TINH TOAN TAI TRONG DO PONG PAT GAY RA CHO
NHA NHIEU TANG CO PO CUNG NGANG KHONG

Ths. NGUYEN HAI QUANG TRUONG
CBXDCTDT, Cong ty CP TV BT TK va XD Séng Pa

1. Mé& dau

Hién nay viéc tinh toan dao déng va tai trong do dong dat gay ra cho nha nhiéu tang cé dd clrng
tang khéng déi (hinh 1) da dwoc nhiéu tai liéu dé cap téi. Nhwng viéc tinh toan dao ddng, tai trong do
dong dat gay ra cho nha nhiéu tAng cé dd cirng ngang khéng déu (hinh 2) thi chi cé it tai liéu dé cap
t&i. Trong thwc té do yéu cau clia kién tric cé nhirng céng trinh [am bang khung cé do clirng tang
khéng déu. Do vay trong bai nay tac gid dé cap téi moét phwong phap tinh dao déng va tai trong do
doéng dat gay ra cho nha nhiéu tang c6 dd clrng ngang khong déu.
2. Thiét 1ap ma tran dé cieng
2.1. Khung cé dé cirng ngang déu

Khi tinh toan dao déng cha khung nha nhiéu ting c6 d6 cirng ngang déu (hinh 1) chiu tac dung
cla dong déat thi ma tran dé clrng chi cé mot dang duy nhét (2-1) [3]
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[K] _| Rz 2 2n (2-1)
R, R, .. R,

Trong dé

Rii= Ri + Rjsy;

Rii+1= - Ri;

Ri1i=- Rj;

Voi R, Riv1 1a 36 cirng tang thir i va tang thir i+1.
Céac phan ttr con lai déu bang khéng

Hinh 1. Khung ¢c6 dé  Hinh 2. Khung c6 dé cing
ctrng ngang déu ngang khéng déu

2.2.1 Do ctrng ngang twong 'dé'i cua cot )

D6 crng ngang twong doi gitba hai mrc lién tiep k va j la:
R, =

ik - A_ (2_2)
i

Trong dé

Tjk la lwc cét ngang gitra hai muc;

A 1a chuyén vi ngang twong di gitka hai mirc;

- Néu trong mét tdng cé nhiéu cét thi do clrng twong dbi clia cot thir s gitra hai mirc k va j 1a

R}y = AFRoo (2-3)

Trong do

REE)OO la @6 cirng twong dbi cia cot s khi nat (k,s) va (j,s) chuyén vi tinh tién ngang khéng xoay
(ddm dwoc coi nhw cieng tuyét dbi);

AEE) la hé sb k& dén anh hwdng cta chuyén vi xoay tai cac nat & hai dau cot dé do sw bién dang
clia cac dam va cot do. ]

- Trong céc tiét dién cla cac c6t chon moét tiét dién dac trwng ky hiéu la by va hg. thi mé men quan
tinh cta né la:
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- Hodc Jo |a trung binh céng cia mé men quan tinh cla tat ca cac tiét dién cot.
- Trong céc chiéu cao cla cac cot ta chon mét cot co chiéu cao déc trwng nhét ky hiéu 1a lp, hodc
lo bang trung binh céng chiéu cao cua tat ca cac cét.
- M& men quan tinh cGia mat cét cia cot thir s gitta mirc k va j la:

(2-4)

b,.h?
JJ(E) =S5 (2-5)
. 12
- Chiéu cao cua c6t s gitra hai m&rc k va j la Iy
(s) .
-véihgss ki) =2 va A, =1 (2.6
‘]0 I0
Ta c6 d6 clrng quy wéc cla cot s gitka j va k la:
k()
PEE) — ik (2-7)
ljk

Do clrng twong dbi cta cot s khi cac nat & hai dau cua cot chi chuyén vi ngang khéng cé chuyén
vi xoay la:

_12EIF 1289, K§pfY

R)oo = KR, (2-8)
S R KR R}
Thay (2-7) vao (2-3) ta duoc:
(s) (s)
o} 12EJ . Pij
R = 2= ALR =Ry =i === @9 vei  nif =AY (2-10)
jk 0 jk

dwoc goi la hé sb do cirng twong dbi gitra hai mirc k va j cha cot s.

* Cach tinh Al):
- Tinh Zp , dEE) theo cong thrc ctia Wibur va Ifrim [3]

(is)

+ D6 clrng quy wdc tai cac nut bang tbng dé clrng quy wéc cla cac dam va cét quy tu tai nat do,

ky hiéu la Zp , dwoc tinh nhuw sau:
(i.s)

Yp=pU o o+ o0 @1

(i.s)

+ D6 clrng quy wdc cha dau cot bang ty sé gitra dd clrng quy wéc cla cot dé va dd clirng quy wéc
clia nit chiva dAu cot d6, ky higula d'):

(s)
df) = Pic (2-12)
2P
(i)

- Tinh ﬁ}t), P& theo cong thire ciia Muto:
ﬁ](li() = ps(liz.s + pg,ks)ﬂ +(S/))£13.s + ps(,js)+l (2_13)
2pj
ﬁ(s) _ pgl—)l,s + pglgﬂ
01 —
20

Tl bang 2-1 ta c6 cac cong thirc tinh hé s diéu chinh AEJ-S) sau dé tinh dwoc d6 cieng twong dbi

(2-14)

cta mdi cot RIEJ-S).

Bang 2-1

Tac gia So db tinh Hé s6 diéu chinh Agjs)
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2.2.2 Vé biéu dé mé men cho hé co ban

- Trong hé co ban, ng v&i mdi mot lién két phu, ta phai vé& mot bidu dd mémen. Tri s mé men
dwoc xac dinh nhw hinh 3.

Nhan xét: Trong biéu d& mdé men cla hé co ban thi ddm khéng c6 mémen, chi cé c6t mé&i co
moémen.

2= 10,5.R )1

3

Lo sREIcd
Hinh 3. Biéu dé mé men cta cau kién co ban
Vidu 2-1:
Cho khung (hinh 4), sau khi da tinh dwoc R
Y&u cau vé biéu d6 mémen (I\Wl) (I\WZ) (I\W3) cho
hé co ban (rng v&i chuyén vi z1=1, z2=1, z3=1 gay ra.
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Hinh 4. Céu tao cida khung trong vi du 1
Giai:

Khung d& cho c6 3 tdng (hinh 4), sau khi da tinh dwoc lejs)cﬂa trng cét va ng voi mbi mot
chuyén vi z1=1, z2=1, z3=1, st dung ciu kién co ban hinh 3, ta vé dwoc cac biéu d& mémen twong
ang1a (M,), (M), (M) (hinh 5).
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Hinh 5. Biéu dé mé men do cac chuyén vi don vi gy ra
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Vidu 2-2:
Cho Khung (hinh 6), sau khi da tinh dwoc RS . Yéu cau vé biéu db mémen (I\WI) cho hé co ban,

&ng v&i chuyén vi zi=1 gay ra.

Vesaas Vesaas 7T 7T

Hinh 6. C4u tao cta khung trong vi du 2

Giai

Khung d& cho c6 4 tang (hinh 6) sau khi da tinh dwoc RIEJ-S) cla tirng c6t va rng véi mdi mot
chuyén vi z1=1, z2=1, z3=1, z4=1, s& dung c4u kién co ban (hinh 3) ta vé dwgc mdt biéu dd mé men

twong trng (I\Wl) (I\WZ) (I\W3) (I\W4) (hinh 7).



() (2) ]
05Rzals 05 Reals 05RE 1, 05RY1, 05R 54.lg 05RE 1, 05RY1,
m
5RY: Ly
[©] @) [ R 24
. o 05Ris 14 05R1y 05RIIN 2 05R 1 ?\Q* ?o,sRSH n SR
RO 05R, T¢ng

05R 1,
05R 1| J0sREL

N
L ZECHIN ZANECHIN ZACERH 7 N O‘S.Rﬂ 05

0‘5.R‘;1.I,7 T{?pw TR 3 5RL‘L.|f 77 R A LA

(M) (M2) (Ms) (M2)

®
05R% 1, é -Fs RL‘§.|é

77T T7T777 77T ITT7T7

q—|1f—|2£ 4—

M
yHE—2——4—

Hinh 7. Biéu dé mé men do céc chuyén vi don vj gy ra
2.2.3 X&c dinh cac hé sé r;
rj 1a phan lwc tai lién két phu th i do chuyén vi z=1 gay ra trong hé co ban. Nhw vay mubn tim r;
ta tach mdc the i trong biéu dé6 mé men (I\Wj ) Hodc tach mirc thi j trong biéu d& mé men (I\Wi )va xét
can bang mdrc d6 ta sé tinh dwoc rj Nén r;;= rji.

Vidu 2-3:

Cho khung (hinh 4) va céc biéu d6 mé men (I\Wl) (MZ), (I\W3) (hinh 5). Hay thiét 1ap ma tran d6

clrng.
Giai
Vi khung d& cho c6 3 tAng nén ma tran dé cirng c6 c& bang 3. Ma tran dé clrng c6 dang sau:

i Ny hs
[K] il LS YR P (2-15)
EYI EV R £

Tim ry, bdng cach tach mirc cé chva ry; cGa biéu d& mé men (I\Wl) (xem hinh 8).

2) @
Rg Ri 2 Rﬂ Ri2
T T

Hinh 8. So dé tinh r1,

Chiéu cac lwc & hinh 8 |én truc x ta dwoc phwong trinh sau:

3x=0c-R R R R Rl R R R+, 0 e
on, = Réli + R((fl) + R((f‘l) + Ré“l) + Rl(lz) + Rl(?z) + Rl(g) + Rl(‘g) (2-16)

Tim 1 bdng cach tach mirc cé chra ro; & bidu d méd men (I\Wl) (xem hinh 9).

T T T T
| R R

1 (2 3) (4)
Ri; Ri2 Ri2 Rz

Hinh 9. So dé tinh r»,

Chiéu cac lyc & hinh 9 Ién truc x ta dwoc phwong trinh sau:

> x=0RY+RY+RY +RY +1, =0 (2-17)

1,2 1,2

=1, =-RY -RY -RE -RY (2-18)



Tim rs; bang cach tach mc c6 chtra ry; & bidu d6 mé men (I\Wl)(xem hinh 10).
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Hinh 10. So db tinh rs,

Chiéu cac lwc & hinh 10 1&n truc x ta dwgc phwong trinh sau:

Y x=0e1,=0 (2-19)
<1, =0 (2-20)
Twong tw nhw cach tinh rig, rp; ta tinh dwoc ro, oz, ras
o = RY+RE+RE +RE + R + RY + R +RY) (2-21)
e =R -RE -REY -R{Y (2-22)
Iy = RY + RE + R + R{Y (2-23)

Thay céac hé sb rj vao ma tran dg cirng (2-15) ta dwerec ma trédn do cirng can tim.
Vidu 2-4

Cho khung (hinh 6) va cac bidu @& mé men (M), (M), (M), (M) (hinh 7). Hay thiét 1ap ma
tran dé cieng.
Giai:

Vi khung da cho c6 4 tAng nén ma tran dé cirng c6 c& bang 4. Ma tran dé clrng c6 dang sau:

r r r r
[K ] _ | 22 23 24 (2-24)

r.41 r42 r43 r.44
Tim rq, béng cach tach mirc cé chira ry; & biéu dd mé men (I\Wl) & hinh 7. (xem hinh 11)

R R

R12 13 r:

Hinh 11. So dé tinh r1,

Chiéu cac lwc & hinh 11 1&n truc x ta dwgc phwong trinh sau:
> x=0e-RY -REY -REY -R{Y -RY -RY -REY -RY +1, =0 (2-25)

o, =RY+RY +RY +RY +RY +RZ +RY +RY (2-26)

=

Tim r,; bang cach tach méc c6 chtva rpy & bidu d6 mé men (I\Wl) & hinh 7. (xem hinh 12)

T T "
il L.

1
R(lé Ri 2

Hinh 12. So dé tinh r

Chiéu cac lwc & hinh 12 1&n truc x ta dwgc phwong trinh sau:



> x=0<RY+RY +r,=0  (227)
<1, =-RY-R? (2-28)

Tim rs; bang cach tach mc c6 chtva ra; & bidu d6 mé men (I\Wl) & hinh 7. (xem hinh 13)

f31

—_—

3 (4)
R(l ; Ri3

Hinh 13: S- @4 tinh ry,

Chiéu cac lwc & hinh 13 1&n truc x ta dwgc phwong trinh sau:

> x=0=RY+RY +1, =0 (2-29)
I = _R13 - R13) (2-30)
Twong tw nhw cach tinh ryy, g, rap ta tinh wQC rig, oo, 23, 24, 33, 34, F4a
Ny =0 (2-31)
=RY+RZ +RY +RY (2-32) I, =0 (2-32)
Iy = Rélc)l R§24) (2-33)
rs = RY + RE + RE) + R (2-34)
3 = _Re(»34) Re(»44) (2-35)
re = RY +RZ + R + R (2-36)

Thay cac hé sb rj vao ma tran dd cirng (2-24) ta dwec ma trédn do cirng can tim.
2.2.4. Nhan xét ) . . .
- T vi du 2-3 néu ta dat tong dd crng cla cac cét trong moét tang thanh d6 clrng tang thi.

R, =R +RE +RYY +RYY (2-37)
R, =RY +R% + R +RY (2-38)
R, = Rg + ng + Rg + R£43) (2-39) Thi ma tran do cing (2-15) va két qua cla bai giai vi

du 2-3 dwoc viét lai la.

R+R, -R, 0
[K]=] =R, R,+R, -R, (2-40)
0 -R, R,
Ma tran dé cirng [K] (2-40) phi hop véi ma tran tdng quat cla khung nha nhiéu tang cé dé clirng

ngang déu & trong tai liéu [3]. ) .
- T vi du 2-4 ta cling dat tong d6 clrng clia cac cft trong moét tang thanh dd clrng tang thi

R, =RY+RE + R+ R .41
R, =RY +RY (2-42)
R, =RY +RY (2-43)
R, =R{) +R{) (2-44)
R, = R{¥) + R (2-45)

Thi ma tran dd clng (2-24) va két qua cua bai giai vi du 2-4 dwoc viét lai la:
R+R,+R, -R,  -R 0
[K]z -R, R +R 0 -R,
—R, 0 R+R -R
0 -R, -R, R +R

(2-46)



Suy ra ma tran dé clrng cGa khung c6 dé clrng ngang khéng déu thi khéng c6 dang ma tran téng
quéat. 'ng véi méi moét khung khac nhau thi c6 mét ma tran d6 cirng khac nhau.
3. Xac dinh tan sé va dang dao déng bang phwong phap lap nang lwong [2]
4. Bai toan

Cho khung chiu lwc (hinh 13). Tai trong phan bd déu la gq=2 (tdn/m) bé téng mac 200 co
E=240(t/cm?), tiét dién cla cot 1a 0,22x0,3 (m), tiét dién ctia dam 1a 0,22x0,35 (m). Khung dwoc dat
trong vung cé dong dat cép 8.

Yéu cau: Xac dinh tai trong do dong dat gay ra theo tiéu chuan cia Nga CHnNII II-7-81.
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Lgbas b 4|
Hinh 14. Khung trong vi du tinh toan

5. Giai ) . . ) ,
* Twr khung da cho ta thay c6 ba tang va mét mirc san khong lién khoi do dé khung da cho c6 so béac
siéu tinh la bon.
* Tinh do cing tang ) o )

- Vi cac cot deu co tiét dién la 0,22x03 (m) nén ta lay tiet dién do la tiet dién dac trwng.

Jo = 49500 (cm*), va 1,=366,7 (cm) (5-2)
- M6 men quan tinh clia mat cat cla cac coét la:

(5 De:ne 4 3
W= — 49500(cm*) (5-3)
- M& men quan tinh cGa mat cét cda cac dam |a:
b, 3
3 % =1173333(cm*) (5-4)

- D6 crng twong d6i ciia dam va c6t thi bang d6 cirng mé men quan tinh clia dam, c6t d6 chia cho Jo.
Két qua thé hién trén hinh 14. . ) . .
- D6 clrng quy wéc & nut chira cét s va tang i, bang tong dd clrng clia ¢cbét, dam quy tu & nat dé.

Jnt = Ji(j‘i + J.(S)1 + JS_)LS +J0 (5-5)

i,i+ s,5+1

- K&t qua thé hién trén hinh 14

Hinh 15. CAc trj sé cua Ji(ks), Jo J

sl
- D6 clrng quy wéc & dau cot s gilka hai san i-1 va san i bang ty sé gitra d6 cirng twong déi cla
c6t d6 chia cho d6 cirng quy wéc & nat chira dau cét do.
ST TR o
S 1-1,1 S 1-1,1
ddi—l,i =Tt dti—l,i = Jnut (5_6)
i-1,s i,s

- K&t qua thé hién trén hinh 15
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Hinh 16. Céac trj sé cla ddi(_sl)vi , dti(_sl)vi

- Hé sb dd cing twong dbi cha cot
hsl®) — ki(kS) * [1_ 0175*(ddi(k3) + dti(kS) _ ddi(ks) *dti(ks))]
ik — 2
A’ik

(5-7)
Trong dé:

hs®) 1a he sb d6 cirng twong déi cia cot thir s & gitka hai mire san i va k;

ki(ks) la do ctrng twong dbi ctia cot s & gitra hai mirc san i va k;

ddi(ks) la d6 cirng quy wéc & diau dwdi cla codt s & gitka hai mirc san i va k;

dti(ks) la d6 cirng quy wéc & diu trén cda cot s & gilra hai mirc san i va k.

|(s)
A = (5-8)

I0
- K&t qua tinh toan dwoc thé hién trén hinh 16

Hinh 17. Céac trj s cta hi(‘i)

- b6 clrng tang (ta phai chu y san cua tang 3 bi tach thanh hai khéi lwong).

R, =Y hs; K, (5-9)
s=1
+ V&i Ko la d6 clrng cla cdt dac trwng.
12.E.J
K, = |—3° =3,05(t/cm) (5-10)

0
+ Két qua tinh dd cing twong dbi cda cét (hinh 11)

9 9
1 1,
o o

Hinh 18. Céc trj s6 cda R

* Thiét 1ap ma tran do cing )
- Vi khung da cho c6 s bac tw do la bon nén ma tran dé clrng c6 dang
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Trong dé:
Ri1=R;1+ R, + Rz = 8,87 +4,29 + 4,29 = 17,45;
R =-Rs = - 4,29;
Ri13 =- R3 =-4,29;

42 43

Ri4 = 0;
R, =R, + R4 =4,29 + 4,10 = 8,39;
R23 = 0;

Ros=-Ry = -4,10;

R33 =Rz + R = 4,29 +4,10 =8,39;

R34 = -Ry4 =- 4,10;

R44=R§+R5=4,10+4,10; )

Céac phan t&r con lai dwgc lay dbi xtrng qua dwong chéo chinh clia ma tran.
17,44 —-4,29 -4,29 0
-429 8,39 0 -410

|-429 0 839 —410
0 -410 -410 8,20
* Tinh t4n sé va dang dao dong riéng .

- Tinh ma chan nghich dao ctia ma tran do cirng ta dwgc ma tran do mém.

0113 0113 0113 0113

o 0113 0,289 017 0,229 (cmi) (5-13)

0113 017 0,289 0,229
0113 0,229 0,229 0,351

- Str dung phwong phap ndng lvong dé tim o, ., w3 va {(ol}, {(o } {(o }

0= 8,76 (s)va {o,}' ={0,42 0,76 0,76 1}

w,= 23,25 (s) va {p,}"={-1,59 -0,68 -0,68 1}'

ws= 37,65 (s) va{p,}={1,55 -3,4 -3,4 1}7

* Tinh téi trong do déng dét tac dung Ién cong trinh.
T tan sb va dang dao dong riéng ta tinh tai trong {P}={2,31 0,73 0,73 2,97}". Két qua thé hién

trén hinh 18. (Két qua tinh toan dwoc st dung t&» phan mém [4])
P=2,97(t)

(t/lcm) (5-12)

P=0,73(t) P=0,73(t

P=2,31(t)

Vecacd Vececd Vececd i

Hinh 19. Tai trong do déng dét gay ra

6. Ket luan
V&i phwong phap tac gia da trinh bay & trén thi ta tinh dwoc dao déng, tai trong do dong dat gay
ra cho moi khung ctia nha nhiéu tang bat ky.
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