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SUSTAINABLE DEVELOPMENT

Tinh todn vo ham &p luc hai 16p, tiét dién tron, 16p trong co6 chiéu day
thay d61 ¢ phan day
Nguyén Xuén Mén"* , Nguyén Thanh Nam? Nguyen Duyén Phong!

! Trwomg Pai hoc Mo-Dia chat
?Cyc Hq tang ky thudt, B¢ Xay ding

TOM TAT

Bai viét trinh bay mét cach tiép cén trong tinh toan két ciu chdng gitr dudng him cé ap. Vo him cé tiét
dién tron; ciu tao gdm hai 16p: Lép ngoai dang vanh khuyén c6 chiéu day khong thay ddi; Lop trong co
chiéu day thay déi ¢ phan ddy. D6 1éch chiéu day cua 16p trong dic trung béng dai lugng 8. Bai todn dugc
xem x¢t trong h¢ toa do cuc O(r, 0) va duge gidi bang phuong phap thong so be. Két qua tinh toan cho
thay Phan day cua duong ham co gia tri m6 men uon 16n hon & phan von tir 15+47%. Trén co s& do khi
thiét k& két cau chdng cia him can ting chidu day vo chong & phin day dé dam bao dé bén va tudi tho
cong trinh.

Tir khéa: két chu him chju ap, chiéu day thay dbi, phuong phap thong sb bé.

1. Pit vin dé

Vé chéng cic duong him thuy cong, hdm chju 4p lyc nudce tir phia bén trong, thudng c6 chu tao hai
16p: Lép 1 (16p ngoai) thudng dugce lip ghép tir cic tim bé tong cdt thép ché tao sin; Lép 2 (16p trong)
thuong 1am tir bé téng ¢t thép lidn khéi d6 tai chd c6 phin day day hon phan vom (hinh 1). S& di phin
déy c6 chiéu day 1én hon phan von la vi ddy hdm thuy cong ¢ ap thudong bj bao mon do cac phén tir rin
¢6 trong nude di chuyén doc theo day him.

Tinh todn két cAu vo ham hai hay nhiéu 16p, cac 16p c6 chidu day khéng ddi, tiét dién tron dugc nhidu
tac gia xem xét giai quyét: (Bymsraes H.C., 1986, 1994; IMamkparenko A.H., n apyr, 2016; Rukin V.V.,
Ruppeinhit K.V., 1969; Nguyén Ngoc Hué, 2006; Nguyén Duyén Phong va nnk 2017; V& Trong Hung,
1991. Cac téc gia ngoai nrdc di nghién ciru bai toan tinh toan vé ham nhiu 16p bing phuong phép sb va
phuong phép giai tich. Trong cac cong trinh khoa hoc ndy: Bynsrues H.C., 1994, 1986; Ilankparenko
A.H., H, 3. ®onr., Cammaiis A.C., H. C. Mans, 2016; Rukin V.V., Ruppeinhit K.V., 1969; Orlop C.A.,
1964; St. John, C.M., Zahrah, T.F., 1987; Kyriazis Pitilakis, Sotiris Argyroudis, Grigoris Tsinidis, 2011;
Wang, J., 1993; Youssef M.A. Hashash Jeffrey J. Hook, Birger Schmldt John I-Chiang Yao, 2001) cac
16p Vo chong tuong tac voi nhau hogc theo mot phuorng phap tuyen hodc theo ca hai phuong: phép tuyén
va tiép tuyén trén cac mat tiép xtc cua hai 16p két cAu chdng lién k& nhau. Céc cong trinh tinh toén da
duogc cac nha khoa hoc nhu Bynweiues H.C, 1994; Byabiues H.C., ®oruesa H.H., Crpeasuos E.B., 1986;
V.V. Rukin, K.V. Ruppeinhit, 1969; X.A. Orlop, 1964; St. John, C.M., Zahrah, T.F. 1987; Kyriazis
Pitilakis, Sotiris Argyroudis, Grigoris Tsinidis, 2011; Wang, J., June 1993; Youssef M.A. Hashash,
Jeffrey J. Hook, Birger Schmidt, John I-Chiang Yao, 2001;...xem xét. Cdc nghién ctru trén day da dua ra
céc biéu thire giai tich cuia cac g sudt trong cac 16p vo chong Mo hinh twong tac gilta cac 16p vo chéng
voi nhau va gilia vo chong v6i méi tredng duge xem 13 dan hdi tuyén tinh. Trén co s& d6 da sir dung gia
thuyét lién tue cua chuyén vi trén bién ctia mit trong 16p ngoai va trén bién mat ngoai cua 16p trong cia
hai l6p tiép xtic.

O Viét Nam ciing c6 nhiéu téc gia: Nguyén Ngoc Hué, 2006; Nguyen Duyen Phong, Dang Trung
Thanh, Pham Duc Thang, Ta Van Kien, 2017; Hryen 3yen ®onr, 2016; Nguyén Duyén Phong, Nguyén
Xuan Mian, Pankratrenko AN, Pham Thi Yén, 2017; Vo Trong Hung, 1993; V& Trong Hung, 1991;
Nguyen Lé Ninh, 2007, da d& cap dén bai toan trén ddy. Cac nha khoa hoc trong nudc da chu y va dé cap
van ¢ tinh todn vo hdm nhiu 16p c6 thé ké ra nhw: V& Trong Hung, 1991, 1993; Nguyén Ngoc Hug,
2006; Nguyén Lé Ninh, 2007; Nguyén Duyén Phong, 2017; Nguyén Xuin Min, 2017; TTaHKpaTeHKO
A.H., Hryen 3yen ®onr., Cammans A.C., Hryen Cyan Mamns, 2016; ...Da s6 cac cong trinh khoa hoc Ké
trén déu tap trung xem xét bai toan vo nhidu 16p va chidu day mdi 16p khong dbi trén toan mit cét.

*Tac gia lién hé
Email: mannxdoky@gmail.com
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Hién nay bai toan tinh vo ham nhiéu 16p, tiét dién tron, chiéu ddy cua cc 16p c6 thay doi van con it
duoc dé cap va giai quyét chua triét dé. Trén co s& nhing trinh bay trén, trong bai v1et nay nhom tac gia
3 xem xét bai toan tinh vé ham hai 16p véi chiéu day 16p trong thay d6i véi cach tiép can giai tich va tim
16i giai bang phwong phép thay thé ding dan.

Duéi day trinh bay chi tiét bai toan dat ra: Tinh toan vo him ap lyc hai 16p, tiét dién tron, 16p trong ¢
chiéu day thay d6i ¢ phan day.

2. Co so' 1y thuyét va phwong phap nghién ctru

2.2. Dt bai todn

Ry, Ry - Lan luot la bén kinh trong va ban kinh ngoal cua lop vo ben trong (lop 2);
Lép v ngoai (I6p 1): Lip ghép tir cac tdm bé 1ong cot thép;
Lép vo trong (1op 2): Lam tir bé téng cét thép lién khéi, cé phan day day hon phdan vom.

Hinh 1. Két cau vo chong ham c6 dp hai l6p (Byasiues H.C., 1994)

Mo hinh tinh toan vé chéng gém hai 16p: Lép ngoai co chidu day khéng ddi, 16p trong c6 chiéu day
thay d6i & phin day. Lop trong c6 ban kinh ngoai 14 Ry, ban kinh trong 13 R,. Bai toan xem xét trong hé
toa do cuc O(r, 0) (hinh 1). Tai trong tic dyng trén bién ngoai 16p ngoai do ap lyc dét da tao nén; Tai
trong bén trong hdm do ap lyc nude va tac dung tir trong ra ngoai. D9 léch chleu day 16p vo trong ddc
trung bing dai luong 6. Bai toan thudng duoc gidi bing phucng phap thong sb bé, dugce ding phd bién
trong linh vuc co k¥ thuat, co hoc da va co hoc cong trinh ngam.

2.3. Gidi bai toan

D¢ tim nghiém kin ciia bai todn, diéu kién bién bén trong 16p vo thir hai dugc viét dudi dang tdng cac
ham diéu hoa don.

Puong bién bén trong cta vo chéng dudng hdm c6 thé viét dudi dang dwong cong (Rukin V.V.,
Ruppeinhit K.V, 1969; Orlop C.A., 1964):

r:rB+zzSB-k-ewi @)

Trong (1): r - phuong trinh dudng cong bién trong clia vé hdm trong hé toa d cuc; rz - ban kinh quy
ddi bién trong ciia hdm; Sp - tham s6 tuyén tinh cta phép bién dbi; & - s§ luong cic s hang 1a dang ham
diéu hoa trong (1); 6 - goc cye (xem trong H.1); i- don vi 40, i = -

Trong cac bai toan k¥ thuit thuc té thi do chinh x4c cén thiét co thé dat duoc trong tinh toan vo chéng
him khi gi trj tham s k trong biéu thtrc (1) 14y nhu sau: k=0, k=% 1 va k =+ 2. Khi d6 (1) c6 thé viét
béng cong thirc (Bymsrzes H.C., u npyr 1986):

r=r, +S8, cos@+S,, cos26 ()
Trong (2): Céc tham s ctia phép bién ddi duoc xéc dinh nhur sau:
Sz =2(R1+r3); 3.1
Sea :(FB_RI); (3.2)
2
R -6 (€)
2R +2R, M+l +2R, {R —%| _s
R R, (3.3)
' R -5 R-5)
242 41 |42 2
Rl Rl

Trong (3):5 1a chidu day sai 1éch 16n nhat cua 16p vo tron bén trong; cac ky hidu Ry, R, xem trong hinh
vE 1.
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Theo tac gia C.A. Orlop, 1964 va cac tac gia khac thi str dung 101 giai bai toan Lame quen thudc trong
1y thuyét dan hoi, s& cho ta 101 giai cla bai todn dat ra trong hé toa dd cuc nhu sau: (Bymneraes H.C.,
®oruesa H.H., Crpensros E.B., 1986; Orlop C.A., 1964):

oy =(6e,r+2br7)2c08 0+ (2a, +6b,r™ +12¢,r7 )2c0820,  (4.1) W
ol =(2¢r=2b,7)2sin 0+ (a, =3br™ + 3¢, —dyr™ )4sin 20, (4.2)

Céc hé sb trong (4) dwoc x4c dinh tir viée giai hé céc phuong trinh thé hién didu kién bién cta bai toan
(didu kién lién tuc cua tng suit phap va img sudt vong trén bién ranh gidi cac 16p; didu kién vé& chuyén vi
theo hwéng ban kinh nhu nhau ciia diém nam trén duong bién trong va duong bién ngoai cua hai 16p vo
ch6ng lién ké, )

Cac diéu kién bién can théa méan nhu sau (TTankparenko A.H., H, 3. ®our.,; Cammane A.C., H. C.
Mass, 2016; Rukin V.V., Ruppeinhit K.V., 1969; Orlop C.A., 1964):

2 _ 2
20, —2b1; :—("f q;’)r” Sy (5.1)
(VA T )rb‘
2Cr, —2br;” =0, (5.2)
) 2 - ;
~2a, —6br —4d, 7 = Msm, (5.3)
(FA —73 )rB (%)
—2a, —6b,r;t —4d, v} =0, G4
a, =3b.r; +3c,rp —dr; =0, (5.5)
2(q, — 7
a, =3br;t +3c,ry —dirin = —((35_1?211)1 LS., (5.6)
A B B

Trong (5), ngoai cac ky hiéu da biét thi: ry, 75 - 14n lwot 12 ban kinh ty di ctia bién ngoai va bién trong
vo hdm; gu, gz — 14n luot 13 tai trong tac dung 1én bién ngoai va bién trong ciia v6 chéng.
Luc doc tong cong N tac dung vao mat cit ngang ciia vo xdc dinh theo cong thuc:
N=N,-N, ©)
Trong (6): N, - Luc doc tac dyng vao mit cit ngang ctia vé hdm khi kich thude dbi xtmg, déu, gia tri
ctia n6 phu thudc vao gz va rz; Na - Lyc tic dung bd sung xuét hién trong mit cit ngang ham khi kich
thude thay ddi, khong ddi xtng, gia trj cua M, x4c dinh theo cong thirc:

P N b b
N, :J. o,dr| 3¢, (r,f —r,;)— - +— |2cos 0+
g ry oIy

(7
+|:2ak (r —r,,)—z—l}+2—l§k+4ck (ry —r;)}uosze
i 3 ’
PG 1éch tdm cua luc doc N:
7y —F
€ = = 5 £ Tra (3)
Trong do6: rwi - 1a @6 1éch tam bd sung do chidu day vo chéng 16p trong thay @i, x4c dinh nhu sau:
2 22 )
Fi+%lni—{2q (rf, —r;)—z—b'jtz—b]}ZcosH—
2 -7 7, 7, 7
1 T 1 H B H B
Ty = —I o rdr =— cos 26 9
N 9 N 5 o\ 3b, 3b, 4 4
-l a, (r,, —ry )——2+—2+3ck (rn —r, )
rll rB

Trong (9): oy 1a g sut tiép tong.

3. Két qua va thio lugn
Céc s6 lidu cho trude:
R, - ban kinh trong ctia vo chéng, Ry =131,75 cm;
R> - ban kinh ngoai cia vo ch("Sng, R>»=150,25 cm;
Chidu day 16n nhét phan ddy ham, § = 8 4cm;
Ap lyc nuéc tir phia trong ham, g = 2at.
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Két qua tinh toan cac hé sb cho trong bang 1
Bang 1. Gid tri tinh toan cdc hé so

rp = 130,5 cm S31 =2,54 cm S32 = - 1,27 cm
b =-316000 c1=-0,00159 ar=-0,24706
br=0,0395 cr=0,000007186 dr=2778,95

Str dung céc s6 lidu cho trudce va cac két qua tinh trong bang 1, theo cac cong thirc (4), (5), (6), (7), (8)
va (9) sé xac dinh luc doc N va d¢ 1éch tam ry nhu sau:
N, =261 kG;
N, =57,195c0s8+36,197 cos 26
N=N,—N, =(261-57,195c0s 036,197 cos 26)
_36887,2+8062,45c0s0—4917,64¢0s26
n = N =
_ 36887,2+8062,45c0s & —4917,64cos 26
~ (261-57,195c0s0 36,197 cos 20)

Gia tri lyc doc N(#) va moment ubn M(6) duge tinh theo toa do goc 6 (xem hinh 1); Cac gia tri nay dbi
xing qua truc ding mit cit ngang cua him, do d6 chi cAn tinh cho mot nira con nira kia lay dbi Xirng qua
truc dimg. Két qua tinh cho trong bang 2 dudi day:

Bang 2. Gid tri lyc doc N(0) va moment uén M(0) tai mt cdt ngang phu thugc géc 6

Goc 8, do 0 45 90 135 180
N(©) 261 183.621 224,803 183,621 261
M(0) 157,86 97,5 84,8 272,1 2323

Can cir két qua tinh & bang 2 x4y dung biéu d6 moment udn theo mit cit ngang vé hiam (hinh 2).
|

157136

|
Hinh 2. Biéu d6 moment uén M(6) dwoc xdc dinh tic vi dy tinh todn s6

Két luan

- Tai mat cét co goc #=135° va # =270° c6 gia tri moment udén 16n nhit: Moy = 272,10 kG.m - D6 1a
céc mit cit nguy hiém nhét. Phin day ctia duong hiam c6 gia trj moment uén 16n hon & phan von bén trén
tlr 15+47%: trén co s& d6 cin ting chidu day vo chdng & phan day.

- Lop vo trong cua day him can gia ting chidu day duoc gidi han trong mién ¢6 mmoment udn phé"m
day 16n hon hodc bing gi4 tri moment udn & dinh vom, tirc M(8) > M (0). Theo vi dy tinh trén day thi
M(0) =157,86 kG.m (mg v&i 8 =115° va 0 =29(0°.

- Do day cin gia ting ¢ dugc tinh theo gia tri gia tdng clia moment udn 16n nhit va moment uén dinh
vom, titc AM = Mmax — M(0). Theo vi du tinh trén day thi AM = 271,10 -157,86 =113 ,24 kG.m.
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ABSTRACT
Calculation of two-layer pressure tunnel, round section,
inner layer with varying thickness at the bottom

Nguyen Xuan Man!*, Nguyen Thanh Nam, Nguyen Duyen Phong!
!Hanoi University of Mining and Geology
2Technical Infrastructure Agency, Ministry of Construction

The paper presents an approach in calculating the anti-structure of pressure tunnels. The tunnel
constructure consists of two layers, a circular section, an inner layer with varying thickness at the bottom.
The problem is considered in the polar coordinate system O(r, 8). The thickness deviation of the shell is
characterized by the quantity 3. The problem is solved by the small parameter method. Calculated results
show that the bottom of the tunnel has a bending moment greater than 15+47%. On that basis, the
thickness of the casing should be increased to ensure durability and longevity.

Keywords: pressure tunnel structure, variable thickness, method of small parameters
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