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thanh dng va dwong kinh bulong trong lién két éng thép tron
cong trinh thap tru ¢ Viét Nam chiu tac dng xoan

Study on the ratio of three dimensions of the flange thickness, pipe
wall thickness and bolt diameter in round steel pipe connections in
torsion-bearing tower and pier structures in Vietnam
Trinh Hong Vit®

1Khoa K§ thuat - Nong Nghiép, Phan hiéu Pai hoc Pa Nezlng tai Kon Tum, Viét Nam
“Téc gia lién hé, Email: thvi@kontum.udn.vn

THONG TIN TOM TAT
DOI:10.46223/HCMCOUJS. Déi v6i két ciu thap, tru yéu t6 quan trong 14 phai tinh toan kiém
tech.vi.17.1.1893.2022 tra 6n dinh. Két cau mat 6n dinh do xoén 14 phirc tap va dic trung nhét

v6i két cau nay. Ngoai cac giai phap ciu tao vach cling ngang va xién

theo chiéu cao. Chung ta can quan tim vi tri lién két cac ong thép bién

tai cac dot. Thuc té cho thay cac truong hop cong trinh khi bi méat on
Ngdy nhan: 25/05/2021 dinh thudng xdy ra phd hoai tai mi ndi lién két nay.

Ngay nhan lai: 18/08/2021 Bai bao nhém dua ra kiéq nghi vé ty 1€ cua ba thong s6 chiéu
Duyét dang: 25/08/2021 dé}y mat bich, chiéu day thanh ong va duong kinh bulong trong lién
két ong thép tron voi cac cong trinh thap, tru st dung thanh bién 1a
ong thép tron ¢ Viét Nam chiu tac dong xoan dé giup toi uu hoa viée
lra chon kich thudc tiét dién khi thiét ké cac cong trinh thap try bang
két cdu thép. Bam bao vé mat chiu luc cua két cdu va tinh kinh té khi
Tir khéa: thiét ké cong trinh.

két cau thap va try; lién két 6ng ABSTRACT
thép tron; on dinh k&t cau; tac

46 P For tower and pier structures, it is important to calculate and
ong xoan

check the stability. Torsional instability is the most complex and
typical with this structure. In addition to the solutions of horizontal
and diagonal rigid wall arrangement in height, the position of
connecting side steel pipes at the connection joints should be
considered. In fact, in cases where the structure is unstable, failure
often occurs at the connection joints.

This paper aims to make recommendations on the ratio of three
dimensions of flange thickness, pipe wall thickness and bolt
diameter in round steel pipe connections in tower and pier structures

Keywords: in Vietnam using round steel pipes as torsion-bearing side bars to
tower and pier structure; round help optimize size selection when designing steel structure towers
steel pipe connection; structural and piers. In addition, the bearing capacity of the structure and the
stability; torsion force economy are still guaranteed.



mailto:il:%20nguyenmauhung@quangbinh.edu.vn

102 Trinh H6ng Vi. HCMCOUJS-Ky thuat va Coéng nghé, 17(1), 101-115

1. Giéi thiéu

Trong Tiéu Chuin Quéc gia - TCVN 5575-2012 (2012) Két cau thép - Tiéu chuan thiét ké
hay ngay ca ANSI/AISC 360-16 Specification for Structure Steel Buildings va Eurocode 3: Design
of steel structuresPart 1-1: General rules and rules for buildings van chwa dua ra khuyén nghi cho
ty 1& cua ba thdng sé kich thudc (Chiéu day mat bich, chiéu day thanh éng, duong kinh bulong)
trong lién két dng thép tron sir dung mat bich va bulong khi céng trinh chiu tac dong xoan. Bai bao
nham gitp cho k¥ su thiét ké lva chon thong sé ban dau hop Iy cho phan tich va tinh toan két ciu
thép dang thép, tru. D& dam bao an toan, toi wvu hoa két ciu, tiét kiém vat liéu va thoi gian trong
cong tac phan tich va kiém tra cong trinh.

Qua mot s6 nghién ciru trude day cia mot sé tac gia (N. T. A. Nguyen, 2016; V. T. Nguyen,
2017; Phan, 2017). Thi ta thay ciing chi dung lai viéc dé xuat cac ty s6 kich thude cho truong hop
chiu kéo, uon, cat. Ngay ca tiéu chuan thict ke ket cau thép (AISC Organization, 2016) ciing chua
dé cap nhiéu dén tinh toan va thiét ké lién két mat bich dung 6ng thép tron khi chiu xoan.

Vi vay, nghién ciru nay danh gia tic dong cua tai trong xoan. Tir d6 dua ra mdi quan hé
kich thudc cua chieu day mat bich, chiéu day thanh ong, duong kinh bulong.

2. Co s& 1y thuyét

Dé nghién ciru sy 1am viée va co ché phé hoai cua lién két dng thép tron, tac gia st dung
phan mém Abaqus la mot trong nhitng bé phan mém 1én rat hiru hiéu trong viéc mé phong két cau
cong trinh thong qua phuong phap phan tir hitu han. Tap hop cac phan tir bulong, dng thép, mat
bich la nhiing phan tr dang khoi 08 nat.

2

Hinh 1. Phan ti 08 n(t

Phén tir kh6i gdm phan tir ndi suy bac mot va phan tir ndi suy bac hai. Trong bai bao nay
st dung phan tir bac hai.

Pong thoi, dé danh gié tinh chinh xac mé hinh lién két trong phan mém tac gia sir dung mo
hinh duong ba doan cta Schmitd-Neuper va sir dung co ché pha hoai dong thoi theo mé hinh pha
huy 2 cua Pettersen.

2.1. Méi twong quan giita luc doc trong bulong va chiéu day mdt bich lién két theo mo
hinh pha huy do Petersen dé xuat

Petersen (2005) dua trén cac nghién ciru thuc nghiém va dua ra duoc kién nghi sau:

Su pha hay cua lién két thi c6 thé xay ra & bulong, & chiéu day mat bich, hoic xay ra dong
thoi ¢ bulong va chicu day mat bich. D6 dugc goi 1a 03 md hinh pha huy cua Petersen.
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Hinh 2. Ba md hinh pha huy cua Petersen
M6 hinh pha huy 1: chiéu day mit bich du day, khéng c6 bién dang xuat hién trong md

hinh nay. C6 nghia Ia luc kéo trong mat bich anh huong truc tiép dén bulong va khi luc doc trong
bulong vuot qué gisi han cho phép thi lién két bi pha hoai.

M6 hinh pha hiy 2: Luc kéo trong bulong dat gidi han cho phép, dong thai khép déo ciing
Xuat hién trong mat bich.

M® hinh phé huy 3: Mat bich qua mong, su pha hoai xay ra trong mat bich.

2.2. Méi quan hé giita lyc kéo trong ciu ki¢n va lwc kéo trong bulong theo moé hinh
dwong 03 doan ciia Schmitd-Neuper
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Hinh 3. Biéu do quan hé gitra luc kéo va luc doc trong bulong do Schmidt-Neuper

Cong thirc danh gia cua Schmidt-Neuper nhu sau:
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Trong do:
_ T
T =T _ﬂ T =V
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Céc dai lugng:

- T, Luc doc trong bulong;

- T.: Luc kéo tac dung vao cau kién;

- N, : Luc kéo thiét ké caa bulong;

- T,: Luc kéo ban dau trong bulong;

- e: Khoang céch tir ¢au ban ma dén tam bulong;
- g: Khoang cach tir tim bulong dén tm ban mé;
- C,: Hé s6 10 xo kéo cua bulong;

- T,: Hé s6 10 xo nén ciia ban mé;

- p: Ty sb giira noi luc va ngoai luc;

- \: Hé s6 can bang;

- o, : Gi6i han dan hoi cua bulong;

- A, : Dién tich tiét dién hiéu qua caa mat bich;

- C,; : Hé s6 10 xo nén cua ban m4;
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- C,,: Hé s6 10 xo0 nén ciia vong dém;

- d, : buong kinh than bulong;

- d,,: Duong kinh bé mat chiu lyc ép;

- d, : Puong kinh 16 bulong;

- d,,: Puong kinh ngoai cua vong dém;
- d,,; : Buong kinh trong ctia vong dém;
- t, : Do day cua mat bich;

- t,: Do day cua vong dém;

- E: Modun dan hdi cua thép;

- D,: Budc ren cua bulong;

- D, : Buong kinh trong éng thép;

- D,: Buong kinh ngoai dng thép.

3. M6 hinh nghién ctru

Khi thiét ké cac cong trinh thap, try bz‘ing két cau thép thi viéc lua chon hinh dang tiét dién
cac thanh 13 quan trong. Nham han ché cac yéu t6 bat loi do tac dong cta tai trong 1én tong thé két
cau, ciing nhu ¢ dic tinh do cing chdng udn, xodn theo cic phuwong nhu nhau thi tiét dién 6ng
thép hinh tron 14 tiét dién twong ddi hop 1y khi str dung cho cac thanh bién/thanh chinh trong cac
két ciu loai nay. Vi thé, trong pham vi nghién ciru nay s& lya chon dng thép tron duong kinh 16n
lién két két bang mat bich va bulong.
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Hinh 4. Lién két 6ng thép tron

Nghién ciu s& thuc hién trén 02 mau 6ng thép c6 duong kinh khac nhau va duoc sir dung
tuwong doi pho bién trong két cau thap, tru ¢ Viét Nam.
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Hinh 5. Lién két 6ng thép tron

Nghién ciru s& thuc hién trén 02 mau éng thép co duong kinh khac nhau va dugc sir dung
tuong doi pho bién trong két cau thap, tru ¢ Viét Nam.
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Hinh 6. Md hinh kich thuéc mau

Str dung vat liéu dan hoi - déo.

Bang 1
bac trung vat li¢u bulong
Vit lidu M20, F10T bulong cwong d§ cao
Trong lugng riéng 7,850 T/m?® = 7,850kg/m?®
Gigi han bén kéo 9 x 10°5kN/m?=90daN / mm?
Hé sb Poisson 0.3
Hé s dan nhiét 0.053 kJ/m.s.°C
Do gian no nhiét 1.2 x10-5
Ngudn: KOUEI (n.d.)
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Hinh 7. Bac trung vat liéu bulong
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Bang 2
Dic trung vt lidu dng thép va mat bich
Vit liéu SM400
Trong luong riéng 7,850 T/m® = 7,850kg/m®

s 2.55 x 10"5 kKN /m?
Giai han bén kéo

=25.5 kN/m?
Hé s Poisson 0.3
Hé s6 dan nhiét 0.053 kJ/m.s.°C
Do gian no nhiét 1.2 x10-5
Ngudn: An Gia Vu JSC (n.d.)
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Hinh 8. Pic trung vat liéu 6ng thép va mit bich
Dé kiém chimg mo hinh téng thé lién két dng thép. Nghién ctru mé phong mot phan tir L
tach ra tir mo hinh tong thé dudi su tac dung cua luc kéo. P61 chiing véi moé hinh luc kéo trong
cau kién theo kién nghi cua Seidel, va m6 hinh pha hiy 2 cua Pertersen.

Hinh 9. M6 hinh cht L
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Hinh 10. Diéu kién bién cua ciu kién

Ung luc cho bulong s& thong qua 02 giai doan :

Giai doan 1: it Gng lyc trude cho bulong dén khi dat duoc luc hudng tim ban dau bang
phuong phap chuyén vi khi thay do6i nhiét d¢ (Couple temperature-displacement). C6 nghia la
bulong s& khong dugc tng luc trude thong thudng ma duoc ha nhiét do. Vi cac nat hai dau cua
bulong gan lién véi cac mat bich, nén khi dugc ha nhiét dd, bulong s€ tu tao ra mot ing lyc trudce.
Trong nghién ctru, lyc hudng tdm ban dau dugc dinh nghia bang cong thic:

T,=0.7x0,xA =19,729daN (2)

Giai doan 2: Giir nguyén luc huéng tdm ban dau trong bulong va dit luc kéo Ts cho dng
thép bang cach khai bao chuyén vi.

Trong bai bao, sy anh hudng cua nhiét dg 1€n chuyén vi dugc tinh toan dya vao do gian nd
vi nhi¢t. Khong c6 su truyén nhiét gitra bulong va cac ban thép.

Hé s6 ma sat dugc khai bao cho cac bé mit tiép xUc gitra cadc mat bich, mat bulong v4i mat
bich, mit than bulong va mat 16 14 0.5.

Két qua phan tich :
-n? S 7 . ~
Tp(daN) Biéu d6 v&i 1 bu long
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Hinh 11. Tuong quan gitta luc doc Tp trong bu 16ng va luc kéo Ts di chiing véi
biéu db cua Schmidt-Neuper
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Vi mé hinh trong nghién ciru, tinh dugc T, = 2,474daN va T, =8,457daN

Két qua mo hinh chit L da biéu dién duoc mdi twong quan giita luc doc trong bu 16ng va
luc kéo trong cau kién theo kién nghi cua Seidel, va mo6 hinh pha huy 2 cta Pertersen.

Dé tao xo0in thuan tdy trong md phong, nghién ctu gan mot tam tuyét ddi cang 1én mot

mit 6ng. Dung diéu kién bién rang budc céc chuyén vi thang va xoay & dau ddi dién, con tim cang
s& gan mot goc xoay xung quanh truc ong thép.

Hinh 12. M

h

(@)
—

nh bai toan xoan thuan tay
4. Két qua nghién ciru

4.1. Két qud phén tich mdu 1

Chung ta dua ra thong s6 04 mo hinh sau:

+ Truong hop 1: e = 30mm, tf = 20mm, ds = 20mm, ti = 6mm (tf/ds = 1; ti/ds = 0.3; (el +
e2)/tF = 3.5;

+ Truong hop 2: e = 30mm, tf = 20mm, ds = 20mm, ti = 8mm (tf/ds = 1; ti/ds = 0.4; (el +
e2)/tF = 3.5;

+ Truong hop 3: e = 30mmtf = 20mm, ds = 20mm, ti = 10mm (tf/ds = 1; ti/ds = 0.5; (el +
e2)/tF = 3.5;

+ Truong hop 4: e = 30mm, tf = 20mm, ds = 20mm, ti = 12mm (tf/ds = 1; ti/ds = 0.6; (el
+ e2)/tF = 3.5.
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Hinh 13. Twong quan tng sut trong dng thép va bulong TH1



Trinh Hong Vi. HCMCOUJS-Ky thudt va Cong nghé, 17(1), 101-115

111

1100000

o (AN / m*)
1000000
900000 $-taces
800000 + ds=20

700000
600000

500000 +

0 02 04 06 05 1 12 1

Truong hop phd hoai 3

PN

_bulong

—4+—Ungsuitirong Mit bich

—8—Ungsuittring bulong

w-=Vitri pha hosi

I(X) »- Ung suit st duoe ki gia shidt
o Ungauit 5t ban trong Mit bich
+ Ungsuit i bantreng bulong

Hinh 14. Tuong quan mg suét trong dng thép va bulong TH2
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Hinh 15. Tuong quan tng suét trong 6ng thép va bulong TH3
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Hinh 16. Twong quan tng suat trong dng thép va bulong TH4

Tir két qua phén tich 04 mé hinh ta thiy truong hop sd 03 (véi ti s tf/ds = 1; ti/ds = 0.5;
(el + e2)/tF = 3.5) (Hinh 15) 1a truong hop khi tng suat bulong dat dwoc khi gia nhiét thi ing
suit trong dng thép ciing dat t6i trang thai giéi han chay (M6 hinh pha huy 2 cua cia Petersen).

Vi s6 liéu 04 trudng hop trén ta co biéu d6 04 dudng: Truc tung 13 tng suit trong bulong;

Truc hoanh 14 ng suat trong mat bich.
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Hinh 17. Biéu d6 Tuong quan tng suét trong dng thép va bulong 04 trudng hop

Két ludn: Vi truong hop dng thép 165.2 X 4 chiu xoan:

Vi ty 1€ kich thudc: (0.8 < tF/ds < 1.25; 0.3 = ti/ds = 0.6; (el + e2)/tF = 3.5) thi sy pha
hoai 14 hop 1y nhét vi ng thép, mit bich va bulong cing dat dén trang thai giéi han chay theo md
hinh pha huy 2 cua cua Petersen.

4.2 Két qud phan tich mdu 2

+ Truong hop 1 (TH1): e = 30mm, ds = 22mm; tf = 22mm; ti = 10mm (tF/ds = 1;ti/tF =
0.45; (el + e2)/tf = 3.4;

+ Truong hop 2 (TH2): e = 30mm, ds = 22mm; tf = 20mm; ti = 12mm (tF/ds = 1;ti/tf =
0.55; (el + e2)/tf = 3.4;

+ Truong hop 3 (TH3): e = 30mm, ds = 22mm, tF = 22mm; ti =14mm (tF/ds = 1; ti/tf =
0.64; (el + e2)/tF = 3.4;

+ Truong hop 4 (TH4): e = 30mm, ds = 22mm, tF = 22mm; ti = 16mm (tF/ds = 1; ti/tf =
0.73; (el + e2)/tF = 3.4.
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Hinh 18. Twong quan tng suit trong dng thép va bulong TH1
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Hinh 19. Tuong quan ng suét trong ng thép va bulong TH2
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Hinh 20. Tuong quan tng suét trong 6ng thép va bulong TH3
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Hinh 21. Twong quan tng suat trong dng thép va bulong TH4

Tir két qua phan tich 04 mo hinh ta thiy truong hop s 3 (tF/ds = 1; ti/tf = 0.64; (el + e2)/tF
= 3.4) (Hinh 20) 1a truong hop khi ing suat bulong dat dugc khi gia nhiét thi ung suat trong ong

thép cling dat tdi trang thai gidi han chay (M6 hinh phé hiy 2 cua cua Petersen).

Véi s6 liéu 04 trudong hop trén ta co biéu d6 04 dudng: Truc tung 13 tng sudt trong bulong;

Truc hoanh 14 ng suat trong mat bich.
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Hinh 22. Biéu db tuong quan tng suét trong dng thép va bulong 04 trudng hop
Két ludn: Vi trudng hop dng thép 267.4 X 6 chiu xoan:

Véi ty 1€ kich thudce: (0.8 < tF/ds < 1.13; 0.3=ti/ds=0.63; (el + e2)/tF = 3.5) thi sy pha
hoai la hop 1y nhat vi ong thép, mat bich va bulong cung dat dén trang thai gidi han chay theo mé
hinh phé huy 2 cua cta Petersen.

5. Két luin

Qua két qua phan tich 02 miu 6ng tron hay str dung trong thyc té. Tac gia dé xuat cac kién
nghi sau:

+ Dé dam bao lién két 6ng thép tron str dung mat bich va bulong chiu xodn lam viéc hop
ly thi ty 1¢ duong kinh giira bulong, chiéu day mat bich va chiéu day ong thép can c6 01 gidi han
gitra ba tham so6 trén.

+ Qua két qua thu duoc tac gia dé xudt ty 1é cac tham sé duong kinh bulong (ds), chiéu day
mat bich (tf) va chiéu day ong thép (ti) nhu sau:

0.8<tF/ds<1.13
0.3<ti/ds<0.6

Nham dam bao két cau dam bao chiu luc va toi vu vat li¢u.
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