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LOI NOI PAU

Trong xay dung dan dung va cong nghiép, nhu cau xay dung cac bé chira
chat 1ong, khi hoa 1ong ngay cang 16n. Yéu cau tinh toan thiét ké bé chira lam
viéc an toan trudc moi tac dong la mot yéu cAu can thiét va cép bach.

Bé chura chat long, nhét 13 bé chira hoa chit doc hai can an toan dbi véi
moi truong. Vi vay tinh todn thiét ké bé chira can phai ké dén tai trong gio, tai
trong dong dat. Pdi voi cac bé chira dung tich 16n can ké dén chang nhiing ap
luc thity tinh ma con phai ké dén ca ap luc thay dong cua chit long chira trong
bé. P 1a 1y do hoc vién chon dé tai cua luan van nay 1a: “Xéac dinh phan tng
dong luc cua bé chira chét long chiu tdc dung dong dat”.

Muc dich dé tai 1a kiém tra diéu kién On dinh ctia thanh bé chira axit
Sunfuric 98% duoc thiét ké va du kién xay dung & Khu cong nghiép Pinh Vi,
quan Hai An, thanh phé Hai Phong chiu tic dung cua tai trong dong dat; va ap

luc thay tinh ciing nhu thay dong cua chét 1ong chta trong bé.

Em xin chén thanh cdm on thiy: GS.TSKH. Nguyén Diing Bich

Dii tin tinh hwéng din va givp dé em hoan thanh néi dung ludn vin.
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MO PAU

1. Tén dé tai va Iy do chon dé tai.
Tén dé tai “Xdc dinh phdn teng dong liwc ciia bé chiva chit long chiu tic

dung dpng dit”

Nhu d3 biét trong xay dung dan dung va céng nghiép hién nay, nhu cu
xay dung cac bé chira chat long, khi hoa 16ng ngay cang 1én. Yéu cau tinh toan
thiét ké bé chira 1am viéc an toan trudc moi tac dong 1a mot yéu cAu can thiét va

cap bach.

Bé chura chat long, nhét 13 bé chira hoa chit doc hai can an toan déi véi
mdi truong. Vi vay tinh toan thiét ké bé chira can phai ké dén tai trong gio, tai
trong dong dat. Pbi véi cac bé chira dung tich 16n can ké dén chang nhing ap
luc thity tinh ma con phai ké dén ca ap luc thay dong cua chat long chira trong
be.

Vi vay viéc nghién ctru dé tai “Xdc dinh phan vng déng lwc ciia bé chira
chit léng chiu tic dung déng dit”co tinh thoi su va can thiét trong thiét ké xay

dung.

2. Muc dichnghién ciru.

Muc dich nghién ciru giai quyét bai toan bao gom:

Dua trén thiét ké bé chua axit Sunfuric 98% c6 sin trong thuc té tai Khu
cong nghiép Pinh Vi, quan Hai An, thanh phd Hai Phong.

a. Kiém tra diéu kién on dinh ctia thanh bé chira axit Sunfuric 98% dudi
tac dung cta tai trong dong dat;

b. Tim phan ng dong lyc clia bé chira, va ap luc thity tinh cling nhu thuy

dong cua axit sunfuric chira trong bé.



3. Phwong phap nghién ctru.
Phuong phép 14 nghién ctru tai liéu, tong hop, st dung cac tiéu chuan hién
hanh két hop véi chuong trinh phan mém Mathematica 7.0 dé giai quyét bai

toan.

4. Poi twong nghién ciru.
Pbi twong nghién ctru trong dé tai nay 1a bé chira axitSunfuric 98% bang

thép.kich thude hinh ddng nhu hinh vé:

-

d
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Hinh 1: Hinh ddng va kich thuéc bé chira
+ Bé 1am bang vat liéu thép
+ Chiéu cao ctia thanh bé: 10 m.

+ Puong kinh bé: 17,5m.



+ Chiéu day thanh bon gém: Tang 1 day 16 mm, cao 1,5 m tinh tir day
bon; Tﬁng 2 day 14 mm, cao 1,5 m; Tﬁng 3 day 12 mm, cao 1,5 m; Téng 4-7

day 10 mm, cao 5,5 m.
+ Chiéu day nip bé: 6 mm
+ Cuong d0 tinh toan cua vat liéu R=2100kg/cm?2
+ Hé sd diéu kién lam viée y =209

+ f, 1a cudng do chay cua vat liéu thanh bé thép, don vi MPA,f, =
275 MPa

+ Modun dan hoi ctia vat lidu lam bé E = 2.10**N/m2
+ Khdi luong riéng cua axit sunfuric 98%, p = 1840kg/m3
5. Y nghia khoa hoc va thyec tién cia dé tai.

Hién nay di c6 rat nhiéu cong trinh bé chtra hoa chat di dugc xay dung
cling nhu di c6 mot sb dé tai nghién ctru tinh toan bé chira héa chat, nhung méi
chi ké dén ap luc thay tinh, chua ké dén ap luc thily dong. Pham vi tinh toan
nghién ctru mdi chi xét t6i tac dong gid va tac dong cua dong dat theo phuong
nam ngang dugc mo ta theo hai thanh phan vudng goc duoc xem 13 doc 1ap va
biéu dién bang ciing mdt pho phan Gng. Vi vay viéc danh gia cong trinh chua sat

vo1 su lam viéc cua cong trinh.

Véi bai toan kiém tra diéu kién 6n dinh cta thanh bé chua axit Sunfuric
98% dudi tac dung cua tai trong dong dat va ap luc thay tinh cling nhu 4p luc
thuy dong cta chit 1ong chitra trong bé, ta s& xac dinh viéc tinh toan cua tu van
thiét ké thuc hién viéc thiét ké bé chtra axit Sunfuric 98% v&i diéu kién dia chat
tai khu vire Pinh Vii, thanh phd Hai Phong da phu hop hay chwa?

O Viét Nam ciing nhu trén thé gidi viéc ap dung tinh toan theo phuong
phap nay con kha méi. Vi vay dé tai la can thiét va co thé 1a tai liéu tham khao

cho cong tac tu van thiét ké bé chira trong xay dung dan dung va cong nghiép.



Két qua nghién ctru s& cho chung ta cai nhin tong quat vé bé chira chét
1ong chiu tac dung dong thoi tai trong dong dat va ap lyc thuy dong. Do d6 phan

anh duoc su lam viéc thuc cua két cau bé chura.

Céc két qua nghién ciru cia luan vin co thé tham khao trong qué trinh

thiét ké, va quan 1y chat lugng cong trinh.



Chwong 1: TONG QUAN

_ 1. GIOI THIEU THUYET MINH TINH TOAN BON CHUA TU VAN
PA THU'C HIEN:
1.1 Tai trong tinh toan

1.1.1 Tinh tdi

- Tai trong ban than két cau bdn chua: xac dinh theo kich thudc va tinh
chat vat liéu, hé s tinh toan 1a 1,1:

+ Két cu BTCT: coc, dai mong, vach da;

+ Két cau thép: Dam, day bon, thanh bon, mai, cac chi tiét (cia, ong, lan
can...);

- Tai trong cac vat liéu cong nghé (cao su boc 10t, son, gach chiu acid...):

xac dinh theo kich thudc va tinh chat vat liéu, hé s tinh toan 12 1,2.

1.1.2 Hoat tdi

- Hoat tai dai han: thiét bj gan trén bon chira (van, dong ho do...);

- Hoat tai ngén han:

+ San pham chira trong bon (acid): xac dinh theo tinh chat san pham va
chiéu cao chura;

+ Hoat tai stra chita, van hanh (nguoi, may moc): 1ay 200kg/cm2, hé sb

tinh toan 1al,2

1.1.3 Tadi treng gio

- Tai trong gi6 tac dung Ién bon chta theo phuong vudng goc véi thanh
bon, Gié trj tinh toan duoc xéac dinh theo TCVN 2737-1995, ving 1V,B, dia
hinh A.

1.2 Tinh toan nén méng

1.2.1 Tinh sic chiu tdi cia coc

- Thdng s6 coc:



+ Coc 6ng BTCT dy tng luc, dudng kinh coc D400/250;

+ C6t thép chu 1097,1, cbt thép dai 83,2;

+ Bé tbng méac M600.

- Surc chiu tai cua coc theo vat liéu:

P = ¢*(Rs*Fs + Ry*Fy,) = 0,365*(14200*3,96 + 250*766) = 90,42 (T)

Trong do:

+ @: 1a hé sb6 udn doc cua coc, ¢ = 0,365 (tra bang, phu thudc vao chiéu
dai tinh toan cta coc ly);

+ ly: 14 chiéu dai tinh toan cua coc, Iy =10+ 6D =12+ 6*0,4 = 14,4m;

+ 1, =10,3m (1a chiéu dai coc tir day dai dén day 16p dat yéu);

+ Rq: 1a cuong do chiu nén tinh toan cua thép doc, Rg = 14200 kG/cm?;

F.: 1a dién tich tiét dién ngang cua cot thép doc, F = 3,96cm?;

+ Ry: 1a cudng do chiu nén tinh toan cua bé tong, R, = 250kG/cm?;

+ Fy: 1 dién tich tiét dién ngang cua bé tong, Fp, = 766 cm?.

- Stre chju tai cta coc theo dat nén: duoc thiét ké dam bao >80 tin. Chiéu
dai coc duy kién 1a 35 m dé ddm bao stc chiu tai thiét ké ciia coc. Chiéu dai thuc
té ctia coc duoc xac dinh sau khi ¢6 két qua nén tinh va trong qua trinh ép dai tra

(theo luc ép t6i thicu 1a 150T).

1.2.2 Tinh toan méng coc
1.2.2.1 Vit liéu sir dung:

- Bé tdng mong M300 cé:

+ Cuong do chiu nén: R, = 130kG/cm®;
+ M0 dun dan hdi: E, = 290000kG/cm’,
- Ct thép nhom All co:

+ Cudng d6 chiu nén: R, = 2800kG/cm’;
+ M0 dun dan hdi: E, = 2100000kG/cm’,
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1.2.2.2 Noi luc tinh toan:

N1 N (T) Qy (cm) | Mx (T.m)
Tri s6 tinh toan 6233,3 54,34 407,7
Tri sb tiéu chuan 5240,2 47,28 354,6

1.2.2.3 Xdc dinh sé luong coc:

- Sb luong coc trong dai méng 1a:

n=k*N/P = 1,2*6233,3/80 = 93,5 coc

Trong do:

+ k: 1 hé s6 ké dén su chiu tai léch tam;

+ N: la téng luc dtrng tac dung Ién nén coc;

+ P: la sirc chiu tai tinh toan cua coc.

Can ctir vao s6 luong coc tinh toan va dién tich day dai téi thiéu (D =

20,7m) — chon s6 luong coc 12 104 coc bb tri theo cac duong tron dong tam.
1.2.2.4 Kiém tra sic chju tdi Ciia coc

- Chiéu cao dai mong: h = 0,6m.
- Lyc truyén xudng cac dau coc:
tt tt
tt N Mx X VYmax

max —
: -+ n 2
min ng i=1Yi

Trong do:
+n_: 1a so lugng coc trong dai méng (nc = 104);

+ Y. la khodng cach 16n nhat tir tim coc bién dén truc X (truc
vudng goc vai phuong tinh va di qua tdm dai mong);

11



+y.: 1a khoang céch tir tim coc thir i dén truc x.

Mt bang bé tri coc trong dai mong

n
Zyiz =4 % (0,82% + 1,052 + 1,56% + 1,73% + 2,412 + 2,75% + 3,092 + 3,292
i=1
+ 3,92 + 4,532 + 4,542 + 5,22% + 5,332 + 5,882 + 6,312 + 7,07?
+7,13%2 + 7,632 + 8,092 + 8,912 + 9,512 + 9,88%) + 2

* (1,22 + 3,42 + 5,6 + 7,82 + 10,0%) = 3287,456m?

My =409,79+0,6*54,372 = 440, 413(T.m)
Yoo =10,0(m)
12



e 02233 440,413.10
3287,456

max — —_

min 104
Pit = 61,275 (T)
Pi. = 58,595 (T)

Pt = 59,935 (T)

Mat bz‘“mg xac dinh y;

13



- Trong lugng tinh todn cua coc:
P.=1,1.2,5.3,14.(0,4° — 0,25%/4.35 = 7,37 (T)
Pt .+ Pc = 61,275 + 7,37 = 68,645 (T) < P = 80 (T)

Vay thdéa man diéu kién ap luc 16n nhat truyén xuéng coc bién, Ap luc nho
nhat tic dung 1én coc la Pﬁfin > 0 nén khong can kiém tra diéu kién chong nho..
1.2.2.5 Kiém tra cuong dé nén dat
Do Iun ctia méng coc duoc tinh theo do lun cua khdi moéng quy ude hinh try,
c6 mit cét 1a hinh chit nhat.
Tri tinh toan tht 2 trung binh trung binh cta trong luong thé tich dat tinh tur

day khoi mon quy udce tré 1én:

. 2 vixh;
LT
Gié tri trung binh ctia goc ma sat cua cac 16p dat tinh tir day khéi méng quy
udc trd lén:
_ Xioixh;
Pt = —Z? h;
Trong do: , , ‘ ’
+ @,: la tri s0 goc ma sat cua 16p dat thir i nam trong pham vi khoi méng quy
udcC;

+h.: 1a chiéu day 16p dét thir i nam trong pham vi khéi mong quy uéc.

14



Béng tinh gia tri y};, @¢p

TT Lép dat , 4 n v
a
(m) (T/m) (m) (oc)
1 Cat lap 3,00 1,500 3,00 0,00
Sét pha 1an vo so,
2 déo chiy dén déo 8,00 1,670 8,00 6,57
g | Setmau xam, déo 12,67 1,550 12,67 6,30
chay dén déo mém
4 | Setkepcit, deo 5,33 1,800 5,33 14,2
cung dén ntra cling
5 | Cat mindén nho, 5,12 1,85 512 | 29,52
chat vua
g |Cithatvialansan, | .6 | 1850 | 616 | 29,50
chat vira dén chat
Két qua Yy = 1,687 Pip = 11,594

GOc truyén tai cia coc vao trong dat nén nho luc ma sat 1
G 11,594
4 4
Chiéu sau tir day dai dén day khdi mong quy ude:
Hy=35-0,15=34,85m

Khoang cach gifta hai tim coc ngoai cung theo phuong duong kinh cua dai

o= = 2,899 do

mong:
Do=20,00 m
Puong kinh khdi mong quy uée:
Dy = Dy + 2Hytga = 20 + 2x34,85xtg2,899 = 23,530 m

Dién tich day khdi mong quy udc:

2 2
Sy = 3,14xDu* = 3,14x23,,52% = 434,624 m?

Chiéu cao khdi méng quy udc:
H=h+Hy = 0,6 +3485=3545m

Tri tiéu chuan cua trong lwong khdi mong quy udce duogc tinh toan va thé hién
trong bang:

15



Bang tinh trong lweng khédi méng quy wéc

STT DPai lwong tinh toan Ky Y h K. lwgng
higu | (T/m% | (m) (T)
Trj tiéu chuan cua trong lrong coc ptC
1 |(khdng ké phan nam trong dai c | 25 | 3475 | 6,649
mong)
Trong lwong khbi mong quy wéce N(C
2 [trong pham vi tir day 16p bé tong » | 1,500 | 2,30 | 1454,388
I6t mong den day 16p cét lap
Trong lwong khbi mong quy udce N1
3 |trong pham vi 16p set pha lan vo 3 | 1670 | 8,00 |5632,063
s0, déo chay den déo mém
Trong luong khbi mong quy uéc N
4 |trong pham vi 16p set mau xam, 4 | 1,550 | 12,67 | 8278,837
déo chay dén déo mem
Trong lwong khbi mong quy uwdce N
5 |trong pham vi 16p sét kep cat, 5 | 1,800 | 533 | 4044,462
déo cung dén nira cling
Trong lwong khbi mong quy udce N
6 |trong pham vi 16p cat min dén 6 | 1.850| 512 |3993,031
nho, chat vira
Trong luong khoi méng quy wée L
7 |trong pham vi 16p cat hat vira lan 7 1,850 | 1,58 | 1232,225
san, chat vira dén chat
12 |Trong luong khbi mong quy uéce N 25326,502
qu

Tri tiéu chuan caa luc doc xac dinh dén day khéi mong quy uéc:
Nt = Ngc + Néfr = 5420,217 + 25326,502 = 30746 T

Mo6men tiéu chuan tmg véi trong tam day khdi mong quy uéc:
M = Mg5 + Qg5 Hy + hq = 354,6 + 47,28.(34,855 + 0,6) = 2030,676 T

16




Do Iénh tam:

_ MES _ 2030,68
Ntc 30746,7

€y = 0,066 m

Ap luc tiéu chuan day mong:

Nte 6xe* 30746,72 6%0,066
I')‘r1;1CCLJcml'n=_><(1i )= *(1i—)
, Dy 434,624 23,53

Pt¢ . = 71,934 T /m?

Pt = 69,553 T/m?

P =70,744 T /m?

Cuong d tinh toan cua dat nén dudi day khéi quy wdc:

my *m, .
R=K—*(1.1*A*BM*]/H+1.1*B*H*yn+3*D*cH)

tc
Trong do:
+ mj; m2: 1an luot 12 hé sé diéu kién 1am viéc caa nén va cua cong trinh, tra
bang;
m1=13vam2=1
+ A, B, D: & cac hé s6 phu thudc VAo tri tinh toan tht hai cua goc ma sat
trong cua dat, tra bang véi o1 =29,50 do;

A= 1108; B = 5,425; D= 7,812

17



+ v, la tri tinh toan thir hai cua trong luong thé tich cua 16p dat nam truc
tiép dudi day khdi méng quy wéc: v, =1,850 T/m?;

+v',: la tri tinh toan thir hai trung binh cua trong luong thé tich cua dat ké tir
day khéi mong quy uéc tro 1én: ., = 1,687 T/m3;

+c,: la tri tinh toan thir hai cta Iyc dinh don vi clia 16p dét nam tryc tiép
dudi day khéi khdi mong quy woc: ¢, =0,11 T/m?;

+ Ktc: 1a hé sd tin cay, Kic = 1

1,3*1
R = T (1.1 1,108 * 434,624 1,85 + 1.1 * 5,425 * 35,45 = 1,687

T
+3%7,812%0,11) = 1741,273 (—)

Kiém tra diéu kién bén:
R = 1741,273 (T/m?) > 70,744 TIm?

1.2*R = 1.2*1741,273 = 2089,5276 (T/m?) > 71,934 T/m

18



Cuong do dat nén dudi ddy mong dugce dam bao, vay c6 thé tinh toan dugce do 1Gn

ctia nén theo quan niém nén bién dang tuyén tinh.

1.2.2.6 Kiém tra dé lin ciia mong coc

Bang tinh #ng suat ban than nén

, , z ¥ hi o}t
1 |Cat |§p 3,00 1,500 | 3,00 4,500
2 |Sét pha 1an vo s0, déo chay dén déo 11,00 | 1,670 | 8,00 17,860
3 |Sét mau xam, déo chay dén déomém | 23,67 | 1,550 | 12,67 | 37,493
4 |Sét kep cat, déo cimg dén nira climg 29,00 | 1,800 | 5,33 47,093
5 |Cat min dén nho, chit vira 34,12 | 1,850 | 5,12 56,559
6 |Cat hat vira In san, chat vira dén chat | 3545 | 1,850 | 1,33 | 59,026
Tai day khdi méng quy udce 59,026 (T/m?)
Ung suat gay ltn & day khéi quy udc:
gl _ _ tc bt _ _ _
O, =Pep + 0 =70,7435 - 59,026 = 11,718 T /m
Chia nén dudi day khbi méng quy ude thanh cac 16p co chiéu day bang:
h=20 2% _ 4706m

5
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Bang tinh pham vi tac dung gay lGn cia mong

Pidm z 22/By, K, agl.l = K,. af’z =0 agl.l = Zy,-.hi
(m) (T/m’) (T/m’)
1 0 0 1,0000 11,718 59,026
2 4,706 0,0108 0,9986 11,701 67,732
3 9,412 0,0217 0,9972 11,685 76,438
4 14,118 0,0325 0,9959 11,669 85,144
5 18,824 0,0433 0,9945 11,653 93,850
6 23,53 0,0541 0,9931 11,637 102,557
7 28,236 0,065 0,9917 11,620 111,263
8 32,942 0,0758 0,9903 11,604 119,969
9 37,648 0,0866 0,9890 11,589 128,675

Tai diém 9 c6 ot > 10 * 69! — gii han nén duoc ldy dén didm 9 vai do

sau z = 37,648m ké tir day khbi méng quy udc.

D6 1Un cua nén tinh theo cong thuc:

_ \"n _ Bi I

0,8x4,706 (11,718
= * ( + 11,701 + 11,685 + 11,669 + 11,653 + 11,637 + 11,620

7000 2
11,589)

+ 11,604 +

=0,0501 (m) = 5,01 (cm) < [S,,]=8cm
Trong do:

+ Bi: 1a hé s6. Theo quy pham, lay Bj = 0,8;
+ pj: 1a hé s6 nd hong cua 16p dat thi i;
+ oj: la ang suat gay lun & gitra 16p phan t6 thu i;

+ hi: 1a chiéu day 16p phan t6 thi i, (hj = 4,706m);
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+ EQj: 12 mddun bién dang cua 16p dat thir i, (Egi = 7000T/m?).

1.3 Tinh toan két cdu thép thanh bé

1.3.1 Tinh dim ddy bé
- Chon dam d& day bon 1a dam 1250x125x6x9 c6:

+ Trong luong ban than: g = 29,6 kg/m;

+ Md men chéng ubén: Wy = 311,5 cm3;

+ Cuong do tinh todn cua vat liéu: R = 2100kg/cm2;

+ Heé so diéu kién lam viéc: y = 0,9

- Tai trong tac dung:

q=n*qgs* Lj = 1,2*17,63*0,5 = 10,578 T/m.

Trong do:

+ n: 1a hé s6 vuot tai (n = 1,2);

+ gs: 12 tai trong phan bd trén san day bon (ké ca trong luong thép —
chiéu day tén day chon 1a 16mm):

0s = Gsp + Gkct = 10 *1,75 + 0,016%7,85 = 17,63 T/m2

+ Lj: 12 khoang cach gitra cac dam (Lj = 0,5m).

- N&i lyc dam:

29,6

N ——+ 10,578
_ (g - q) « [2 = 1000 - * 2,12 = 5,848 (T.m)

M

- M6 men chéng uén yéu cau cua tiét dién dam 1a:

M 5848 10°

= = = 41 3 11 3
W, VR~ 092100 309,418 (cm”) < 311,5 (cm?)

Vay tiét dién d& chon dam bao yéu cau chiu lyc.
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1.3.2 Tinh thép ddy bé
- Chiéu day day bdn chon la tén day 16mm co:

+ Cuong do tinh toan cua vat liéu: R = 2100kg/cm?;

+ Hé sb diéu kien lam viéc: y = 0,9.

Cét 1 dai c6 bé rong 1m dé tinh toan. So db tinh 1a dam don gian ké
trén dam day bon, kich thude tiét dién 1000x16mm.

- M& men chéng udn cua tiét dién:

bxh3 100%1,63
Iy = = = 34,133 cm?
12 12

2X 2%X34,133
- h”‘= =2 = 42,666 cm?

W,
- Téi trong tac dung:

g=n*qs*b=12*17,63*1 = 21,156 T/m.

Trong do:

+ n: 12 hé s6 vuot tai (n = 1,2);

+ gs: la tai trong phan bé trén san day bon, theo muc 3.1;
+ b: 1a bé rong dam quy udc tinh toan.

- Nbi hyc dam:

— 21,156

M=112
8

.0,52 = 0,661 (T.m)

- M6 men chéng udn y&u cau cua tiét dién dam Ia:

_ M _ 0661.10° _ 3 3
W, = R~ ooz100 - 34,79 (cm>) < 42,666 (cm?)

Vay tiét dién da chon dam bao yéu cau chiju luc.
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1.3.3 Tinh thép thanh bén
- Thanh bon chju ap luc giam dan theo chiéu cao. Vay dé giam trong

lwgng ban than va giam chi phi, chiéu day thanh bdén gom:

+ Thép day 16 mm (tang 1, cao 1,5m tinh tir day bon)

+ Thép day 14 mm (tang 2, cao 1,5m);

+ Thép day 12 mm (tang 3, cao 1,5m);

+ Thép day 10 mm (tdng 4-7 cao 5,5m).

- Thong s6 vat liéu

+ Cudng d6 tinh toan cua vat liéu: R = 2100kg/cm?;

+ H¢ s0 dicu kién lam viéc: y = 0,9.

- So dd tinh:

+ Do ap luc hang héa (san pham chira trong bon) 1 cac luc phap tuyén

phan bodéu theo dién tich xung quanh thanh bon, chiéu cao bé nhd so vaoi chiéu

rong va tai tronggio la nho so vdi trong lugng ban than bon nén khong can va

gia cuong hé khung va tinhén dinh.

+ Luc nén theo phuong dimg 1a nho (1tAn/1md thanh bon) < cuong do vat lidu.

+ Ap lyc san pham va tai trong gié tac dung 1én thanh bon giy ra noi luc

kéo, néntrong thanh bon, vay can ki€ém tra diéu kién vé cuong do kéo, nén cua

vat liéu.

- Kha ning chiu kéo (N) cua tiét dién:

- Tai trong tac dung: Truong hop nguy hiém nhat gom t6 hop tai trong
ban théan,tai trong hang hoa chira day (qn) va tai trong gio chiéu (qg) tao ra lyc

kéo, nén trong kétcau thanh bé.

Vi tri tinh toan: Tai vi tri day tang

1 2 3 4 5 6 7
q"(T/m2) 19,250 16,363 | 13,475 | 10,588 | 7,700 | 4,813 | 1,925
q"(T/m2) 0,147 0,155 | 0,161 | 0,165 | 0,171 | 0,176 | 0,191
>q"(T/m2) 19,397 16,518 | 13,636 | 10,753 | 7,871 | 4,989 | 2,116
N"= xq"™*b*D/2 (T) 174,573 148,662 | 122,724 | 96,777 | 70,839 | 44,901 | 19,044
d = N"/y*b/Rs (mm) 9,24 7,87 6,49 | 512 | 3,75 | 2,38 | 1,01

Két qua

Tiét dién da chon dam bao yéu cau chiu lyc
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1.3.4 Tinh thép mai bon

Do san pham chta trong bon khdng bay hoi nén khéng tao ra &p suét
dbi voi két cau mai. Mat khac, ap suat khdng khi tu nhién 12 nhé nén két cau
méi chon theo ciu tao va dam bao chiu duoc tai trong ban than. Chon mai c6
dang vom dé tang cuong Kha nang chiu luc (chuyén luc diing vé luc nén trong
két cau).

Két cAu méi chon: Mai 1am bang thép tam day 6mm, hé khung suon
gia cuong bang thép thanh c6 tiét dién 60x6mm bd tri theo duong tron dong
tam va dudng nbi dinh va chu vi thanh bon.

Nhan xét vé thuyét minh tinh toan bdn chira ciia tw véan thiét ké di thuc
hién:
- Vé tai trong: khong tinh dén tai trong dong dét va ap luc thity dong cia
chat 16ng chira trong bé.
- Kiém tra bén va 6n dinh: c6 kiém tra bén, khong kiém tra 6n dinh dan
hoéi va dan déo cta thanh bé.
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IL. KIEM TRA DPIEU KIEN ON DINH CUA THANH BE
CHUA DUOI TAC DUNG CUA DONG DAT

1.1 Quy trinh don gian cho bé hinh tru c6 day c¢6 dinh:

1.1.1 M6 hinh:

Hé bé-chat 1ong duoc mo hinh hoa bang hai hé mot bac ty do, hé thir nhat
tuong (mg voi thanh phan xung chuyén dong cung véi thanh bé mém, hé thtr hai
tuong tng véi thanh phan ddi luu. Phan tmg xung va ddi luu duge t6 hop bang
cach tinh tong sd hoc cta ching.

Chu ky riéng ctia cac phan ing xung va d6i luu theo don vi gidy dugce tinh
theo Tiéu chuan EN 1998-4:2006 (E) nhu sau:

Chu ky dao dong riéng ctia khdi lwong my

_ ¢ et

" S

Chu ky dao dong riéng ctia khdi luong m

T, = C;.v/R

Trong do:

H 1a chiéu cao tinh dén bé mit tu do cta chat long

R 1a ban kinh bé

s 14 chiéu day twong duong cua thanh bé (trung binh trong luong theo
chiéu cao bi thAm w6t ctia thanh bé, trong luong co thé duoc léy ti 16 voi bién
dang trong thanh bé, voi gia tri 16n nhét tai day bé)

p 14 khoi luong riéng ciia chat long

E 1a mddun dan hoi ctia vat ligu lam bé.
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Bang A.2-Cac hé s6 C; va C. ddi v6i chu ky riéng, khoi luong m; va m, va
chiéu cao h; va h, ké tir ddy dén diém tac dong cuia hop ap luc trén thanh bé dbi

vo1 cac thanh phan xung va doi luu

HR | G (S/%l,z) m/m | mgm | hiH | hgH | he/H | He/H

0,3 9,28 209 | 0,176 | 0,824 | 0,400 | 0,521 | 2,64 | 3,414

0,5 7,74 1,74 | 0,300 | 0,700 | 0,400 | 0,543 | 1,46 | 1,51/

0,7 6,97 1,6 0,414 | 0,586 | 0,401 | 0,571 | 1,009 | 1,011

1,0 6,36 152 | 0,548 | 0,452 | 0,419 | 0,616 | 0,721 | 0,785

1,5 6,06 1,48 | 0,686 | 0,314 | 0,439 | 0,69 | 0,555 | 0,734

2,0 6,21 1,48 | 0,763 |0,237 | 0,448 | 0,751 | 0,500 | 0,764

2,5 6,56 1,48 0,81 [0,190 | 0,452 | 0,794 | 0,480 | 0,796

3,0 7,03 1,48 | 0,842 |0,158 | 0,453 | 0,825 | 0,472 | 0,825

Cac hé s6 C; va C, xac dinh tur bang A.2. Cac hé s6 C; 1a vo huéng, trong
d6 néu R do bang mét, thi C.biéu thi bang s/m"%

Céc khéi luong xung va dbi luum; va m, dugc cho trong bang A.2 1a mot
phan trong tong khdi luong chat 1ong m, doc theo chiéu cao ké tir day dén diém

tac dong ctia hop ap luc thity dong xung va d6i luu 1én thanh bé, h; va h,

1.1.2 Phdn irng déng dit:
Tong luc cat day la:

Q = (m; + my, +m)S(T;) + meS,(T¢)

Trong do:

my 1 khéi luong ctia thanh bé

m, 1a khéi lugng ctia nip bé

S,(T)) 1a phd gia tc dang xung thu duoc tir phd phan tng dan hoéi véi gia
tr1 can phu hop voi trang thai gidi han

S,(T,) 1a pho gia téc dbi luu, bang 0,5% cta phd phan tng dan hoi

M® men lat ngang phia trén ban day la:

M = (mih; + myhy + myh,)Se(T;) + meheSe(Te)
Véi hyVa h, theo thir tu 13 chiu cao trong tim thanh bé va nip bé

Momen 14t ngang phia dudi day bé 1a:
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M = (mih,i + mWhW + mrhr)Se(Ti) + mch’CSe (TC)

1.2 Kiém tra mat on dinh thanh bé chira:

1.2.1 Kiém tra mdt én dinh dan héi:

Dang mat 6n dinh nay da quan sat thay ¢ nhiing phan cua thanh bé noi co
chiéu day bi giam so véi chiéu day cua ddy va/hodc ap luc bén trong (co tac
dung 6n dinh) cling bi giam so véi gia tri 10n nhat dat téi ¢ day. Doi voi bé co
chiéu day thanh khong d6i hodc thay dbi, viéc kiém tra mat 6n dinh dan hoi
duogc thyc hién tai day ciing nhu thanh phia trén ddy. Do tac dung on dinh cta ap
luc trong, viéc kiém tra can dua trén gia tri nho nhét c¢6 thé cta ap luc bén trong
v6i tinh hudng thiét ké chiu dong dat.

Viéc kiém tra c6 thé dugc thuc hién theo EN 1998-4: 2006

C6 thé kiém tra theo bat dang thirc sau:

0. 0.
™ <019+ 0,81-%
Oc1 Oc1

Trong d6 o, 13 tmg suit mang 16n nhat theo phuong thiang ding,

S
Oc1 = 0,6E 7

0.1 la ing suat mat on dinh t&i han 1y tudng ddi v6i hinh tru chiju nén doc

truc, va
1
7\ 2 272
p 0o
0p = O0¢q 1—(1——) (1——) < 0,
Trong do
— __ DR __H
p_socl<5’p_

Véi pla ky hiéu cho ap luc bén trong nhé nhat cé thé trong tinh hudng
thiét ké chiu dong dat,

gp = fy(l—t—z);né'ulzz_f—y <2

001
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Oy = 60, néu A2 > 2
Vi:

1
_ ) 2 2
o=1—1,24(§) <1+1,T(8)> 1

S

Va 8/, ky hiéu 1a ty sb ciia bién d¢ sai sét 16n nhit so véi chiéu day thanh

(8) _ 0,06 R
s/ a s
Trong do

a =1 ddi v6i cong trinh thong thudng

a = 1,5 dbi voi cong trinh co chat luong

a = 2,5 d6i véi cong trinh c6 chét luong cao

1.2.2 Pha hoai dan — déo:
Dang mit 6n dinh ndy (“chan voi”) thudng xuat hién gan day bé, do 6

hop g suat nén thang dimg va ung suat kéo vong giy ra trang thai ung suat hai
truc khong dan hdi. Trong bé c6 chidu day thanh thay d6i, viéc kiém tra dbi véi
dang mat on dinh nay khong duogc gioi han & tiét dién gﬁn day bé, ma can mo
rong t4i tiét dién ddy cua tat ca cac phan thanh bé c6 chiéu day khong doi.
Phuong trinh thuc nghiém dugc thiét 1ap dung dé kiém tra dang mat 6n

dinh nay la:

Iy

o) = o, [1 (28] | (1 - o) [0
pb(Gm) = O¢, Sfy 1,12 +r115) | r+1

Trong do

PR = /N$+Ng
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w|x

"= 200

fy 1a cuong do chay cua vt li¢u thanh bé, don vi MPA
P 1a 4p luc bén trong 16n nhit ¢ thé trong tinh hudng thiét ké chiu dong

dat, don vi MPA

1.3 Tinh ndi lwc thanh bé:
Luc cat, Momen, Luc doc duéi tac dung cua tai trong dong dat.

Cuong do tinh toan cua vat licu R=2100kg/cm2

Heé s diéu kién lam viéc y=0,9

Day bé chiu tac dung ctia dong dat; Gia tbc nén Uy

Ap lyc cta chat 1ong trong bé bao gom:

+ Ap luc thiy tinh

+ Ap lyc thily dong

Chét 1ong trong bé dugc chia thanh 03 phan, mdi phan duoc dic trung
bang khdi luong m,, m;, me, do cung ki, ke, d6 can ¢, ¢, mdi khéi lugng c6 mot
dich chuyén u;, U,

(a) > u, v

—

> U

,\’, i
W@W— H
(m')
-/

> 1,

ki

(&

M

Uy
-

Hinh 1. Bé chira chét 16ng dat trén gia d& xem nhu méng bé
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1.3.1 Chu ky riéng ciia cdc phdn teng xung va déi luu:
Hé bé-chat 1ong duoc mo hinh hoa bang hai hé mot bac ty do, hé thir nhat

tuong Gmg voi thanh phan xung chuyén dong cung voi thanh bé mém, hé thir hai
tuong tng véi thanh phan ddi lvu. Phan tmg xung va dbi luu duge té hop bing
cach tinh téng sd hoc cua ching.

Chu ky riéng cua cac phan ing xung va dbi luu theo don vi gidy duoc tinh
theo Tiéu chuan EN 1998-4: 2006 (E) nhu sau:

Chu ky dao dong riéng ctia khdi luong m;

T, = C,. F;
2
Chu ky dao déng riéng cua khédi lugng m

TC = Cc\/ﬁ

Trong do:

H 1a chiéu cao tinh dén bé mit tu do cua chét long (m)
R 13 ban kinh bé (m)

S 1a chiéu day tuong duong ciia thanh bé (m)

p 1a khéi lwong riéng cua chit 1ong (kg/m°)

E 12 modun dan hoi cua vat lidu lam bé

Ta co0:

H=10m R=8,75m p=1840kg/m*
E=2.10"N/m’

Chiéu day twong duong ctia thanh bé:

. 0,016x1,5 + 0,014x1,5 + 0,012x1,5 + 0,01x5,5
N 10

Noi suy tir bang A.2, Tiéu chuan EN 1998-4:2006 (E) véi ty s H/R =
10/8,75 = 1,14 ta dugc

Hé s C; dbi voi chu ky riéng, Ci=6,276

Hé s6 Cc dbi voi chu ky riéng, Cc=1,51 (s/m*?)

=0,0118 (m)

Chu ky dao dong riéng ctia khéi luong m;
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v1840.10 _ v1840.10

T, = C;. =6,267. =0,1563 (s
C s or 00118 [ 1011 ©

Chu ky dao dong riéng cua khéi luong m

TC = CC\/E

T, = 1,51.VR = 1,51.4/8,75 = 4,466 (s)

1.3.2 Xdc dinh cdc khéi lwong xung va doi lwu mi va mc , chiéu cao ké
tir day dén diém tac dong cua hop dp luc thiy dong xung va doi lwu 1€n thanh
bé) hh hC’ hi’1 hC’

Tinh khéi lugng m cta chat 1ong trong bé (axit H,SO4 98%):

+ Thé tich ciabé: V = n.R%. H = 3,14.8,75%.10 = 2404,063 m3

+ Khéi lugng cua chat long trong bé (axit H,SO, 98%): m=V.p =
2404,063.1840 = 4,423.10° (kg)

Xéc dinh cac dai lugng: m;, mc, hi, he, hy, he-bang phuong phap ndi suy tir
bang A.2, Tiéu chuan EN 1998-4:2006 (E) véi ty s6 H/R = 10/8,75 = 1,14:

2 = 0,58664 =>m; = 0,58664.m = 2,594.10%(kg)

mc

T€ = 0,41336 => m¢ = 0,41336.m = 1,282.10°(kg)
% = 0,4334 => h; = 0,4334. H = 0,4334.10 = 4,334 (m)

"€ = 0,66928 => h; = 0,66928.H = 0,66928.10 = 6,6928 ()

b — 0,675 => hy, = 6,75 (m)

0

he
1—? =0,7707 => h¢, = 7,71 (m)

1.3.3 Xdc dinh ngi lyc:
- Tong luc cat day (theo cong thirc A.37 ctia Tiéu chuan EN 1998-4:2006

(E)):
Q = (m; + my, + m;)S(T;) + meS.(T¢)
Trong do:
myy, 14 khéi luong ctia thanh bé

m, 1a khoi lugng ctia nap bé
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S,(T;) 1a phd gia toc dang xung thu dugc tir phd phan tmg dan hoi véi gia
tri can phu hop véi trang thai gigi han

S,(T;) 1a pho gia téc @i luu, bang 0,5% ciia phd phan tmg dan hoi theo
TCVN 9386:2012

Cong trinh thudc khu vic quan Hai An, thanh phd Hai Phong. Can cir két
qua khao sat dia chat va bang 3.1 TCVN 9386:2012: Nén loai C

Gia trj clia cac tham sb mo ta cac phd phan ung dan hdi Tg, Te, Tp lay
theo Bang 3.2 TCVN 9386:2012 d6i voi nén loai C

T5=0,2 T:=0,6 Tp =2

Phé phan tmg dan hoéi S«(T) duoc x4c dinh bang cong thic theo TCVN
9386:2012

O<T; < Tg:

T.
S.(T) = a,.S [1 +—(1.2,5— 1)]
Ty

T.T
Se(Te) = ag.5.1.2,5 [;—;’]

c
ay: gia tdc nén thiét ké trén nén loai C. Gia toc nén lay theo phu luc H -

TCVN 9386:2012: tinh cho khu vuc quan Hai An, thanh ph6 Hai Phong:

m
ag = 0,1291.9 = 0,1291.9,81 = 1,26647 ()

S 1 hé s6 nén (nén loai C): S=1,15

n 14 hé sb diéu chinh d6 can, n = 1 khi do can 5%

Vay:
0,1563 m
S,(T;) = 0,1921.9,81.1,15 [1 =53 .1,15] = 3,1637 (?)
T.T
Se(Tp) = ag.5.1.2,5 [C—z”]
T,
S (T)—01291981125[ 0,62 ] = 0,219
e c/) — ) " hiiantd 4, 662 - ) (S)

Momen 14t ngang phia trén ban day (theo cong thirc A.38 cta Tiéu chuin

EN 1998-4:2006 (E)):
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M = (mih; + myhy + mph,)Se(T;) + meheSe(Te)
Véi hyVa h, theo thir tu 13 chiu cao trong tdm thanh bé va nip bé
Khi lugng ctia thanh bé (bé thép):
m,, = 23285,02 kg = 0,02328502. 10°(kg)
Khéi lwong nip bé thép:
m, = 7309,242 kg = 0,007309,242.10°(kg)
Chiéu cao trong tAm ciia thanh bé:

mqyh, + myh, + mzh; + myh,
W e

my,

Trong d6: khdi lwong ciia thanh bé tinh theo chidu day tang
my, = 5173,924 kg
m, = 4527,442 kg
m, = 3880,886 kg
my, = 9702,771 kg
Suyra

_ 5173,924.0,75 + 4527,442.2,25 + 3880,886.3,75 + 9702,771.7,25
w= 23285,02

_— 64035,85
W 2328502

Chiéu cao trong tam cua nap beé:

2,75 (m)

)

2
hy =10+~

= 11,25 (m)

Thay céc gia tri vao cong thirc tinh M:
m; = 2,594.10° (kg)
me = 1,828.10° (kg)
my, = 0,02328502.10° (kg)
m, = 0,007309,242.10%(kg)
hy = 2,75 (m)
h, = 11,25 (m)
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h; = 4,334 (m)
he = 6,6928 (m)

m
Se(Ty) = 3,1637 ()

S.(T.) = 0,219 (?)

2

m
M = 21518544 kg.s—2 = 21,52 MNm

Tinh momen 14t ngang phia dudi ddy bé (theo cong thic A.39 cua Tiéu
chuin EN 1998-4:2006 (E)):
M = (mih,i + mWhW + mrhr)Se(Ti) + mch’CSe (TC)

Thay cac gia tri da tinh dugc vao cong thuec, ta co:

2
m
M' = 32712824 kg.S—2 = 32,71 MNm

1.3.4 Xdc dinh lyc doc do khéi lwong chdt long m; va m¢ gay ra:
17,5

Ty s6 > =2 =175 > 1,333
Luc d(_)c do khéi lwong chét long m; va me gay ra tinh theo API 650:

Y Y\?2 D
N; = 8,484,GDH i 0,5 (E) tanh (0,866 E)

1,854,GD%cos h[
co h[

3,68(H— y)]

N, =

3, 68H]

Y 14 khoang cach tir mat chat 1ong dén diém khao sat:
Y =10—0,3 = 9,7 (m)

Hé s6 4;, A, duoc xac dinh bang cac cong thirc
S.(T) _ 3,1637

A = = 2,49805
T a,  1,26647
A Se(Te) _ 0219 _ = 0,172922
C T T e T 226647

g
N; = 8.48 % 0.249805 * 1.84 x 17.5 10  (0.97 — 0.5 x 0.9772) * Tanh[1.5155] =

309,368 (KN/m)
N = 1.85%0.0172922  1.84 * 17.5*2 * Cosh[3.68 * 0.3/17.5]/Cosh[36.8/17.5]

= 4,34633(kN/m)
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1.4 Xac dinh wng suat kéo vong dong lwe va ing suit nén doc
truc gioi han Euler:
Luc vong tinh: N, = YRp = 18.4 9.7 « 17.5/2= 1561,7
Ung suat kéo vong dong luctinh theo API 650:
_ Ny ++N?+N.*

Ot =

tw
ty=5=118
ot =1532.03/11.8 + Sqrt[309.368"2 + 4.3463372]/11.8= 156,053 MPa
Ung suét nén doc truc gi6i han Euler:

_0,605. Eyy. tyy
B R

Oc

= 0.605* 2 * 1075 x 11.8/8750
= 163,177 MPa

1.5 Kiém tra mat on dinh dan hdi:
Theo Tiéu chuan EN 1998-4:2006 (E))

om < 0,190, + 0,810, (A.62)
o, 14 tng sudt nén doc do ndi luc cia thanh bé gy nén
0,190, + 0,810, 1a ng suét cho phép

0c, = 0,6E7 (A.63)

=0,6.2.10° 118 = 163,177 (MP
o., = 0,6.2. ‘8750 = , (MPa)

1

6, = o, [1 ~(1- g)z (1 - ;‘—C"l)zr (A.64)

Ap dung cong thirc A.65 (EN 1998:2006 (E)) va cong thuc (3.2.1.4a), (3.2.4.4a)
cua API 650, ta co:

_ 1 1,84.10.17,52
P=— "

B iig =083 <5

Tinh g,
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, £ 275
Cor==2-= =55>2
ooc,  0,301247.163,177

Vi £, 1a h¢ s6 chay déo ctia thép, f, = 275 MPa

G=1-124 (g) (1 + #@))2 ~1 (A.67)
()= @

Lay a= 2,5 d6i voi cong trinh c¢6 chat luong cao

(5) _ 0,06 [R_ 0,06 (8750 0653543
s/ a S 250118
1
2

2
1 — 1|1 =0,301247
( + 1,24.0,653563) ]

A% > 2, nén ap dung cong thuc (A.66b)

0 =1-1,24.0,653563

0o = 0., = 49,1566 (MPA)
Thay cac gia tri vao cong thirc (A.64) co
op = 132,819 MPA
Vay tmg suat cho phép 0,194, + 0,810, = 163,177.0,19 + 0,81.132,819 =
138,587 MPA

r 4 Wyt Wiy +W 1
Xac dinh ¢, = ( we L _ WL).
: 0,607-0,18667.J%3 tw-ta

ty =S5 =11,8mm
to = t; = 16mm la chiéu day thanh bé sat day bé
Ta c6 theo API 650
W, . omy.g 0,007309.10°.9,81

= = = =1304,1
Wr 2R~ 2m.8,75 2.3,14.8,75 304,18

W W, _ m,.g _ 0,02328502.10° 9,81 415486
W 2nR  2m.8,75 2.3,14.8,75 N ’

W, = 99¢, / f,pH

W, =99.0,0164/275.1,84.10 = 2003,76

M
D2 (Wy+ Wy, +W7)

Hé s6 truyén J =

M la m6 men lat ngang phia trén ban day, M=21,52MNm
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21,52.10°

= = 0,9415
J = 1752(130418 + 415486 + 2003,76)
0,785<J<1,54
_ ( W, + W, + W, W ) 1
om =\0,607 — 0,18667.J23 )¢, t,
= (1304,18+ 4154,86+2003,76 _ 2003,76) . 1 — 92,4187 MPa
0,607—0,18667.0,94152:3 11,8.16

Vi két qua tinh toan nhu trén ta co:
O = 92,4187 MPa < 0,190, + 0,810, = 138,587 MPa

Théa man bat ding trén cé thé két luan: thanh bé on dinh dan hoi
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1.6 Kiém tra pha hoai dan déo:
Theo API 650, phuong trinh thuc nghiém duoc giéi han dung dé kiém
tra dang bat 6n dinh nay la:

2 fy
PR 1 r+-=
_ P (1 _ ) 250
for(om) = o, [ <Sfy> ] 1,12+ 7r115) | r+1
R 8,75
Trong d6:r = —=— = 2222 = 1 8538
400 400

f, 1a cuong do chay cua vat liéu thanh bé, don vi MPA, £, = 275MPA
P 12 4p luc bén trong 16n nhat co thé trong tinh hudng thiét ké chiu
dong dat, don vi MPA

2
Taco ? _ e

:Nc 1a 4p lyc thity dong tac dung 1én thanh bé

PR _ +/309,3682+4,346332
S 11,8

= 26,2202 MPA

fob(Om) = 114,292 MPA
So sanh g suat kéo vong dong luc va ung suat cho phép ta co:
0r = 156,053 MPA > f,,(d,,) = 114,292 MPA

Théa man bat ding trén cé thé két luan: thanh bé méat 6n dinh dan déo.
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Chuong 3:

‘ ~ TINH TOAN UNG DUNG SO '
TIM PHAN UNG PONG LUC CUA BE CHUA CHAT
LONG CHIU TAC DUNG DQNG DAT

EN1998-4 1a phan thtr 4 ciia Tiéu chuan chau Au — EC8 hudng dan thiét ké
cong trinh chiu dong dat lién quan dén silo, bé chira, dudng 6ng. Tai phu luc A, muc
3 huéng dan quy trinh phén tich tmg xir dong dat dbi voi bé chira néu rd viée lua
chon quy trinh, thuat toan, mé hinh phan tich dap tmg dong dat phu thudc vao nguoi
thiét ké. Chuong nay gidi thiéu quy trinh va két qua phan tich dap tmg dong dét cua
bé chita theo mdt trong cac mo hinh ma EC8.4 goi y, d6 1a md hinh do Haroun dé
xuat vao ndm 1983 [2] va giai sd truc tiép bang phan mém Mathematica.7, nham lam
10 viéc lya chon quy trinh va cong cu tinh toan bé chira chit long chiu tac dong dong

dat.

1.1 Pit van dé

Bé chira chat 16ng pho bién 1a bé tru dimg. Dudi tac dong cia dong dat, co sy
tuong tac rat phurc tap lién quan dén tac dong ctia ba thanh phan 1a chit 1ong, két
ciu bé chura va lién két bé chira v4i dat nén (méng). Cac mé hinh tinh toan don
gian hoa sy twong tic phuc tap giira chat 1ong va bé chira bang cach thay thé
chat 1ong bang cac khoi luong lién két v4i thanh bé thong qua cac 10 xo. Tir d6
ta c6 thé dy doan duoc dap img dong dat cua bé chira thong qua cac gia tri dic
trung nhu: lyc cat day, mOmen lat, chiéu cao 1én nhét cta song sloshing, dich
chuyén cua bé...

Céc nghién ctru vé dap ung dong dit ctia bé chira chét 1ong di co tir hon 30
nam. Housner, 1963 di dé xuat md hinh don gian dang 10 xo (mass spring
model) va mo hinh ndy van con sir dung rong rai dén ngay nay. Chat long duoc
chia thanh 2 phan: thanh phan xung ctng (impulsive) sat voi day bé, gan cb dinh
v6i thanh bé coi 14 tuyét d6i ctng; thanh phan doi luu (convective hay sloshing)
gan voi mit thoang cua chat 1ong, gan véi thanh bé bang cac 16 xo. Trong

nghién ctru ti€p theo, Housner da diéu chinh mo hinh trén khi ké t61 4o mém cua
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thanh bé (hay bién dang cua thanh bé), ap luc thuy dong 1én thanh bé mém duoc
ghi nhén 1a 16n hon so voi thanh bé cting va phy thudc vao hiéu ung twong tac
giita thanh bé - chat 16ng bén trong (fluid structure interaction — FSI) va duoc
Veletsos va Yang, 1976 phat trién. Thanh phan xung cimg duoc diéu khién boi
tuong tac thanh bé - chit 1ong va phu thudc 16n vao bién dang cua thanh bé,
trong khi thanh phan xung mém gay ra hién tuong song bé mat sloshing.

Haroun, 1983 [2] xay dung mé hinh bang cach chia thianh phan xung ctmg thanh
2 phan nhu hinh 1, mot phan lién két gin cing véi day bé va mot phan con lai tham
gia vao quan hé dich chuyén c6 ké t6i bién dang thanh bé cung véi thanh phan dbi
luu.

Tiép theo 12 mo hinh do Veletsos, 1984 dé xuat phat trién tir mo hinh cia
Haroun, 1963 chia chat 16ng thanh cic phan bao gdm thanh phan xung cing gin
¢ dinh voi thanh bé, con thanh phan d6i luu dugc chia thanh n phan gin véi
thanh bé bang cac 16 xo. M6 hinh nay ciing tinh dén bién dang cua thanh bé. Mo
hinh ctia Malhotra, 2000 da 1am don gian hoa mo6 hinh cua Veletsos, 1984.

EC8.4 di gidi thiéu tat ca cac mo hinh trén trong phan phu luc A. Bai bao
nay s& gi6i thiéu mo hinh cua Haroun [2] khi phén tich dap tng dong dét cua bé

chtra chat 1ong dat trén cao dugc cach chan day.

1.2 Gi6i thiéu mo hinh tinh toan bé chira ciia Haoroun

Haroun, 1983 [2] dé xuit mé hinh ba béc tu do ctia bé chira tru dimg (hinh
la). Chat 1ong trong bé chia duoc gia thiét khong nén dugc, khong nhdt va
khong xody. Khi d6 tuong tac chat long — két cAu duoc dai dién boi cac khoi
luong twong duong ctia chat 1ong. Trong qua trinh chiu luc tac dong dong dat,
khéi luong tong cong ciia chat 1ong dao dong chia thanh 3 phan riéng biét: m
khéi luong sloshing hay ddi luu (phan nam ngay dudi mit thoang, 1am thay d6i
mat thoang clia chét 1ong); m; khdi luong xung ctng (phan chét 1ong & khoang
giita, dao dong doc theo thanh bé); m, khdi lugng gin cing véi day bé (phan

dudi cing, chuyén dong nhu vat thé rin cung thanh bé). Khbi lugng me, mi lién
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két v6i thanh bé bang nhimg 10 xo c6 dd climg tuong tng 1a k., ki va c6 do can

tuong ung la c, Cj.

Trong md hinh nay, phan chét 1ong mi chuyén dong doc 1ap véi thanh bé, nguoc
v6i chuyén dong déi luu do me gay ra. Khi ké t6i d6 mém cua thanh bé, ngoai thanh
phan mi chuyén dong doc 1ap véi thanh bé thi khéi lwong con lai mr chuyén dong
qua lai cing véi thanh bé. Thanh phan mi chinh 13 dic trung cho twong tic chit long

—két cau.

(a) k. ¢ Pu vy ke ce u( X T ke « =k = |7
5 e . it K —f\/\/\/\—‘-/vvv\
E = U k 6 > u; " B 6 > o
FAAAN- 1 | i W@W (c) W
L) S
L Uy o "’»-b up
& - - —-
=t Uy
k¢
k L., 2
(&7 ('(
. R e
Z I Y

Hinh 2. M6 hinh tinh to4n theo dé xuit ctia Haroun

Ug, Ui VA U 12 cac dich chuyén tuyét ddi ctia khoi luong ddi luu, khéi luong
xung ctmg va tru d& theo phuong tac dong ngang ctia kich dong dong dat.

Sau day khao sat hai trudng hop ciia bé chira trén cao dit trén tru d& theo mo
hinh d¢ xuat.

Truong hop I: bé chtra ¢6 tru d coi 1a ¢d dinh vao nén (hinh 2.a)

Truong hop 1I: bé chura tru d& dit trén cao, cach chan theo 2 dang ( hinh 2.b,
2.C):

+ Dang 1: Géi cach chan duoc dat giita ddy cua try d& va moéng (hinh 2.b)
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+ Dang 2: Gdi cach chan duoc dat gitra ddy cua bé chira va dinh cua tru
do (hinh 2.c).

Trong trudng hop II, bé chtra ¢6 thém 1 bac ty do twong tmg véi bién dang
ctia hé cach chin duoc ky hiéu 1a u,. Hé cach chan duoc dé cap la géi cao su
dang tAm véi cac 16p xen k& 1a cac tAm thép va cao su. Cac tim thép c6 tac dung
lam ting do ctng chdng lai dich chuyén ngang. Quan hé luyc — bién dang cua gbi
cach chan 13 tuyén tinh c6 ké t6i can nhét. Anh hudng cua dich chuyén va rung
lac khong dugc ké dén. Trong luong ban than cua try do, hé cach chan duoc gia
thiét twong tmg bang 10%; 5% cua khéi luong chit 1ong [3].

Cac khoi lwong hi€u dung mc, mi, mr dugc xac dinh theo cac tham s6 khong

thtr nguyén:

me = Y.Mm
m; =Y;m
m,=Y,.m

trong d6: Y, Yi, Y, la ty sé khéi luong twong ing véi cac thanh phan di luu,
Xung cung va gan cang; m = wR2Hp,,1a khdi luong chat 1ong tai chiéu cao H;
p. trong luong riéng cia chat 10ng; w. Va w; tan sé dao dong ty nhién tuong
g ctia thanh phan d6i luu va xung cung;

Céc tham s6 Y, Y;, Y, va P 1a cac ham s6 ciia ty s6 hinh dang S=H/R (trong
d6 P 1a tham s6 khong thir nguyén nham xac dinh tan so ty nhién cta khoi luong

xung cimg), 1y tir cac dudng cong diéu chinh trong cac biéu d6 cho trudng hop

42



t/R=0.004 duoc xac dinh theo cac biéu thic dé xuat boi Haroun, 1983 [2]

thong qua thuc nghiém:

1
Y 1.01327 —-0.8757 0.35708 0.06692 0.00439 (S )
Yo\ _|—-0.15467 121716 —0.62839 0.14434 —0.0125 JSZ L
Y, —0.01599 0.86356 —0.30941 0.04083 0 3
P 0.037085 0.084302 —0.05088 0.012523 -—0.0012 LS‘*J
(1.2)

Céc tan s ty nhién cta khdi luong xung ctimg va dbi luu cling duoc xac dinh
theo phuong trinh dé xuat boi Haroun, 1983 [2]:

P |E 1 (2)

Wi =7 "2
Ps 4T

W, = \/ 1,84 (£) tanh(1,845). - (3)

Trong d6: p; 1a trong luong riéng cta thanh bé; E 13 modun dan hoi cia vat

liéu thanh bé; g 1a gia tdc trong truong.

D0 cing tuong duong, dd can cua khoi lugng doi luu va xung cing dugce xac

dinh theo [3]:
(4)

— 2
kC - maC

()

— 2
ki = m;w;

(6)

c. = 2¢m.w,

(7)

¢ = 2§mw;
Vi &, & 1an luot 1a ty s6 can cua khdi lugng dbi luu, khoi luong xung cliing
tuong tng duoc 14y bang cac gia tri 0,5% va 2% tuong tmg [3].
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1.3 Phuwong trinh chuyén dong

Phuong trinh chuyén dong cua bé chtra chit long dudi tac dong cua kich
dong dong dat theo phuong ngang dugc mod ta theo [3], ddy 1a phuong trinh
dong luc hoc quen thudc trén co sé &p dung nguyén ly Hamilton:

[m]{x} + [cl{x} + [k]{x} = —[m]{r}iy (8)

Trong d6 {x} va vecto dich chuyén; [m], [c¢] va [k] 1an luot 1a ma tran khoi
lugng, dd can va do ctiing cua h¢; {r} 1a vecto h¢ s6 anh huong; i, 1a gia tdc nén

theo phuong ngang.

1.3.1 Trwong hop I: Khi hé khéong cé cdch chin ddy vector dich chuyén
dwoc xdc dinh.

{x} = {xeoxi, %37
Trong d6 x.=U¢-U; 1a dich chuyén tuong ddi ctua khoi lugng doi luu; xi=u;-Uy 12
dich chuyén tuong ddi cua khoi luong xung cling; x=Ur-Ug 1a dich chuyén
twong ddi cta tru d& véi dat nén. Cac ma tran dugc xac dinh nhu sau theo

[3]:

m, O m.

[m] = [ 0 my m; 9)
me m; M+m,

[c] = diag[c., ¢;, ¢t (10)

[k] = diag[ke, ki, ki) (11)

{r}=1{0,0,1}" (12)

Trong 46 M=m¢+m;+m; 1a khéi luong hiéu dung ctia bé chira; m,=0,05m (hay
5% khdi lugng chat 10ng) 1a khdi lwong moéng bé, tham sd cic ma tran trén
dugc tinh theo cac cong thire tir (1.1) dén .(7), (13), (14).
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Do ciing k; va dd can ¢, cua try do dugc xac dinh nhu sau:
k, = (ZT—’;)2 (M + 0.05m) (13)
¢, = 26.(M + 0.05m)w, (14)
Trong do: Ty, ¢, lan luot 1a chu ky, ti s6 can cua két ciu tru da.

1.3.2 Trwong hop II: Khi hé c6 cich chin ddy:
1.3.2.1 Dang 1: Khi cich chan dwoc ddt giita day cia tru do va méng.

{x} = {xc, i, %, xp 7
Trong d6 x=Uc-U; 1a dich chuyén twong ddi cua khdi luong ddi luu; xi=u;-
U 14 dich chuyén twong ddi ctia khéi lwong xung clng; x=Ur-Ug 1a dich chuyén
tuong dbi cua tru dd; Xp=Up-Ug 1a dich chuyén tuong d6i cua gdi. Cac ma tran

dugc xac dinh theo [3]:

m, 0 m., mg
[m] = n(l’ o "7:: ™ . (15)
m m; M+m, M+ 3m,
[c] = diag[c,, ci, ¢t ] (16)
[k] = diaglke, ki, ke, kp] (17)
{r} = {0,0,0,1}" (18)

b0 cing ky, va d0 can ¢, cua géi cich chan dugc xac dinh nhu sau:
2
ky = () (M +015m) (19)
b

cp = 2&,(M + 0.05m)w, (20)
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Trong do: Ty,&, 1an luot 1a chu ky, ti s6 can cua h¢ goi cach chan; wyla tan so6
cua hé goi cach chan, tham s6 cac ma tran trén dugc tinh theo cac cong thire

fir (1.1) dén .(7), (13), (14), (19), (20).

1.3.2.2 Dang 2: Khi cich chin dwoc dét gitta day cia bé chira va dinh
cua tru do.
{o} = {oce, i, 2, %37
Trong d6 xc=uc-ub 1a dich chuyén twong ddi cua khdi lwong déi luu; xi=ui-
ub 1a dich chuyén tuong d6i cia khdi luong xung ctmg; xb=ub-ut 1a dich
chuyén twong ddi cua gdi; xt=ut-ug 1a dich chuyén cta tru d&. Cac ma tran
duoc xac dinh theo [3]:

m, O m, mg
my=|0 ™ e (21)

mC mi M + mb M + mb
mc mi M + mb M + Zmb

[c] = diag[c,, c;, ct, cp] (22)
[k] = diaglkc, ki, ke, k] (23)
{r} ={0,0,0,1}" (24)

D0 cimg ky, va d§ can ¢, ciia goi cach chan duge xac dinh nhu sau:

2m) 2
k, = (E) (M + 0.1m) (25)
ky = (j—’;)z M (26)
¢ = 26.(M + 0.1m)w, (27)
cp = 2§Mw, (28)
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tham s6 cic ma trin trén dugc tinh theo cac cong thuc tir (1.1) dén .(7),

(25).(26), (27), (28).

1.4 Bai toan lay 1am vi du ap dung:

1.4.1 Mo td bai todn:
Bai toan ldy lam vi du ap dung ¢ ddy 1a bé chira axitSunfuric 98% bang

thép.kich thude hinh ddng nhu hinh vé:

)

14
I
5500

It
|
|
|
10000

b 1d
|
L | ! !
1500, | 1500 | 1500 |

ITT I I ITI T IT I ITI I T & T ITITITTIIIITITTITII

250

17500

Hinh 3. Hinh dang va kich thuéc bé chta

+ Bé lam bang vat liéu thép

+ Chiéu cao ctia thanh bé: 10 m.

+ Puong kinh bé: 17,5m.

+ Chiéu day thanh bon gom: Tang 1 day 16 mm, cao 1,5 m tinh tir day
bén; Téng 2 day 14 mm, cao 1,5 m; Téng 3 day 12 mm, cao 1,5 m; T'?mg
4-7 day 10 mm, cao 5,5 m.

+ Chiéu day nip bé: 6 mm
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can:.

+ Cuong do tinh todn cua vat liéu R=2100kg/cm?2

+ Hé sd diéu kién lam viée y =09

+ £, 1a cudng d6 chay cua vat liéu thanh bé thép, don vi MPA, £, =
275MPa

+ Modun dan hoi cta vat liéu 1lam bé E = 2.10"*N/m2

+ Khdi luong riéng cua axit sunfuric 98%, p = 1840kg/m3

1.4.2 Ldp hé phwong trinh vi phdn chuyén dpng:
1.4.2.1 Tinh toan cac phd‘n tr cua cde ma tran khoi lwong, do cung, do

p=0.0184

s=h/r
yc=1.01327-0.8757*s+0.35708*s"2+0.06692*s"3+0.00439*s"4
yi=-0.15467+1.21716*s-0.62839*s"2+0.14434*s"3-0.0125*s"4
yr=-0.01599+0.863565*s-0.30941*s"2+0.04083*s"3
p=0.037085+0.084302*s-0.05088*s"2+0.012523*s"3-0.0012*s"4
m=3.1416*r"2*h*p

44.2573

mc=yc*m

mi=yi*m

mr=yr*m

M=mc+mi+mr

mb=0.05*m
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wc=(1/2/3.1416)*Sqrt[1.841*9.81*Tanh[1.841*s]/r]
i=(1/2/3.1416)*(p/h)*Sqrt[2*10710/7900]
kc=mc*mc2

1.31672

Ki=mi*®i™2

cc=2*0.005*mc*wc

ci=2*0.02*mi*wi
kt=(2*3.1416/0.5)"2*(M+mb)
ct=2*1.0*(M+mb)*2

Vi

h=10

r=8.75

ta co:

mc=25.9455;

mi=26.9858;

M=80.7143;

mb=2.21286;

cc=0.058449;

ci=2.28576;

ct=208.419;

kc=1.31672;
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ki=121.005;
kt=13095.4;
Phuonng trinh chuyén dong c6 dang :
[m]{x} + [c]{x} + [k]{x} = —[m]{rhiy (8)
trong do
{x} = {occ, i, 2"
X=Uc-U; 13 dich chuyén twong dbi ctia khdi luong d6i luu; x=u;-u; 1a dich

chuyén twong ddi cia khdi luong xung cimg; X{=U¢-Ug la dich chuyén tuong

doi cua tru do vo1 dat nén,

0 m; m;
me m; M+m,

9)

m, O m.
[m] = [

[c] = diag[c., ci, ct] (10)
[k] = diag[ke, ki, k] (11)
{r} ={0,0,1}" (12)

U, la gia tbc nén theo phuong ngang trong bai toan gia toc nén theo

phuong ngang 13y theo tran dong dat EI Centro 1940

50



= Sl
0.05 ; W u VWK

Hinh 4. Gian d6 gia toc nén theo phuong ngang 14y theo
tran dong dat EI Centro 1940

Bang 1. Bang s gia tri gia tc nén theo phuong ngang 13y theo
tran dong dat EI Centro 1940 trong 5s dau tién

{{0.x 107 + 000,3.0591 * 10 — 004}, {2.% 10~ — 002,1.9374299 * 10" — 003}
{4.% 10" — 002,6.93396 * 10" — 003}, {6.+ 10" — 002,2.95713 * 10~ — 003},
{8.x 10" — 002,2.95713 * 10" — 003}, {1. 10" — 001,5.5063799 10" — 003}
{1.2 * 10" — 001,8.4635099 * 10~ — 003}, {1.4 * 10" — 001,5.40441 10" — 003}
{1.6 * 10" — 001,1.4275799 * 10» — 003}, {1.8 * 10" — 001,5.40441 10" — 003}
{2. 10" — 001,1.3663979 * 10~ — 002},{2.2 * 10" — 001,1.2644279 % 10" — 002}
{2.4 * 10~ — 001,6.7300197 * 10~ — 003}, {2.6 * 10" — 001,6.2201697 * 10" — 003},
(2.8 % 10" — 001,1.356201 * 10* — 002}, {3.x 10" — 001,4.9965299 = 10" — 003}
{3.2 % 10" — 001,9.78912 % 10" — 003}, {3.4 * 10* — 001,1.9170359 * 10" — 002},
{3.6 % 10" — 001,2.4778708 * 10" — 002}, {3.8 * 10~ — 001,1.356201 * 10" — 002},
{4.% 10" — 001,4.6906197 * 10~ — 003}, {4.2 * 10" — 001, —8.2595701 * 10" — 003}
{4.4 * 10" — 001, —1.590732 * 10* — 002}, {4.6 * 10" — 001, —8.6674497 * 10"

— 003}

{4.8 * 10" — 001, —3.1610698 * 10" — 003}, {5.% 10* — 001,4.0787999 * 10" — 003}
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1.4.3 Gidi hé phwong trinh vi phin chuyén dong:
1.4.3.1 Tim dich chuyén:

nghiemso=NDSolve[{mc*xc''[t]+mc*xt"''[t]+cc*xc' [t]+kc™*
xc[t]l-
mc*ug'',mi*xi' ' [t]+mi*xt"' "' [t]+ci*xi' [t]+ki*xi[t]ll-
mi*ug'',mc*xc''[t]+mi*xi""'[t]+ (M+tmb) *xt"''[t]+ct*xt' [t
J+kt*xt [t]l)-

(M+tmb) *ug'"',xc[0]00,xt[0]0J0,x1[0]J0,xc' [0]0I0,xt" [0]LI0

,x1'[0]00}, {xc,x1i,xt},{t,0,21}, MaxSteps—o]

Plot[xc[t]/.nghiemso, {t,0,21},PlotStyle—>{Thick},AxesL

abel—>{"t,s","xc,m"}]

Plot([xi[t]/.nghiemso, {t,0,21},PlotRange—>All, PlotRange
—All,PlotStyle—>{Thick},AxesLabel—>{"t,s","xi,m"}]
Plot[xt[t]/.nghiemso, {t,0,21},PlotRange—All, PlotRan

ge—All,PlotStyle—>{Thick},AxesLabel—>{"t,s","xt,m"}

]

InterpolatingFunction[{{0.,21.}},<>][t]

{{xc’InterpolatingFunction[{{0.,21.}},<>],xi’InterpolatingFunction[{{0.,21.}},
<>],xt’InterpolatingFunction[{{0.,21.}},<>]}}
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Xc,m
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003
0.02
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Hinh 5. Dich chuyén cta thanh phan déi luu

Xi,m

0.04

0.02|

N

- 0.02

- 0.04

Y\

Hinh 6. Dich chuyén cta thanh phan xung cimg
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Xt,m
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Hinh 7. Dich chuyén cia mong
1.4.3.2 Tim lyc tdac dung:

il=xc[t]/.nghiemso
i2=xi[t]/.nghiemso
i3=xt[t]/.nghiemso

{InterpolatingFunction[{{0.,21.}},<>]1[t]}

{InterpolatingFunction[{{0.,21.}},<>][t]}

{InterpolatingFunction[{{0.,21.}},<>]([t]}

il'=D[il, t]
i2'=D[i2, t]
i3'=D[1i3,t]

{InterpolatingFunction[{{0.,21.}},<>][t]}

{InterpolatingFunction[{{0.,21.}},<>]1[t]}
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{InterpolatingFunction[{{0.,21.}},<>][t]}

il''=D[il"', t]
i2''=D[i2"',t]
i3'"'=D[i3", t]
{InterpolatingFunction[{{0.,21.}},<>][t]}
{InterpolatingFunction[{{0.,21.}},<>][t]}
{InterpolatingFunction[{{0.,21.}},<>][t]}

pc=25.9455*il1""
pi=26.9858*i2""
pr=27.783*i3""

{25.9455 InterpolatingFunction[{{0.,21.}},<>]1[t]}
{26.9858 InterpolatingFunction[{{0.,21.}},<>]1[t]}
{27.783 InterpolatingFunction[{{0.,21.}},<>][t]}

Plot[pc,{t,0,21},PlotStyle—>{Thick,Blue} ,h AxesLabel—>{"
t,s","Pc,kG"}]
Plot[pi,{t,0,21},PlotStyle—>{Thick,Blue} ,h AxesLabel—>{"
t,s","Pi,kG"}]
Plot[pr, {t,0,21},PlotStyle—>{Thick,Blue},AxesLabel—>{"

t,s","Pr, kG"}]
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Hinh 10. Luc tac dung 1én moéng
4.3.3. Gia tri lyc tac dung & thoi diém 2s:
pclt]/.t—>2
pi[t]/.t>2
prlt]/.t—>2
pc=11.7063KN
pi=9.92646KN
pr=6.80691KN
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KET LUAN VA KIEN NGHI

- Xac dinh dugc phan tng dong luc cua bé chira chat long chiu tac dung
dong dat va ap lyc thity dong cta chat 16ng trong thanh bé;

- Pi kiém tra duoc 6n dinh cta thanh bé, két qua kiém tra cho théy: thanh
bé chtra 6n dinh dan hoi nhung mét 6n dinh dan — déo (mét 6n dinh dang chan
VoI);

- P4 hinh thanh mét quy trinh tinh toan kiém tra 6n dinh ciia thanh bé
chtra. Quy trinh nay c6 thé tham khao, 4p dung cho tinh toan, thiét ké bé chua

trong linh vuc dan dung va cong nghiép.
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