.25 11.0 17671 | 267 | 21842 | 321.6 | 113.1 | 35840 | 283 | 260.43
CST18-4.5-0-0.05 f | 2 333 5.0 1.60 11.0 17671 | 319 | 21842 | 321.6 | 113.1 | 35840 | 283 | 260.43

L
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4) MINLNAIVENINATIV

9
9 @ = =

Ao ] A 9 = dy 9y a wvAa
Tasiidredranadoui lglunsdnuii ldgndamsondunisludeslfianis

U
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% a a a 4 4 a a @
Hudadny a1v13s3nnssules gudniosloinemansuazimalulad un1Ine1ds
maluladgsus Tasldunouaail
[ v <3 ) < 1 <
" Jamsouaailaonan (Steel jacket) TaonsiuranuruTasead1auuudu
o @ 3 1 o ] Y o = =y v o 9 o [ Y o
Wnnudluaesaiu dnsumihdadmasuIgsalsanuru 6.0 mm tazdivsunidanay
v < e v & o Y A
lgaunu 45 mm  ntwihundszgneudumuuuuniue 191215817 750 mm (Wo
) 3| ' o v W 1 I < .
wnlddusunlumsvaedmivdredranadovuaz lidulaonnan (Steel jacket) ¥4
o ' o A
aredmaaey Awaaslugilin 3.19
0 <] { <3| Y Qy Y Y @
" inJaenmaniIddunuuengddad 2 sudlsznudunieunvuaunvdanuli
[ o ) os/l { o o A n’j 0
Wunnuginsudnimdsuiussunaziinisiaasuead 1niutInIsmaounsa
< 3 o =
weruasvaluaenman daaaslugili 3.20
" jedlednadouliongasy 24 %1 Tue Ik imsoeauDUIAZIleUNINYIAY
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uaziuivaeneuniaudninamnounsaaswman lihimsunsulasldnszaouyuingy
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o 1 v ' A o ° <
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=
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o o < Y o o 1 o AN Yo Y
nniusuihvuulasnmanunlszauinisudlsgranaasutaziiiuean laviinmsesnuuu 13

T = < v N Y o ~ ~ = o = AN Yo Y o

nFesalasnimangddrddimnulasiszezueataiivazdanuszoz i ladmua 13dinis

1 @ I~ { Aa ] o @ ] % = ~ [
T miheusadinulasnman Tasidesiansaniieussdmsumstuaaninaedn 0.1 f. a9
waadlugin 3.21

A o 9 ] Y o <3 9 QBJ} - (] = <
"o IHvisusavnulasnmianualiuvazNuenrlesalasnivan
1 os/‘ ° A 1 Y . . 3
agriuihmaron Iihawsesae lunuaunulaeld Machine welding 11niunoAUOABDNLAZ
o A <3 @ ] =S as/‘ £ 1 A A
MmsroulasnmanueidieganaaauaaoauulIdnasIvie Tagsruyen Tnintaiy
4 A s
FOIBIYNBIATONRINTNATOU
Y
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Axial Loads
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f0g1 | a1ey MATULIINABAGIRA, T, (MPa) Tugaatanigu, E, (GPa)
1 19.0 20.2
2 19.1 20.6
C18
3 19.7 20.7
may 19.3 20.5
1 26.6 24.0
2 25.9 24.2
C25
3 25.6 24.7
may 26.0 24.3
1 323 27.5
2 32.2 27.7
C32
3 31.5 28.1
Ay 32.0 27.8

fvsudpgnagountdana

f10819 | a1y MassuusIneagege, f, (MPa) | Tugdddangu, E, (GPa)
1 19.9 202
2 19.4 20.7
C18
3 20.4 20.2
nay 19.9 204
1 27.1 24.1
2 26.9 23.9
C25
3 26.3 24.7
Ay 26.7 24.2
1 31.7 27.7
2 32.5 27.2
C32
3 314 27.8
naY 31.9 27.6
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Modulus of Elasticity, (GPa)
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Tensile Stress (MPa)
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90

frognaaaurzsunulensiad ldanasdanalinnusuveaniiv Ta1anusuanas

v W 1 a a wa { a wa 1 I I J v v J

IUNTEYNAIDYWNATDULINANITIUA !La%ﬁﬂﬂﬁUﬁﬁﬂ%ﬂ@ﬁ!mu@ﬂWﬁﬁﬂﬂjﬂ\‘]ﬁ 21.67% Uy
o w < g v 9 =

33.70% UARUUDUANNAN (RB6) Lastianiooad (DB12) Iﬂﬂllﬂﬂﬂiu@ﬂﬁN‘ﬂ 4.4 1ag

Y a wa <} < { o w
4.5 L!ﬁzﬁﬂ‘Hmﬁﬂ’]ﬁ'J‘Uﬁsllf]\uﬂﬁﬂﬂai]!!,agLﬁaﬂ%ﬂ%ﬂﬂllﬁ@ﬂiugﬂﬁ 4.10 tlag 4.11 enuanay

{ wva 3
mswﬁ 4.4 ﬂmﬁﬂﬂ@ﬂNﬂﬁ‘lﬁ’NlﬁaﬂlﬂyuﬂﬁﬁJ (RB6)

o WOSININ | Mieusgege | Tugaatangu | anwdaad
CPRIAN
(MPa) (MPa) (GPa) (%)
1 262.43 336.00 196.50 23.0
2 257.10 325.71 192.20 20.4
3 257.73 337.60 194.80 21.6
naY 259.09 333.10 194.50 21.67
A15199 4.5 ﬂmﬁuﬁﬁmmammmﬁﬂ%éjaﬂ (DB12)
o MUIBUIIATIN | WUIBusIgage | Tugaadangy | Auad)
f10819
(MPa) (MPa) (GPa) (%)
1 361.32 484.92 190.30 34.1
2 350.95 502.36 191.30 34.0
3 347.70 492.56 190.70 33.0
naY 353.32 493.28 190.77 33.70




500

Tensile Stress (MPa)

400 ~©~ RB6-1
300
= RB6-2
200
100 o RB6-3
o |

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Tensile Strain (mm/mm)

A v o 1 ] = = <3 Y
sUn 4.8 NFINANUFUANUTISHININUIOLTIALAZANNIAT IRV UK ANITUNAY

U

600

500

~~ DBI12-1

300

O~ DBI12-2

200

Tensile Stress (MPa)

100 ~°- DBI12-3

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Tensile Strain (mm/mm)

= v o J 1 ] = a < Yy 9 9
:.i,‘lh/] 4.9 NFIMNANNFTUAUTIZHINHUIGLTIAWAZANUIATIAVDAHANITUIDOBY




92

A ) a wa o ' 3 ¥ Y 9
E‘]J“I/I 4.11 anHUSNITIUVAVUDNAIDINNATO UL ANITUVODDY

42  wWanmsnadaUMIRElaNATeUAdUNIANgNIaUSAd I laanivdn

IS Y v v I Y v
saziimsInvausdevusanaumealausanadalumunnuy
4.2.1 NGANIINMITUNIINATATHILINNUYDIAIDE NNATDLADUNIA
d‘ v Y < IS} ¢4 v Y \
ngnlausacgasnmanuaziimislivivensdevianou
luadeilldutansnaaeudiedranageunsuniaiignlousadleilasn

[ J

<3 = Y ] I [ = % 1 Y o
wanuazins 1¥vuleusaleusanousemilu 2 aiune (1) gvgNnagauvuInanauy (2)

v v
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(1) ARLNINATRUHINAATIHAYNIN T
{ @ o 4 1 1
31N 4.12-4.14  uaAIANNANNUTIEHINHUIBUTY  (Stress) HAY
ANNIATOA  (Strain) YOIAIDINNATOUD 1NBILAZAIDENNATOUABUNIANYN ToUTANDU
9 < [V [ 1 o o w o =) ,
Argdaonman Tagdanguaiuamimdednilszasvesnounsa (L =18 25 uag 32 MPa)

ANMUNUIBUNAN (t=32 4.5 182 6.0 mm) waznueuselousaneu (0.05 f/ uaz 0.1 f))
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o [ d‘ J v A A = 1 J =S .

nazdnaNsuaAINanAINITHAAINA 15 mm ©301NeVINIAIA1INIAT YA (Strain) 11
1] ' d 1 H 1
ADUNIANAT 0.050 mm/mm 1T UAININATA (Strain) NGINITUltimate compressive  strain
wpInoUNIALIZNIM 18.75 1M
1 1 Aa o 1 ] [
1NJUN 4.12-4.14 WUNNOANITUVRIAIBINNATRUYNILIDONTIU 2

¥4 A9 NYANTTULVUIEUATI (Linear) uaznganssunyy 1315sdunse (Nonlinear) 11399

v ] U d‘ = Y ] [ U ti! =
usngredrnadoulungui 1 uaz 2 Culimsldwiieusslousanow) Fawuail Amnw

9

o v Y A Y o A =2 dy v o
¥ (Slope)LLﬁgaﬂHﬂlglﬁuﬂi"l‘l/\l‘l/lolﬂalﬂf]fiﬂu 199N lUMIANEINLTINADATTU an
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o Y o 1 = = <3| @ A . . Ao [
mvualinsziinonounialagasaazaouniaiduiaaniai Poisson’s ratio A1 AU

q

[3

A =R ] 9 9 A 9 1 1] ] [ [ [
ADUNIATIVIAIN AU N TN Turrwsnuazuiaguanlumsiuusinada lag

< 1 ] [ ] 1 1 @
aonmaniiusuusinada ldinaIagerdomsoienssued 1NN uaAsUNI  lago1fons

== ~ = J a = a I
a1y (Bond) uazuiqmﬂﬂmuiw’mmuﬂumamauﬂﬁmmzwﬂummﬂaaﬂmaﬂ
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4
(Johansson, M., 2000)  lagngAnssugNiianyazuuuFuduasa (Linear) 3UDI9A
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1 4
nageulunqui 3 uag 4w weans sy lugIwINITUILLAIANUFUGININAIIAIBEI
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Y < . . dy = 42’ l 1 A < o 9
HANF1IVUIALAN (Micro cracking) lutiianounIanInvued1anotiouilumarinlvuny
4 [ k4
ABUNTANANTVIIAINIAIUYIININTY 19199910 Poisson’s effectd 41T HAININFU(Slope)
o & dR A A a o 1 1 A
Y9INIUANVFURUTIUTULAIAAD AL NYANT INVBIAI0EINATOUADY ) 1) Asuuilaq
< Y A Y . d? = @ A a A @
Wunwu15iFauduase (Nonlinear) ¥nUu Tuvnzi@ernuionnuasunialin1sve1ea )
Y Y d? ' Y a @ FY o 09}/ @ @ <] dg’
NI DT N TRIAALIIAUNNAIUYIINTEMIAIRINADMITIveIasnmanuINUY
o I 1 @ [ 1 o 1 1 [ Y
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~ o (] s Y o A = v o A v Y < s Y ] @ 1
AT NN 4.6 ﬁﬁqﬂﬂaﬂWﬁﬂﬂﬁ@‘U@ﬂ@ﬂ’]\iﬂﬂ‘Hﬂﬁ@Wﬂﬁﬂﬂﬁu’]@]ﬂﬁlﬁﬁﬂuﬂ qﬁﬁ“l/]T'E]‘]Jﬁ@ﬂ?ﬂﬂa@ﬂlﬁaﬂllagﬂﬂ']ﬁiﬁﬁﬂ')ﬂlliﬁiaﬂﬁﬂﬂﬂu

Wan1snagol
ngu ZRRIAN fr fr g g ANNINTS ) 3
T | g_ WEANTITUNTTTULLIN
(MPa) co (%Strain) u (GPa)

CR18-0-0 15.50 - 0.26 - 20.5 Concrete crushing

1 CR25-0-0 21.79 - 0.28 - 243 Concrete crushing
CR32-0-0 26.47 - 0.23 - 27.8 Concrete crushing
SR18-3.2-0 35.50 2.29 0.36 1.38 22.17 Strain softening
SR25-3.2-0 39.90 1.83 0.42 1.52 26.40 Strain softening
SR32-3.2-0 44.72 1.69 0.34 1.48 28.73 Strain softening
SR18-4.5-0 40.48 2.61 0.40 1.53 25.81 Strain softening

2 SR25-4.5-0 49.59 2.28 0.46 1.67 27.09 Strain softening
SR32-4.5-0 53.33 2.01 0.37 1.61 29.70 Strain softening
SR18-6.0-0 43.74 2.82 0.41 1.58 26.23 Elastic perfectly plastic
SR25-6.0-0 58.74 2.70 0.55 1.99 28.21 Elastic perfectly plastic
SR32-6.0-0 63.72 241 0.41 1.80 30.92 Elastic perfectly plastic
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A o T = Y o A A v o A v Y I = Y 1 [ [
AT NN 4.6 ﬁﬁqﬂﬂﬁﬂWﬁﬂﬂﬁi’)‘U@?ﬂﬂ?\iﬂﬂUﬂﬁ@ﬂﬂﬁﬂﬂﬁu’]@]ﬂﬁlﬁﬁﬂﬂﬂ qﬁﬁ“l/]T'f]‘]Jﬁﬂﬂ?ﬂﬂa@ﬂlﬁaﬂllagﬂﬂ']ﬁﬂl‘ﬁﬁu’)ﬂlliﬁiaﬂﬁﬂﬂﬂu (919)

HaN1INAgoU
ngu CPLEAN fr £r e g AUUNT - 5
T ) g_ WEANTIUNTTTULLIN
(MPa) co (%Strain) u (GPa)

SR18-3.2-0.05 f_, 39.09 2.52 0.41 1.58 23.24 Strain softening
SR25-3.2-0.05 f_ 43.064 2.00 0.36 1.30 27.59 Strain softening
SR32-3.2-0.05 f_, 47.53 1.80 0.40 1.74 30.62 Strain softening
SR18-4.5-0.05 f_, 45.53 2.94 0.41 1.57 2591 Strain softening

3 SR25-4.5-0.05 f_, 54.82 2.52 0.39 1.40 28.14 Strain softening
SR32-4.5-0.05 f_, 57.21 2.16 0.43 1.88 31.21 Strain softening
SR18-6.0-0.05 f_ 51.70 3.34 0.44 1.69 27.03 Elastic perfectly plastic
SR25-6.0-0.05 f_, 66.29 3.04 0.43 1.57 29.50 Elastic perfectly plastic
SR32-6.0-0.05 f_, 70.43 2.66 0.49 2.12 32.40 Elastic perfectly plastic
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f1319N 4.6 ﬁqﬂﬂﬁﬂﬁﬂﬂﬁﬂﬂ@ﬂﬂ‘c’JNﬂ’ﬂuﬂﬁ@ﬂﬂﬁﬂﬂﬁuW@ﬂﬁmﬁﬂN% qﬁﬁ“l/]gﬂi’é)‘ﬂi

[

Y < a 9 1 [ 1
ﬂmﬂﬂa’e)ﬂmaﬂLLanmﬂwﬂuaﬂuiﬂamﬂﬂ@u (919)

WNan1Inagaou
ngu CPLEAN fr £r e g AUUNT - 5
T ) g_ WEANTIUNTTTULLIN
(MPa) co (%Strain) u (GPa)

SR18-3.2-0.1 f_ 39.84 2.57 0.37 1.44 25.87 Strain softening
SR25-3.2-0.1 f_, 44.49 2.04 0.37 1.33 27.74 Strain softening
SR32-3.2-0.1 f_, 49.14 1.86 0.42 1.82 31.81 Strain softening
SR18-4.5-0.1 f_ 46.91 3.03 0.40 1.55 25.90 Elastic perfectly plastic

4 SR25-4.5-0.1 f_, 56.84 2.61 0.39 1.43 29.04 Elastic perfectly plastic
SR32-4.5-0.1 59.15 2.23 0.43 1.87 33.44 Elastic perfectly plastic
SR18-6.0-0.1 f_ 52.40 3.38 0.40 1.55 29.77 Elastic perfectly plastic
SR25-6.0-0.1 f_ 68.04 3.12 0.65 2.37 30.48 Elastic perfectly plastic
SR32-6.0-0.1 f_ 72.19 2.73 0.49 2.14 33.76 Elastic perfectly plastic
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(MPa) co (%Strain) u (GPa)
C18-0-0 19.9 - 0.22 - 20.4 Concrete crushing
1 C25-0-0 26.7 - 0.21 - 24.2 Concrete crushing
C32-0-0 31.9 - 0.21 - 27.6 Concrete crushing
CS18-32-0 58.4 2.93 0.44 2.00 21.6 Strain softening
CS25-32-0 69.2 2.59 0.45 2.14 254 Strain softening
CS32-32-0 82.2 2.58 0.48 2.29 27.9 Strain softening
CS18-45-0 74.0 3.72 0.51 2.32 22.6 Elastic perfectly plastic
2 CS25-45-0 86.1 3.22 0.49 2.33 26.5 Elastic perfectly plastic
CS32-45-0 96.7 3.03 0.51 2.43 28.9 Elastic perfectly plastic
CS18-60-0 90.3 4.54 0.56 2.55 23.8 Strain hardening
CS25-60-0 100.9 3.78 0.54 2.57 27.5 Elastic perfectly plastic
CS32-60-0 108.7 341 0.53 2.52 29.7 Elastic perfectly plastic
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(MPa) co (%Strain) u (GPa)

CS18-32-0.05 64.4 3.24 0.50 2.27 22.7 Strain softening
CS25-32-0.05 74.1 2.78 0.48 2.29 27.0 Strain softening
CS32-32-0.05 85.6 2.68 0.49 2.33 29.6 Strain softening
CS18-45-0.05 83.4 4.19 0.55 2.50 24.0 Elastic perfectly plastic

3 CS25-45-0.05 96.8 3.63 0.53 2.52 27.9 Elastic perfectly plastic
CS32-45-0.05 104.8 3.29 0.53 2.52 30.4 Elastic perfectly plastic
CS18-60-0.05 97.1 4.88 0.58 2.64 24.8 Elastic perfectly plastic
CS25-60-0.05 104.5 3.91 0.53 2.52 29.3 Elastic perfectly plastic
CS32-60-0.05 115.6 3.62 0.54 2.57 31.3 Elastic perfectly plastic
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(MPa) co (%Strain) u (GPa)

CS18-32-0.08 67.0 3.37 0.51 2.32 23.1 Strain softening
CS25-32-0.08 76.5 2.87 0.48 2.29 27.1 Strain softening
CS32-32-0.08 88.4 2.77 0.49 2.33 30.6 Strain softening
CS18-45-0.08 85.6 4.30 0.54 2.45 24.8 Elastic perfectly plastic

4 CS25-45-0.08 98.4 3.69 0.52 2.48 28.5 Elastic perfectly plastic
CS32-45-0.08 107.0 3.35 0.53 2.52 31.6 Elastic perfectly plastic
CS18-60-0.08 98.4 4.94 0.56 2.55 25.3 Elastic perfectly plastic
CS25-60-0.08 106.6 3.99 0.53 2.52 30.1 Elastic perfectly plastic
CS32-60-0.08 117.5 3.68 0.55 2.62 32.0 Elastic perfectly plastic

601



110

\l U \l = d‘ w Y [~
422 msmansdduileganaaeunauninfignlousanialasniman
=S Y ) w \
razim3slnnususlausanou
o Y] = = [ [ = @ < @ [
AMUTUMIANMIDINTOTITEHILAUAUNT o Tldalaonvianyeidieds

A A v 9 I3 ~ Y o Y o
nadounounsangnleuiaaletasnmanuazims ldmironsaTeuianeu Idiuauelag
' I 1 A v o [ Y o A a v W ]
utieeendlu 2 dau Ae (1) mineuseludredmageunihdaddondasa (2) M3oeus
ludreganageuniganay
AUITOAIUIUNINUIBUTAUIDIDINANUIATEA 1AINAUNITUDI Hooke

AITUMTN 4.1 11D 4.2
oc=Ee¢ (4.1)

= <
Tagh E Ao Modulus of elasticicty vodlaonman

e a9 ManuATeanialae1n Strain gauge THLuILAY

P=cA (4.2)

1 [

: s 2
Tagh o Ao wmmmﬂﬂﬂﬂ“luuumﬂmlmﬂaaﬂmaﬂcdﬁqllﬁ'mﬂammﬁ 4.1
Y

{ @ <3
A Ao Wunnihdavesilaonwan
Y3 ] Y v d' d' [V 7S
(1) fvdnageunifaddaNdIgSa
{ Y] o 4 1 [
517 4.19 taaanTMaNUTURUT Iz T InAda TuuuNY (Axial load)

o 1 = 1 = 1 3 1
NFLIMABUNUADUNTALAZAIANLATBA UL (Auilua) ez luuvg (Auiluuan)
ey , 4 4 g o
ial80naasung (Strain gage) NA599ANINA1ANUFIVOAaDNIHANAI0819 SRS - 3.2
[V 1 1 o v o o <
TanquauAINIaIealszasuesnounsa (£, =18 25 11ag 32 MPa) A¥ANUNUIVOIUNAN

[~ 1 o ~ o [ A A
(t=32 4.5 uaz 6.0 mm) Mngdazduldiwsanadalunuinnuinsziideununouniai
o [ 1 [ [ < o 1 ] [ 4
Uaevesdredanadouuidiu ldagnaielidaenmanvesdiedinadetedeaeiiionn
{ A o [ 1 o a < (]
aiususunsgtmemednadon Tasildinannuaioalunuinnuuestlasnivanede
AD11DIIUNTLNIAIDENNATBVAANITINA A1TOIBUTIAINAIUNAIN InteractionTTHINNY
<] o . . . 1 a v W
aaunsaazilaonman Tage1de Micro - interlocking HATANVFIAMUTEHINAITUAAAIU
< I 1 o 1
luvestlaonmanuazunuaouns i ussuuD1815I1an (Johansson, M., 2000) Iae luaiu

1 v o 7 1 Y 1 <3|
GIS'NL!ﬁﬂﬂ')']llﬁ'llWu‘ﬁﬁ31(?'31\1Llﬁx‘]ﬂﬂ’l’)ﬂalulluulﬂutlagﬂ1?’]')’]1]!,?]?ﬂﬂiullu?uﬂu!ku’)jﬁjulﬂu



111

9 o o ' 1 1 o % Y
LAUANTI i]uﬂizmuﬂﬂﬂ@ﬂﬁm@giu%’m 50% - 60% "Umuﬂﬂﬂaﬂqqqmtiﬂ P! G?\‘lll’(ffﬂ\?{lﬂ

max

< 1 ] dy J = o S A A Y L4
mmﬂummmimamammmuﬂauﬂi@1‘11JENﬂaaﬂmaﬂmmﬂauﬂnmumm

] 1 [ 19 &% 1 Y] 4 ] 1 4
Tuaranasinnuduiiusaananiuu Tiuvesnnusunanad19aoLiing

=

Y 1 o A o 1 = Y ' [ < @ A dgl
G]NLl’dﬂQﬁlfl”iWiu’ﬂlliQﬂﬂ’E]ﬂ‘VIﬂ‘iZ‘VIWl’EJLlﬂuﬂ’é)uﬂ'ﬁGIllﬂQﬂﬂWiJ1ﬂﬁﬂﬁﬂﬂmﬁﬂ1u®ﬂﬁ1ﬂq\1"llu

' ]
= % v I

A 4 o 2 ' o v g o 1 @ o
Lllﬁ)L‘VlEJ’UﬂTJEJG]i1ﬂ1iﬂlWNﬁuﬂl@ﬂ!liﬁﬂi$ﬂ1“§Qﬂﬁ'l’)lfl]uufl’ﬂﬂﬁ@ﬂlﬂaﬂﬂﬂ%ﬂﬂﬁﬂlliﬁﬂﬂ@ﬂiu

X

[ 1

A A d? 1 =~ A A A 1 9 o A
FATIUNWNFININUYY IﬂEIL!WZN?ﬂlﬁ@pﬂﬂ1ﬂﬂ15‘1/lll,ﬂuellﬁ)ﬂﬂﬂuﬂiﬁ‘ﬂﬂgﬂWﬂimliﬁﬂig‘ﬂniﬂJ

= 9 dal [ o 1 YA 42’ dy =y
IMTUANS 1IVNVULASTOITVUTINTZINaAA dana IHUNITNTLeu5UU luienaunTa

9 i
=

~ 1 @ < dzl [l ] A a a wva = A a
uaznmsmmwﬂﬂmﬂaaﬂmaﬂmmu f)‘c’J'Nhlﬁﬂﬁ13JL3J@!ﬂﬂﬂ1§'JiJﬂﬂ1ﬂ313JLﬂ3fJﬂ“I/ILﬂWU

2

=

% < a’/‘ @ ey (A { <
fi)ﬂﬁ\iﬂﬁ']\?ﬂ')']i]ﬁ\ﬁlﬂ\?ﬂﬁﬂﬂﬁ"iaﬂuuﬂﬂﬂﬁﬁﬂWﬁWﬂ?”lﬂ']ﬂ'J']iJ!ﬂ?ﬂﬂ ﬁﬂﬂﬂﬁ”lﬂ"’llf]\ﬂﬁﬁﬂ NINPY

q U

2

1 % ' { @ J S o
A1152 118 0.002 mm/mm 139 2000 microstrain FIUAAIINYAAINA1 Yaonrandnedl

npAnssneg lurdanguFadu (Linear elastic)

= ) ',",,"'5!‘.,;! %)
—+ Longitudinal SR18-3.2-0
< Lateral SR18-3.2-0

< Longitudinal SR18-3.2-0.05" |
-O- Lateral SR18-3.2-0.05f",
<+ Longitudinal SR18-3.2-0.1f",
- Lateral SR18-3.2-0.17,

Axial Load, (kN)

0
I

-3000 -2500 -2000 -1500 -1000 -500 0 500 1000 1500 2000 2500 3000
Axial Strain at mid-height, (microstrain)

{ v o J ! [ 1
gﬂﬁ 4.19 ANNFUWUTIEHINUTINADA THUUAAULAZAINNNATIA TULULNY
da £ 4 S Ak
Lmﬂuummwmmmumﬂaaﬂmaﬂﬂmﬂmqmmqq

VDIAII19NATOY SR1S - 3.2

NHAVDILTINADA TULUILNUNTEIAouNUARUNT AN a8/ 10819

(] 9 1 9 3 X o Y Aa = 1 A o o a
1/]ﬂﬁ@UUTQﬁjullﬂQﬂﬂTﬂhlﬂﬂﬂﬂa@ﬂﬁ’fﬁﬂ ﬂ\1WTiﬁlﬂﬂﬂ'ﬂNLﬁﬂﬂVﬂi‘ligﬁ'ﬂﬁW'Jﬂ'llNﬁ”llﬂQW'J

'
v A

v < a v Yy ¥ Y o & a !
ﬂ’]uium@ﬁﬂa@ﬂlﬁaﬂllagllﬂuﬂﬂl‘lﬂiﬁ ﬂ\iﬂulﬂﬂﬁ13]’lﬂllajsll']\1ﬁu ﬂ\iuucluﬂnlﬁwflnﬁmnlﬂﬁl



112

] 9 { a 4 % 1 Y v o 1
‘Vi‘Ll’JEJLLi01%Q1uﬁlﬂﬂﬁu"u’ﬂ\1G]’J’OEJN“VWI’@(EJ‘]J %1ﬂwaﬁll’ﬂ\‘lﬂ1§(11fiL!i\‘lﬂﬂflﬂﬂi&ﬂWl@ﬂflUﬂ%@]
v v v v
Iﬂﬂ@]i\?ﬁuﬂ1ﬂ@ﬁ1\1ﬁ 4.8 ﬁq‘ﬁmﬁ‘wmimmaﬁmﬂﬁummmwmﬁﬂﬂmuizmwméfuﬁﬁmm

a 9 < S 9 ' 1 ' A %
N’Jﬂ1ucll.l"llflQ‘IJﬁ@ﬂ!ﬁaﬂllﬁgllﬂuﬂfJUﬂiﬁﬂ’Jﬁl NATH UYL | ﬂﬂﬂﬁ@ﬂllﬂiﬂﬁlﬂﬁuﬂaﬁ

max

1 = 3 Ao 9 . ~ &
A1NA3 AR INEveIaonHania 1A IN@IATUING (Strain gage) TaofigAnIna1InL
Y] [ @ o L [
qUU0IRIPdNNAToU MuNTIANNFUITUS lumaruIn n Tagldaun1sues Hooke Aaans

Tuaumsn 4.1 uag aumsn 4.2 sanuaas 1 ludnedu
INMIANEIIUIFGUDUAT Tubed Concrete column HENAANANTYNNTEIN
[ [ = ] = [ d‘ YR a v oaj dy d! o
TagusInadanoLNUADUNS AVDIUE IS IAsINUN Taan 1 TuauITeas el Faausasiul

% s 3 o 9
Tae1% Nonlinear finite element analysis (Johansson, M., 2000) FaosiFuaueIsInaoalu

A

{ 1 o < ng 1 a
uuwaunuignmemlidalasnmaniiueglia laitiu 30% voaa1 Tubed Concrete columntiiin

o = A ' - o A ' g A
ARNANLEI 1NN1T NN 4.8 W‘]J'J']L‘]JE)ﬁL"]f‘HW]J’ENLLﬁQﬂﬂﬂﬂGluuu'l!tﬂu“l/lQﬂf]'lflﬁ\?ﬂa@ﬂlﬂaﬂ!iJ’f)

v
v A

= [ ' A o v = (Y l = Y o a A v
NeUNULLII P, NNIEMADUNUADUNTAVDIAIDINNATDUADUNTANUINATINAYUINTAN

gnlouianeu (Tubed concrete specimens) A10H 119 17.27 - 37.26% aau Inaigand1 30%

'
1 =

~ < Y o = = o [ [ [ < Y o 3
f’f’]!ﬁ@]‘ﬂﬂa@ﬂlﬁaﬂﬁ1!']@]ﬂfﬂ‘ﬂaﬂll5‘]_1Llﬁﬂﬂﬂﬂﬂhluaﬂﬁ'lucﬂNTﬂﬂﬂTﬂaﬂﬂLﬁaﬂﬁu’]@ﬂﬂﬁﬂJuu

] ]
= % 1

' H 4 H @ I~ o 1 [ ] o
UZINENLBININMINHITIVRIlao AN HINAATIMAIUAINA N TAIANNUATIADNITAR
VoA 1A ] ' o Y] v a A Y a Y
A ludigana lumsdumuaenssdun I IUINwsIAUAa U anne 1inamsuani 11ty

o Y Y] < a 1 ~ 1 ~ I o 1
wan ldmilsveslaenmanazinams Inuazmmwiziuas luamaunsonazwannms leusane

= 42’ Y o 09.:’ S R A A wad d%l v w 1 =<
uﬂumummu‘lﬂ PANUUUNUADUNTAIUNANTTIU ‘wmmnmuuaz”lumqﬂﬂaﬂmﬂanmgﬂ

Y 1 3 2
ﬂi3fl]’lﬂﬂl’lﬁlllu']l;l,ﬂuﬂ]@ﬂﬂﬁ@ﬂLWﬁﬂlﬂﬂ"Uu



[

~ S I o [ ~ 1 <3 A =l =\ ] 1 ] @ 1 Y o A = [
AT NN 4.8 Lﬂﬂﬁl“ﬂu@ﬂl@ﬂlﬁﬂﬂﬂﬂﬂiuuu’)tlﬂu%gﬂﬂWﬂaﬂﬂﬁﬂﬂlﬁaﬂlil@L‘]_IifJ‘UWIEJUﬂ‘].lﬂ'll!ﬁ\?ﬂﬂﬂﬂqqq@‘u@\‘]ﬁ'J@fl'l\‘]ﬂﬂﬁ"t‘)ﬂﬁu'mﬂﬁlﬁaﬂﬂﬂ e
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ANuATeA 11 IRPRTERTILY TERLELEN TS RIGHEAI
ngu foganaaol Fros Fra Yaonuan INANNAI BN unuvedlasnman YDAULTINADA
(kN) (MPa)
(microstrain) (MPa) (kN) (%)
CR18-0-0 15.57 350.33 - - - -
1 CR25-0-0 22.23 500.18 - - - -
CR32-0-0 28.26 635.85 - - - -
SR18-3.2-0 35.50 798.64 746.00 151.76 297.59 37.26
SR25-3.2-0 39.90 897.84 685.00 139.35 273.26 30.44
SR32-3.2-0 4472 | 1006.26 724.00 147.28 288.82 28.70
SR18-4.5-0 40.48 910.70 507.00 103.76 288.56 31.69
2 SR25-4.5-0 49.59 1115.74 679.00 138.96 386.46 34.64
SR32-4.5-0 5333 | 1199.93 696.00 142.44 396.13 33.01
SR18-6.0-0 43.74 984.05 296.00 57.69 215.99 21.95
SR25-6.0-0 5874 | 1321.56 659.00 128.44 480.88 36.39
SR32-6.0-0 63.72 1433.65 703.00 137.01 512.98 35.78
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ANuATeA 11 ITPRTIERTILY TEALELEN TS RIGHEAI
ngw foganaaol Fros Fra Yaonuan INANNAI BN unuvodlasnman YDAULTINADA
(kN) (MPa)
(microstrain) (MPa) (kN) (%)
SR18-3.2-0.05 f 39.09 879.55 818.00 166.41 32631 37.10
SR25-3.2-0.05 f, 43.64 981.89 808.00 164.37 322.33 32.83
SR32-3.2-0.05 fcl0 47.53 1069.33 806.00 163.96 321.53 30.07
SR18-4.5-0.05 fC'0 45.53 1024.43 552.00 112.97 314.18 30.67
3 SR25-4.5-0.05 f, 5482 | 1233.47 783.00 160.25 445.65 36.13
SR32-4.5-0.05 f, 57.21 1287.20 754.00 154.31 429.15 33.34
SR18-6.0-0.05 f, 5170 | 1163.15 344.00 67.05 251.02 21.58
SR25-6.0-0.05 fcl0 66.29 1491.59 715.00 139.35 521.74 34.98
SR32-6.0-0.05 fcl0 70.43 1584.68 788.00 153.58 575.01 36.29
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ANuATeA 11 ITPRTIERTILY TEALELEN TS RIGHEAI
ngw foganaaol Fros Fra Yaonuan INANNAI BN unuvodlasnman YDAULTINADA
(kN) (MPa)
(microstrain) (MPa) (kN) (%)
SR18-3.2-0.1 f 39.84 896.46 776.00 157.86 309.56 34.53
SR25-3.2-0.1 f, 4449 | 1000.92 788.00 160.30 314.35 31.41
SR32-3.2-0.1 fcl0 49.14 1105.75 843.00 171.49 336.29 30.41
SR18-4.5-0.1 fC'0 46.91 1055.50 516.00 105.60 293.69 27.82
4 SR25-4.5-0.1 f 56.84 | 1278.96 777.00 159.02 442.24 34.58
SR32-4.5-0.1 f, 59.15 | 1330.88 750.00 153.50 426.87 32.07
SR18-6.0-0.1 f, 5240 | 1179.04 279.00 54.38 203.59 17.27
SR25-6.0-0.1 fcl0 68.04 1530.79 677.00 131.95 494.01 32.27
SR32-6.0-0.1 fc'0 72.19 1624.37 759.00 147.93 553.85 34.10
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ANUIATIA 11 wiousuiles TERLELEN IS wlosidud
nqu f1081INAToL P fra Yaonman INANNIAT BN unuvedlasnman YDAULTINADA
(kN) (MPa)

(microstrain) (MPa) (kN) (%)
C18-0-0 306.3 19.9 - - - -
1 C25-0-0 411.0 26.7 - - - -
C32-0-0 491.1 31.9 H - - -

CS18-32-0 899.0 58.4 231.6 46.7 71.9 8.0

CS25-32-0 1065.3 69.2 171.1 34.5 53.1 5.0

CS32-32-0 1265.4 82.2 603.9 121.7 187.5 14.8

CS18-45-0 1139.1 74.0 103 21.1 46.1 4.0

2 CS25-45-0 1325.4 86.1 127.6 26.2 57.1 43

CS32-45-0 1488.6 96.7 375.6 77.0 168.2 11.3

CS18-60-0 1390.1 90.3 120.4 23.8 69.9 5.0

CS25-60-0 1553.2 100.9 315 62.2 182.9 11.8

CS32-60-0 1673.3 108.7 149.3 29.5 86.7 5.2
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MITNN 4.9 Lﬂ@ilcﬁu@"uﬂﬂlﬁﬂﬂﬂf’]ﬂ(luLLL!’JLLﬂu%gﬂﬂ?ﬂaﬂﬂﬁﬂﬂlﬁaﬂluﬂlﬂiEJ‘UWIEJ']_Iﬂ‘]_lﬂ"lllﬁﬂﬂﬂ@ﬂq@q@m@ﬂ@?ﬂﬂTﬂﬂﬂﬁ@Uﬁu'Wlﬂﬂall (99)

ANUIATIA 11 wiousuiles TERLELEN IS wlosidud
nqu f10g1INAToL P fra Yaonman INANNIAT BN unuvedlasnman YDAULTINADA
(kN) (MPa)

(microstrain) (MPa) (kN) (%)
CS18-32-0.05 991.4 64.4 81 16.3 25.1 2.5
CS25-32-0.05 1140.7 74.1 143.9 29.0 44.7 3.9
(CS32-32-0.05 1317.7 85.6 530.6 107.0 164.7 12.5
CS18-45-0.05 1283.8 83.4 94.5 19.4 423 3.3
3 CS25-45-0.05 1490.1 96.8 163.2 33.5 73.1 4.9
CS32-45-0.05 1613.3 104.8 390.3 80.0 174.8 10.8
CS18-60-0.05 1494.7 97.1 101.5 20.0 58.9 39
CS25-60-0.05 1608.7 104.5 192.5 38.0 111.8 6.9
CS32-60-0.05 1779.5 115.6 134.2 26.5 77.9 4.4

ol1



~ S I 4 o ~ 1 < A = =1 Y] 1 o o 1 Y o 1
MITNN 4.9 Lﬂ@ilcﬁu@"uﬂﬂlﬁﬂﬂﬂf’]ﬂ(luLLL!’JLLﬂu%gﬂﬂ?ﬂaﬂﬂﬁﬂﬂlﬁaﬂluﬂlﬂiEJ‘UWIEJ']_Iﬂ‘]_lﬂ"lllﬁﬂﬂﬂ@ﬂq@q@m@ﬂ@?ﬂﬂTﬂﬂﬂﬁ@Uﬁu'Wlﬂﬂall (99)

ANUIATIA 11 wiousuiles TERLELEN IS wlosidud
nqu f10g1INAToL P fra Yaonman INANNIAT BN unuvedlasnman YDAULTINADA
(kN) (MPa)

(microstrain) (MPa) (kN) (%)
CS18-32-0.08 1031.4 67.0 117 23.6 36.3 3.5
CS25-32-0.08 1177.6 76.5 175 353 54.3 4.6
CS32-32-0.08 1360.8 88.4 576.6 116.2 179.0 13.2
CS18-45-0.08 1317.7 85.6 97.8 20.1 43.8 3.3
4 CS25-45-0.08 1514.8 98.4 145.4 29.8 65.1 43
CS32-45-0.08 1647.1 107.0 412 84.5 184.5 11.2
CS18-60-0.08 1514.8 98.4 113.7 22.5 66.0 4.4
CS25-60-0.08 1641.0 106.6 176.2 34.8 102.3 6.2
CS32-60-0.08 1808.8 117.5 155.6 30.7 90.4 5.0
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§y a 1 <
LﬁﬂW%’lﬁm’]ﬂ’liﬂ'lﬁllliﬁailﬂﬁ’f]ﬂlﬂaﬂ

HIINADA MUY MHARIEAGA

, oo fr P’ . Tununnuves
nQu GRGIAN VDINOUNIA .

(MPa) (kN) ADUNIA
Prax.conc (KN)

£ cone (MPa)
SR18-3.2-0 35.50 | 798.64 501.05 2227
SR25-3.2-0 39.90 | 897.84 624.58 27.76
SR32-3.2-0 44.72 1006.26 717.45 31.89
SR18-4.5-0 40.48 910.70 622.13 27.65
2 SR25-4.5-0 49.59 | 1115.74 729.28 32.41
SR32-4.5-0 53.33 | 1199.93 803.80 35.72
SR18-6.0-0 43.74 | 984.05 768.06 34.14
SR25-6.0-0 58.74 | 1321.56 840.69 37.36
SR32-6.0-0 63.72 | 1433.65 920.67 40.92
SR18-3.2-0.05 f_, 39.09 879.55 553.24 24.59
SR25-3.2-0.05 f, 43.64 981.89 659.57 29.31
SR32-3.2-0.05 f_, 47.53 1069.33 747.80 33.24
SR18-4.5-0.05 f 45.53 1024.43 710.26 31.57
3 | SR25-4.5-0.05 f. | 54.82 | 123347 787.82 35.01
SR32-4.5-0.05 f, | 57.21 | 1287.20 858.05 38.14
SR18-6.0-0.05 f. | 51.70 | 1163.15 912.13 40.54
SR25-6.0-0.05 f_, 66.29 1491.59 969.85 43.10
SR32-6.0-0.05 f_, 70.43 1584.68 1009.68 44 .87
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A a 1 I 1
WondsINsaeLsIadtlasnvan (ae)

usanaoa luuuny FHABEAGA
, o fr P . Tusuannuueg
ngw CRLEAN VOINOUNTA .
(MPa) | (kN) ADUNTA
Prax.conc (KN)
f e conc (MPa)
SR18-3.2-0.1 f. | 39.84 | 896.46 586.90 26.08
SR25-3.2-0.1 f. | 44.49 | 1000.92 686.57 30.51
SR32-3.2-0.1 f_, 49.14 1105.75 769.46 34.20
SR18-4.5-0.1 f, 46.91 1055.50 761.81 33.86
4 SR25-4.5-0.1 f_, 56.84 1278.96 836.72 37.19
SR32-4.5-0.1 f, | 59.15 | 1330.88 904.01 40.18
SR18-6.0-0.1 f. | 52.40 | 1179.04 975.45 4335
SR25-6.0-0.1 f. | 68.04 | 1530.79 1036.78 46.08
SR32-6.0-0.1 f. | 72.19 | 162437 1070.53 47.58
a1519d 4.1 msufioufeumanageni lifimsdmisonseTeuianou
fumsmiseuseTeusanewd 0.05 £/ uaz 0.1 .
£ cone (MPa)
ZRGIAN e conc.o fn:ax,conc,o.osfc'0 fn;ax,conc,o.lfc'o fn;ax,conc,O.OSfC’(, fn;ax,conc,o.lfc’o
(MPa) (MPa) (MPa) f e conc.0 frax,conc,0
SRI8-3.2 | 2227 24.59 26.08 1.10 1.17
SR25-3.2 | 27.76 29.31 30.51 1.06 1.10
SR32-32 | 31.89 33.24 34.20 1.04 1.07
SR18-4.5 27.65 31.57 33.86 1.14 1.22
SR25-4.5 32.41 35.01 37.19 1.08 1.15
SR32-4.5 35.72 38.14 40.18 1.07 1.12
SR18-6.0 34.14 40.54 43.35 1.19 1.27
SR25-6.0 | 3736 43.10 46.08 1.15 1.23
SR32-6.0 | 40.92 44.87 47.58 1.10 1.16
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fn’wax ' '
o ' , , , fmz:1><,0.05 feo fmax,0.08 féo
AIBYNNATOU fmax,Ofc’0 fmax,O.OS feo fmal><,0.08 feo f! !
max,0 fg, max,0 fg,
(MPa) (MPa) (MPa)
CS18-32 58.4 64.4 67.0 1.10 1.15
CS25-32 69.2 74.1 76.5 1.07 1.11
CS32-32 82.2 85.6 88.4 1.04 1.08
CS18-45 74.0 83.4 85.6 1.13 1.16
CS25-45 86.1 96.8 98.4 1.12 1.14
CS32-45 96.7 104.8 107.0 1.08 1.11
CS18-60 90.3 97.1 98.4 1.08 1.09
CS25-60 100.9 104.5 106.6 1.04 1.06
CS32-60 108.7 115.6 117.5 1.06 1.08
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A1UT19 (Richart et al., 1928) dauaadluaunis 2.3 ypaeua1a1e o e liaeandeanuns

v 9
v A

Y
IenTail daae 1l

Y
v o [ % 9

Ao MAITULTINABAVDY Tubed concrete specimen YN 2 nUAA
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Y ) 1 ~ A A d? ~ I o 1 , [ 3 1 , =
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=\ | Y 1 , v 9 A a
Meumnum £ luaums 2.3 Twiaden 2.3 veauni 2
a Y , ~ 9 091} 3 o v w @
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= B 4 £ 1 < 1 A a
YBIABUNTA () uaznauve k f, ¥3A109 k f, 1T UNasIuv9InuIguIINnAN
i1 Y
Passive confinement 1i8% Active confinement DN 9158 1WAVD Passive confinement fuzﬁuag
o 1 [ { o v W 1 .
AuAuLnIsveddaonranNiiu lousaA19819NATOU LAZHAVDY Active confinement
a 9 ] [ 1 LY (] ~ v 9 < [ :JI
1AA91NN3 Iniieusalouianeuundlednaaaungn lsusaatslaonman  AwiuaIn

eutnadu lauaa 13 luannsn 4.3 uas 4.4

fnlwax,conc = fC,O + kl fl (43)
fn’1ax,conc = fc:) + frr,wlx,pass + frT,1ax,ac (4'4)
A Y , 3 1 A a .
Herul Al fmax,pass (U UI8159NINAIINHAVD I Passive confinement
A ’ A ] [ 1 ~ [ < (=}
JEINGRUEN fnax, pass 710 WH’JEJLLN"UGWI’J@EJNﬂﬂﬁfJUﬂQﬂi@ﬂ‘iﬂﬂ?ﬂﬂa@ﬂ!‘l’iaﬂuaghlnuﬂﬁ

TdnineuseTousanou (U013 INABATDIRIDENNATDUNGUTN 2)

a 1 < | { a . 1
ufﬂilchfil Al f! WU U281 INAADIN Active confinement A1UITDHIA
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NAAYDIAIDENNATOUNGNT 2) AuaaluaunIsN 4.5

! ’
fmax,ac = fmax,conc - 1:cro - 1:nrwax, pass (4'5)
A , A ' Aa 4 a
Iﬂﬂ‘ﬂ fmax,conc o W"L!'Jﬂlliﬂq\iq@ﬂmﬂﬂluﬂ]ﬁ]\?ﬂﬂuﬂiﬁ
f! A9 11UBLTINNAINNAVD Passive confinement

max, pass

U

) fMevdnageuRINAaTIHASNINST
Tua13190 413 HAAIDINAVDINITNAABUVYDINUIBUTININADIN

. . & oA a oo ; , a4 2
Passive confinement L@ Y Active confinement CNW‘U’JM?J@L‘]J?EJ'}_IL‘VIEJ'U‘H‘L!’J?JLLN fl NWNNUU

act

ISP

10 £ Imgaiulszinm 11.24 - 36.86%

pass

oW1 UIAIMUIBIT I Passive confinement N1 1910 UAINUILT

E4
A 1 =2

2 1 < v Y
@Nﬂﬁ1’3%3%ﬂ?ﬁ\‘iﬂluﬁillFI’NlI‘Vi‘LHﬂJ’OQ‘]Jﬁi’JﬂL‘Viﬁﬂﬁﬂiﬂﬁu W‘]Jlﬂﬂq@iuﬂi"mﬂill"l 6.0 mm

U

(%u 910 6.77 171 18.64 MPa Tu £/, # £/ = 18 MPa tiip1a0nMAn U UANILIN 3.2 mm

pass

[ @ { Y A ] 1% '
1Wu 6.0 mm) muﬁ@ﬂugﬂﬁ 427 HAagANUHUUNIDU WU?TﬂWWH'JEJLLﬁ\TGlu@'J@EJ"N‘ﬂﬂﬁf’J‘U

apunaaf f. Woe (18 MPa) A1 f/ winniasuniad f. diunalauazga (25 1az32 MPa)

pass

(191 910 18.64 MPa 1ilu 14.45 MPa Tu £/ 191UMU1 6.0 mm tilpAaun3aAll £, 910 18 MPa

pass

ilu 32 MPa) AauaaslugUi 4.28
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A1 19N 4.13 NANINATDUNUIBUTINAAN Passive confinement Ll Active confinement

[ ] Y o § { [
VDIAIDENNATOUNTNAA TV AU

[

Mo

A19819

NAMIAUIVNNUDIIAB Tl = fL +K

nqu f, ke f, fraxcone | foo Fpass £
(MPa) (MPa) (MPa) (MPa) | (MPa) | (MPa)
CR18-0-0 - - - 15.50 - - -

1 CR25-0-0 - - - 21.79 - - -
CR32-0-0 - - - 26.47 - - -
SR18-3.2-0 13.88 | 0.41 5.69 22.27 15.50 6.77 -
SR25-3.2-0 13.88 | 0.41 5.69 27.76 21.79 5.97 -
SR32-3.2-0 13.88 | 0.41 5.69 31.89 26.47 5.41 -
SR18-4.5-0 19.57 | 0.44 8.61 27.65 15.50 12.15 -

2 SR25-4.5-0 19.57 | 0.44 8.61 3241 21.79 10.62 -
SR32-4.5-0 19.57 | 0.44 8.61 35.72 26.47 9.25 -
SR18-6.0-0 26.21 | 047 | 12.32 34.14 15.50 18.64 -
SR25-6.0-0 26.21 | 0.47 | 12.32 37.36 21.79 15.57 -
SR32-6.0-0 26.21 | 0.47 | 12.32 40.92 26.47 14.45 -

SR18-3.2-0.05 f 13.88 | 0.41 5.69 24.59 15.50 6.77 2.32
SR25-3.2-0.05 f 13.88 | 0.41 5.69 29.31 21.79 5.97 1.55
SR32-3.2-0.05 f 13.88 | 0.41 5.69 33.24 26.47 5.41 1.35
SR18-4.5-0.05 f 19.57 | 0.44 8.61 31.57 15.50 12.15 3.92
3 SR25-4.5-0.05 f 19.57 | 0.44 8.61 35.01 21.79 10.62 2.60
SR32-4.5-0.05 f 19.57 | 0.44 8.61 38.14 26.47 9.25 2.41
SR18-6.0-0.05 fo, | 2621 | 0.47 | 12.32 40.54 15.50 18.64 6.40
SR25-6.0-0.05 f, | 26.21 | 0.47 | 12.32 43.10 21.79 15.57 5.74
SR32-6.0-0.05 fj, | 26.21 | 0.47 12.32 44.87 26.47 14.45 3.96
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A1 19N 4.13 NANINATDUNUIBUTINAAN Passive confinement Ll Active confinement

Y (] Y o { 4
VDIAIBENNATOUNLNAA TN ALY

[

AT

A GE)

q

HaMIAUIVUNNLVUIIRB Tl = fL +k
Ny RLIAN f K, £/ Feccoe | fo = Fact
(MPa
(MPa) (MPa) (MPa) (MPa) ) (MPa)
SR18-3.2-0.1 f, | 13.88 | 0.41 | 5.69 26.08 | 1550 | 6.77 | 3.82
SR25-3.2-0.1 f_, 13.88 | 0.41 5.69 30.51 21.79 | 5.97 2.75
SR32-3.2-0.1 f_, 13.88 | 0.41 5.69 34.20 2647 | 541 2.31
SR18-4.5-0.1 f_, 19.57 | 0.44 8.61 33.86 15.50 | 12.15 6.21
4 SR25-4.5-0.1 19.57 | 0.44 8.61 37.19 21.79 | 10.62 4.78
SR32-4.5-0.1 f, | 19.57 | 0.44 | 8.61 40.18 | 2647 | 925 | 445
SR18-6.0-0.1 f, | 2621 | 0.47 | 1232 | 4335 | 1550 | 18.64 | 9.22
SR25-6.0-0.1 f, | 2621 | 047 | 1232 | 46.08 | 21.79 | 1557 | 8.72
SR32-6.0-0.1 f_, 26.21 0.47 12.32 47.58 26.47 | 14.45 6.66

20 —

T

{

T

Tll

Illll

YN

18
16
14

10

L pass ,(MPa)

N A~ OV

12 [

A t=32mm,0
W t=45mm,0
- t=6.0mm,0

16
/., (MPa)

20

{ v o 1 < ] { a
Eﬂ‘ﬁ 429 ANNFUNUTIZHINANUHUIVOIUaonmanuaz et InnNan

HOUDY Passive confinement YB4AIDENNATDUHTIAATIHATUIA

[

o
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20
18 |-
16
14 [

J fC()
D f. =32MPa,0

10 [

f pass ’(MPa)

N A O

0 1.50 3.00 4.50 6.00
¢t ,(mm)

510 430 ANUFUNUTIZHIAEI0a1 T2 doU0In0UNT ALAZHUIBUTINNADIN

U

HAYDA Passive confinement Y04AI08 1NNATOUNIAATIHAGLINT

D-

a

1O WITUINUIUIINIANA Active confinement ALAA TN 4.29M171

P
1 =

' ' = 3 A 42’ A o I Y Y =
mwu’.Jﬂuiqumqwumummwmﬂaaﬂmaﬂ‘nwmeuu ﬂsw‘wyaﬂyngﬂumuimmwm

g A

ﬂ’ﬂil‘l/iu"lﬂﬁﬂﬂmﬁﬂ‘ﬂ‘ﬁ111?{ f)

act
Tu £/

act

' ] I
UAIGIgAADAIUNUT 6.0 mm (15U 910 3.82 171 9.22 MPa
4 ., 1 Y o ~ , A 3 =
. =18 MPa ttazmIn3 Iinueusslousaneui 0.1 f, iwelaenuaniinnumun

< A 1w (R = o 1
910 32171 6.0 mm) vazgianuvwuwmnunua £ ezliuu Tdugeludiedranaao

act

A Aa ;Y Sy ’
ABUNIANY fl 108 (18 MPa) tazvziaAIanadly fL U una1auaz g (25 4ag 32 MPa)

] 3 4 1 [ 1 ~
195U 910 9.22 131 6.66 MPa 11 /. 19210 U1 6.0 mm tazn1s 1inureusalousanoun

act

' A S oA <3| @ A
0.1 f, iieneunIal f, 910 18 1111 32 MPa) dauanaalugii 4.30
9 ] (% 1 d' 1 % 1 [ 1w
M3 livieusalousanaunaINIdaus Ny wunanyuzns v lugll
A =\ 1 Y 1 = o o A ] A a
N 431 0309190 vuTAaanasuaeInuiugln 426 Tagnu1eusaINNAIINHAVD Y

, 2 v 2 J X ar & ,
Active Conﬁnement1!1!%ZNLLM?IHNQ’Q%H@'IM?’I’Zl'liJ‘Vi“LH‘VIiﬂﬂ‘lJu LLﬁZlJﬂTJJTﬂ"’UuGlL! fCO

o w

1181 (18 MPa) azA1aAa Ul 1891111 a19 (25 MPa) taz g (32 MPa) A1 f, ¥09629819

d‘ 9y ] [ U I ' [ ’ 1 1 Q' 492} ] 1
nagoud IinueussTousanoud 0.05 2 1Ude 0.1 £, wuannniulugieszning 43.95 -

A a 2K f Aa Y ] [ ' A 1w 1 A dg}
84.70%LaZtUDNITUIDIAT | AN 1M1 ToUSANDUMMIAUNLIIMSINNUYUYD

act

1 ’ [ = Q' z:%’ ] ] ti! A 9 1 1 d'
A1 f), 91NANUNUI3.2 ]’l‘]_]EN 4.5 mm ummmuag”lwm 62.71 - 92.67% HINUATUDINIIATIN

act

A d%’ < [ A1 A dy [l
NAUYesaananun 4.5 ]’l‘IJEN 6.0 mm NﬂTLWN‘SlJLlGlLlGD'TN 48.48 - 120.64%
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10.0
- A f,=18 MPa, 0,05/,
g0l T f,=18MPa,01f,
T A f,=25MPa, 005,
- @ f,=25MPa, 0.1/,
=60 & f,=32MPa, 005,
s - f,=32MPa,0.1/,
4.0
SN
2.0

0 1.50 3.00 4.50 6.00

{ v o o 1 [ ] { a
JUN 431 anuduRuFIEHINANNMINYEI Ao ANLAZ NI IBUIINAADIN

[

HOUDY Active confinement YDIAIDENNATOUNIAATIHAONIAT E

10‘()|||||||||||||||||||||||||||||||
L A t=32mm, 0.05/ [ ] ]
80 W t=32mm, 0.1/, B
A t=4.5mm,0.05/
" {o- t=4.5mm, 0.1f
;:@6.0
=)
34.0
Sy

1 | 11 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1
0 4 8 12 16 20 24 28 32
/., (MPa)

{ v o 7 ' o v w @ 1 { a
g‘ﬂ‘ﬁ 4.32 ANUFUNUTIZHINAGW0AYTZAIVRINOUNTALAS HUIBUTINNADIN

[

HOUDY Active confinement YDIAIDGWNNATOUNINAATIHAONIATE
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10'0 IIIIIIIIIIIIII|IIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIII
. A 0.05,.f,=18 MPa
8.0 { O‘OSfco’fcozzs MPa
A 005, ,f.,=32MPa
_ &+ 0.17,,f.,=18 MPa
£060— A 017, .7 =25MPa
s L rolr,.f.,=32MPa
§\‘34.0_ A
20 L
IIIIIII|IIIIIIIIIIIIII|IIIIIIIIIIIIII|IIIIIIIIIIIIII

0 | 1.50 3.00 4.50 6.00
¢t ,(mm)

{ v o ' < 1 { a
g‘ﬂﬁ 433 ANUFUNUTIZHINANUHUIVOIUadnHANLAZ HUIULTINNANINKG

[

UDI Active confinement Y910 NNATDUNTIGATIMABUINT A

Tagagiludr nudims IinienssTeusanouunalieganadoy NAINTS
Y
DALTINNNY  HUIYLTIVINND Passive confinement LA Active confinement ﬁLLMQIﬁMQQ%‘L!
A = ' A c'| & A Y 1 [
AUANUHUINNIN (6 mm) taziunlu £ Nd1 (18 MPa) FawunInims Innileusalousa
1 ‘i‘ 12
NoUN 0.1 f,
A o o yva P v A A oA
wonmtionnmiudalanasanausia lumsdadgulauwe@snanunin
uazms rieusaTousanmuzanlunsin lddnw ludrduae ldluanounsatasy
3 X o o v Y o A ~ = o [l [
mangasnivaue luivedall 910013199 4.14 naaanam S sunsusas1aIUTENIN
v ] Y
1IN A NaRIaI AN NN I UsusaTousanay A mSUMIAIIUIIU
1 9 @ [] = % 1 B Y o a 4 ~ ~ % ]
AoEi19d0d1INATBUADUNTA 1 d19819 Falaninsdnsiziilseuneudieganaao
= Y [ [y L] = d‘ [ U 9 Y [ d‘
ABUNIAAIUNUAIBEINAdUABUNIANYN louTanauMelans Inusanadaluuuiunun
minu Taefitlesiariag ludiunan dmsumsneaunuLazAUINIININANIINNGNATT
VY o v A a ) v 4 L Yy  a
Tumsneadudninnuasiisygnansm veansumsiime lugaiusimiyeviealouda

' Y
. Tsenunses i lae luswavudamgnByanuiiy (VAT.) asae il
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T o

A3

- 1eenmAnHu1 32 mm 311 276 1N6D 1 §29619

- 1aenmann 45 mm 3101 388 UIMAD 1 §19619

- 1aenmannu1 6.0 mm 391 516 UMAD 1 §19619

- ApUNIA fL =18 MPa 311 2470  1IN/A1.Y
N 18.53  1IM/AN0EN

- AounIa f,=25MPa 51A1 2550  1W/AU.N
WY 1913 1IN/AN08N

- ApuNIA f=32MPa 311 2740 UIWM/AL.W
BN 2055 UIN/AI0EN

Ausan (Feulaoninantsausa)

91 250 1UINA0 1 920814

VA A

ANTDIND
<

- wuvieasnmian 391 5000 VN
J

- lszuetleua 5991 8000 UM

(4] 4 J
- vonsiszuviloua 5991 510 UM

NAT1N 4.14 NUNOATIAIUTIANNDNDIVIAI0819NAT 0D 1UA 19814

i
1 =

nauN 1191 0.78 - 1.20 nQuN 2 1A 8.69 - 16.76 tlazngui 3 WA 13.48 - 23.60 taz Tung

q

~ = = Y1 A = = Y] 1 T d?
N4Un112.61-22.94 ﬁ]$!°Viuhlﬂ’ﬂm’E)L’]JiEl‘]J!‘V]EJ‘]Jﬂﬁi1?(1]143WﬂWl’EJﬂWQQ‘VILWiJsUuﬂ’NﬂJWHWI’EN

=

<} [ Y 1w 1 1 o W A § o 1 o
Yaonmanmnunuisadiusmaesiasiuu Idumy iediedwnadouiiale £/ 0
] ~ ] A , 2 A oo A ¥y 44 2 4 A =2
Hognazluud Tuvanaule fL vy onMadanunuuud THunmuawsos o o t gavu
WUNINGANAIIUH U 6.0 mm =18 MPa ttazAIMUI8UsI o UTANDY 0.05 f, SNV

1 1 4
dasduTIMaemasnms IuiaousaTeusanowmuiu 10 0.05 £2 11 0.1 ) Tuua Triy
d’ =\ Y 1 [ J d' dg’ 1 Y 1 [ J d' d? o
AaAauBINS 1Mo ToUTANOUNGIYY HanIIMI IHHUeus ousan Y NUINYUII
4
Iiidsvesdiedmadougaiunazaldnelumsduiumsezgnas
9 A ‘3 | ] v Ao Yo 1 s

Tagaiudd anumnngayuidluilederdnninlvdtedanadeunsunia
A o w 42’ d' = d' I o w = 3 9 1 v 1
UMaigevuLazanauenounIan leiiniiage ananans livilsusalousanau uas

v P4

awnsauanuasalumssvusslugevemganssununiduasaldgeiuandy Tae

d‘ a 1 < 9 ] [ 1 ~ =
WonasanmaNurvedlasnranazms 1vvuleus lausaneunmuizanlumsanyn

dy 1 ] [ , S @ A =2
HNUMANUNUI 6.0 mm uagnideusdTousanou 0.1 f2 ifludnnlsimunzanlumsdnm
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1 = a [ Y o A = v o A o 1 9y <]
@ﬂiulﬁ1ﬂ@uﬂiﬁlﬁiulﬂﬁﬂ’l’i‘L!'lG]ﬂﬁL’ViﬁEJlIi]ﬁ]iﬁ"ﬂgﬂI@Uiﬂﬂ@uﬂ’)ﬂﬂﬁﬂﬂ!Wﬁﬂ (Tubed RC

v
a o [ [

Y v Y
column) AMGINAITUEINITONVZIRNRIG T DusInadalugsveuduaseldgeiu
Y
U5z 60 - 80% UDINUIBUTIFIGAVDIAIOINNATOU UBNINUUNDANTTUFI 151 TudY
% 1 A Y 1 [ , 9 . . =
YoIFIBINNATIUNIMI IrUeus Tousaneu 0.1 f 11uUY Elastic - perfectly plastic 34
o Y o 1 = ~ dg‘ d‘ 1 Y 1 a A
Mlddredramadeniinnumiiorgeiunazamuson)dsuntasglinldganounisdia
a 1 9 Aa Y o dyd [ Y o 9 = Qa: A A Y
nganssulugie isadudnvaciianuasasslumst ld1dausnie woduielims 14
] b4 Y
Wi Tousaneununiiu (Maswesdredlmageuiimgeiv) mlgnelumsduiums
wiinur Tdudesasuazionnsangluuuns1ave9A19819NAT0UNA1INKNU 6.0 mm
1 a U 9 9 I~ 1 o zﬂl = =) tﬂ'
wuuaans lihesnmeaudneiian higanmin WeowlSeumeunnumui 3.2 1ag 4.5 mm
A < a 1 =} 9 o w s
iesntaontanvuia 6.0 mm IANUUATANEIND TUMTAIUMULaZ TN ALAUABUNT A
Y v v
N3NNI IINIH 01T FIUNTOONLULANUHUIAIZAVO U UTIU 52N UAD AISC/LRFD

uag .qa.n.



d‘ =y = [ 1 1 [ 9 1 o w d' 9 Y [ 9y o d‘ d' [
ASNN 4.14 150uMeUonTIaINTTHINTINNBES WABMAINEN 1 1FUVIR DI NNATOUHTNAATIHAIND 136

31A1ABN1UIY (Baht) mddafiannzldon, £ opa) 77%”%
A0 [ qouniadon | Aeunindau | aeunindau fo | Fraxcoco | fmaxconcoost, | fmwcconco1r, | Groupl | Group2 | Group3 Group 4
+ﬁum§ﬂ +1?§}3Jm§ﬂ (Ref)) Non- Preconfine Preconfine

+OALTY preconfine 0.05 fC'O 0.1 fC:)
SR18-3.2 18.53 294.53 544.53 15.50 22.27 24.59 26.08 1.20 13.23 22.14 20.88
SR18-4.5 18.53 406.53 656.53 15.50 27.76 29.31 30.51 1.20 14.64 22.40 21.52
SR18-6.0 18.53 534.53 784.53 15.50 31.89 33.24 34.20 1.20 16.76 23.60 22.94
SR25-3.2 19.13 295.13 545.13 21.79 27.65 31.57 33.86 0.88 10.67 17.27 16.10
SR25-4.5 19.13 407.13 657.13 21.79 3241 35.01 37.19 0.88 12.56 18.77 17.67
SR25-6.0 19.13 535.13 785.13 21.79 35.72 38.14 40.18 0.88 14.98 20.59 19.54
SR32-3.2 20.55 296.55 546.55 26.47 34.14 40.54 43.35 0.78 8.69 13.48 12.61
SR32-4.5 20.55 408.55 658.55 26.47 37.36 43.10 46.08 0.78 10.94 15.28 14.29
SR32-6.0 20.55 536.55 786.55 26.47 40.92 44.87 47.58 0.78 13.11 17.53 16.53

evl
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(2) MvthanagaurInAanaN
A 1w 1 oA <3| @ [l
910015199 4.15 nuNddedranaasylunqui 21udiedranaaey
A v Y I Yy A % 1 1 os/' A o [ 1 [
ngnleusanlelasnmanud uFoualodanadey 91N UILBAIDE19T095VUTINADA
a @ @ < 0 a 1 [
Tunuaunu unuasuniavzinanisversanazautlasnmaniilfinaniioussTonsa
11U Passive confinement
Wa1sdlIodInadauIuNgui 3 uag 4 (A1PI1INATBUADUNIAAINGT)
o 9 <3 = Y ] [ 1 1 A o '
vgnlousanledasninanuazinislvinuleusileuianeu) noundlodanaaol
9295035 U0sInAdA UL Y unUABUNIAvEgn e uTa asnuUsnsII TouTAuYY
< 4 1 [ ' o % I
Active confinement tJuratio991nn15 1M nrenssTouianeu navanaied1anado
@ o Y 2 a o Y Y Y <3
5095DU5IN52R A uAUABUNIAIZIAANMTVEIeAI00nNeA uT 19 ) dulasniman
1 k4
e ldunuasuniavzinaniiensaTousa Passive confinement Aatiud1m5uludaoda
1 Y
NATOUNGUN 3182 4 921AANUIBUTITOUTANT 2 UV AD INAHUIIUTINUY Active
A

I o o 4 1 @ 1 Y 1 [ Y]
confinement UG ULINTI09910 TN I HL8053 ToUTAN O ULAGIBENINATDUNAIDINITU

WINANUILI19UTALU Passive confinement HAIINAIMNAFDUTULTINTZI T ULUUNY



Q13190 4.15 HANINATOUVDINUIUTINNADIN Passive confinement LAY Active confinement YBIAIDINNATDUNINAANAL

WNaN1TNATDL
ngu A10819 p’ £/ c P p’ Frascone = foo + Trwepass + Troca
SO R I T e | Tl | Twes | e
(kN) (MPa) | (microstrain) (kN) (kN) ©
(MPa) (MPa) (MPa) (MPa)
C18-0-0 306.3 19.9 - - - - - - -
1 C25-0-0 411.0 26.7 - - - - - - -
C32-0-0 491.1 31.9 - - - - - - -
CS18-32-0 899.0 584 231.6 71.9 827.1 53.7 19.9 33.8 0.0
CS25-32-0 1065.2 69.2 171.1 53.1 1012.1 65.7 26.7 39.0 0.0
CS32-32-0 1265.4 82.2 603.9 187.5 1077.9 70.0 31.9 38.1 0.0
CS18-45-0 1139.1 74.0 103 46.1 1093.0 71.0 19.9 51.1 0.0
2 CS25-45-0 13254 86.1 127.6 57.1 1268.3 82.4 26.7 55.7 0.0
(CS32-45-0 1488.6 96.7 375.6 168.2 13204 85.8 31.9 53.9 0.0
CS18-60-0 1390.1 90.3 120.4 69.9 1320.1 85.8 19.9 65.9 0.0
CS25-60-0 1553.2 100.9 315 182.9 1370.3 89.0 26.7 62.3 0.0
CS32-60-0 1673.3 108.7 149.3 86.7 1586.6 103.1 31.9 71.2 0.0

94!



Q139N 4.15 HAMINATOUVDINUIUTINNAIN Passive confinement LAY Active confinement YDIHIDINNAADUHINAANAN (71D

NONITNAT DU
-y P o o o o o frvaxcone = Too & Finax, pass  Fimax.c
max max max ax max

(kN) (kN) (kN) (kN) (kN) P con Frascon frarcon: | Tmoxcone

(MPa) (MPa) (MPa) (MPa)
CS18-32-0.05 991.4 64.4 81 25.1 966.2 62.8 19.9 33.8 9.1
CS25-32-0.05 1140.7 | 74.1 143.9 44.7 1096.0 71.2 26.7 39.0 5.5
CS32-32-0.05 1317.7 | 85.6 530.6 164.7 1153.0 74.9 31.9 38.1 4.9
CS18-45-0.05 12838 | 83.4 94.5 42.3 1241.5 80.7 19.9 51.1 9.7
3 CS25-45-0.05 1490.1 96.8 163.2 73.1 1417.0 92.1 26.7 55.7 9.7
CS32-45-0.05 16133 | 104.8 390.3 174.8 1438.5 93.4 31.9 53.9 7.6
CS18-60-0.05 14947 | 97.1 101.5 58.9 1435.8 93.3 19.9 65.9 7.5
CS25-60-0.05 1608.7 | 104.5 192.5 111.8 1496.9 97.2 26.7 62.3 8.2
CS32-60-0.05 1779.5 | 115.6 134.2 77.9 1701.6 110.5 31.9 71.2 7.4

4!



Q139N 4.15 HAMINATOUVDINUIUTINNAIN Passive confinement LAY Active confinement YDIHIDINNAADUHINAANAN (71D

NanN1INAgau
: . fraxcone = Teo T Frvax,pass + Fmaxcac
ngu RGN P’ P Pl o Prax Prax y ¢ £ fr
(kN) (kN) (kN) (kN) (kN) eeone reeon eone eeone
(MPa) (MPa) (MPa) (MPa)
CS18-32-0.08 10314 | 67.0 117 36.3 995.1 64.6 19.9 33.8 10.9
(CS25-32-0.08 1177.6 | 76.5 175 54.3 1123.3 73.0 26.7 39.0 7.3
(CS32-32-0.08 1360.8 | 88.4 576.6 179.0 1181.8 76.8 31.9 38.1 6.8
CS18-45-0.08 13177 | 85.6 97.8 43.8 1273.9 82.8 19.9 51.1 11.8
4 CS25-45-0.08 15148 | 98.4 145.4 65.1 1449.6 94.2 26.7 55.7 11.8
CS32-45-0.08 1647.1 | 107.0 412 184.5 1462.6 95.0 31.9 53.9 9.2
CS18-60-0.08 15148 | 98.4 113.7 66.0 1448.7 94.1 19.9 65.9 8.3
CS25-60-0.08 1641.0 | 106.6 1762 102.3 1538.7 100.0 26.7 62.3 11.0
CS32-60-0.08 1808.8 | 117.5 155.6 90.4 1718.4 111.6 31.9 71.2 8.5

Lyl



148

{ v o o v w [ o v @ 1
iﬂﬂ?}ﬂ‘ﬁ 4.32 LL@'@]\?ﬂ’J1llﬁ3JW1J"ﬁﬂJf]\‘]ﬂ1€1\i@ﬂﬂi%ﬁﬂﬂlfl\?@]ﬁﬁ]ﬂ%ﬁﬂﬂﬁ@ﬂﬂﬂﬂW

~

MUOUTIFUNAVINAA Passive confinement LaztloN15WIDIM1690A1Tzd0UDIADUNT A
" @ J 1 ] [ 1 a dg‘ 3 A dg’ A
MITUNDNIAIMUIBLIIAINAIITAIZIVUAINANUHUIVEIapnMan AW INTY Lazile

H b4
#9150 AANUHU IR UNY A MUsusIaenaaziuud Tdugeiuaiusidaeealszde
H v Y 4 ' Y 4
ADUNTATINUTU AIUTUAIMUIBUTINAAIINWAYD Passive confinement HIZYUDGAUR 1A
3 Ao v W 1
volasnaniinnleuiadieganaael
~ A Y o Yy 9 A . 1
INATNN 4.15 10 11N ToVTANIAIUG1HTD Active confinement 1A
arednadey Mlddredunaaeuiinnuawnsalumssessunionsanszir lunuaunu
A 4 1 @ J [ 1 { a
lagunnyu wazamisonennilonseaana1niuniiens iina1n Passive confinement

(f! ) LATHUIGUTININAIN Active confinement (/) uazilon/Ssumevniiie

max, pass max,ac

Y 3
=< A a

H ' v ]
I f e MWNAUIIN f] umquwnﬁuﬂﬁzmm 10.6-32.4%uamﬁamnmgﬂ

max,ac max, pass

! o o 4 [ ] { a
‘ﬁ 4.33 !L’s’fﬂ\iﬂ'NiJﬁﬂJWUﬁGUENﬂ'JUJTiuVU’ENTJﬁ@ﬂlﬂﬁﬂlLa%WuﬂﬂlLiﬁﬁlﬂﬂﬂWﬂWﬁ

. 1 A o [ Y Y ° g Ao
VDI Active confinement ‘W“UQWﬂSWNMaﬂHmZLﬂuLﬁuIﬂﬂﬂﬂ Iﬂﬂﬂ?qﬂﬁuqﬂa@ﬂlﬁaﬂﬂﬂ']

= =

a A d < a A
Gl,ﬁj fr UATGIFAADAITNYUT 4.5 UAALINAT LL@%Lﬁ@ﬂﬂWﬂJﬁUWﬂﬂ@ﬂlﬁaﬂ 6.0 UaaLUNT

max,ac

J ' o I 9 A a A “]J < o Gl, Y ] I [
Al f TUUUIIUNANAT LUDNITITUINANUVUIUADNIUANLASDIT IV UIYLUII IDUITA

max,ac

v 9

NUAUT MNP UNVNFIDEINATUABUNTANN a9 peuaz11na1e (18 MPa 1Ay

k4
25 MPa) M1 f/. . Sun Tdugeiunnnddedanadeunounsaiasga (32 MPa)

max,ac

{ o o 4 o v w @ 1
ﬁﬂﬂ?lﬂ‘ﬁ 434 udAIANUTUNUTVDIR1690AYTzdonoUNTALAZ UYL
A a . A o = 1 Y ° ] = Y
NINAVINHWAUD Active ConflnementIﬂﬂﬂﬁﬂ‘]&lﬂ!%ﬂiﬂ/\"llgﬂi%‘iLHJ‘]JIﬂ\?ﬂ'NL‘]SHLﬂEl')ﬂu

1 1 b4
AUgUN 433 WU MUIBUTINIAADINHAVDI Active confinement 9 T U2 THUFIU U

v
= o [ o

AuR1899a152deUpIAdUNTADINAIGIRT (18 MPa) 1 daf1dad1unaia (25 MPa)

[ 1

ISl tﬂ' A A o L v
UAZAITUATAAAUNDADUNITANN AN ﬂﬂﬁ$ﬁ8ﬂ1q\1 (32 MPa)



149

]
A A

5
§ 80
é 70 = 32 mm,0
2 60 /3\0/ 45 mm,0
L% / =9~ t60 mm, 0
5 50 / /'/.\. - 32 mm,0.05
% 40 | ™ t45 mm,0.05
= 30 = {60 mm,0.05
2 20 // / =+ 132 mm,0.08
=
Z L y/ = 145 mm,0.08
A 0 160 mm,0.08
5 00 i | |
=
=

0 8 16 24 32

o v w % =
Masonlszasnounia (MPa)

{ v o 1 o v w [ 1
jj‘]J‘ﬁ 4.34 ASINANUFNNUTTENINMaBALsedevosnaUnIALaz HUIBILS 9

ﬁlﬁﬂiﬂﬂwaﬂlﬂﬂ Passive confinement maaﬁaaénmaauwﬁfﬁmau

Tiu’JEJLLiQﬁLfQW]i]"Iﬂ Active con
N

—
N

finement (MPa)
o

—
e} S
|

\
\

== 18MPa,0
& 25MPa,0
%= 32MPa,0
== 18MPa,0.05
“F 25MPa,0.05
== 32MPa,0.05
== 18MPa,0.08
&= 25MPa,0.08
== 32MPa,0.08

0 ; o o a

4.5 6.0 ANUUUI (mm)

p

{ v o ' 3 '
ﬂﬁ 4.35 ﬂiTV‘Iﬂ’NlI’ﬁiJWH‘ﬁi%'Vi’JNﬂ’J'IiJ’HuﬂIE]{Iﬂﬁ’E]ﬂLWﬁﬂlm%‘ﬂu’ml!ﬁ\‘l

MAANNAVDI Active confinement UBIAIDINNATOUHIAANAL



150

O t60 mm,0.08

g

214

g 1 B = 32 mm,0

§ T t45 mm,0

l‘g 10 ~©= 60 mm,0

o 8 = 32 mm,0.05

5 B t45 mm,0.05

<6 - 60 mm,0.05

e 4 7~ 32 mm,0.08
<E " t45 mm,0.08

L7

=

=0

=

<

Maadallszdenaunia (MPa)

A v o 7 1 o v w @ = 1
g‘]J‘ﬂ 4.36 N3 ANUTUNUTIZHINMGWAUTEaERDUNT AL UYL

NNANNHAVDY Active confinement %@Qﬁ?@é?ﬂﬂﬂﬁﬂﬂﬁﬁ?ﬁﬂﬂau

<3 Y 1 o [ ~ =
mmwmﬂlmﬂa’aﬂmaﬂuazmﬂﬁﬁuwuiﬂﬂmﬂﬂﬂumwmzﬁuﬁlumiﬁﬂm

Y 9
v A

A5l A AININNUT 4.5 Tadwas tazniiens lousanou vu1a 0.05 £ 1i1o391ndauls

v o

9 v v v
aana1iu amsanusiaeiuusenasalugsiuduas dmugevuialszum 50-70%

Y
YDINUIYUIIGITAVOIAIDH1INAADY UBNIINUUAIVINNATOVAING1D SIUNYANT TN

o

' Y a Y = Y o 1 = = dgl
GluGIf’NUlSLﬂNLﬁMLLTJ‘]J Elastic-perfectly plastic G]N‘I/I11ﬁ@l3®81ﬁﬂﬂﬁﬂﬂﬂﬂ’)1ulﬁuEJ’JQQEU‘L!
H 1 E4
pazawsan)dsunasglsieldgeneunsiia danganssuluge1diFadu dnyuzil
= 1Y o 9 d‘ a a wva LY ] dy 1
llﬂ’ﬂiJ‘]Jai’)ﬂﬂﬂiuﬂTiufl‘]J(lGIf\ﬂu Llli’]Wi]"lﬁilﬂE‘]JLL‘]Jllﬂ153‘]J§5]"lJ’E)\WI’Ji’JEJNTIﬂﬁ@‘]JH WU
a 1 Y 9 S 1 1 v AI = = v A a A
Lﬂ@]ﬂ1iI‘lJQ@E]ﬂ‘VlNﬂ1Ll5UNllﬂ?ulllﬁjlmiﬂﬂuﬂlllﬂlﬂiﬂ‘ﬂﬁﬂEJ‘]Jﬂ'Uﬂ’JWlI‘ViL!TV] 3.20aal4A9
A < a a o 1A 9 o w
iosIntasnranvyuin 4.5 Jaawasuuanuunsuieane lunisaruniutazsinanny
Y

Y v
ADUNSA NI OUNIAIULIATIIUNMTOBALLLANUUUIAIGAN 2 MIATTIUUDINITODNUU LA

1391/52noUAD AISC/LRED 1A% 2.9.9. 1008-38



151

43 WANMINATOUMIBEINATIUIAIADUNAIEIMHANNGNID VS

Y [~ v ] w 1 Vv w
aelasnmanuazlvivilsusdlausanaumealausinadalunuinnu
v 9 A 1 3 Y 1
nmsnagdouluiivenmIuuINUINANUUIveIlammanuaz s 1AuUeHTe
[ 1 o [ ) 1 a < I Y] Y
TouSantamudnanmnzdmsuin lUdnwias luwaaounsaasumantu lasas T Ao
o [ Y o A = = < a a Y ] v A
(1) AwmsSunindgadvasy Ao Jasnmananunu 6.0 Haamasuazms linuleusaTousan
o o % <3 a a '
IR 0.1 £/ (2) Swmsunihdanay Ao Yasnmananumun 4.5 Taawasuagms 1o
[ { 9 [ 1 o a < @
Tousafiuuia 0.05 £ deadananzii lldnu luaaouniadsumanvuaniiida 150
Hadwas X 150 daawas ANge 750 Hadwas lwavihdamden nazvuia
9 ] 4 Aa A a A Y o Y= = a
idurgUanane 150 Tadwas g 750 daawas luniaanan Taelddnudanganssu
Y
AMTSTUUTINADA ANBALNITINA WS OUNIMIAUNITATHIUIIRIGITVUTINADAVUD LA
= a 2 A o Y < =~ Y ] [ 9 9y 3
ApunIatdswanignlousaalsasnmanuazinis Iiniiens Teusan19A 191994
Y o d' d’ v o Y o
nihdadmasuIgTduaznindanay
43.1 NWGANIINMITUNIINAIATHILINHYDIAIBE NATD LI IABUN AIEIMITAN
d' U Y < = Y | w 1
ngnleusacgiasnmanuaziinsldviansdeusanou
TumsAnEIDINgAnNsTuMITNTINASA UL UYDY Tubed RC Column 14

[

' = < ' A Y o A A 9 Y o
wUasAnEIDenilY 2 @31 Ao (1) HIAATIHATND 138 Lag (2) viaanaw
Y d' d' U
(1) nHaaviagi 136
1 [ @ 4 1 [
gﬂ‘ﬁ 4.35 LL?KPNﬂﬂiJﬁilwu‘ﬁ’izﬁJNLL’Nﬂﬂﬂﬂ“luLLuiju (Axial load) uag
ﬂTi‘Viﬂé’f’J“luLLUQLLﬂu (Axial shortening) Y94 Tubed RC column Iﬂﬂmi%ﬂﬂtﬁumuﬁ1 fc'o VD
= o 3 ti' 1 % ti' A =) 1 1 =S .
ADUNTALAZAINANITUTAINANAINITUANIN 20 mm W IDINYVINIATANULAT YA (Strain) °lu
a A £ g ' = . A 1 . . .
ADUNTAN 0.0267 mm/mm FUT UAIANAT YA (Strain) NgINI1 Ultimate compressive strain
1 Y] o o o U 1 a oA
ﬂjﬂﬁﬂﬂuﬂ%@ﬂizu”lm 10 1M Tﬂsjﬂiw\lmmauwu‘ﬁmﬂanﬁmmwamimﬁamuﬁnmm
) 4 <3 a o
mmua"l%”lumﬂwmﬂ f Lﬁﬂﬂlﬁ/LWUﬂ11/\1’5?liJﬁU?NWi]G]ﬂiﬁJmii‘]JuNﬂJ@Q Tubed RC column
=2 dy ya Y [ a Y 1Y o
Iﬂﬂolumiﬂﬂ‘]elTLl"lﬂLlEJ”IlIGlﬂmLliﬁﬂﬂﬂﬂ1ullu3LLﬂu§ﬁq’ﬂLﬂﬂiﬂﬂmiaWﬂlﬁuﬂlu1Uﬂ‘]Jﬂ3”|3J°I$u
A o A ~ Y v 1 ~ v W Y
Y9INTINNAINITHAAD 1.5 mm ﬁiﬂmﬁl‘]_lhlﬂﬂﬂﬂWﬂUﬁJLﬂiﬂﬂ 0.002 mm/mm AANUIFUNTIN

I 1 o o o
984 Tubed RC column (1)1 “ﬂwmaﬁumqqqq@i%’qm” ‘H?E] P’ u9dta1

max



152

<3 Y1 a

%1ﬂﬂ‘§1‘1/\|51,uﬂ1ﬂwu’m N ﬂglwullﬂj’lcl,Uﬂ’]Wi'Jll Tubed RC column

a [ @ Y KX v v [ = ] 4
Wi]@ﬂiil]ﬂ’liiﬂlljQﬂ@f]ﬂ1ULLu3L!ﬂuﬂa']flﬂa\‘lﬂu@')@ﬂ’l\ﬁ/]@ﬁ@ﬂﬂ@uﬂi@ I@EJLL‘INE)E]ﬂUlﬂ

I~ 1 1 Qa: =1 Y d' 1 1 d' o YY) [
Wy 2 ¥93 Taglugrausniiuszianusunganinlugianass Tasiidesuusanadalu

~

1 F4 v v
HUNUGIZAVRUAFIIINATUNYANId uRaMIITALazeninsnadd lunuiunuiga

Q

a wva 1

11NN 100 mm(1T0UANNIATEANYAILAYINNTT 0.133 mm/mm FIganNIunsdivoan
= a < @ [l = @ qu o !
ADUNIATTUINANLAZAIDINNATOUADUNTAAIU) A91IU Tubed RC column 1 urantinnm
e luuuunu (Axial ductility) Ngaun
] o o J 1 [ @
131 ugrausnanuduiusse I InadanaznsnadIve e
= a IS Y a A o Y 2 @ a I a
ABUNTALATUINAND DAL Tubed RC column Nanyuz Inameanu lagngans suiuunum
Y . =< A = a I~ a A o I a a
1TUA5Q (Linear) IUDIFANIAIABUNTALATUINAND1NDINAWTINATAGIYA (IMANIATUY
ANIATIADIANTIN) BYFINTZUIM 60 - 80% VOMTINADAGIGATIINNI 15 Tubed RC
& A T v l = ] 9 A a <] a 1 [
column (FINA1GINIIAIVINNATOUADUNTALANUBHIHOINNNINANIATUFIITVUITING
[ 3 1 A A v A A tg = v 1 A :// I a a
89) 1nulur N a0 1WBLTINABANANNYGIVUDNDE1IABITINY 1HANATNILIAANT
= a 9 dy = d?’ 1 T A 3 I ) Y
asnuaz luunuaeunIaszinansuani 1 lutisasunIanIuedaeIioi Tl unai 14
a < @ gy 4 [ 3 v
HAUABUNT AT UM ANVEIIAIN AT IINTULTD1910 Poisson’s effect AITUAINFU

o )

o 3 a J { i< a
(Slope) ¥ouduUANNFURUTITUARaarngAnssuane q iwasuutaudunuy 15Faduasa
Y

d? = v W S a g a o [ 9 9 dgl qgj
UINUU 1ummzmmﬂuuummmuﬂauﬂimaﬁmwammumwmammmmmnmﬂwuu

' a Y o 1 @ <3 4 a @
nazno THiNAus WUMIA I ZhRerTse AN INT Y WYANTTUMITUNTIVDT
T | 2 \ =% y a v o J {
Tubed RC column gnuiisosn Iaiilu 2 guluuy @il (ilewarsansanuduiuslugla

4.35 wazlumawwan n. Usznen)

1

1 = 4

!!U“Uﬁ 1 Lﬁ"lﬁ@\i%‘].ll!ﬁ\iﬂﬁSﬁTllﬁﬁ]}qqqﬂﬁﬂﬂTWuﬂlla? Lﬁ"lﬁﬂ'ﬂﬂuﬂﬁ'\iﬂﬁgll"lﬂl
4 a % a 4 o 1
AUIMTONOANTTULUD Elastic - perfectly plastic Funaduludiogranaaouial SRC32 - 6.0
3 o ¥ = o w ddyd' [ A 1R ’ ) Y I a
L‘]Julﬁ']ﬂ']ﬂ’lﬂﬂ't’JUﬂﬁﬁﬂ']a\iZZ\‘]Iﬂ‘(’Jﬂﬁﬂlum'ﬂlliﬂﬂﬂ’ﬂﬂiullu’)uﬂuﬂ‘ﬂ'lﬂﬂ Pmaxﬂ11ﬂlﬁaﬂlﬁﬁm
a 1 [V o A a a <
Llﬁgﬂﬂuﬂ?@]‘Uﬁ!'Jﬂlﬁllﬁ\?ﬂﬂ@ﬂﬂigﬂ']Lﬂﬂﬂ13ﬂ3'1ﬂlla$LﬂﬂLlﬁﬂ%}TQTﬂﬂllﬂuﬂGUﬂgﬁlﬁﬁﬂLﬂaﬂ
a @ { @ < o J %
LﬂﬂﬂTTIJEJTEJGI'J‘V]”N@%I}"IH%"NﬁNTﬂWi’JLLa}'J NuqmﬂﬁﬂﬁﬂﬂLWﬁﬂﬁ]SVITﬂTﬁ@g]}"IUVHH@Iﬂﬂ?isllfﬂfl@'l
Y 9 = Y 1 = o A = a I a 9
'VI1\1ﬂ"ILWJTQﬂlﬂQLLﬂuﬂf’JUﬂﬁﬁnlﬂ@ﬂT\uWfN‘Wi’) AMNUUINDUNUADUNTALTTUINANINANITLLANT 1D
d? @ < a 1 ~ < o Y Ao o
ll"lﬂalluuagNu@ﬂaﬂﬂ!ﬁﬁﬂﬁ]glﬂﬂﬂTiTﬂQlﬂTglﬂW']g‘VlLlﬁg‘ﬂﬁﬂﬂlﬁﬁﬂ‘fl%ﬂﬂﬁuﬂ/ﬁnﬂﬂl!ﬂu
A W 1 o v A AN Y [ A =< £ 3 I
ﬂ@uﬂﬁﬁﬂﬂﬂﬁ"ﬂiﬂﬂﬁ?ﬂ?iﬂiﬂl!iﬂﬂﬂf’]ﬂ‘ﬂﬂﬂ‘ﬂulﬂﬂf]"lﬂﬁ'ﬂluﬂﬂﬁ]uﬂ\iﬂﬂﬂuﬁ ﬂ?ﬂuuﬂﬁ@ﬂlﬂaﬂ
a a o 3 Y] o .
INANYANTTY Strain hardening ‘Vﬂclﬁj‘ﬂaf’)ﬂl'ﬂaﬂﬂﬁ‘]Jll"lflﬂ'ﬂﬂﬁﬁﬂﬁﬂiuﬂTﬁnﬂﬂ (Contain)
A A ) g o A A =~ o w = a & gy
Llﬂuﬂ'ﬂuﬂ5G]‘VILLG’]ﬂi'lthlﬂﬂﬂﬂix‘lﬂu\‘]"]NbluU'Nﬂimﬂﬁgﬂ']uﬂ'li“’l]Wﬂﬂllﬂuﬂ@uﬂﬁﬁ@'ﬁ]mﬂﬂluqﬂ

a ua

:’1 o o 9y = a dgl 9 us.:} ' =2 @
‘VifﬂElﬂi\uﬂ‘L!Nﬁ‘VIﬂ‘ViL’d'lllﬂHLiQq\‘]qmﬂﬂmu]’lﬂWﬁ?ﬂﬂi\iﬂﬂﬂﬂ\‘li}@flﬂ@%@\ilﬁi Tﬂﬁ]ui\iﬂﬂﬂﬂ



153

A 4 @ [ y @ I [ o @ w [
Muduazaaaanasnn Inaazmmiznmisveslasniangnieesulaesiassunsanade

I [ < 9 @ @ 4 [ @
Tunuunuvestasnmian aeaztiu ldannianuduiusszninasanada lunuunuuas
AANNAT oA Tl LILAUYDIEIRINuEad luNIANUIN A,

v v 9 1]
uufi 2 115095 Unsanszit AN g Uued19Re1109150 Strain hardening

v
v o

Y A v o ' I { o °
Funavuludledranaaeuien SRCIS - 6.0 iaz SRC25 - 6.0 iuanidreneunsafided
ddy A ) Y <3 a = a A [ )
wazihunaslunsdaitilensenasai ldimanasunazununouniausnuNLTINAdANTLR
=2 a Yy g o q ¥ a a < o Yy ¥ A Y o
vanamsuan1dunai iununeuns adS umanue1eAIN AU NINNOUAINTIVDS
<3 ' o I 1 < o {
Yaonmanvzamnsadiumuasussauniadaiuinglaiuededudnazdaonmaniminm
o . = a 3 A 9 Yo [ A U A [
3119 (Contain) tnuasUNIAtaSMHaniuani 1 1RTuLsInadany Idaeiiowsinadalu
A A A dgl 1% A o <= 1 A a z:? 1
unuADUNIATINNANHAIINImTsvesasnmaniims Inumzmmiziinatuazgnaiem 1
[ I a 9 o ' Aa
dadasnmanluunaninananugaveud TageifousudoaniussnilamIve Ly
= a 9 < [ <} 9 v o ' 1%
aounsauaziauluvesaenman aevzriu ldaninnsanuduiusseninusinasalu
[ 1 Y 1
HUAAULAZAININAT oA TUIUINUTIYANNNANUBIANUFIVOUA 1Y FIAIAINAT oA 11
[ 1 v 4 ) Y [
HUALAUNYANINA ANV UA UNNTUDE19ADITDIUUNAIDINAUTINTZRTAT
MNP,
Y o Y 1 = A g a
o 1 d9naAd28911157 Tubed RC column Htvantasulunuiunuveaian
o A o w 1 4 4 v @ 1 = T I 1
M ldinisdwazanuunssgeiuioounudredanadounounia 0619 lsnauwua
ngAnssulue19NaeIv04 Tubed RC column JNgANTsNAR18AUAI0E19NATOUADUNS A
Tuiaiiidrsaeuniadidegauazingdnssuiiar ldluwandidreasuniatided

A Y Y A Y
LL'ﬁ%‘]JTL!ﬂﬁNfJﬁ]Lu@\‘lmﬂLﬂ@Nﬂ"llNﬁu‘V]ﬂﬁnll‘]JLLﬁ’J



31 4.37 arwduiusveusanadanaz Msnadl lunuINUYeUE1 Tubed RC column

1800
1600
1400
Z1200 P oo00002000]
I 500000 00 A ‘,k‘—“‘
1000 “@ﬂ%
=
E] M wﬁgﬁﬂ
% 800
<
600 —+ CRC18-0-1 7
< CRCI8-02
O SRC18-6.0-0-1
400 A SRC18-6.0-0-2
- SRC18-6.0-0.17, 1
200 & SRCI8-6.0-0.1f".-2
s
[ [ [
0 2 6 8 0 12 14 16 18 20
Axial Shortening, (mm)
= o v v 1Y
a). ADUNIANMAI0AUTZAY 18 MPa
1800
1600
oo
1400

Axial Load, (kN)
S ©
S S
s 3

%
=3
S

o
=3
S

N
o
S

—— CRC25-0-1
< CRC25-0-2

)
=3
S

-O- SRC25-6.0-0-1
A SRC25-6.0-0-2
L} SRC25-6.0-0.17", -1

- SRC25-6.0-0.11',,-2
[ [ [

—< CRC32-0-2

400

200

-O- SRC32-6.0-0-1
A SRC32-6.0-0-2
{3 SRC32-6.0-0.1f,,-1

k- SRC32-6.0-0.1,,-2

0 2 6 8 10 12 14 16 18 20
Axial Shortening, (mm)
) o v W %
b). ABUNTANAIOA5Za8 25 MPa

1800

1600

1400
—_ b A d A i
%1200
e
S 1000
=
5 800

600 — CRC32-0-1

6 8 10 12
Axial Shortening, (mm)

14 16 18 20

¢). ADUNIAMAIenllszas 32 MPa

Y o A @
NUINATLH YN

Q

[

o

154



155

(2) nhaanay
NNMINATOUAIBENNATOUADUNT A IUTITONMIU WUIIFEIDE1INATDY
=S Y o A [ 9 < Aa A =1 9
ApUNIANTIAANaNNINIT lousadisdasntiann1Iuvul 4.5 Uadiuas uazuns i
F4 v 4
WiensaTousanau ¥u1a 0.05 £, Hugreius1assuusinadn i geiu waziinganssy
[ k4 v
Tug IfiFaduinmunzaunazasaselumsi iy 1dau wdeounsaunsonldsunlasgilig
1 a A I ] o 1 [V 1
ganouNIIIa Taeanuruidasniman uazruigusdlausanoy A9naNuANNIRIIZAY
Tumsiir lWauan Tubed RC column taz lusiadeon 4.3 Idvinauenganssunissessy
o [ a wvAa LY L] a I~
u5angi lTuuuny Lazan UM IUAVOIAI0INNATDULAIADUNTALATNINAN
(Y 1 4 a A a A <
Windanan idurINgUINa1 150 Taawas Auge 750 daawas ganunudasnman
a A = Y 1 [ U ’ =% d' 1 [
4.5 Uaawas uazins lvvilsusaleusanou vuia 0.05 £, Taslidauilsnuanarany

[

A [ % ) o 1A o v w (% o A
Ao MawwalszdsreInounIniIuIU 3 A1 Ao NMavalszasnounsan 18 25 Lag 32 MPa

2000 T

1600 4 Strain hardening
é 1200 + Elastic-perfectly plastic
ks
I /ANy
= Strain softening
g 800 + max,col
< ——

400 4
0 il I L L 1 L L L L ]

0.2% offset . .
Axial Shortening (mm)

71U 4.38 LHUAMNLAAINTMIAMIINATAFIZAVDI Tubed RC column



156

a Y
Hewlia P,

I [ a [ [
Wunsanadagega mavinmsainduyruIuiua sy
YoINI1UNAINMNATIA 0.002 HAAUAT/AATNAT (WINAINMTAINFUIUIUTUAITUTU
~ [ a A [ ~ A 9
Y9N3 1N NTZezN1THAAD 1.5 Tadiuas) adaslugli 436 uazangdh 437 lduaaq
[ o o 1 [ [
ANUAUNUTILHINIUTINADA T ULUINNY (Axial load) HAEZAITHAG I I ULUILNY
. . = a S A v 9 3
(Axial shortening) GU’E)\‘u’tfﬂﬂ’é]‘tmimﬁimwﬁﬂﬂgﬂiﬂﬂiﬂﬂ’Jﬁlﬂaﬂﬂm‘ﬂﬂ (Tubed RC column)
Tumsanu lduaaananisnaaauNnILezAINITHAAD 20 Hadas (Uszuaninumsoa
0.0267 HaaAs/Aaaiuas) FaUA1IANIAINNUATIAUTEa8U0IADUNT AT 10 (M1
o w 9)::' (% d‘ a A d' Y o w zﬂ' A
uazsinamsnaaay 13NszeemMInadn 30 Yaawuas 1Ho391n10917A10AT 09l oNAdoU
NOANTINVDY Tubed RC Column §1U1TAULINGANTITNOON 1A 2 524
A Aa 9 Aa Y a Y A o ' A o o Y
ABNYANTTUAUATI LazngAnTsu 13 1Fadu lediedanaaeuisusULsINTERUTUNTIN
= o 42‘ = Aa 3 Y = @ 9
NANVFUFIIY Fanganssuanuiuduasalailseuia 60-70% vodusanadalsau

(P! ...) Taon31Wueq Tubed RC column N1in15 1 naeuseTousanouauia 0.05 f)

ax, col
o 1 { ] 1 o ] <
A5 gIn31n5 1Mo Tubed RC column 7'135 18Tn 15 1vinineusaTousanew iiluwa
A A Y o 1 o q ¥ 3 a o a
11189910118 Tubed RC column g 111118133 Tousaney i lidasnmanganuununeunia
a 1 @ < 1 { [ 1 A o
JUAAMIANUMUTTH M aenmantaz LN UABUAS A NEUNENAINE1IILITUTVUTINA
[V ogj @ [ 1 =K A [ U ~ (= 9
AN UANNTUVeINTINAINa1IelANNFUNINAIINT IV tE I nadeun laulins 14
Y [ ) 1
WH2ou59lousA Ma991n UL Tubed RC Column SULTINAEABE 1A BLHBY 111500 9
Qsll < Aa a a ¥ A
UNTLNUNANATUABUNTANANITATIN LAZUAUABUNTAAANITUANS 1IWINYUIULNA
@ 9 9 d? 1 Y 9 A o A ~ a
MIVIPAIDINNNATUINGITY dawa liaunsazliainnusuanadsos  IUTNGANTIN

[
LR ~

D, A a Ya ¥ o o HAq v = g
[gsaen 2 Aenganssunuu15iFududiniuien Tubed RC column N 141un15@nyail
Y
AuNsoutangAnssueenla 2 uuy Aail
v 4 [
uuu 1 NHANTIULULY Strain hardening 1AAUUINN15N Tubed RC column
[ o F2 d? 1 1 A A <= 1
aunsasuusanszir lunuannulageiuediaeiilos iesuinaintasnmanianuunsa
= o w [ 9 ) [ [ o Y I 1 =S
WINHBIND F1150310ANTUBIIAINNATUVDLAUADUNT AN INT VTR TATued1ed
4
TaongANTTUAINAIANATUALAIBENNATDY CST25-0 CST25-005 CST32-0 1Az CST32-0.05
v v
HuUN 2 ‘anﬂi’immu Elastic-perfectly plastic frog1anaaaulsziani
Y H ]
wiuusanszii ldgegaaniudiedanadeusz suusnsgiinai laedreaetilosauiann

& 1 @ o3| s A @ I A ' 9 @
WHQI@EJ?]M’JTJJ%WU’ENﬂiW\h‘]Juf‘leEJ LuENi]1ﬂNu\1ﬂafJﬂmaﬂﬂJﬂ’J1mmﬂ ATUNIUHVYITA

PONNWATUVDIAUADUNS @ IAINEIND CST18-0 taz CST18-0.05



157

CST18-005

el

CST18-0

a) APUAIANNIDAUTLAY 18 MPa

6 8 1
Axial Short

0 12 14
ening (mm)

16

18

20

2000
1800

1600

1400

1200
1000
800 —+
600

Axial T.oad (kN)

400
200

2000

b) AOUNTARIAIDA15288 25 MPa

6 8

10 12 14

Axial Shortening (mm)

16

18

20

1800

CST32-005

1600
1400
1200
1000
800 —
600

Axial T.oad (kN)

—

CST32-0

400
200 —

¢) APUNIANNIDAUTLAY 32 MPa

6 8 1

0 12 14

Axial Shortening (mm)

16

18

20

317 4.39 ANUFURUTIENIIUTINADALAZMINAG IULHUNUVOI Tubed RC column

U

nihdanay



158

=

432 msmausduileganageuinasunsamdumaniignlouiaciglasnman

=S Y | w \
tazim3lnnueuslausanou

f11SUNITD8LTIU09 Tubed RC Column adsauiamsdnyeonld 2 aiu

= =) %

A [ = Y o [V 1 A = Y o
Ao ludrvusnaznu e mihdamrdeniaie uazludrundes szdnu luemihdanay
Y v d' d' v
(1) HNAAIHALNIAS S
A @ 1 (% @ o 1 [
3UN 4.38 uaaIRI0819ANNANNUTI IS INAdA TuuuI LAY
. ~ o 1 = a 3 1 = 1
(Axial load)Nn3ZMADINUADUNTALET HIMANLAZAIANUAT IR TULUILNY (AnTuay) tay
g { o § <
Tunwrvae@uiuan) 19a 14910 Strain gage 90N9NA19A1IUFIV0IUaDNINAN VDS
o 1 3 ' @
11 Tubed RC column  11@29819 SRC18 - 6.0 9103 1i#i1 14731 Tubed RC column Hanymz
WYANTTNELS IE U UASINUAIDEINATEUADUNTA TABLSTINADA TULUILAUNTZTIND
= a 3 A 1 1 o <3 o Y a =
upuapUNIAEI M anNlaeauaugnarendiasniman Tagii lninannunaiealu

< ' 1 4 o a a wva
LLU'JLLﬂHGU'O\ﬁJa@ﬂ!fﬁﬁﬂ@ﬂ?ﬂﬁﬂlﬁﬂ\i’ﬂuﬂﬁgﬂ\‘llﬁ'ﬂﬂﬂﬂ'ﬁ'}‘ﬂﬁ

1500
EA_ &@EIL‘L!-'MN ||M

é M«‘V g
b=l %‘
S
=
3 3
=
>
<

-/ Longitudinal SRC18-6.0-0 %

-O- Lateral SRC18-6.0-0

" | O Longitudinal SRC18-6.0-0.1f",,
-4 Lateral SRC18-6.0-0.1/"
[ [ [ [
-1500 -1000 -500 0 500 1000 1500

Axial Strain at mid-height, (microstrain)

[ 4 1 [

71N 4.40 drednNuFuiuTIzHININada lutuALLazAIRNUATEA THLLIUAY
9

da 2 A g A
LLaziuLLuamawqwmmuwﬂaaﬂmaﬂwmﬂmqmmqwaum SRC18-6.0



159

luanvazuaenuludieganaasuAsUAIA ATDIYLTIAINATAAAIN
1 a < < Qsll [
Interaction 521N UABUNTALESWIMANLazaonrantiu 1aee1 Micro - interlocking

= ' a o W a < a
LL’ﬁ%ﬂ’JHJLETEJﬂ‘VHu’i%ﬁ’JNN’JﬁﬁJWﬁﬂlﬂﬂﬂ’lﬁWl&iu%ﬂﬂﬂaﬂﬂ!ﬂaﬂLLﬁ%W’JﬂJ@QLLﬂMﬂ@Hﬂ?Gl

=l 1

1 v o o J =) IS o @ ]
611!6]5'3\1LLiﬂﬂ'ﬂﬂJﬁ'llWu‘ﬁﬂ\1ﬂaTJiJLLH']I’LTM!”]JHLi‘gfluﬁiﬁi]Uﬂﬁg‘ﬂﬁlli\‘iﬂﬂ@ﬂﬂﬂﬁlgiu%ﬂ\i

v 1 U a <
sz 50 - 60% VDILLIINADAGIFALITN P/ LE@A9IINTOEUTINNUAUABUNTALET AN

max

1 =

@ S A1 A 4 ] { v v Jo
Tlgstlaonmaniisinaoudrsauysel lugrsidosanuduiusasnaniioul Tuvesniu
v A 1 1 A Y ] v = a < Y 1 @
Funaaasednaotilowdasldimiuiusinadaaounuaouniadsumvan lagnoieudalaon

< @ P d? A o v v A d? o =& J I o 1 <3
manludnsNguuNeNeUiUonTINMINNIUYDIINTEN Fana1udurisinlasnman

1 [ 1% A -1 ' { a S o ] <} 1
615'3‘(’JﬁUl!ﬁﬂﬂﬂ@ﬂlwNGT‘JRUﬂ'J"IﬁL!ﬂuﬂﬂuﬂ?ﬂlﬁim!ﬁaﬂﬁﬂ f]fJ'Nulﬁﬂﬂ'li]ﬂ’lﬁﬂ”lﬂllﬁﬂiﬂlﬁ']

9
Aa <K

% a -4 1 1 H @ 1 o <3
Tubed RC column Hanavu lduinniimsoeusanmnaiuludliodanaaounsuniadaaziiu
A = A a dgl <3 == = [ =y ~ <
nanmanunssaninavululasnmanluraisnsdilmaeainunssangans v UKAN
1 [ o a <
(HAMINT10.002 mm/mm) TABAUNAHANNIVIN Tubed RC column WUNUADUNTALATUIHAN

[

9 v
UMEITVLIINATAFINIUNUADUNTAVBIAIDINNATDUADUNTA AT UNAININNABUNTA

=D.

3 a <] a a {
ﬂﬂﬁiﬂtﬁmumﬂmm@m%n (Crushing) sU'l’JQﬂ@Llﬂ?ﬂl,!,agﬁ’iﬁﬂLf’fﬁllLﬂﬂﬂ"liﬂﬁ']ﬂLﬂW']gﬁ

)

A A I a " @ A 9 :JI [ A o J
Nusnadareeazdasnrannanis Ing@an e nud i uusnasa luuunuinnseiine

a LA : { <
Tubed RC column 9z1AnM13nIza1easguinannartvamnduiunalddasnianves
E4
Tubed RC column 5159NA8AGITULAZ A INNUIATIAGIAING1
(2) Hhaanay

v o J

WTAANUTUNUTIZHINUTINADAUALTZIZNTHAA D TULUANY 1A

P '
a KX A

Y ~ < a % o [l
szeeMInaani luuuIv19 NReTUNYasNMaNUINANINANVDIAIDE19NATDUTUbed RC
@ 1 ] 3 ] A [} 9 =
column  aauandluzal 439 wunnsannsauisesnilu 2 ¥99 Av lusisusniduns 1w
Y I~ Y 4
anusug nazlinnuiuduasalszua 60-70% voausinadaldau (Pl o 1100 Tubed
A o o a 1 1 o <
RC column [FUAUS LT INTLMDLNAMTOIUTILNTIUINUAUADUNS auda)asnivan Tae
a [ Aa v W o <3 1
NANNMSIAIANMIUTEHINRITUATUDILAUADUNI ALALNIIVDIannHaNIAZNITO8T
= o < 3 a1 Y J
nnunuaeunia lidulasnmaniviisnoudeanysel
@ 09/’ A [ 1 @ o A LS? o Y 9 = Y]
NaINIUIBIAINA1TUNIINTIguRNIY M nidunsnliaudy
= a 9 [BR] Y a 9 d‘ = a 9 [ BR] dy a 1
anaauinganssudngy e 1HFudu Wordmageuiinganssudgsieil azimansnions
o = @ < d? A = a o
nszimnunuasunia lUdulaenmangauiniiu 1oa9 1NN UABUNT ANADINN TV 1A
9 9 A d? A o ) tiy [l 1 A <3 a
PANNAUNIUNUFINNVU DI MATDVTVUITINTLINGIVUBENABILBY apninanizing

@ o < 1 ] o o
MIAUNIUNMTVSIIF 1D AN UEIAOUNT A M 1H e nHAn T dIUFI8T09TUUTINTZN

1 @ o { 1 J 3 4 @
ﬁlﬂJﬂULLﬂulﬁ1ﬂGUﬂ§§] UAZAIINNITATUINY Glu@]'li'lilﬁ 4.16 WU’J'IL‘]J?J?L%HG]"U’EJ\‘]LL?\?T]@@@



160

max,co

{ 1 <] d [ ' ' I 3 J 1
Tunwaunuiignatsasasnmanidenlseuisunuar P, audesidudanisnionsa
YOUTINATOY 0 1UHII 4.4-10% F AW TOANAOITOANADINUNANITNATO VYD

Johansson (2000) ttazlinnudeandesnumanmsnadouludledinadeunouninignlousa

< o { ~
drelaonman lusiaden 4.2.2 dndae

~&~ Longitudinal CST25-0

Axial Load (kN)

~*~ Longitudinal CST25-005

460 = Lateral CST25-0

66 e~ Lateral CST25-005

o
U T T T T

-2500  -2000  -1500  -1000 -500 0 500 1000 1500 2000 2500
Axial Strain at mid-height (micro strain)

{ [ o o 1 [ 1
31N 4.41 pduiusIzrIusInada luuuunuuazAINNUATEA
da 2 4 g A4
Tunuuauuaz luuuivnanmavunlasnwiannnanailg

YOIAIDINNATDY CST25-0 1AL CST25-005



= /3 2 o = ' g A S o , Y
A1TNN 4.16 Lﬂﬂi!“]ﬂ!G]‘U’O\i!,l,ixiﬂﬂBﬂlulluﬁllﬂuﬂgﬂﬂwaﬂﬂﬁ@ﬂmaﬂmﬁll‘ﬂiEJ‘ULVIEJTJﬂ‘lJﬂWLLi\‘I P V04 Tubed RC column ¥ 1@ANN

, ' ANuATea TRYTIERTITISY HSINADA TULLUY wosidud
ngu A10INNATDL o P Vaonman 1NAANIATER | unuvedllasnman YDILTINADA
(kN) (MPa)
(microstrain) (MPa) (kKN) (%)
1 CC18 485.2 31.5 ! - - :
CC25 643.3 41.8 - - - -
CC32 752.6 45.6 " - - :
2 CST18-0 773 50.2 75.8 15.5 33.9 4.4
CST25-0 925.8 60.1 157.2 32.2 70.4 7.6
CST32-0 1072.1 69.6 127.1 26.1 56.9 5.3
3 CST18-0.05 837.9 54.4 177 36.3 79.3 9.5
CST25-0.05 1006.4 65.4 133.4 273 59.7 5.9
CST32-0.05 1139.2 74.0 254.4 522 113.9 10.0

191




162

U U |

433 dnparmiivaveIdledINage L InRUNAE3MKAnNTignlauSa
v < = tY ' (%4 \
agilasnmanuazimslfvivansdevianou

1S UNINTAUD Tubed RC Column €13130LAUNMIANEI0DN 1A 2 dIU AD

[
v A A [

ludmusnazan lwawihdadmaouinda vaz ludiuiaos wwdnu lwamhdanawy

v
= U W

(1) vhdadiasndasa
Yy a

a wva a < '
114ﬂ'li'J‘]JﬂGUfNLﬁ’]ﬂﬂuﬂgﬂlﬁﬁwlﬁaﬂ@']\iﬂq INNANITNATDY WUIINIT

]
a vad

a wva s a < 9 Aa Ao I~ 1 [ 1
3Uﬁﬂl@QLﬁ1ﬂ@uﬂﬁﬁlﬁﬁﬂlﬂaﬂ’f]’N@\UJﬁﬂ‘Hﬂ!gﬂ']i'J'Uﬁ“l’lﬂf)Ulﬂuﬂf]flull]ll'lﬂﬂﬁ']ﬁﬂﬂm\‘]

Y
= Y A wvad a &

a "o 2 o Y < A Y o ~ o
ADUNITIADIION LLGIENﬂQL”]J’L!ﬂﬂ‘Hm%ﬂTﬁ’JUGlﬂLﬂﬂﬂluqﬂ@ﬂNi’Jﬂlﬁ’) LiJl’E]vlﬂ‘VHﬂTimﬂiJﬂ‘U

@ a va @ 1 a <
aﬂHm$ﬂ1§3Uﬁﬂl@\‘]§l'Jf]fl']\?ﬂﬂﬁ@ﬂﬂﬂﬂﬂ?ﬁlmg Tubed RC column IﬂﬁllﬁWﬂ@l‘!ﬂéﬂlﬁﬁﬂlﬁﬁﬂ

81989099n5 VLT INABAgIgANmMMIHARI TUE9 2.2 B3 3.0 mm MRV UAIADUNT A5

Q

a A

<} I a o
!fl’iaﬂﬁﬁﬂ@ﬂlﬂﬂ‘ﬂ']ﬂﬂWiﬂi"lﬂlﬂﬁﬂtﬁﬁiﬁ’iﬁﬂclulluﬂtlﬂutlagﬂ'ﬁuﬂﬂ%}'}? (Crushing) ‘ll’f)\‘]ﬂf]uﬂgﬂ
£ A a Y 3 1A A 2 oY a o Y a v
GINHJ’Oﬂ’E)Llﬂ'iﬁﬂ%!fl/n%’t]@ﬂllﬁjlﬁaﬂﬂaﬂﬂfﬂghlilNﬂﬂlm3&]8@5\11@!7‘]8\‘]7‘!f]‘VHGlﬁLﬂﬂﬂ'lif]']@'ﬂﬂ

I 1 Y a 1 . <3 a o A =
6UfNlfl’iiﬁﬂ‘ﬂaﬂﬂ ﬁ\‘lWﬁiﬁLﬂﬂﬂTiTﬂ\‘]!ﬂTg (Buckling) Ud3tHantasunian Luﬂﬂﬁ]']ﬂﬂWiZ;fﬂJlﬁfJﬂ'li
= z o 1 <3 d'al [V ~ 3 =) a <
ﬂﬂi\i@3\19’]TL!WLNH’Taﬂﬂaﬂﬂﬂﬂ'l@ﬂﬂﬂ\‘lllﬁﬂﬂsluzﬂﬂ 4.40 MNUULFAINDUNTALTTUINANIY

= o w a

awva 1 ]
FULTINIAILASINANITIUNDYINTIALT Y

v v

CZ

{ o ] @ a a <} a
E‘]Jﬁ 4.42 A9YNNANHUTNITIU GU’E]\‘ilﬁ'?ﬂﬂl&ﬂgﬁlﬁiﬂlﬁaﬂéﬁﬂﬂﬂ

[

Y o = = [V
HUIATH ANV T



163

a va o a va J I 1
113717Av04 Tubed RC column Nadulianvazmsinauuuneeoiunoy
F
11/ (Progressive failure) i¥uiednulunsdivesdletanageunounsa lastd@nanuaNaAs
A wvad v a ' £ ' 3 A A A '
MANAIMIHAAANUNTT 100 mm FIaA9I1 Tubed RC column (e nlanumile ngand
o 1 { o a va Aa -4 A < 9
fedlanadoUnoUNIa lasnanyaemManaTu 1A YIINNITATINVBANANAINAIUAT
9 . 1 [ a 3 3 o
11AN317 (Crushing) ¥99AOUNTA WUABINU IUNTBlvOLE@INOUNT AT ILKAN 1INUUHIIVDT
< a 1 1 o { o
Yaonmanazinans Inuazmwiz (Local tube wall buckling) Aduaadlugii 4.41 Tagdana
[ LY 9 A 4 1 o {
awsosuusanaoalunuannu ldmuiuuazainisvada lunuannuigauin uaaq

91 Tubed RC column HANMmted Tuiununga

[

\5a

Tagagiludroinwanisnaaen WU a1 Tubed RC column #i 14 umsfny

' '
A o A

a a wva <= (=1 ] 1

winamIdtamnizn switssnnnlasnmaniianuvu ludisane lumstlesdunis Ing
v Y v v v

AIZIRNIZN A9 UITNITNBIBNURI8ITVUTINADA TUHUILNUUDI Tubed RC column 9

% 1 d'd A Y [} Y a a oA -d' % U =)

dasrau B/t munaninemstlesnu luldinanisidmmnznainan Tagasuauru
I~ a [ 1 YA [ 1 Y] d' =\ o Y 1

vosaenwianluusnadinanliiamanuunssmemsasanieanenazinlvnsaienssan

= a < Y 1 <] 9 42/ a2 9
I,Lﬂuﬂ’E]‘LlﬂiG]l,’ﬁillL‘I’iaﬂl"ll'lﬁ:,fﬂﬁﬁlﬂmﬁﬂ]lﬂu'lﬂ"uuﬂﬂﬂ’JfJ



164

(2) nhaanay
@ a wva 1 I a wa
ANHULVDINTIVAVO Tubed RC column @11508U00 MY UMSIVAVDY
a < a 4 a a <3 a
Lﬁ'lﬂ'f)uﬂg@l!ﬁiﬂlﬁﬁﬂé}'lﬁﬂﬁ 118& Tubed RC column LﬁﬂWﬂ?ﬁm'llﬁ']ﬂi’)uﬂgﬁlﬁiﬂlﬁﬁﬂ'gN@\‘]
1 a va = a < Y a Ao a va Aa d?’ 1 I 1
WUINITIVUAUDUTIADUNIAUTTUINAND IND Maﬂﬁmgﬂ"ﬁ'}ﬂ@]!ﬂﬂmullﬂﬂﬂﬂfJL‘]J'Llﬂ'E)fJUhJ
) [ a wva @ 1 a < a a
ﬁ"ﬁ"iﬁ‘]_lﬂ'li')ﬂ@]‘l]@\ilﬁ"lﬂﬂﬂaTJLﬂﬂ’ﬂ'lﬂﬂWiﬂiTﬂGUﬂ\u‘ﬁaﬂlﬁimiulluﬁllﬂuuﬁmﬂﬂﬂ"li‘]JﬂLW]ﬂ
@ a < a o o
ﬂlﬂﬂﬂﬂuﬂgﬁ (Crushing) ‘W'(,WﬂWﬂLﬁ']ﬂ’E’Juﬂgﬂlﬁiﬂlﬁaﬂé}'l\1f]\1i‘]JLLiQﬂi%ﬂWiULLH?LLﬂHQQ@ﬂ
a @ Y Y A tiy o Y = I a
ﬁ]gLﬂﬂﬂTiﬁUfl"lEJ@'I3@i’]ﬂ‘VITQSanusll1\1‘1/]f;Nll1ﬂsllu‘i/n(lﬁﬂ@LlﬂiﬂﬂiSLﬂTSOGﬂ%1ﬂlﬁﬁﬂLﬁ§N
<] A = u’j 1 < A A (=
Gluuml,muuamaﬂﬂaaﬂ Lu@ﬂﬁﬂﬂl!iﬁﬂﬂi\ﬁgﬁ'nuﬂﬁﬂﬂa@ﬂl!ﬁ%ﬂ@uﬂi@ﬂﬂf‘lNLWﬂQW@

! o

o < a a ' 1 @ :‘/ a
ENENNa‘VI1113;&14ﬁﬂ!ﬁiNGlHLLLlTJLLﬂ‘L!Lﬂﬂﬂ"liiﬂ\u@ngﬁu (Buckling) LA HANIINUUISING

<3 ) qu/ 4 v a wvAa 1
mi5}1@®ﬂﬂ1mmamﬁiu“luumuﬂu u@ﬂﬁnﬂuu!ﬁ@tﬂ%ﬂﬂlﬁﬂﬂﬂﬂﬂ?i?ﬂ@]i%‘l’iﬁﬁ!ﬁ?ﬂi’)ﬂﬂ?@

a ] 1 a <3 a a A was 3 1
$199901 Tube RC Column WUIUEIADUNS ALEATMIN AN 19D IILIAANITITANT 1510
Taga1aana1azsunsanssm lunuunugaganainisnaallssuia 2.8-3.2 Naauas
[ ~ £ a 1 Y Aa 9 9 Aa o 1 I a
aqaaalugli 4.42 FawganssulusanlfiFaduvoudmaaoudiedsnenarniunganssy

. @ = A v Y A
111V Degrading AdLLaA95 1802080 1UUNTN 2 90N 2.2.3
1un15NAd0U Tubed RC column 310AN1SNAADUNTZHZNITHAR 30

A o

Y ) i1
‘ﬁﬁﬁm@]’i’ﬂ’ifJ!L‘i\iﬂiZﬂWGlULLu’JLLﬂuVllILﬁu 1800 kN Lﬂ?ﬁ/utﬁflﬁﬂ1ﬂ"llﬂﬁ1ﬁﬂm@dlﬂ§ﬂﬁﬁﬂ

k4
@ L4

NATOVAIIU Tubed RC column §4laitnansitasdwauysal nazms Ing@aniesdiudnedia

9 % 9 9 (Y] o Y] :JI Y a wvAa

dosunuazms Insareennisdiudnlsing lidamuiin duiuamnsoagd1dd msita
a 421 1 I 1 = ~ A = =

Y93 Tubed RC column aunuvaeailunes 11 uaziinnumiieagannniulonSeuiioy
@ a 3 a 3 ] 4 a L YEY) 1

futeneunsaasuvans 198 uiued19u1n LazINoNITUITLILANITHAAIAINETD
a A ' ' Ya 9P Ao A = A . .

Tubed RC column 3JW€]$5|ﬂ’iiil@gﬁlw]nﬂllilﬁmlﬁuﬂﬂ ADUNOANTINLUUY Strain hardening

1 Y 4
1ae Elastic-perfectly plastic InganIsuna 2 nuui Ianutaeasslumsneasie aaanag

Tugin 4.43



165

311 4.45 dr1v819GN UL MIITAYD Tubed RC column



166

4.3.4 1HEWUIINADAIUUMINIUVDS Tubed RC column

] o 0 < 1
‘H‘mmliQﬂﬂaﬂcluuumﬂmlm Tubed RC Column "lﬁjm!,ﬁua@amﬂu 2 ﬁ')l‘lﬁ'ﬂ

[T

(1) rmidaaasusasa uag () turndanay

Q

v
v A ool

t% d' (%
(1) AaaIvasNINIa
~ =i =3 o
INNITNATDL A1T19N 4.17 uaaemslSeueunsanasa lunuanny
1 { a 1 @ <A 1
ﬁﬂﬁﬂllﬁ3ﬂ1ﬂ’31hlﬂ§‘(’Jﬂﬁlﬂﬂeﬁuﬂlﬁlﬂ Tubed RC column iﬂﬂﬂ’f]ﬁiJﬂﬁ 4Y93A1T1INUIN

A o

[ 1 | ’ 1 [ = FY a 1 1 £
IANOU) HOATIAIU P, ADUTINADAGIFAVDUEIADUNTAB NS (P,) ag”lu&me 1.59 - 1.72 %4

(; 1 1 d‘ = Y 1 [ ' d' ' I~ 1
AN @ngui 3 @msnuenssleusanaui 0.1 f1) UaAregluse 1.71-2.06

U
Y i1

Y Y o 1w 1 ’ =} Y A A A ' dg’
wen NI NSAT U P, /P, inun Tinasauienounsaia ) gau
a [ 1 o P 1 1 1 a
NNITUITATIAI £,/ £, e ADAUAT 6 WUNUMGININAINBUNI ALATY
I~ a ] (] 1 4 (Y a [
Man19990g 1uB13 1.80 - 2.04 111 TasdupgUNANTTUNITSUUTIVDY Tubed RC column
UNQANTINUVY Strain hardening UA1GI1UHI9 1.80 - 2.04 1 wazLUY  Elastic - perfectly
1 4
plastic 11 £,/ &, ne NG 1,92 - 2.04 1311 duiulums1danaiang@Anssu Tubed RC
3 I~ a ~ Y a d? a .
column W3 2 Hu U UNgaAnIsuNAITeonuUDlIiNAavuTAsWnANT I WUV Y Elastic -

I Aa { { 1 o Y [l =Y
perfectly plasticaztTunganssunmmeaungasu@enulunitidrodanadouasunia

A4

< = { = 4 1 o A s 1 o
T%ﬂaaﬂmaﬂmmmmwmﬁaﬁmwaﬂaamumam%mmﬂlmwuwmyimmzmwﬂw

a wva

<] o @ d @ A 4 1 1 4
‘]Jaf]ﬂ!fl"iﬁﬂi@ﬁiﬂﬂ?WﬁJﬂuLﬁ@\?Elnﬂfﬂﬁ"llEﬂﬁl@]'J"ll'E)\‘]ﬂﬂuﬂgﬁvlg]}LWNsﬁuaﬂwﬁﬂlﬁﬂﬂ %uﬁﬂﬁ]ﬂﬁ‘ﬂ@]

4 < { ~ Y Y 1 o w
Tasagludn ietasnmani lglinnuruuiinuudlsasidiusiasues
A =\ " dg’ = QSJ’ Y 1 [ 1 = Yo w
Tubed RC column aAad ey ) gy dniiamslvniisusalensaneuinalviiaaves
F4
Tubed RC column ga¥iunaziildanuamisolumsivnsdlurianganssuuuuidunasg
F4 1 4
qﬁmmmmfqumﬂﬁimaumﬁmuu Strain hardening 401 Elastic - perfectly plastic

=Y

3 a ~ U A = A 1 ~ [ a Aa w
!‘]JHWE]@]ﬂiﬁuﬂ!ﬁﬂWzﬁNGLUﬂ']ﬁGl“lf\i']llll!’f)\ﬁﬂﬂllﬂ1§LﬂaﬂuLLﬂﬁ\1§.ﬂ3'l\‘]‘ﬂ’GIQﬂf)umﬂﬂ']ﬁ'J‘U
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= v v

MINA 4.17 Mawsnadageganazanuns eagagannaduly Tubed RC column voudmindadmaonigse

q

ﬂij:iJ o NaNIINAT U
fi e (ZNIIEIX) Préfcx/ (%‘Z’:;‘;in) j:;xc/ WOANTIUNITTULT
CRC18-0-0 431.00 - 0.372 - -
1 CRC25-0-0 581.00 - 0.340 - -
CRC32-0-0 678.00 - 0.272 - -
SRC18-6.0-0 743.02 1.72 0.670 1.80 Strain hardening
2 SRC25-6.0-0 953.17 1.64 0.634 1.86 Strain hardening
SRC32-6.0-0 1075.50 1.59 0.522 1.92 Elastic - perfectly plastic
SRC18-6.0-0.1 f, 887.50 2.06 0.758 2.04 Strain hardening
3 SRC25-6.0-0.1 f, 1059.00 1.82 0.671 1.97 Strain hardening
SRC32-6.0-0.1 f_, 1158.50 1.71 0.555 2.04 Elastic - perfectly plastic
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(2) nhaanay
d' 1 d‘ = Y ] [ J
10915199 4.18 iemaaeungui 2 (uiims IivileusaTeusanou) uagian

/P,

max, ref

1 A IS Y ] [ J ’ A o 1 ’
NATDUNQUN 3 (lJfﬂiﬁlﬁﬁuﬂﬂlliii@ﬂiﬂﬂﬂuﬂluWﬂ 0.05 fco)uamwmu P

ax, col

ag lunLI¥9 1.41-1.59 1oz 1.70-1.73 Mud1au ienasaniiaioalszasneuniaiminu

v
a

Y v v Y
NUPATIEIU P /P daunuIua1uns ruleuselsusanauniaunyyu

max,col max, ref

A~ 9 1 [ 1 = o 9 = <
L“Wiwm’émmiclm/iu’;mmﬂam@ﬂauummmmﬂ@uﬂiﬂ T]'lcl'ﬁ!LﬂUﬂfJUﬂiﬁllﬁgﬂa@ﬂlﬁﬂﬂ

a o a [ ' 3 1 {
FANU ﬁﬂlﬂﬂﬂ1illiﬂiﬂﬂiﬂi$‘ﬁ’ﬂi unuaaunIaazasnan neun Tubed RC column

o

LITUHAUTUNTINT LR 9991119 Tubed RC column Ha1ua1u1solunisSuusanszia
Y Y
= [}

Tunwannuldguiudiu venviniuioNoswdnsidiu &

max;,col

/g SIRNG RN

con,ref

Tunquin 2 uag 3 UA10g1U%I3 1.31-1.56 1Az 1.41-1.58 AW 1A VAU Tubed RC column

' = a I a K% [l
flﬂ’ﬂllﬁ/iﬁEl’Ji:[ﬁJWﬂﬂ’NlﬁWﬂf]uﬂiG]L’G’fill!‘ﬁ'ﬁﬂ51ﬂﬂﬂu1ﬂllﬁﬂi5151ﬁ')u g l&!

max;, col con, ref

Yoy mMadoungui 2 uag 3 a1 liuana19iuiio 19108299 Tubed RC column

d%‘ (Y] 2 A 9 ]
VusgnuaNurvedlasnanilylunisleusa

u



= Y o A v 9 <] = Y ] [
M3 1N 4.18 ﬁ‘;ﬂwﬁﬂﬁ‘ﬂﬂﬁﬂ‘u Tubed RC column ¥ii1aaNaN ‘wTamﬂ@’mﬂaaﬂmammzumﬂwwmamﬂaumﬂau

WNan1Inagaou
ﬂﬁ:iJ A0d P co Prascol E max,col Emax,col A v
P'— ) - NWHANTIUNITTIULLI
(kKN) max, ref (%Strain) con, ref
1 CCl18 485.2 - 0.41 - -
CC25 643.3 - 0.38 - -
CC32 752.6 - 0.39 - -
2 CST18-0 773.0 1.59 0.64 1.56 Elastic perfectly plastic
CST25-0 925.8 1.44 0.56 1.47 Strain hardening
CST32-0 1072.1 1.42 0.51 1.31 Strain hardening
3 CST18-0.05 837.9 1.73 0.65 1.58 Elastic perfectly plastic
CST25-0.05 1006.4 1.56 0.58 1.53 Strain hardening
CST32-0.05 1139.2 1.51 0.55 1.41 Strain hardening
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43,5 M3fSeunaunaued Tubed RC column AUaNMsonuUUE T 9i)sznon
MNNIN3FIU AISC/LRFD
MM 3/5euNeui1d99ed Tubed RC  Column AUANNITODALUVLEAUF
1 o w I [
U5zNouv0ININTFIU AISC/LRFD  TaguismsifSeuiisusiaseonidu 2  diu feo ms
= = o Y o d' d‘ v @ Y o
fSeumeumavet (1) vminda@vasuinid uaz (2) lenvinaanaw
Y d' d‘ [V
(1) WnAaIHAENIAS
d’ =) = J \ QJ 1
A15197 4.19 uaaanslToumensenIasINasa luuuIuNUgIgan
usn P, Anaaeu lanuaind i ldninduniseonuuuea 15915z noUUoIAISC/LRFD
A o ya dy A <3 1 3 1a
(@umih 2.15) Taslumsdnaldnnsammgiunveslasnmanmniulag lunnsan
4 { @ I a (% 1
HunnihdavouranNEsuUABUNTA 1INAITNNUIIBATIAIU P, / P, oo Y09 Tubed RC column
k4 1
navnalin1eglugag 1.04 - 1.52 ¥1nn11 1.0 ¥lin1sinneiaa9ee Tubed RC columndn
a [ ° VoA I .
AUMIPONLLUIA LTI 5ENOUUDI AISC/LRFD fiffoud1ediniiinasezidu(Underestimate)

d! = [ 9 1 1 [ [
Faanudasanslunislsau mea)"lmﬂiwmmmuﬂ

M13°190 4.19 MIlFeuMensenIeaInsd P, 1asmMiaisunsInuuni§1u AISC/LRFD

[

Y o A a
VDUAHUIAATNAYNIN T

mju‘ﬁ f10814 P’ (kN) Pusc (kN) P /Pusc

CRC18-0-0 431.0 - -
1 CRC25-0-0 581.0 - -
CRC32-0-0 678.0 - -

SRC18-6.0-0 743.0 713.7 1.04

2 SRC25-6.0-0 953.2 740.3 1.29

SRC32-6.0-0 1075.5 764.7 1.41

SRC18-6.0-0.1 f_, 887.5 713.7 1.24

3 SRC25-6.0-0.1 f_, 1059.0 740.3 1.43

SRC32-6.0-0.1 f_, 1158.5 764.7 1.52
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(2) nhaanay
A Aaw a 4 1Y o a )
andde uaee1ad uaz Inba1 $159741, (2550) Idsinaueaunis N3
PONULUAINNIATTIUNITODNUULYDI AISC/LRFD MU1881895UUITInAo A Tuuunu
= = a 3 A v 9 3 Aa
YodrEInoUNIALaziaInoUNIaldIanignlousaalslaonanniyuianuyiu
< { 1 @ [ 4 0o w w @ {
Hapnmaniuanaanu wululsnlssuneuiassunsinadalusuiunun ldanmsnaaou

numstiuieTagldauniseenuunues AISC/LRFD (P, .,/ Pusc o) 3940A 1108071 1.0

ax, col

]
o v w v A

flo iA1eg 11919 0.60-0.88 11az 0.60-0.94 FahassunsInadandIa ldvinaumseonuuy
a 1 - @ <3| ]
uselsznovved AISC/LRFD flﬂ']ll']ﬂﬂ'ﬂ NIANTULITINADAYDI Tubed RC column SITRERN

A 2 Aq 9 =
Uin maqmﬂmummmwmmmﬂaaﬂmaﬂw”lﬁﬂumﬁmﬁawmmwm 3.2 inag 4.5

a a % [N} o (% 1 B 2E a2
Haawas aa llduaudsiruavodas1aIu TS f S YPININTIIUNMTOONULUIAUF
y

15201V AISC/LRFD
=< 3 dy [ = Y o

vinwamsanu lunsell dwaasluaisieain 420 laduauonanis

nSeufisudidesunsanadalunuaunuildvinmsnaden (P, .,) numsiiueTagld
a a I {
AUNTOONUDULTNFIUTENOUVYDY AISC/LRFD (P, oep ) VOUTINOUNTALATHIHANTNYN
[ [ a A ] [ 1

Tousadoasninanuuia 4.5 Nadwasuaziinig IivulousaTeusaneuvuia 0.05 )

s 1 l}

I Pyseirep HA10811U529 0.92-1.15 Famsiuneiiaeiunsanaoalu

u

WU OATITIU P!

max, col

HUIAUYDI Tubed RC column AIUANNITODNUUUUDI AISC/LRED Ha1lndifeady 1.0

4
v W

AauMsauMIoonuULA UFIUTZNOVUDI AISC/LRFD M 1H18Ma95 s Inada Tuten

= a 3 A v 9 < =\ 9 ] [ dyd =
ﬂ@uﬂ‘iﬂ!ﬁill!’l’iﬁﬂﬂQﬂI@U§ﬂﬂ’)ﬂ'ﬂﬂf)ﬂ!fViﬁﬂLwalIﬂ131ﬂ1’iu’3mliﬁiﬂﬂ‘iﬂﬂﬂuu INUAIY

9 =1 A ] =< A 1 < ~Aq Y
DNABDAUWHIND 1UBDINNUUYUTIAINYANTIN ( fy) LazAMNILNIUedtannivan (Ey) Pl

b4
4 ~

Y i1
msnageuasall Iideguiisane e lumainnurnuidesgavevausalsznon

B [E

) %]ﬁqvhumuﬁffaﬁmu@mmmmgmmiaammmm AISC/LRFD
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A13199 4.20 M3fTeuReus1a9v99 Tubed RC column NUMIHIUIER1A4

Tﬂﬁﬂ%ﬁ'uﬂ'ﬁﬂ@ﬂlmﬂ“ﬂ@ﬂ AISC/LRFD m@ﬁlﬁWWﬁWﬁﬂﬂﬁM

ngu fed1naaey Frasco Pasciisro Fruscn
q (kN) (kN) Paisc/Lreo
1 CCI18 485.2 - -
CC25 643.3 - -
CC32 752.6 - -
2 CSTI18-0 773.0 838.1 0.92
CST25-0 925.8 891.7 1.04
CST32-0 1072.1 987.1 1.09
3 CST18-0.05 837.9 838.1 1.00
CST25-0.05 1006.4 891.7 1.13
CST32-0.05 1139.2 987.1 1.15

4.3.6 M3eUNaUNaIu84 Tubed RC column AUANMsODNMUUIENT 3152n0D

MNNINI§IH ACI Committee 318

and¥o uasoriiad uay Inuat $159741 (2550) Idinaueaumsiiuesidesy
usenasaveumneuns alsumaniign Teusadioasnmannihdadmasy Taesldauns
penuuLielasnninnsenaeuniaved ACI Committee 318 (Fufuaumsidoatuiu
aunseenuuUauFIlsznouves 2.0, 1008-38) danaas 3 luaums 2.2 luundi 2 Tae
aumsi1Flumstinemdeiunsanasaves Tubed RC column (P, ) Idueneonily 2 n3dl
fio nsdd (1) 1d3mnnivesiidssunsanasavoadasnman( A ) 1§11 5 uaunns

o o v w @ : J o v w [ <] J [ 1 [
MUINTIAITULLINNADA “dl);\‘lWﬂu‘U’ENﬂ'la\‘l'iUlliﬁﬂﬂﬂﬂﬂlﬂﬂﬂﬁ@ﬂlﬁﬁﬂﬁ Wuniiesanaoalu

{ a @ < ' o
!L‘Ll’)uﬂuﬁ!,ﬂﬂNﬁ‘ﬂ@\iﬂﬁI@Diﬂﬂl@\‘iﬂa@ﬂlﬁﬁﬂ!LﬂLLﬂHﬂGUﬂdi@] ﬂQLLﬁﬂQiHﬁNﬂTi 4.6

1 tub tub
Per =0.85f, (A, —A)+A fyS +A"™ fyu ¢ (4.6)
Tagh . Ao MAWULTINADAFIGAVDIAOUNTA
A tﬂy A Y o as/' a
A, Ao Munmhdanaruavouausilszney
A dy ~ Y o 3 < A o
A Ao WUNWINAANINUAYRIHANIETUNAN
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v v

189 UL IReRIAn TNV IMANETY
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S
fo fo

Agtube
v o = d'

tube A 2 ﬂ s
fy 19 NIANTUUITIAINYAANTTINVRIVADNINAN

2

Y
2 %

A v <
u%wmmmwmmmﬂaaﬂmaﬂ

o))
=2

?

dd‘ A 4 o [V [ <
waznsain ) 1uiin1ssiunaived saesuusenadavedlasnivan
(A £ W 13 uaumsiineidsunsInase Faaumsainaid as aunslumsiine

o v w o a < @ {
MAITVUTINADAVOITINOUNTALATUINAN ALAAS IUTUNITN 4.7

PZ, =0.85 fo(A —A)+ATS 4.7)

Y 9 Ao K

Mnuuaaad dy medidedaldiinsnlseufionsidawes Tubed  RC

]
= v v

3 Y o = Y o [ J dy
Column M (1) t@MHHNAT KA AT UL (2) ANy muﬁmma"lﬂu

v
U

Y v A d' v
(1) HNAAIIHALNIASS
M3197 4.21 aaamsnfSeumeuszrinausinadsa lunuunugaga P.
= Yo 1 Ao Y 2 a <
Inadou ldnuandiuin ldninaunisesnuuui@InoUNT AT NIMANAINNIATFIU ACI
Committee 318 (FIAUNITYDI 2.4.7. 1008 - 38 1Faun151@e1 U DAUNITODNUDULEA
= a I . (% A a Y 1 [~ 1

ABUNIALATUIHANYDI ACI Committee 318) Adtaadluannisn 2.2 Tagtienlv PL, 1iluan
0o w w v A o W o [ < Y o ~ 2 3| 1" o w
MaTuusINedansMassunsInasavedlasnmaniuannIsn 2.2uag P2, Huaiiig
o 1% { 1 o v o @ <] o {
Sunsanasei lisusdesuusanasavesdaenmandnnuannisi 2.2

9 9
91INA1T19NVIIAT P, / PL, Y83 Tubed RC column Han NN UNA1 U5

bl
0.46 - 0.62 Favtoonit 1.0 fuedrann guiumsiumdeiuusanasavoalaonmindisu
aunsi 2.2 udlzi lfaunisnisesnuuuIEIAOUNT AT IHANAINLIATTIUVDIACT
Committee 318 115 #1110/ 189909 Tubed RC column HA1AouT19gandrfiaazeziiiu
(Overestimate) ¥4 lijtlavassuniinlums1dnuduedann uddefinsand1 P, /P2,
494 Tubed RC column WUNTA 1439 1.65 - 2.17 azwiu 1d3ms lsauidasuusanasaves
Yaonmandiduaunisi 2.2 winldaumseenuuuianouns a@SuMANAIUNIATTIY
ACI Committee 318 1147159111081 9994 Tubed RC column A 1souiedniiiaiseziu
(Underestimate) 345 a2101lanaselunis 14a1undern luidlsswdaiin Sutudonsan

1IATTIU 2L.E.0. 1008 - 38 Mudenvuad 4314 Alniimsdnamidewausalsgney

9)& [] = ] k4 ~ a I o og.;l Yo o ]
Tasls@eu lusudsinussasimanouniaasuman laena ldiunazldmaslumssuusa
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o Yo = 9 1 ] 9 =3 4
aunuannule q dvualdsulesneuniaveuadesarsinudily Tuneuninlaged
A 9 [ = z = A A
p1msnsoutlugdrludnsuzuunniulasassasuuasuniavoudiu (Fuionvisan

Aaov dyo [ o 9Jq YA o W =1 =y =] 9 a
slupvveualumsIdel Mawsamivualinlsne MaveAaINDUNIAAITUINAND19D4)

Y 1 9 o 1 Y a 1 [ a I 1
L!a’JW“]J’NGU’E]ﬂﬂ’i‘u&]ﬂﬁ]ﬂf]ﬁh’i!ﬂﬂﬂ’ﬂilllllﬂa@@ﬂEIGI’E)ﬂﬁ@fJﬂLL‘U‘]JLﬁWLGNﬂigﬂ’é)’]JL‘ﬂufJElNiﬂﬂ

a A

ludunilanazervziinnuilaoanogedndunis ua lifidszansnmlunisidaumin

v
v o 9

o o ' a o Vg ¥ Y A Y & =)
ﬂ\iuuell@ﬂ'lﬂuﬂﬂ\3ﬂaTJﬂ'JTWEl]'lim'lﬂﬁ‘]_lllﬂiﬁlﬁm']gﬁﬂﬂﬂauau‘]a‘ﬂﬂﬂﬁﬂﬂllﬂ FAYSNATIDT

E
Y

ao'l1lugemevnariavedl

MINN 421 MalFeumeusznangans P, uazmiiadsunsIaIuuIaIgIu ACI 318

[

Y o = = [
VOUAHUINATNAYNIN T

v A o Pl P., - PZ, R
NRNN AIDYN (N) (kN) Pmax/PACI (N) Pmax/ F’ACI
CRC18-0-0 431.0 408.9 1.05 408.9 1.05
1 CRC25-0-0 581.0 538.4 1.08 538.4 1.08
CRC32-0-0 678.0 652.9 1.04 652.9 1.04
SRC18-6.0-0 743.0 1627.5 0.46 408.9 1.82
2 SRC25-6.0-0 953.2 1757.0 0.54 538.4 1.77
SRC32-6.0-0 1075.5 1871.5 0.57 652.9 1.65
SRC18-6.0-0.1 f, 887.5 1627.5 0.55 408.9 2.17
3 SRC25-6.0-0.1 f/ | 1059.0 1757.0 0.60 538.4 1.97
SRC32-6.0-0.1 f, | 11585 1871.5 0.62 652.9 1.77

(2) naanay

Lﬁﬂﬁ%ﬁﬂﬂﬂﬁ‘ﬁ1“18ﬁ15ﬁ1ﬂ81%ﬁﬂfﬂ‘i@f]ﬂll‘U’UsUfN ACI Committee 318

[

A J o < 9y Y o o v w @
ATUTNUNITN 4.6 (5’33JWF1]1!ﬂ']a\jallf)\‘]ﬂaﬂﬂlwaﬂLSU'lll'Jclu’ﬁﬂJﬂ']ﬁw']u'lﬂﬂ’]a\jiﬂll'iQﬂﬂ@ﬂ) Iﬂﬂ

[ 1 1 1 = | 1 1 d! 9 1 I~ ] [
ATITIUVDY Pma)(/PEIT umagclwmq 0.67-0.85 F4108NI1 1.0 1Y UOI1NNIN HUIPAIIN

b4
~

MAITVUTINADANITNUIEINAUNTODAUVUNIATFIY ACT Committee 318 1 HAIGININNI

[

A1995V115INADAVD I Tubed RC column (R1895UUTINADANRIUIEIIATUNITODNLUUY
0o @ w o <3

YOI ACI Committee 318 Over estimate N1ANTUUIINADAVDY Tubed RC column) meclﬁ’mu

MAUNITODAUVULANTIUTENOU d3aun1T 4.6 lilianuwmuizay uaz lidaoans

Tumsth I 1lszgnd 19 uauneads
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= 1w 1 1 2 A ] 1 &£
INMIANYINDIGAT AU PL, /P2 UA10g1u%I9 1.66-1.83 FIN13

o 0o v w [

[ 4 o w <
M85 UIUTINASAVDI Tubed RC Column Tae il lds1unativesnaiidvesasniwan
:JI ) Y d’ ) a 1 9 c'r d‘ = =~ (%] o [ YY) [}
Pum e niivieanauns 4.7 ¥a1Ae U148 otlSe e unuf1assuusInaea
984 Tubed RC column (R18951U153nA9ANTNIUIGINTNAITOBNULUUDI ACI Committee 318

Y

Under estimate §1895 U590 ADAYD 9 Tubed RC column) #4115 1¥aunisoonuuy
[ = Y1 a2 [ 1 (=1 [} = 1
aanaasluauns 47 dwdninnulacadege ua lifinnwlszvuda 39 ldmuizau

Tumsth 111ls2gnd 191D Tubed RC column

MINN 422 MIfFeuNeDIEHINAMT P/ 1azAIfasuNIInINLIAI§ I ACI 318

vauMthdanay
' ’ 1 2
NQUN f10814 (i"l‘j;) (F;AISI') P’ /PL, (FIZE) P /P%,

CC18 4852 457.9 1.06 457.9 1.06
1 CC2s 643.3 557.4 1.15 557.4 1.15
CC32 702.6 633.5 111 633.5 1.11
CST18-0 773.0 1160.3 0.67 457.9 1.69
2 CST25-0 925.8 1259.8 0.73 557.4 1.66
CST32-0 1072.1 1335.9 0.80 633.5 1.69
CST18-0.05 837.9 1160.3 0.72 457.9 1.83
CST25-0.05 1006.4 1259.8 0.80 557.4 1.81
’ CST32-0.05 1139.2 1335.9 0.85 633.5 1.80

Seangatith and Thumrongvuth (2009) lAAAEUNNAY tazdaasaumsniiue

o v w o a a Ao a
A5 VUTINABAUDY Tubed RC column 1A8iinI919890ANaMIANYIV0IANTTHo tiaee1nnd
Y] o a 1 t4 o w 3 A A 9 = ) Y

uag nmA1 5159741 (2550) wurwatveshiaswestasnmaniwid U luauns lnakhln
mainemidelasldaumsainaniiaigandt Maesuusinadna3ae9 Tubed RC column

Y
v v

= Yo 1o a % o o w 3w
QHH%Q%WﬂWU?ﬂ!WWﬂWﬁNﬂﬁ%i’ﬁ/l‘ﬁsluﬂTﬁiﬂhlﬂﬁﬂﬂWQQﬂlﬂiﬂﬂ@ﬂm’aﬂﬂ\ill’c’fﬂ\ﬂuﬁﬂﬂﬁ 4.8

NZoresed = 0.85 1, (A, — A)+ A f + KA £ (4.8)
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e
aA o [ o v w v

' 1w a @ 4
i]1ﬂfﬂiﬁﬂ‘]elTV‘I°1J’)1?]1ﬁuﬂ§$ﬁﬂﬁﬂu1u1ﬁﬂﬂ1ﬁﬂ‘luwi]‘L!“lJ’E'NﬂTﬁ\ﬁ‘]JLLiQﬂﬂEJ

< 1 1w & 1 o a o 1 o o v w [
vouasnman (k) HAUMIAY 0.3 FamduUsLaNTAINa 1A INIT0NIUIEMEISTUUTINADA

F4
v o

494 Tubed RC column lAgndeufisans @91l Seangatith and Thumrongvuth 94 111 naue
aumsoonuuylviNndanlannaun1sved ACI Committee 318 1NN IHIEAIAITVUTINADA

= a < Y o A A A v 9 < @
m@ﬁlﬁWﬂ@uﬂﬁﬁlﬁiMlWﬁﬂﬂuWﬁﬂﬁlfﬁﬁﬂhﬂgﬂiﬂﬂiﬂﬂﬁﬁlﬂﬁ@ﬂ!ﬁﬁﬂ ﬂillﬁﬂﬂiuﬁﬂﬂﬁ 4.9
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1.00 0.25 0.838 0.693 0.729 0.456
1.20 0.25 1.038 0.893 0.929 0.730
1.60 0.35 1.373 1.170 1.221 1.270
2.00 0.40 1.740 1509 1567 2.070
2.50 0.45 2208 1.948 2,013 3.390
3.00 0.50 2.675 2.387 2.459 5.030
3.50 0.60 3.110 2.764 2.850 6.780
4.00 0.70 3.545 3.141 3.242 8.780
450 0.75 4.013 3.580 3.688 11.300
5.00 0.80 4.480 4.019 4.134 14.200
6.00 1.00 5.350 4.773 4.917 20.100
8.00 1.25 7.183 6.466 6.647 36.600
9) 1.25 8.188 7.466 7.647 48.100
10.00 1.50 9.026 8.160 8.376 58.000
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12.00 1.75 10.863 9.853 10.106 84.300
14.00 2.00 12.701 11.546 11.835 115.000
16.00 2.00 14.701 13.546 13.835 157.000
18.00 2.50 16.376 14.933 15.294 192.000
20.00 2.50 18.376 16.933 17.294 245.000
22.00 2.50 20.376 18.933 19.294 303.000
24.00 3.00 22051 20.319 20.752 353.000
27.00 3.00 25.051 23319 23.752 459.000
30.00 3.50 27.727 25.706 26.211 561.000
33.00 3.50 30.727 28.706 29211 694.000
36.00 4.00 33.402 31.093 31.670 817.000
39.00 4.00 36.402 34.093 34.670 976.000
42.00 450 39.077 36.479 37.129 1120.00
45.00 4.50 42.077 39.479 40.129 1300.000
48.00 5.00 44.752 41.866 42.587 1470.000
52.00 5.00 48.752 45.866 46.587 1760.000
56.00 5.50 52.428 49.252 50.046 2030.000
60.00 5.50 56.428 53252 54.046 2360.000
64.00 6.00 60.103 56.639 57.505 2680.000
68.00 6.00 64.103 60.639 61.505 3060.000
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Abstract

This study reports the experimental results on the
behaviors and modes of failure of the circular
concrete specimens preconfined with steel jackets. A
total of 30 specimens were tested in this study. The
dimensions of the specimens were 150 mm in
diameters and 300 mm in height. The main variables
were the ultimate compressive strength of concrete,
the thickness of steel jacket and the preconfining
pressure. From the tests, it was found that the
compressive strength and ductility of the tubed
concrete specimens are increased significantly
compared to the reference concrete specimens,
depending on the variables used in this study. The
tubed concrete specimens have a linear -elastic
behavior up to the ultimate compressive strength of
the reference specimens or 50-70% of their first
maximum compressive load. Then, the behavior of
the specimens is nonlinear in the form of elastic-
perfectly-plastic and strain softening with very large
deformation before failure.

1. Introduction

A composite column is defined as a compression
member which may either be a concrete encased steel
column or a concrete filled steel tube (CFT) column.
It is well known that the CFT has the following
advantages over the conventional reinforced concrete
column: (1) higher strength-to-weight ratio and higher
rigidity, (2) higher ductility and toughness for
resisting a reversal loads, and (3) saving in material
and construction time [1].

In recent years, a new type of the composite
column, called tubed column, has been increasingly
used in the construction of buildings [2-4]. The term
“tubed column” refers to the function of the tube as
primarily transverse reinforcement for reinforced
concrete (RC) columns and the composite action
between the steel tube and concrete is expected only
in the transverse direction. Thus, compared with the
conventional CFT column, the tubed column is
practically subjected to axially compressive load on
the concrete core due to the connection between the
beams and the tubed column.

In the past few years, a few studies have been
carried out on the tubed columns. Tomii et al. [2]
investigated the tubed RC column concept as a

method to prevent shear failure and to improve the
ductility of short columns in RC frame structures. The
steel tubes are used to transversely confine concrete
and designed primarily as transverse reinforcement.
The longitudinal main reinforcements are still needed
for resisting the flexural stresses. The tubed RC
column must be properly detailed the tube to
minimize the direct transfer of the axial stresses into
the tube. This can be done by building gaps between
the tube and the beam or floor or footing at the ends
of the column. Seangatith and Thumrongvut [5,6]
reported the structural behaviors and modes of failure
of square tubed concrete columns. A total of 33
specimens were tested under concentrically axial load
applied directly to the concrete core. It was found that
the tubed concrete columns have ductile-like
behavior. They were failed in progressive mode of
failure, which can be considered as localized failure,
with a high axial ductility, compared to the reference
columns. With the increasing of the ultimate
compressive strength of the concrete and the wall
thickness of the steel tube, the axial compressive
strength of the columns increases. However, the ELT.
1008-38(4314) specification for composite column
was inadequate to predict the strength of the tubed
concrete columns. Also, no full confinement was
developed in the tubed concrete columns used in these
studies. The efficiency of the columns did not reach
its highest point.

To enhance the efficiency of the tubed concrete
columns, it was proposed that the column should have
a circular cross-section and the concrete should be
subjected to a preconfined pressure, applied to the
column by a mechanical device. Thus, the aims of this
experimental study are to report the behaviors and
modes of failure of the circular concrete steel tubed
specimens preconfined with steel jackets and to
compare the compressive strength between the
reference concrete specimens and concrete steel tube
specimens with different preconfining pressure.

2. Test specimens and Test setup

In this study, a total of 30 specimens were tested.
They were classified into 3 groups: Group 1: the
reference concrete columns (no jacket), as shown in
the Figure 1. Group 2: the concrete specimens with
the steel jackets without the preconfining pressure,
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Group 3: the concrete specimens with steel jackets
with preconfining pressure as shown in Figure 2. The
main variables used in this study were the ultimate
compressive sirength of concrete (18, 25 MPa), the
thickness of steel jacket (0, 3.2, 4.5 mm) and the
confining pressure (0, 0.05 7 MPa). All of the

specimens have the diameters of 150 mm and the
height of 300 mm.

In this study, all circular steel jackets were cold-
formed carbon steel. Three coupons were randomly
cut from cach type of the steel tubes and were tested
according to ASTM ES8. The concrete used was the
commercially ready-mixed concrete produced by
Conerete Products and Aggregate Co., Ltd. (CPAC)
and was designed for at 28 days of approximately 18,
and 25 MPa. Concrete was placed in three layers, and
each layer was compacted by a vibrator. The averaged
compressive strengths of each type of concrete were
tested according to ASTM €39, The specimen
numbers were identify in the form of A-B-C-D, where
“A” represent to the type of specimens, “B7 represent
to the ultimate compressive strength of concrete, “C”
refer to thickness of steel jackets, “D7 refer to the
confining pressure. For example, the specimen
number $C-25-4.5-0.05 /' is the tubed concrete
specimen, having /7 =25 MPa, (=3.2 mm and the
preconfining pressure = 0.05 /. The preconfined
concrete  specimens were built by confining the
concrete and the steel jacket with a mechanical device
as shown in Figure 2 to the given lateral pressure.

Table 1. The properties of specimens in this study.

L/B  Confining

Then, each parts of the steel jacket were welded
together by a skilled welder. A summary of the
specimens is presented in Table 1,

Figure 1. Concrete specimens in groupl
(Reference concrete specimens)

Figure 2. Concerete specimens in group 2 and 3

Group Specimen No. B/t P = Concrete Steel
raio  ratio  pressure 4 /A A r 4 £
(MPa) (%) (mm’) (MPa) (mm’) (MPa)
1 C18-0-0 - 17671 20.1 - -
C25-0-0 - 17671 28.6 - -

2 SC-18-32-0.00 fm: 46.9 2.0 - 8.02 17671 20.1 1540.1 3121
SC-25-32-0.00 fc; 46.9 2.0 - 8.02 17671 20.1 1540.1 3121
SC-18-45-0.00 f:; 333 2.0 - 11.00 17671 28.6 21842  321.6
SC-25-45-0.00 ]:; 333 2.0 - 11.00 17671 28.6 21842 321.6

3 SC-18-32-0.05 fc; 46.9 2.0 0.9 8.02 17671 20.1 1540.1 3121
SC-25-32-0.05 f;; 46.9 2.0 1.25 8.02 17671 20.1 1540.1 3121
SC-18-45-0.05 f:, 333 2.0 0.9 11.00 17671 28.6 21842  321.6
SC-25-45-0.05 fC; 333 2.0 1.25 11.00 17671 28.6 21842 321.6

Figure 3 shows the picture of the test setup.
Specimens were placed in a 2000 kN SHIMADZU
Universal Testing Machine. The axial compressive
load was applied pass the top and bottom steel bearing
plates directly to the concrete core of the tubed

84

concrete column. The steel bearing plates have the
dimension of 140 mm in diameters and 50 mm in
thickness. Two linear variable differential transducers
(LVDTs) were used to monitor overall axial
shortening of the concrete core and to ensure that a
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uniform compression was imposed on the test
specimens.

Figure 3. A picture of the test setup.

Before the beginning of each test, a preload of
approximately 25% of the predicted axial
compressive capacity of the specimens was applied to
settle down the concrete core in order to reduce the
friction between the steel bearing plates and the
concrete core and to balance the uneven bed surfaces
before subjecting to the applied loads. Then, the

specimen was unloaded to about 5 kN to seat it to the
testing position. Finally, the specimens were loaded at
a very slow rate such that the local lateral pultrusion
of the steel tube wall could be carefully observed. A
data acquisition system, as shown in the Figure 4, was
used to collect the axial load and axial shortening of
the concrete core. In addition, the local tube wall
pultrusion, the axial compressive capacity and the
modes of failure taken by the specimens were

recorded.

Figure 4. Data Acqﬁisition System (DAQ)

Table 2. Comparison of ultimate stress and their ultimate strain of the specimens and their behaviors.

Group Specimen No. Flns i # £ & Nonlinear behaviors of
(MPa) (MPa) j:;m e Specimen
1. C-18-0-0 20.1 - - 0.0023 - Concrete crushing
C-25-0-0 28.6 - - 0.0022 - Concrete crushing
2. SC-18-32-0.00 f; 20.1 70.1 3.48 0.0250 10.87 Strain softening
SC-25-32-0.00 _f;; 28.6 78.0 2.73 0.0230 10.45 Strain softening
SC-18-45-0.00 f; 20.1 91.1 4.53 0.0390 16.95  Elastic-perfectly plastic
SC-25-45-0.00 fn: 28.6 102.4 3.38 0.0250 11.36 Strain softening
3. SC-18-32-0.05 ji: 201 78.1 3.88 0.0200 8.70 Strain softening
SC-25-32-0.05 fn: 28.6 85.6 3.00 0.0190 8.63 Strain softening
SC-18-43-0.05 fn: 20.1 99.6 4.95 0.0180 7.82 Strain softening

§C-2545-0.05 77 28.6 1104

I

3.86 0.0220 10.00 Strain softening

3. Result
3.1 Specimen Behaviors

In this paper, the maximum axial shottening was
limited to 20 mm without a complete failure, or
equivalent to the compressive strain of 0.070
mm/mm, which is about 20 times larger than the
strain at the ultimate compressive strength of the
concrete (S:m ). Also, the “axial compressive

capacity” of the specimens iz defined as the maximum

axial load occurred within § mm of the axial
shortening, which is about 10 times larger than the
strain at £, , .

Figure 5 and 6 show the stress-strain diagrams
obtained from the tests for the specimens, having f{;
= 18 and 25 MPa respectively. It was observed that
the initial slope of the specimen group 2 (confined
specimen without preconfining pressure) are similar
to that of the reference concrete specimens. At this
stage, the Poisson’s ratio in concrete specimen is less

85
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than that of the steel jacket so that the confining effect
can not be developed between the concrete core and
steel jacket. The linear behavior of the specimens has
been observed up to approximately 50% of their axial
compressive capacity. After that, the behavior of the
specimen group 2 is slowly becoming nonlinear. The
concrete core has more lateral expansion, causing the
interaction between concrete core and steel jacket
with strain softening nonlinear behavior, excepting

the specimen SC-18-45-0.00fa:. However, at the
initial stage of group 3 (confined specimen with
preconfining pressure), the specimens have been

Stress (MPa)
120

40

20

U]

0000 0010 0020 0030 000 0050 0060 0070
Strain (mm/ma)

a). Specimen without preconfining pressure

confined by the preconfining pressure and the steel
jacket gives the restraining effect to the concrete core.
Hence, the initial slope of the specimen group 3 is
larger than that of the specimen group 1 and 2. In
addition, the linear behavior has been observed up to
approximately 60-70% of their axial compressive
capacity, which is higher than that of the specimen
group 1 and 2. After that, the behavior of the
specimen group 3 is slowly becoming nonlinear with
strain softening, similar to those of the specimen
group 2.

Stress (MPa)
120

0.000 4 0.030 0.040 0050 0.060 0.070
Strain (mm/mm)

b). Specimen with preconfining pressure at 0,05 f‘

Figure 5. Stress-Strain diagram (_f_'_: = 18 MPa, 1 =3.2 and 4.5 mm thickness of steel jacket)
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a). Specimen without preconfining pressure

Figure 6. Stress-Strain diagram ( f =25 MPa,

3.2 Modes of failure

Figure 7 to 9 show the failure modes of the
specimens used in this study. The failure mode of
reference specimen group 1 is similar to a typical
failure mode of concrete in the form of shear failure
with about 50° shear plane as shown in Figure 7.

The failure mode of the specimen group 2 and 3
are similar. At failure, the steel tubes had a significant
outward local protrusion of the steel tube walls in the

86
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b). Specimen with preconfining pressure at 0.05 £

t=3.2 and 4.5 mm thickness of steel jacket)

area near the mid-height as shown in Figure 8 and 9.
This indicates that the concrete core in this location
was restrained or contained by the steel jacket, in turn
providing a larger axial deformability to the concrete
core, compared to the reference concrete.

In this study, the specimens tend to exhibit the
strain-softening behavior. This is because the steel
tube section, at failure, has insufficient stiffhess to
prevent the local protrusion of the wall of the steel
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jacket due to the lateral expansion of the concrete
core. It should be also observed that the ultimate
compressive strength of conerete and the preconfining
pressure, used in this study, have a negligible effect
on the nonlinear behavior of the specimens.

Figure 9. Failure mode of specimen group 3

3.3  Axial Compressive Capacity and the
Corresponding Axial Shortening

Table 2 shows the comparisons of the obtained
axial compressive capacity and the corresponding
strain of the specimens group | to 3. Compared to the
confined specimens with steel jacket, the axial
compressive capacity and the corresponding axial
shortening of the reference concrete specimens are
significantly less than those of the confined
specimens. This indicates that the steel jacket can
increase not only the axial compressive capacity ol
the reference concrete specimens but the axial
deformability or ductility as well.

Considering the axial compressive capacity of
the specimen group 2 and group 3 with the same
thickness of steel jacket and the same preconfining

pressure, it was found that the axial compressive
capacity of the lower ultimate strength of concrete are
less than that of the specimen with higher ultimate
strength of concrete. In addition, it was found that the
axial compressive capacity and the corresponding
axial shortening of the confined specimens with
preconfining pressure are higher than that of the
reference concrete specimen and the confined
specimen without preconfining pressure.

Finally, the preconfining pressure has negligible
effect on the nonlinear behavior of the specimens.
However, the thicker the steel jacket and the larger the
preconfining pressure increase the axial compressive
capacity of the specimens in the range of 2.73 to 4.53
for the specimen group 2 and 3.00 to 4.95 for the
specimen  group 3, comparing to the reference
conerete  specimens, respectively.  Similarly, the
corresponding axial shortening of the specimens were
increased in the range of 1045 to 1695 for the
specimen group 2 and 7.82 to 10.00 for the specimen
group 3, Therefore, it may be primarily concluded
that the concept of strengthening the concrete core
with the steel jacket and the preconfining pressure can
improve the axial capacity and ductility of the
concrete core.

4, Conclusions

Based upon the results of this study, the
following conclusions can be drawn:

1. The confined concrete specimens with
preconfining pressure have a linear elastic behavior
up to the ultimate compressive strength of reference
specimen or approximately 50-70% of their
compressive strength. Then, the behavior of the
specimens  is gradually becoming nonlinear with
strain  softening behavior and a larger axial
deformation before failure.

2. The preconfining pressure has negligible
effect on the nonlinear behavior of the specimen
However, the thicker the steel jacket and the larger the
preconfining pressure produce a significant increase
in the axial compressive capacity and ductility of the
concrele core.
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Notation
The tollowing symbols arc uscd in this paper

AL = concrete cross-section area

4, = gross area of specimen

A, = steel jacket cross-section area

B = diameter of concrete specimen
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E:

= modulus of elasticity of concrete

= modulus of elasticity of steel jacket

= yielding stress of steel jacket

= ultimate compressive strength of concrete

= maximum compressive strength of concrete

(With steel jacket and confining pressure)
= length of specimen
= thickness of steel jacket

= ultimate strain of concrete
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STUDY ON AXIAL COMPRESSIVE STRENGTH OF SQUARE CONCRETE SPECIMENS
PRECONFINED WITH STEEL JACKETS
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ABSTRACT: This paper presents the experimental results on the compressive strength of the square concrete specimens
preconfined with steel jackets. The concrete specimens were preconfined with the steel jackets on the sides of the specimens in order
to produce the pre-confining pressure. Consequently, the axially compressive loads were applied directly to the concrete core. From
the tests, it was found that the maximum compressive strength of the specimens was increased significantly up to 50-70% of their
maximum load capacity. Then, the specimens have reached in the nonlinear state with a very large deformation before failure. The
axial and lateral displacements of the columns were increased rapidly. The confined jackets were inflated until the failure of the
columns. In addition, it was observed that the compressive strength and ductility of the preconfined concrete specimens are increased
significantly compared to the reference concrete specimens, depending on the ultimate compressive strength of the concrete, the wall

thickness of the steel jacket and the preconfining forces.

KEYWORDS: Axial compression, Concrete, Steel jacket, Preconfinement
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Abstract

This paper presents the experimental results on
the compressive behaviors and modes of failure of
circular concrete specimens preconfined with steel
jackets. A total of 90 specimens were tested in this
study. The specimen’s dimension were 150 mm in
diameters and 300 mm in height. There are 3 main
variables i.e. the ultimate compressive strength of
concrete, the thickness of steel jacket and the
preconfining pressure considered in this study. From
the study, it was found that the ultimate compressive
strength and ductility of the Tubed concrete
specimens are increased significantly compared to
the control specimens, depending on the ultimate
compressive strength of the concrete, the wall
thickness of the steel jacket and the preconfining

pressure. Also, the Tubed concrete specimens have
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a linear elastic behavior up to 50-70% of their
maximum compressive strength. Then, the behavior
of the concrete specimen is nonlinear with a very
large deformation before failure. The nonlinear
behaviors can be classified into 3 types: strain
hardening, elastic-perfectly plastic and strain
softening. For the result, it was found that thickness
of steel jacket was 4.5 mm and the preconfining
pressure  was 0.05f£:7 were optimum  for
development of Tubed column.

Keywords: Axial compression, concrete specimen,

preconfinement, tubed column, steel jacket
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WaRinsandledanesaufniousdlauiams

dudreiriiu wadiadedradimasauiiedu

drodaaninanauia 4.5 Jadnas Juuilinvas

Fardmmidedindndnidedunasauniadn

@uUaanmnaNTIaAaNIRW 3.2 uas 6.0 AaduaT
wazdasgIndanaduwi lduanasaiunifeda

a { o & L e
dsedvvasnannda AUt

a7l 1 MoazBuenesdetimageulazan e Taqaldlumsfinm

GH] fothimaaey B/ Corfining o, anUfvoInounsa augAueunan
ratio pressure A/Ag A, f[; £, A, f;, £,
(MPa) )  (mm) (MPa) (GPa) (mm) (MPa) (GPa)
1 C18-0-0 - - - 17671 19.9 20.4 - -
€25-0-0 - - - 17671 26.7 24.2 - -
©32-0-0 - - - 17671 319 275 - -

2 €S18-32-0 46.9 - 8.02 17671 19.9 204 15401 3121 2015
€$25-32-0 46.9 - 8.02 17671 26.7 242 15401 3121 2015
€$32-32-0 46.9 - 8.02 17671 319 275 15401 3121 2015
€$18-45-0 33.3 - 11.00 17671 199 204 21842 3216  205.0
€525-45-0 33.3 - 11.00 17671 267 242 21842 3216 2050
€S32-45-0 33.3 - 11.00 17671 319 275 21842 3216  205.0
€S18-60-0 25.0 - 1426 17671 199 204 29405 3261 1975
€$25-60-0 25.0 - 1426 17671 267 242 29405 3261 1975
€S32-60-0 25.0 - 1426 17671 319 275 29405 3261 1975

3 €518-32-0.05 46.9 0.90 8.02 17671 19.9 204 15401 3121 2015

€$25-32-0.05 46.9 1.25 8.02 17671 26.7 242 15401 3121 2015
€532-32-0.05 46.9 160 8.02 17671 319 275 15401 3121 2015
€S18-45-0.05 333 0.90 11.00 17671 199 204 21842 3216  205.0
€S25-45-0.05 333 1.25 11.00 17671 267 242 21842 3216 2050
€S32-45-0.05 333 1.60 11.00 17671 319 275 21842 3216  205.0
€S18-60-0.05 25.0 0.90 1426 17671 199 204 29405 3261 1975
©525-60-0.05 25.0 125 1426 17671 267 242 29405 3261 1975
€S32-60-0.05 25.0 1.60 1426 17671 319 275 29405 3261 1975
4 €S18-32-0.08 46.9 144 8.02 17671 19.9 204 15401 3121 2015
€$25-32-0.08 46.9 2.00 8.02 17671 26.7 242 15401 3121 2015
€532-32-0.08 46.9 256 8.02 17671 319 275 15401 3121 2015
©S18-45-0.08 33.3 1.44 11.00 17671 199 204 21842 3216 2050
€S25-45-0.08 333 2.00 11.00 17671 267 242 21842 3216  205.0
€S32-45-0.08 333 256 11.00 17671 319 275 21842 3216 2050
€S18-60-0.08 25.0 1.44 1426 17671 199 204 29405 3261  197.5
€$25-60-0.08 25.0 2.00 1426 17671 267 242 29405 3261 1975
€S32-60-0.08 25.0 256 1426 17671 319 275 29405 3261 1975
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a15797 2 a@ilNamswaaawawﬁaﬂﬁawmaauﬁqniau%’aﬁauﬂaanmﬁnLLa:ﬁmﬂﬁwumLLS&I@JM%’@]WJ&W%J

NAN1INAOY
ngu LRGN S - & e ANRNLNTI WRANTIN
(MPa) o (% &) &, (GPa) NITLUS

1 C18-0-0 199 - 0.22 - - crushing
C25-0-0 26.7 0.21 - - crushing

€32-00 319 - 0.21 - - crushing

2 CS18-32-0 58.4 293 0.44 2.00 21.5 LL‘U‘U“ﬁ 3
€S25-32-0 69.2 2,60 0.45 214 25.4 wuudl 3
©532-32-0 82.2 258 0.48 2.29 27.9 LLlJiJ“?; 3
CS18-45-0 74.0 3.72 0.51 232 226 wuud 2
CS525-45-0 86.1 3.22 0.49 233 265 LLUM‘?} 3
€S32-45-0 96.7 3.03 0.51 243 28.9 wuud 3
C518-60-0 90.3 4.54 0.56 2.55 23.8 LLUiJ“?; 1
©525-60-0 100.9 378 0.54 2.57 275 LLUH“?; 1
€S32-60-0 108.7 3.41 0.53 252 29.7 wuuf 1

3 CS818-32-0.05 64.4 3.24 0.50 227 227 LLlJiJ“?; 3
€S25-32-0.05 74.1 282 0.48 229 27.0 wuud 3
C832-32-0.05 85.6 268 0.49 233 296 LLUiJ‘?; 3
CS518-45-0.05 83.4 4.14 0.55 2.50 23.9 LLUD“?; 3
€S25-45-0.05 96.8 3.60 0.53 252 27.9 wuudl 3
CS32-45-0.05 104.8 3.29 0.53 2.52 304 LLlJiJ“?; 3
€S18-60-0.05 97.1 488 0.58 264 24.8 wuud 1
CS825-60-0.05 104.5 3.81 0.53 2.52 293 LLUiJ“ﬁ 1
€S32-60-0.05 115.6 362 0.54 257 313 wpf 1

4 €S18-32-0.08 67.0 3.37 0.51 232 23.1 wuudl 3
(©S25-32-0.08 76.5 294 0.48 2.29 271 LLUH“?; 3
€S32-32-0.08 88.4 2.77 0.49 233 306 wuud 3
CS18-45-0.08 85.6 4.25 0.54 245 248 LLUM‘?} 2
€S25-45-0.08 98.4 3.65 0.52 248 285 wuudl 2
€832-45-0.08 107.0 3.35 0.53 2.52 3186 LLUiJ“?; 3
GS18-60-0.08 98.4 4.94 0.56 2.55 257 LLUH“?; 1
€S25-60-0.08 106.6 3.87 0.53 252 30.1 wuuf 1
CS32-60-0.08 117.5 3.68 0.55 2.62 32.0 LLlJiJ“?; 1

AN wpdnysngalidaudn
LUUH 1 fip WeAnTINLUL Strain hardening
wuUHl 2 8o WOAnIINLUL Elastic perfectly plastic

LT 3 A HOANTINLUY Strain softening
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an3197 3 waeamSpufinuina esfeinemareu il milEnhousslenTantaduin e smase u i luiinslviniiag
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fmax f’ f’
o max,0.05 7, max,0.08 f,
Aotianasey i i ‘ = =
fm:ax,Ofgi7 fmax,0.0S Joo fmax,O.OBfC’g f’ f’
max,0 max,0 73,
{MPa) (MPa) {MPa)
CS18-32 58.4 64.4 67.0 1.10 1.15
825-32 69.2 741 76.5 1.07 1.10
G832-32 82.2 85.6 88.4 1.04 1.08
CS18-45 74.0 83.4 85.6 1.13 1.16
C52545 B6.1 96.8 8.4 112 1.14
C53245 867 104.8 107.0 1.08 1.1
C518-60 80.3 a7.1 o8.4 1.08 1.09
CS25-60 100.9 104.5 106.6 1.04 1.06
C532-60 108.7 1186 117.5 1.086 1.08
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Twfannuamareiiddedsduvasnauniauas
W8Va passive confinement W& active confinement
sﬁaa:ﬁmayzlwﬂmm kf Samuniidradu e
MNIVTUIN VDI passive confinement 2 :‘ﬁuagzlﬁ’ll
ﬂ'm.u,mi'\wadﬂaanméﬂﬁmmﬁaﬁuﬁaaL’mmaau
WaSHN A4 active confinement 92 LAa31N mﬂ‘v‘\"
Wi tusInT M Id Ut auLAd st enarau
aniarudodaannin wanaminde fiarsondons

vgin1leviadangdnyinvesaauniavafionn
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fmax,cunc

“ f o A a & a
ﬂaummwalm'}uw MNaYuVaInaunIa

. o A
sansadwaldannshdanuesaf Aot un
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max, pass
passive confinement 81417817 wldanaunis

=20,t/D Tauf o, @a hoop stress Va4
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fmax,pas:
daanwdin Twarddvldawmny £, wasdsanmin

7

D éa Lﬁu&huguﬁnmwaaﬁaam\mmaau TH
t fa anunweslaaniaan

fnamant (MFa)

18.0mm, 008

ANUNRIIN passive can

0.0 mm, 0.08

0 8 16 M

fRIEmnENnIn (MPa)

.1 N Iy - P
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ABSTRACT

This paper presents experimental results of square concrete specimens precenfined with steel
jackets. The objective of this research work is to study effects of preconfining pressure on
compressive behavicrs, modes of failure and compressive strength of the square concrete
specimens. The main variables used in this study were the ultimate compressive strengths of
the concrete, which are 18, 25 and 32 MPa, and the wall thicknesses of the steel jacket,
which are 3.2, 4.5, and 6.0 mm. In this study, the specimens were preconfined with the steel

jackets on the sides of the specimens in order to produce the preconfining pressure to the
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concrete core. They were divided into 3 groups including: concrete specimens for reference,
steel-encased concrete specimens without preconfining pressure and steel-encased concrete
specimens with preconfining pressure of 0.1 f:ﬂ . A total of 63 specimens were tested. The
dimensicns of the square concrete specimens were 150 mm wide and 300 mm long. It was
found that the concrete specimens have a linear elastic behavior up to the ullimate
compressive strength of the reference concrete or about 60-80% of their first maximum
compressive load. Then, the behavior of the concrete specimens is nonlinear. The nonlinear
behavior of the concrete specimens can be classified inte 2 types: elastic-perfectly plastic and
strain-scftening. Finally, the concrete specimens were failed in progressive mode of failure

with a high axial ductility, compared to the reference concrete.

ﬁ’lﬁ’lﬁﬁy: Square concrete specimens; Pre-confined pressure; Steel jacket; Compressive load
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Stress, (MPa)

SR18-3.2-0 |

SRIE-6.0-0.1F,,

T
SR1E-45-0.1F,,

Stress, (MPa)

SRI18-3.2-0.1,,

0.02 0.03 0.04 o.c
Strain, {(mm/mm})

(N} Concrete specimens with steal jacket at fm = 18 MPa

0.02 0.08 0.04 o.c
Strain, {(mmimm)

(n) Concrete specimens with steal jacket at fm =18 MPa

Stress, (MPa)

2R25-6.0-0.17

oo

SR25-4.50.1F,,

£R25-3.2-0.1F,,

Stress, (MPa)

0.02 0.08 0.04 o.c
Strain, {mm/mm})

(1} Concrete specimens with steel jacket at fclg =25 MPa

0 0.01 0.02 0.03 0.04 0.c

Strain, {mm/mm}

(1) Concrete specimens with steel jacket at _}:D = 25 MPa

SR32-4.5-0 7

Stress, (MPa)

T T
BF32-6.0-0. 17

SR33-4.5-0.17,,

SE32-3.2-0.1F,,

Stress, (MPa)

0.04 oc

Q 0.01

0.02 0.08
Strain, {mm/mm})

(A} Concrete specimens with steel jacket at fm = 32 MPa

A 3 aTAEIEL TSR IR LRILazA TILAS B

Yaadratunaaaud il wslauie noumadiuaia

0 0.01 0.02 0.08 0.04 o.c
Strain, {(mm/mm )

(M) Concrete specimens with steal jacket at fm = 32 MPa
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a3 1 LLﬁ@JﬁEﬂN AMINAFILHUR HLL?GQ’J Ej;(ﬂ LLQ:ﬁWﬂ]WNLﬂ%U@a’J q’@]ﬂ]ﬂd@hﬂ{hd‘ﬂ@]ﬁﬂh

ngu LeLEg! fl;jx f;niax B gmiax ATAUNTT WOANTINAMTILUT
iy i e,
MPa)  (MPa)  (%¢&) (GPa)
1 CR180-0 15.50 - 0.26 - crushing
CR25-0-0 21.79 - 0.28 - crushing
CR32-0-0 26.47 - 0.23 - crushing
2 SR18-3.2-0 3550 2.29 0.36 1.38 2217 88
SR25-3.2-0 38.80 1.83 042 1.52 2840 s
SR32-3.2-0 44.72 1.89 0.34 1.48 28.73 8s
SR184.5-0 4048 261 040 1.53 25,81 88
SR254.5-0 4950 228 048 1.67 27.08 s
8R324.5-0 53.33 2.01 0.37 1.61 29.70 88
SR18-6.0-0 43.74 2.82 041 1.58 26.23 EPP
SR25-6.0-0 50.74 270 055 1.69 2821 EPP
8R32-6.0-0 63.72 241 041 1.80 30.92 EPP
3 SR18-32-0.1 f, 39.84 257 0.37 1.44 25.87 88
SR25-32:0.41 f,, 4448 2.04 0.37 1.33 27.74 88
SR32-3.2-041 f, 40.14 1.86 0.42 1.82 31.81 88
SR184.5-0.1 f 4691 3.03 0.40 1.55 25,90 EPP
SR254.5-0.1 s::: 56.84 2.81 0.39 1.43 20.04 EPP
SR324.5.0.1 f, 58.15 223 043 1.87 3344 EPP
SR18-6.0-0.1 ., 52.40 3.38 040 1.55 2977 EPP
SR25-6.0-0.1 f,, 6804 3.2 0.65 2.7 3048 EPP
8R32-6.0-0.1 C’O 72.19 2.73 049 2.14 33.76 EPP

VinEwia: EPP Laz SS Ala Wn@nTiul Elastic perfectly plastic Lax Strain softening aald L
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