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LéI cIM ¥N

Trong qua trinh hoc tap nghién ctru va thuc hién Luan van Thac si, t6i da
nhan dugc su gilp dd, tao diéu kién nhiét tinh va quy bau cta nhiéu ca nhan va
tap thé.

Trudc tién, toi xin bay to long biét on sau sic nhat toi thiy gido
GS. TS. NGUT Tran Hiru Nghi da tan tinh huéng dan trong sudt thoi gian
nghién ctru hoan thanh luan van.

T6i xin chan thanh cam on cac thiy c6 gido trong khoa dao tao Sau dai
hoc da tan tinh giang day, hudng dan, truyén dat kién thirc trong sudt qua trinh
hoc tap va thuc hién luan van.

Téi ciing xin chan thanh cam on ban be, dong nghiép thudc 16p cao hoc
MC 01 da giup t6i tim kiém tai liéu, tim kiém ngudn tham khao dé hoan thanh
Luan van nay.

Mic du toi rat c¢6 gang hoan thanh luan van bang tat ca su nhiét tinh va
nang luc cia minh, tuy nhién khong thé tranh khoi nhing thiéu sét hodc c6
nhitng phan nghién ciu chua siu. Rat mong nhan duge su chi bao va thong
cam cila cac thay c0.

To1 xin tran trong cam on !

Hai Phong, ngay 20 thang 11 nam 2015

Tac gia luan van

Bui Van Diing



LéI CAM SOAN

T6i xin cam doan luan vin tot nghiép cao hoc nganh ky thuat xay dung
cong trinh dan dung va cong nghiép véi dé tai : “ Nghién ctru 6n dinh dan hi
ctia hé thanh c6 tiét dién ngang thay d6i “ 1a luan vin do ca nhén toi thyc hién.
Céac két qua tinh toan, cac mo hinh tudn thu theo tiéu chuin xdy dung hién

hanh. Két qua tinh toan nay khong sao chép bat ky tai liéu nao khac.

Hai Phong, ngay 20 thang 11 nam 2015

Tac gia luan van

Bui Van Diing
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MO DAU

1. Ly do chon d@ tai

Trong nhitng nam gan day, do kinh té phat trién, ngay cang xuat
hién nhiéu cong trinh cao ting, cong trinh cong nghiép, cong trinh dic
biét. Trong nhiing cong trinh d6, nhat 1a cong trinh cong nghiép ngudi
ta thuong dung cac thanh c6 tiét dién ngang thay d6i c6 chiéu dai 16m,
tdm, vo chiu nén va do d6 diéu kién 6n dinh trong trong mién dan hoi ¢
tdm quan trong dic biét, doi hoi phai nghién ciru day du ca vé mit 1y
thuyét va thuc nghiém.

Van dé nghién ciru 6n dinh cua két cdu thanh thang cé tiét dién
ngang khong d6i da co nhiéu tac gia nghién ctru, ndi dung nghién ciru
twong d6i diy du. Tuy nhién, bai toan on dinh cta thanh cé tiét dién
ngang thay dbi it dugc dé cap dén, mic du két cu thanh co tiét dién
ngang thay d6i duoc ap dung rong rii trong xdy dung cong trinh Vi cO
nhiéu wu diém vé mat kinh té va k¥ thuét. Trong nhiéu truong hop, hop
Iy hon ca 1a st dung hé thanh trong d6 céc cau kién co6 tiét dién thay
do6i. Dic biét trong két cau thép, két ciu duoc xép vao loai thanh manh
thi vn dé 6n dinh 1a mot trong nhitng ndi dung can duoc quan tam.

2. Poi twong, phwong phap va pham vi nghién ciru ciia luan vin.

Nghién cuu 6n dinh cta thanh va hé thanh théng co tiét dién
ngang thay doi, chiu tdc dung cua tai trong tinh theo phuong phap st
dung chudi nguyén. Kiém tra 6n dinh ctia khung phang theo phuong
phéap chuyén vi.

3. Muc dich nghién ciwru luan van.

Nghién ciru 6n dinh dan hdi ctia hé thanh c6 tiét dién ngang thay

doi.
4. Nhiém vu nghién ctru cia luan van.
- Str dung chudi nguyén dé giai bai todn thanh thing dan hoi co tiét dién ngang

thay d6i chiu nén - udn, do tac dung cua tai trong tinh gy ra.



- Ap dung phuong phap chuyén vi kiém tra 6n dinh cua khung phang véi cac
phan tir thanh c6 tiét dién thay d6i, c6 cac diéu kién bién khac nhau, chiu
chuyén vi cudng buc géi tra va luc nén doc truc.
5. Y nghia khoa hoc va thue tién ctia dé tai nghién ciru.

Van dé 6n dinh dan hoi cta hé thanh di duoc nhiéu tac gia trong va ngoai
nudc quan tim nghién ctru, ké ca bai toan co xét dén luc trugt ngang Q . Tuy
nhién, ¥ nghia khoa hoc ctia luan vin nay nam & chd nghién ciru 6n dinh cua

thanh va khung c6 tiét dién thay dbi.



CHUONG 1:
TONG QUAN VE QUA TRINH NGHIEN CUU
SU ON PINH CUA THANH CO TIET DIEN THAY POI
1.1 Y NGHIA THUC TE CUA BAI TOAN ON PINH THANH CO TIET
DIEN THAY POI

Véin dé 6n dinh cua cac thanh c6 mit cit khong dbi di duoc
nghién ciru day da. Tuy nhién, trén thuc té cong trinh, thanh c6 mait cat
khong d6i chua phai 1a cdu kién chiu ubn - nén kinh té nhat. Trong
nhiéu trudng hop, hop 1y hon ca 13 st dung hé thanh trong dé cac cau
kién co tiét dién thay do6i. Pic biét trong két cu thép, két cau dugc Xép
vao loai thanh manh thi van dé on dinh 1a mot trong nhitng ndi dung can
duoc quan tam. Trong két cau thép, cac cot co tiét dién thay do6i duoc s
dung rat phd bién: cot rong duoc ghép tir cac thép co ban bai cac thanh
xién, ban giéng; cot hinh chép cut, non cut; cdt 1am tir cac thép to hop...
Ngay ca trong két cAu bé tong va bé téng cbt thép, thanh co tiét dién
thay doi cling dugc st dung nhiéu nhu & két cau cot dién, thap... Khi
nghién ciru cac loai thanh nay thi bai toan on dinh tré nén phtrc tap hon
nhiéu so v4i thanh c6 tiét dién khong thay doi. Nguyén nhan 1a & qué
trinh tich phan cac phuong trinh vi phan, cac hé sé cua cac phuong trinh
nay la nhirng dai luong thay doi.

Pé giai dang bai toan nay, di c6 nhiéu phuong phap nghién ciru,
gom cac phuong phap chinh x4c va cac phuong phap gan ding.

Luan vin dé cap dén mot phuong phap nghién ctru 6n dinh cua hé
thanh trong do tiét dién cac cu kién thanh thay d6i, nham tim ra luc t6i
han ctia cong trinh. Hudng cu thé: nghién cru cic cdu kién co ban cé
tiét dien thay dbi va van dung phuong phap chuyén vi dé kiém tra on

dinh cua hé thanh.

1.2 TONG QUAN VE CAC PHUONG PHAP TINH
1.2.1 Phwong phap chinh xac
Cac phuong phap ap dung cho mdt sé truong hop thanh co tiét
8



dién thay d6i theo nhitng quy luat twong ddi phd
1.2.1.1Thanh c6 tiét di¢n_thay doi theo hinh bac

thang {3}{5}

Thanh gém nhiéu doan, trong moi doan, do
cing cua thanh 1a khong d6i, mit cit ngang ctia
thanh bién dbi theo ting nic. Loai thanh nay
thuong gip o cot bac (hinh 1.1a) trong két céu
kim loai, c6 thé gip nhitng thanh c6 lién két
khép ¢ hai dau chju nén doc truc, thanh s& chiu
6n dinh tot hon khi tiét dién thay doi nhu trén
hinh 1.1b.

Pé tim luc nén téi han, can lap phuong

doan va tim nghi¢m cua cadc phuong trinh nay.

bién trong thuc té:

al b/
Hinh 1.1

trinh vi phan cho tung

Thiét 1ap cac diéu kién

chap gilta cac doan va sur dung cac di€u kién bién. Ta s€ dugc phuong

trinh 6n dinh dé xac dinh luc toi han theo diéu kién ton tai nghiém &

trang thai 1éch khéi dang ban dau.

1.2.1.2 Thanh c6 mait cat bién dbi lién tuc {3}{5}

Ole da lap ra phuong trinh vi phén cta truc vong cho cac thanh c6

mit cat bién d6i lién tuc véi nhiéu loai hinh dang khac nhau. Thanh c6

d0 cimg thay doi theo luat luy thua

4 0
A ~ . I
thuong dugc su dung rong rdi trong I
of )
thuc té. ) pll P P
AN.Dinnik 13 nguoi dau tién
b
ié i 5 : : o : k. A3,
nghién ctru sy 6n dinh cua nhiing loai — - —&F%_ A
e
thanh c6 mOmen quén tinh cua tiét dién
thay doi ty 1& voi khoang cach tinh tur
, z
diém o nao do6 (hinh 1.2a) theo luat luy Al b) o
thura: Hinh 1.2
Zyn
3(2) =3:(2) (1.1)

trong do6, J; 1& méomen quan tinh cua tiét dién & dau trén cua thanh, sé
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mii n phu thudc hinh dang cu thé cua thanh.

* Khi n=1, tiét dién thanh c6 bé cao h khong d6i con bé rong b thay doi
bac nhit doc theo chiéu dai thanh, khi mat 6n dinh thanh bi udn quanh
truc y (hinh 1.2 b)

*Khi n=2, tiét dién thanh gdm 4 thanh thép géc ghép v&i nhau boi cac
thanh xién (hinh 1.2c).

*Khi n=4, thanh co tiét dién dic thay d6i theo hinh chép cut hay hinh

non cut.
— 0 Chon truc toa d0 nhu trén hinh 1;3, va 1ap phuong trinh vi
* | phan duong dan hdip Phuong trinh nay cé cac hé sb thay doi.
/A Ta co thé tim nghiém duéi dang chudi vé han hay duéi dang
o : ham sb Betxen. Khi n=2 va n=4, cic nghiém nay c6 thé viét
;z dudi dang cac ham sé so cp. St dung cac diéu kién bién va
Hinh 1.3 thiét 1ap cac diéu kién ton tai cac hang sé tich phan ta s€

dugc phuong trinh 6n dinh dé suy ra luc toi han.
1.2.2 Phuwong phap gan ding
1.2.2.1 Phuong phap sai phan [3]

Trong phuong phap nay, viéc giai phuong trinh vi phan dugc thay
thé bang viéc giai hé phuong trinh dai s6 thiét 1ap duéi dang sai phan.
Thu tu thuc hién:

- Thay phuong trinh vi phan can bang ¢ trang thai léch bang céc
phuong trinh sai phan.

- Tai mot s diém chia cua hé & trang thai léch, 1ap cac phuong
trinh sai phan. Van dung cac diéu kién bién sé& thiét 1ap duoc hé phuong
trinh dai s6 v&i cac an sb 1a chuyén vi. Do tinh chét phan nhanh cua bai
toan, hé phuong trinh 13 thuan nhét.

- Thiét 1ap phuong trinh 6n dinh bang cach cho dinh thirc cac hé
s6 ctia hé phuong trinh dai s6 bang khong.
- Gidi phuong trinh 6n dinh dé tim luc t6i han.

Ap dung phuong phap nay cé hiéu qua véi nhitng hé c6 tiét dién
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thay d6i theo quy luat phtc tap.
| 2.2.2. Phuong phap day xich [3]

Day 1a m{t hinh thuc khic ctia phuong phép sai phan, do H.Henki
dé xuét. Chia thanh thanh n doan béng nhau va béng Az, col hé nhu mét
day xich c6 n d6t lién két véi nhau bing khép dan hoi. Viét phuong
trinh vi phan tai mat i dudi dang s gia va tim duoc cac phuong trinh
li€n hé¢ gitra cac do vOng tai cac mét xich. St dung céac diéu kién bién,
ta s& 1ap dugc phuong trinh dé xac dinh luc téi han.

Phuong phép nay dugc ap dung cho cac thanh ¢ tiét dién thay ddi
ma khdng can khai trién dinh thtec.
1.2.2.3 Phuong phap Bupndp - Galoockin [31

Phuong phap duoc xdy dung trén co sd tim nghiém gan dung cuia
phuong trinh vi phan thong qua hé phuong trinh dai sb tuyén tinh

Thu tu:

- Thiét 1ap phuong trinh vi phan cia dudng bién dang cua hé ¢
trang thai léch khoi trang thai ban dau va biéu thi theo dang:
L(z,y,y"y"....)=0

- Gia thiét dang gin dang nghiém cta phuung trinh dudi dang

chudi gdbm p s6 hang vai p 1a sé nguyén bat ky:
P
y:aigl(z)+azgz(z):Zaigi(z) (12)
i=1
trong do: a; : cac hé sd chua biét;

gi(z): cac ham doc lap thoa man diéu kién bién. Sau d6 thiét lap
cac phuong trinh xac dinh cac hé sé trong chudi c6 dang:

[ L<z,iai,g;<z)_iaig;'(z) ..... >gk(z)dz -0 (1.3)

- Phuong trinh 6n dinh cia hé 14 dinh thc cdc hé sb cua céc
phuong trinh trén bang khong.
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- Giai phuong trinh on dinh, c6 duge luc tGi han.

1.2.2.4 Phwong phap giai theo tirng diém {3}

Pay 1la mot hinh thirc trung gian gitra phuong phép sai phan va
phuong phap Bupn6p - Galoockin,

Gia st chon nghiém phuong trinh vi phan dang chudi:
p

y:zaigi(z) (1.4)
i=1

trong dd: gi (z) 1a cac ham doc 1ap thoa mén diéu kién bién.

Cac théng sb6 a, dugc xac dinh sao cho sau khi thay (1.4) vao
phuong trinh vi phan co ban cia bai toan thi phuong trinh vi phan phai
duoc thoa man voi p gia tri cia bién s6 doc 1ap tuc 1a voi p diém trén
hé. Ap dung phuong trinh vi phén tai n diém, duoc n phuong trinh dai
s6 thuan nhat véi an a; T diéu kién dinh thuc cac hé s6 ciia hé phuong
trinh thuan nhat bang khong (cac diéu kién a; khac khong), suy ra luc
to1 han.

1.2.2.5. Phuong phap dting dan [3]

Noi dung phuong phap la giai phuong trinh vi phan hay cac

phuong trinh dai sé theo cach giai gan dung tiém can dan téi két qua
chinh xéc.

Trudce tién, gia thiét dang gan dung cua phuong trinh bién dang
can cr vao duong bién dang nay va cac phuong trinh vi phan cta hé xéc
dinh duong bién dang thtr hai va tai trong t61 han twong ung. Lai can ctr
vao duong bién dang, thtr hai dé tim tai trong to1 han va dudng bién
dang tht ba... Tiép tuc cho dén khi cac dudng bién dang va tai trong tdi
han cua cac lan lién tiép trang nhau hodc xap xi thi nging. Gid tri toi
han trong 1an cudi 1a két qua can tim.

1.2.2.6. Phuong phap Ritz [3]

Co s& ciia phuwong phap 1a nghién ctru thé ning toan phan cua
hé & trang thai léch. Tai trong t&i han duoc xac dinh tir diéu kién can
bang duéi dang thé ning (thé ning cuc tri) va diéu kién ton tai dang

can bang léch do.
12



Thu tu thuc hién:

- Cho truéc dudng bién dang y ctia hé dudi dang chudi:

- y:iaigi(z) (1.5)

- Xac dinh cac dao hamy y ' rdi thiét lap biéu thuc cua thé nang
- Thiét 1ap cac phuong trinh ciia diéu kién can bang dudi dang thé
nang cuc tri. Ta dugc mdt hé phuong trinh dai $b tuyén tinh thuan nhat.
- Cho dinh thirc cac hé sb cua hé phuwong trinh thudn nhit bang
khong, ta duoc luc téi han can tim.

1.2.2.7. Phuong phap Timosenkd [3]

Theo phuong phap nay, ta can chon duong bién dang gia thiét theo
mot s6 thong sd c6 kha ning lam thay d6i dudng bién dang khi cac
thong s6 do6 thay doi, dong thoi chon nhitng thong sé nay sao cho lyc téi
han xac dinh theo phwong phap ning luong co gia tri cuc tiéu. Phuong
phap s€ cho luc t61 han nhé nhét can tim.

1.2.2.8 Phuong phéap phan tt hiru han [2], [3]

Phuong phap giai bai toan 6n dinh theo mé hinh chuyén vi. Tai
liéu [21 trinh bay mot phuong phap kiém tra do on dinh ctia mot cong
trinh 1am viéc theo quy luat tuyén tinh hodc phi tuyén, tir d6 xac dinh
thong s6 t&i han ctia ho. Phuong phap cho phép giai bai toan on dinh

ctia nhirng hé twong doéi phuc tap.

1.3 MOT SO KET QUA NGHIEN CUU VE ON PINH CUA
THANH CO TIET DIEN THAY POI

Trong tai liéu [7], [8], did giai quyét duoc bai toan 6n dinh cho
nhiéu loai thanh c6 cac lién két hai dau khac nhau, tiét dién bién doi
dang hinh co6n, chiu luc nén doc truc. Dang thanh dién hinh nhu trén

hinh (1.4).
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da d da das
N o O
ja B - L
dy = g
k- A A
~ dA dA dA
Hinh 1.4 Hinh 1.5
Mémen quén tinh cua tiét dién
J(z):JA[1+(5—1)ﬂ (1.6)

trong do: 5= j—’*

B
A.F.Smirn6v{8} da giai ba toan 6n dinh khi:

4812 16 20,20 16 12 8
N=— i o o4
7 53

Trong tai liéu {7}, Petersen ciing da cung cip két qua cho cac
treong hop cu thé khi n nhan cac gia tri: 1;2;2,1+2,6;283:3,2;3,6;3,8:4
Trong cac tai liéu {9}.{10}, S.P. Leites d& giai bai toan 6n dinh cua

thanh cé lién két khac nhau ¢ hai dau, tiét dién thay doi theo luat:

JD=lo(7) (1.7)
VoI n=1;1;§;2;§;3;z;4
2 2 2 2

Do6i voi thanh c6 tiét dién thay d6i khong theo riéng mot quy luat
trén ma bién d6i trén ting doan (hinh 1.5), trong [7] ciing di cung cép
cac két qua cho ting loai thanh c6 lién két khac nhau & hai dau.

Trong tinh toan thuc hanh, nguoi ta thuong st dung khai niém chiéu
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dai tinh toan hay chiéu dai quy d6i ctia thanh khi kiém tra 6n dinh. Trong
tiéu chuan My AISC da dua ra cach tinh chiéu dai cua cot vat - cot co tiét
dién thay doi Lee, Moerrell va Ketter (1972) di xac dinh chiéu dai tinh
toan cua cOt vat dua trén y tudng co ban la luc nén té1 han F,y cua cot
vat chiu nén doc truc theo luc nén td1 han cua cot théng cO cung tiét dién
vOi dau nhd cua cdt vat nhung véi chiéu dai quy doi twong duong. Tir do
tinh duoc hé sé chiéu dai tinh toan Ky twong dwong cho cot vat chiu nén
doc truc. Tuy nhién phwong phap nay chi 4p dung véi khung c6 dam tiét
dién khong doi.

1.4. GIAI BAI TOAN ON PINH TRONG CHUONG TRIiNH
PHAN TICH KET CAU SAP 2000

bé gidi bai toan 6n dinh, ta co thé van dung mot s0 chuong trinh
phan tich két cau hién c6 nhu: p - FRAME, STRAND 6. Tuy nhién cac
chuong trinh nay chi lam viéc véi cac cau kién co tiét dién khong doi, dé
nghien clru cac cau kién c6 tiét dién thay do6i ta can roi rac hoa thanh
nhiéu doan ma trén mdi doan, tiét dién 1a khong doi.

SAP2000 dugc st dung rat rong rai & Vi¢t Nam hi¢n nay da giai
quyét duoc nhitng han ché trén cta cac chuong trinh truéc. Chuong trinh
nay c6 thé phan tich duogc thanh c6 tiét dién thay d6i voi do ctirg chdng
udn Ei bién dbi theo bac 1, 2, 3 Viéc tinh 6n dinh dugc thyc hién thong
qua sy khai bao hiéu tng P-delta. Y nghia cua n6 1a diéu khién chuong
trinh phan tich két ciu, trong d6 co ké t6i tac dung cua luc doc truc ciing
nhu hi¢u Ung ubn doc do luc nay gay ra Khi lyc doc p< Py, chuong trinh
s& cho ra két qué phan tich noi luc, chuyén vi cua bai toan. Nguoc lai khi
p> Py, chuong trinh s& bao 18i hé bi mét 6n dinh va khong cho ra két qua
ndi luc, chuyén vi. Voi cach gia ting dan lyc tac dung trén cong trinh cho

tdi khi hé mat 6n dinh, ta c6 thé tim dugc luc téi han cia bai toan.

1.5. NOI DUNG CHINH CUA LUAN VAN VA HUONG GIAI
QUYET
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Luan van nghién ctu 6n dinh cua hé thanh trong do cac cau kién co
tiét dién thay d6i. Thuat toan dé giai 1a van dung chudi nguyén. Quy luat

thay doi cua tiét dién thanh dugc mo ta dudi dang chudi:

| =1, (L+bE+b,E2 +0,E% 4. b+ tb E") = 1,3 b& (1.8)
i=0
V(’wicf:%,bo:l

Thuit toan nay c6 thé ap dung cho trudng hop cac thanh co

tiét dién thay d6i theo luat bat ky sau khi dua vé dang liiy thira.
D6i tuwong nghién ctru cua ludn vin 1a hé thanh, trong d6 co trudng
hop riéng 1a thanh don. Khi kiém tra 6n dinh cho hé thanh, luan vin s
dung phuong phap chuyén vi dd quen biét, co s& ctia phuong phéap 1a cac
cau kién mau co tiét dién thay d6i. Do d6, cac ciu kién mau nay cling la
mot ndi dung nghién ctru cua luan van. Cac két qua thu dugc da doi chiéu
voi cdc tai liéu tham khao, cac chuong trinh phan tich két cdu dua trén

phuong phéap Phan tir hitu han.
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CHUONG 2
ON PINH CUA THANH CO TIET DIEN THAY POI

Hudng thuc hién cua luan vin 1a van dung chudi nguyén dé giai bai
toan 6n dinh, bai toan udn ngang cung voi udn doc cua thanh ¢6 tiét dién
thay d6i, chuin bi co s& dé kiém tra 6n dinh cua khung trong d6 cé cac
ciu kién c0 tiét dién thay doi.

Gia thiét quy luat thay doi cua tiét dién thanh duoc mé ta dudi dang
chubi:

| =1, (+b,E+b,E% +b,E 4. D&+ 4D E") = 1, X & (2.1)

VoI E== by =1

z
1 )
2.1. THIET LAP VA TIM NGHIEM CUA PHUONG TRINH VI PHAN

Xét thanh c6 lién két bat ky & hai dau, chiu luc nén doc truc P, tai

trong ngang phan bd bat ky (hinh 2.1).

| Y

Hinh 2.1

Biéu thirc mdmen uén trong thanh:
M(g):Mo +QO§I+P(y_y0)+Mq(f) (22)
Mq(£) 12 biéu thitc mdmen uén do riéng cac tai trong ngang g gay ra.
Trong truong hop téng quét, ta co thé biéu thi:
M q (&)= 271'5]

i—2
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véi 2, 1a hé s6 tht j cua biéu thae mdmen uén do tai trong ngang gay ra.
Tir phuong trinh vi phan cua dudng dan hoi: ElLy"=-M, sau khi thay cac biéu
thae (2.1) va (2.2), ta duoc:

@b@‘jj—ngyzgcjé" (2.3)
trong do: u° =t =i2,c0 =1y, —LMO,cl :—LQ0
El, El, El,

Ta s& tim nghiém cua phuong trinh vi phan (2.3), réi tir d6 c6 thé xac dinh
noi luc trong thanh theo phuong trinh dudng dan hoéi

Nghiém tong quét caia phuong trinh (2.3) ¢6 dang:
y=%1y1 + Ty, +Y3 (2.4)
trong do, y; va y, la cac nghiém doc lap tuyén tinh ciia phuong trinh vi phan
khong vé phai con y; 1a nghiém riéng ctua phwong trinh vi phai ¢é vé phai

2.1.1 Tim nghiém y; va y, ctia phuong trinh vi phan khong c6 vé phai
(be j—w y=0 (2.5)

bat nghiém cua (2.5) dudi dang:

y=2 a¢' (2.6)

Diéu kién hoi tu ctia (2.6) 1a [¢| <R, véi R la ban kinh hoi tu dwoc xac dinh bang

nghiém cua da thtrc:
P(&)=> b&' =0
i=0

Vi P(£) biéu thi do clmg cua thanh nén P(£) =0 khi 0<z<I tirc 1a khi 0<¢ <1.
DO dd, nghiém R ctia P(¢&) chi xdy ra véi R>1. Suy ra |/ < R. Nhu vay chudi
nghiém (2.6) s€ hoi tu

o0

Tir (2.6) ta co g; Zag'l_y S i~ D

i=2
Sau khi thay vao (2.5) dong nhat hai vé ta s& lap dugc cbng thirc xac dinh cac
hé so a.
a = _W {i-DG-2)ba , +[t+{-2)(—3)b,]a_, + ([ —3)(i—4)b,a, ; +...+ (i —n)(i—n—Db.a,
D6 1a cong thue truy hoi, ¢d thé xac dinh duoc tat ca cac hé sb a; theo ap va ay.
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Mt khéc, néu biéu thi a; theo ham Iuy thira cua i thi:

—_ 1 = S
ai= (D% ugt (2.7)
1

voii=1,2,3,.. vas=%

— by (i- i N0
- {blu (i—1) +b,uy, +...+bu @ n)+(i—2)(i—3)} (2.8)

Tur (2.7) va (2.6) ta cd thé tim dwoc nghiém y; va y,

e Nghiém y; img véi ay=1 va a; =0

Y =14 g ()t + 9, (O + Go (S +...+ g (O +... (2.9)
trong do g.(¢) = .25 i 1) ———u,& (2.10)
V01%12—fvailg(0ﬁhi{<2[u it %5”2_?”")
AOES) (_1) Ui (Z—§4+u25§ + B j
u,

9:() = -3, ( _1)U3.§ - [—5 e LA Ry TR j

Nhu vay, dé tinh cac hé sé g, (g), ta can xac dinh céac hé sb ug theo
cdng thac (2.8) va chi y rang u;,=1 va ug=0 khi i<2s-1. Vi du:

U13=-(b1Us>)

U14=-(b1U14+DoU13+b3U1)

U1e=-(D1U15+0oU14+D3U13+D4U1)

24=" te Ugg = — Hae
2.1 36 4.3
- u, u
u25—-(b u24+32j Ug; = — szﬁﬁj
Uyg = — blu25 + b2u24 + Lue Usg = — b1u37 + bzuse + %
4.3 6.5

e Nghiém y, tng vdi ap= 0 va a=1

Y, = &+ W (E)+ W, (E)? + W (E) +.. W (E)° +.... (2.11)
trong do ws(g):—_i ﬁusigi (2.12)
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VGi Ugs=1 va ug=0 khi i<2s. CU thé:

_ U 14 15 5 u16 6 ul7 7
W((’g)__z( ) Uie” = (325 (’5 54° 65° 76° +j
Z 1 i _ [ Y g5 Uz r6
e (S) = (i -1) Uas = (5.45 +6.5§ +j

Dé tinh cac hé s ws( &), ta cling Xac dinh céc hé sé ug theo cong thic
(2.8) va chil y rang u;3=1 va u,=0 khi i<2s. Vi du:

U14=-(b1U13)

U1s=-(D1U14+b5U13)

Use=-(b1U15+boU14+b3U;3)

u u
Uoe=-( 23 U = —(—25
25 ( 32) 37 (54)
U, u
Uze = _(b1u25 + 4 3) Ugg =—(BLU;; + 6.22
u u
27 = —(blpg +byU s+ ﬁ) Uge = —(byUsg +byus; + 7.2_(73)

2.1.2 Tim nghiém y; caa phuong trinh vi phan c6 vé phai (2.3)
bat nghiém riéng y; dudi dang:

=3y (2.13)

Thay (2.13) vao (2.3) thuc hién ddng nhat hai vé, ta c6 thé xac dinh
cac hé sb vy cua nghiém (2.13) theo biéu thuc sau:

V= (BD+ x?)'C (2.14)

Néu lay chudi (2.13) toi p+1 s6 hang (k=0,1,2,....p) V6i p=r thi y nghia
va ciu trdc cta cadc ma tran trong coéng thire (2.14) nhu sau:

V- ma tran cot c6 p+1 hang, cac phan tir cua ma tran V 12 céc hé sd v;
can xac dinh

V:{vo,vl,vz,vs...vi ...... vp}

C- ma tran cot c6 p+1 hang, cac phan tir 1a ¢; da biét\
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C={c0,cl,c2,c3 ...... Cionne cp}

U - Ma tran don vi c6 kich thuée [(p+1)x(p+1)]

B- ma tran vudng c6 kich thudc [(p+1)x(p+1)]. Cac phan tir cua B 1a
cac hé sé cua quy luat bién thién tiét dién:

1

B=|bb,b1 la ma tran tam giac dudi

bb, b, b 5.y L

L P p-1

D- ma tran vudng c6 kich thiroc [(p+1)x(p+1)]. Cau tric cua D nhu sau:

0 012 0 0 0.0
0 0 0 230 0. 0
00 0 0 34 0........ 0
00 0 0 0 45 0

1
00 0 0 0 O(p=-Dp
00 0 0 0 Ocerrrrrrenen 0
00 0 0 0 Oeerererereeen 0

Nhu vay, dé tim v, ta can nghich dao mét ma tran vudng kich thudc
[(p+1)x(p+1] Sau khi biét cac v, ta c6 thé dé dang tim duoc nghiém y;
theo (2.13)
2.1.3 Nghiém tong quat ctia phuong trinh vi phan (2.3)
Thay (2.9),(2.11) va (2.13) vao (2.4) ta duoc nghiém tong quat:
y=% [+ gl(g)t+gz(§)t2+gg(g)ﬁ+....]+%’[§+wl(§)t+w2(§)t3+....]+§;vk§k
(2.15)
Céac dai luong chua biét trong (2.15) dugc xac dinh tir cac diéu kién
bién.
2.2 Thuit toan giai bai toan 6n dinh ciia thanh c6 tiét dién thay doi
Sau khi thiét 1ap duoc cac biéu thac cua cac nghiém yi, Yy, va ys, ta
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duoc phuong trinh duong dan hoi cua mot thanh bat ky theo biéu thuc
(2.15). Trong phuong trinh duong dan hodi nay con ton tai nhitng hang s
chua biét €, va €, can duoc xac dinh theo cac diéu kién bién cua thanh.
Tiép d6 co thé tim noi luc, bién dang tai mot diém bat ky trén thanh.

Phuong trinh dudng dan hoi:

Y=F1y1+ Ty, +ys

trong do

u u u u u
=]-| 2 p? 18 28 a4 ) A5 e 4 16 26 -
% (2.1‘“‘5 32° 723° "54° T65° j

Uy ga  Uys o5 Upg w6 Upy o7 2 [Ugg g6, Usg o7 Usg pg  Usg o9 3
—2h 4y 25 Sy 26 Oy 2T Ty | S8 0 S ET S8 309y 0 -.(2.16
[4.35 54° T65° T76° j [6.55 76° "87° Tos8° j (2.16)

u u u u u u u u
GG B PR G R T

Yo=
Uj; .7 Uzg .8 Usg oo 3 [ Usg zo  Ugpo g10, Usip 11 4
2L EN 8B ES 9B L. t° —| =7 + + +.. [t —..(2.17

(7.6ég 8.768 9.85 j (9.8ég 10.9eg 11.1068 j ( )

Trong bai toan 6n dinh, vé phai cia phwong trinh vi phan (2.3) la
icjgi ( do khdng co tai trong ngang tac dung), trong do:
j=0

E 1°
Co:tyo-E—IoMo,cl :—E—IOQ0
Do d6, ma tran C = {c,,c,}. O day r=1, lay chudi nghiém cua (2.13) téi
p+1 s6 hang sao cho p>r, néu chon p+1=5, thi kich thudc ma tran B, D, U
la5x5

100 00 00120 0 100 0 0
b,10 0 0 000 230 01000
B=|b,b,1 00| D=[0 00 034|,U=/000 0 O
b, b,b, 10 000 00 0000 O
b, b, b, b, 1 0 00 00 0000 O

D¢ dang giai ra duoc
V:(BD+y2U)‘1C:(BD+tU)—1C:{%CO %cl 00 o}

A < 1 1
Vay ys= kagk = ECO +ECl§ (2.18)
k=0
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Pén day ta dd c6 du cac nghiém cua (2.4) hay (2.15), viét hoan chinh
la:

= F |4 (Up 2 Uz .3 Uy g Ug s U 6 _

Y {1(2.1ér *32° T43° T54° s T

Uy 6 , U7 o7 2 (Ugg g6 | Ugs o7
=&+ =S+ N (=8 =8+
6.5ég 7.6§ ) (6.55 7.6ég

@58 +@§9 +o )t -]

u24 4 u25 5
e R T
(3° 5.4 d 8.7 9.8

4.3

14 Uz 3, Uy 24 Uis o5 Ug 6 U7 o7 Ups ¢5  Upg 26, Uy o7 ?
+ —| =8+ =28+ 28+ =28+ L+ - (=8 =2+ =+t
2{5 (325 23° "54° T65° T76° j (54° T65° T76° ™)

Usg w8 , Usg oo 3 (Uge o Ugio g0 | Usq o1 4 1 1
—L 4 =L W (=& + + +. )" —.. |+-Cc,+-C
8.75 9.86g ) (9.8§ 10.9ég 11.105 ) ] t 0t g

Usy o7
(=L 4
(7.65

(2.19)

Trong bai toan 6n dinh thi dai lugng chua biét chinh 1a lyc P hay thong sb t,
giir vai tro 12 an s6. Céch giai bai toan nay nhu sau:

Khi d3 biét quy luat bién thién cua tiét dién va diéu kién lién két ¢ hai dau
thanh, ta cd thé thiét 1ap hé phuong trinh tim céc dai luong Mo, Qo, %1, %,. Hé
phuong trinh nay 1 thuan nhat nén muébn cho thanh bi mat 6n dinh thi dinh thirc
cac hé sb cua hé phuong trinh
nay phai bang khong. Tir day ta
lap duoc phuong trinh 6n dinh
biéu thi duéi dang phuong trinh

luy thira véi an s6 1a t. Giai

phuong trinh 6n dinh dugc

Eﬁnglhﬁc(z]j) nghiém t, lay nghiém duong

; nho nhit ta suy ra luc toi han
Lphlﬂmg trinh D(0)=0 . @ can tim. Co thé dién giai qua

trinh nay theo so d6 trén hinh
2.2
2.3 KIEM TRA ON PINH THEO PHUONG PHAP CHUYEN VI

Hinh 2.2

2.3.1 Noi dung phuong phap chuyén vi
Trong bai toan 6n dinh, hé co ban va hé phuong trinh chinh tic cua
phuong phap chuyén vi twong tu nhu khi kiém tra bén. Tuy nhién, do tai
23



trong chi dat tai cac nut nén khi h¢ chua méat 6n dinh thi trong cac thanh
cua hé chi xuit hién nhtrng lyc nén hodc kéo tu can béng ma khong Xuét
hién mémen uén. Nhu vay, biéu dé (M?) do tai trong gy ra trong hé co
ban s& khong ton tai va do d6 cac sb hang ty do Ryp clia hé phuong trinh
chinh tic déu bang khong. Lic d6, hé phuong trinh chinh tac trd thanh hé
phuong trinh thuan nhit. Khi xac dinh cac hé sd ctia hé phuong trinh
chinh tic, khac véi bai todn kiém tra do bén, cac hé sd rypm khong phu
thudc tai trong, nhung khi kiém tra 6n dinh, ryy, phu thudc luc nén hodac
kéo trong cdc thanh. Phuong trinh 6n dinh 1a dinh thtc cac hé sd cua hé
phuong trinh chinh tic bang khong.

2.3.2. Cdc vin dé cin chudn bi

Pé ap dung phuong phéap chuyén vi di quen biét, ta can thiét 1ap san
cac két qua phan luc va noi luc trong nhirng phan t&r miu 1a cac thanh c6
lién két hai dau cho trudc, chiu chuyén vi cudng birc ¢ cac lién két tya.
Vi bai toan 6n dinh, ta con phai ké t&i anh huong cua luc doc truc trong
phan tir mau.
2.4 THIET LAP CAC CAU KIEN MAU TRONG PHUONG PHAP
CHUYEN VI
Pé chuan bi cho cac tinh toan sau nay, ta tim dao ham cac ham yi,Y,Ys
theo ¢:
Cdc dao ham cdp 1 ciia Y1,Y»,Y5 theo &:

- u, Uz zo , Uy ps  Uis ca Ug s
= EE+-BE G HEE R R L t
% ( 1Tt e T j

u24 3 u25 4 u26 5 u27 6 2 u36 5 u37 6 u38 7 u39 8 3
—[—5 +=5" 4+ =28+ 2R84 jt —(—5 + =L+ =8+ =80+ jt —
4 5 6 6 7 8

3 5
(3.1)
v 4 [ YUz g2 Uy gz Us pa U o5 [ Uzs ga Uy o5 Uy o6 2
y2—1(2§+3§+4§+5§+ ...... jt(4§+5§+6§+ ...... Jt
[ Usz c6  Usg .7 Usg . 3
[6§+7§+8§+ ...... Jt .....
(3.2)
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B
Y3:EC1 (3.3)

Cdc dao ham cdp 2 theo & ciuia y1, Y, Ys:
" 2 3 4 2 3 4 5 2
Y1 =—(Up, + Ui + U3 +UE” +U 8T+ JE= (FUpS ™ + Uy +UpS +U 87+t

_(U3654+U37§5+u38§6+U39g87+ ..... )ts—....

(3.4)
Yo = —(UpE + Uy &% +UE” + U8 +UE° + )= (Upsl” +Uped U587+ )17 —
—(UgyE® +UggEl + Uy +.. )0 (3.8)
y; =0 (3.9)
2.4.1. Thanh c6 hai dau ngam
2.4.1.1. Pau ngam xoay mét goc bang don vi (hinh 3.1)
Diéu kién bién:
M, ) M '
YA A 2wy P o y(0)=0,y'(0)=1
0 ¥()=0,y (=0
[ | z=d=yy¢
(Y
Hinh 3.1
Theo (2.19) ta co:
¢ Y(0)=0=%, 0= F=_ % (a)
t t
Theo (3.1), (3.2), (3.3):
*YO=1= Y. ==+ 2ol 5%, =] - 2 (b)

Theo (2.19):
*y,(N=0=y.()=0=

Tr1—| Yz Y M e [0 Moo Yoe | o fMee  Hor  Mag | s
21 32 43 43 54 65 6.5 7.6 87

+
Top— [tz Y Y | h Y Moo Har o e [Yor  Mag  Haswo | s
32 43 54 54 65 76 76 8.7 109
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C C
_O+_l:O
t t

+

Thé (a) va (b) vao phuong trinh nay dugc:

—C,| - Yo Yo tha (Moo Yos Moo fUss  Ma7  Hes | b2
21 32 43 43 54 65 65 7.6 87

_Cl — E_Fuﬂ_kui_’_” — ﬁ_kuﬁ_kui_k“.t_ uﬂ+uﬁ+m+”" tz—... —
| \32 43 54 54 65 76 7.6 8.7 10.9

=—I_1— Yo | Hhe  His e [Yas Mo Hor e [Har | Yes | Mawo  hs
i 32 43 54 54 65 76 76 87 10.9
|2 3

Trong trurong hop nay yo=0 nén c, = “E M,, c, = —EI—IQO, phuong trinh trén cé
0 0

dang:
M, |- Yo Yo tha ) (Moo Uos Moo fUse  Ma7  Hes | 2
21 32 43 43 54 65 65 7.6 87
+Q,l| - Y U Y ) (Y Has  Uor e fUsr  Mae  Ysio | h2 )
32 43 54 54 65 76 76 87 109
__Eh 1| ths  Yae Ml (Mes  Yae Moy ke fUsr  Mas  Uawo s
I 32 43 54 54 65 7.6 76 87 10.9

Theo (3.1), (3.2), (3.3):

Ty [tz e B e [Y2e Hos Yoo o [Mee  Hor Mag s
i 1 2 3 3 4 5 5 6 7

Tolp—[tis  the  Hus b [Mas Moo | R +}Cl:0hay
2 3 4 4 5 t

-CO — uﬁ+h+ui+ — uﬁ_kﬁ_’_uﬁ_k t_ E_’_Ui_’_uﬁ_'_ tz_ —
1 2 3 3 4 5 5 6 7

~Co | Y Y Uis ) [Yes U 1 hay
2 3 4 4 5

_ gt e Ms e fUas Mes  he hay
2 3 4 4 5
Mo| —[ Yz Y | Mo | ) fUos Mas Moo | fYs6 Mo Hes | b2
1 2 3 3 4 5 5 6 7
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+Q,ll - Yo (tha s | [Yas Moo | eI
2 3 4 45

__Ely 1| Ys  the Uis o fUss Mo R (d)
| 2 3 4 4 5

Trong d6 E,lg,l,t 1an luot 1a moédun dan hodi khi kéo hodc nén cua vat liéu,
mdmen quan tinh chinh trung tim cua tiét dién tai dau thanh (¥ng voi & =
0), | 1a chiéu dai thanh va t 1a dai lugng phu thudc luc nén p. Khi cho biét
quy luat bién thién cua tiét dién, ta c6 thé tinh dugc tit ca cac hé sd Ug; .
Tt hai phuong trinh (c) va (d), ta c6 thé tim dugc cac phan luc ¢ dau
thanh My va Qq .

Tiép d6 ta suy ra dugc Co,C; ciling nhu %, %, va lap phuong trinh
duong dan hoi theo (2.19). Lay cac dao ham cip 2 va cip 3, ta duoc cac
ham M va Q. Tiép d6 d& dang tim duoc M, va Q; khi thé £ = 1 vao biéu
thtc cua M va Q.

2.4 Hai diu thanh chuyén vi thing twong dbi theo phuong vudng gdc

voi truc thanh mét gié tri bang don vi (hinh 3.2)

_ z Dibu kién bién:

y(0)=0, y'(0)=0

[y y()=1, y'(1)=0
Hinh 3.2 Theo (2.19), ta co:
. y(O):O:%“Ct—O:O:%)F—Ct—O (a)
Theo (3.1), (3.2), (3.3):
. y'(0)=0:>%"2+%:03%n2:—% (b)

Theo (2.19):
ey (=1=y.)=1=

Ta1— |tz Y Y e fl2e Hos Yoo o fMe  Hor  Mag s
21 32 43 43 54 65 6.5 76 87

+ Fpq—[tis Y His | e [Uas Moo Mar | ke fUsr Hes Uewo | ks
32 43 54 54 65 7.6 76 87 98
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C_0+&:1
t t

+

Thé (a) va (b) vao phuong trinh nay dugc:

—C,| - Yo Mg W | ) [Hoa Mo Mae |} fYss  Hor Mas k2
21 32 43 43 54 65 65 7.6 87
—c,| - Yis  Yie W5 | ) Y Moe Mor |l fUs7  Mss  Hawo bz )4
32 43 54 54 65 76 76 87 98
2 3

Thay c, = _EIT M,, C, = —EI—IQO, phuong trinh trén c¢6 dang:

0 0
M _— Yo tig Ui ) [Y2a Moo Mae o h [Yss  Hor  Hes | ez
- 21 32 43 43 54 65 65 76 87
El,

QOI_ Yis  Uie  Uis ) [Ys  Uoe Mo | fUs7  Uss Uoio b2 =—=
| \32 43 54 54 65 7.6 76 8.7 9.8 |

o

Theo (3.1), (3.2), (3.3):
*y,(N=0=y.0)=0=

_ Yo g Ul Yo Yo Uoe o [Use Uo7 Mas s )y
1723 3 4 5 5 6 7
_1— Yo the (His Ny [Yas  Hos | k2 Uo7 Uos | b2 +}01:0
T2 73 s 45 6 7 t
hay -c, Yoy Yo Uiy ][ Maa y Yos | Bos | h flse Moz Uog  h2
1 2 3 3 4 5 5 6 7
-Co| [ty the His | ) [Uas Mo A fUs7 Uss e g
2 3 4 4 5) 6 7

hay

My —(uﬁ+%+uﬁ+..j—(uﬁ+uﬁ+uﬁ+...]t—(uﬁ+ui+uﬁ+....jt2 — |+
1 2 3 3 4 5 5 6 7

+Ql [ Yas Yo Uis ) fYas Use  h [Us Use Usoh2 g (d)
0 2> "3y 4 5 6 7 8

Tir hai phuong trinh (c) va (d), ta c6 thé tim dugc cac phan lyc dau thanh M,

va Qo.
2.4.1. Thanh c6 mot dau ngam, mot dau khép

7

[y

7

N
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2.4.2.1 Pau ngam xoay mdt géc biang don vi (hinh 3.3)

Mo Piéu ki¢n bién:
7 Y(0)=0, y'(0)=1
y(1)=0, y"(1)=0

L1,
Z=§|:>yz=|—2y 4

Hinh 3.3
Theo (2.19), ta co:

.y(o):O:%'1+C—O=O:>%1=_C_0 (a)
t t

Theo (3.1), (3.2), (3.3):

. y'z(0)=1:y;(0):1.|:%’h%:l:%ﬂ_% (b)

Theo (2.19):

ey (N=1=y.®=0=

2 1—(h+$+ﬁ+..]t—(h+%+%+...jt2—[h+ﬁ+h+...}t3—... +
21 32 43 43 54 6.5 6.5 7.6 8.7

+ Fplg—| da ytae  Ys e fHes Moo Map e fYs7  Yss  Heso | s
32 43 54 54 65 7.6 76 87 98

Thé (a) va (b) vao phuong trinh nay dugc:

—Co| - Yo Yo tha | fHoe Hos Moo | b fYse Mg Ues | b2
21 32 43 43 54 65 6.5 76 87

oy sy Y Y | ) Yo Uae Mo e [Ya7 ) Yes  Yaio b2 o
32 43 54 54 65 7.6 76 87 98

— 1| tis  tha  Mhs | ol fYas  Mae  Ypp  ho fUsr Mas Moo ks
32 43 54 54 65 76 76 87 98

|2 3

Lai thay c, = 5 My, C, = —EI—IQO, phuong trinh trén, duoc:
0 0

M,| - e E PR I T T e 7 P IR 0 e R
21 32 43 43 54 65 6.5 7.6 8.7

+Q,l —[h+ﬁ+ﬁ+..j—[%+%+ﬁ+..}t—[ﬁ+@+M+....jt2—... =
“l (32 43 54 54 65 7.6 76 87 9.8
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= —&{1—£h+ﬂ+$+.}t—(ﬁ+%+ﬁ+..)tz —(ﬁ+ﬁ+@+...)t3 —}
I 32 43 54 54 65 7.6 76 8.7 98

Theo (3.4), (3.5), (3.6) co:

y,()=0=y.()=0=

T 1[-(UaHUss+UgatUss+... )t - (Uzg+Us+Uog+HUor+.... )t (Usg+Usr+Ugg+Use+.... )t -...]

+% 5[-(Urg+Ugs+Urs+Usg.... )t = (Ups+Upg+Unr+.... )t (Ugz+Usg+Uag+...)t5-...] = 0

:>—c0[—(u12 Uy + Uy, +Ugg +.0) = (Upy +Upe +Upg + Uy, .0 )t— (Ugg + Uy +Ugg +Ugg +..)t° —]

—cl[— (Uyg + Uy, +Upg +Upg +.) = (U + Uy + Uy, + .. )t — (Ugy + Ugg +Ugg +..)t7 —]

—I[—(u13 Uy, + U + Uy + o)t — (Uyg + Uy + Uy .. )t — (Ugy + Ugg + Ugg +.. )t —]

= MO[—(u12 Uy + Uy, +Upg +.0) = (Uyy +Ugg + Uyg + Uy .. )t — (Ugg + Usgy + Ugg +Ugg +.. )t —]

+IQ0[_(u13+ul4+u15+u16+"')_(u25+u26+u27+"')t_(u37+u38+u39+"')t2_"']z
Elo[ 2 3 ]
—I——(ul3+u14+u15+u16+...)t—(u25+u26+u27+...)t —(Ugy +Ugg + Uy +.. )7 —...|=

Tt hai phuong trinh (c) va (d), ta cé thé giai dugc nghiém Mg va Q.
2.4.2.2. Dau khdp chuyén vi thing mot doan bang don vi (hinh 3.4)

Piéu kién bién:

y()=Ly"(1)=0
Do M(1)=0)
Theo (2.19), ta co:
-y(0)=o:>‘3?1+ct_°=o:>%=—ct—° (a)
Theo (3.1), (3.2), (3.3):
'y;(0)=0=>y;(0)=0:>%”2+ct—1=0:>%2:—i—1 (b)

Theo (2.19) ta cé:
ey, (h=1=y.0=1=

L2 E AP L F AT O TP L LIV T h+ﬁ+@+...)t3—... +
21 32 43 43 54 6.5 6.5 7.6 8.7
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+ Fplg—| o e Hhs e fHes Moo Moy e a7 Mee Moo ha
32 43 54 54 65 76 76 8.7 938

Thé (a) va (b) vao phuong trinh nay dugc:
—C,| - Yo M M | ) [ Hoe Moo Mos | fYss Mo Yss | e
21 32 43 43 54 65 6.5 76 87
—c,| - Yis U His | ) [ Hes Moo Mor |k [ls7  Mss  Maso e F_g
32 43 54 54 65 76 76 87 98
hay M _(ﬁ+%+ﬂ+“ ([ Maa  Hos Moo | b fYee Mo Mss e
21 32 43 43 54 6.5 65 76 87

+Q,l —(h+ﬁ+h+.}—(%+%+k+...)t—(ﬁ+ﬁ+@+...}tz—... _E
“l (32 43 54 54 65 76 76 87 98 |2

Theo (3.4), (3.5), (3.6):

y,(1)=0=y.()=0=

@ 1[-(UrptUsgtUsgtusst... )t - (U24+U25+U26+U27+----)tz' (U36+U37+U38+U39+----)tg'----]
+@ o[- (Usg+UaHUssHUsg.... )t - (UpsHUpsHUpr+ ... )P (Ugr+Ugg+Use+....)t>-....] = 0 hay
—c(,[—(u12+u13+ul4+u15+...)—(u24+u2t.,+u26+u27+...)t—(u36+u37+u38+u39+...)t2 —]

—cl[— (Uyg + Uy, +Upe +Upg +..) = (Uyg + Ung + Uy 4.0 )t — (Ugy + Ugg + Ugg +..)t° —...]=O hay
Mo[—(ulz+u13+ul4+u15+...)—(u24+u25+u26+u27+...)t—(u36+u37+u38+u39+...)t2 —]

+1Qy |- (Ups Uy + Uy Uy ++..) = (Upg +Ug +Upy + 0. )t = (Uy +Ugg +Ugg +..)t%...] =0 (d)
Tir 2 phuong trinh (c) va (d), ta cd thé tim duoc cac phan luc dau thanh Mg va

Qo
2.4.2. Thanh c¢6 mdt ddu ngam, mot dau ngam truwot

2.4.2.1. Diu ngam xoay mot g6c bing don vi (hinh 3.5)

M, M Piéu kién bién:
P‘Qﬁ@ “““ 7 >P‘ = y(0)=0, Y'(0)=1
= Q y'(1)=0; Qo=Q;=0
y
Hinh 3.5
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¢ Q,=0=¢c, =0

Theo (2.19), ta co:

. y(0):o:»%1+‘3t_o:o:>%’1=_ct_o

Theo (3.1), (3.2), (3.3):

°y,(0)=1=y.(0)=1l :»%%:. :%=|_%=1

*y,()=0=y.0)=0=

u37

6

Tyl Lz s the | e fUas Uos  Uoe | o fUse
1 2 3 3 4 5}

Tol1—[ts Yo tis | N [Yas Moo | 2 +1c1:0
2 3 4 4 5 t

hay

Ty [tz tie By e (Moo Has Moo e [Mse (Hor Hes s
1 2 3 3 4 5 6 7
+%p 1| Ys Y Yis A [l Hos b2 +}01=0
2 3 4 4 5) t
hay
—C.| — U£+E+Ui+ — u24_|_u25_|_u26_|_ t — uﬁ+ui+uﬂ+ tz_ +
Ll 2 3 3 4 5 5 6 7
T N e O L N (e T t? =0
4 4
Vay
_Elofy (Yt s b [Uas Us Uz o
I 2 3 4 4 5 6
M, =
(e Mis te ) fYas Hos Moo e [Use  Hor Mes ) e
1 2 3 3 4 5

(a)

(b)

2.4.3 Hai dau thanh chuyén vi thang twong ddi theo phwong vudng goc

v6i truc thanh mét gia tri bang dom vi

Néu dau ngam chuyén vi thi dau ngam truot chuyén vi theo, trong hé khong

phat sinh phan luc va noi lyuc.
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Néu dau ngam truot chuyén vi thi thanh lam viéc nhu thanh c6 hai dau bi

ngam.
2.4.4.2 Thanh c6 hai diu khép (hinh 3.6)
P o _ _ _ Z2___ Tim phan lyc ¢ hai dau khi cho
?OS'\W%:—P " chuyén vi thing tuong dbi giira 1a
; : ‘ Vo hai diu 1.
Y

Xac dinh duoc ngay: M(0)
= M(@0)=0
Pé tinh Q(0), ta dung phuong trinh can bang:

> M(1)=0, ta dugc Q, :_PT-':TP

Ta thdy cong thtrc nay khong phu thudc sy thay doi cua tiét dién ciing nhu vat
liéu.

2.4.4. Thanh c6 mdt ddu ngam, mot dau tw do (hinh 3.7)

Pau ngam chiu chuyén vi xoay bang don vi.

Diéu kién bién:

y'(0)=I
M(1)=0
Qo=Q4:=0
Hinh 3.7
¢ Q,=0=¢c =0 (@)
Theo (3.1), (3.2), (3.3), ta c0:
-y;(0)=1:y;(0)=1.l:»%%:u:»%”z:u_%:l (b)

Theo (3.4), (3.5), (3.6), ta co:

e MI=0=y"'(l)=0=

v [— (Upp +Uygg + Uy, + o)t = (Uyy + Uy + Uy + .00 )t? — (Ugg + Uy + Ugg +..)t° —....]+
P [— (Uyg + Uy, +Uyg + .o )t — (Uyg + Upg + Uy, +...)t7 —...]: 0

—I[— (Uyg + Uy, +Upg + oo )t = (Uyg + Uy + U,y +... )t —]

Puoc ¢1= . .
— (U, F U+ U+ )t = (Uyy +Upg +Upg 4. )t = (Ugg +Ugy +Ugg +.. )7 — .
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Ta c0: y"(0)=F1[-(u2)t]+ ¥2.0=%"1(-Uz2.1)

> ] EI “ EI a EI
Ma M(0) =-El,. y"(0)= -_|—2°.y 0)= —I—ZO. %’1(-u12_t)_l_20 F LUt
Vay
M(0)=
Ely ot 1] (U Uy + Ugg + )t = (Ugg + U + Uy ... ) ]

12 —(Uyy +Uyg + Uy + e )t = (Uyy +Uyg +Uyg +oo U = (Ugg +Ugy +Ugg +.. )10 —

2.5. SO PO THUAT TOAN TiM LUC TOI HAN TRONG HE THANH CO
TIET DIEN THAY POI VA CHUONG TRINH TiNH TNOI.

SO PO THUAT TOAN TIM LUC TOI HAN
TRONG HE THANH CO TIET DIEN THAY POI

{ Bit dau }

A 4

bli], 1, o, m, a, E

Biéu thirc tong quat ctia y, y', y", y"

biéu kién bién

A
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Biéu thic cu thé cuay, y', y", y™....

A 4

M. Q

Phuong phap chuyén vilcho cac khung phang

Xac dinh céc hé sb ry

|

Lap hé phuong trinh 6n dinh det=0

o>

t[l] -ttéi han

[ Két thac Fi

Ptéi han

Trén co sé so dd thuat toan trén, chuong trinh tinh TNO1 dugc xay
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dung, co6 tinh chét lién hoan, thuc hién toan bd céac qua trinh trén so dd: tur
tim cac s6 hang cua chudi dén tim duoc luc téi han. Chuong trinh nay
duoc viét theo ngén nglt Turbo PASCAL, thuc hién cic nd1 dung dac
trung boi cac chuong trinh con twong Ung:

1 Nhap dir liéu va tinh cac sé hang cua chudi nghiém y, tim cac hé
sd cua dao ham cép 1,2,3 cua no.

2 Tinh céac phan luc dau thanh cua cac loai ciu kién miu st dung
trong phuong phap chuyén vi.

3 Tinh cac hé sb trong phuong trinh chinh tic va giai phuong trinh
6n dinh. Cac hé sd nay dugc lap cho mot sb khung tiéu biéu: khung 1 téng
- 1 nhip, khung 1 tang - 2 nhip, chan cot lién két ngam hoic khdp, dinh
cot va dam lién két han hodc khép. Cac khung nay dwoc gidi thiéu ¢ phan
vi du (muc 3.4).

DPéi v6i bai toan kiém tra 6n dinh ctia mot thanh don co tiét dién
thay doi, chuong trinh da thyc hién kiém tra cho thanh c6 méot dau ngam,
mot dau tu do. Dir lidu vao cling tuong tu nhu bai todn khung.

Két qua chuong trinh dua ra 1a gia tri tmin, P, va hé sé quy déi
chiéu dai cua thanh twong dwong . (d6i v&i bai toan thanh don). Chuong
trinh d3 dugc van hanh voi cac bai toan khung co sbanlal, 2,3 va4
theo phuong phap chuyén vi. Phuong trinh 6n dinh duwoc thiét 1ap twong
tmg voi cac dinh thie cip 1, 2, 3 va 4. Khi gip mot bai toan ¢ nhiéu an
hon, hinh dang phuc tap hon, ta sé thiét lap thém mot doan chuong trinh
con twong Gng ma khong doi hoi nhiéu thoi gian, thuat toan hoan toan

turong tu nhu céc bai toadn da gidi nhung dinh thic s€ 16n hon.
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PROGRAM TNO1;

USES
Var

crt;

ff:text;

filename: string [20];

i,J,s,m,n,a,h:integer;

b, gg, ww, GP, G2, G3, WP, W2, W3 : array [0..30] of real;

D,DMo,DQo,DI,DM1,DQ1,c,CMo0,CQo0,ci,CMI1,CQ1,TT:array
[0..70] of real;

u, 9, V, w : array [ 1. . 25, 1. . s 0 ] of real;

g,L,Jo,min,F,tuM,mau,tuQ,tuMl,maul,tuQl, z,t,pl,p2,

k,yl,y2,yyl,yy2,beta,gk,mk,rkk,

r11,r22,r33,r 4 4,r12,r13,r 14,r23,r24,r34, : real;

PROCEDURE DULIEU;{VAO DU LIEU VA TINH CAC SO HANG CUA

CHUOI}

BEGIN
write (ten file: '); readIn(filename);
assign (ff, filename) ; reset (ff) ,

readln (ff,n); readIn(ff,m) ; readIn(ff,a) ;
readln (ff, L); readln (ff, Jo) ;

for i:=l to n do readIn(ff,b[i]); close(ff);
{tinh cac so hang u cua yl}

ulflli, 2] :=l,

s:=I; while i<=2*s-1 do u[s,i]:=0;
for i:=2*s to 2*s+a do begin
u [s,i]:=- (b[11*u[s,i-1]+b[2]*u[s,i-2]+b[3]*u[s,i-3]
+b[4]*uli,s,i-4]) ;
end;
for s : =2 tomdo
for i:=2*s to 2*s+a do begin
u [s,i:= -(b[I]*u[s,i-1T+b[2]*u [s,i-2]+b[3]*u[s,i-3]
+b[4]*u[s,1-4]+u[s-1,i-2]/((1-2)*(i-3))); end;

while i<=2*s-l do u[s,i]:=0;
for s:=I to m do begin
for i:=2*s to 2*s+a do begin

writeln ('u [',s,", ',i,'] =",u [s,i]);
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end;
end;

for s:=I1 to m do begin
for i:=2*s to 2*s+a do begin
g [s,i]:=-u[s, 0]/ (i* (i-1) ) ;
writeln (‘g[',s,","i, '] =".9[s,i]);

end;
g9[s]:=0;GP[s]:=0;G2[s]:=0;G3[s]:=0;

for i:=2*s to 2*s+a do begin

{he so cua yl} 99 [s] =99 [s] +g[s.i] ;

{he so cua y'l} GP [s] =GP [s ]-u[s,i]/(i-1),

{he so cua y"I} G2 [s] :=G2 [s]-u[s,i] ;

{he so cua y"'l} G3 [s] :=G3 [s] - (i-2) *u [s,i],
end;

writeln('gg [', s, '] =",99 [s]) ;
writeln (GP['s,1 =",GP[s]);

writeln  ('G2's,'] ="',G2[s]);
writeln  ('G3[',s,'] = ',G3[s]);
end;

{tinh cac so hang V cua y2}
v[l,3]:=1;
s:=l,while i<=2*s do v[s,i]:=0;
for i:=2*s+2 to 2*s+a+l| do begin
v[s,ii:= -(b[I]*v[s,i-1]+b[2]*V[s,i-2]+b[3]*Vv[s,1-3]
+b[4]*v[s,i-4]);
end;

for s:=2 to m do
for i:=2*s+| to 2*s+a+| do begin
v[s,i]:= -(b[I1*V][s,i-1]+b[2]*V[s,i-2]+b[3]*V]s,i-3]

+b[4]*V[s,i-4]+V][s-1,i-2]/((1-2)*(i-3)));

end;

while i<=2*s do v[s,i]:=0;
for s:=1 to m do begin
for i:=2*s+| to 2*s+a+| do begin

writeln (v[',s,,i,'] = W[s,i]);
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end; end;
for s:=l to m do begin
for i:=2*s+| to 2*s+a+| do begin
wis,i]:=-v[s,i]/(i*(i-1) ) ;
writeln (w[',s, 1i,T ="w[s,i]);
end;
ww([s]:=0,WP[s]:=0;W2 [s]:=0;W3 [s]:=0;

for i:=2*s+| to 2*s+a+| do begin

{he so cua y2} ww[s] = ww [s] +w [s,i];

{he so cua y'2} WP[s] = WP[s]-v[s,i]/(i-1);

{he so cua y"2} W2[s] = W2[s]-v[s,i];

{he so cua y"'2} W3J[s] = W3J[s]-V[s,i]*(i-2);
end;

writeln(‘ww[',s,"]=",ww([s]); writeln('WP

[s.] =, WP [s])

writeln(‘'W2[',s,71="W2[s]);
writeln("W3[',s,'] =",W3 [s]);
end;
q:=2e4*Jo/L; writeln('g="',9:12:5);
End;
PROCEDURE N_N_DELTA; Begin
{HAI DAU NGAM,tinh cac he so cua t bac n-nguyen
nhan cv thang}

D[i-1]:=0; begin
for i:=l to m do begin for s:=l to i do begin
D[i-1]:=D[i-1]1+gg[s]*WP[-s+i+I]-GP[s]*ww][-s+i+I];end;

end;
for i:=m+Il to 2*m-1 do begin for s:=i-(m-I) to m do
begin
D [i-1] :-=D[i-1]+gg[s] *WP [-s+i+I]-GP[s] *ww [-s+i+1] ; end;
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end;

end;

for i: =1 to mdo begin DMo [i — 1] : = WP [i];

end;

while i >m do DMo begin DQo [i-1] : = GP [i];

end;

while i >mdo DQo [i-1] : = 0; End;

PROCEDURE N_K DELTA,; begin

{ dau ngam dau khop-tinh cac he so cua t bac n- nguyen nhan cv thang}
c [i-1] : =0; begin

for i : =1 to m do begin for s : =1 to i do begin

c[i-1]:=c[i-1] + gg [s] * W2 [-s +i + 1] - G2 [s] *ww [-s + i + 1]; end;
end;

fori:=m+1to2*m-1dobeginfors:=i-(m-1) tomdo

begin

cli-1]+gg[s]*W2[-s+i+1]-G2[s]*ww[-s+i+1];

end; end;

end;

fori: =1tomdo begin CMo [i-1] : = W2 [i]; end;

while i>m do CMo [i-1] : =0;

for i : =1to mdo begin CQo [i-1] : =-G2 [l] ; end;

while i>m do CQo [i -m] : = 0; end;

PROCEDURE N_N_phi; Begin

{ HAI DAU NGAM - tinh cac he so cua t bac n-nguyen nhan cv xoay}
D1[i-1] : =0; begin
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CHUONG 3
ON PINH CUA KHUNG PHANG

VOI CAC CAU KIEN CO TIET DIEN THAY POI

Nhu d3 biét, khi nghién cru on dinh ciia cdc khung phang, dé don
gian hoa viéc xac dinh lyc tdi han, ta co thé chép nhan mot sd gia thiét
Sau:

4 Vat li¢u cua khung lam viéc trong gid1 han dan hoi.

5 Cac nat cua khung dugc xem 1a tuyét ddi cing, chuyén vi cta cac
dau thanh quy tu vao mdi nat déu nhu nhau.

6 B6 qua bién dang doc truc va bién dang trugt so vaéi bién dang
udn. Trudc va sau bién dang, chiéu dai theo phuong ban dau cua cac
thanh khong doi.

7 Khi x4c dinh chuyén vi trong khung chi ké dén anh huong cuia
bién dang ubn va do luc doc xuat hién trudc bién dang gy ra. Anh hudng
cua gia sd luc doc xuat hién sau khi hé mat 6n dinh bo qua.

8 Tai trong tac dung 1én khung chi diat ¢ cac nut. Nhitng tai trong
nay chi gy hién tuong kéo hodc nén ma khong gdy ra hién twong udn

ngang trong cac thanh cta khung khi hé chua maét on dinh.

Dic trung cho su thay doi tiét dién caa thanh cé cac thong sb
b, =—3K;b, = 3k2;b, = —k°.

* n=4 (Hinh 3.10d): Tiét dién tron hoic hinh vudng.

N R
e

Q

ndy

Cho tiét dién tron: o= 's =5,
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m(2) _ adi-ke)*

o = kO

1(2) =

Dic trung cho su thay doi tiét dién caa thanh cé cac théng sb
b, = —4k;h, = 6k2;b, = —4k?;b, = k*.
Pé thuc hién vé& toan do xéac dinh hé sb quy doi chiéu dai cho cot & hinh 3.9, vi

du thyuc hién tinh toan trén mot loat cac thanh véi tiét dién thay doi, n nhan cac

giatril, 2,34ty séj—s biénddi tir 1 dén 6. Chuong trinh doi hoi khai béo ty sb

A

nay, tir d6 chuong trinh tinh duoc cac hé sé dic trung cho sy thay doi tiét dién

bi. Thuat todn thuc hién nhu trén hinh 2.2. Vi mdi s6 mot cap(n,j—ﬁ‘j, chuong

A
trinh tinh TNO1 tim dugc mot gia tri tyin, P, 2. Nhan duoc cac gia tri cuau, ta
thuc hién v& toan dé cho cot.

Két qua tinh toan ., duoc thé hién & bang 3.1

Bang 3.1
dg/da n=4 n=3 n=2 n=1
1 2 2 2 2
1.5 1.14136 1.303 1.4699 1.726
2 0.77426 0.9608 1.21 1.5469
2.333 0.623 0.8255 1.0876 1.4587
3 0.457 0.62459 0.89058 1.3157
4 0.32072 0.4607 0.71196 1.167
5 0.247 0.36456 0.5963 1.0613
6 0.2018 0.30123 0.5196 0.9805
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Thuc hién vé todn d6 bang phuong phap vé d6 thi trong chuong trinh EXCEL.

Véi céc thanh c6 lién két khac ¢ hai dau, tuy thudc diéu kién bién, ta ciing thuc

hién tuong ty nhu vi du trén sé vé duge todn dé tuong tmg.

So sanh vai tai liéu [7], ta ¢6 nhan xét sau:

Tai hitu han diém da khao sat, gia tri cua hé sé quy ddi chiéu dai tinh duoc c6

thé coi tring khit voi cac gia tri ¢ [7] cung cap, cho thay két qua tir truong trinh

tinh TNO1 la dang tin cay.

3.1.1. Vi du vé khung véi cac thanh cé tiét dién thay doi

Vidu 3.1: Tim luc t6i han caa hé khung mot ting mét nhip:
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El, El;

| 7200

(don vi: mm)
tiét dién dinh cot  ti€t dién chan cot
I,, =25785,92cm’

Cot ¢ tiét dién thay ddi, thép td hop hinh chir | nhu & hinh vé 3.13. Tiét dién &
dinh c6t va céc thanh ngang la I,.

Chiéu cao tiét dién cot 1a thay d6i tuyén tinh theo chiéu dai thanh; céc kich
thude khac khong doi.

Thi ¢6 mdédun dan hoi: E=20000kN/cm?.

Phén tich bai toan véi hai truong hop:

a) p=2

b) p=4

Xét thanh dtng 9cootj), tim quy luat bién thién cua tiét dién:

ﬂ

Goi chiéu cao cua bung 13 j(z).
\a

i ’

h{z)

z=£l

(=720

Don vi dai la cm
Hinh3.14
50-30

h(z)=30+2tga.z=30+2. o1

£1=30+20¢;
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3 3 27]
1(2) = 0,8.n(z) L9 30.16 +30.1’6.(h(2) +1.6j _
12 12 2

12 12 2

_08(30+20¢)° | %[1,62 +((30 1200 ) +1,6]2—

=25785,92(1+1,31607¢ +0,4654¢ % +0,02¢°)
Vay, thanh dimg c6 I, = 25785,92cm®, by= 1,31607; b,= 0,4654; b,= 0,02.

Theo phwong phap chuyén vi, hé ¢6 3 an so:

Zy

y
0,6q
IM,] IMyl
ryp= M +1.2q rp=ry=10.6q rp=0y+Qp 3= My o= My
Trong do:

Moz 1a phan lyc mdmen udn tai dau thanh dimg bén trai khi hé co ban chiu
chuyén vi xoay z; = 1.

Mo, 1a phan lyc momen udn tai ddu thanh dimg bén trai khi hé co ban chiu
chuyén vi xoay z; = 1.

Qo1, Qo2 V& M'g; Qo2 12 phan e vudng goc véi tryc thanh ban dau va mdmen
udn tai dau thanh dtmg bén tri va bén phai khi hé co ban chiu chuyén vi thang
Z;=1.

Phuong trinh 6n dinh:

Nnihohs
o = O

r31r32r33

Giai phuong trinh 6n dinh trén véi an sb 1a t, ta s& tim duoc lyc t6i han P.
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a) Giai khi f=2

Ap dung truong trinh tinh TNO1, ta tinh duoc t = 5,592603, hay Py, = 5566,3kN.

So sénh voi két qua tinh tir phuong phap Phan tir hitu han, thé hién trong bang

3.2.
Béang 3.2
Theo phuong phap Phan tir hitu han
Theo TNO1 P & PP '
Theo SAP2000 Theo STRANDG
Py, = 5566.3kN Py, = 5545kN P, = 5690kN
Do léch (%) 0.995 2.7%
b) Giai khi g=4

Ap dung chuong trinh tinh TNO1 tim duoc t=3.334939, hay Py, = 3317,7kN. So
sanh véi két qua tinh tir phuong phap Phan tir hitu han, thé hién trong bang 3.3

Bang 3.3
Theo phuong phap Phan ti hitu han
Theo TNO1 P & PHap '
Theo SAP2000 Theo STRANDG
Py = 3317.7kN P = 3285kN Py, = 3410kN
Do léch (%) 0.995% 2.7%

Vi du 3.2: Tim lyc t6i han cho hé khung 1 tang 2 nhip:
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Kich thude céc thanh giong nhu & vi du 3.1.

¢P Elo VP Elo VP
Giai bai toan véi g =2
‘Jilz el ‘Jf"t% S6 an s0: n=4
L 24000 L 24000 ]
Hinh 3.15
Z, Z; Z3

V £ 1
i 2]

* *
=My = My Z2,=1

x*
3= My

Phuong trinh 6n dinh:
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ahohslh,
LTI PELEYA -0

r-31r32 I’-33r44

r-41r42r43r44
Ap dung chuong trinh TNO1 dugc t=5.4199276, hay P = 5381,89kN. So sanh
vé6i két qua tinh tir SAP2000, ta duoc luc téi han P = 5345kN hay t = 5.37279,
sai s6 140,877 %.
Vi du 3.3: Tim lyc t&i han cho khung da xét ¢ vi du 3.1, c&c thanh bang thép c6
tiét dién hinh dng (hinh 3.16).
Tim quy luat bién thién cua tiét dién: Goi duong kinh ngoai cua tiét dién 1a
D9z).

D(z).
\a
s A
~ S Hinh3.16
z=El
=720

Pon vi dai la em

chiéu day ong 6=10mm

tiét dién dau thanh ti€t dién cuoi thanh
I, =2700,984cm*

30-20

D(2)=20+2gaz =20+2.= -

Sl= 20(1+ %)(cm)
Tai tiét dién c6 hoanh d6 z, duwong kinh trong 1a:

20[1+ %} ~2=18+10¢ =18(1+£§)(cm) do do:

1(£) = é[zo“(u%} —184[1+£§j j

1(£) =2700,984(1+1,576039546¢ % + 0,145391102¢£°

Nhu vay, cac hé sb cua quy luat bién tiét dién nhu sau:
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I, = 2700,984cm*; b, =1,576039546;b, = 0,828729281; b, = 0,145391102

Thue hién cac bude twong ty trong vi du 1,chi thay doi cac luong lo, by, by,ba.
Két qua tir TNO1 cho t = 6,3098387013, tuong dwong véi P= 669,7kN. So sanh
véi két qua tinh tr SAP2000, ta dugc lyc t6i han P=6555kN hay
t=6,290516775, sai s6 1a 0,3%.

Vi du 3.4: Tim luc t&i han cua khung c6 dang da xét ¢ vi du 3.1, vat liéu va tiét

\ Y
=] ’ EI

(=720 _|
Hinh3.17

dién thanh nhu sau:

Dlzl

Thanh ¢ tiét dién dic hinh vudng.

Tiét dién dau thanh: 24x24(cm)

Tiét dién cubi thanh: 36x36 (cm)

Vit liéu bé tong c6 mdédun dan hdi: E=2500kN/cm?.

D(z)=24+2tga.z =24 +2. 362_|24 Cl= 24(1+ %)

244(1+ c

)= sz = 27648(1+2¢ +1,5¢% +0,5£° +0,0625£ %)

Vay, thanh c6 1, = 27648cm”; b;=2, b,=1,5, bs;=0,5; b,=0,0625

Giai cac budc gidng nhu vi du 3.1, chi thay d6i cac luong l,, by, by, by, bs, by két
qua tr TNOZ cho t = 7,587496286, tuong dwong P=1011,6kN. So sanh véi két
qua tinh tir SAP2000, ta duoc luc téi han P=1006kN hay t = 7,545, sai s6 14 0,56
%.

Vi du 3.5: Tim lyc téi han cho hé khung 1 tang 1 nhip kich thudc da xét & vi du
1, dinh cot lién két khép véi dam ngang (hinh 3.18).

Trong trudng hop ndy, cac thong sé lién quan dén cac tiét dién da tim duoc

trong vi du 1 nhu: I,, E, by, by, ba.
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s Z |
El, El, & e
‘ L 24000 J ' _
(f=2) Bai todn c6 1 an sO 1a chuyén vi
Hinh 3.18 ngang cla dinh cot.
ip pP
ar_; O:_—}!FC%O_(% o liih‘L.l'(m g trinh chinh
Lac:
zi=1 D=r =0
ry=Qgy+ Ay, 1 .
AN 7777777.
Hinh 3.19

Van dung chuong trinh TNO1, ta dugc t = 3,356728235165 hay Py, =

3339,36kN. So sanh v&i két qua tir phwong phép phan tir hiru han: t = 3,3475161

hay pi = 3330,kN ta thay sai s6 13 0,2%.

Vi du 3.6: Tim luc t6i han cho hé khung mot ting mot nhip voi cac chan cot lién

két khép (hinh 3.20).

Ta s€ giai bai todn nay véi hai truong hop:
a)p=2

b)f =4
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P BP

El,
El, Fl &
e P
L 24000 _\
Hinh 3.20

Hinh 3.21
tiét dién chan cot ti€t dién dinh cot va
ddm ngang, ¢c6 1,, =722552533cm’

Tim quy luat bién thién cua tiét dién: Goi chiéu cao cta ban bung 1 h(z).

|

hizl
]
30

(=720 |

Pon vi dai 1a cm h(z) =50 2tger.z =50+ 2. 502‘|3° £1=50-200

) - 0,8.1h2(z)3 +{30;2,63 +30.116{h(z)2+1,6j }:

_ 08.(50-20¢)° L6 1,6 . (50-20£)* +1,6 ) ~
B 12 12 2 B

= 72255,2533(1-0,82396777¢ +0,188221608¢ —0,007381193°%)

Vay, thanh trén c6
l, = 72255,2533cm*; b;= -0,82396777; b, = 0,188221608; b; = -0,007381193.

Theo phwong phap chuyén vi, hé ¢6 3 an sb:

51



0,6q

o P BP| M,
Z :1 * 12
: My o—% -
Gy E O, 5F F '»
=
IM,] IMy]
ry= My +1.2q rp=ry=10,6q ryp=0p+ Q. ry= My 5= My
r11r12r13

N holhs = O

LETLEPL T
Giai phuong trinh 6n dinh trén véi an s6 13 t, ta s& tim duoc luc t6i han P.
a) Khi p=2
Ap dung chuong trinh tinh trong TNO1, ta tinh dugc t=0,645027789, hay
Pn1798,IkN. So sanh vai két qua tinh tir phwong phap phan tir hitu han (ing
dung SAP2000), ta duoc luc toi han Py, = 1769,5kN hay t=0,634769244, sai s6
1a 1,6%.
b) Khi p=4
Ap dung TNO1 duogc t=0,3861792216, hay Py, = 1059,4kN hay t= 0,3800367, sai

s 12 1,6%.
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CHUONG 4
KET LUAN

I. NHUNG KET QUA PAT PUQC

1. Luan vin da sir dung chudi nguyén dé giai bai todn uén ngang ciing véi udn
doc, bai toan 6n dinh cta hé thanh véi céc phﬁn tr thanh co tiét dién thay ddi.
Céac chudi nguyén dugc dung dé biéu dat cho quy luat thay d6i cia tiét dién
thanh, cic nghiém cua phuong trinh vi phan duong dan hoi.

2. Bé ap dung phuong phap chuyén vi kiém tra 6n dinh cta khung phang véi cac
phan tir thanh c6 tiét dién thay d6i, trong ludn van da phan tich cac cu kién
mau. Do 1a thanh co tiét dién thay doi, twong tng véi cac dang lién két khac
nhau & hai dau, chiu chuyén vi cudng buc géi tra va luc nén truc.

Tt biéu thire dudi dang chudi cta cac nghiém 1 phan luc tai cac dau thanh, 1ap
phuong trinh 6n dinh cho khung bat ki dé tim lyc téi han. Pa 1ap chuong trinh
TNO1 dé thuc hién tinh toan lién tyc tir khau xac dinh phan lyc dén giai phuong
trinh 6n dinh. Chuong trinh da dugc van hanh dé tim luc t6i han cho céc khung
1 tang 1 nhip, 1 tAng 2 nhip trong d6 cac thanh c6 do climg thay d6i theo luat bac
2, 3, 4, lién két & dau thanh khac nhau. PO chinh xac cua chuong trinh dugc
danh gia thong qua két qua so sanh véi cac bai toan twong Gmg thuc hién trén

SAP2000 va STRANDS.

II. KHA NANG UNG DUNG CUA PHUONG PHAP

Qua két qua da trinh bay trén day cho thay:

- Céach tinh c6 thé 4p dung cho cac hé thanh vé&i cac phan tir c6 mit cat bién doi
lién tuc bat ki sau khi van dung chudi Taulor dé dua quy luét bién thién cta I vé
dang chudi nguyén.

- Budc dau, chuong trinh TNOI c6 thé ap dung dé kiém tra 6n dinh cho 1 s
thanh va khung dién hinh thuong gip trong thuc té. Khi gip bai toan khung co

hinh dang moi, lién két mai thi viéc 1ap chuong trinh con dé tim nghiém cua
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phuong trinh 6n dinh ciing dé dang khong doi hoi nhiéu thoi gian, b sung vao
chuong trinh chinh cho phong pha thém.

- Thuét toan va chuong trinh nguyén dung TNO! kién nghi d3 duoc van hanh
thuan loi va dugc kiém chtng thong qua mot sb vi du. Do d6 hy vong 1a du do
tin cdy dé dugc ap dung trong thuc té

- C6 thé lap bang hodc toan dd dé xac dinh luc téi han cho cac bai toan thanh

don c6 tiét dién thay d6i thuong gip.

III. HUONG PHAT TRIEN SAU LUAN VAN

Do thot gian va khudn kho cta luan van, mot sé van dé sau can duoc tiép tuc
nghién ctru va phat trién trén co sé cac két qua dat duoc:

1. Xay dung thém cac toan d6 hoic bang tra thyc hanh dé tim hé s6 quy doi
chiéu dai twong duwong x cho mot sd loai thanh don thuong gip trong thuc té
thiét ké két ciu cong trinh.

2. Dbi v6i bai toan 6n dinh cua hé thanh véi cac thanh c6 tiét dién thay doi,
nghién ctru viéc ap dung phuong phap Phan tir hitu han dé xay dung chuong
trinh tinh tong quat co thé tinh cho hé thanh bat ky.

Tai liéu tham khao
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