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TGM TAT

Khi mat cat ngang cia thanh thanh mdng tigt dign hér bj xoay
quanh truc thanh mat gac kem theo hign tueng vénh, khi venh bi
ngdn cén thi trong thanh s& xudt hién (ng suft phéap va ing suft
tiép dé chang lai ma men xodn sinh ra thi da goi |3 xodn kiém ché.
Ung suét do xodn kiém ché sinh ra trong nhigu truimg hop gay
anh hudng dang ké tai tdng img suat trong ket cau. Hign nay khi
tinh xodn cho két cdu thuang ba qua va don gian haa tinh toan, do
vy khang phan anh dang sy [am vigc cia ket cau. Bai bao tom tat
nguyén Iy tinh todn chiu xoén kiém ché cia thanh thanh mang tigt
dién hér cung tinh toan cu thé cho ddm chir [ theo tai liéu coa Nga
[1.2] nh&m lam r s [am viéc cia ket cdu |3 co s& cho viec chon
tiet dien hop ly.

Tir khda: K&t cdu thép; thanh thanh mang; thanh chiu xoén; xodn
kigm ché; bimomen.

ABSTRACT

When the cross-section of a open-section thin-walled bar is rotated
around the bar axis by an angle accompanied by warping phenomenan,
it the warping is prevented, there will be normal stress and shear
stress in the bar to counteract the generated torque . it is called
restrained torsion. The stress caused by restrained torsion generated
in many cases significantly affects the total stress in the structure.
Currently, the calculation of torsion in structures is often neglected
and simplified leading to inaccurate reflecction of the structure's
behavior. This article summarizes the principle of caculating the
restrained torsion of the open-section thin-walled beams along
provides a specific examples for channel section beam according to
Russian documents [1.2] to clarify the structural behavior and provide a
basis for selecting appropriate cross-sections.

Keywords: Steel structure; thin-walled beams; warping torsion;
restrained torsion; bimoment.

1.DAT VAN PE

Két cau thanh thanh moéng dugc str dung rong rai va da dang trong
thuc tién xay dung. Trong mét s trang thai lam viéc két cau thanh
thanh méng tiét dién ha chiu tac dung clia xodn kiém ché dan dén sinh
ra (ing suat dang ké trong két cau. Khi tinh toan két cau, dé don gian héa
thuding bd qua anh hudng clia xoan kiém ché, dan dén phan anh khéng
chinh xac sy lam viéc va cé thé gy mat an toan cho két cu. Cho tdi hién
nay c6 mot 6 tai liéu dé cap tdi phuong phép tinh xodn kiém ché theo
quy pham My hay chau Au va chii yéu cho dam chii | [3], tuy nhién cac
nguyén ly, phuang phap tinh toan két cdu clia Viét Nam hién nay phan
I6n dua trén cac tiéu chuan thiét ké két cdu ctia Nga, do vay viéc gidi
thiéu quy trinh tinh toan dam thép chiu xoan theo cac tai liéu clia Nga
rat thuan loi va pht hgp véi thuc tién két cau xay dung tai Viét Nam.

Ngoai dam ch(t |, thi dam ch@ [ cing c¢6 pham vi Ung dung rat
rong trong két cau xay dung dung lam dam chiu uén, xa gé mai,
dam sudn tudng... phan trinh bay duéi day néu co sd, trinh tu tinh
toan cau kién va vi du cu thé ctia ddm chir [ chiu xodn kiém ché.

2. NGUYEN LY TiNH TOAN XOAN KIEM CHE CHO THANH
THANH MONG

Thanh c6 thanh méng la thanh c6 dé day thanh cla ciu kién
nhé hon dang ké so véi dudng chu tuyén va dudng chu tuyén nay
nhé hon dang ké so véi chiéu dai thanh [1,4].
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Thép goéc va thép chr T (ca thép can ndng va dap nguodi) khéng
dugc coi la thanh méng vi véi thanh c6 loai tiét dién nay khi xodn
khong phat sinh ting suat phap va ching dugc tinh theo cac cong
thiic stic bén vat liéu thong thuang [2].

Thanh c6 thanh mdng c6 thé dugc chia thanh 2 loai (Hinh 1):

- Thanh cé6 tiét dién kin;

- Thanh cé tiét dién hé.

b) J

Hinh 1. a) thanh tiét dién kin; b), ¢) thanh tiét dién h&

Cac nghién ctiu cho thay cac thanh c6 tiét dién kin c6 thé dugc
tinh todn bang cac cong thuc stic bén vat liéu dua trén gia thiét vé
tiét dién phéng. Su lam viéc cla cac thanh c6 tiét dién hd khac
dang ké so vai thanh co tiét dién dic va kin. D6i véi cac thanh cé
thanh mong tiét dién hé khi chiu tai, néu cac chuyén vi doc xay ra
ma khéng bi can tr& (cong vénh tu do), thi ting suat phap khong
phat sinh trong tiét dién, trudng hgp nay xoan dugc goi la ty do.
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Ngugc lai néu cong vénh bi can trg, thi trong cac thanh thanh
mong tiét dién hd phat sinh déng thoi tng suat phap va cac tng
suat tiép dugc goi la xoan kiém ché [2].

Dé& tinh dén anh hudng clia xo0an ki€ém ché d&i vdi su lam viéc
cda thanh thanh mong Vlasov [1] dé xudt toa d6 quat w ciing nhu
cac dac trung khac: momen quan tinh quat|,, momen khiang uén

quat W, ; momen tinh quat S, . Cac dai lugng nay dugc xac dinh
nhusau: w=[rds; S, = [wdA ; |, = [w'dA.
0 A A

Su cong vénh do xo0én sinh ra néi luc la bimomen B, . Két cau
chiu nén uén hodc kéo udn khi khéng cé tai trong dong dugc kiém
tra bén nhu sau [4]:

i M
( N ] + M, + Y4 B, <1
ARy, cWRy, cWRy, WRy,

Ung suéat phap cta thanh chiu xoén kiém ché & giai doan dan

hoi dugc xac dinh bagi cong thic:

g N M M B 0

B
o,=—2=—2W (2)

@ @
a) b)
Hinh 2. a) Biéu d6 toa dd quat trong thanh chit [; b) Biéu d6 (ing sudt phép sinh ra béi
bimomen trong thanh chif [
Thanh thanh mdng tiét dién hé khi chiu xoan kiém ché sé phat
sinh (ng suét ti€p T trong tiét dién ngang, la téng Ung suat cla
xo0dn thudn tly 1, va Ung suat tiép T,, trong d6 1, la téng Ung

sudt tiép udn ngang clia moét trong hai phuongT,,, hodc 1., va
Ung sudt tiép sinh ra bai xoan kiém ché 7 :

=Mt 3)

I(
Q,-S .
T =Tyt Ty = TR M, S, (4a)
Lt -t
< Q, - .
hodc 1, =1,,+1,=—""""+ M, -S, (4b)
Y Lt -t

Trong d6 M, la momen xoan ty do; M, la momen xoan kiém
ché, c6 téng badng momen xodn téng thé M=M, + M, .

Vi thanh tiét dién chir |, chi c6 & canh phat sinh (ing suat tiép bai
tac dung dong thai ctia luc cdt doc canh va xodn kiém ché nén sé chi
st dung mot trong cac bién thé clia cong thuc (4) phu thudc vao
huéng clia truc clia dam. V6i thanh chit [, tac dong déng thai clia uén
va xoan kiém ché dién ra & ca canh va bung nén sir dung déng thai 2
cobng thuc (4a), (4b). Tuy nhién tinh toan Ung suat ti€p phat sinh bai
x0an kiém ché cho céac thanh khong dugc quy dinh rd rang & cac tai

liéu hién hanh do anh hudng khong I6n [2]. Van dé nay dugc xem xét
chi tiét hon va vdi cac vi du tinh toan trong [6,7].

Khi tinh dén cac tai trong tac dung lén thanh theo ca bay bac
tu do (bién dang doc truc, cdt trong hai mat phang, uén trong hai
mat phdng, xodn va cong vénh), hé phuang trinh vi phan can bang
chuyén vi c6 dang sau:

EAE" =q,
_Elyf,lv +q, = 0 (5)
-ELnY +q,=0

~EI8Y +GI8" +m, —m} =0

Trong d6 EA, El, El , la d6 cling kéo-nén va uén trong hai
mat phdng; El, 1a d6 cliing cong vénh va va G, 1a dé cling xodn tu
do.

Céc 8n s6 cta hé (5) 1a cac ham chuyén vi: ¢ =¢, doc theo truc
z, £=¢,, n=n, ngang theo trucxvay, 8 la géc xoén (c6 dao ham
8’ tuong tiing d6 cong vénh)

Phuong trinh can bang xoan kiém ché dugc viét dudi dang:
m, - mg

El

w

eIV _ kZG// — (6)

Trong d6 k la dac trung udn-xoan clia thanh, dugc xac dinh bai
cong thuc

yic

“YEL, i
Nghiém ctia phuong trinh (6) cé dang:
0=0,(2)+6(2) (8)

Trong dé: 8,(z) = Ash(kz) +Bch(kz) + Cz +D ; cac hang sé tich
phan A, B, C, D phu thuéc vao cac diéu kién bién; sh(kz) va
ch(kz)la cac ham sin hyperbolic va cosin hyperbolic, dugc tinh

kz —k:

e —e

z kz —kz
«ch(kz)=S*€ |

theo céng thuc: sh(kz) =
Cac nghiém phuong trinh (6) ap dung cho céac so dé tinh két
cdu phé bién thuc té dugc dua ra trong Bang 1.
TU hé phuong trinh (5) ta cé:
o= E(&l _ CHV _ r.]//X _ e//w)
T=EQC" S,(s) " S,(s) _g" S,(s)

t t t
M, = Gl,8'

) )

t - chiéu day thanh; S, va S, la cdc mémen tinh d6i theo 2
phuong xvay; S, lamoémen tinh vénh.

TU (5) va hé phuong trinh (13) ta c6 méi lién hé gitta bimomen
va goc xodn:B,, = -El, 0" (10)

Ton tai khai niém tdm uén cua tiét dién ngang la khi khéng cé
momen xoan & do, thi momen cula cac luc ngang trong tiét dién
ngang bang khéng. Néu momen clia cac luc ngang trong tiét dién
khac 0, thi thanh khéng chi bi uén ma con xoan. Do vay, momen
xoén dugc hiéu la momen xoan so vdi tam uén.

Toa d6 cha tdm udn dugc xac dinh theo céng thuc

x=[wdA; y = [wdA .
IxA IyA

Vi thanh chir [ khoang cach tir tdm udn dén tdm ban bung
thanh (hinh 3c) dugc xac dinh theo cong thic sau:

2
a,=- bt'ht GR)
2bt, + —
3
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Bang 1. Céng thiic bimomen theo sg dé tinh va dang tai trong [1,2]

Dang tai trong
Tai phan bé déu Tai tép} trung
- i I
4
A Khi 0<z<t Khi t<z<|
- f -
Kl Ch(k(z _%D Pe |1 Pe 1
m -e -e
B, =—|1-— =2 -sh(kz)sh(k(l -t =-—2 - sh(kt)sh(k(l -
R o= ey Shlkh(k( - ) o= sy Shkvsh(k(-2))
2
o Ir -
B, =B,ch(kz) + & ‘M, sh(kz) B, = B,ch(kz) + & ‘M, sh(kz) + & L sh(k(z - 1))
ch k(l - z) 1 1 1
m ( 2 t+ (I - t)ch(kl) + —sh(kt) — —sh(kl) + —sh(k(I - t)) — Ich(k(l - t))
B, = K 1- Kl B, = k k k L.
ch™ v 2ch(kl)— kI - sh(kl)— 2
M. L+ shikD) - k(1 =) — ch(ki) + ch(kt) - ch(k(l - 1))
- 2ch(kl) — kI - sh(kl)— 2 !

B, =:J2[1—ch(k(l—z))+sh(k(l—z))~

B, =B,ch(kz)+ & -M, sh(kz)

B, = B,ch(kz) + & ‘M, shikz) + & L sh(k(z - ))

(5§

1 1
(1= t)shil) —shik(i- t))L

(1= t)eh(kl) - Lsh(k(I - 1))
1 « L

1+Kkl- sh(kl) — ch(kl) - =
2 B, =- 1 t 20 = 7 t
kI~ ch(kl) — sh(kl)  Sh(ki) =1 ch(ki)  Sh(k) =1 eh(k)
!
1 1 1
By=—— m K- sh(k(l —Z)) B, =B,ch(kz)+ P M,,sh(kz) B, =B,ch(kz) + Pl Mzosh(kz)+R~Ltsh(k(z —-t))
k’ch(kl) -
—¢ —ch(Kl) + ch(kz) V= —& Ch(;( ) [sh(k(I - t)) - sh(kl)]; M,, =L,
(3 3 2
LAY 2 s | et Trong dé: |, = ht, bht,
' it i 5 2 2
) (beaa)h2 Pé xac dinh céc gia tri cia bimomen va dung biéu dé tuong
5 Ung, can giai phuong trinh vi phan (6) 4p dung cac diéu kién bién.
hi | 0 - A B O - D6i véi mot s6 loai dam don gian tif thanh thanh méng, cong thic
as | xac dinh bimomen dugc lap va trinh bay trong bang 1 [1,2].
b b2
5 =g 3. CAC BUGC TiINH TOAN
) b TU nguyén ly tinh toan nhu trén ta c6 thé xay dung dugc cac
a budc tinh toan cau kién nhu sau:

Hinh 3. a) tiét dién thanh chit [; b) Biéu d6 dién tich quat

Trong d6 b va t, lan lugt la chiéu rong va d6 day cta ban
canh, con h va t-chiéu réng va dé day ctia ban bung (Hinh 3a).

Biéu do dién tich quat w dugc thé hién trén hinh 3b.

Momen quan tinh quat I, cdia thanh chir[ dugc xac dinh nhu sau:

I, = é(b “3a, )%, + ol (12)
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- Xac dinh cac dac trung hinh hoc uén, xoan;

- Xac dinh Uing suat do uén;

- Xac dinh tam uén;

- Xac dinh @6 léch tam cua tai trong so véi tam uén;
- Xac dinh Uing suat do xodn;

Xac dinh (ing suat téng;

- Kiém tra bén.
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4.ViDU TINH TOAN

15

q b

Hinh 4.a). So dd tinh dém chit [ chiu tai trong phan bo déu; b) éd do chat tai trén tiét dién

Xét mot dam don gian tiét dién chi [ nhu hinh 4, chiéu day tiét
dién t=1,5 mm, dugc lam tu thép CCT34 c6 R =23kN/cm’; L=
3m, g=1kN/m, véi cac dac trung hinh hoc nhu sau: dién tich tiét
dién ngang A = 3,640cm’; momen quan tinh xodn thuan tay
I, =0,0273 cm*; momen quan tinh quat 1,=316,92 cm’; momen
khang uén theo trucy W, =15,83 cm’; momen quan tinh theo truc
y I,=118,75 cm*; toa d6 tdm uén a, =-1,682 cm

Déc trung uén-xoan tinh theo cong thic (7):

k= /% =0,005764(cm™")

trong d6: G =79000 MPa - mo6 dun trugt clia thép;

E =206000 MPa - mé dun dan héi cta thép.

Trong nhiéu trudng hop, khi tai trong phan bé déu trén thanh
dat gia tri giGi han c6 tac dong du I6n 1én canh trén lam tiét dién
khéng gilt dugc hinh dang ban dau, dé gian ti€p tinh dén su phi
tuyén hinh hoc nay coi tai trong phan bd déu trén ban canh theo
quy luat tam giac [8]. Khi do, vecto tai trong sé di qua trong tam
cla biéu dé tai trong & khodng cach b/3 tinh ti mép ban bung
(hinh 4b).

Do léch tam cla tai trong so véi tam udn dugc xac dinh nhu
sau: e=a, +§ =1,682 + % =3,35(cm)

Momen udn 1én nhat & gilta nhip:

2 2
_a % — 1,125(kNm) = 112,5(kN.cm)

y
8
Bimomen dugc phan bé doc theo chiéu dai dam xac dinh theo
. ch k(1-2x)
cong thic bang 1(hinh 5a):B, =3/ —7%
k chE

Gia tri bimomen I6n nhat:

g _ael,_ 1 _0,01-3,35(1 1

= -
Chg 0,005764 1,398

0= j =287,06(kN.cm?) Cac

ung sudt phap I6n nhat o,, 0,, o,, o, phat sinh tai tiét dién &
gilra nhip nam tai 4 diém tuong Ung 1, 2, 3 va 4 cla tiét dién (Hinh
5b) c6 gid tri la:

0,=0,+0, =——>+—2w, =-7,12+22,61=1549(kN/cm*)
w, 1,
M, B 5
0, =00 +0u, ==~ 72 W, = 7121142 =-18,54(kN/ cm?)
y w
MY B 2
0,=0,,+0,,;,=+——+—2Ww, =7,12+11,42 =18,54(kN/ cm?)
W, 1,
M, B 2
0,=0,,+0,, = +—7|—“’w, =7,12-22,61=-15,49(kN/cm”)
y w

Us |

b)
Hinh 5. a) Biéu d6 bimomen trong dam don gian chiu tai trong phan bg déu léch
tam; b) Bi€u d6 (ng sudt phap trong tiét dién ngang
Céc gid trj ing suat phap I6n nhat o, , 0, , o,, o, phatsinh tai tiét
dién cé ndi luc I16n nhat nam & gitia nhip dugc trinh bay trong Bang 2.
Kiém tra bén do ing suat phép:
Opax =18,54(kN/cm’) <y, -R, =1.23 = 23(kN/ cm*) — dam béo.

Bang 2. Ung suét tai vi tri c6 ndi luc I16n nhat trong thanh

o, ,MPa
Vitri L (ing suit xodn P
Ung sudt udn (do bimomen) Téng ting sudt
1 -71,2 +226,1 +154,9
2 -71,2 -114,2 -185,4
3 +71,2 114,2 +185,4
4 +71,2 -226,1 -1549
5. KET LUAN

Bai bao trinh bay nguyén ly va phuong phap tinh toan kiém
ché cho thanh thanh méng chit [ xac dinh dugc trang thai ing suat
cla két cau tir dé c6 co sé dé lua chon tiét dién hop ly.

Qua két qua vi du tinh toan toan c6 thé thay dnh hudng déng
ké clia ing suat do xodn kiém ché so vai téng ing suat sinh ra.

Trén cd s& nguyén ly tinh todan, bai bdo da trinh bay cong thiic
tinh bimomen cho mét s6 sa d6 tinh két cau phé bién, giip don
gian hoda va thuan tién tinh toan xodn kiém ché, nham phan anh
dung su lam viéc cta két cau.

Cac tai liéu gido trinh tinh toan hién nay it dé cap tai viéc tinh
toan thanh thanh mong chiu xoan kiém ché, do vay viéc dua vao
ap dung nguyén ly tinh toan xodn kiém ché la can thiét va cé y
nghia thuc té trong cong tac thiét ké cong trinh thép.

TAI LIEU THAM KHAO

1. Bnacos B.3, “ToHkocTteHHble ynpyrue crepxuun”, Ousmatrus, 1959;

2. C. M. TuxoHos, B. H. Anexun, 3. B. bensesa, “llpoekTupoBanue meTananyeckux
KoHCTpyKkumit”, W3p Mepo, 2020;

3. Vi Quéc Anh, Vi Quang Dudn, “Tinh xodn dam thép chi H bang biéu d6 theo quy
pham My AISC”, Tap chi KHCN Xdy dung, s6 1,2015,p.67-73;

4. bbluko [1.B., “CTpoutenbHad MexaHWKa CTEPXKHEBbIX TOHKOCTEHHbIX
KOHCTpyKumi”, FoccTpoiinsgaat, 1962.

5. (N 16.13330.2017, “CranbHble KOHCTPYKLMYM, AKTyanu3upoBaHHaa pedakums”,
Mockga, 2016;

6. Poi6akoB B. A. “OcHOBbI CTPOMTENbHOI MeXaHUKM NIETKIX CTalbHbIX TOHKOCTEHHDIX
KOHCTpyKumiA”, U3p Monutexw, 2018;

7. Batun H. W, “KoHcTpynpoBaHwe 3paHuii u coopykeHuii, Jlerkue cTanbHble
TOHKOCTEHHblE KOHCTPYKLIK: yueb. pykoBoacTeo”, MonuTexH. yH-Ta, 2012, p.266 ¢.

8. Nanu B.B., Pvibakos B.A., Mopo3os C.A., “UccnesoBaHne KOHEUHbIX INeMeHTOB
ANA pacyeTa TOHKOCTEHHbIX CTepxHeBbIx cuctem”, Magazine of Civil Engineering, N1,
2012, p.61

ISSN 2734-9888 | 07.2023 XAYDUNG |45




