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Nghién cuu tinh toan két cau day cung
chiu tac dung tinh theo phuong phap

nguyen ly cuc tri gauss

Study on calculation of possible structure by gauss positive principle method

> TS PHAM VAN TRUNG
Trudng Pai hoc Kién tric Ha Noi

TGM TAT

K&t cau day cing la he ket céu day ca da cimg khang udn nhét dinh.
Khi chiu tac dung cia cac nguyén nhan bén ngodi, trong day phat
sinh thanh phan ma men udn di lan khéng duge phép ba qua. Cac Iy
thuygt tinh toan day cing hién nay déu tinh tuong tu dam, qué trink
tinh toan dan dén thuat toan truy hai. Trong bao cao nay, tac gia
trinh bay viéc tng dung Phuong phap nguyén Iy cuc tri Gauss két
hop |ap trinh tinh todn trong Matlab. Vai cach xay dung va thuft
todn gidi rd rang, chat ché, da nhan duoc két qua chinh xac cho bai
toan day cing chiu tai trong tinh va dao dang riéng cia day cimg
vari hitu han bac ty do. Céac ket qua nghién citu duge so sénh, kigm
nghiém vai céc Iy thuygt tinh chinh xac cia co hoo két céu va céc
phan mém tinh toan cho théy da tin cay cia phueng phéap dé xuét.
Tir khda: Day ciing, phureng phap nguyén Iy cuc trj Gauss, chuyén vi nha.

ABSTRACT:

Rigid wire structure is a wire structure system with a certain flexural
resistance. When subjected to external causes, the bending moment
component that is large enough in the wire must not be ignored. The
current hard wire calculation theories are similar to beams, the
calculation process leads to retrieval algorithms. In this report, the
author presents the application of Extreme Principle Gauss method
combined with computational programming in Matlab. With a clear and
tight construction and solving algorithm, accurate results have been
obtained for the problem of hard strings subjected to static loads and
specific vibrations of rigid wires with finite degrees of freedom. The
research results are compared and tested with the theory of accuracy
of structural mechanics and calculation software showing the
reliability of the proposed method.

Keywords: Hard wire, Gauss positive principle method, small
displacement
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1. M@ dau

Két cdu day cuing la hé két cau day co do cling khang uén nhat dinh
[6]. Trong thuc té, khi chju tac dung cla tai trong, trong day phat sinh
thanh phan mé men uén du 16n va khong dugc phép bd qua. Hé két
cau day cting ché tao tur vat liéu thép dinh hinh tiét dién chir | hodc cac
thanh thép t6 hop lai vdi nhau [2 - 6]. Xét ty s6 gilia (ing sudt do md men
udn gay ra trong tiét dién 16n hon 5% Uing sudt do luc cang gay ra, khi
do day dugc quan niém la day ciing [4]. Day ciing duogc chia thanh hai
loai la day cling dang dan véng va day ciing dang thanh cong véng [6].
Cac ly thuyét tinh toan day cling hién nay duoc tinh tuong tu dam, qua
trinh tinh toan dan dén thuat toan truy héi. Phan 16n cac ly thuyét tinh
toan trén chi dé cap dén tai trong thang diing can bang va khéng can
bang. Trong bao cao nay, tac gia trinh bay mét phuang phap mdi tinh
toan day cting chiu tai trong tinh, vat liéu lam viéc trong giai doan dan
héi va chap nhan gia thuyét chuyén vi nhé theo “Phuang phap nguyén
ly Cuc tri Gauss” clia GS. TSKH Ha Huy Cuang két hgp lap trinh tinh toan
bang phan mém Matlab.

2. Xay dung bai toan.

Xét mét day ciing dang thanh cong véng hai khép, géi tua ngang
muc vugt nhip L, d6 vong ché tao f. Phuong trinh truc day xét trudng
hgp la cung tron hodc parabol (bac 2). Day cing chiu tadc dung: trong
lugng ban than day, trong lugng clia két cdu, dugc qui d&i thanh luctap
trung c6 cudng dé P dat tai cac diém chia clia day vai toa do ban dau la
(x0,i, 0,i) va toa dé khi da bién dang la (xi, zi) (hinh 1). Khi s6 lugng diém
chia &0 16n, c6 thé quan niém doan day la thang, luc cang trong doan
day la hang s6, md men phan bé theo quy luat bac nhat. Trong nghién
cliu nay tac gia chua xét dén anh hudng cua luc ct vi anh hudng nay
tuang déi nho so véi luc cang, mo men.
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Hinh 1. Sw dd tinh toan day cing chiu tai

Gia thiét chuyén vi nhé: Gia thiét bién dang va chuyén vi trong
hé rat nhé. Nghia la dui tac dung clia cac nguyén nhan bén ngoai
hinh dang cla cong trinh thay déi rat it, cho phép ta c6 thé st dung
cac lién hé gan dung gitia cac dai lugng hinh hoc. Goi 0 1a goc xoay
ca mét tiét dién nao dé trén cong trinh trong qua trinh bién dang
thi theo gia thiét nay c6 thé viét:

sin0=0; g0 ~0; cosO~1 (1)

Xét mot doan day ciing gilta hai nut i va k. Goi toa d6 nut (i-1) va
i(i-1,i=1,2,...n) clia doan day cing trudc khi chiu tai la i-7(xo.1; yoi1)
Vva i(Xoi Yoi) (hinh 2.4).
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Hinh Z. Sw dd chuyén vi day cong chiu tai

Theo diéu kién hinh hoc trong so @6 chuyén vi clia phan ti day
cling, chuyén vi ctia nat thL’I i theo phuong ngang, phuong dung
dugc xac dinh nhu sau: ui = xi — Xo,; Vi = Yi — Yoji )]

Chiéu dai cac doan day trucc bién dang S, va cac cosin chi phuong:

Sik:\/(xo,k |) (yok yO,i)z;

Sin(ai) — ykz_yi -
\/(Xk ) +(Y i)

Tinh no6i luc T;, Qi va M.

X, =X (3

\/(Xk _Xi)z +(Yk _yi)2 ’

; cos(o,) =

Va

Hy

Hinh 3. Ma hinh x&c dinh ngi luc déy cirng chiu tai

T, =H, x cos(a [V Z ]xsm

M., =V, xxg; —Hy xy,; _ipyk ><(Xo,i _Xo,k) (4)
k=1

Q,=-H, x sin(ai)+[VA —iPyij cos(a,)
k=1

Thanh phan mé men trong doan S; bién thién theo quy luat bac
nhat dau (i-1) 1a Mis va dau i 1a Mi. M6 men tai tiét dién cach dau (i-
1) mot doan s dugc xac dinh nhu sau:

M -M

M, =M_, + s, 0<s<S, (5)
Ap dung phuong phéap Nguyén ly cuc tri Gauss cho bai toan véi
tai trong tap trung tai cac nat khi boé qua luc cat, ta co:

Z= ZI ds+zz|; . ) ds—2> P, x(z, -z

i=1 0

Thay M. (5) vao (6) va luu y Ti va Qi trong cac phan tir la hang s6,
rut gon biéu thuc ta dugc: Phi€m ham lugng cuéng bic clia bai toan
theo phucng phap Nguyén ly cuc tri Gauss:

Z= |1EA| +Z:-1.EI(M +M M ]ds ZZP X(¥, =Y ) >min(7)

Trong d6: n - s6 doan chia cla day cung.

Pyi- ti trong theo phuong y tdc dung lén nut thu i

+ Diéu kién bién va diéu kién lién két

- D6i véi cac bai toan khong xét chuyén vi cudng bic clia gbi tua
(bién dang neo), ta gan cac gia tri tai géi tua bang gia tri ban dau:

01) = min (6)

X =Xois Yi=Yo,i (8)

- D8i v6i cac bai toan c6 xét chuyén vi cudng buc clia géi tua, ta
gén cac gia tri tai gdi tua bang gia tri ban dau cdng véi chuyén vi
cudng buc: x; =x,, + A Yi=Yo+ A 9)

Trong biéu thic (2.9) va (2.10):

i—g6i co diéu kién bién.

A - chuyén vi cuéng buc tai géi i theo phuong x.

Ayi - chuyén vi cuéng buc tai g6i i theo phuaong z.

- D6i vdi cac bai toan day hai khdp, ta cho gia tri mé men tai hai

g6i bang khéng:M, =M, =0; Mg =M, =0; (10
3. Giai bai toan.
oz
_:O; 11
OH, an

Hé phuong trinh (11) la hé phuong trinh tuyén tinh. Giai hé
phuang trinh (11) xac dinh luc xé ngang H va toa d6 cla cac diém
nut. Chuaong trinh tinh toan dugc lap trinh trong Matlab.

4.Vidu minh hoa.

4.1. Vidu 1 - Vidu tinh toan day c6 dang cung tron.

Xét mét day ciing dang thanh cong véng hai khdp so d6 tinh
nhu hinh 2.6. Day dugc ché tao dang cung tron ban kinh R, nhip day
L=60m, d6 vong ché tao f= 6m. Dé cling chiu kéo (nén) EA=6.10°kN;
dé cing chiu udn EI=1.10° kNm2. Day chiu tai thdng ding
g=20kN/m. Khi tinh toan bo qua anh huéng cua luc cat.

Yéu cdu: Xac dinh phan luc lién két, néi luc ca hé day cing
trong trudng hgp chap nhan gia thiét chuyén vi nhé

A. Bai gidi theo phuong phdp Nguyén ly cuc tri Gauss

Chia day thanh 15 doan c6 chiéu dai bang nhau. Tai trong phan
b6 trén day dugc quy vé tap trung tai cac diém nat véi cudng do la
P=80 kN. Trong tiing doan day ta quan niém nhu thdng. Pénh sé
nut va sé thanh nhu hinh 1. TU phuong trinh ctia day khi ché tao la
cung tron di qua 3 diém ta tinh dugc toa d6 cac diém nut. Ap dung
céng thic (3) ta tinh dugc chiéu dai cac doan day va cac cosin chi
phuong. Tinh luc cang trong cac doan day va mé men tai cac diém
nut theo (4) Thay vao phi€m ham (7) va ap diéu kién bién ta dugc:

Luc cidng ngang: Yy =diff(z,H)=0=H=1462,033667393 kN

Va néi luc trong cac doan day:

Bang 1. Néi luc day ciing dang cung tron chiu tai khi gia thiét
chuyén vila nho

Luc cang trong day (kN) M6 men tai cac diém nut (kN.m)

Tor 1565.606854218 Mo -17.233986652

To2 1538.810537878 Moz -8.454760366
T | 1515753335237 | M | 15578678306
 To | 1496625612421 | Mo | 45808367404
 Tos | 1481584332675 | Mo | 74927383958
T | 1470752333515 | Mo | 97420095355 |

Toz 1464.217761580 Moz 109.592494743

Tos 1462.033667393 | | Mos | 109.592494743
T | 1464217761580 | | Moo |  97.420095355
_To | 1470.752333515 |  Mw | 74.927383958
S KL 1481.584332675 |  Mn | 45808367404
LAE T 1496625612421 | M | 15.578678306 |
BRLAER 1515753335237 | Mis | -8.454760366 |

T 1538.810537878 M4 -17.233986652

Tis 1565.606854218 Mis 0.000000000
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B. Bai gidi kiém tra theo phuong phdp luc trong Co hoc két Xac dinh néi luc trong cac doan day do tai trong va do H=1 gay
cdu. ra trong hé co ban.

& Budc 1: Xdc dinh bdc siéu tinh (S6 dn s6): 1 dn; Chon @n sé la luc Xac dinh hé s6 va sé tu do cia phuang trinh chinh tac, giai
cang ngang H phuong trinh ta dugc:

% Budc 2: Chon hé coban: Loai bé lién két ngang tai g6i B va thay H=1462,033667393kN.
bang luc cang ngang H Tu d6 ta xac dinh dugc ndi luc trong cac doan day

+ Budc 3: Hé phuong trinh chinh tdc:

0,H+A,=0

4 BuGc 4: Xdc dinh cdc hé sé va giai hé phuong trinh
Bang 2. N6i luc day cling dang cung tron chiu tai khi gia thiét chuyén vi la nhé tinh theo phuang phap luc

Nut Néi lucdo H Néi luc do P N&i luc cuéi cling
A M6 men .
PT Luc doc N(kN) M6 men M(kN.m) Luc doc N(kN) M(KN.m) Luc doc N(kN) M6 men M(KN.m)
1 1363.900 -2161.921 201.706 2144687 1565.606854 -17.233987
2 1389.719 -4026.243 149.092 4017.788 1538.810538 -8.454760
3 1411.687 -5587.802 104.066 5603.381 1515.753335 15.578678
4 1429.745 -6842.272 66.881 6888.081 1496.625612 45.808367
5 1443.842 -7786.178 37.743 7861.106 1481.584333 74.927384
6 1453.939 -8416.905 16.813 8514.325 1470.752334 97.420095
7 1460.009 -8732.706 4.209 8842.299 1464.217762 109.592495
8 1462.034 -8732.706 0.000 8842.299 1462.033667 109.592495
9 1460.009 -8416.905 4.209 8514.325 1464.217762 97.420095
10 1453.939 -7786.178 16.813 7861.106 1470.752334 74927384
11 1443.842 -6842.272 37.743 6888.081 1481.584333 45.808367
12 1429.745 -5587.802 66.881 5603.381 1496.625612 15.578678
13 1411.687 -4026.243 104.066 4017.788 1515.753335 -8.454760
14 1389.719 -2161.921 149.092 2144687 1538.810538 -17.233987
15 1363.900 0.000 201.706 0.000 1565.606854 0.000000
C. So sdnh két qua tinh todn theo phuong phdp dé xudt va Bang 3. Noi luc day cing dang parabol chiu tai khi gia thiét
phuong phdp luc. chuyén vila nho
So sanh luc cang ngang H: Luc céing trong day (kN) M6 men tai cac diém nit
1462.033337393 - 1462.033667393. ' o _ o oo, Hecang trong day (kN.m)
1462.033337393 T ’ _To1 | 1588.762277184 | | MO1 | 19.705655691 |
Sai léch gitfta phuong phéap dé xuét va phuong phap | qué nho | TO2 1562.360617681 | MO2 |  36.596217287
(25%) _T03 | 1539.667273717 | MO3 | 50.671684788
4.2. Vidu 2 - Vidu tinh toan day ciing dang parabol. T04 | 1520.848215412 | Mo04 | 61.932059681 |
Xét lai vi du 1 véi dang déy ciing dugc ché tao ban dau la 105 | 1506.048647191 | MOS | 70.377340479 |
parabol. Cac gidi quyét tuong tu nhu vidu 1. _T06 | 1495.387881190 | MO06 | 76.007527182 |
A. Bai gidi theo phuong phdp Nguyén ly cuc tri Gauss T07 | 1488954794551 | | Mo7 | 78.822621277 |
Chia day thanh 15 doan c6 chiéu dai bang nhau. Tai trong phéan | TO8 | 1486.804248753 | M08 78.822621277
b6 trén day dugc quy vé tap trung tai cac diém nat véi cudng do 1a | TO9 | 1488.954794551 | M09 76.007527182
P=80 kN. Trong tling doan day ta quan niém nhu thdng. Danh sé S TI0 | 1495.387881190 | M10 | 70.377340479 |
nut va sé thanh nhu hinh 1. TU phuong trinh cta day khi ché tao la T11 1506.048647191 M11 61.932059681
cung tron di qua 3 diém ta tinh dugc toa d6 cac diém nat. Ap dung T2 | 1520.848215412 | M™M12 | 50.671684788 |
céng thuc (3) ta tinh dugc chiéu dai cac doan day va cac cosin chi T3 1539667273717 | M13 | 36.596217287 |
phuong. Tinh lyc cang trong cac doan day va mé men tai cac diém “T14 | 1562360617681 | M14 | 19.705655691 |
nut theo (4) Thay vao phiém ham (7) va ap diéu kién bién ta dugc: 7-”5 77717578é%622771847M15 0.000000000

Luc cdng ngang: y =diff(z,H)=0=H=1486,804248753kN
Va néi luc trong céc doan day:
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B. Bai gidi kiém tra theo phuong phdp luc trong Co hoc két

cdu.

£ Bu6c 1: Xdc dinh bac siéu tinh (S6 dn s6): 1dn; Chon dn sé la luc
cdang ngang H
% Budc 2: Chon hé co ban: Loai bé lién két ngang tai goi B va
thay bang luc cang ngang H
+ Budc 3: Hé phuong trinh chinh tdc:
8, H+A,=0

+ BuGc 4: Xdc dinh cdc hé sé va giai hé phuong trinh

Xac dinh néi luc trong cac doan day do tai trong va do H=1 gay
ra trong hé ca ban.

Xac dinh hé s va s6 tu do cla phuong trinh chinh tac, giai
phuong trinh ta dugc:

H=1486,804248753kN.

TU d6 ta xac dinh dugc ndi luc trong cac doan day

Bang 4. Noi luc day ciing dang cung tron chiu tai khi gia thiét chuyén vi la nhé tinh theo phuong phap luc

Nut NGilucdo H NGi lucdo P Nai luc cuéi cing
PT Luccang T (kN) | M6 men M (kN.m) | Luccang T (kN) | M6 men M (kN.m) Luc cang T (kN) Mé men M (kN.m)
1 1392.900 -2220.294 195.862 2240.000 1588.762277 19.705656
2 1416.068 -4123.404 146.292 4160.000 1562.360618 36.596217
3 1436.602 -5709.328 103.065 5760.000 1539.667274 50.671685
4 1454.084 -6978.068 66.764 7040.000 1520.848215 61.932060
5 1468.131 -7929.623 37918 8000.000 1506.048647 70.377340
6 1478.417 -8563.992 16.970 8640.000 1495.387881 76.007527
7 1484.694 -8881.177 4.261 8960.000 1488.954795 78.822621
8 1486.804 -8881.177 0.000 8960.000 1486.804249 78.822621
9 1484.694 -8563.992 4.261 8640.000 1488.954795 76.007527
10 1478.417 -7929.623 16.970 8000.000 1495.387881 70.377340
11 1468.131 -6978.068 37918 7040.000 1506.048647 61.932060
12 1454.084 -5709.328 66.764 5760.000 1520.848215 50.671685
13 1436.602 -4123.404 103.065 4160.000 1539.667274 36.596217
14 1416.068 -2220.294 146.292 2240.000 1562.360618 19.705656
15 1392.900 0.000 195.862 0.000 1588.762277 0.000000

C. So sdnh két qud tinh todn theo phuong phdp dé xudt va

phuong phdp luc.
So sénh luc cang ngang H:

1462.033337393 -1462.033667393

2¥10°%)

1462.033337393
Sai léch gitta phuong phéap dé xudt va phuong phap la qua nhé(

100% = 0.00002%

Két qua tinh toan theo phuong phap nguyén ly cuc tri Gauss
dugc so sanh véi két qua clia phuang phéap chinh xac 1a phuang
phap luc cho thdy két qua gan nhu tring khdp, sai s6 rat nho
khoang 10"+10"3%.

- Sai s6 la khong dang ké.

- Mt khac sai s6 nay la do qua trinh nhan biéu d6 clia phuong
phap luc cé lay gan ding vai 12 chir s6 phan thap phan.

Khi so sanh két qua tinh toan gilia hai dang day ta nhan thay:

- Luc cang trong day dang parapol I6n hon lyc cdng trong day
dang cung tron khoang 1,479%-+1,689%.

- Luc doc trong day dang parapol thay déi (6,86%) it han trong
day dang cung tron (7,08%)

- M6 men I6n nhat trong day cling dang cung tron 1én hon
nhiéu mé men Ién nhat trong day cling dang parapol (28,077%) va
con xuat hién moé men am & nhiing tiét dién gan goi tua.

5. K&t luan.
Ap dung phuang phap nguyén ly cuc tri Gauss, tac gia da xay
dung thanh céng phuong phép tinh toén két cau day cing khi chap
nhan gia thiét chuyén vi nhdé theo mét thuat todn théng nhat,
khong trung ldp véi cac cach truyén théng.

Phuong phap trinh bay da giai quyét dugc hau hét cac bai toan
¢o ban nhu: Day ciing dang cung tron va dang parabol chiju tac
dung cua tai trong.

Téc gia da so sanh két qua nghién ctu véi phuong phap tinh
chinh xac trong co hoc két cdu (Phuong phap luc) va dat dugc dé
chinh xac tuyét ddi (sai s6 khéng dang k&, nhé thua 2*10° %).

Theo nhan xét trén ta nhan thay:

- Bai toan nghién ctru tinh toan két cdu day cling clia tac gia co
tinh chinh xac

- Khi chiu tdc dung cla tai trong thang diing thi day ciing dang
parapol lam viéc hgp ly hon day ciing dang cung tron. Luc cang va
moé men nhé hon va phan bé déu dan hon.
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