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TOM TAT: Bai viét trinh bay ly thuyét tinh toan theo phuwong phap xap xi gia tri bi-md men do hiéu tmg
vénh thong qua giai tich va mé phong. Ding cac phin mém cé tinh toan dén bi-mé men nhu Consteel,
nTCVN (duoc tac gia phat trién) dé ap dung cho cac vi du cu thé cho dim cong son chju md men xoin.
Céc két qua tinh toan cho thiy viéc ké dén bi-md men vao thiét ké s& giup danh gia duoc toan dién hon vé
kha nang chiu lyc cta két céu, cling nhu danh gia duoc gﬁn véi tinh trang lam viéc thuc té cua két cdu khi
thiét ké, giup cho cong trinh an toan hon.

TU KHOA: Bi-mé men; x4p xi bi-moé men; két cdu thép; TCVN 5575:2024; phan mém phan tich 7
bac tu do.

ABSTRACT: This paper presents a theoretical approach for calculating the bimoment value from
warping effects, using both analytical and simulation methodsSoftware that calculates bi-moment like
Consteel, nTCVN (developed by the author) are used for specific examples on cantilever beams subjected
to torsional moments. The results indicate that incorporating the bimoment effect into structural design
enhances the overall assessment of load-bearing capacity and provides a more realistic representation of
structural behavior, there by improving safety and reliability in engineering practice.

KEYWORDS: Bimoment; bimoment approximation; steel structures;, TCVN 5575:2024; 7 degrees of
freedom analysis software.

Qua do g10'1 thiéu phan mém nTCVN (duoc tac gia
phat trién tai Viét Nam), phan mém thlet ké chuyén
dung danh cho cong tac thiét ké két cdu thép, da
dugc phat trién dé cap nhat cac 1y thuyét mai phu
hop voi theo TCVN 5575:2024.

2. BI-MO MEN

1. PAT VAN PE

Tiéu chuidn Viét Nam (TCVN) 5575:2024 -
Thiét ké két cAu thép ra doi voi nhidu cai tién déng
ké so v6i tiéu chuan truée day. Trong dé c6 nhidu
ly thuyét moi duge cap nhat theo xu thé két cau
hién tai trén thé gidi, ddc biét 1a anh huong cua dai
luong bi-md men da dugc ké dén trong tiéu chuan, 2.1. Ly thuyét v tinh toan bi-mé men

Hién tai da sb cac phﬁn mém phén tich két cdu
trén thi truong dang lwu hanh déu st dung ly
thuyét 6 bac ty do (bao gdm 3 chuyén vi tinh tién,
va 3 chuyén vi xoay). Nhung dé dap tmg dugc
thiét ké két cau thép theo TCVN 5575:2024 thi can

Bi-m6 men 1a dai lugng noi luc the 7 (dugce tinh
toan tir bién dang vénh o cua cAu kién khi chiu mo6
men xoan), ngoai 6 dai lugng ndi lyc ma ching ta
da biét trude do bao gdbm 3 chuyén vi tinh tién va 3
chuyen V1 xoay (thuong dugc goi 14 udn trong mit

mot dai lugng 1a bi-mé men, mdt dai lugng & bac
tu do thir bay phat sinh trong hién tuong xodn cé
xét dén hiéu tmg vénh (warping). Dé dép tmg dugc
yéu ciu dé, can phai tim dwoc gia tri ndy thong qua
cac phuong phap hién cé.

Trong bai bao nay, s& trinh bay vé Iy thuyét bi-
mé men, anh huong cia dai lugng nay trong két
qua thiét ké két cdu thép, diém qua phuong phap
giai tich dé xAp xi ra gi4 tri bi-mé men, dong thoi
tim ra uu va nhugc diém cua phuong phap nay.

phing, uén ngoai mit phing va xodn). Dé tinh dugc
bi-m6 men, trudc tién ching ta xem xét phuong
trinh nang luong do Vlasov [1] da dé xuat:
oY) —y20@ =0 1)

Trong do:

0 : Phuong trinh goc xoén (rad);

(U2 Héng sb phu thudc vao do vénh, dugc tinh
theo cong thiic:
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0.5] Két qua vé ham gbc x04n va bi-md men s&
Ve, 2) " duoge biéu dién ¢ dang biéu dd nhu (Hinh 2):

25

Trong do:

V : Hé so Poisson; 20

J : Hang s6 xodn; e

o (da)

C. : Hang s0 vénh. 40

Giai phuong trinh vi phan trén, thu dugc dai 5
lwong bi-mé men va mé men xoin theo cong thirc o
bén dudi: 0 0.5 1 15 2 25
' z(m)
B=-GJ(Cye" +Cpe ) 3)
T(z) —GJC ) a) Ham géc xodin 0
= 2
Trong do:

C,, C3, C4: HE 86 phu thudc vao diéu kién bién;
G: Mo dun trugt ¢6 cong thic G=E / (2(1+V).

25

B (kN.m")

2.2. Vi du tinh toan

Mot thanh cong son (cantilever) chiu mdt mo
men xodn tai dau tu do véi gia tri T =10 kN.m (co
chiéu tac dung nhu hinh dudi), ddu tw do khéng ’ z(m)
ngan can vénh, cic thong sé hinh hoc cta thanh
cong son nhu (Hinh 1) nhu sau: chiéu dai: L =2 m;
tiét dién: H 200 x 200 x 10 x 12 (Chiéu cao lot
long bung: 200 mm, bé rong canh: 200 mm, chiéu
day bung: 10 mm, chiéu day canh: 12 mm) c6 cac

b) Bi-mé men

Hinh 2: Biéu do ham goc xodn va bi-mé men

dic trung [2] nhu bén dudi: 2.2.2. M6 phéng bang phian mém Consteel
- Hang s6 xoén: J =301 066.67 mm*; Dung phan mém Consteel [3] md phong lai bai
- Hang s6 vénh: Cy, = 179 776 000 000 mm®; todn vi du trén:

- Vat liéu: Thép, c6 md dun dan hdi E = 200
GPa, hé s Poisson ldy bang 0.3.

10.00kNm

Hinh 3: Thanh thép céng son chiu mé men xodn
tai dau tw do mo phong bang Consteel

—
[

T=10 k.M

Két qua tinh toan:

Hinh 1: Thanh thép céng son chiu mé men xodn
tai dau tw do

2.2.1. Tinh todn bang céng thirc gidi tich

©x = -21.01 °
(node: 2, element:5)
]

Ap dung phuong trinh (3) va (4) va céac diéu
kién bién cho bai toan, véi dau tu do thi md men
xodn tai z =L s& bang 10 kN.m va bi-md men tai
dau tu do nay bang 0 do khong duoc “kiém ché”
vénh tai day. Hinh 4: Gid tri géc xodn
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B =-11.45 kNm2
(node: 1, element:1)

Hinh 5: Gid tri bi-m6 men

Nhan xét: Két qua tinh toan 1a gidng nhau vé
mat gia tri giita phuong phap sé dugec mod phong
bang phan mém Consteel va phuong phap giai tich
(Tinh tay).

3. ANH HUONG CUA BI-MO MEN TRONG
THIET KE

3.1. Ly thuyét
Kiém tra ing suét tai mdi mit cit s& c6 dang: [4]
M M
Xy Y x4 B o<l (%)
IxnfdeC Iynfyd’Yc ImnfdeC
Viét lai phuong trinh trén:
M M B
—"y+—yx+—0)£fydyc (6)
Ixn Iyn on
Trong do:

) My : M6 men tac dung quay quanh truc Ox cua
tiét dién dang xét (Thuong ki hi¢u 1a M3);
) My : M6 men tac dung quay quanh truc Oy cua
tiét dién dang xét (Thuong ki hi¢u 1a M2);
L : M6 men quan tinh 14y déi véi truc Ox;
A Khoang cach tu truc trung hoa téi vi tri xa
nhat cda thé chiu nén theo phuong truc Oy;
Iyn : M6 men quén tinh 14y déi véi truc Oy;
X Khoang cach tur truc trung hoa téi vi tri xa
nhat cua thé chiu nén theo phuong truc Ox;
o : Dai lugng do vénh dudi tac dung cua bi-md
men;
B : Bi-m0 men;
I : Hing sb vénh (ciing c6 thé ki hiéu Cy);
fya : Gi6i han chay thiét ké;
Ye : Hé s6 1am viéc cua két cdu thép.
Trd lai véi bai toan trén, ta s€ xem xét hai
truong hop:
a) Truong hop khong xem xét dai lugng vénh
(bi-m6 men)
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Pbi véi ham goc xoan khi khong xem xét dai
luong vénh (Cy) vao, thi phuong trinh vi phan s&
tro thanh: GJ0?) =0 .

Giai ra, ta c6 duoc ham goc xodn theo toa do z

Nt s A 1s T

cho bai toan trén 1a: 6(z) = -z
GJ
Néu tai dau tu do, ta c6 gbc xoan dat toi da s&
X T N Lo,
la: 9(2 = L) = G—j: 49.5°, va gbc xoan nay co gia
tri 1éch rat 16n so véi khi khong xem xét dén hiéu
ung vénh (-21.01°). Tu d6 cho thay duoc la néu
khong xem xét hiéu ung vénh trong két cau thép
khi c6 xodn s& dé dan dén két luan khong chinh

x4c vé mat chuyén V.

Gia tri -21.01° va 49.5° 1a hai gia tri dugc so
sanh dé két luan vé su anh hudng cua dai lugng bi-
mod men gay ra.

b) Truong hop cé xem xét dai lugng vénh (bi-
md men)

V& mit gia tri ung sudt: néu xem xét phuong
trinh (7), khi ké dén hiéu ung bi-mo6 men, thi gia tri

. ) B Z.
ung suat phap s€ tang lén mot dai lwuong —, doi
wn
véi bai toan trén, con sd tinh ra duge 1a:
Toa d6 quat:
bshy  200x212
w= =
4

(Vi hg 1a khoang céach gilra trong tdm hai canh

tiét dién I)

B 1145(kNm”)x10600(mm’

=10600 mm?

=675 MPa

Lo © 179776 x10° (mm6)

Nhén xét: Tir ddy ta thdy ring, néu khong ké
dén hiéu ung bi-md men, dam da bi vuot ung suét
cho phép rit nhiéu, do da sé 1a thép s dung trong
két céu thép s& c6 gidi han chay f, < 440 MPa.

3.2. Cac phwong phap x4p xi bi-mé men
3.2.1. Phuwong phap su dung phwong trinh gidi tich

Duya trén cac quan hé gitra md men xodn phan
b6, ham goéc xodn va vi tri dé tim ra gia tri bi-mo
men. Va phuong trinh thuong dugc ding dé lap
bang tinh Excel ¢6 dang nhu bén dudi :

B 2£1 _ cosh [k(O.SL - z)}] o

S cosh (0.5kL)
Trong do:

m : M6 men xoan phan bo;
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L 1
k:Héso k= &;
El

(0]

L : Chiéu dai thanh;

z : Vi tri dang xét.

Véi phuong phap giai tich, s€ c6 vu va nhugc
diém nhu sau:

a) Uu diém

C6 cong thtc 10 rang, tuong minh.

C6 thé ap dung cho ciu kién don chiu luc
don gian.

b) Nhuwoc diém

Khi 4p dung cho cong trinh rat khé dé xac dinh
gia tri mé men x04n phan bd m. Va hién tai chua
c6 1y thuyét dé x4p xi vin dé nay trir khi ching ta
biét trudc gia tri mé men xodn phan bd truc tiép.

Khoéng phu hop cho dam lién tuc bi chia nho
nhiéu doan, s& dan dén két qua sai sé dang ké.
3.2.2. Sir dung phan mém nTCVN

Céc phan mém phan tich két ciu hién tai trén
thi truong nhu: SAP2000, ETABS, Robot
Structural déu chi c6 kha nang phan tich 6 bac tu
do (DOF), vi thé s& khong dap tmg dugc yéu cau
cua TCVN hién tai.

Do d6 phdn mém nTCVN [5] ra doi nhim giai
quyét van dé nay. Phan mém nTCVN 13 phan mém
duoc phat trién bai NCal Solution cia Viét Nam,
¢6 kha nang x4p xi lai cac gia trj bi-mé men dwa
trén phuong phap phan tir mé rong (Extend
Methods), trong do, bac thir 7 s&é dugc Xép xi lai tu
cac nodi lyc cia cac phin mém phan tich két céu
néu trén. Trong ndi dung bai bao s& sir dung phan
mém SAP2000.

3.3. Vi du danh gia d chinh xic bing phuwong
phap xép xi bi-mé men

Hinh 6: Vi du tinh toan

Xét mot doan dadm dai 6m, chiu mot tai tap
trung P = 10 kN huéng xudng dit cich ddm 1.5m
nhu hinh bén duéi, dam c6 tiét dién H200 x 200 x
10 x 12 (chiéu cao bung Iot long H = 200 mm,
chiéu day bung 10 mm, bé rong canh 200 mm,

chiéu day canh 12 mm), vat liéu st dung Q345B
c6 md dun dan hoi E = 200 GPa.

Ta xét hai truong hop 1a dam ndi lai thanh 1
thanh duy nhit va dim dugc chia ra thanh hai dam
riéng biét.

3.3.2. Két qui chay phin tich trén phin mém
Consteel

ConSteel 1a phan mém phan tir hiru han 7 bac
tu do, thé nén viéc chia hay khong chia dam thi két
qua cua hai bai toan nay nhu nhau. Va s€ co su
chénh léch khong dang ké do kich thudc phan tir
dugc chia nho. Két qua nhu (Hinh 7):

B = 8.08 kNm2
(node: 3, element:16, 17, 33)

Hinh 7: Gid tri bi-m6 men
trong phan mém ConSteel

3.3.2. Két qua xdp xi lgi tir nTCVN véi két qudi
ngi lyc tir SAP2000

Tur két qua ndi lyc ciia phan mém SAP2000, sir
dung phan mém nTCVN dé x4p xi bi-m6 men xét voi
hai truong hop: truong hop tinh cho mét thanh dam
duy nht va truong hop s& chia dam ra thanh 4 doan.
a) Trwong hop tinh cho mét thanh dam duy nhat

5

T

Hinh 7: Gid tri xdp xi bi-mé men trong phin
mém nTCVN truwong hop tinh cho mjt thanh
dam duy nhat

Nhan xét: Xap xi ciia nTCVN 1a gin bang véi
Consteel vo1 do 1éch thép.

- Thiét ké trong truong hop c6 xem xét bi-md
men:

Stress r = 0.086 (PASS) || Slender r = 0.000 (PASS) || Geometry r = 0.208 (PASS)
0.8 1

332



Hinh 8: Thiét ké trong nTCVN trwiong hop
co xem xét bi-moé men

- Thiét ké trong truong hop khong xem xét bi-
mo men:

Stress r = 1.540 (FAIL} || Slender r = 0.000 (PASS) || Geometry r = 0.208 (PASS)

Hinh 9: Thiét ké trong nTCVN trwong hop
khong xem xét bi-mé men

b) Trueong hop phdn doan

Hinh 10: Gid trj xip xi bi-mé men trong phén
mém nTCVN truwong hop tinh phan doan dam

Nhan xét: nTCVN da cho théy duoc cua viéc
xem xét bi-mé men vao thiét ké, tir d6 giup k¥ su
s& c6 mot cai nhin téng quan hon vé thiét ké két
céu thép theo TCVN 5575 - 2024.

3.4. Panh gia dnh hwéng cia bi-mdé men trong
thiét ké TCVN 5575:2024

Bimomen (kN.m*

Sd phan

Hinh 11: Biéu do quan hé so phan tir
va gid tri bi-mé men xap xi
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Sau khi so sanh hai biéu do, ta thay rang viéc chia
céu kién thanh nhiéu doan s& cho ra gia tri bi-md men
nho dang ké so vai truong hop khong chia doan.

Cu thé khi chia doan thi bi-md men 1a 3.35
kN.m? nh6 hon 1.55 lan so véi gid tri 5.2 kN.m? khi
khong chia doan. Tir d6 nhan xét 1a néu cang chia
nho ra thi két qua xp xi gi4 tri bi-m6 men so v6i dap
an chinh x4c s& cang sai s nhiéu (Hinh 12).

4. KET LUAN

Viéc ké dén hiéu ung vénh va bi-m6 men vao
thiét ké 1a s& giup danh gia duoc toan dién hon vé
kha nang chiu luc cta két cdu, ciing nhu dénh gia
duoc gﬁn voi tinh trang lam viéc thuc té cua két
céu khi thiét ké, giup cho cong trinh an toan hon.

Phan mém nTCVN thuc hién xép xi lai gia tri
bi-m6 men tir ndi lyc trong xuét ra tr phﬁn mém
SAP2000. Viéc chia nho ddm trong phin mém
SAP2000 s& lam két qua tinh toan xp xi bi-md men
bang phan mém nTCVN b sai 1éch so vdi tinh tay.
Nguyén nhan 1 néu chia mot dam dai thanh nhiéu
doan nho trong SAP2000, khi xuét sang nTCVN s&
duoc tinh toan xAp xi bi-md men cho timg doan ciu
kién doc lap thay vi ca dam. Diéu nay din dén su
khong chinh x4c, do d6 cang chia nhé dam, két qua
tinh todn cang kém chinh xac.

Phan mém nTCVN cho két qua xdp xi c6 két
qua chénh 1éch thip nhét so voi 161 giai chinh xéac
khi tinh tay, cling nhu 14 so v&i cac phan mém trén
thi truong.

Kién nghi thoi gian t6i tac gia s& phét trién viéc
x4p xi bi-mé men cho cong trinh dugc toan dién va
chinh xac hon.
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