Tinh toan bu long thong thuong
chiu kéo va cat dong thoi

Combined tension and shear in bearing-type connection bolt

Tom tat

Lién két bu long Ia mét loai lién két dugc sii dung
pha bién trong két ciu thép. Trong qua trinh lam
viéc, bu 16ng c6 thé phai chiu cac trang thai tac
dong khac nhau, trong d6 ¢6 thé xay ra trudng
hop xuét hién luc kéo va cat dong théi. Vé nguyén
tac, d€ dam bao an toan cho két cau, su lam viéc
ctia lién két can phai dugc kiém tra trong tat ca
cactinh hudng nguy hiém nhat. Tuy nhién hién
nay trong tiéu chuan hién hanh cta nudc ta chua
xét dén anh hudng clia su lam viéc dong thai nay.
Do d6 trong mét s6 tinh huéng 6 thé dan téi lién
két dugc thiét ké khong dam bao kha nang chiu
Iuc. Néi dung bai bao xem xét su can thiét ciing
nhu so sanh véi quy dinh ctia cac tiéu chuan phd
bién khac trén thé gidi, tir d6 dua ra khuyén nghi
cu thé cho viéc tinh toan nay.

Tir khéa: bu long, lién két bu long, kéo va cdt, két cdu
thép, tiéu chudn tinh todn

Abstract

Bolt connections are widely used in steel structures.
Functioning bolts suffer different types of actions, in
many cases there is tension and shear at the same
time. Theoretically, all dangerous working states of
connections have to be verified to assure the safety of
structures. However, this combination is not mentioned
in Vietnam’s current related design standards. So, in
some particular situations, designed bolt connections
may occasionally be out of strength. The paper refers

to the necessity of taking into account this issue and
compares it with requlations of some popular standards
in the world, then gives out some recommendations.

Key words: bolt, bolt connection, tension and shear, steel
structure, design standard
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1. bat van dé

Lién két buldng la mét loai lien két dwoc st dung ngay cang phd bién
trong két ciu thép dé 1ap dung ciing nhw khuyéch dai cac c&u kién,d&c biét
trong cac cdng trinh cdng nghiép. Trong cac nha cong nghiép, mdi ndi phan
khung thwérng dwoc str dung bang lién két buldng cwéng d6 cao, khi dé sw
lam viéc clia than bu 16ng thuan tay I chiu kéo. Trong khi d6, lién két chan cot
thwerng str dung buléng théng thweng, lwc cat truyén qua mat tiép xuc truc
tiép gitra than bu 16ng va ban dé, néu suét hién lwc kéo thi trong buléng sé
chiu ddng thdi ng suét kéo va cat. Hién nay theo tiéu chudn quy pham thiét
ké két cAu thép & Viét Nam chwa ké dén tac dong ddng thoi cta hai yéu té
nay. Thyc té tinh toan ciing cho thy, trong nhiéu trudng hop, lwc cét trong
than bu 16ng nhé khong dang k&, sé lwgng buldng chi dwoc bé tri theo cAu
tao. Tuy nhién, trong mét sb trwdng hop, khi luc cat da 16n, viéc bé qua tac
dong déng thoi cda lwe cét co thé gay nguy hiém cho céng trinh. N&i dung bai
bao dé& cap dén vén dé nay.
2. Tinh toan lién két bu 16ng chiu kéo va cét theo cac tiéu chuan hién
hanh
2.1.Tiéu chudn Viét Nam TCVN 5575:2012

Trong tiéu chuan Viét Nam TCVN 5575-2012 [1], phan lién két bu Iéng
dwoc trinh bay kha ngén gon, trong dé quy dinh bu I6ng chiu cét va kéo déng
thoi dwoc kiém tra chiu cat va kéo riéng biét. Khi do, kha nang chiu lwc tinh
toan ctia mét bu 16ng dwere tinh nhw sau:

Chiu cat: [Nl = fusvpAn, (1)
Chiu ép mat: [N]ep = fepypd2t (2)
Chiu kéo: [Nl = fiApn 3)
Trongdo:

fub, Tops fip 1aN ot 13 cudng dd tinh todn chiu cét, chiu ép mét va chiu kéo
cua bu léng;

d la dwong kinh ngoai cla buldng;
A = 7td?%/4 1a dién tich tinh toan cla than bu Iéng;
Ay, 1a dién tich tiét dién thwe cia than bu 16ng, |4y theo bang B.4, phu luc

>t 14 tdng chidu day nhd nhét clia cac ban thép cung truot vé& mot phia;

n, la sé lwong cac mat cét tinh toan;

Yp 1& hé s6 diéu kién 1am viéc cua lién két bu l6ng, lay theo bang 38.

Diéu 8.2.5 trong tiéu chuan quy dinh bu 16ng chiu cat va kéo déng thoi
dwoc kiem tra chiu cat va kéo riéng biét.
2.2.Téu chuan HoaKy ANSI-AISC 360-10

~ Tai Hoa Ky van ludn rng dung song song ca hai phwong phap tinh toan
ket cau theo trng suat cho phép (ASD — Alowable Strength Method) va theo
hé so0 tai trong va strc khang (LRFD — Load and Resistance Factor Design).
Khac vai cac phién ban trwédc, ANSI-AISC 360-10 [2] tich hop ca hai phwvong
phap nay trong cting mét bé tiéu chuan, méi cdng thirc déu dwoc huwdng dan
dé ap dung theo cac phuong phap do.

Theo tiéu chuan nay, kha nang chiu kéo hoac chiu cat, $R, (LRFD), hay
gi¢i han chju kéo hoac ‘chiu cat, Rn/Q (ASD), dwgc xac dinh theo trang thai
gioi han clia pha hoai vé kéo hodc cat nhw sau:

Rn = FrAp 4)

¢ =0,75 (LRFD) Q=2 (ASD)

Trong do:
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A,: dién tich danh nghia ctia than bu 16ng phan cé ren
hoac khéng ren
Fa: cwong do chiu kéo danh nghia, Fy, hodc cuong
dé chiu cat danh nghia, F,,, lay theo bang J3.2 cla tiéu
chuén nay
V6i bu 16ng chiu tac dong ddng thoi clia kéo va cét, luc
kéo gi¢i han co thé dwoc xac dinh nhw sau:
Rn = FnAp (5)
Trong do:
F'n: cbng d6 chiu kéo danh ngha diéu chinh xét dén
anh hwédng cla lwc cat

F.=13F,- ';"‘ f,<F,
oF,, (LRFD) (5a)
F. = 1,3Fm-ﬂfw < F,
v (ASD) (5b)
vOi:

Fne cwong do chiu kéo danh nghia cta bu léng lay
theo bang J3.2

Fny: cwdng dd chiu cit danh nghia cla bu l6ng l&y
theo bang J3.2

f,: (ng suét cat tac dung 1&n than bu I6ng, xac dinh
theo LRFD hodc ASD

va (rng suét cét ., phai nhd hon hodc béng tng suét cét
gi¢i han.

Tuong tw, cac cong thirc nay cb thé viét lai dé xac dinh
cwong dod chiu cét,danh nghia diéu chinh F’,, xét dén anh
hwdng cla rng suat kéo f,.

’Déng thoi, trong tiéu chuén nay ciing ghi chu r6: khi trng
suat f, cad kéo hoac cat, nhd hon 30%‘ rng suat gi¢i han
tvong tng, c6 thé bé qua sy tac dong ddng thdi cla hai loai
trng suat nay.
2.3.Tiéu chuén chéau Au

Tiéu chuan chau Au [3] quy dinh cach xac dinh kha nang
chiu lyc clia bu 16ng nhu sau:

- Kha n&ng chiu cét ctia mot mét cat bu 16ng:

Fv,rd = anUbA
w2 (6)
Trong do:

Néu mét cat di qua phan co ren clia bu long (khi d6 thay
Abang Ay):

+ v6&i bu l6ng cip bén 4.6, 5.6 va 8.8: 0,=0,6

+ v6&i bu léng cap bén 4.8, 5.8, 6.8 va 10.9: 0,,=0,5
Néu mét cét di qua phan khéng cé ren clia bu l6ng ,=0,6
A: dién tich tiét dién nguyén clia than bu léng
Ag: dién tich tiét dién thwc cta than bu 16ng phan cé ren
fuo: 9i¢i han bén cla vat liéu ché tao than bu l6ng

Ymz = 1,25: hé s6 an toan st dung khi tinh kha néng chiu
lwc cha bu 16ng, 14y theo bang 2.1 trong tiéu chuan

- Kha nang chiu kéo cla bu I6ng:
= k2fubAs

Ymz (7)

F

t,rd

Trong do:
k, = 0,63 v&i bu 16ng dau chim, cac trwong hop khac
k,=0,9

fup, AS, Yz gibng nhw trén

- Bu Idng chiu kéo va cét ddng thoi dwoc kiém tra theo
cong thire:

Fv,Ed + Ft,Ed S1 O
Fv,Rd 1’4Ft,Rd

(8)
VGIi Fyeq VA Fieq 1@ luc cét va luc kéo tinh toan tac
dung Ién than bu I6ng.

Tiéu chuan khéng cé ghi chl nao thém vé gi¢i han ap
dung khi kiém tra sw lam viéc dg‘)ng th&i cha kéo va cat vc')’i bu
I6ng, ttrc viéc kiém tra dwoc tién hanh véi moi bu I6ng dong
thoi chiu kéo va cét.
3.‘Phén tich sw 1am viéc cha bu 16ng chiu kéo va cat
dong thoi

Xét mc}t’bu I6ng chiu sw tac dung ddng thoi cia lwe kéo
Ty va lyc cat V.

Luc kéo T, gay ra trong than moét ring suét kéo:

(9)
Vi A, la dién tich tiét dién than bu 16ng (phan co ren
hodc khéng ren, tuy thudc vi tri mat cat kiém tra)

Diéu kién dam bao dé bu 16ng khéng bi pha hoai vé kéo:
(10)

Céng thire (9) va (10) hoan toan twong thich véi céng
thtre (3) bén trén theo TCVN 5575:2012.

Twong tw, luc cét V, gay ra trong than bu 16ng mét trng
suét tiép 7. ng suét tiép T nay cling phai théa man diéu kién:
(11)

Trong trwong hop thong thuong, khi kiém tra cau kién
chiu cat tryc tiép, rng suat tiép dwoec tinh la (’ng suat trung
binh:

o< ftb

1< fvb

(12)
Codng thtre nay ciing phu hop voi cong thire (1) khi tinh
kha nang chiu cat ctia bu Idng theo TCVN 5575:2012.
Tuy nhién, & day, khi xét dén su tac dong dong thoi clia
kéo va cat, ta sé xét dén wng suat tiép I&n nhat trén tiét dién:

nD*
64 (13)
Trong do:

max —
T =

4

I, & mémen quan tinh cla tiét dién, |, = o
S, 1a mémen tinh cla ntra tiét dién ddi véi truc trung
20 D

8 3n 12

hoa,S, =

D la bé rong tiét dién tai truc trung hoa, chinh 1a
dwong kinh cda bu léng
Trong tiét dién tron co:

D3
Tmax _ Vbﬁ = 4Vb =%
nD* D 3 LDZ 3A,
64 4

(13a)

Duwoi tac dong ddng thoi clia (ring suét phap ¢ va tng
suét tiép T, didu kién bén clia ciu kién sé dwoc kiém tra theo
&ng suét twong duwong. Ap dung thuyét bén thé ning bién
ddi hinh dang I&n nhat:
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O = Vo2 +31% < 1,15, (14)

Tw cong thire (10) va (14) cho thay, néu cu< 1,156 thi
viéc kiém tra khéng c6 y nghia hay néi cach khac anh huwéng
clia luc cat la khong dang k&. Do do, chi can kiém tra su tac
déng ddng thei clia tng suét phap va (ng suét tiép khi 6=
1,156. Thay vao (14) ta cé:

Jo?+372 21,156

= 120,330
T (9)va (13a): 4V, > 0,33L
3A, A,
Hay:
V2 0,25T, (15)

Nhw vay, véi luc cat Ion hon 25% luc kéo thi diéu kién
(rng suét twong dwong sé& nguy hiém hon diéu kién chiu kéo
don cta than bu 16ng, khi d6 can xét sw lam viéc déng thoi
clia tac dong kéo va cat.

4. Vi du tinh toan
4.1. Vidu 1

(L&y sb liéu tinh toan tir phan tinh toan chan cot trong vi
du cla séch Thiét ké khung thép nha céng nghiép mét tang,
mot nhip [4])

Chon va kiém tra kha néng chiu luc cta lién két bu 16ng
gitra chan c6t véi mong, da xac dinh dwoc lwc kéo Ion nhat
tac dung 1&n 1 bu 16ng 1& T, = 101,6 kN, lwc cét twong ¢ng
tadc dung Ién bu I6ng dé la Vy, = 13,7 kN, str dung bu l6ng neo
mac 09Mn2Si, c6 f, = 190 N/mm?.

Dién tich can thiét cta tiét dién than bu Iéng:

o T, _101,6.10°
An ==
f 190

tb

=534,7(mm?)

Tra bang, chon bu 16ng $30 ¢c6 A, = 5,6 cm? = 560 mm?.
- Kiém tra lai theo diéu kién chiu kéo:
[N = fio-Apy = 190.560 = 106400 N = 106,4 kN> T,
Diéu kién chiju kéo thda man.
- Kiém tra theo diéu kién chiu (rng suét twong duong:
ng suét phap do lyc kéo tac dung 1én than bu 16ng:
T, _101,6.10°

c=-L2=——""—=180,4N/mm?
A 560

ng suét tiép do lwc cét tac dung 1én than bu 16ng:
v, _13,7.10°

T=-b=—"""— =326N/mm’
A 560

(ng suét twong dwong trong than bu 16ng:
61 =\Jo?+37% = /180,42+3.32,62

= 189 N/mm?< 1,15 f,, = 218,5 N/mm?>
Diéu kién chiu rng suat twong dwong théa man.
Trwdng hop nay co V< 0,25T, = 25,4 kN, anh hudng
cta lwc cat dén sw lam viéc chiu kéo la khong dang ké.
4.2. Vidu 2:

Tinh toan twong tw véi moét trwdng hop khac, lwc kéo 1én
nhét tac dung lén 1 bu Idng 1a T, = 65 kN, lwc cat twong trng
tac dung lén bu 16ng d6 1a V, = 18 kN.

Dién tich can thiét cta tiét dién than bu Iéng:

o _T,_65.10°
on g 190

tb

=342,1 (mm?)

Tra bang, chon bu léng ¢24 c6 Ay, = 3,52 cm? = 352 mm?.
- Kiém tra lai theo diéu kién chiu kéo:
[N = fio.Ap, = 190.352 = 66880 N = 66,88 kN > T,
Diéu kién chiju kéo thda man.
- Kiém tra theo diéu kién chiu &ng suét twong dwong:
ng suét phap do lyc kéo tac dung 1én than bu 16ng:
,_T,_6510°

184,6 N/mm?
A 352
Ung suét tiép do Iwc cét tac dung 1én than bu 16ng:
3
r=ﬁ=18'10 =68,2 N/mm?
A 352

(ng suét twong dwong trong than bu 16ng:
i = \Jo?+37% =+/184,67+3.68,22

=219,2 N/mm?> 1,15.fy, = 218,5 N/mm?

Nhuw véay, mac du khi kiém tra riéng diéu kién chiu kéo
thi bu 16ng di kha nang chiu lvc. Nhung khi xét dén tac
doéng dong thoi cda lwe cat thi diéu kién chju ng suat twong
duwong khéng théa man, bu 16ng c6 thé bi pha hoai dudi tac
dong nay.

4.3. Vidu 3

Tinh toan v&i cap ndi lwc twong tw vi du 2, tinh theo tiéu
chuén Hoa Ky, phwong phap LRFD, vat liéu bu l6ng thép
A307.

Tra bang J3.2 tiéu chudn ANSI/AISC 360-10[2] c6 cwéng
dd chiu kéo va cét twong (rng cla bu l1dng thép A307 la
Fnt =310 MPa = 310 N/mm?; Fnv = 188 MPa = 188 N/mm?.

- Chon dwong kinh bu 16ng theo diéu kién chiu kéo:

T (4) ta co: To=0Rn = OF Ay
T _ 65.10°

Ap>—2=———— =280 mm?

= PoS4F T 0,75.310 mm

Chon bu Iéng ¢$22 c6 A, = 303 mm?.
- Kiém tra kha nang chiu lwc ctia 1 bu 16ng theo diéu kién
don:
+ V& kéo:
0Ry = OF A, = 0,75.310.303 = 70448 N
=70,448 kN > T, = 65 kN
+ V& cét:
0Ryy = OF A, = 0,75.188.303 = 42723 N
=42,723 kN >V, = 18 kN
~ Nhuw vay, néu kiém tra riéng biét vé didu kién chiu kéo va
cat deu dadm bao.
- Kiém tra theo diéu kién chiju tac déng ddng thdi clia lwc
kéo va cat:
F

nf < F,
oF

nv

Theo (5a) F', =1,3F,-

Trong d6, f,, 1a ’ng suét gay ra do lwc cat:
vV, 18.10°

Vb
A, 303

= 59,4 N/mm?

fv =

(xem tiép trang 50)
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sat thanh bén va phan lwc mii nhw bién dang

doc truc coc hay sw gia tang cua ap lwc ngang

cla dat lén than coc ... Nhin chung, cach tinh nay
c6 murc do tin cay clia két qua thap, dac biét doi

voi dat loai sét pha yéu ddi hdi can co cach tinh

ding dén hon.

Do diéu kién dia chat da dang, cac tiéu chun
hién hanh khong thé dwa ra mét phwong phap

thdng nhét dé xac dinh strc chju tai cla coc voi

d6 chinh xac du cao gan ding véi sb liéu thuc té
thu dwoc trong qua trinh thi nghiém hién truvdng,

nén cé thé ding phwong phap sé nhw 1a mét

40
35 . p.
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£ o5 == Phuong phap sé
€
£20 l.//l’/ ¥
é' 12 4
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0 5000 10000 15000 20000 25000 30000
Tai trong, kN

phwong phap thay thé hiéu qua.

Cac so db va md hinh tinh toan hién cd, bao
gdm ca cac phwong phap sb dwa trén ching,
c6 su khac biét dang ké trong két qua. Pé mo

Hinh 2. So sanh d6 lun khi gia tai tirng cap

coc ¢6 strc chiu tai I&n cé kha nang chiu tai theo dat nén gan
twong dwong véi stre chiu tai theo vat liéu lam coc.

Tir két qua so sanh trén co thé noi rang tinh toan bang
phuwong phap so kha phu hgp véi gia tri thu dwoc tq’ nén tinh
coc tai hién tredng. Viéc ap dung phuwong phap phan tir hiru
han va mé hinh nén dan déo vao viéc xac dinh strc chiu tai
cla c6 la hoan toan cé thé.

4. Két luan

T& nhitng phan tich néu trén c6 thé dwa ra mot sb két

luan sau:

Viéc str dung phuong phap xac dinh strc chiju tai, theo
TCVN 10304, duoc ap du’ng trong’ diéy kién dia chét’ cong
trinh don gian khong ké dén cac yéu té anh hwéng dén ma

tad ding dan sw 1am viéc cla coc va nén xung
quanh né can thu thap dd cac théng sé phuc vu
cho mé hinh tinh toan./.
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Tinh toan bu 16ng théng thudng chiu kéo va cit dong thoi

310

- Fo=13310-—>"
0,75.188

59,4 =272,4 N/mm?

Khi d6, kha nang chiu kéo ctia 1 bu I6ng la:
ORn = OF Ap = 0,75.272,4.303 = 61902 N
=61,902 kN < T, =65 kN

Bu I6ng khong du kha néng chiu lwe, can phai chon lai bu
I6ng dwdng kinh I&n hon.

Vi du nay cho thay sw khac nhau khi c6 hodc khong xét
dén sy tac dong ddng thei ctia lwc kéo va cét 1&n bu 16ng khi
tinh theo tiéu chuan Hoa Ky.

5. Két luan va kién nghi

Hién nay tiéu chuan Viét Nam chuwa quy dinh vé viéc
danh gia tac déng ddng thoi clia kéo va cat dén bu 16ng noi
chung va bu 16ng neo chéan ¢t nai riéng. Trong khi do, tiéu
chuén chau Au luén xét dén tac déng ddng thoi cda hai yéu
td nay, con tiéu chuan Hoa Ky cho phép bé qua néu (ng suét
kéo hodc cét nhé hon 30% gidi han chiu lwc twong (ng. Vi
du minh hoa dwoc dwa ra dé danh gia sw can thiét clia viéc
tinh toan nay.

(tiép theo trang 47)

Két qua phan tich va vi du tinh toan trén cho thay, khi lwc
cat ma than bu 16ng phai chiunhd hon 25% Iwc kéo thi khéng
gay anh hwéng dang k& dén su lam viéc cta bu 16ng, khi d6
c6 thé bd qua tac déng ddng thoi ctia kéo va cét ma chi can
kiém tra cac diéu kién don. Nguwoc lai, khi luc cét 16n hon
25% lyc kéo thi sw l1am viéc déng thdi nay sé nguy hiém
hon va cé thé gay pha hoai than bu 16ng. Khi d6, dé an toan
cho cAu kién va céng trinh, can xét dén trang thai nay trong
tinh toan. Viéc ap dung céng thirc, tiéu chuén nao con phu
thudc vao lwa chon clia ngudi thiét ké khi tinh toan tdng thé
két cdu cong trinh./.
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