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Tém tat

Bai bdo thuc hién mot nghién ctiu mod phéng vé cic cot ngan thép chit C tao hinh ngudi c6 16 khoét 1éch tim chiu méit 6n
dinh cuc bd. M6 hinh phdn ti hitu han dugc xdy dung biang phin mém ABAQUS nhim mé phdng chuong trinh thi nghiém
da dudc thuc hién. MAu thi nghiém dung tiét dién chit C cao 200 mm, day 1,9 mm va chiéu dai 520 mm. L5 khoét ban bung
bao gdm hai loai 1a diing tim va léch tim vé6i chiéu cao 16 khoét bang 0,5 1an va do léch tim bing 0,2 1an chiéu cao tiét
dién. M6 hinh phan t& hitu han c6 xét dén céac dic trung vat liéu thuc t& cling nhu céc sai léch hinh hoc da dugc do dac. Cac
dic trung ctia vat liéu thuc t& bao gdm ca phan phing ciing nhu phan géc ctia miu thi nghiém sau d6 dudc xit ly dé dua vao
mo hinh md phéng. Cac sai léch hinh hoc do dac ciing dugc chuyén vé cic dang phuong trinh todn hoc trude khi dugce dua
vao mo6 hinh md phong thong qua viéc phat trién mot s6 chuong trinh 1ap trinh MATLAB. M6 hinh phin t& hitu han gdm
hai ddu ngam chiu nén ding tim véi viéc gia tai bang cach cho di chuyén mot dau clia miu mo phéng va dau kia c¢b dinh.
Két qua sb thu duge tif mo hinh sau d6 dugc so sanh va kiém chiing véi cac két qué thi nghiém. So sanh chitng minh sy phi
hop giita cac két qua thi nghiém va md hinh ci vé kha ning chiu luc va ing xit mat 6n dinh. Cac md hinh phan tif hitu han
da dugc kiém chitng sau d6 sé dudgc sit dung cho cdc nghién ciiu sau niy dé mé rong sb liéu, nham bd sung co sé dit lidu va
phit trién cac khuyén nghi thiét k& cho cot thép tao hinh ngudi tiét dién chit C c6 16 khoét 1&ch tim khi chiu mét 6n dinh
cuc bo.

Tir khod: md hinh mo6 phong; ciu kién cot ngin; thép tao hinh ngudi; 16 khoét ban bung; léch tam.

FINITE ELEMENT SIMULATION OF COLD-FORMED STEEL STUB COLUMNS WITH ECCENTRIC
WEB HOLES

Abstract

This paper presents a numerical study on cold-formed steel channel stub columns with eccentric perforation under local
buckling. A finite element model was developed using ABAQUS to simulate an experimental program that had previously
been conducted. The test specimens consisted of the channel sections with a height of 200 mm, a thickness of 1.9 mm and a
length of 520 mm. The web holes included two configurations: concentric and eccentric holes, with the hole height equal to
0.5 times the section depth and an eccentricity equal to 0.2 times the section depth. The finite element model incorporates
both actual material properties and measured geometric imperfections. The material properties of both the flat and corner
regions of the specimens were processed and introduced into the numerical model. The measured geometric imperfections
were also converted into mathematical functions and incorporated into the model through the development of MATLAB
codes. The numerical model was simulated under concentric compression with fixed boundary conditions at both ends.
Loading was applied by imposing a displacement at one end while the other end was restrained. The numerical results
obtained from the model were then compared and validated against the experimental results. The comparisons demonstrate
good agreement between the experimental and numerical results in terms of both capacities and buckling behaviour. The
validated finite element models will be used in future studies to expand the dataset, with the aim of developing a compre-
hensive database and proposing design recommendations for cold-formed steel channel columns with eccentric web holes
subjected to local buckling.

Keywords: finite element model; stub column; cold-formed steel; web holes; eccentricity.
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1. Gidi thiéu

Viéc tao cdc 16 khoét trong cac ciu kién 1a can thiét nham ddp dng cic yéu cau ky thuat va thuc
tién trong xay dung. Diéu nay phd bién trong két ciu thép tao hinh nguoi, va cac 16 khoét nay c6 anh
hudng dang ké dén su 1am viéc va kha niing chiu tii ctia cAu kién. Do d6, ngay cang nhiéu nghién ciiu
trén thé gidi da tip trung tim hiéu anh hudng ctia 16 khoét dén ting xi va kha ning chiu luc ctia cic
chu kién thép tao hinh ngudi.

Céc nghién cifu trudc ddy da xem xét khd nhiéu vé cic ciu kién thép tao hinh nguoi cé 16 khoét.
Mot sb nghién ciiu [1-4] da khdo sit anh hudng ctia vi tri va kich thue 16 dén kha ning chiu tai clia
cot ngan chit C thong qua cac thi nghiém va phan tich 1y thuyét, tir d6 dé xuit cac phuong trinh thiét
ké dé du doan chinh xdc hon ting xii clia cot c6 16 khoét. Moen va Schafer [5-9] da thuc hién nhiéu
nghién ciiu vé ing x{ va kha ning chiu luc cta cac tiét dién thép tao hinh ngudi c6 16 khoét, gép phan
phat trién cac khuyén nghi thiét ké dua trén phuong phap Cuong do truc tiép (DSM), sau d6 dudc dua
vao tiéu chuan AISI S100 [10]. Fang va cs. [11, 12] da tién hanh cac nghién ctu thyc nghiém va mo6
phong sb d€ danh gia anh hudng ctia 16 khoét trén ban bung dén cudng do ciia cac cdt chit C td hop,
dong thoi dé xuét cac hé sd giam nham cai thién do chinh xac clia cic quy dinh thiét ké trong tiéu
chuan Australia/New Zealand va tiéu chuan Hoa Ky. Ngoai ra, Uzzaman va cs. [13] da nghién ctiu anh
hudng cla céc 16 c6 sudn tang ciing dén hién tugng nén cuc bd ban bung clia céc tiét dién thép chit C
tao hinh nguoi, tir d6 dé xuét cac hé s6 giam tai va khuyén nghi thiét ké phu hop. Pham va cs. [14—19]
cling c6 mot loat cac nghién cifu vé xem xét anh hudng clia kich thue 16 khoét dén kha ning chiu luc
ctia tiét dién thép chi C tao hinh ngudi sit dung phuong phap Cudng do truc tiép, sau d6 dua ra nhiing
khuyén céo trong qua trinh thiét k& nham t6i wu héa kha ning chiu luc cta tiét dién c6 16 khoét.

Céc nghién ciiu trudc ddy da khio sat kha toan dién cic tiét dién thép tao hinh ngudi c6 16 khoét
trén ban bung thong qua ca thi nghiém va mo hinh s6, trong d6 phan 16n tap trung vao viéc cii thién
cic quy dinh thiét ké cho céc ciu kién c6 16 khoét diing tAm. Ngudc lai, cic nghién ctiu lién quan dén
16 1éch tAm van con rt han ché va céc tiéu chuin thiét ké hién hanh ciing chua dua ra cic quy dinh
cu thé cho truong hop nay. Tuy nhién, trong thuc té thi cong, cdc 16 khoét 1éch tAm thudng xuyén xut
hién do yéu ciu Iap dit cac hé théng k§ thuét trong cong trinh. Gan day, Thinh va cs. [20] da xay dung
mot chuong trinh thi nghiém nham khao sat ing xi va kha niing chiu luc tiét dién thép chit C tao hinh
nguoi cé xét dén su léch tim ctia 16 khoét. Cac két qua thu dudc sé 1am co s6 cho viéc phat trién mo
hinh phan ti hitu han.

Céc phan mém phan tich phan ¥ hitu han (Finite Element — FE) hién dudc st dung rong rii trong
phén tich két cAu. Mic dit phuong phap phan tich phan ti hitu han (FEA) gitip tiét kiém dang ké thai
gian va chi phi so v6i viéc tién hanh céc thi nghiém thuc nghiém, do tin cdy ctia phuong phip nay
chi dugc dam bao khi cac mo hinh sé dudc kiém chiing biang két qua thi nghiém. Sau khi dugc kiém
chiing dy dd, cdc mo hinh FE ding tin ciy c6 thé dugc sit dung d€ mé rong pham vi dif liéu nghién
ctiu.

Bai bdo nay tap trung vao viéc phat trién md hinh phan ti hitu han (FE) st dung phin mém
ABAQUS/CAE 2022 [21] nham nghién ctiu hién tugng mit &n dinh cuc bd cia tiét dién thép chit C
tao hinh nguoi c6 16 khoét 1éch tam va ding tam. Cac dif liéu thi nghiém dugc trinh bay trong bdo cdo
lién quan [20] sé& dudc st dung d€ hiéu chinh va kiém chiing cdc m6 hinh phan ti hitu han. Diéu nay
lam cd sé cho cdc mo hinh s héa dudc thuc hién & cac nghién citu tiép theo nham mé rong pham vi
dit liéu nghién ctu dua trén céc tiét dién thuong mai dudc cung cip bdi BlueScope Lysaght [22].
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2. Tém tat chwong trinh thi nghiém vé kha niing chiu nén cia tiét dién thép chit C tao hinh

ngudi c6 16 khoét 1éch tim

Mau thi nghiém dudc chon 1 tiét dién C20019 c6 chiéu dai 520 mm dudc cit tit ciy thép dai 6 m
do BlueScope Lysaght [22] cung cp. Thi nghiém dudgc thuc hién bing viéc st dung mdy nén thiy luc
MTS 3000 kN tai Truong Pai hoc Giao thong Van tai, Ha Noi. Mau thi nghiém dudc khoét 16 & ban
bung véi kich thudc 15 khoét bang mot nifa chiéu cao tiét dién véi hai trudng hop 16 khoét diing tam va
léch tAm trén ban bung, dugc liét ké nhu trong Bang 1. Mau thi nghiém dugc ky hiéu C20019LK0.5D
dugc giai thich nhu sau: C - tiét dién thép chit C; 20019 - chiéu cao va chiéu day danh nghia cta tiét
dién 1an lugt 1a 200 mm va 1,9 mm; LKO0.5D — 16 khoét c6 chiéu cao biang 0,5 1an chiéu cao tiét dién
(D). Céc ky hiéu sau d6 bao gdm DT 12 16 khoét diing tAm, va LT0.2D hiéu 1a 16 khoét 1éch tAm trén
ban bung bing 0,2 14n chiéu cao tiét dién (D). Cac kich thudc chinh ciia tiét dién va vi tri ctia 16 khoét
duoc thé hién nhu trén Hinh 1.
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(a) Ky hiéu kich thudc chinh ctia tiét dién (b) Vi tri ctia 16 khoét ding tAm (c) Vi tri ctia 15 khoét 1éch tam

Hinh 1. Kich thuéc cia tiét dién chit C va vi tri ctia 16 khoét

Mau dugc dit thang diing, phia trén gin ban thép tron day 40 mm nbi véi cn tdii DARTEC, phia
duéi lién két v6i bé mdy thong qua khép ciu nham bao dam truyén tai ding tim. MAu thi nghiém
dugc han véi ban thép day 5 mm ca hai dau nhu Hinh 2, sau d6 dugc lién két chiit v6i ban thép tron
phia trén va bé may phia dudi. Chi tiét hon vé céu tao thi nghiém dudc trinh bay trong bai bao [20].
Trude khi gia tai chinh thic, tAm hinh hoc ctia hé dau nén dudc x4c dinh, cdc bu 16ng dudc diéu chinh
dé cb dinh lién két. Dong thai ba cim bién bién dang dugc gan trén ban bung va ban canh dé theo doi
quan hé ting suAt-bién dang trong giai doan dau. Mot tai so bo dugc dp xubng dé kich hoat su tu diéu
chinh ctia khép cau, bio ddm phan bd tai ddong déu trén toan tiét dién; sau do, cac bu 16ng ddy dudc
siét chit hoan toan. Chuyén vi dudc do bﬁng sau cam bién do chuyén vi (LVDT) gén cb dinh vao bé
mdy; hai cam bién LVDTS5 va LVDT 6 dung d€ do do co ngin doc truc ctia mau thi nghiém, bén cam
bién con lai LVDT1 dén LVDT 4 do bién dang tai ban bung ciia tiét dién nguyén, tiét dién c6 16 khoét
va hai ban canh. Tat ca thiét bi do dudc hiéu chuin trudc thi nghiém va dit liéu dudc ghi lai lién tuc
trong qua trinh thi nghiém. Thi nghiém dugc thuc hién véi toc do gia tai 0,2 mm/phuit.
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Céc thi nghiém déu bi pha hoai do mét 6n dinh cuc bd ctia ban bung bao gdm ca mau c6 16 khoét
ding tAm hay 1éch tim, dudc minh hoa trén Hinh 3(a) va (b). Mau c6 16 khoét ban bung I&ch tAm c6
kha ning chiu luc thip hon 16 khoét cung kich thu6c ding tAm, thip hon 10,84% nhu dua ra chi tiét
trong Bang 1. Do chénh 1éch nay 1a ding ké can xem xét dén trong qua trinh thiét ké.

Load cell —=—
| Vam Kep
LVDT 02
LVDT 04
LVDT 02
LVDT 05
LVDT 04 LVDT 03
LVDT 01
LVDT 01
LVDT 05 LVDT 06
(a) Mau C20019 LK0.5D_DT (b) Mau C20019 LK0.5D_LT0.2D

Hinh 2. Thiét 14p thi nghiém ct thép chit C tao hinh nguoi chiu nén

(a) Lb khoét 0,5D diing tAm (b) L khoét 0,5D 1éch tdm 0,2D
Hinh 3. Hinh 4nh v& mau thi nghiém bi ph4 hoai

Béng 1. Cudng dd chiu luc cuc han cac mau thi nghiém

P (kN) P (kN)

Mau thi nghiém L (mm) Mau 1 Miu 2 Py (KN) Chénh 1&ch (%)
C20019LKO0.5D-BT 520 168,46 169,89 169,17 10,84
C20019LKO0.5D-LT0.2D 520 151,36 153,88 152,62 o
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Ngoai ra, d€ phuc vu cho viéc phat trién mo hinh FE & budc tiép theo, tinh chit co hoc ctia vat
liéu va sai 1éch hinh hoc ctia mau thi nghiém dudc xéc dinh, dudc trinh bay chi tiét trong bdo céo ctia
Thinh va cs. [20]. Céc tiét dién thanh mong rit nhay cdm véi cdc dang mét &n dinh, va su pha hoai
do mét 6n dinh chiu 4nh hudng ding ké bdi cac sai léch hinh hoc. Do d6, cic sai 1éch nay dudc do
dac va ghi lai d6i v6i titng mAu thit true khi tién hanh thi nghiém, bang cach sit dung cic cam bién
dich chuyén LVDT dugc bb tri doc theo chiéu dai mau. Chi tiét vé quy trinh do sai 1éch hinh hoc dudgc
trinh bay trong bdo cdo ctia Pham va cs. [23].

3. Mo hinh phan tit hitu han
3.1. Tinh chdt co hoc ciia vt liéu

Tinh chét co hoc ctia vt liéu dudc biéu thi bang dudng tng suit-bién dang nhu trén Hinh 4, dudc
xac dinh théng qua cac thi nghiém vt liéu nhu da trinh bay trong bao cdo ctia Thinh va cs. [20]. Cac
két qua thi nghiém vat liéu bao gdm c4 phan phang va phin géc cia tiét dién dugc tdng hop trong
Bang 2.

Trong md hinh vt liéu, phan mém phéan ti hitu han ABAQUS [21] m6 ta quan hé ting suAt-bién
dang thong qua hai giai doan. Giai doan du tuong ing v6i mién dan hoi tuyén tinh, trong d6 ting suit
ty 1é tuyén tinh vé6i bién dang theo dinh luat Hooke. Do d6, mo hinh vat liéu chi yéu cu cdc tham s
dau vao gdbm md dun dan hoi E va ting suit chay. Giai doan tiép theo mo ti tinh chit dan—déo phi
tuyén clia vat liéu, trong d6 sau khi dat dén trang thai chdy, su gia ting dng sut dAn dén su phat trién
ctia bién dang déo va mdi quan hé ting sudt-bién dang khong con tuyén tinh. Trang thai nay dudc mo
ta trong mo hinh FE thong qua viéc dinh nghia dudng cong tng suét thuc — bién dang déo.

Dua trén dng suit va bién dang thu dudc tif cic thi nghiém vat liéu cho phan phang ciing nhu phin
gbc cia tiét dién thép chit C nhu da trinh bay trong [20], mdi quan hé giita ting suét thuc va ing suit
danh nghia, cling nhu gitta bién dang thuc va bién dang danh nghia, dugc xic dinh theo cac biéu thic
tuong ung trinh bay tai Phudng trinh (1) va (2):

Ttrue = 0(1 + &) (1)

Eurue = In(1 + &) = 2 2
E
trong d6 E 12 mo dun dan hdi ctia thép; o 1a ung suit danh nghia; & 1 bién dang danh nghia.

Bang 2. Tinh chét co hoc ctia vat liéu

Tiét dién Vi tri o0 (MPa) 0w (MPa) E, (GPa) &r (%)
C20019-M]1 Ban bung 450,20 498,70 206664 12,21
C20019-M2 Ban bung 442,99 486,81 204020 12,27
C20019-M1 Ban canh 437,74 482,35 206628 11,92
C20019-M2 Ban canh 445,84 493,39 207497 12,59
C20019-M1 Ban géc 638,12 666,27 205536 8,766
C20019-M2 Ban goc 648,28 699,86 208182 8,429

trong d6 oo 1a Ung suét tai thoi diém bién dang tuong dbi 0,2%; o, 1a gi6i han bén kéo; E, 1a md
dun bién dang dan hoi; & 1a tong do gian dai sau khi dit; M1, M2 1an lugt 12 mAu thi nghiém s6 1 va
$6 2.
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3.2. Piéu kién bién ciia mé hinh

Déi v6i cac chu kién thép tao hinh ngudi, phan tif vé bdn nit, loai S4R, dudc xem 1a lua chon
phl hop va da dudc st dung trong cic phan tich phan ti hitu han (FE), do chiéu day vt liéu cia cic
chu kién tao hinh ngudi tuong d6i nho so v6i bé rong tiét dién. Phan ti v ndy st dung ba bac tu do
chuyén vi va ba bic tu do quay tai mdi nit. Phan tif c6 kha ning xét dén bién dang mang hitu han va
cic chuyén vi quay. Phan ti vo nay phit hop d&€ md phdng két cAu thanh mdng va da dugc st dung
hiéu qua cho muc dich nay nhu da ban luan trong cdc bdo cdo [24, 25]. Cic ban thép & dau trén va
dau dudi tai hai ddu cAu kién dudc mo hinh héa trong phan mém ABAQUS bing céc phan tit khéi 3D
bién dang (3D-deformable solid elements) va dugc gan cac dic trung vat liéu ctia thép cacbon thong
thuong.

Su tiép xtc giita c4c niit tai hai du tiét dién ctia cAu kién va bé mit ctia cac ban thép phia trén va
du6i dugc mo hinh héa thong qua cac cip tiép xiic dang “node-to-surface”. Trong d6, bé mit clia ban
thép dudc dinh nghia 1 bé mit chd (main surface) dua trén phan t, con mép cua tiét dién dugc xac
dinh 12 b& mit phu (secondary surface) dua trén cac nit. Nham mo ta chinh xac lién két han giita mau
chit C va ban ma, thudc tinh tiép xiic dugc thiét 1ap dudi dang “Tie Constraint”, giip chéng trudt giiia
mau thi nghiém va cdc ban dé.

Trong mo hinh nhu dude md ta trong Hinh 5, cic mau thi nghiém dudc gia thiét 1am viéc gitta hai
dau ngam. Tai trong dudc 4p dung thong qua cic chuyén vi gia ting theo phuong doc truc ctia ban
trén, trong khi ban duéi dudc cb dinh theo tit cd cic phuong chuyén vi va xoay.

M5 hinh phan tif hitu han dugc chia ludi v6i nhiéu kich thudc phan ti khac nhau d€ thuc hién
nghién ctiu do nhay cta lu6i. Ddi v6i mdi trudng hop, kha ning chiu tai va thdi gian tinh todn (CPU
time) dugc ghi lai va thé hién trong Hinh 6. Bén diém trén dudng xu huéng tuong dng vdi céc kich
thudc phan td 20 x 20 mm, 12 X 12 mm, 10 x 10 mm va 5 x 5 mm. Két qua cho thiy khi kich thuéc
phan ti giam, gid tri kha ning chiu tai du doan dan hoi tu, trong khi thdi gian tinh todn ting dang ké.
Muc dich ctia nghién ctiu nay 1a xdc dinh kich thudc lugi phut hop nham dam bio do chinh xic cia
két qua dong thai duy tri hiéu qua tinh todn. Dya trén két qua phan tich, kich thudc phan ti 10 x 10
mm dudc Iua chon cho cdc viing phang ciia tiét dién. Pdi véi cac khu vuc ¢6 su thay ddi hinh hoc 16n,
chang han nhu céc géc tiét dién va mép 16 khoét, 1usi min hon dudc st dung d€ md phong chinh xac
SU tip trung Ung suit.
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Hinh 5. M hinh phan tit hitu han ctia mau thi nghiém Hinh 6. Khao sat tinh hoi tu 1udi phan ti cia mé hinh

3.3. Sai léch hinh hoc ban ddu

Sai léch hinh hoc dudc dua vao md hinh phan tii hitu han bang nhiéu cach. Hai phuong phap dudc
st dung phd bién nhit 1a dua trén cic dang mit &n dinh riéng (eigen-buckling modes) va dua trén céc
sai 1&ch hinh hoc ban dau dudc do dac thuc té.

Trong phuong phap thi nhit, trude tién tién hanh phan tich mat &n dinh dan hoi clia cAu kién véi
gia thiét kich thudc hinh hoc khong ton tai sai 1éch. Cac dang mét 6n dinh thu dudc sau d6 dugc nhan
v6i mot hé s6 bién do thich hop d€ mo phong céc sai léch hinh hoc ban dau.

Trong phuong phap thit hai, cic sai léch hinh hoc ban dau dudc do dac tir thi nghiém dudgc dua
truc tiép vio mo hinh phan t hitu han thong qua viéc diéu chinh toa do ctia cic niit trong 1udi phan
td. Phuong phdp nay c6 thé mo ta chinh x4c hinh dang sai 1éch ban dau cta ciu kién, nhung viéc ap
dung con han ché vi n6 chi ¢6 thé thuc hién dbi véi cac cAu kién ma sai léch hinh hoc da dugc do
dac trudc. Phuong phap nay dudc sit dung trong bao cdo nham kiém chiing do chinh xdc ctia mo hinh
thong qua viéc so sanh véi két qua thi nghiém.

Cic sai 1éch hinh hoc ban du dudc do theo chin dudng song song vdi truc doc ciia miu bing cach
dich chuyén dong ho tiép xiic theo chiéu dai ciu kién, nhu da trinh bay trong nghién ctiu ctia Thinh
va cs. [20]. Dit lidu do thd sau dé dugc xi ly bang phuong phap phan tich chudi Fourier va dudc biéu
dién dudi dang cdc ham toan hoc tuong tng.

D61 v6i mot mit cit ngang cu thé, gid tri sai 1éch hinh hoc tai vi tri clia tiing nit trong 1u6i phan
ti hitu han dudc xac dinh thong qua phucng phap ndi suy. Trén cd sd d6, mot chuong trinh 14p trinh
dudgc phat trién bang MATLAB dé€ tinh toan bién do sai léch hinh hoc tai tiing nit ctia md hinh phan
ti hitu han va cip nhat toa do nut tuong ting. Phuong phap x@ ly dit liéu va dua sai 1éch hinh hoc ban
dau vao mo6 hinh s ndy da dudc Pham va cs. [23] 4p dung va md t4 chi tiét.

Ba budc chinh dudc thuc hién dé dua cac sai 1éch hinh hoc do dudc vao mo hinh phan tif hitu han.
Trudc hét, sau khi phac hoa cac mit cit ngang thuc té clia cac mau thi nghiém, cdc mit cat nay dudc
s6 hoa trong phan mém AutoCAD va luu dudi dinh dang tép (*.dxf). Cac mit cat ngang nay sau d6
dugc nhap tir tép (*.dxf) vaio ABAQUS va kéo theo phuong doc truc d€ xay dung mo hinh ba chiéu
ctia cAu kién véi tiét dién khong ddi, thong qua 1énh File/Import/Sketch. Tiép theo dua trén tép dau
vao (*.inp) dugc xuit tif md hinh ban dau trong ABAQUS, toa do ctia toan bd céc nit trong mo hinh
dugc hiéu chinh biang mdt chuong trinh 1ap trinh dugc phat trién trong MATLAB. Chuong trinh nay
st dung dif liéu tif chin dudng do d€ diéu chinh hinh hoc ctia mé hinh theo cic s6 liéu sai 1éch hinh
hoc thuc té. Cudi cling, tép dau vao da dugc hiéu chinh dugc dua lai vao ABAQUS thong qua 1énh
File/Import/Model. S6 b khdi cho viéc dua sai 1éch hinh hoc niy dudc trinh bay nhu trén Hinh 7. Vi
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tri mot duong sai 1éch hinh hoc do dudc va so sanh v6i dudng biéu dién bang chudi Fourier dugc biéu
dién nhu trong Hinh 8(a). Két qué dugc minh hoa trén Hinh 8(b) va (c) cho chu kién trudc va sau khi

xét dén céc sai l1éch hinh hoc.

I
l !
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B &
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I

Foutier Hatn béc rhdt 16 hinh ban
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Hinh 7. So d6 dua sai léch hinh hoc vao phan tich md hinh FE

0.045 : . . . : . . : . .
! ! ! ! : ! Y N !
003 f--— R m | T s i frasol ot oo bomoeee
i 1 i i i i L] i |\\ i
g i i . ] R R e e @,
R IIE — e L A I S
= ; : J | : : '\
=3 : : R ! | :
= "FTH A ; , ;
A s L N e LA A i i | i :
g° v ol SR T S S S N
& 003 [ I e |[ o Pifmdosailéch ----Buitng Fourier } ------
: : . . . . .
0045 i | . . . . .
0 40 80 120 160 200 240 280 320 360 400 440 480 520

Chiéy dad oy ()

(a) Mot dudng do sai 1éch hinh hoc va dudng biéu dién chudi Fourier



Thanh, T. V., va cs. / Tap chi Khoa hoc Cong nghé Xay dung

(b) Chua c6 sai 1éch hinh hoc (c) C6 sai 1éch hinh hoc

Hinh 8. Tru6c va sau dua sai 1éch hinh hoc vio mé hinh phan ti hitu han

4. Kiém ching mé hinh
4.1. Khd ndng chiu luc

Tai trong t6i han thu dudc tif cic mo hinh phan i hitu han (FE) dudc tdng hop trong Bang 3, dong
thdi dudc so sanh v6i cac két qua thi nghiém tuong ting. Két qua cho thiy su phu hop gitta du doan tir
mo hinh phan ti hitu han va két qua thi nghiém, v6i ty s6 trung binh 13 0,9974, cling d6 léch chuin
tuong ung la 0,0191.

Bang 3. So sanh két qua thi nghiém va két qua mo hinh FE

Tai trong tai dinh cao nhit (kN)

Mau tiét dién — i - Prg/ Prest

Tai trong thi nghiém P,.5;, Tai trong mo hinh Prg
C20019-LKO0.5D-BDT-M1 168,885 164,962 0,9766
C20019-LKO0.5D-BT-M2 169,789 166,550 0,9809
C20019-LKO0.5D-LT0.2D-M1 150,162 153,313 1,0210
C20019-LKO0.5D-LT0.2D-M2 151,181 152,868 1,0112
Gia tri trung binh 0,9974
Do 1éch chuin 0,0191

4.2. Ung xit bién dang ciia cdu kién

V6i mau 16 khoét ban bung ding tam, Hinh 9(a) trinh bay su so sanh giita ting xt ctia mo hinh
phan ti hitu han va két qua thi nghiém d6i v6i mau C20019LK0.5D-DT. Mét 6n dinh cuc bo dudc
quan st thiy trong ca két qua mo phdng phan i hitu han va két qua thi nghiém.

Hinh 9(b) cho thiy su phii hgp gitta két qua mo phéng phan ti hitu han va két qua thi nghiém dbi
v6i bién dang doc truc. Su tuong dong ciing dudc thé hién trong Hinh 9(c) va 9(d) ddi véi cac bién
dang clia ban bung va ban canh. C6 thé nhan thiy ring cc bién dang méit 6n dinh rat nhay cdm vdi vi
tri xuat hién ctia dang mét &n dinh cuc bo. Diéu nay din dén mot su dich chuyén ciia géc doc giiia cac
bién dang do dudc trong thi nghiém va két qua tir md hinh nhu trén Hinh 9(c). Cu thé tai vi tri khoang
64 kN (gid tri mit 6n dinh cuc bd ctia phan tiét dién nguyén) va khoang 120 kN (gid tri mét 6n dinh
cuc bd ctia phan tiét dién c6 16 khoét).
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S, Mises
SNEG, (frachon=-1.0)
(Avg 75%)
+4.988e+02
+4.572e+02
+4.157e+02
+3741e+02
+3326e+02
+2.910e+02
+2.495e+02
+2.080e+02
+1_664e+02
+1.249+02
+8.332e+01
+4_177e+01
+2.23%.01
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Hinh 9. Ung xi bién dang ciia miu C20019LK0.5D-DT
Ghi chii: Vi tri do bién dang ctia ban bung va ban canh dudc thé hién trong Hinh 2 va md ta chi tiét trong Muc 2

Tuong tu v6i mau c6 ban bung 1&ch tam, so sdnh giita mo6 phdng s6 va tng xi thuc nghiém ctia
mau C20019LK0.5D-LT0.2D dudc trinh bay trong Hinh 10(a). C4 m6 hinh phan ti hitu han (FE) va
két qua thi nghiém déu thé hién dang pha hoai do mit 6n dinh cuc bo.

Céc bién dang ctia mau nay dudc trinh bay trong Hinh 10(b), (c) va (d). Su tuong thich rét tét giiia
két qua thi nghiém va md hinh phan ti hitu han dudc thiy véi bién dang doc truc, bién dang clia ban
bung cling nhu ban canh.

S, Mises

SNEG, (fraction =-1.0)

(Avg 75%)
+4.895e+02
+4,487e+02
+4.079%+02
+3.671e+02
+3.264e+02
+2,856e+02
+2.448e+02
+2.040e+02
+1.633e+02
+1.225e+02
+8.172e+01
+4.095e+01
+1.742e-01

(a) Dang phd hoai: Mét 8n dinh cuc bo
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160

Z g0
40 ! ——Két Qua Mo Hinlt

------Két Qua Thi Nghiém

Chuyén Vi (mm) Bién Dang (mm) Bién Dang (mm)

(b) Luc va bién dang doc truc (c) Luc va bién dang ban bung (d) Luc va bién dang ban canh

Hinh 10. Ung xi bién dang ctia mau C20019LK0.5D-LT0.2D
Ghi chii: Vi tri do bién dang ctia ban bung va ban c4nh dugc thé hién trong Hinh 2 vA mo t4 chi tiét trong Muc 2

Két luan ring cdc md hinh phan tit hitu han (FE) da mo phdng chinh xdc cac bién dang va cd ché
phé hoai ctia mAu cot ngan c¢6 ban bung khoét 16 l1éch tim va diing tim. C4c md hinh FE déang tin cy
nay sé dudc st dung cho cic nghién ciiu tiép theo trong viéc mé rong khao sit thu thap thém sb lidu
vé loai ciu kién nay.

5. Két luan

Bai bdo da trinh bay vé m6 hinh md phéng cho ciu kién cot thép chit C tao hinh ngudi c6 16 khoét
ban bung diing tdm va léch tim bang phan mém ABAQUS/CAE 2022 d€ xic dinh kha ning chiu luc
va ting x{t mét 6n dinh cuc bo. Cac md hinh dugc kiém chiing thong qua cic thi nghiém mau ngan tai
truong Pai hoc giao thdong Vén tai Ha Noi, dugce thuc hién trong mot chuong trinh thi nghiém da duge
trinh bay trong cdc bdo cdo trude. Mo hinh md phéng nay cé ké dén cac sai 1éch hinh hoc cling nhu
1a céc tinh chét cd hoc ctia vat liéu dudc do dac tit cic mAu thi nghiém thuc té. Két qua da chi ra rang
cdc md hinh phan ti hitu han da mé ta chinh xac kha ning chiu luc ciing nhu ting xt bién dang ctia
mau thi nghiém. Diéu d6 ddm bao dudc dd tin ciy ctia mo hinh, ma sau d6 sé& dudc st dung dé phat
trién cc nghién citu nhim md rong dit liéu v6i pham vi dd manh rong hon, phuc vu nghién ciiu siu
hon vé viéc phat trién cac huéng dan thiét ké cho cac loai cot thép ngan tao hinh ngudi c6 16 khoét
ban bung l1éch tam.
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