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TOM TAT
Cot 6ng thép nhdi bé téng da va dang duge nghién ctiu, st dung rong rii trong xiy dung. P c6 nhidu tiéu

TU KHOA
M6 phong s&
Cot 6ng thép nhdi bé tong (CFST)

Hiéu ting kiém ché bé téng

chudn d xut viéc tinh toan kha ning chiu nén ding tim cua loai cot nay. Noi dung ctia bai béo sé trinh
bay két qua nghién ctu tng xit chiu nén ding tim clia cot 6ng thép nhdi bé téng tinh toan theo 04 tidu
chuin AS/NZS 5100.6, AISC, Eurocode 4 vi GB 50936-2014 va nghién citu mé phong sb loai cot nay. Két
qua nghién cttu cho thiy, kha ning chiu nén ding tim ctia c6t 6ng thép nhdi bé tong tinh toan theo cac tiéu
chudn kh4 tuong ddng véi két qua thue nghiém. Ngoai ra, két qua mé phong thu duoc cho thiy sy twong

Nén ding tdm

ddng véi két qua thi nghiém trén phuong dién duong cong luc - bién dang, dang phé hoai ctia c6t. Bén canh
d6, mot sb tham sé anh huéng dén ting x chiu nén ding tim ctia cot dng thép nhdi bé tong nhu chiéu day

éng thép va cudong do bng thép ciing dugce khao sat.
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ABSTRACT

Concrete — filled steel tubular (CFSST) has been studied and widely used in construction. Many standards

Concrete - filled steel tubular have been proposed to calculate the axial compressive capacity of CFST. This paper presents the result of the

Concrete confinment axial compressive behavior of concrete — filled steel tubular according to AS/NZS 5100.6, AISC, Eurocode 4

Axial compressive and GB 50936-2014 standards and numerical simulation this type of column. The research results show that,
the axial compressive capacity of CFST calculated according to the standards is quite similar to the
experimental results. In addition, the obtained results show the similarity between the numerical simulation
model and experimental results in aspects such as force - strain curve, and failure mode. Besides, some
parameters affecting the axial compressive behavior of CFST such as steel tube thickness, steel strength were

also investigated.

1. bat véin @@ tinh toan nhu AS 4100-1998[12], Eurocode 4 [7], AS/NZS 5100.6 [5],

AISC 360-10 [13], AS 3600-2009 [14], v.v

Ngay nay, cot lién hop éng thép nhdi bé tong (concrete — filled
steel tubular column _ CFST) dang dugc 4p dung vio céc két cAu trong
cdc cong trinh x4y dung hién dai. Dang két cAu nay c6 kha ning chiu
Iue 16m, tinh déo cao, d6 citng 16n va phat huy duge hét wu didm ctia
céc vt liéu thanh phan. 6ng thép bén ngoai phin 16i bé tong ngoai tac
dung chiu Iyc con ¢6 tac dung kiém ché hién tugng né ngang ctia bé
tong bén trong éng, gitip cho cidong d6 chiu nén ctia bé téng ting 1én
déng ké. Ngoai ra, phan 16i bé tong trong éng c6 vai trd han ché hoic
tham chi triét tiéu hién twong mét én dinh cuc bd cta bng thép. Tir d6,
kha ning chiu lic clia cot CFST nay ciing ting lén nhidu so vdi cot bé
tong c6t thép thong thudng. Tuy nhién, kha ning chiu Iyc ctia dang két
cAu nay bi anh hwéng boi nhiéu yéu t6 nhu: dang hinh hoc ctia éng
thép, d6 manh ctia c6t va tinh chét cta céc vat liéu thanh phan [1].

C6 nhidu nghién cifu thuc nghiém vé& két ciu cot lién hop 6ng
thép nhdi bé tong duogc tién hanh [21, [3], [4]. Bén canh d6, cic nghién
cttu mod phong cot CFST ciing duoc tién hanh dé so sanh véi thi nghiém,
tlt @6 khao sat cdc tham sb. Ngoai ra, kha niing chiu nén ding tam ctia

ot 6ng thép nhdi bé tong ciing dd duoc d& xuét trong cac tiéu chudn
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Trong bai bdo nay, kha nédng chiu tai trong ding tam theo céc
tiéu chudn AS/NZS 5100.6 [51, AISC [6], Eurocode 4 [7] va GB 50936-
2014 [8] sé duogc tinh todn va so sanh véi két qua thi nghiém duoc thuc
hién boi Y.L Li va cong sy [9]. Ngoai ra, phdn mém phin t hitu han
(PTHH) Abaqus [10] dugc st dung dé nghién ctu ttng xit chiu nén ctia
cot éng thép nhdi bé téng. Két qua mé phong duoc kiém ching véi két
qua thi nghiém. Tt mé hinh da dugc kiém chitng, chidu day éng thép
va cuong d6 bng thép duge khao sat dé xem xét anh hwong téi Wng xi
ctia két cAu cot 6ng thép nhdi bé téng.

2. Thi nghiém xéc dinh tGng x& chiu nén dting tim caa cdt 6ng
thép nhoi bé tong

Phin du6i déy trinh bay tém tit thi nghiém vé cot éng thép tron
nhdi bé téng dwgc thite hién béi Y.L Li va cong s [9]

2.1. B4 tri thi nghiém
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Nhim xéc dinh ¢ng x chiu nén ding tdm cta cot éng thép nhoi
bé tong, mau c6t CFST ¢6 cAu tao nhu Hinh 1 v&i cac thong s hinh hoc
duoc 14y trong Bang 1. 6ng thép sit dung loai thép khong gi (cip AISI
316) v6i cudng do chay 1a f,,, = 314,5 MPa. Bé tong st dung trong thi
nghiém c6 cuong do chiu nén trung binh f = 42,5 MPa.

Ong thép

Bé tong

CFST
Hinh 1. Cu tao cot CFST.

Cot duge nén bing méy thity luc Amsler 5000 kN. Tai trong doc
truc tac dung tryc tiép 1én mau cot thong qua mot tAm thép & dinh cot
dé phan bb déu luc vao trong éng thép va 16i bé tong. So dd bé tri thi
nghiém duoc trinh bay & Hinh 2. Cot dugc gia tai bing phuong phap
khéng ché chuyén vi véi téc d6 1mm/ phit. Ba thiét bi do chuyén vi
(linear variable differential transformer - LVDTSs) lép dit o dau cot, gitta
ot va chan cdt duge st dung dé do chuyén vi doc truc ciia cot trong
qué trinh thi nghiém. Cac thiét bi cam bién dién tr& (strain gage - SG)
duge gin vao ng thép duogc st dung dé do bién dang ctia 6ng thép theo
phuong ding va phuong ngang trong qua trinh gia tai.

Bang 1. Céc thong sb ctia miu cot thi nghiém [9].

Mau TN Kich thuée Chiéu cao cdt
Pbuong kinh ¢6t | Chiéu day 6ng L (mm)
D (mm) thép t (mm)
152x1.6-F 152,6 1,6 450

2.2 Két qud thi nghiém
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a) Quan hé Iyc - bién dang

U e
b) Hinh dang pha hoai mau
Hinh 3. M6i quan hé Iyc - bién dang va hinh dang pha hoai
ctia mau cot [9].

Hinh 3a thé hién méi quan hé luc tic dung va bién dang cta cot
thi nghiém. Gi4 tri luc 16n nhét trong thi nghiém nay 14 1050 kN. T
biéu dd trén, c6 thé thdy ring, sau khi dat dén gia tri cuc dai thi lyc
khoéng bi giam dot ngdt nhut cac cot bé tong cbt thép ma giam mét cach
tli tif do hiéu qua cta hiéu tng kidém ché n¢ ngang bé tong ctia dng
thép. Bén canh d6, Hinh 3b trinh bay hinh 4nh pha hoai ctia c6t, c6 thé
thiy ring, cot thép c6 xu huéng méit én dinh ra phia ngoai do 6 phin
16i bé téng bén trong cot ngin chin éng thép bi 16m vio.

Phin tiép theo, bai béo s& trinh bay tinh toan kha ning clia cot
CFST theo cac tiéu chudn chudn AS/NZS 5100.6 [5], AISC [6], Eurocode
4 [71 va GB 50936-2014 [8].

3. Tinh toan siic chiu tai téi da ctia cét CFST
3.1 Theo tiéu chudn AS/NZS 5100.6 [5]
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Tiéu chudn AS/NZS 5100.6 ap dung cho cho céc cot CFST st dung
bé tong c6 cudng do 1én dén 100 MPa va cuong do chay ctia dng thép 1én
dén 690 MPa. Stic chiu tai téi da cta cot dwoc xdc dinh bing cong thic:

— 1 nltfy
Pu.AS - ¢kasr]ny + ¢Arﬁ"y + (l)cAcfc 1+ Df,
c

Trong d6: ¢ 12 hé s6 giam kha ning chiu lyc ctia dng thép, k; 1a

hé sé hinh dang ctia ct, 4, 14 dién tich ctia éng thép, 4, 1a dién tich cbt
thép thanh trong cot, £, 1a cidong do chay cua cbt thép thanh, ¢, 1a hé
s6 ctia bé téng chiu nén, 4, 14 dién tich ctia bé téng trong cdt, D 1 dudng
kinh cua cot.
11,1, 12 céc hé sb, duoce xac dinh theo cong thifc:
n, = 4,9 — 18,54, + 17(1,)? khi (3, = 0)
7, = 0,25(3 + 24,) khi (7, < 1)
A, 1a 6 manh cta cot, dugc xac dinh theo cong thic:
Nys
= e
N, 1a cudng d6 chiu nén téi da clia mit cit ngang cot, xdc dinh
theo cong thic:
Nys = As]fy +Acf!
N, 1a tai trong t&i han dan hoi cta cot, duge xac dinh theo cong

thic:
N, = *(ED,
L%

(EI), 1a d6 citng 6 hiéu ctia cot trong gidi han dan hoi.
(ED, = EI, + EI, + E,I.
L, 12 chidu cao c6 hiéu ctia cot, E 1a mé dun dan hdi ctia vat liéu,

I 12 mé men quén tinh ctia dng thép, I, 12 m6 men quan tinh cta thép
thanh, /, 12 mdé men quén tinh cta bé téng cot.
Gi4 tri cta cic hé sb ¢, ¢, va ks duge l4y bing 1. TAt ca céc

thong sb lién quan t6i c6t thép thanh déu bang 0.
3.2 Theo tiéu chudn AISC [6]

Tiéu chuén AISC trinh bay cach tinh kha ning ctia c6t CFST bang
cach cong kha ning ctia bé tong va thép, didu nay ddng nghia véi viéc,
tiéu chun nay khéng ké dén hiéu ting kidm ché né ngang bé téng béi
éng thép. Tiéu chuin nay ap dung cho cic cot CFST st dung bé téng ¢
cuong d6 69 MPa va 6ng thép c6 cudong do 525 MPa. Cong thitc xac
dinh kha ning 16n nhét ctia cot theo AISC nhu sau:

Pu,.AISC = Afy + Cf A ) )

Trong d6 C,1a hé so an toan, gia tri ctia hé so nay theo tiéu chuan
1a c, = 0,95.

Bang 2. So sanh gi4 tri luc 16n nhit ctia cot CFST.

3.3. Theo tiéu chudn Eurocode 4 [7]

Tiéu chudn Eurocode 4 cho phép thiét ké cc cot CFST véi bé
tong c6 cuwdng do t&i 60 MPa va éng thép cé cudng dd 460 MPa. Tinh

toan kha ning ctia cot CFST theo tiéu chuén nay theo cong thitc:

’ tfy
Pugca = TIaAsfy +AS (1 +7,

Df;
Trong do:
7o = 0,25(3 + 24) (n, < 1,0)
Ne = 4,9 — 18,51+ 1712 (. = 0)

A—_ — Npl.Rk
NET
Npl.Rk = Asfy + Acfc’
w2 (ED sy
o=

(El)eff = EJl; + 0,6E.,1,
Trong 40, (EI).ss la d6 cting chéng ubn c6 hiéu cua cot, n,va
112 hé s6 kidm ché ctia bé tong, 113 d6 manh ctia cot, Ny gk 12 kha
ning cia cot trong giGi han déo va N,1a tai trong t&i han dan hoi

cua cot.
3.4. Theo tiéu chudn GB 50936-2014 [8]

Tiéu chudn GB 50936-2014 c6 xét dén hiéu ¥ng ting kha ning
chiu luic ctia ¢ot do tic dung ctia hiéu tGng kiém ché bé tong trong cot
CFST. Céng thiic x4c dinh kha ndng cta cft nhu sau:

Pu.GB = Ascfsc
fse = (1,22 + BO + CO*)f,
o=y z
ACfC
0,176
= +0,974
y
0,104f;
C=- 144 + 0,031
Trong d6: A, 1a dién tich mit cit ngang ctia cot CFST, f,. 12 cidong

B

d6 chiu nén thiét ké cta cot c6 ké dén hiéu tng kiém ché n& ngang,
B va C 12 hé s anh hudng boi hinh dang dén hiéu tGing kiém ché ctia cot
va 6 12 hé s6 kiém ché bé tong.

Két qua tinh toan kha ning chiu lc 16n nhét ctia cot theo cac
tiéu chudn va so sanh céc gia tri nay v6i két qua thi nghiém duoc thé

hién trong Bang 2.

MAau TN TN [10] AS/NZS 5100.6 [5] AISC [6] Eurocode 4 [7] GB 50936 [8]
Py (KN) Puas (kN) | Saisd (%) | Pyasc (kN) | Saisbd (%) | Pugcs (KN) | Saisbd (%) | Pugs (KN) Sai s (%)
152x1.6-F 1050 1019,5 3 843,02 20 998,8 5 1062,4 1

Tit két qua thu duge trong Bang 2, ¢6 thé nhan thy ring, gia tri
Iiie 16n nhét ctia ¢dt thu duge tir thi nghiém kha tuong ddng véi két qua
khi tinh toan theo 03 tiéu chudn AS/NZS 5100.6, Eurocode 4 va GB

50936-2014 v&i sai s6 nhé hon 5 %. Két qua theo tiéu chuén AISC c¢6
sai s6 so v&i thi nghiém 1 16n nhit (20 %), 1y do tiéu chuén nay khong
ké dén hiéu tng kiém ché no ngang bé tong boi éng thép, do d6, gia tri
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lie 16n nhét tinh toan theo tiéu chudn AISC nhé hon so véi gia tri thu
dugec tit thi nghiém.

4. M6 hinh mé phong
4.1 Xdy dung mo hinh

Bén canh céc nghién ctu 1y thuyét va thie nghiém, mé hinh phn
tit hitu han (PTHH) bing phin mé&m Abagqus [10] s& duoc xay dung dé
mo phong su 1am viée ctia cot bng thép nhdi bé téng chiu nén ding tam.

Pay 14 phin mém c6 xét dén diic diém lam viéc phi tuyén cta vat lidu.

a) 6ng thép (phan ti C3D8R)

b) Lsi bé tong (phan tit C3DSR)

Hinh 4 thé hién lwéi PTHH dugc s dung trong mé hinh. Bé téng
va thép hinh déu dugc mé ta bing cich st dung mé hinh phin tit khéi
3 chiéy, 8 niit tuyén tinh (C3D8R), mbi niit cua phén ti c6 ba bic tu do
12 chuyén vi thdng theo ba phitong. Tiong tac giita bé tong va thép theo
phuong tiép tuyén dige mé phong bing mé hinh “hard — contact” nhim
muc dich trdnh cho phén bé tong va thép xam nhép vio nhau. Theo
phuong phép tuyén, twong tac giita bé tong va thép duge miéu ta bing
m6 hinh ma sat Coulomb véi hé sé ma sat bing 0,25. & hai dAu ctia
méu duoc khéng ché chuyén vi theo ba phuong triv vi tri dit lic khéng
duoc khéng ché chuyén vi theo phuong doc truc. Miu duge nén doc
truc theo phuong phap khéng ché chuyén vi.

Y

¥ S

4 X

¢) Cot CFST

Hinh 4. Chia Iw6i cac phan tit trong mé hinh mé phong.

4.2. M6 hinh vt liéu bé tong va ong thép

Viéc st dung dng thép boc bén ngoai bé tong cé tic dung kiém
ché hién twong nd hong ctia bé tong. Nho' d6, bé tong bi kiém ché c¢6
cudng d6 chiu nén cao hon va bién dang 16n hon. Hién tugng nay ctia
bé tong duoc mé phong bing cach st dung mé hinh ng suit bién dang
clia bé tong duge d& xuét boi Han va cac cong su [11] va duoce bidu
dién théng qua cac phuiong trinh sau:

2x —x%(x < 1)

y= *
Bo(x—l)’l+x(x>1)

Trong d6: x = ¢/¢,;y = 0/0,;0, = f!(N/mm?)
&, = £, +8008°2 x 1076 ¢, = (1300 + 12,5f/) x 107¢
n = 2 (tiét dién tron)
B, = (2,36 x 1075)1025+(E=05)] 5 (£1)05 % 05 > 0,12 (tiét dién tron)

&= a% hé s6 kiém ché no hong , a = j—zla ham lugng thép,
fur 12 cutdng d6 chiu nén dic trung ctia bé tong duoc 14y bing 0,67f.,,
v&i f.,, 14 cudng @6 chiu nén cta bé tédng xédc dinh trén mau hinh 14p
phuong.

6ng thép duigc miéu ta bing md hinh dan déo 1y twéng. Gidi han
chay ctia 6ng thép duioc 1y theo céc gia tri do dutgie tit thi nghiém. M6 dun
dan hi ctia thép duge 14y bang 200.000 MPa va hé s6 Possion béng 0,3.

4.3. Két qud mé phéng
4.3.1. Mdi quan hé luc - bién dang

1200
1000
800 L e
z 600
E.
400 = e = 152x1.6-F_Thi nghiém
200 e 152x1.6-F_ M6 phong
0 T T T T T
0 0,01 0,02 0,03 0,04 0,05
Bién dang

Hinh 5. So sanh lyc — bién dang ctia c6t mé phong véi két qua
thi nghiém.
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Hinh 5 thé hién sy so sdnh mbi quan hé luc bién dang thu dugc
ti mé hinh mé phéng va két qua thi nghiém. Quan sét thiy ring duong
cong thu duge tit md hinh mé phong thé hién sy twong dong véi két
qua thi nghiém. Trén Hinh 5, nhan thiy ring, sau khi dat dugc gia tri
lie nén 16n nhét thi dudng cong khong bi giam dot ngdt ma giam tir tie
gibng nhu két qua thu dugc tit thi nghiém. Gié tri Iytc 16n nhit khéng
¢6 su khac biét nhidu so véi két qua thi nghiém (Bang 3), véi sai s nhé
hon 2 %.

Bang 3. So sanh két qua cta cot thi nghiém va mé phong.

Mau TN Lutc 16n nhét P, (kN)
Thi nghiém | M6 phong sb Sai s6
152x1.6-F 1050 1038,98 1,05 %

4.3.2. Dang phd hogi

Hinh 6 a,b thé hién hinh 4anh pha hoai (bién dang) ctia miu cot
thu dugc tit thi nghiém va tit m6 hinh mé phong. Nhéan thiy ring bién
dang tir thi nghiém va tif mé hinh mé phong c6 su tiong ddng. Md hinh
mo phong mé ta dugc bién dang phdng ra ctia 6ng thép. Luu y ring, mé
hinh mé phong chi cho phép miéu ta bién dang gin gidng véi thi
nghiém, khéng thé miéu ta diing vi tri ctia cc bién dang nay nhu trong

thi nghiém.

a) Bién dang ctia mAu cdt thi nghiém. b) Bién dang ctia miu cot mo phong.

Hinh 6. Hinh 4nh pha hoai mau cét tit mé hinh mé phong.

4.4. Anh huéng ctia mot s tham s6 t6i ting xi chiu nén ding tdm ctia cot
dng thép nhdi bé tong

MO hinh mé phong s6 ké trén cho thiy s twong ddng véi két qua
thi nghiém vé& dudng cong luc — bién dang, dang pha hoai ctia cot. Trén
o' s6 d6, mo hinh nay duge st dung dé khao sat anh huwéng ctia chidu
day 6ng thép va cudng d6 éng thép t&i Ging x chiu nén ding tim cua
cot &ng thép nhdi bé téng.

4.4.1. Anh huiéng chidu day éng thép

1200
1000
— e o oo c——
800
g 600 S cccccccccce-
g.
400 e o = 2mm
200 e { = 1.6 mm
= e e t=1mm
0
0 0,01 0,02 0,03 0,04 0,05
Bién dang

Hinh 7. Anh huéng ctia chiéu day éng thép.

Dé nghién cttu anh hwéng cta chidu day ciia éng thép téi tng
XU chiu nén ding tdm cua cft, duong kinh cot duge gitt nguyén, thong
s6 thay dbi 12 chidu day ctia 6ng thép. Hinh 7 thé hién két qua dudng
cong lurc - bién dang ctia cot v&i chidu day 6ng thép khac nhau. Khi
chidu day éng thép dugce thay ddi tit 1,6 mm thanh 1 mm thi kha ning
chiu Iyc 16n nhét clia cot giam di 9,44 %. Tuy nhién khi ting chiéu day
dng thép tir 1,6 mm thanh 2 mm thi kha niing nay sé ting 1én 8,28 %.
4.4.2. Anh huténg cta cuidng do ciia 8ng thép

1400
1200 ~
'
VS
1000 l’ N~ - — e e
— ~--------—---
E 800
600
-
400 e o fy = 500 MPa
= = = fy = 400 MPa
200
e fy = 314.5 MPa
0
0 0,01 0,02 0,03 0,04 0,05

Bién dang

Hinh 8. Anh hwéng ctia cudng d6 éng thép.

Hinh 8 trinh bay anh hudng ctia cudng d6 ctia éng thép téi ting
xt chiu nén ding tdm ctia cot 6ng thép nhdi bé téng. Quan sat thiy
ring, trong giai doan dan hdi, Ging xit clia cic mau ¢t nay 13 giéng
nhau. Khi ting gi6i han chay ctia éng thép tit 314,5 MPa lén 400 MPa
va 500 MPa thi gi4 tri ltic 16n nhét cling ting 1én (twong ting ting 10,7 %
va 20,6 %).

5. Két luan

Bai bdo da trinh bay nghién ciu xac dinh @¢ng x chiu nén ding
tam ctia ¢t ng thép nhdi bé tong (CFST). Két qua tinh todn kha ning
chiu le 16n nhét caa cot theo cac tiéu chuin cling khong chénh 1éch
nhidu véi két qua thi nghiém & 03 tiéu chuén AS/NZS 5100.6, Eurocode
4 va GB 50936-2014 (sai s6 nhé hon 5 %). Tiéu chudn AISC khong ké
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dén hiéu ng kidm ché nd ngang bé tong boi dng thép nén gia tri e
16m nhét tinh toan theo tiéu chudn nay nho hon so véi gia tri thu duogc
ttt thi nghiém (sai s6 20 %).

Ngoai ra, mé hinh mé phong cho thiy su twong ddng véi két qua
thi nghiém trén cdc phwong dién nhu méi quan hé lyc - bién dang, dang
pha hoai. Sai sb gifta gia tri chiu luc 16n nhét ctia m6 hinh va thi nghiém
12 nhé hon 2 %. Bén canh d6, dua trén mé hinh mé phong sb, nghién
cttu tham s6 duge tién hanh dé x4c dinh anh hwéng clia mot sé tham sé
tdi ing x@ chiu nén ding tAm cua cét CFST. Cac phéan tich khao sat cho
thay ring khi ting chiéu day ctia éng thép ti¥ 1mm 1én thanh 1,6 mm
va 2 mm thi kha ning chiu Iyc 16n nhiy ctia c6t ciing ting 1én (ting
twong tng 10,4 % va 8,28 %). Ngoai ra, khi ting cuwong d6 chay cta
bng thép tir 314,5 MPa 1én 400 MPa va 500 MPa thi gia tri luc 16n nhit
cling téng tuong tng 10,7 % va 20,6 %.

Tai liéu tham khao

[11. Pham Vian Nam, Nguyén Hoang Quén, Trin Hiing, PS Vin Linh (2019),
“Mb phong ting xtt chiu nén diing tim ctia cot lién hop 6ng thép hinh e
lip nhdi bé tong”, Hoi thao khoa hoc cén bg tré 1an tht XV, Phin 2: Két
chu - coéng nghé xay dung, trang 191-199.

[2]. Huu - Tai Thai, Brian Uy, Mahbub Khan, Zhong Tao, Fidelis Mashiri
(2014), Numerical modelling of concrete — filled steel box columns
incorporating high strength materials, Journal of Construction Steel
Research 102, p 256-265.

[3]. Y. F. Yang, L. H. Han (2012), Concrete filled steel tube (CFST) columns
subjected to concentrically partial compression, Thin-walled structures 50,
p 147-156.

[4]. Vipulkumar Ishvarbhai Patel, Brian Uy, Farhad Aslani (2016), Confined

concrete model of circular, elliptical, and octagonal CFST short columns,
Steel and composite structures.

[5]. AS/NZS 5100.6. (2017) Bridge design Part 6: Steel and composite
construction, Sydney, New South Wales, Australia: Standards Australia.

[6]. AISC 360-16 (2016). Specification for structural steel buildings. Chicago (IL,
USA): American Instistute of Steel Construction.

[71. EN 1994-1-1. Eurocode 4 (2014) - Design of composite steel and concrete
structures, part 1.1: general rules and rules for building. London (UK):
British Standards Institution.

[8]. GB 50936-2014 (2014). Technical code for concrete filled steel tubular
structures. Beijing (China): Ministry of Housing and Urban-Rural
Development of the People’s Republic of China, (MOHURD); [in Chinese].

[9]. Y. L. Li, X. L. Zhao, R. K. Singh Raman, X. Yu (2018), Axial compression
tests on seawater and sea sand concrete — filled double — skin stainless steel
circular tubes, Engineering structures 176, p 426 — 438.

[10]. ABAQUS. ABAQUS standard user’s manual, version 6.13. Providence, RI
(USA): Dassault Systémes Corp.; 2013.

[11].  L.-H. Han, G.-H. Yao, and Z. Tao, “Performance of concrete-filled thin-
walled steel tubes under pure torsion,” Thin-Walled Struct., vol. 45, no. 1,
pp. 24-36, Jan. 2007, doi: 10.1016/j.tws.2007.01.008

[12].  AS4100-1998(R2016). Steel structures; 2016.

[13].  ANSI/AISC 360-10, Specification for Structural Steel Buildings, American
Institute of Steel Construction, Chicago, USA, 2010.

[14]. AS 3600-2009. Concrete structures, Sydney, New South Wales, Australia:
Standards Australia; 2009.

JOMC

36



