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Tém tit — Vi sy phat trién cua nganh xay dung, su can thiét trong thiét ké két cdu thép ngay cang
tré nén quan trong. Ngiy cang c6 nhiéu cong trinh kién trac dugc xay dung st dung loai két cau moéi la
diéu tat yéu. C6 nhiéu thir nghiém hon da duoc tién hanh vé cac loai mbi ghép trong két cau thép da duge
thyc hién. Cung v6i do, chi phi phai tra trong qua trinh thyc nghiém la twong dbi 16n. Phuong phap phén
ttr hiru han hd trg giam chi phi trong thir nghiém mot cach dang ké. Trong bai bao nay, Phuong phap phan
tr hitu han s€ dugc ap dung thong qua phan mém ANSYS thuong mai dé so sanh ket qua thyc nghiém.
Két qua tinh toan s& mo phong giai doan bién dang 16n dé cho thdy sy hu hong ciia méi ghép.

Abstract — With the development of the construction industry, the necessity of steel structure design
becomes more and more important. It is inevitable that more and more buildings are being built using a
new type of structure. More tests have been carried out on the types of joints in structural steel that have
been carried out. Along with that, the cost to be paid during the experiment is relatively large. The finite
element method helps to reduce the cost in testing significantly. In this paper, the Finite Element Method
will be applied through commercial ANSYS software to compare experimental results. The calculation
results will simulate the large deformation period to show the failure of the joint.

Tir khéa — Phuong phap phan tir hitu han, phan tich pha huy, finite element method, failure analysis.

1. Giéi thiéu

Ngay nay khi xa hoi ngay cang phat trlen nhiéu cong trinh duoc xay dung dé phuc vu loi
ich can thiét ctia con nguoi. Bén canh do, tudi tho ctia cong trinh 1a mét trong nhing van dé
quan trong. Ngoai ra, vat liéu 1 yéu t6 chinh anh huéng truc tiép dén tudi tho. Thép 13 mot
trong nhig lua chon pho bién trong xay dung béi nhitng loi ich ma n6 mang lai nhu gia thanh
ré, dé tao hinh, kha niing chiu luc cao. Paylaly do ma khung thép dugc sur dung pho bién trong
cac cong trinh kién trac 16n va quan trong nhu cau, duong, bén cang, nha may. Thong thuong,
nguyén nhan pha huy mot két cau hau hét 1a do hu hong tich lity do hong héc. bic biét, cac moi
n6i thuong 1 mot trong nhimg b phan dé hong hoc dau tién, vi ching bao gdm nhiéu thanh
phan phirc tap. Mdi ghép bu 16ng thuong duoc cac k¥ su sir dung dé ghép cac phan tir trong
khung thép lai v&i nhau.

Van dé trén da dugc thyc hién trong nhiéu thi nghiém mé phong véi muc dich tim ra hu
hong ciia mdi ghép qua nhiéu dang tai trong khac nhau. Hau hét cac thi nghiém déu sir dung
céc mo hinh thyc thay vi cic mé hinh trong FEM. Mot dau dam s& duoc tac dong tai trong dich
chuyen Thi nghiém dugc thuc hién véi myc dich tim ra mé men téi han cia moé hinh khi ting
dan gia tri cua tai cho dén khi mot trong cac bu 16ng bi pha huy hoan toan hodc sy vénh cua
mat bich xut hién. Bai bio nay mo hinh hoéa mdi ghép bu long dam cot bang cach sir dung
ANSYS. Céc két qua thu duoc tir phwong phap phan tir hitu han dugc so sanh véi cac két qua
thi nghiém. Tir d6 dua ra két luan danh gia wu nhuoc diém cia méi ghép qua moé phong bang
phuong phéap phan tir hiru han.

2. Co s6 1y thuyét
2.1. Phwong phap ham phat

Trong phuong phap ham phat, cac luc tlep xuc ty 1€ voi luong xuyén qua bang cach dua
vao s lugng 16 xo tuyén tinh 4o giita cac vat thé tiép xtc. Gia dinh rang céac luc tiép xiic dugc




TAP CHI KINH TE - CONG NGHIEP

phat trién gitra cac nut tiép xuc va bé mit dich trong phan tir hiru han, minh hoa trong hinh 1.
Y nghia vat ly ciia phuong phap ham phat 1a ap dung cac 16 xo ao trén cac nut cua bé mit tiép

xtc dé mo phong tiép xuc.
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Hinh 1. Mé hinh 16 xo cho diéu kién ma sdt triot

Duya trén phuong phap nay, mé hinh cho cac van dé tiép xtc voi ma sat theo Coulomb dugc
phat trién. Giong nhu 1y thuyét dan hoi cia Winkler véi cac 10 xo 4o duge sur dung trén bé mat,
cac bé mat cua rang budc dugc mo hinh hoa bang cach thém nhicu 16 xo tuyen tinh do theo
phuong phép tuyén va phuong tiép tuyén trong mé hinh mai.

Céc 10 x0 40 nay doc 1ap v6i nhau, dugc thém vao giita cac nat tiép xac va bé mat tiép xuc.

2.2. Ung xir dan déo ciia vit liéu

Trong mo6 hinh bién cimg tuyén tinh dan hf)i duong cong lién tyc dugc x4p xi boi hai

duong thang, do d6 thay thé duong cong chuyén tiép tron bang mot diém dut gy, dugc xem 1a
g suét gidi han dan hoi hodc tng suét chay oo.

~ Nhanh duong thang dal} tién cua so do,co hé s6 goc Young’s modulus €. Nhanh dudng
thang thir hai, thé hién su bién cung, c6 h¢ s6 goc Ei <E.

Quan hé umg suat bién dang d6i véi tai don diéu trong ¢ dang:

o
e=— for 0 < g,

_G_O+_(G GO) for o > o

E E

3. M6 hinh va két qua

Bai toan bao gém mé hinh méi ghép bu long dam cOt dudi tac dong tai trong ngang, dugc
hién thi nhu hinh 2 va dudng cong mo6 men - goc quay (M - ¢) tai vuing moi ghép s€ dugc khao
sat.

M6 hinh bao gdm bdn phan nhu dam, cot, bu 16ng, tam ghép. Do day cac tdm thép cua cot
va dam lan lugt 1a 300 mm, 8 mm va 12 mm va chiéu rong mat bich twong trng 1a 250 mm va
200 mm.
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Do day cac gan tang clmg cot va dam 1an luot 13 12 mm va 10 mm. Mdi han s& duoc thay
thé bang phan than lién két tiép xuc dinh chat. Ngoai ra, di€u kién do1 ximg dugc ap dung trong

bai toan nay.
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Hinh 2. So dé thi nghi¢m phd hiiy bu long dam cjt L )
Vit liéu trong ANSYS Workbench duoc thu vién trong phan mém cung cap san. Cac ket
cau thép nhu dam thép, cot thép va bu 16ng dugce gan vat li¢u ung xtr déo dan hoi.

Hinh 3. M6 hinh méi ghép hoan chinh

Bdng 1. Thudc tinh vt liéu

Vit lié gnﬁgys;i: Gio6i han kéo MQ .dun dan Luc si(‘it trwée cia bu
at licu (MPa) (MPa) hoi (MPa) 1ong (KN)
Thép (t < 16mm) 391 559 190707 -
Thép (t > 16mm) 363 537 204228 -
Bu long (M20) 995 1160 206000 185
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Bu 16ng (M24) 975 1188 206000 251

Cac tai dugc ap dung bang cach sir dung hai budc tai ting luc xiét trudc bu 16ng va tai gay
uon Luc x1et trude bu 16ng tinh dén anh hudng cua tai trong trudc trong bu 16ng gay ra 1én két
cAu boi su siét chit cua chung.

J: epc-1new

Total Deformation
Type: Total Deformation
Unit: mm

Tirne: 5

110.12 Max
97.885
85.65

144
61.179
48,043

800.00 ()

ZA‘\ X
Hinh 4. Bién dang tong tai thoi d‘tém mo men uédn cwc dai
Céc bu 16ng dugc gia tai trude trong budc tai dau tién ctia phan tich theo phuong phap tai
trong bu 16ng, luc ép trude dugc ap dung theo céc tiéu chuan quy udc quc té.

Su thay ddi tai trong bu 16ng dugc chon dé tao ra luc xiét truge theo tiéu chuédn 1a 185 kN
va 251 kN tuong rng voi cac bu 16ng c6 duong kinh 20 mm va 24 mm. Sau do, ap dat cudng
btrc chuyén vi khong doi trong budc tai thir hai.

D¢ hi€u 10 rang ve img x1r cta cac lién két dam cot dudi tdc dung mdé men udn, cac két qua
nhu bién dang tong, ing suat bién dang twong duong (von-Mises) va bién dang déo tuong
duong duogc trinh bay nhu phia dudi:

) epc-1new

Equivalent Stress 3

Type: Equivalent {(von-Mises) Stress
Unit: MPa

Time: 4,775

1298.2 Max
11346
10109
867.31
723.68
580.05
43641
29,78
14914
5.5104 Min
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Hinh 5. Ung sudt von-mises trén bu long
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J:epc-1new

Equivalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: §

1301.2 Max
1156.6
1m2
867.47
729
578.34
433.77
289.21
144.64

Hinh 6. Ung sudt von-mises tai tim ghép
Chuyén dong goc quay cua mdi ghép bu long ddm cot duge dinh nghia 1a chuyén dong
quay tuong ddi giira cac dudng tAm cta mit bich trén cing cua dam.
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Hinh 7. So sinh két qui dwong cong M-¢

4. Két ludn

Qua bai phan tich nay, két qua mé phong cua tac gia so voi thuc nghiém c6 sai s6 rat nho
trong giai doan dan hdi. Trong qua trinh blen dang deo, thep dugc khai bao voi ing xur song
tuyén tinh nén ket qua mo phong c¢6 do 1éch rat nho so voi thue nghiém. Céc vi tri tiép xtic déu
duoc xtr 1y chi tiét trong mo phong.
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Ludi cua mo hinh s€ dugc tao ra béng cach su dung cac phén tur luc gidc nén tiét kiém thoi
gian tinh toan. Piéu kién bién dbi xting duoc sir dung hiéu qua nén goép phan giam rat nhiéu
thoi gian mo6 phong.

C6 thé str dung mo hinh mé phong thich hop de thay the hiéu qua cho cac thi nghiém thuc
té. Theo y kién cua tac gia diéu nay co thé c6 loi vé& mit tiét kiém chi _phi. Tuy nhién, qua trinh
chuén bj mé hinh ciing nhu xtr 1y ludi phtc tap khi mé phong ba chiéu do nhiéu vi tri tiép xtic
va can dé xuat phuong an tot hon trong qua trinh mé phong mdi ghép bu 16ng dim cot phic tap
hon.

TAILIEU THAM KHAO

[1] Gang, S., Yongiju, S. & Yuanqging, W. (2007). Behaviour of end-plate moment connections under
earthquake loading. Engineering Structures, 29, 703-716.

[2] Jeong, K., Joo-Cheol, Y. & Beom-Soo, K. (2007). Finite element analysis and modeling of structure
with bolted joints. Applied Mathematical Modelling, 31, 895-911. Trang 6

[3] Jie, Z. & Qi, W. (2013). A Finite Element Method for Solving 2D Contact Problems with Coulomb
Friction and Bilateral Constraints. Beihang University, China.

[4] Kuhl, D. & Meschke, G (2005). Finite Element Method in Linear Structural Mechanics, Institute
for Structural Mechanics. University Bochum.

[5] Yongjiu, S., Gang, S. & Yuanquing, W. (2007). Experimental and theoretical analysis of the
moment-rotation behavior of stiffened extended end-plate connections. Journal of Constructional
Steel Research, 63,1279-1293.

Ngay nhan: 29/3/2022
Ngay duyét dang: 12/10/2022




