TAP CHI KHOA HOC TRUONG DAI HOC MG TP.HCM - SO 10 (1) 2015 21

PHAN TICH PHI TUYEN KHUNG DA‘N THEP PHANG
SU DUNG PHUONG PHAP DAM-COQT

Ngay nhan bai: 11/12/2014 DPang Thi Phuong Uyén®

Ngay nhan lai: 02/03/2015 Lé Thanh Cuwong®

Ngay duyét dang: 26/03/2015 Ng6 Hau Cuwong®
TOM TAT

Phi tuyén hinh hoc la ké dén sw sai léch hinh hoc két cdu tai tng thoi diém gia tang lyc
tac dung va phan tich phi tuyén vat liéu la ké dén sw bién doi cia vit liéu khi luc gia tang. Phan
tich phi tuyén hinh hoc sir dung phirong phdp dam-cét (beam-column method) ding ham on dinh
va phan tich phi tuyén vit liéu ké dén su chay déo o hai dau phan tir dé mé phong s lam viéc
cua phan tur ciing nhu cua toan bg hé két cau khung dan khi chiu tac dung cua ngoai lyc. Phan
tir dam-cot ké dén tac dung cua lyc nén va uon dong thoi, dién ta két hop sy phan tich vé sai léch
hinh hoc cia dam va van dé on dinh cia cét khi chiu luc tac dung. Bai bao sw dung phuong
phdp phan tich ndng cao phén tich méi quan hé giita lyc va chuyén vi ciia hé két cau khung dan
la dwong cong bdc hai, ké den su lam viéc déng thoi cua hé khi chiu luc tac dung, phan tich moi
quan hé gitta h,rc-chuyén Vi tai tung thoi diém lyc gia tang va tai thoi diém két cau dat dén trang
thai gidi han. Sir dung ham 6n dinh theo phirong phdp dam-cét givip cho viéc khai bdo sé phan
tr it hon, giam thiéu duwoc thoi dan phan tich bai toan va giam b nho dém may tinh rat nhiéu.

Tir khéa: dan thép, phi tuyén, ham én dinh, dam-cét.

ASTRACT

Nonlinear geometric is mention of geometric error of structure at the point increasing
force and the nonlinear material is mention of a change material. Nonlinear geometric analysis
by using beam-column method and nonlinear materials that including plastic hinge of the ending
elements for simulation the working of the elements as well as the entire the trusses system under
the effect of external forces. Beam-column including the effects of compression and bending that
describes the combining analysis of the deviation of the beam geometry and stability issues of the
load-bearing column. The article uses advanced analytical methods to analyze the relationship
between force and displacement of the trusses system through quadratic curve which including
the combination of effects, Analysis the relationship between the force-displacement at each
increasing force point and the point reaching structure’s limit. Using the stability of beam-
column method enables to reduce the declaration of element, reduce analysis time and reduce
the problem of computer memorycache.

Keywords: Steel trusses, Nonlinear, Stability function, Beam-column.

1. Pit van dé chu yéu chi chiu doc trong thanh, khéng ké tac
dong do luc kéo (nén) va udn dong thoi. Do
vay, phuong phap phan tich dan héi bac nhat
khong xem xét sy lam viéc dong thoi cua cac
thanh, ciing nhu sy 1am viéc dong thoi cua

Trong phén tich dan h(‘A)i’béc nhit, quan
hé gitra luc va chuyén vi Y bat ca thoi diém
nao ciing la mot duong thang. Cac thanh dan
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toan bo hé két ciu dudi tac dung cua tai trong.

Khi phan tich khung dan néu chi xét dén
su tac dung cua nén (hay kéo) doc truc thanh
ma bo qua cac tdc dung cia mé men thi chua
thé thé dién ta hét duoc su lam viéc caa hé két
cau khung dan. Khi st dung phwong phap
phan tich tryc tiép theo phuong phap phén tich
nang cao cé thuan lgi I6n cua phuong phap
phan tich nay 1a: (i) Phong doan dugc hé sb
chiéu dai hiru hiéu; (i) cung cip két qua noi
lyc toan bo két cau tai trang thai gigi han sir
dung duoc chinh xac hon; (iii) Ap dung maot
cach hop ly va pht hop voi tat ca cac loai két
cau khung phing bao gdm khung khéng gizng,
khung c6 giang va khung két hop.

7 Theo phuong phap dam-cét sir dung ham
on dinh c6 phuong trinh ham don gian nhung

dién ta tac dong phi tuyén hinh hoc cua phan
tr khi chiu luc tac dung, m6 ta dugc nhitng
{rng xtr thuc té 1am viéc cua két ciu, dic biét la
cac két cau khung khdng dan. Su don gian
trong phan tich, ton it bo nhé may tinh nhung
cho ra két qua dang tin cay.

Bai bao nay tac gia sir dung ham 6n dinh
trong phan tich phi tuyén hinh hoc két hop Vi
phuong phap khép déo thé trong phan tich phi
tuyén vat liéu dé dién ta tac dong phi tuyén cua
khung dan thép phang khi chiu luc tac dung.

2. Co s6 ly thuyét
2.1. Gid thuyét phan ti

Xét phan tir hiru han dam-cot phang dién
hinh nhu Hinh 1.

Hinh 1. a) Phan tir dAm-cdt dién hinh trong mat phang; b) M hinh vat liéu cia thép

ol
g /_%\ "
p A e, ™ P
M, \lw 6, B ‘/M
Lo L o E
|: :l 0 € € —
a) b) Y > f

Nhitng gia :[hiét sau dugc str dung trong
viéc thanh Iap phan tir hitu han dam-cot:
(1) Phan tir ban dau thang va co tiét dign
deu;
(2) Mit cét ngang tru6c va sau bién dang
ludn phang va vudng goc vai truc thanh;
(3) Khong xét dén sy mat 6n dinh cuc bd
va mat on dinh ngang;
~ (4) Khong c6 tdi trong ngang trong nhip
cau kién;
(5) Mo hinh vat liéu thép la dan-déo
tuyét doi.
2.2. Phdn ti¢ dam-cét do sw tdc déng
cua P-o
Dé ké dén tac dong cua su sai léch hinh
hoc do tac dung cua luc doc truc gay ra. Theo
W.F.Chen va E.M.Lui (P-E Austrell, O

Dahlblom, J Lindemann va cac tac gia, 2006).
da dua ra duoc moi quan hé gita luc va
chuyén vi gia tang theo phuong trinh sau:

P TA 0 0f|e
M, :T 0 s Sj On 1)
MB 0 Sij  Sii 95

Trong do, LL,A, E 12 m6 men quén

tinh, chiéu dai phan tir, dién tich tiét dién, mo
dun dan hdi vat lisu; P,M, ,M, la luc doc
truc gia ting, md men gia ting tai dau A va B;
é,e’A .0, 1a chuyén vi doc tryc gia ting, goc
xoay gia tang tai hai dau phan tir A va B; s, ,
s;hay s; 1a ham 6n dinh cho phén tir dam-cot
c6 dang:
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ﬁJ;Sin(ﬂJ;) —ﬁzpCOS(ﬂ\/;) it <0

_ 2—2COS(7Z\/;)—7R/;S"1(7Z\/;) )
ﬂzpCOSh(ﬂ\//_)) —ﬁ\/;sinh(ﬁﬁ) it >0
2-2cosh(z\[p) + z[psinh(z/p)

ﬂzp—ﬂﬁSin(ﬂﬁ) it <0

. _ 2—2005(7z\/;)—7z\/;sm(7z\/;) (3)
! apsinh(z\[p)-2p
2-2cosh(z\[p) + z[p sinh(z/p)

Voi p=

ifP >0

7’El
L2
P: luc doc truc cua phan tu.

2.3. Phi tuyén vt ligu do tic dgng ciia
ung sudat du

Pé dién ta su suy giam do cung, gi tri
mé dun dan hoi E thay thé bang mé dun tiép
tuyén E; theo qué trinh lyc gia ting. E; Xé&c
dinh dya vao mo dun dan hoi vat ligu E theo
phuong trinh:

E¢=1,0E khi P <0,5Py 4)

E =4 E(L-—)khiP>0,5P,
Py Py
(5)

Vai Py la luc chay déo cua vat ligu thép.

2.4. Phi tuyén vt ligu do sg hinh thanh
khap déo

Ma tran do ciing cua phan tir phang suy
bién tir trang thai dan hoi thuan tiy dén trang
thai chay déo hoan toan duoc dé xuét boi Liew
va cong su vao nam 1992 dé xem xét qué trinh
chay déo tai hai dau cua phan tir nhu sau:

2
Sy
s, ——=(1- S
AM, ) £ UA{ 1 51( 773)} IR AG, (6)
AM, L s Abg
1Allg S, Na 51_5_(1_773)

AMa, AMg la m6 men tac dung gia tang
tai hai dau phan tr A va B. ABa, ABg la goc
xoay gia tang tai hai dau phan tir.

na Ne la cac théng sé vo hudng cho
phép md phong qua trinh giam do cung phi
dan hoi lién quan den su chay déo cua mat cat
ngang tai hai dau phan tur A va B.

n = 1. mat ‘Cfit ngang tai dau mut dang
xét van con dan hoi,

n = 0: mit cit ngang tai diu mat dang
xét da chay déo hoan toan,

0< n <1: mat cét ngang tai dau mut dang
xét dang trong qua trinh chay déo.

Pé tinh toan su chay déo mot phan, Liew
et al (1992) da dua ra ba muac chay déo hi¢u
chinh nhu sau:

Khi 0,5<0<1,0: n=4a(1-0) ; @)

Khi 0<0,5 thi n=1;

Khi o=1 thi n=0;

Ham chay déo cia mit cit ngang theo
AISC-LRFD (2005) cho thép chir I hoac chix
H khi phan tir thanh dan chiu kéo mit chay
déo cé dang:

P 8M, p

a(p,m)=—+ =1khi—>0,2
(p,m,) P, "om,, y
8)
P M, . P
a(p,m)=—+ =1khi—<0,2
2P, My P,

Mit chay déo trong mat phang cua
Orbison:

a=115p*+m; +3,67p’m; (9)

: P M
Voi p=—;m,=—-";
P M

y py

Trong d6, Mpy la m6 men cuc han cua
vat liéu thép.

Khi phan tir thanh dan chiu luc nén, thay
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Py = Pg. Pg theo tiéu chuan AISC-LRFD
(2005) dugc xac dinh theo cong thurc:

exp(-0.4194%),4, <1.5

—o —10.877
Py 7,2,(: >1.5

C

(10)

2.5. Chuyén doi hé truc tea dé phan ti

Ma tran chuyén doi hé truc toa d¢ tir dia
phuong sang hé truc toa do tong thé cd dang
nhu sau:

X' C -S|lX
y S CJLy
Trong do, c=cos(y), s=sin(y); voi y la
g6c hop bai truc toa @ Oxy vaéi hé truc toa do
Ox’y’.
2.6. Phwong phdp gidi va thugt toan

Hinh 2. So @6 khoi phan tich hé

Khdi tao ma trin Tinh vecto tai

k4
k4

46 cing tidp tuyén gia ting

Giai hé PT tuyén tinh Xic dinh trang

tim véc to chuyén vi thai két cau

F

kétciu K=K,

3. Két qua s

Tac gia khao sat ba két cau khung dan
thép phang dé chimg minh duoc tinh kha thi cua
phuong phap so véi nhitng phuong phap phan
tich khac nhu sau: Bai toan cot hai dau khop
chiu tai trong tap trung, bai toan khung dan thép
phang ba thanh chiu tai tap trung va bai toan
khung gidng thép phang chiu tai tap trung.

k J

Xac dinh ma tran

45 cimg tiép tuyén

3.1. Bai toan cét hai dau khép chiu tdi
trong tap trung

Bai toan cot thép c6 mot dau ngam, mot
dau khép duge cho nhu hinh 3. Cac thong sb
vé vat liéu va hinh hoc dugc cho nhu sau:
Module dan hoi vat liéu thép E=200GPa;
Ung suat chay déo o, = 250MPa; Tiét dién cot
W8x31,

Hinh 3. a) So dd cot hai dau khép chiu tai trong tap trung;

b) Biéu dd quan hé giira hé sb tai trong-tham sé dd manh cot hai dau khép

12

PPy
1.0
\
0.8
P
}
=S5 — 3 06
L 0.4
02
Yy
Yy

= = Euler
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Ban kinh quan tinh ¢t ry = 51,2 (mm).
Theo ly thuyét Euler luc téi han cua cot chiu
nén ding tdm dugc tinh nhu sau:

(12)

cr 2

ﬂ'C
. KL | o R £ oan .
Véi A, :—'/Ty: thong so6 do manh
ry n°E

truc yéu, K=1 (cot hai dau khép).

Theo két qua nghién ctu cua Hoi ddng
Nghién ctu Cot CRC, P cho cot thép chix |,
hai dau khop, dugc tinh theo céng thic:

1-0,2542, 2. <2
P :{ $i <2 (13)

Tt a2

Tir cong thirc va két qua dat duoc, tac
gia cd bang so sanh sau:

Bang 1. So sanh két qua phan tich cia ct hai dau khép chiu tai tap trung

L P Tac gia Euler CRC LRFD Ty 1€ sai
léch CRC
(mm) | (kN) "o
PPy | a | PPy | a | PPy | PPy | e (%)

0 o/ 100 000 1,00 1,000 1,00 0,00 0,00
3500 1.353| 092 045/ 092 104/ 095 095 035 -3,17
7.000| 1.168| 0,79 0,89 0,79 1,12| 0,80/ 0,80 0,73 -0,80

10500 813| 055/ 1,34| 055/ 1,35 0,555 0,55 1,19 0,24
14000 463| 031 1,79 031| 1,78/ 031| 031 167 0,37
17500 298| 0,20 2,23| 0,20 2,22| 0,20 0,20 2,09 0,88
21.000) 205 014 268 014/ 268 014 014/ 251 0,10
24500/ 153| 0410/ 313 010/ 310/ 010/ 010 2093 1,35
28.000/ 118/ 008 357 008 354 008 008 335 2,00
31500 93| 006 402 006 399 006 006 376 1,62
35.000 75| 005 447 005 443 005 005 418 1,72
Nhan xét: Pay chinh 1a wu diém cia phuong phap dam-

Dua vao Bang 1 va biéu d6 so sanh két
qua phan tich cua tac gia vai cac két qua Euler,
CRC va LRFD, t4c gia nhan thay rang két qua
phan tich dat duoc kha gan véi duong CRC
véi ty 1é sai léch 16n nhat 1a 3,17%, khéa nho.
Két qua cua LRFD c6 ké dén do sai léch hinh
hoc ban dau nim dudi két qua phan tich cua
tac gia la hop ly.

Téc gia da moé phong mot phan tir cho
cau kién cot hai dau khop chiu tai trong tap
trung tai dau cot co xét dén sy thay doi kich
thudc chiéu dai cot va da co két qua kha tét.

cot diing ham 6n dinh dé md phéng tic dong
phi tuyén hinh hoc.

3.2. Khung dan thép phdng ba thanh chiu
tai tap trung

Bai toan khung dan thép phang ba thanh
chiu tai tap trung dwoc md td nhu Hinh 4. Cac
théng so6 ve vat liéu va hinh hoc dugc cho nhu
sau: Module dan hoi vat liéu thép E =200GPa
; Ung suét chay déo o, =250MPa; Sir dung
tiét dién thép W14x82 cho tat ca cac thanh; hé
SO poisson v =0,3;
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Hinh 4. So' d6 cét hai dau khép chiu tai trong tap trung

5.08m 5.08m

VI_H

Bai toan nay dugc Seung-Eock Kim, phan tir cic thanh nhu trén Hinh 4. Két qua
Moon-Ho Park, Se-Hyu Choi (2001) da phan phan tich luc tac dung-chuyén vi duoc thé hién
tich sir dung phuong phap nang lugng. T&c gia  nhu hinh sau:
sa dung chwong trinh cua minh va danh s

Hinh 5. Quan hé giira lwc tac dung — chuyén vi diém A khi P hwéng Ién

8000 - P
7000 + ". ......
6000 -
5000 -
-,
i
4000 + ¥ e Seung-Eock Eim, Moon-Ho
Park, Se-Hyu Cher dwémg 1
3000 | === Seung-Eock Kim, Moon-Ho
N Park, Se-Hyu Chot dwdng 2
2000 L —— Két quatc gia
1000 |
By (mm)
0 1 1 ]
0 5 10 15 20 25 30 35

Hinh 6. Quan h¢ giira luc tac dung — chuyén vi diém A khi P hwéng xudng

7000 paan
6000 r
so000 e
4000 7
"""" Seung-Eock Eim, Moon-Ho
3000 F Park, Se-Hyu Cher dirdmg 1
=m= Seung-Eock Kim, Moon-Ho
2000 F Park, Se-Hyu Choi dudmg 2
——Két quatac gid
1000 |
8y (mm)
(J 'l | 1 'l 1 J

0 1 4 6 8 10 12
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Bang 2. So sanh tai trong giéi han Py bai toan khung dan thép phing ba thanh

khi P hwéng xuong
3 A e PU ¢« A
STT Phuwong phap phéan tich (KN) Sai 50 (%0)
1 Phl‘mng phap nang lugng - Seung Eock Kim va cac cong sy (2001) 7097 3,43
duong 1
2 Phl‘mng phéap nang lugng - Seung Eock Kim va cac cong sy (2001) 2060 3,03
duong 2
3 Tac gia (2014) 7350
Bang 3. So sanh tai trong giéi han P, bai toan khung dan thép phiang ba thanh
khi P hwéng 1én
Py .
STT Phuwong phap phan tich (kN) Sai so (%)
1 Phl‘mng phap nang lugng - Seung Eock Kim va cac cong sy (2001) 5768 212
duong 1
5 PhErorng phap nang lugng - Seung Eock Kim va cac cong sy (2001) 4273 2,64
duong 2
3 Tac gia (2014) 5810

Qua xem xét Hinh 5 va Hinh 6 md ta
mdi quan hé gitta luc tac dung-chuyén vi tai
diém A khi P huéng 1én va khi P hudng
xubng, tac gia nhan thay rang ng xir cua két
cau khi chiu tai tai diém A trong ca giai doan
dan hoi va giai doan chay déo hoan toan tring
khép véi két qua phan tich theo phuong phap
nang lugng cua Seung-Eock Kim khi luc P
hudng xudng vai sai s6 vé tai toi han 1a 3, 43%
va 3,93%; va khi lyc P hudng 1én thi sai s6 vé
lyc t6i han giira két qua tac gia véi két qua
phan tich theo phuong phdp nang luong cua

Seung-Eock Kim la 2,12% va 2,64%.

3.3. Khung giang thép phdng chiu tdi tdp
trung

Bai toan khung giang thép phang c6 lién
két hai dau khop cd dinh & gdi tya va chiu tai
tap trung ngang tai nat dugc mo ta nhu Hinh 4.
Céc thong sé vé vat liéu va hinh hoc dugc cho
nhu sau: Module dan hdi vat liéu thép
E =200GPa ; Ung suit chay déo o, = 250MPa;;

Str dung tiét dién thép W14x82 cho tat ca cac
thanh; hé so poisson v =0,3;

Hinh 7. a) So' @6 khung giang thép phang;

b) Quan hé giira luc tac dung — chuyén vi diém A.

T000 -

6000

@)

3.81m & | @ 000
A 3000

2000

1000 }

a) b)

5000

s+ Seung-Fock Kim, Moon-Ho
Park. Se-Hyu Chot

Tacgia

4]

500 1000 1500 2000 2500 3000
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Bai todn nay duoc Seung-Eock Kim,
Moon-Ho Park, Se-Hyu Choi (2001) da phan
tich sir dung phuong phap nang lugng. Tac gia
st dung chuong trinh ctia minh va danh s

phan tir cac thanh nhu trén Hinh 7. Két qua
phan tich luc tac dung téi han cua tac gia so
véi Seung Eock Kim nhu sau:

Bang 4. So sanh tai trong giéi han P, bai toan khung giang thép phiang

STT Phwong phap phén tich (kplsl) Sai s6 (%)
1 Phuong phéap ning lugng - Seung Eock Kim va cac cong sy (2001) 6078 1,34
2 Téc gia (2014) 6160

Nhan xét; thiét ké, da c6 thé nhin thiy duoc kha ning

Qua xem xét Hinh 4 md ta mdi quan h¢
gitra lyc tac dung- chuyen vi, t4c gia nhan thay
rang Gng Xt cua két cau khi chiu tai tai diém A
trong ca giai doan dan hodi va giai doan chay
déo hoan toan trang khop voi két qua phan
tich theo phuong phap nang lugng caa Seung-
Eock Kim véi sai s6 vé tai t6i han la 1,34%.

4. Két ludn

Tir cac két qua cua bai bdo, cac két luan
duoc thé hién nhu sau:

Str dung phuong phap phan tich nang
cao da phan tich dugc nhitng Gtng xir cua hé
két ciu khung dan khi c6 luc tac dung ma
khong can phai sir dung hé sé ubn doc va ké
dén sy khong tuong minh thong qua viéc kiém
tra do manh, tai tgi han Euler cho ting truong
hop thanh. Va tit ca nhiing viéc kiém tra nay
da dugc ké dén trong phuong phap phan tich
nang cao st dung phuong phap dam-cot, va
day ciing 1a diém thuan loi 16n nhit cho nguoi

chiu tai cuc han cling nhu chuyén vi cua toan
bo hé khi két cau dat dén tai téi han.

Str dung phuong phap dam-cot dé dién ta
tac dong phi tuyén hinh hoc cho két qua gan
giéng v6i nhitng phuong phap phéan tich phi
tuyen khac. Nhung viéc sir dung phuong phap
dam-cot gilp cho viéc chia nho sb phan tir it
hon, it tén bd nhd phan tich, giam thiéu duoc
thoi gian phan tich bai toan.

Déi véi bai toan cot, két qua s dung
phuong phéap cua tac gia so véi phuong phap
ASD va AISC-LRFD sai khac kha nho. Vi vay,
khi str dung phuong phap dam-cot ding ham
on dinh cua tac gia c6 thé chap nhan duoc.

Str dung phuong dam-cot ding ham 6n
dinh da phan tich dugc nhitng ung xir cua hé
va xac dinh duoc tai t6i han cua toan bo hé két
cau khi chiu lyc tac dung gia ting. Va day
cling 1a diém (quan trong) ndi bac cua phuong
phap nay.

TAI LIEU THAM KHAO

Chu Quéc Thang. (1997). Phuong phép phan tir hitu han. Nha xuat ban Khoa hoc va Dai hoc

Ky thuat.

W.F. Chen, E.M. Lui. (1987). Structural Stability — Theory and Implementation, Elsevier.

P-E Austrell, O Dahlblom, J Lindemann va cac tac gia. (2006). Calfem — A finite Element Toolbox
(version 3.4). The Division of Structural Mechanics.

Cuong Ngo-Huu, Seung-Eock Kim, Jung-Ryul Oh. (2006). Nonlinear analysis of space steel
frames using fiber plastic hinge concept. ScienceDirect.




TAP CHi KHOA HOC TRUONG DAI HOC MO TP.HCM - 5O 10 (1) 2015 29

McGuire and H.Gallagher, D. Ziemian. (2000). Matrix Structural Analysis. John Wiley & Sons,
Inc.

Seung-Eock Kim, Moon-Ho Park, Se-Hyu Choi. Direct design of three-dimensional drames using
prctical advanced analysis. Journal of Constructional Steel Research 57 (2001) 907-923.

Cho Suk Han. (2006). Second-order analysis and desin of Angle Trusses and Frames. Thesis.

P-E Austrell, O Dahlblom, J Lindemann va cac tac gia. (2006). Calfem — A finite Element
Toolbox (version 3.4). The Division of Structural Mechanics.


ASUS
Textbox
29


