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Abstract

This research focuses on studying the structural behavior of high-strength concrete-filled
rectangular steel tubular columns with hydraulic cement under axial compression, and comparing
them with high-strength concrete-filled steel tubular columns using Portland cement. The main
parameters used in this study were the types of cement, curing time of concrete, and wall thicknesses
of the steel tube. A total of 24 column specimens were tested under continuously increasing axial
load until reaching their failure. The test columns were examined to determine their structural
behavior, axial capacity, and key influencing parameters. From the tests, it was found that the
response curves of the high-strength concrete-filled steel tubular columns exhibited linear elastic
behavior up to approximately 90-95% of their maximum load capacity. Subsequently, the observed
behaviors of the columns exhibited nonlinearity and high deformation before failure. The columns’
nonlinear behavior was of the strain-softening type. The failure modes of the specimens initiated
with the occurrence of concrete cracks, followed by localized buckling of the steel tube wall.
Furthermore, when comparing the experimental findings with the results derived from the ACI design
equations, it can be concluded that the ACI design equations are suitable for predicting the maximum
load of the high-strength concrete-filled steel tubular columns with hydraulic cement. Finally, the
utilization of hydraulic cement has the potential to efficiently substitute Portland cement. Hydraulic

cement is one approach that may contribute to significantly minimizing carbon dioxide emissions.

Keywords: Concrete-filled tube column; Hydraulic cement; High-strength concrete; Axial compression;

Eco-friendly
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lutlagtu msneadeimsuazlassaing
fugusinldfanneuninasuminduasdusznay
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(reinforced-concrete core) Tun1ssuwssnsevinlag
1@y Composite action Fsdaaliandanaiiuss
dawazauwmliedgininaneunInEsuman [12]
wenandl Sufinuszansamliiaviswmdnnsen
AauNIRAIANIatunIgadundulageneu
AnITH [13-14] Tneanizegnede @viemdnnsen
AouNInaIN1sadeetuNSln LAY LUANLESY
melulnumAsunIn %amu’mém%’u‘imnﬁ%ﬁﬁag”lu
fuidesousunulm

pg19lsfimy Lavemdnnsanasunsaly
Hagundnanaoundaildyudiudvesauaus
(ordinary Portland cement, OPC) Lﬁufﬁ@gt.%am
Uszanu lngnansenulunszuiunsnanyudiaug
Uainuaudazanudesfinwansusulasenles (CO)
Tuusuiags [15] wasdewaliiinnisnsedy
U5In9n150439UN 323N (Greenhouse effect) N&17
IenssuiumssdnyuduuivesauaudinnsUdes
i CO, Snungtuusenie aeUszanasng
nsuaey CO, 91w 1 Aur NN YUTLUA
16 eﬁqqaﬂdﬁaaaz 5 Y94N15gREANMNTIUNIT U0
fredounszaniialan [16] dvunaUdeuanldian
L%uﬂizmumﬂLﬁaﬂLﬁammmmﬂ@u%muﬁ
Vasauaudhasiidautiantaymnisudesing CO,
WAZANTIZISOUNTLAN QAANVNTTUYUTIUUATIRY

20/6/2567 BE 13:34



7 32 avivii 3 WO¥NIAN-guIgU 2567

58153Imemansuazinalulad

I3

waziuawdadundn e Yufuudlansedn
(hydraulic cement) &4 Lﬁugu%muﬁﬁnﬁmﬁmuﬁﬂﬂ
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2. 9 A2E1MATIULAZITNATDUY
2.1 AuURAYRIIER

oun3nidsgeiildgnesnuuunuuiana
dunanAeunInYas ACI 211.1 [20] laedasiu
wsedaUsedumudvanewindy 55 MPa (30
Uszanal 550 kg/cm?) [21] Y0euvianaUNIAFUNT
NzUBNIWIAFUNIUALENATS 100 mm g4 200 mm
flonguu 28 u Aoun3ngANIINYLT LA 2
Uszunn laun Yudwudlensedn (HO) wlialde
vl (GU) AINNINTIIU WBN. 2594-2556 [17] Lay
YuTudvasanaudusenn 1 (PC) muunsgIu
uen. 15-2562 [22] Table 1 WaAIHANAZOUNITN
aerUsznaumnaivesyudiuudlansednuasy
Juduuiadauauimeinatia X-Ray Fluorescence
Spectrometer (XRF) 31NWU31 RATINVDIDNTIAIY
ponlusi 3 vlia léud oenludvesdan, (SI0) ®®n
lwsiozgiiun (ALO) uazoonludvan (Fe O) vos
YuBiudlanseaniiduvintu 3431 Tnevwiin ua
NASINYBI SO, + ALO, + Fe O, wawjudiuusdivadn
wauddiavinty 3022 Tngrimiin uandlfifuigu
funilansedninarudnsdmoonledia 3 win
ganhyudiudveianaunuseanm 13.5%

Table 2 meﬂﬁﬂWﬂdauwammﬂauﬂ%mﬁ
TdyuBwudlensedin (HC-55) uazaoun3ndily

U
P

Judualasawaun (PC-55)

Y

Newmannindedwasunuiduiamannainisuau

fonilagnuiAriiums

dwivnulassawhlumuunnsgiu wen. 107-
2561 [23] fiRANUWLLTIAY 3.0 mm 4.5 mm way
6.0 mMm ANFISULSIONVBIABUNTANAFBUAY
1ASFIU ASTM C39 [24] flenguu 28 Ju waz
90 Yy AFISULTIRBUNANNAIANSUBUYDIYIE
NAFDUAIUNINTFIU ASTM A500 [25]
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Table 1 Chemical composition of hydraulic cement and Portland cement.

Chemical composition

Hydraulic cement, HC (%)

Portland cement, PC (%)

Cao 58.55 61.61
SiO2 25.58 22.30
ALZO3 4.95 4.23
Fe203 3.78 3.69
MgO 2.38 2.21
SO, 2.95 3.50
Na O 0.00 0.42
KO 0.34 0.39
Loss of Ignition 1.47 1.65
Table 2 Mix proportions of concrete.
Mixes HC (kg) PC (kg) W (keg) CA (kg) FA (kg) SP (kg)  Slump (mm)
HC-55 578 0 200 1,008 633 2.89 8.8
PC-55 0 578 200 1,008 633 2.89 9.2

* HC = Hydraulic cement, PC = Portland cement, W = Water, CA = Coarse aggregate, FA = Fine aggregate,

SP = Superplasticizer

Table 3 LanI@NUATNNALALFIDY1ARBU

o

ag

v
o

PMNATINUD Tenguu 28 $u Mdsfunsednys
\ndsvesmeuninildyudiuudlensedniidvitiu
55.9 MPa uazasun3nildudnsivosnuaud (PC)
fmdssuusednUszdoladowinfiu 56.6 MPa annsa
nageuiuledn Asundaidnwifififesunseda
Uszdomadvanediiivue Tnoaeuninitldyu
Buudlenseaniimdssuusdnuszdomninnounin
Aldyudiuudvesauaudidntes 1dosainyu
Fuuud lansednddnsidruvesyudinioendn
JubiusiosnuaudUszanadosas 10 st
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18] AHALANITNRUIAIAIS UL

a1

Safiansniniiengua 28 Fu Tumamserutu fiong
U 90 Yu meuneiildyudiuudlansednilings
fuussdauszdoganinaeunIadldyudiuud
Uasauaud idesannyuiuudlensednlddiunan
naun iy TanUegleanu iudu lneaennderiv
HavageuesfUsEnaumMAiivesudiudlansedn
fifiuasanves SO+ ALO, + Fe O, ganinjudiuus
Uasouaus dudulladodfysomdsiunsedaiias
Fu fleanguumeunindianuiuni 28 Ju [26]
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Table 3 Mechanical properties and details of HSCFT specimens.

Concrete Steel Tube
/ / Number
GrOUp Specimen Binder Ac .f;yng f(,,g()D t Ast .5t
(28D, 90D)
(mm? (MPa) (MPa) (mm) (mm? (MPa)
HC-HSCFT-55-3.0 HC 9,959 559 59.8 3.0 1,291 383.8 (2, 2)

1 HC-HSCFT-55-4.5 HC 9,358  55.9 59.8 4.5 1,892 386.2 (2, 2)
HC-HSCFT-55-6.0 HC 8,787 559 59.8 6.0 2,463 394.4 (2, 2)
PC-HSCFT-55-3.0 PC 9,959  56.6 59.4 3.0 1,291 383.8 (2, 2)

2 PC-HSCFT-55-4.5 PC 9,358  56.6 59.4 4.5 1,892 386.2 (2, 2)
PC-HSCFT-55-6.0 PC 8,787  56.6 59.4 6.0 2,463 3944 (2, 2)

2.2 fpgaEniBmannsanABUNIANAIE
VY RLMANNTONABUNTARIAIGY (Lan
HSCFT) avuadutanau Tnedvidnamasuiiui
WA (H x B) Wiy 150x75 mm Ansgaviniu
750 mm feguananunsIuau 24 F1egas
wiadu 2 ngu oud ngudl 1 uanviewmdnnson
ﬂ@uﬂ%mﬁﬂﬁﬂ@ﬂﬁiﬁgu%Lﬂiu(ﬂﬁﬂiaaﬂ (1@ HC-

HSCFT) waznguil 2 Jwavismannsenmeunin

'
[ =

Masgeildyudiudvasauaus (a1 PC-HSCFT)
grlfifuandneds Tasluusiasiegnaanii 2 ngu
zuUINIAdgeUEeandy 2 91gULTeInauN3n
1#uA flongus 28 Yu dmuau 2 Foehs wagitengu
90 Ju 91U 2 AIPENN fananITIazidenty Table
3 uaz Figure 1 UAMIANBAZYDLENYIOLIMANNTON
AounInfdsgedlifnu
é’zgé’nmﬁ%aLawﬁaaﬂwagﬂﬁmumhgﬂ AA-
BB-CC Tngldndnnseiusioluil AA munefs Usziam
vauamemannsenaeunsndl 2 yuuuu leun
HC-HSCFT wag PC-HSCFT 1Judgydnwalunu
L@ visdnnsenasuniniidageildyudiuud
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lansodn LLazLa’wiamﬁﬂﬂsaﬂﬂauﬂ%mﬁwé’ngqﬁiﬁﬁ'
Yudluuddesauausd (1a181989) auddu BB
nueds Massulseausedadavndu 55 MPa
YDIADUNIANFUNTINTLUBNINTFIU ASTM ﬁawqu’u
28 Fu way CC uwnupumvesiemdniitinay
w1 3 A1 bawn 3.0 mm 4.5 mm wag 6.0 mm
Fog19Y HC-HSCFT-55-0.5 e l@viowian
nsenAeuninfdsgeiliudiuudlensodniig
SULSI9RUTERUURIMRUNTA 55 MPa WagAIUNUN
Nowanindu 4.5 mm way PC-HSCFT-55-3.0 Aa
Lawiam?iﬂﬂiaﬂﬂaurﬁmﬁwé’qqam@u%muﬁﬂa%m
LaUALNAISULITIORUTEABBIABUNTA 55 MPa
WALANUMUNVIBLUANWINTY 3.0 mm

2.3 35vndaU

fegaian HSCFT gnindaiifuiadas
Universal Testing Machines (UTM) sauanslu
Figure 2 Yanevoaan HSCFT W 2 sugnsadlag
WHUASNAMLALWITU 50 mm egeusinszyi
aaﬁﬁuﬁ%ﬁwﬁmﬁwm%mm SuEeRnR Linear
Variable Differential Transformer (LVDT) 31147

20/6/2567 BE 13:34



Thai Science and Technology Journal

Vol. 32 No. 3 May-June 2024
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=)
§ HSC-filled steel
& tube column with
Hydraulic Cement
vl v
A A
= s ;u \::
E vV, P>
S 4% dep
h oo

t=3.0,4.5,6.0 mm
Section A-A

Figure 1 Dimension details for HSCFT columns.

2§ Uinasuuwnavesaies UTM Lietudin
svoznafiluluiuny (axial shortening) Ineiads
yasfaegnaan HSCFT 9anth vin1s Pre-loading
Uszanal 25% voeiaasunsssnnounin iieanuse
L@EANIUIENININUNFUREVDIF 101 AT WHY
wian [12] aaving Sunagoulnensiiunsenogns
sallosnedns 1 mm/min [19] wdenifudoeya
pasaN1InagaUlagly KYOWA EDX-10 Series DAQ
unsEIs fograan HSCFT nn1sidAvieven

PNAADUNTELWARARALINAY 50 mm

s

g
E HSC-filled steel
2 tube column with
Portland Cement
vl v
A A
A b o <1° a
gl v
E vV, > o
(=] a® dop
@ oo
\ IS Ve B\> o

t=3.0,4.5,6.0 mm
Section A-A

3. NAN1SIIBUAZINTA
3.1 NOANTIUSUUSTILAZANBAIZAISIURA
unaadl denuliussdnaniinevesandi
UsiAnnnIsinannyvesiowianyse Squash load
Juusednasan (maximum load) vi3e P, V99
f198791d@1 HSCFT Lagannan1sutduafInIsnaga
YaefegaE@iiu 20 mm viefinnnuadealy
WUALAUVDIADUATATIANUIAU 0.0267 mm/mm
Taeidumnedondiganinanuiasendiindaiuuse
daUszdvrasnounInUITUIM 10 W1 [12]
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Axial Loads
LVDT
é l . Bearing plate
2" | 1 _Steel tube
t=3.0,4.5,6.0mm | L]
75 mm i i
i |
I |
> o 44 | ! L
° V;: v: : : &
2T ! | E
150 mm s o | | 2 HSC with
Solg o ] | 7~ Hydraulic Cement
( |
Section A-A i /E
I |
v | v '
Al | A| Bearing plate

Rigid Support

Figure 2 Test setup and instrumentations.

Figure 3 LaMIAUAUNUSTZWINALIIOALY
wuILNU (axial load) waznsuamaluluILAU (axial
shortening) fildannsnageutaiamdnnsen
ﬂauﬂ%'mﬁﬁagam%’gu%Luum‘laﬂsaaﬂ (1@ HC-
HSCFT) LLasLmviaLwﬁﬂﬂsaﬂﬂauﬂ%ﬁﬁqqqﬁw
Yududlaiauauauszian 1 (@1 PC-HSCFT) lag
UARAIATALANNAUIIDIIOANYINAY 3.0 mm 4.5
mm Wag 6.0 mm AMUAIRU NANNFUNUSAINEGT?
WU WEANTTUTURIIIAVBLEY HC-HSCFT wazian
PC-HSCFT flanwauglnatdssiunsuansly Figure
3(c) wazgnuwuadu 2 939 Tugaeusn Anuduius
IPWINLIIDAUAZNITUARIVDIET HC-HSCFT Way
11 PC-HSCFT fianwazlhuultadunsy (linear)
iAussdnUsEna 90-95% vausidngagn 7
imuiAamausniriluieneunin dwmaliun
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ADUNSALIANISIAR I LULLILAULALIEIUFHIN 1A
Franndu [27] srudasuiAnnisTiaanzianisd
(local buckling) AnTa8 U IUNTIRUYTIVDINTN
dndudouiu [11] lutiiigessuangaiisaoeng
wEnliusedngean Auduvesnsvauduiug
sywiausssauasmsvadalutuaunulutasias o
anasaziUasunlasuulfiiadunse (nonlinear)
udsgnivavesegaan [8] naAnssuuuuliiaa
WdunTIu0EN HC-HSCFT wawitan PC-HSCFT &
SnwazuU Strain-Softening Inefeghuaniiosu
WISREIEN LEadlANULNTIRARINTEUAUNTUAG,
Tununuiiiua e g5 RS Eng I InAL SR
g9gn Aawansly Figure 3(a) uag Figure 3(b) @1ne)
diesnniianisinaazansfivinalaesoures
nifwiewdn (28] uenant tan HC-HSCFT wastan
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(b) PC-HSCFT columns
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(c) Comparison of HC-HSCFT columns vs. PC-HSCFT columns

Figure 3 Typical axial load-shortening curves of HSCFT columns.

PC-HSCFT inmsivauuurseidurssly dunald
MnnsuailunwILnuiintusgrelies Ty
frogrammaausuaiinisunsalutuaLunn i
40 mm viefmamuasendeaadsunnii 0.053
mm/mm (5.3%) wansliifiuinig) HC-HSCFT
wazlan PC-HSCFT danuwmidlelunuiunugaile
Wisulsutuianaundmasanan daialufien
AuASEAdeSaadeUsyuna 0.005 mm/mm
(0.5%) [18]
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Figure d(a) 819 Figure 4(c) LARIANWMY
N19IURAUDLE1 HC-HSCFT way Figure 4(d) 9
Figure 4(e) hamianuwaizn1IUAYeEY PC-HSCFT
TS ERNUANUNLNVBIBWAAWNAU 3.0 mm 4.5
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Figure 4 Typical failure modes of HSCFT columns.
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Figure 5 Strength index (SI) of HSCFT columns.
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Figure 6 Ductility index (DI) of HSCFT columns.
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Yosviomdn 1NFUNUIN 181 HC-HSCFT wazkean
PC-HSCFT Handiaumileteglugaesening 1.10-
1.17 waz 1.09-1.16 auarsu Tnsdiomnumuives
viewdnflawiinty dawaldsuinnumidoivesan
HC-HSCFT wawian PC-HSCFT fidnunniy saueds
#0AARBINUNANISAN®I8Y Du et al. [31]

3.3 usedngegauazilseuiguiuaunIseanuLuY

Table 4 WAAIHANITNAHBULIIEAFIAN
Yo HC-HSCFT uaglan PC-HSCFT Amuali
Preiasp %8 P oop
load) Tngiadsvesiegnaanlenguy 28 Fu uaz

<) Y .
LWULI99RgEn (maximum

90 i MUEIRTU IMNAITNNUIT WIIONEFATDIEN
HC-HSCFT wagtan PC-HSCFT fiandfisiu vl
widnflenumunannu [8, 12] uenand flengu
28 Fu 1 HC-HSCFT fussdngeansininan PC-
HSCFT Wdntlee (oundn 29%) iilesanaeundndild
YuBudlenseaniiindssauszdunninaouning
Iuduudvesauaudnauandly Table 3 Tunis
N o1 90 Fu ten HC-HSCFT Slusedngsan
gandnan PC-HSCFT Uszanad 1-2% Feaenndoiu
MAISULTBnUTEaEYRIN AR UAIDEIABUNTA
sUnsanszUen lneneuniailiyudisudlansodn

drunanvesiannaunudiudifandiduiag
Vagleau saudanuldanuanaaevesduseneu
maevewjuiudlensedniifinasiuveseanles
9938801 (SI0 ) vanlusiezgiiun (ALO ) uazoonled
wan (Fe 0) gsniyudiuudivesnuaus dawals
fdasuussdaesnauninfionguy 90 Jufirngedu
oiieuiunsundailliyuduudvedauaus [16]

NsiUSEUgURaNAgaULEN HC-HSCFT Way
@1 PC-HSCFT fuauniseanuwuulaidauseznau
aunfgnudowusiuualiian HCHSCFT uasian
PC-HSCFT fujjduiuseensauysal (full interaction)
sEninviamdnuazunuasuninneliusadn oy
Wigulilguusedngegaveaal HC-HSCFT uagtan
PC-HSCFT #il#i91nn1smaaouAULIATEIUNS
PONLUULAIYEY ACI 318 [21] wsa8AluLUILNUTEY
YOLABNANNTONABUNIAAINITONININANNTT
7l (3

P

n,ACI = OSSf;Ac +fy,stAst

(3)

WallTgulneufdefuusidngeanves
A79E19481 HC-HSCFT wawkan PC-HSCFT ivmgau
10 () ATUII8ATULLILNUTZYIINANNIS

Table 4 Maximum loads and comparisons with ACI predictions.

Group Specimen Binder : Prestas Prestso Frac
(mm) (kN) (kN) (kN)
HC-HSCFT-55-3.0 HC 3.0 993.5 1,060.0 968.7
1 HC-HSCFT-55-4.5 HC 4.5 1,200.7 1,292.6 1,175.3
HC-HSCFT-55-6.0 HC 6.0 1,435.5 1,475.0 1,388.9
PC-HSCFT-55-3.0 PC 3.0 1,002.9 1,049.6 974.6
2 PC-HSCFT-55-4.5 PC 4.5 1,206.7 1,272.5 1,180.9
PC-HSCFT-55-6.0 PC 6.0 1,444.5 1,467.6 1,394.1
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Figure 8 Comparison of test results with predicted results by ACI equation of HSCFT columns.
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