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TOM TAT:

Két cAu day cirng 1a hé két ciu day cé do cirng khang ubn nhét dinh. Khi chiu tac
dung clia cac nguyén nhan bén ngoai, trong day phat sinh thanh phan mé men ubn du
I&n khéng dwoc phép bd qua. Cac ly thuyét tinh toan day cing hién nay déu gan dung
dwa trén phuwong phap twong tw dam, qua trinh tinh toan dan dén thuat toan truy hoi.
Trong bao cao nay, tac gia trinh bay cach ap dung phwong phap nguyén ly cwe tri Gauss
ctia GS. TSKH Ha Huy Cuwong két hop 1ap trinh tinh toan trong Matlab dé tinh toan hé
két cAu day cirng chiju tac dung tinh. Cach xay dwng va thuat toan giai rd rang, chat ché,
da nhan dwoc két qua chinh xac cho bai toan day cing chiu tai trong tinh.

Tir khéa: Day cirng, phwong phap nguyén ly cuc tri Gauss, chuyén vi lén, tai trong
tinh.

ABSTRACT

A rigid cable structure is a cable-structural system with a certain bending stiffness.
When subjected to external forces, a sufficiently large bending moment component is
generated in the cable that cannot be ignored. Current theories for calculating rigid cables
are approximate, based on beam analogy, and the calculation process leads to recursive
algorithms. In this report, the author presents how to apply the Gauss extreme value
principle method of Professor Dr. Ha Huy Cuong combined with programming in Matlab
to calculate a rigid cable structure system subjected to static loads. The construction and
solution algorithm are clear and rigorous, yielding accurate results for the rigid cable
problem under static load.

Keywords: Rigid cable; Gauss extreme value principle method; large displacement;
static load.

1. DAT VAN DE



Két cAu day cirng 1a hé két ciu day cé dd clrng khang uén nhét dinh [6]. Trong thuc
té, khi chiu tac dung cla tai trong, trong day phat sinh thanh phan mé men ubn du Ién
khéng duwoc phép bd qua. Hé két cAu day cirng ché tao tw vat liéu thep dinh hinh tiét dién
chi¥ | hodc cac thanh thép td hop lai véi nhau [2 - 6]. Xét ty sb gilra trng suat do mé men
udn gay ra trong tiét dién I&n hon 5% (ng suét do lwc cang gay ra, khi d6 day dwoc quan
niém la day cwng [4]. Day cieng dwge chia thanh hai loai Ia day civng dang dan vong va
day cirng dang thanh cong vong [6].

Cac ly thuyét tinh toan day cing hién nay dwoc tinh twong tw dam, qua trinh tinh
toan dan dén thuat toan truy héi. Phan I1&n céac ly thuyét tinh toan trén chi dé cap dén tai
trong thang dirng can bang va khéng can bang. Trong bao céo nay, tac gia trinh bay mot
phuwong phap tinh toan day cirng chiu tai trong tinh va dao déng riéng cliia day cirng voi
hiru han bac tw do lam viéc trong giai doan dan hdi theo “Phwong phap nguyén ly cuc tri
Gauss” clia GS. TSKH Ha Huy Cuwong két hop 1ap trinh tinh toan bang phan mém Matlab.

2. TINH TOAN BAI TOAN TINH DAY CIPNG CHUYEN VI LON
2.1. Xay dwng bai toan

|
Y L(m) |

Hinh 1: So d6 tinh toan day cirng dang thanh cong véng chiu tai.

Xét mét day cirng dang thanh cong véng hai khép vwot nhip L c6 gbi twa ngang
murc, dd vdng ché tao f. Phwong trinh truc day la dwdng tron. Day cirng chiu tac dung
cua tai trong tap trung cé cwéng dé P bao gébm: Trong lwong ban than day cing, trong
lwong ctia két cAu, tai trong gié tac dung, dwoc quy dbi vé tac dung tai cac diém chia cla
day co toa do ban dau la xoi va yoi Hinh 1. Yéu ciu: Tinh phén luc, ndi lwc trong day cirng
va chuyén vj tai cac nut.

Chon hé truc toa d6 c6 gbc toa dd O trung véi gbi twa A, truc Ox tring véi phwong
ngang AB, chiéu duwong hwéng tir trai sang phai, truc Oy theo phwong dirng, chiéu duong
huwdng tir duwdi 1€n.

|
! L (m) |

Hinh 2: M6 hinh chuyén vi day cirng khi chiu tai.



Chia hé day hai khép thanh n doan, trong tirng doan day c6 thé xem nhw théng khi
n du Ién. Duéi tac dung cla tai trong, truc day dich chuyén dén vi tri mai, toa dd cac
diém dat lwc tai vi tri mai 1a xi va yi nhw Hinh 2.

Xét mot doan day cwng gitra hai nut (i-1) va i. Goi toa d6 nut (i-1) va i (i-1, i
=1,2,3,...n) clia doan day cirng trwde khi chiu tai 1a i-1(xo,i-1; yo,i-1) va i(Xo,i ¥o,i).

Khi day ctrng chiu tac dung clia cac nguyén nhan bén ngoai, nat (i-1), i di chuyén
dén vitri (i-1)’, 7 va c6 toa dd méi la (xi-1; yi-1) va (xi, yi) Hinh 3.
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Hinh 3: So' d6 chuyén vi doan day cing.
Dwa trén so’ d6 chuyén vi ciia doan day citrng, chuyén vi ctia nut thi i theo phuwong
ngang va theo phwong ding dugc xac dinh nhw sau:
U, = X; — Xo,5 Vi=Yi—Yois (1)
Chiéu dai cac doan day trwdc bién dang Soi va sau bién dang Si dwoc xac dinh theo
so do hinh hoc nhw sau:

2 2 2 2
S, :\/(xo,k_xo,i) +(y0,k_y0,i) ) S, :\/(xk_xi) +(yk_yi) ) (2)
Xac dinh ndi lyc tai tiét dién thir i Ap dung phwong phap mat cat bén phai tiét dién
(i-1) trong so do bién dang Hinh 4
ly

Hinh 4: So d6 tinh toan néi lwc day cirng chiu tai.
Tinh ndi lwc Ti, Qi va Mi-1

i—

i-1
T :(HA —Zﬂijcos(ai)+(VA —ZPykasin(a[)
k=1

k=1

i1 i1
M, =V,xx,—H, Xyi_zpyk X(xi _xk)+szk X(yi_yk) (3)
k=1 k=1

o :[_HA +iZI:kajxsm(ai)+(VA _iZI:PykJXCOS(ai)

Trong doé: «,- La géc nghiéng cua doan th i véi phwong ngang.
Y — Vi

\/(xk _x[)Z +(yk _yi)2

w4
V=) + (- 9)

sin(e;) =

5 cos(e;) =




Ha, Va va Hg, Ve: la phan Iyc tai goi A, B co thé dwoc xac dinh bang phwong trinh
can bang néu hé day ctng la tinh dinh. Trong trwong hop hé day clirng la siéu tinh ta
quan niém cac dai lwgng nay la an so. .

Cac tai trong tap trung dwoc dat tai cac di‘ém nut chia doan va doan day gilra ‘hai
nut dwoc quan niém la thang, nén cac thanh phan néi lwc Ni va Qi trong doan Si la hang
sO.

~ Thanh phan mé men trong doan Si bién thién theo quy luat bac nhat dau i 1a Miva
dau k la Mk. M6 men tai tiét dién cach dau (i-1) mét doan s dwgc xac dinh nhw sau:
M, =M, +Ms; 0<s<S, (5)
Si

Ap dung phuong phap nguyén ly cuc tri Gauss cho bai toan véi tai trong tap trung

tai cac nut theo hai phucyng ta co:

Z= zj ) ds+ zj 0)ds+y j ) ds+
i=1 () i=1 () i=1 0 (6)
_22 xi X(xi _xo,i)_zz i X(yi _yO,i) — min
Thay Mi vao (6) va lwu y Ti va Qi trong cac phan tir 1a hang so, rat gon biéu thirc ta
dwoc: Phiém ham lvgng cuwdng blrc clia bai toan theo phwong phap nguyén ly cwec tri
Gauss:

2
&S e 8 MM
Z—;EAi(Y;) ZGA ZJ ( 5 SJ ds +

i=1 1]0

_2nz_]:])xi X(xi _xo,i)_zz])yi X(yi _yO,i) — min
i1 i=1

Trong dé: n - s6 nut ctia hé va sb phan ti cha day cing.
Pxi, Pyi- tai trong theo phwong x, y tac dung Ién nuat thv i
2.2. Didu kién bién va diéu kién lién két
- Béi v&i cac bai toan khdng xét chuyén vi cwdng blrc ctia gbi twa (bién dang neo),
ta gan cac gia tri tai gbi twa bang gia tri ban du:
Xi = Xois Yi=Yois (8)
- Béi v&i cac bai toan cé xét chuyén vi cwdng birc ciia gbi twa, ta gan cac gia tri tai
g6i twa bang gia tri ban dau cdng véi chuyén vi cwdng burc:
X=X, AL Vi=Yo, TA; (9)
Trong biéu thirc (3.9) va (3.10):
i - Gbi c6 diéu kién bién.

A ;- Chuyén vj cuwéng burc tai gbi k theo phwong x.

(7)

A |, - Chuyén vi cudng btrc tai goi k theo phwong y.
- Dbi v&i cac bai toan day hai khép, ta cho cac gia tri mé men tai hai gbi bang khéng:

M, =0; M, =0; (10)
Céc thanh phan phan lyc twa dwoc xac dinh tr cac phwong trinh can bang
n-1 n—1
ZXZO HB—HA+ZPH.:O; VA+VB—ZPW:O
dy=0 >4 - - (11)

ZMAZO ZPyixxi_ZﬂiXyi—VBxL:()
i=l1

i=1
23. Giai bai toan ] ]
Diéu kién cwc tri ctia (7) 14y theo bién phan kiéu Gauss:



2 =0; 22 =0; (12)
8x 8yl

Hé phuo’ng trinh (12) la hé phwong trinh phi tuyén. Gidi hé phwong trinh (12) sé
duoc toa dd cha cac diém nat trong so do bién dang.

2.3.1. Thuat toan tinh toan

- Dau vao:

Xoi; yoi - L& gia tri toa do cac diém nut trong so' d6 ban dau da biét;

EA - La gia tri d6 clrng mét cat ngang cla cac phan tir day da biét;

Pyxi; Pyi - La gia tri tai trong tac dung tai nat i theo cac phwong da biét;

A, ;A - Chuyén vi cudng bic tai gbi tua k.

-Paura

xi; yi - La gia tri toa do cac diém nut trong so d6 bién dang can tim;

Ti, Mi - Gia tri ndi lwc cac phan t& day trong so dé bién dang can tim ; ui; vi - Gia tri
chuyén vi diém nut trong so d6 bién dang can tim.

- Bwdc 1. Chuan bi s6 lieu dau vao bai toan.

Toa dd (xo,i, yo,i) clia cac diém nut & trang thai ban dau.

Dién tich tiét dién cac phan tl Ai; mé dun dan héi E; mé men quan tinh |icia cac
phan ti.

Tai trong tac dung tap trung tai nut q;; Pxi; Pyi.

Chuyén vi cudng burc clia gbitwaA ;; A, theo cac phuong.

- Budrc 2. Thiét 1ap cong thirc tinh chiéu dai phan to.

Cong thirc tinh chiéu dai ban dau cla phan tr (2) Soik theo toa d6 ban dau.

Cong thirc tinh chiéu dai sau bién dang ctia phan t&r (2) Si theo toa do bién dang.

- Bwdre 3. Thiét 1ap cong thirc tinh phan lwc lién két.

Cong thirc tinh phan luc lién két (12).

- Bwdc 4. Thiét 1ap cong thire tinh ndi lwe phan tir va chuyén vi cac nut.

Céng thirc tinh ndi lwc ctia phan tir (3).

Cong thire tinh chuyén vi cac nat uk; vk theo toa dé nut (1).

- Bwdc 5. Lap phiém ham Z tinh cac dao ham riéng.

Thiét lap phiém ham Z theo céng thirc (7) hodc (8) theo Phwong phap nguyén ly
cwe tri Gauss.

Tinh dao ham riéng theo (13).

- Bwdc 6. Thiét 1ap ham myfun.

Dung I&nh function: Dinh nghia cac bién theo cu phap cia ham myfun.

Gan céac dai lwong: toa do ban dau; tai trong tac dung; d6 clrng méat cat phan to;
chuyén vi cwdng bire gbi twa; bién thién nhiét dd mai trudng. ..

- Bwéc 7. Giai hé phwong trinh.

Nhap bo sb liéu bat dau, chon ngay gia tri toa dd ban dau 1a x0;

Dung lénh fsolve - Gidi phwong trinh f(x) = 0 trong khu vic gan xO0;

Cu phap: options=optimset('Display','iter');% Option to display output.

[x.fval] = fsolve(@myfun,x0,options)

- Bwde 8. Binh dang so liéu dau ra.

Sap xép cac dai lwong can tim theo yéu ciu dau ra.

Bang ndi lwc phan tlr; bang chuyén vj nat.

- Bwédc 9. D6 hoa so d6 ban dau va so dd bién dang.

Sap xép cac toa do lién tiép tao thanh dworng ndi cac diém nuat vao trong mang sb
liéu. Dung 1énh plot vé& so d6 két cAu ban dau va so dd bién dang.

- Bwde 10. In két qua va so dd két cau.

2.3.2. So dé khéi chuong trinh tinh



Khai bao so liéu vé so do két cau:

Thiét 14p biéu thire chidu dai trude va sau bién dang

A

Thiét lap biéu thuc tinh phan luc lién két va ndi luc trong phan tir

A
Thiét 1ap phiém ham Z va hé phuong trinh dao ham riéng

A 4

Thiét 1ap ham Myfun: function F=myfun(x);

Gan gia tri cu thé cho bai toan

- - A, A

vk

A 4
Giai hé phuong trinh bang 1énh fsolve:

[x.fval, exitflag] = fsolve('myfun'.x0,options)

Pinh dang s6 liéu dau ra; v€ do hoa

!

Xuét két qua

Hinh 5: Sor d6 khéi chwong trinh tinh day cing trong so’ d6 bién dang.

3. Vi DU TiNH TOAN

3.1. Day cirng hai khép chiu tai trong thidng dirng

Xét mot day cirng dang thanh cong véng hai khép so dd tinh nhw Hinh 6. Day
dwoc ché tao dang cung tron ban kinh R: Nhjp day L = 60 m, d6 vong chétaof=6
m, dién tich mét cat ngang tiét dién chiv | 1a A(0,100 x 0,300) m?; mé men quan tinh |
(m*). Vat liéu ché tao day la thép CT1 c6 E = 2*10° Mpa = 2*108 kN/m?. DAy chiu tai



thdng dirng q = 200 kN/m, dwoc quy vé tap trung tai cac diém nat Py = 1200 kN. Khi
tinh toan bé qua anh hwéng cla luc cat.

Yéu cau: Xac dinh phan luc lién két, ndi lwc, chuyén vi va so dd bién dang cta
hé day cirng.

p B

60(m)

Hinh 6: So dd tinh day cirng hai khdp chiu tai trong thang ding.
Bai giai:
Goi 2a la goc tai tam cua day cung dai L/2 va d6 vong f:

a= 2artan(ﬂJ
L

Ban kinh dwéng tron chiva cac diém nut:
,L ; R=r+1; b=r—-f;
2sina

Chia day thanh 10 doan c6 11 nut va 10 phan tl dwoc danh sé th ty cac diém
nat lan lwot [a: 00, 01,..., 10. Nat 00 trung v&i gbi A, nat 11 trung véi gbi B. Panh sb
thir tw cac phén tee 1a: 01, 02,..., 10 nhw Hinh 7.

Diéu kién bién cta bai toan 1a tai nat 00 va 10 khéng c6 chuyén vi.

Néi lwc twong wng trong tirng phén ter 1a: To1, Toz, Tos,..., T1ova Mo1, Moz, Mos,...
, Moo.

Bai toan cé 18 &n sb chuyén vi theo hai phwong x va y 1a: Xo1, Xo2, Xo3,
Yo1, Yoz, Yo3, ..., Y09

=

...,XogVé

Hinh 7: So d6 danh s6 thi tw it va phan tir day cing.
Xac dinh toa d6 cac nut phan to:

L :
Xo; =E—Rsmai;

l

Yo =b—Rcosq,

Bang 1: Toa dd cac nut ban dau hé két cau day cirng.

Nut Xo,i Yo,i Nuat Xo,i Yo,i
00 0.000000 0.000000 06 36.152344 -5.756985
01 5.772554 -2.141964 07 42.266352 -5.029453
02 11.696074 -3.821938 08 48.303926 -3.821938
03 17.733648 -5.029453 09 54.227446 -2.141964
04 23.847656 -5.756985 10 60.000000 0.000000
05 30.000000 -6.000000




Didu kién bién cla bai toan 1a: x,, =0; 3o =0;  x=60;  ys =0;
- Két qua tinh toan.

Phan Iyc lién két va ndi luc trong cac phan tir day do tai trong duoc tong hop
trong Bang 2 va Bang 3. Chuyén vij tai cac diém nut hé két cau day do tai trong Bang

4. So d6 chuyén vi day cirng do tai trong Hinh 8.
Bang 2. Phan lyc goi tua.

PHAN LUC
Va Ve H
-5400.000 -5400.000 14096.843
Bang 3: Néi lwc trong cac doan day va md men tai cac diém nut.
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Bang 4: Chuyén vij tai cac diém nut VD 3.2.1.
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Hinh 8: So' d6 chuyén vi day clrng chiu tai trong thang dung.

Nhan xét: Khi day ctrng hai khép chiu tac dung cla tai trong thang dirng:

+ Lwc cang lon nhéat trong day xuat hién tai cac vi tri sat gbi tua.
+ Mé men I&n nhéat xuat hlgn ta! tiét dién gitra nhip.
+ Chuyén vi ngang I&n nhat xuat hién tai vi tri khoang %4 nhip.




+ Chuyén vi dirng I&n nhat xuét hién tai tiét dién gitra nhip.

3.2. Day hai khép chju tai thang dirng dong thoi véi bién dang neo

Xét mot day cieng dang thanh cong véng hai dau khép nhw Hinh 9. Day dwoc
ché tao dang cung trén ban kinh R: Nhip day L = 60 m, d véng ché tao f = 6 m, dién
tich mat ct ngang tiét dién chir 1 1a A(0,100x0,300) m%; mé men quan tinh | (m*). Vat
liéu ché tao day Ia thép CT1 c6 E = 2*10° Mpa = 2*108 kN/m2. Day chiu tai thdng dirng
q = 200 kN/m, dwoc quy vé tap trung tai cac diém nat Py = 1200 kN, déng th&i chiu
chuyén vi cwdng birc tai gbi A (bién dang neo) theo phwong ngang 1a Ax=0,3 m. Khi
tinh toan khéng xét anh hwéng cua lyc cat.

Yéu cau: Xac dinh phan lwc lién két, noi lwc, chuyén vj va so dd bién dang cua
hé day cirng.

60(m)

Hinh 9: So dd tinh day cirng hai khdp chiu tai trong thang dirng va bién dang neo.
Bai giai.

Diéu kién bién cua bai toan 1a: x,, = 0.3; Yoo =05 X5, = 60; Vso =05
Bang 5: Toa dd cac nut ban dau hé két ciu day cing.

NUat ko, fo,i NGt  |Xo, Yo,i

00 0.000000 ).000000 06 36.152344 -6.000000

01 5.772554 -2.141964 07 42.266352 -5.756984

02 11.696073 -3.821938 08 48.303926 -5.029453

03 17.733648 -5.029453 09 54.227445 -3.821938

04 23.847655 -5.756984 10 60.000000 0.000000

05 30.000000 -6.000000

- Két qua tinh toan.

Phan lwc lién két va ndi lwc trong cac phan t&r day do tai trong dwoc tbng hop
trong Bang 6 va Bang 7. Chuyén vij tai cac diém nuat hé két cdu day do tai trong Bang
7. So dd chuyén vi day cirng do tai trong Hinh 9.

Bang 6: Phan lyc gbi tua.

PHAN LUC
VA VB H
-5375.344 -5424.656 13111.636
Bang 7: Noi lwc trong cac doan day va md men tai cac diém nut VD 3.2.2.
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Bang 8: Chuyén vi tai cac diém nut VD 3.2.2.
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Hinh 10: So d6 chuyén vi day cirng chiu tai trong thdng dirng va bién dang neo.

3.3. Khao sat anh hwéng ctia dd vong dén cac dai lwong nghién ciru

Xét mot day cirng dang thanh cong véng hai dau khép nhw Hinh 11. Day dwoc
ché tao dang cung tron ban kinh R: nhip day L = 60 m, dién tich mat cit ngang tiét
dién chir 1 1a A(0,100x0,300) m%; mé men quan tinh | (m*). Vat liéu ché tao day la thép
CT1 c6 E = 2*10° Mpa = 2*108 kN/m2. DAy chiu tai thdng dirng q = 200kN/m, dwoc
quy vé tap trung tai cac diém nuat Py = 1200kN. Khao sat trong truéng hop do véng
ché tao f bién thién tv 1 m dén 15 m (25%L) v&i cap gia dd vdng Af = 1 m. Khi tinh
toan bd qua anh hudng cua lyc cét.

60(m)

| |
Hinh 11: So d6 tinh day cirng hai khép chiu tai trong thang dirng.

Yéu ciu: Khdo sat anh hwéng ctia dd vong ché tao f dén phan lwc, ndi lwc va
chuyén vi cGia day cirng.
Bai giai.

Diéu kién bién cua bai toan la: x,, = 0; Yoo =0; X5, = 60; Vso =05

Tw nhan xét & trén, trong bai toan ngoai cac thanh phan phan lyc tai cac gbi tua,
nhirng thanh phan can thiét xét dén 1a lwc doc I&n nhat & ngay sat gbi twa Nor; md



men |&n nhét tai gitka nhip Mos, chuyén vi ngang 1&n nhét tai diém khodng % nhip Uos

va chuyén vi dirng lon nhét tai gitra nhip Vos.
- Két qua tinh toan.

Bai toan dwoc viét bdng ngén ngir 1ap trinh Matlab khi cho dd véng ché tao f

bién thién tir 1 m dén 15 m, céc két qua tinh toan dugc téng hop trong bang sau:
Bang 9: Ket qua quan hé dé vong f va cac dai lwong nghién ctru theo dd véng.

D? Phan lwc gbi twa Noi lwc Chuyén vi (m)
vong
t(m) VA*103 |VB*103 [H*103 T01*103 |M05*103 |UO3 V05
(kN) (kN) (kN) (kN) (kNm) (m) (m)
1 -5.4000 |[-5.4000 |3.13491 |3.18112 |0.25794 |-0.05291 |-1.87090
2 -5.4000 |-5.4000 |2.77851 |2.83068 |0.32709 |-0.04678 |-1.23915
3 -5.4000 |-5.4000 |2.35193 |2.41360 |0.45309 |-0.03924 |-0.82665
4 -5.4000 |-5.4000 |1.96460 |2.03844 |0.64175 |-0.03188 |-0.58109
5 -5.4000 |-5.4000 |1.65233 |1.74008 |0.89257 |-0.02490 |-0.44685
6 -5.4000 |[-5.4000 |1.40968 |1.51238 |1.20107 |(-0.01767 |(-0.38441
7 -5.4000 |-5.4000 |(1.22106 |1.33930 |1.56115 |-0.00922 |-0.37064
8 -5.4000 |-5.4000 |(1.07233 |1.20645 |1.96594 |0.00157 |-0.39293
9 -5.4000 |-5.4000 |0.95295 |1.10311 |2.40816 |0.01587 |-0.44433
10 -5.4000 |-5.4000 |0.85544 |1.02166 |2.88024 |0.03493 |-0.52086
11 -5.4000 |-5.4000 |0.77453 |0.95672 |3.37452 |0.06006 |-0.61998
12 -5.4000 |-5.4000 |0.70644 |0.90442 |3.88341 |0.09255 |-0.73986
13 -5.4000 |-5.4000 |0.64846 |0.86194 |4.39964 |0.13370 |-0.87899
14 -5.4000 |-5.4000 |0.59856 |0.82719 |4.91640 |0.18473 |-1.03598
15 -5.4000 |-5.4000 |0.55523 |0.79855 |5.42752 |0.24678 |-1.20948
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Hinh 12: D6 thi quan hé gitra d6 véng f dén phan lwc ngang H.
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Hinh 13: D6 thi quan hé gitra d6 vdng ché tao f dén noi lwc Tor va Mos.
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Hinh 14: D6 thi quan hé gira d6 véng ché tao f dén chuyén vi Uos va Vos
Nhan xét.

Khi day cirng hai khép chiu tac dung cla tai trong thang dirng, khi cho d6 véng
bién thién tir 1 m dén 15 m. Tl bang két qua 8 va cac db thj Hinh 12, 13, 14 thé hién:

+ Khi dd véng tang thanh phan phan lwc dirng khdng thay ddi vi tai trong tac
dung thang dirng |1a khéng dbi va khéng phu thudc vao dé cong ctia day

+ Hinh 12 thé hién khi d6 véng tang thanh phan phan lwc ngang H gidm nhanh
trong gi¢i han khi f < 12,5% nhip L (1/4L). Khif> 12,5% nhip L (1/4L) phan Iyc ngang
H tiép tuc gidm nhwng gidm cham.

+ Hinh 13 thé hién lwc cang To1 c6 khuynh hwéng gidm nhanh khi d6 véng ché
tao f < 12,5% nhip L (1/4L), khi a6 vdng ché tao f > 12,5% nhip L (1/4L) lwc cang Tor
tiép tuc gidm nhwng gidm cham dan.

+ Hinh 13 thé hién khi d& véng tang 1&n thanh phan Mé& men Mos tdng cham khi
f < 12,5% nhip L (1/4L), khi f > 12,5% nhip L (1/4L) thanh phdn M& men Ms tdng
nhanh.

+ Hinh 14 thé hién thanh phan chuyén vi ngang Uos gidm va déi d4u khi khi f =
12,5% nhip L.

+ Hinh 14 thé hién khi d6 véng tang lén thanh phan chuyén vj dirng Vos gidm khi
f < 12,5% nhip L. Khi f> 12,5% nhip L thanh phan chuyén vi ding Vos tiép tuc tang
tr& lai. Chuyén vi ding tai nhip nhd nhat khi f = 12,5% nhip L.

3.4. Khao sat anh hwéng cua tai trong dén phan lwc, ndi lwc va chuyén vi
cua day cirng

Xét mét day clrng dang thanh cong véng hai ddu khép nhw Hinh 15. Day duwoc
ché tao dang cung tron ban kinh R: nhip day L = 60 m, do véng ché tao f = 6 m, dién
tich mat cat ngang tiét dién chir | 14 A(0,100x0,300) m?; mé men quan tinh | (m*). Vat
liéu ché tao day la thép CT1 ¢ E = 2*10° Mpa = 2*108 kN/m?. Day chiu tai thdng dirng
q = 200kN/m, dwoc quy vé tap trung tai cac diém nat Py = 1200 kN. Khao sat trong
trwong hop tai trong q bién thién tlr 100 kN/m dén 1500 kN/m v&i cap gia tai Aq = 100
kN/m. Khi tinh toan bd qua anh hwéng cua lyc cat.

H 60(m) |

Hinh 15: So d6 tinh day cing hai khép chiu tai trong thang ding.
Yéu ciu: Khado sat anh hwéng cuda tai trong q dén phan lwc, ndi lwc va chuyén
vi cla day cirng.
Bai giai.
Diéu kién bién cua bai toan la: x,, = 0; Yoo =0; X5, = 60; Vso =05



T nhan xét & trén, trong bai toan ngoai cac thanh phan phan lyc tai cac géi twa,
nhirng thanh phan can thiét xét dén 1a lyc doc I&n nhat & ngay sat gbi twa Nor; md
men I&n nhéat tai gitra nhip Mos, chuyén vi ngang I&n nhéat tai diém khoang V4 nhip Uos
va chuyén vi ding I&n nhéat tai gitra nhip Vos.
- Két qua tinh toan.

S dung chwong trinh tinh toan clia tac gia dwoc viét bang ngén ngi lap trinh
Matlab cho bai toan trén khi cho tai trong q bién thién tr 100 kN/m dén 1500 kN/m,
cép gia tai Aq = 100 kN/m, ta dwoc cac két qua sau:

Bang 10: K&t qua quan hé gitra tai trong q va cac dai lwgng nghién ctru.
Tai Phan Iwc gbi twa Noi lwe Chuyén vj
q VA*10* |vB*10* |H*10* T01*10* |M05*10* |UO3 V05
(KN/m) [(kN) (kN) (kN) (kN) (KNm) (m) (m)
100 -0.2700 |-0.2700 |0.720916 |0.769788 |0.057690 |-0.006 |-0.242
200 -0.5400 |[-0.5400 |(1.409684 |1.512376 |0.120107 |-0.018 |-0.384
300 -0.8100 |[-0.8100 |2.071475 |2.232455 |0.186782 |-0.029 |-0.517
400 -1.0800 |[-1.0800 |(2.709990 |2.933750 [0.257350 |-0.039 |-0.642
500 -1.3500 |[-1.3500 |(3.328180 |3.619251 |0.331490 |-0.048 |-0.760
600 -1.6200 |[-1.6200 |3.928446 |4.291402 |0.408906 |-0.057 |-0.873
700 -1.8900 |[-1.8900 |(4.512774 |4.952227 |0.489324 |-0.066 |-0.980
800 -2.1600 |[-2.1600 |5.082835 |5.603427 |0.572486 |-0.074 |-1.083
900 -2.4300 |-2.4300 |5.640047 |6.246445 [0.658151 |-0.082 |-1.181
1000 |-2.7000 |-2.7000 |6.185628 |6.882518 |0.746087 |-0.089 |-1.275
1100 |[-2.9700 |[-2.9700 |(6.720634 |7.512709 (0.836075 |-0.096 |(-1.365
1200 |-3.2400 |-3.2400 |7.245985 [8.137938 0.927904 |-0.102 |-1.452
1300 |-3.5100 |[-3.5100 |7.762491 |8.759008 (1.021373 |-0.108 |[-1.536
1400 |-3.7800 |-3.7800 |8.270868 |9.376617 |1.116288 |-0.114 |-1.617
1500 |-4.0500 |[-4.0500 |(8.771751 |9.991376 (1.212464 |-0.119 |[-1.695
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Hinh 16: D thi quan hé gira tai trong va phan lwc ngang H.
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Hinh 17: D6 thi quan hé gilra tai trong va phan lwc ding V.



10 % 104 Quan hé tai trong - ndi lwc N M
T T T T T

L ~®-Duwong quan hé tai trong q va lwc doc NO1
8 -@-Dudng quan hé tai trong q va mé men M05
— - Buong thang néi diém dau va diém cudi

— — Puong thang ndi diém dau va diém cudi

N6i lwc N (kN), M (kNm)

* . — 4 - T T I I I I ]
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
Tai trong q(kN/m))

Hinh 18: D6 thi quan hé gitra tai trong q va ndi lwc Tor va Mos
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Hinh 19: D thi quan hé giira tai trong va chuyén vi Uos va Vos

Nhan xét.

Khi day ctrng hai khép chiu tac dung cua tai trong thdng dirng bién thién tr 100
kN/m dén 1500 kN/m. Tir bang két qua 9 va cac dé thi 16, 17, 18, 19 thé hién khi tai trong
tac dung tang:

+ Hinh 17 thé hién thanh phan phan lyc dirng V tang tuyén tinh v&i tai trong vi tai
trong tac dung theo phwong dirng la khéng dbi va khéng phu thudc vao dd cong clia day.

+ Thanh phan phan lwc ngang tang nhanh va khong tuyén tinh vai tai trong Hinh

16.

+ Thanh phan lyc cang Tor tang nhanh khong tuyén tinh vai tai trong Hinh 18.

+ Thanh phan mé men Mos tang cham va khong tuyeén tinh voi tai trong Hinh 18.

+ Thanh phan chuyén vi ngang Uos tang rat cham va khéng tuyén tinh véi tai trong
Hinh 12.

+ Thanh phan chuyén vi dirng Vos tdng nhanh dwéi dang dwdng cong khoéng tuyén
tinh v&i tai trong Hinh 12.

4. KET LUAN

Ap dung phwong phap ‘nguyén ly cuc tri Gauss, tac gia da xay dung thanh céng
Phwong phap tinh toan hé két cau day cirng khi ch4p nhan gia thiét chuyén vi theo mot
thuat toan théng nhat, khéng trung 1ap véi cac cach truyén théng. Phwong phap trinh bay
da giai quyét duoc hau hét cac bai toan co ban nhu:

Day cirng chiu tac dung cua tai trong thang dirng va day ctng chiu tac dung cla
tai trong thang dirng cung v&i bién dang neo.

Khéo sat anh hwdng ctia dd véng ban dau dén cac dai lwong nghién clru.

Khéo sat anh hwéng cla tai trong dén cac dai lwgng nghién clru.
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