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Tinh toan cau kién thép tao hinh ngudi chiu udén
bang phuong phap cuong do truc tiép
theo tiéu chuan AISI S100-1

Determination of cold-formed steel member under bending using direct strength method

according to AISI S100-1

Tom tat

Bai bao trinh bay quy trinh tinh toan ciu kién
thép tao hinh nguéi chiu uén bang phuong
phap Cuéng d6 truc tiép (DSM) theo Tiéu chuan
AISI $100-16. Déng thoi, phuong phap gii tich
va phuaong phép sd bang cach st dung phan
mém CUFSM ciing dugc gidi thiéu trong bai bao
dé xac dinh {ing suat mat én dinh tiét dién.
Phuong phap s6 dugc sit dung dé xac dinh d6
bén ctia cau kién thép tao hinh nquéi tiét dién
€, Z 6 chiéu dai khac nhau chiu udn.

Tir khéa: Thép tao hinh nqudi; Udn; Phuoing phdp
(uomg do truc tiép;

AlSIS100-16

Abstract

The paper introduces the process of calculating
cold-formed steel structures by the Direct Strength
Method (DSM) according to American Standard AlSI
$100-16. Simultaneously, analytical and numerical
methods using CUFSM software are also introduced in
this article to determine sectional buckling stresses.
The numerical method is used to determine the
strength of cold-formed steel Channel, Zee members
with different lengths under bending.

Key words: Cold-formed steel; Bending; The Direct
Strength Method;
AlISIS100-16
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1. Dat van dé

Két ciu thép tao hinh ngudi bat dau dwoc str dung trong cac cong trinh xay
dwng tir ndm 1850 & ca Anh va My va phd bién t&» ndm 1960 khi tai My trién khai
xay dwng hang loat cac cong trinh van phong, khach san, bénh vién, trwong
hoc... Hién nay, loai két cAu nay dang dwoc siv dung rét phd bién trén thé gisi
b&i nhitng wu diém vwot trdi nhw trong lweng nhe, dé& dang trong san xuét hang
loat, van chuyén, l1ap dwng va gia cong cAu kién co tiét dién v&i nhidu hinh dang,
kich thuwéc rat khac nhau dé phu hop véi nhu cau str dung. Tai Viét Nam, loai
két cAu nay méi dwoc dwa vao st dung khi cac cong ty nwéc ngoai (Zamil Steel,
BlueScopes) dwa san phdm vao thi trwéng trong nwéc va nhanh chéng nhan
dwoc sw quan tdm cla nhiéu nha nghién ctru cling nhw cac nha thiét ké két cau.

Hién tai, trén thé gi¢i da c6 nhidu qubc gia va vung Ianh thé nhw Béc M,
Chau Uc, Chau Au, Anh, Nga, Nhat Ban, An Dé... d& ban hanh tiéu chuén thiét
ké két cAu thép tao hinh ngudi. Viét Nam chua c6 tiéu chuan thiét ké két cAu
thép tao hinh ngudi, tiéu chuén thiét k& thép TCVN 5575:2012 [1] hién hanh
ciing khéng ap dung cho loai két cdu nay ma phai st dung tiéu chuan nuwéc
ngoai, gay kho khan cho viéc trng dung loai két cu nay trong thuc té.

Tiéu chudn My AISI Ia mét trong nhitng bd tiéu chuén hoan chinh vé tinh
toan, cAu tao va th&r nghiém két cau thép tao hinh ngudi. Nam 1946, My 1a nwéc
dau tién trén thé giéi ban hanh Quy dinh k§ thuat vé thiét ké két ciu thép tao
hinh ngudi mang tén "Specifications for the design of cold formed steel structural
member" clia Vién S&t va Thép Hoa Ky (AISI). Ching lién tuc dwoc soat xét,
chinh stra va tai ban. Hién tai, Tiéu chuan AISI S100-16 [2] dwoc ap dung tai My,
Canada, Mexico dang s&r dung ddng thei hai phwong phap tinh toan 1a phwong
phap chiéu rong hivu hiéu (EWM) va phwong phap cuéng do truc tiép (DSM-
Direct Strength Method). Trong d6, phwong phap DSM bét dau duoc dwa vao
phu luc 1 cla Tiéu chuan AISI S100-04 [5] va hién tai da dwoc dwa vao phan
chinh ctia Tiéu chudn AISI S100-16 [2]. V&i viéc sir dung phuong phap DSM,
quy trinh thiét k& ciu kién thép tao hinh ngudi tré nén don gian va nhanh chéng
hon rat nhiéu so vé&i phwong phap EWM truyén théng, déc biét cho céac tiét dién
phirc tap. Quy trinh thiét ké con dwoc hd tro bang cac phan mém phan tich mét
6n dinh dan héi nhw CUFSM cda My va Thin-Wall clia Australia.

Bai bao trinh bay quy trinh tinh toan cAu kién thép tao hinh ngudi chiu uén
béng phwong phap DSM theo Tiéu chuan AlSI S100-16 [2], v&i sy hd tro cla
phan mém phan tich 6n dinh dan hdi CUFSM. Ap dung phwong phap DSM dé
xac dinh kha nang chju lyc cAu kién thép tao hinh ngudi tiét dién chir C, Z chiu
uon.

2. Phwong phap cwong do truc tiép

DSM mot phwong phap thywc nghiém dwoc Gido sw Gregory J.Hancock va
cac cong sy dé xuét [9], dwoc Gido sw Benjamin W.Schafer (M) va cong sw [7],
[6] hoan chinh dé giai quyét triét d& nhirng nhwoc diém cta phwong phap EWM.
Phwong phap EWM st dung tiét dién hiéu dung trong tinh toan dwa trén nén
tang ly thuyét 6n dinh tAm phang [11], buéc dAu gidi quyét dwoc anh hwéng cla
mét &n dinh cuc bd dén kha ning chiu lwc ctia ciu kién. Nhwng boc 16 nhwoc
diém 13 khéi lwgng tinh toan I&n va khong tinh toan duoc cac tiét dién cé hinh
dang phtrc tap hodc cac tiét dién cé nhidu swon trung gian [7].

Phwong phap DSM bao gém céc biéu thirc dé wéce tinh cwdng d6 nhu mot
ham én dinh dan héi ctia tAm twong tw nhw phwong phap EWM nhung né dwoc
&p dung cho cac dang mét 6n dinh méo va mét 6n dinh téng thé. Khac voi
phwong phap EWM, DSM dwa trén (rng xt ctia toan bd cau kién thay vi trng x0r

34 TAP CHi KHOA HOC KIEN TRUC & XAY DUNG


mailto:anhquocvu@gmail.com
mailto:anhquocvu@gmail.com

tao hinh ngudi chju uén thuan tay

Bai toan: Xac dinh dd bén uén tinh toan cau kién thép

J4 L

Bwéc 1: Tinh toan dac treng hinh hoc cua tiét dién, dac trwng vat liéu

-~ L

- U'ng suét mét 6n dinh tong thé Fere; d0 manh Ac
- D6 béen uon tiéu chuan még on dinh’téng t[\é Mre
- DO bén uodn tinh toan mat 6n dinh tong thé ¢poMre.

Bwéc 2: D6 bén udn tinh toan mét én dinh tbng thé

J L

- DO bén udn tiéu chudn mét 6n dinh cuc bd M
- D6 bén ubn tinh toan mét 6n dinh cuc bd ¢oMn.

] ~ Bwéc 3: D6 ben udn tinh toan méat 6n dinh cuc bo
- (Png sut mét 6n dinh cuc bd Fa (phuwong phap s6 hodc giai tich); & manh A

4 L

- DO bén udn tiéu chudn méat 6n dinh Mméo Mnd
- D6 bén udn tinh toan mat 6n dinh méo ¢pMna.

] ~ Bwérc 4: DO beén uon tinh toan mat 6n dinh méo
- Ung suat mat n dinh méo Fud (phwrong phap so hodc gidi tich); 30 manh Ag

J L

Bwéc 5: D6 bén udn tinh toan cda cau kién Min (¢oMne; ¢oMni; poMna) |

cla tiét dién. DAu vao cla DSM la tai gay mat én dinh dan
hdi va gi¢i han chay cta vat liéu. Kha nang tich hop véi cac
phwong phap sb (phan t& hitu han, dai hiru han, ly thuyét
dam tdng quat) trong thiét k& 1a wu diém ndi bat ctia phwong
phap nay. Mat khac, phwong phap DSM st dung tiét dién
nguyén ma khoéng can phai tinh 13p hodc chiéu réng hiru
hiéu nhw phwong phap EWM tao nén sy linh hoat trong tinh
toan, giup t&i wu hoa tiét dién thép tao hinh ngudi. Bén canh
do, phwong phap DSM c6 cong thirc ré rang dé xét dén mat
4n dinh méo va sy twong tac ctia cac phan t& trong mét cat
ngang. Cong thirc trong Tiéu chudn My AISI S100-16 [2] lién
quan dén phuong phap DSM dwoc ap dung cho thiét ké mét
4n dinh méo clia dam [7] va dwoc hiéu chuan dé& ap dung
cho cac tiét dién nhét dinh. Tiéu chudn My AISI S100-16 dwa
ra mét danh muc gi¢i han hinh hoc va vat liéu dwgc chira &
Bang B4.1-1 [2]. Danh muc nay 1a mét han ché cho phwong
phap, nhung la ban chét clia phwong phap thwe nghiém.

Noi dung trinh bay dwéi day cho cAu kién thép tao hinh
ngudi chiu udn co tiét dién nguyén khong gidm yéu. D6 bén
udn tinh toan cAu kién chiu udn 1a gia tri nhé nhéat ctia 6 bén
udn tinh toan mét &n dinh téng thé (¢bMne), d6 bén udn tinh
toan mét &n dinh cuc bd (¢bMnl) va d6 bén ubn tinh toan méat
4n dinh méo (¢bMnd). Quy trinh tinh toan cu thé nhu so dd
trén.

2.1. D6 bén udn tinh toan mét én dinh téng thé
-Do bé&n udn tiéu chuadn méat &n dinh tdng thé & trang thai

dan hoi (Mne):
M,=SF,<M,

(1)
My= SfyFy

(2)

trong d6 S¢ 1a mé dun dan hdi ctia toan b tiét dién khéng
giam yéu dbi voi thd bién chiu nén; Sfy la mé dun dan hoi
clia toan bd tiét dién khong gidm yéu ddi véi thé bién tai gidi
han chay; F, la gi¢i han chay cla vat liéu.

Fn |a &ng suét t&i han dwoc xac dinh nhw sau:

Véi F,, >2,78F,; F, =F, (3)

10F, }
36F,
(4)

Véi 2,78F, > F,, >0,56F,: F, = mFyP
9

cre

V6i F,,<0,56:FF =F, (5)

trong d6 Fe,, la rng suét mét 6n dinh ngang-xoén & trang
thai dan hoi dwgc xac dinh theo Muc F2.1.1 t&i Muc F2.1.5
hoac Phu luc 2 [2].

- D6 bén ubn tinh toan méat &n dinh téng thé la ¢,M,,, hodc
M,./Q, véi ¢, = 0,9 (LRFD, LSD) hoac Q,=1,67 (ASD) [2].
2.2. B bén uébn tinh toédn mét 6n dinh cuc bo

- D& bén ubn tieu chudn mat 6n dinh cuc bo (M,)) dwoc
xac dinh nhw sau:

Véi 4,<0,776; M, =M, (6)

04 0,4
V6i A, > 0,776 ; M, =|1-0,15] Men | |[ Men | s
M M

ne ne

(7)
7», = \/Mne/Mcﬁ (8)

trong d6 M, dwgc xac dinh tai muc 2.1; M, la m6é men
ubn t&i han gay méat 6n dinh cuc bd & trang thai dan hoi,
dwoc xac dinh theo Phu luc 2 [2].

- Do bén udn tinh toan mét &n dinh cuc bd la ¢,M,, hodc
M., /Q, v6i ¢, = 0,9 (LRFD, LSD) hoac Q,=1,67 (ASD) [2].
2.3. B6 bén udn tinh toan mét én dinh méo

- D6 bén ubn tiéu chudn gay méat 4n dinh méo dwoc xac
dinh nhw sau:

Vi ., <0,673; M,,= M, ©)
0,5 0,5
V6i 1, > 0,673 ; Mnd{1 -0,22["/\”/;:1] ("A”A;d] M,
(10)
o T M (11)
M y= StFora (12)

trong d6 F4 1a (’ng suat mat 6n dinh méo dwoc xac dinh
theo Phu luc 2 [2].

- D6 bén ubn tinh toan méat &n dinh méo 1a ¢,M,, hodc
M., /Q, v6i ¢, = 0,9 (LRFD, LSD) hodc Q,=1,67 (ASD) [2].
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Tiét dién chir C

3. Phdn mém CUFSM

Phwong phap dai hiru han (Finite Strip Method - FSM)
la mét trwdng hop déc biét clia phwong phap sé dwoc sang
tao b&i Cheung [8], Cheung da s dung ly thuyét tdm cla
Kirchhoff d& xay dwng cac dai htru han. Day 1a mét phwong
phap rat hiéu qua va phd bién dé phan tich 6n dinh dan hdi
cho cAu kién thép tao hinh nguoi. AISI da tai tro dé& phat
trién phuong phap nay. Két qua 1a sy ra doi ciia phadm mém
CUFSM véi viéc dung FSM dé phan tich 6n dinh dan hdi
cho tiét dién bat ky. CUFSM khao sat dwoc ciu kién chiu
nén, uén,... tw nhan biét cac dang mét 6n dinh téng thé,
méat &n dinh cuc bd, mat &n dinh méo va cac trwong hop
dac biét khac. Phan mém CUFSM dua ra két qué phan tich
mét &n dinh tiét dién dwéi dang Ia mét dwdng cong chiy ky
"Signature” ma thé& hién dwoc mdi quan hé gitra (rng suét
mét 6n dinh va chidu dai nira bwéc séng clia cac dang mét
4n dinh. V&i méi tiét dién cé mot dwdng cong riéng biét déc
trwng. Gia tri (’ng suat mat 6n dinh cuc b6 va mét &n dinh
méo tir phadn mém CUFSM duwoc dung dé xac dinh d6 bén
clia cAu kién thép tao hinh ngudi bang phwong phap DSM
nhuw trinh bay & phan trén.

4. Khao sat én dinh cta cau kién thép tao hinh ngudi
chju uén
4.1. Xéc dinh do bén ctia céu kién thép tao hinh ngudi tiét
dién C, Z chiu ubn

Xac dinh d6 bén cla cAu kién thép tao hinh ngudi tiét
dién C20019 va 220019 [10] chiu udn theo truc x cé hai dau
lién két khép vai chidu dai 3,0 m (Fy = 345 MPa). (Hinh 1)

4.1.1. Pac trng hinh hoc cua tiét dién

Pac trwng hinh hoc cia tiét dién co thé dwoc tinh toan
béng phuong phap gidi tich theo cac cong thirc duoc gisi
thiéu trong tai liéu Cold-Formed Steel Design-Vol 1 [3], tra
théng sbé theo Catalogue clia nha san xuét [10] hodc xac
dinh bang cach s dung phan mém CUFSM. Két qua trong
bang 1.

4.1.2. Phan tich méat én dinh tuyén tinh

- Png suat mét 6n dinh ngang-xodn dan hdi ctia ciu

Tiét dién chtr Z

kién co tiét dién C:

ry=\rZ +r? +x;
’ roe (13)

trong d6 Cb |a hé sé ké dén sy bién dbi mé men doc theo
chiéu dai cau kién, dwoc phép Iy bang mét don vi trong tat
ca cac trwdng hop; Sfla mé dun dan hdi cda tiét dién nguyén
khong gidm yéu dbi véi thé bién chiu nén.

- [2 2 2
L =N ¥y T X

w’E
G, =
(K,L,/r,)*

(14)

(15)

trong d6 Ky Ia hé sé ty 1& chiéu dai cho trang thai udn
quanh truc y dwoc xac dinh theo Chwong C [2], Ky =1; Ly la
chiéu dai gi¢i han cia ciu kién chiju ubn quanh truc y.

2
o, = A1 Z{GJ+ nKELCV;}
gro ( t t) (16)
trong d6 Kt la hé sb ty 1& chidu dai cho hiéu &ng xoén
dwoc xac dinh theo Chwong C [2], K, = 1; L 1a gii han chiéu
dai clia cac cAu kién cho hiéu rng xoan; E |a mé dun dan hoi
cla thép, E = 203000 (MPa); G la mé dun dan hdi trwot clia
thép, G = 78076,92 (MPa).
- Png suat mét 6n dinh ngang-xodn dan hdi ctia ciu
kién co tiét dien Z:
_ CbandIyC
T 28,(K,L, )

(17)
trong d6 d 1a chiéu cao tiét dién; lyc Ia mé men quan tinh
vling nén ddi véi truc trong tdm song song véi ban bung cta
tiét dién.
- K&t qua tinh toan &ng suét méat én dinh tdng thé:
C20019 ¢6 Fyy = 263,78 (MPa);
720019 ¢6 Fy = 220,95 (MPa).
- D6 bén udn tinh toan mét n dinh tdng thé:

M6 men quan tinh « M6 dun Ban kinh quan | Hang sé x0én | Hang sé xo4n vénh
Tiét dién A92 (10% mm*) ° | chdng udn S, tinh (mm) St. Venant Cu
’ (mm?®) (mm) 3 3 4 6 6
Iy ly (10° mmd) ry r J (mm*) (10° mm®)
C20019 720,4 4,565 0,552 55,3 45,0 79,6 27,5 866,94 4841
Z20019 720,4 4,562 0,879 0 45,0 79,6 34,9 866,94 6555
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M4t 6n dinh cuc bd

Mét &n dinh cuc bd

C20019 c6 ¢pM,, = 9879255 (Nmm);
720019 ¢6 ¢,M,,, = 8780629 (Nmm).
4.1.3. Phan tich mét n dinh cda tiét dién (hinh 2, hinh 3)

St dung phadn mém CUFSM cho két qua gia tri ’ng suét
mat n dinh cuc bo va rng suét méat &n dinh méo nhw sau:

C20019: Ferl = 475,83 (MPa); Ferd = 399,29 (MPa).
Z20019: Ferl = 568,07 (MPa): Ferd = 406,27 (MPa).
- D6 bén udn tinh toan mét 6n dinh cuc bo:
C20019 c6 ¢,M,, = 9879255 (Nmm):
720019 ¢6 ¢,M,, = 8780629 (KNm).
- Do bén ubn tinh toan mét 6n dinh méo:
C20019 c6 $yM,y = 11467779 (Nmm);
720019 ¢6 ¢,M,y = 11528775 (KNm).
4.1.4. D6 bén ubn tinh toan cha cAu kién ¢,.M, (Bang 2)

Céu
kién

¢b-Mne
(Nmm)

¢b-Mnl
(Nmm)

¢b-Mnd
(Nmm)

¢b-Mn
(Nmm)

C20019 | 9879255 | 9879255 | 11467779 | 9879255

Z20019 | 8780629 | 8780629 | 11528775 | 8780629

* Nhan xét: méat &n dinh cuc bd xay ra véi cau kién co tiét
dién C20019 va Z20019.

4.2. Khdo sét méat én dinh cuc bé va mét én dinh méo cho
céc cau kién chiu uén

4.2.1. Khado sat bang phwong phap giai tich

a) M4t &n dinh cuc bd

,_
|

M4t 6n dinh méo

Mét &n dinh méo

(ng suat mét 6n dinh bo dwoc xac dinh bang phuong
phap giai tich (phwong phap phan t& [2, 4], phwong phéap
twong tac [12]) hodc phwong phap sbé [2].

* Phwong phap phan t&: tng suét 6n dinh cuc bo (Ferl)
dwoc xac dinh dwa trén gia tri nhd nhat cia (rng suit mat 6n
dinh trong cac phan tt trén tiét dién.

2 2

F,= k“iEz(ij

trong d6 k 1a hé sé vénh ctia tAm dwoc xac dinh theo Phu
luc 1 Tiéu chuén AISI S100-16 [2]; E, p la m6 dun dan hoi va
hé sb Poisson cla vat liéu; t 1a chiéu day ca phan t&r; w 1a
chiéu rong phan ti ban.

Két qua:

C20019 ¢6 F,, = 391,43 (MPa) ;

720019 ¢6 F, = 391,43 (MPa)

* Phwong phap twong tac

Mét 6n dinh cuc bd ban canh/mép:

f, =11, =(c-d)/c = 0,8123; ¢ = h/2 + /2, & = (£,-F,)

ki, = (8,55¢ -11,07)(a/b)’ +(3,95 -1,59¢)(c/b)+ 4
Mét 6n dinh cuc bd ban canh/bung:

ftify =1t (fh) = 2

kf_w= 1,125mln[4,(0y5§3+ 4é2+ 4)(b/h)2:| :

Két qua:
C20019 co6 F,,=518,33 (MPa);

720019 ¢c6 F,,= 518,33 (MPa)
SO 47 - 2023 37
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Bang 3. So sanh i{rng suat méat 6n dinh cuc bd va 'ng suat mat on dinh méo

Fcre (MPa) I:crd (MPa)
Tiét dien PP PP . Sai s6 (%) PP . | Saisb
A s . PP so T - T PP s6 N
phantk | twong tac PP phan tir | PP twong tac| 9iai tich (%)
C20019 391,43 518,330 475,830 17,34 8,93 351,720 399,290 11,91
Z20019 391,43 518,330 568,070 31,09 8,76 351,720 406,270 13,43

* Nhan xét: sai léch vé két qua tinh toan (rng suat mét &n dinh cuc b ctia phwong phap twong tac (B.W.Schafer va Pekdz
[12]) so vé&i phwong phéap sb nhé hon sai léch két qua tinh toan clia phwong phap phan tir. Mat khac, ciing ¢é sw sai léch
két qua tinh toan (rng suat mét &n dinh méo gitka phwong phap gidi tich va phwong phap sbé. Do vay, ta st dung két qua tinh
toan ctia phuong phap sb 1a dadm bao do tin cay.

Bang 4. Ung suat mat 6n dinh cuc bd va (rng suit mat 6n dinh méo

Tiét (ng suét mét &n dinh cuc bd F, (MPa) Ung suat r?njtpoar; dinh mEo Ferg
dign P;pha” P;g”"”g PP s6 A (%) | Dy (%) 5;9'3' PP s6 As (%)

C10012 426,123 462,030 606,796 -29,775 -23,86 356,510 400,910 -11,07
C10015 673,910 728,230 899,930 -25,115 -19,08 485,590 555,410 -12,57
C10019 1.098,900 1.182,230 1.419,850 -22,605 -16,74 670,359 781,940 -14,27
C15012 267,960 291,425 317,600 -15,630 -8,24 236,137 265,720 -11,13
C15015 422,720 458,150 489,670 -13,672 -6,44 319,895 358,090 -10,67
C15019 687,000 742,510 778,970 -11,807 -4,68 439,810 496,260 -11,38
C15024 1.114,000 1.194,000 1.234,800 -9,783 -3,30 624,345 719,940 -13,28
C20015 242,998 323,620 297,740 -18,386 8,69 213,990 236,640 -9,57
C20019 391,430 518,330 475,830 -17,737 8,93 351,720 399,290 -11,91
C20024 627,670 838,650 757,860 -17,179 10,66 462,079 520,900 -11,29
C25019 249,070 522,169 354,910 -29,822 47,13 274,567 308,440 -10,98
C25024 398,994 839,000 565,980 -29,504 48,24 390,380 437,240 -10,72
C30024 285,180 515,790 375,380 -24,029 37,40 323,338 365,030 -11,42
C30030 447,800 801,400 587,430 -23,770 36,42 455,830 519,980 -12,34
C35030 327,760 480,830 397,910 -17,630 20,84 294,780 325,940 -9,56
210012 393,850 427,654 650,580 -39,462 -34,27 338,490 382,190 -11,43
Z10015 622,590 674,260 992,750 -37,286 -32,08 461,390 526,270 -12,33
Z10019 1.014,600 1.095,000 1.563,440 -35,105 -29,96 637,337 746,840 -14,66
215012 259,630 281,520 375,380 -30,835 -25,00 243,750 277,710 -12,23
215015 409,513 441,287 575,540 -28,847 -23,33 342,089 394,480 -13,28
Z15019 665,398 717,259 914,700 -27,255 -21,59 448,467 512,650 -12,52
215024 1.045,100 1.183,000 1.410,710 -25,917 -16,14 619,772 716,730 -13,53
Z20015 242,998 299,087 344,980 -29,562 -13,30 197,999 222,890 -11,17
Z20019 391,430 518,330 568,070 -31,095 -8,76 351,720 406,270 -13,43
220024 627,670 775,400 879,830 -28,660 -11,87 447,450 511,090 -12,45
Z25019 249,080 483,690 399,650 -37,675 21,03 257,720 295,510 -12,79
225024 398,990 775,620 638,560 -37,517 21,46 379,850 435,000 -12,68
230024 285,190 477,175 432,720 -34,094 10,27 305,361 350,060 -12,77
Z30030 447,400 743,320 678,220 -34,033 9,60 432,700 499,440 -13,36
Z35030 327,760 451,378 467,880 -29,948 -3,53 283,497 320,990 -11,68

Ghi cht: Aq, A lan lwot 1 sai léch vé gia tri ing suat méat 6n dinh cuc bo clia phuong phap phan tir, phuong phap twong
tac so \{c’)’i phwong phap s6; A; 1a sai léch vé gia tri ’ng suét mat dn dinh méo clia phuong phap giai tich so véi phwong
phap soO.
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b) M4t 6n dinh méo

Xac dinh céc thoéng sé hinh hoc clia ban canh gom Ay, 1y,
Iy, Ixyfs Xofs Yois Nt Jin Cwt dwa trén cac cong thire tinh toan
theo tai liéu Cold-Formed Steel Design-Vol 1 [3].

Méat &n dinh méo xay ra & mot nira bwédc séng téi han:

720
(19)

t3

174
4r*hy (1 - W2 I n*h;
L ={M|:Ixf(xof _hxf)2+wa-I7yf(X0f-hxf)2 +—_L

v

D6 clrng chdng xoay dan hédi cia ban canh:

Do cirng chdng xoay dan hdi ctia ban bung:
3 2 4 .3
Ko™ 73 1Et 2 {:J{Zj 1;3“[3 2,20}
(1-p°)| hy 1)

Do cirng chéng xoay hinh hoc y&u ciu ctia ban canh:

2
IX IX
(= z A (Xof-hxf)z[ /WJ '2yof(xof-hxf)[ny]-'-hff-'-yozf
k¢fg_ Z yf yf

ot
(22)

4 2 2
T I n
Kye= [Zj |:Ele(xof-hxf)2+Ewa_Eny(xof_hxf)z:|+(LJ GJ;

yf

(20)

Bang 5. P9 bén udn tinh toan cau kién chiéu dai 3,0 m

web

=2 Vé f:l =_f2:><:web=2

D6 cirng chdng xoay hinh hoc yéu cau ctia ban bung:
Ta co &uen= (i - )/
voi f, =-f,=>¢&

A LA A . £ 2 o o DO bén uon tinh toan mat 6n dinh méo
Tiét dién Do bén udn tinh toan mat on dinh cuc bd ¢,M,; (KNm) i 6sM, (MPa) '
PP phan tiv | PP twongtac| PP sb A (%) | A2 (%) | PP giaitich PP sb A3 (%)

C10012 0,953 0,953 0,953 0,000 0,00 2,081 2,168 -4,03
C10015 1,264 1,264 1,264 0,000 0,00 2,874 2,998 -4,14
C10019 1,723 1,723 1,723 0,000 0,00 3,972 4,110 -3,35
C15012 2,639 2,709 2,722 -3,037 -0,46 3,569 3,735 -4,44
C15015 3,494 3,494 3,494 0,000 0,00 4,986 5,193 -3,99
C15019 4,569 4,569 4,569 0,000 0,00 7,014 7,297 -3,88
C15024 6,134 6,134 6,134 0,000 0,00 9,852 10,251 -3,89
C20015 6,193 6,791 6,613 -6,364 2,69 7,025 7,308 -3,87
C20019 9,772 9,879 9,879 -1,090 0,00 10,968 11,468 -4,36
C20024 12,355 12,355 12,355 0,000 0,00 15,018 15,609 -3,79
C25019 10,923 12,567 12,237 -10,732 2,70 13,362 13,955 -4,25
C25024 16,220 16,220 16,220 0,000 0,00 19,168 19,924 -3,80
C30024 25,224 29,980 27,586 -8,562 8,68 26,790 27,983 -4,26
C30030 37,025 38,226 38,226 -3,141 0,00 37,936 39,584 -4,16
C35030 51,311 58,063 54,661 -6,128 6,22 46,808 48,573 -3,63
210012 0,878 0,878 0,878 0,000 0,00 2,094 2,186 -4,22
Z10015 1,112 1,112 1,112 0,000 0,00 2,900 3,025 -4,14
Z10019 1,415 1,415 1,415 0,000 0,00 4,014 4,192 -4,25
215012 2,481 2,505 2,505 -0,963 0,00 3,672 3,860 -4,86
215015 3,259 3,259 3,259 0,000 0,00 5,226 5,496 -4,91
Z15019 4,027 4,027 4,027 0,000 0,00 7,175 7,493 -4,25
215024 5,428 5,428 5,428 0,000 0,00 10,085 10,504 -3,98
720015 6,037 6,454 6,749 -10,550 -4,38 6,962 7,297 -4,58
Z20019 8,781 8,781 8,781 0,000 0,00 10,961 11,529 -4,93
720024 11,875 11,875 11,875 0,000 0,00 15,266 15,941 -4,23
725019 10,324 11,446 11,446 -9,807 0,00 13,309 14,014 -5,03
725024 15,032 15,032 15,032 0,000 0,00 19,485 20,413 -4,54
230024 25,141 29,508 28,749 -12,551 2,64 26,824 28,191 -4,85
Z30030 36,854 37,601 37,601 -1,987 0,00 38,119 39,958 -4,60
Z35030 51,757 57,397 58,052 -10,843 -1,13 47,047 49,263 -4,50

Ghi cht: Aq, A, 13n lwot |4 sai léch v& gia tri d& bén udn tinh toan mat 6n dinh cuc bd clia phwong phap phan ti, phwong
phap twong tac so véi phwong phap so; A3 la sai léch vé gia tri d& bén udn tinh toan mat 6n dinh méo clia phwong phap
gidi tich so v&i phwong phap sb.
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Hinh 6. Bg bén uén tinh toan cau kién chiéu dai 8,0m
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(ng suét mét &n dinh méo & trang thai dan hdi:

F.=p Kt Ko tKy
Katg+K pug (24)
Két qua:
C20019 co F,,= 351,720 (Nmm) ;
720019 ¢6 F,,= 351,720 (Nmm)

c) So sanh két qué tinh toan (Bang 3)

4.3. Khdo sét kha ndng 6n dinh ctia cdu kién chju uén

4.3.1. Khao sat méat 6n dinh cuc bd va mat &n dinh méo

Khéo sat cac cAu kién chiu ubn chiéu dai thay dbi 3,0m,
5,0 m va 8,0m vé&i cac tiét dién khac nhau. Két qua trong
bang 4, bang 5.

Két qua dwoc thé hién trén bidu dd phan trdm nhu sau:

Tuwong tw khao sat dd b&n ubn tinh toan mét én dinh cuc
bo cho céu kién co chiéu dai 5,0 m va 8,0m. D bén ubn tinh
toan mét &n dinh méo dwoc tinh toan theo phuwong trinh (6),
(7) khéng phu thudc vao chidu dai ciu kién. Két qua trong
hinh 5, hinh 6.

* Nhan xét: sai léch vé két qua tinh toan ng suat mét
4n dinh cuc bd cla phwong phap twong tac (B.W.Schafer
va Pekoz [12]) so véi phuwong phap s nhd hon sai l&ch két
qua tinh toan ctia phwong phap phan tir. Mat khac, két qua
tinh toan (rng suat mat én dinh méo gitra phwong phap giai
tich va phwong phap sb ciing c6 sai léch; d6 bén ubn tinh

(23)

toan khi st¢ dung gia tri trng suat méat 6n dinh theo phuo’ng
phép twong tac cho két qua gan dung véi phwong phap so
Do vay, ta str dung két qua tinh toan clGia phwong phap sbé 1a
dam bao do tin cay.

4.3.2. Do bén udn tinh toan cla cau kién

Trén co s& thong sb ky thuat clia thép tao hinh ngudi do
nha san xudt cung cdp ta dé& dang xac dinh dwoc dd bén
udn tinh toan clia cAu kién cé chiéu dai thay ddi tr 2,0m dén
8,0m c6 tiét dién C, Z va lap dwoc biéu dd, rat tién ich dé
phuc vu thiét ké. K&t qua hinh 7, hinh 8.

4.4. Nhén xét chung

Sai léch vé két qua tinh toan (rng suat méat én dinh cuc bd
clia phwong phap twong tac so véi phwong phap sb nhé hon
sai léch két qua tinh toan ctia phwong phap phan t&. Cac
cong thirc do B.W.Schafer va Pekdz [12] dé xuat 1a déng gop
I&n d& cai thién két qua tinh toan giai tich khi khong co sw hd
tro clia phan mém. Mt khac, két qua tinh toan (rng suit mat
4n dinh méo gitra phwong phap giai tich ¢ sai léch. Do vay,
ta st dung két qua tinh toan cGa phwong phap sb 1a ddm bao
dd tin cay; qua trinh tinh toan thiét ké va kiém tra nén dwoc
thwe hién bang phwong phap sé.

Déi v&i cAu kién ngén tiét dién Z c6 dd bén Ién hon tiét
dién C do anh hwéng ctia mat 6n dinh cuc bo va mét 6n dinh
méo. Tuy nhién ddi v&i cau kién dai tiét dién C co do bén
I&¥n hon cau kién tiét dién Z do anh hwéng clia méat 6n dinh
téng thé.
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* Nhan xét: Ddi v&i cAu kién ngan tiét dién Z co dd bén 16n hon khi dung tiét dién C do anh huéng ctia mét &n dinh cuc
bd va mét dn dinh méo. Tuy nhién ddi véi ciu kién dai tiét dién C c6 dd bén I&n hon cAu kién tiét dién Z do anh hwédng mét

4n dinh téng thé.

5. Két luan

Bai bao trinh bay quy trinh tinh toan cAu kién thép tao
hinh ngudi chiu uén bang phuwong phap cwéng dé truc tiép
theo Tiéu chudn MJ AISI S100-16 [2], v&i sy hd tro clia phan
mém CUFSM trong phan tich mét 6n dinh ctia tiét dien. Két
qua cho thdy d9 tin cay cla phuong phap sb (ducyc hé tro
béng cach st dung phdn mém CUFSM) va kién nghl st
dung phwong phap nay trong thuc hanh tinh toan thiét ké.

Khéo sat cAu kién cé tiét dién C, Z v&i chidu dai khac
nhau cho thay d6 tin cay cla phuong phap sb so v&i phuwong
phap g|a| tich kh| tinh toan ng suat mat én dinh cuc bd va
&ng suat méat én dinh méo. Ddng thoi gidi thiéu cong thirc
tinh toan ng suét mat 6n dinh cuc bd do B.W.Schafer va
Pekdz [12] & xuét dé cai thién két qua tinh toan giai tich khi
khéng cé sw hd trg clia phan mém.
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