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Analysis of the structural performance of CES columns under axial
compression using FEM
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Phin tir hitu han .N . A A Co s R x
R o thiéu trong nganh xay dwng hién dai, nh¢ vao strc chiu tai 1é6n va dd clrng rat cao.
Cuwong do bé tong A \ A riole - 2 o A L oins .
L° Nghién cltu nay tap trung vao phan tich &rng xt ctia cac cot CES dwéi tai truc nén
Cot soi , A N . A x A 12 L x A , A
dung tam. Théng qua viéc thu thdp va mo phéng cdc mau thwc nghiém st dung vat
liéu bé tong cwdng dd khac nhau, tir d6, st dung mo hinh phian t& httu han dé€ danh
gia va phan tich &rng x(r ctia cac cot CES dudi tai trong nén ding tam. Ngoai ra, khao
sat so sanh &ng xt ctia cdt khi dwa c6t sgi vao bé tong véi cot bé tdong thdong thwong.
Két qua cho thay sw cai thién 16n trong kha niang chiu tai nén khi ting cwong do
cta bé tong va b sung thém cdt sgi vao. K&t qua nay gitup hiéu ré hon vé cach cot
CES &ng xtr trong cac diéu kién cwong do bé tong khac nhau.
Keywords: ABSTRACT
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FEM Concrete-Encased Steel (CES) columns have become a vital element in modern
construction due to their superior load-bearing capacity and stiffness. This study
Concrete strength . , . . : . .
Fib investigates the behavior of CES columns subjected to axially compressive loading.
ibers

The research involves the simulation of experimental models using concrete with
various strengths using Finite Element Modeling (FEM). Additionally, a
comparative analysis is conducted between CES columns reinforced with fibers
and those utilizing conventional concrete. The research results reveal a significant
enhancement in compressive load-bearing capacity with the increase in concrete
strength and the incorporation of fibers. These findings offer a deeper
understanding of the behavior of CES columns using various concrete strengths,
contributing valuable insights for the design and optimization of these structural
components.
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1. Giéi thiéu
Cot lién hop 16i thép boc bé tong, hay
Composite Encased Steel (CES), la sw lwa
chon hang dau trong cdc dw dn c6 yéu ciu cao
vé d6 bén va tinh linh hoat cua thiét ké. Sw
két hop gitra thép va bé tong khong chi mang
lai kha nang chiu tai rat 1én con giam trong
lwong cda cot, gidp toi wu qua trinh xay dwng
va van chuyén. Dac biét ctia CES la kha nang
chong bién dang, chiu lwc t6t va linh hoat,
dam bao an toan va hiéu suit trong qua trinh
str dung. Bén canh do, viéc str dung CES ciing
gitp giam thiéu anh hwdng dén moi trueong
va nang cao tinh bén virng ctia cic cong trinh
xay dwng [1], [2], [3]. Ngoai ra, trong thi
treong xay dwng ngay nay, tdp trung vao
hiéu qua va tiét kiém chi phi, cot CES da tr&
a)

Thép hinh | \ b)  Thép hinh | \

thanh mot lya chon déang tin ciy va phé bién
cho cac dv an xay dung. Cac cot lién hop 16i
thép va bé tong dwoc dung rong rai trong cac
céng trinh cao tang, ciu va cac dw an cé quy
mo lén, gitp gidm trong lwong va cai thién
hiéu suit chiu dong dit.

Su két hop giira bé tong cwong db cao va
thép cudng do cao trong CES gilup tang kha
nang chiu tai va giam kich thwéc cia cot.
bong thoi, cac bién phap nhw sk dung soi
thép va cot thép ngang giup ting cwong kha
nang chiu lwc va do clrng cta cot, tir do, giam
thiéu sw ntt v& va ddm bao hiéu suit cua
cong trinh [4], [5], [6],[7], [8], [9]. Vi vay, CES
khong chila mot san phdm ky thuét tién tién
con l1a mét giai phap ndéi bat cho viéc xiy
dung hién dai va bén virng.
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Hinh 1. Mt s6 dang cot lién hop 16i thép boc bé tong. (a) C6t ctirmg 16i thép chir [ boc toan bd bang bé tong,
(b) C6t ctrng 16i thép chit thap boc toan b bang bé tong, (c) C6t16i cirng 16i thép chit I boc mdt phéan bé tong,
(d) Cot ctrng 161 thép chir thip boc mot phan bé tong.

Hinh 1 cho thdy mot s6 dang cot lién hop
16i thép boc cot thép phd bién hién nay.
Trong dé, bé tong boc bén ngoai cé thé gia
cwong thém baéi c6t thép dai hodc cét soi
trong bé tong. Vao nam 1985, Tomii [10] da
dé xuat mot nghién ctiru vé cot CES, tip trung
vao viéc mod ta khai quat dic diém chiu luc
cua cac cot CES théng qua cac thi nghiém
thwc nghiém. Nghién cru cho thay nho vao
sw két hop gitra 16i thép va vd bé tdong, cot
CES c6 kha nang chiu lwc cao hon so véi cac
loai c6t truyén théng, dong thoi, cung cap
nén tang cho cac phwong phap tinh toan ban
dau. Sau do, vao ndm 1998, nghién ctru cla
Schneider [11] da dé xuit cdc md hinh phan
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tich rng x& cda cot lién hop dwa trén maéi
twong tac gitra bé tong va 16i thép. Nghién
ctru nay da tao nén tang cho cac nghién ctru
sidu hon vé s phan bo &ng suit va bién dang
trong cac thanh phan cua cot, dac biétla dwdi
tadc dong cua tai trong nén. Trong nam 2012,
Ibrahim [12] phét trién cdc m6 hinh phéan t&
hiru han dé dw doan rng xi cua cot CES, tir
dé, phat trién cac cong cu mé phong sé gitp
phén tich cac yéu t6 anh hwéng dén kha nang
chiu tai cua cac loai cot nay. Nghién ctru nay
dda mé ra hwéng di méi trong viéc ap dung
mo hinh so vao thiét ké va danh gia cac ciu
kién CES.
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C6 thé thiy, nhirng nghién ctru ban dau da
dong vai tro quan trong trong cac nghién ctru
ngay nay vé cot CES. Hién nay, cidc nghién
ctru ctia Huang va céng su [5], Wang va cong
sw [13], Zerfu va cong sw [14], Lai va cong sw
[15] d4 m& rong va phat trién cac mé hinh
phan tich két ciu cot CES, vdi viéc khao sat
dén cac tham so két ciu khac nhau. Trong do,
Wang va cdng sy [13] tap trung vao viéc khao
sat ty 1é cot thép, ciu truc thép dai va hiéu
trng kich thwéc 1én kha nang chiu nén cda
cot, trong khi Zerfu va cong sw [14] 4p dung
phwong phap phén t&r hiru han dé phan tich
tdc dong cwong do chiu nén ctia bé tong va
kich thwéc 16i thép. Lai va cong sw [15] dé
b)
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xuat mod hinh dw bao rng x chiu nén cua cot
CES khi str dung cac mtrc cwong do bé tong
khac nhau, Huang va cong sw [5] khao sat
anh huwdng cua bé tong cwdng doé cao (HSC)
va bé tong siéu tinh nang (UHPC) két hop véi
soi thép trong viéc tang cwong kha nang chiu
lwc va han ché sy pha hty. Nhitng nghién ctiru
nay da dong gop vao sw phat trién cdc mo
hinh du doan va phan tich c6 d6 chinh xac
cao hon, dong thoi, chi ra rang, viéc stt dung
vat liéu cwong do6 cao va ty 1é cot thép hop ly
c6 thé toi wu héa kha nang chiu nén, gidm
thiéu hién twong pha hiy va bién dang trong
cot CES, dac biét & nhirng cau kién cé kich
thuée lon.

<)

Hinh 2. M6 phéng dién hinh cac mAu cot trong ABAQUS.
(a) Lai thép hinh chit I, (b) Bé tong boc ngoai, (c) Cot CES.

Nhiéu nghién ctru da tip trung vao kha
nang chiu tai cua cot CES, mé phong va khao
sat anh hwdng cia cac tham sé nhu ty 1é cot
thép, cwong do bé tong, kich thuéc 16i thép.
Phan 16n cac nghién ciru hién tai tip trung
vao viéc sir dung bé tong HSC hodc UHPC,
nhwng chwa danh gié chi tiét cia cac tham so
nay, dac biét la cwdng do bé tong lén sy phan
bd rng suat va bién dang trong cot CES dwdi
tai nén dung tam. Do do, nghién ctru nay tap
trung vao viéc moé phong va khao sat anh
hwdng cua sy thay doéi cwong do bé téng
trong cot CES dwdi tai nén ding tam, tir do,
lam co s& cho viéc toi wu hoa thiét ké cot
trong cac cong trinh thuec té.

2. M6 hinh héa phan tir hivru han
2.1. M6 hinh Iwéi phdn tir cot CES

V&i mo phéng cot CES bang phin mém
ABAQUS, viéc lwa chon va st dung cac loai
phan t&r dong vai tro quan trong trong viéc
dam bao két qua phan tich chinh xac va dang
tin cay [16]. Nhém nghién cru st dung hai
loai phin t& chinh: phan t& khoi (Solid
elements) va phin t& thanh (Truss
elements). Trong d6, phan tir khéi st dung
cho 16i thép va khéi bé tong boc 1a phan t
C3D8R, cho phép md phong cac bién doi
phttc tap nhw nén, kéo va udn trong bé téng
va 16i thép mot cach chinh xac, kha nang mé
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phdng cau truc day va da chiéu. Phan t& khéi
gitp hiéu ro hon vé &ng x cda 16i thép, phan
t&r thanh st dung c6 thé mé phdng thép doc
12 phan t& T3D2 [16].

2.2. M6 hinh vt liéu
2.2.1. M6 hinh vdt liéu bé tong

M6 hinh pha huy bé tdéng hay CDP
(Concrete Damaged Plasticity), da dwoc tich
hop vao phin mém ABAQUS dé mo phong
tinh phi tuyén cta bé téng cho cac cot CES
[16],[17],[18], [19]. CAc tham sb dau vao cia
CDP, bao gbm géc mé rong cia bé mat pha
hly ctia bé tong ¢ = 30°, d6 léch e = 0.1, ty s6
rng sult nén hai truc ban dau véi ing suit
nén don truc gitra rng suat nén hai chiéu va
rng sudt nén mot chiéu foo/feo = 1.16, va ty s6
Kc = 0.667, dwoc str dung dé mé hinh trang
thai &ng suit ba chiéu ctia bé téong. Hinh 3 thé
hién dwong cong ng suit - bién dang cta
vat liéu bé tong trong cdt CES. Ung xir nén
cua bé tong dwoc tinh toan tir phwong trinh
(1) va (2), theo [20]. Ngoai ra, mot mo hinh
dwoc dé xudt bei Tamai [21] dé md ta Gng xr
cua bé tong, dwoc minh hoa trong phwong
trinh (3) va (4).

fc

Eoc
Eit

Hinh 3. Duong cong luc - chuyén vi
trong mo phong rng x cuia bé tong.

Ung xtr chiu nén cua bé tong:

Truéc khi dat dinh (&, f,):

o XY-y> .
— =——_-—— Lol
f, 1+XY-2Y

c

< g, (1)

Véi X =Bt y_ £
E, &

E, = 4700/f,

f' 0.3
E, =22000| -
10

£, =107x [0.7( f! )0'31}

Sau khi dat dinh (&, f,):

o 1 L.
—=———— V0l £>¢&,
fe (Y1 (2)
n-1
Vi X =Sty = &g 0000
& &

U'ng xtt chiu kéo clia bé tong:
Truéce khi dat dinh (&, f,):

oc=Ecvdi e<¢g, (3)

Iy _h
Véi, ¢, = —

0

Sau khi dat dinh (¢, f,):

0.4
o=, (&j VoL £> &, (4)
£

Trong dé:
ft: Cong do chiu kéo cuc dai ciia bé tong;

&w: Bién dang cua bé tong tai cwong do
chiu kéo cuc dai f;

n: Tham s6 dac trueng cho sw suy gidm &ng
sudt sau dinh;

o: Ung suit cua bé tong;
€: Bién dang cda bé téng;
fe's Cwong @6 chiu nén cuwc dai cia bé tong;

€o: Bién dang ctia bé téng tai cwong do
chiu nén cwc dai £

Eo: M6 dun dan hoi ban dau ctia bé tong;

Eir: M6 dun dan hoi tirc thoi ctia bé tong.
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2.2.2 M0 hinh vdt liéu thép

V&i mo hinh déo Von-Mises [11] dwoc st
dung cung véi mé hinh tuyén tinh dé€ mé ta
dac tinh co hoc cda cot thép, véi cac thong s
mo dun dan hoi va ty 1 Poisson lan lwot 1a
200 GPa va 0.3. Mo hinh gia dinh ring sau
giai doan dan hoi, cot thép chuyén sang giai
doan déo khong gi¢i han. Khi d6, cwong do
chay cua vt liéu 1a yéu té6 duy nhit quyét
dinh, dwoc minh hoa trong Hinh 4.

Oa

Oy

»
>

€

0

Hinh 4. Puong cong lwc - chuyén vi
trong mo phong cua 16i thép [11].

3. Két qua va thao luan

Nghién cttu cia Huang va cong su [5] tap
trung vao khao sat &ng xtr chiu nén cta cot
16i thép hinh chit I boc bé tong lién hop mot
s6 mau dwoc gia cd bang cdt soi. Qua trinh
th nghiém va nhirng thiét bi do nén cia cac
cotlién hop xem Hinh 5. B0 Kkich thir nghiém
c6 kha nang gia tai 12.000 kN diéu khién
bang may tinh. Tai trong dwoc gia tai truc
tiép 1én tAm thép & trén cac maiu. Ngoadi ra,
cac cam bién bién dang tuyén tinh (LVDTs)

duwoc dit theo chidu doc gin vao tdm tai
trong dé ghi lai sw co ngdn truc ciia cic mau.

Bang 1 trinh bay cac thong so kich thwéc
hinh hoc va vat liéu st dung cho mau cot CES
thwc nghiém. CAc mau cdt vudng cd cuing kich
thwéc (cao 500 mm, rong 200 mm) nham
han ché danh hwdng do mé men udn. Cot déi
chirng st dung ba loai bé tong gobm cwong do
thwong (NSC), cwedng do cao (HSC) va cwong
do siéu cao gia cwong soi (UHPFRC). Thép
hinh chtr I c6 cwong do chay fy = 270.4 MPa,
thanh thép doc (312 mm) c6 cwong do chay
fy = 436,2 MPa va thép dai (@6 mm) véi
cuong do chay fy = 344.3 MPa.

B0 gia tai

80

100 100

100

80

Hinh 5. Thi nghiém Huang va cdng sv [5].

Két qua md phong va thwe nghiém cda cac
mau tai Hinh 7, cho thdy kha twong dong vé
rng xr & giai doan dan hoi, tang tdi lwc tdi
han va gidm mém & nhanh phia sau. V&i mau
NSCFOLC va UHPCF2LC cho thay lyc nén téi
da tai dinh 12 gin bdng nhau, ng x& clua
phan giam dan dwong cong lwc-chuyén vi c6
suw twong dong v&i nhau.

Bang 1. Thong s6 miu thuc nghiém ctia Huang va cong su [5].

_ B H L D fc S Nu
Mau thi nghiém \%i
(mm) (mm) (mm) (mm) (MPa) (mm) (kN)
NSCFOLC 200 200 500 - 4412 51.3 $6a50 2196.9
HSCFOLC 200 200 500 - 4912 94.9 $6a50 2651.8
UHPCF2LC 200 200 500 2%  4¢12 163.7 $6a50 47149
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Hinh 6. T6ng hop so sanh hinh dang pha hiy. (a) MAu NSCFOLC (b) MAu HSCFOLC (c) MAu UHPCF2LC.

Vé&i mau HSCFOLC, md hinh s FEM khac
véi nhanh mém so véi két qua thir nghiém.
Tuy nhién, cot CES dat gia tri luc nén toi da
xap xi v&i thwe nghiém. So sdnh vé hinh dang
clia ba mau cot st dung cwong dd bé tdong
khac nhau (Hinh 7), cho thay khi st dung c6t
soi cho bé tong boc ngoai cot CES
(UHPCF2LC), nhdnh mém phia sau dwoc cai
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thién. K&t qua tai Hinh 8 cho thiy kha nang
chiu tai trong cta ba loai bé tong: NSC, HSC,
UHPC lan lwot la 2.21 MN, 2.61 MN va 4.68
MN. So sanh v&i NSC, cho thdy HSC c6 kha
nang chiu tai trong téi da cao hon 18%, trong
khi UHPC c6 sw cai thién 1én dat 112%.

Két qua ving pha hiy theo m6 phéng so
v&i thue té€ cho vét nirt kha twong dong (Hinh
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6). V&i mau NSCFOLC cho thiy, mic do pha
huy nghiém trong cua bé tong boc phia ngoai
(Hinh 6a) va gidm dan véi mau HSCFOLC va
UHPCF2LC (Hinh 6b va Hinh 6c).

—— Thinghiém - NSC

FEM - NSC

= Thinghiém - HSC

e=+= FEM - HSC

—— Thinghiém - UHPC
-+ FEM - UHPC

[3;1

Lwc nén (MN)

8
Chuyén vi (mm)

10 12

Hinh 7. Téng hop so sdnh dwdng cong lwc - chuyén
vi gitra thuc nghiém va mé hinh FEM.

4.68

Loai bé téng
B NSC
4 mm ousc
— [ UHPC
=
\-.E_J 3 2.61
en
=
=3
B2
ofg
E
1
0
NSC HSC UHPC
Hinh 8. So sanh cwong do chiu nén téi da
cla cac mau.
4 Két luan

Dwa trén cac két qua moé phong FEM va
thwc nghiém, cé thé rut ra mét sé két luan.
Cot CES str dung bé tong HSC va UHPC gia
cudng soi thép cho kha nang chiu tai nén cai
thién 16n so véi bé tong NSC, dac biét véi
UHPC. Bé tong UHPC gia cwong soi thép cai
thién kha nang chiu tai, tang tinh déo va do
bén, gitp gidm thi€u lén vét nikt va pha hay,
dac biét la sau khi vwot qua tai trong cuc dai.

Két qua mo phong FEM cho thiy sw twong
dong véi thi nghiém vé hinh dang bién dang,
tr d6, cho thiy tiém nang trong viéc du doan
phan bd &ng suit va bién dang cta cot CES
dwéi tai nén ddng tam thong qua mo phong.
Cot CES str dung bé tong UHPC va c6t soi thép
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c6 tiém nidng rng dung lén trong cic cong
trinh yéu ciu do6 bén cao, v&i kha nang chiu
tai nén tang hon 112% so v&i bé tong NSC.
Péng gop cua cac tac gia trong bai bao

Nguyén Minh Pirc: Phuwong phap, Quan
ly dir liéu, Phéan tich chinh thirc, Diéu tra, Xac
thuwc, Trwc quan hoa, Ti€p nhin tai tro, Phan
hoi y kién phan bién, Viét - ban thao goc. Vii
Hiéu Phwong: Bién soan dir liéu, Phan tich
dit liéu. Pham Dtrc Duy: Bién soan dir liéu,
Phan tich dir liéu. Lé Hoang An: Phuwong
phap, Gidm sat, Tiép nhin tai trg, Quan ly dir
liéu, Phan tich chinh thic, Viét - ban thao
goc, chinh stra ban thao, Phan hoi y kién phan
bién.

Tuyén bd khong xung dot lgii ich va cam
két ban quyén

CAc tac gia tuyén b6 vé sy khong xuit hién
nhitng xung dot tiém an tir nghién cru nay,
va cam két bai bao chwa tirng dwoc cong bd
truedc day.

Chia sé dir liéu theo yéu cau

Dir liéu sé dwoc dwgc cung cap theo yéu
cau.
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