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Tém tat: Trong thoi gian gan day, nhiéu truc dudng cao téc voi hang tram ki 16 mét duong
dat dap da dwoc xay dyng. Vi vy, can c6 nhiéu hé thdng cong chui dan sinh dé dam bao luu
thong qua lai hai bén duong va cong ngang dé dan nudc. O nudc ta, cac két cdu cong chui
dan sinh, céng dan nudc ngang thuong dugc lam bang bé tdng cdt thép nén co trong luong
ning, mat nhiéu thoi gian thi cdng moéng va c6 thé gap hién tuong lin khéng déu so véi nén
dap dic biét & khu vuc nén dat yéu. Trong bai bao ndy, mot loai dng thép luon séng co két
cau nhe, c¢6 kha nang chiu duoc do bién dang 16n va khéng can phai xay dung nén méng bé
tong dugc gidi thiéu dé giai quyét cac van dé néu trén. Tinh hop Iy caa phuong phap thiét ké,
bién phép thi cdng ciing nhu cac dic tinh ndi bat trong qué trinh st dung cua loai dng thép
luon s6ng nay s& dugc chirg minh qua cac thi nghiém va mot sé vi du thuc té tai Nhat Ban.

T khoéa: dng thép lion song, cong chui dan sinh, cong ngang, dwong é t6

Abstract: Recently, many highways are constructed in Vietnam. Therefore, lots of
underpass systems using horizontal culvert are needed to ensure traffic crossing highways
and also to transverse drainage. In Vietnam, underpass and culvert have been constructed
mainly by heavy weight reinforce concrete, which takes long time for construction of
foundation and results in unequal settlement phenomenon on the embankment surface,
especially in weak ground area. In this paper, corrugated steel pipe with light weight structure,
which can stand large deformation even without concrete foundations is introduced and
address the above issues. The reasonable design and construction methods, as well as new
features in the use of corrugated pipe will be proved by some experiments done and practical
examples existing in Japan

Key words: corrugated steel pipe, underpass, transverse culvert, highway



I. Giéi thigu vé loai 6ng thép lwen song

Thép hinh lwon séng ra doi tir nhitng nam 1890 tai My. Thép tdm moéng duoc gia cong
luon séng dam bao gia ting cudng do va nhe nén dé dang thi cong, van chuyén ciing nhu ndi
troi & tinh kinh té. Vao khoang nam 1958, cong nghé nay bat dau du nhap vao Nhat Ban, sau
d6 nhanh chéng duoc sir dung rong réi. Ngoai duong thoat nude, duong ham giao thdng dan
sinh con mot sb thé loai ¢ong trinh nhu bé cbt liéu hinh lwon séng, bon nudce, mang nudc chir
U..etc (Fig.1.1 —1.4).

Fig. 1.3 Tunnel " Fig. 1.4 Water Tank

[1. Nguyén ly hoat ddng ciia éng thép lwen s6ng va phuoeng phap thiét ké @

Do 6ng hinh luon séng mong nén c6 kha niang bién dang theo tai trong tap trung (duong
kinh theo phuong chiu tai thu hep lai, duong kinh theo phuong truc tuyén mo rong ra). Ong
bi dat cat & hai phia nén lai, 4p luc dat theo phuong truc tuyén ting va két qua 1a ap luc dat
ctia phuong chiu tai va truc tuyén trg vé gia tri gan nhu nhau, day chinh 12 trang thai tu can
bang 6n dinh cua luc tac dung (Fig. 2.1 — 2.3). Do md-men udn hau nhu khong c6, chi c6 hrc
truc tac dung nén ong luon séng chiu duoc &p luc Ion.

© O 6

Fig. 2.1 Loading force Fig.2.2 Soil pressure outside Fig. 2.3. Extra soil pressure
corrugated pipe in long term



Néu mé phong dng thép lugn séng bing dng cao su, khi ding hai ngon tay dé bop phan trén
va dudi thi dng dé dang bi bep nhung di ¢d nim that manh vao xung quanh thi éng lai khéng
bi bep (Fig. 2.4). Pay 1a mé hinh thé hién rd nguyén ly, d6 bén cua dng hinh lugn séng trong
trang thai 1am viéc. Tuy theo muc dich lp dit ¢ thé chia ra ba loai éng thép luon séng theo
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a) Two points loading force b) Pressure on surface
Fig. 2.4 Principle of corrugated pipe

Bang 2-1. Chung loai va hinh dang cua dng hinh luon séng

Chung loai Ky Pham Chiéu day Phuong
: hiéu | vikich | timthép s | thic cat ndi Khéi quat
Hinh dang mat cat Hinh s6ng thuoe dung
Kiéul | SCP | D300~ |1.6,2.0,2.7, | Bulongkiéu | D& lip rép nén
1R | D1800 3.2,4.0 mat bich thuong dugc dung
lam  éng nuGe-
Hinh thoat nuéc
tron SCP | D1250 | 2.7,3.2,4.0, | Bulong kiéu | Ding cho dudng
Kiéu 2 2R ~ 45,5.3,6.0, | mbi ndi | nugc, giao thong cé
D4500 7.0 chdng duong kinh mé 16n
Hinh | — Kiéu3 | SCP | D2100 | 2.7,3.2,4.0, | Bulongméi | Ding cho dudng
Elip | [ \ e 2P ~ 145,53,6.0,| ndichdng | nuéc, giao thong co
- | D5800 7.0 duong kinh ma 16n

2.1. Tai trong tac dung Ién 6ng hinh lwen sdng
2.1.1. Ap lyc dat thang dung (Fig. 2.5, Eq. 1)
I 1 Wp=y -+ h (1)

ot

Wp: Ap luc dét thing ding ( kN/ m?)

y : Trong lwong don vi caa dat (kN/ m®)
Fig. 2.5 Vertical force . )
h : Chiéu day dat phu ( m)
2.1.2. Tai trong dong
2.1.2.1 Tai trong xe 6 t6 tac dung 1én phan dinh dng tinh theo cong thac (2):

1(2xP .
W, 25{2.75 ><(1+|)><B} )




W_: tai trong phan b tac dung lén phan dinh 6ng ( KN/ m?)
P: tai trong banh sau ( t), (Fig. 2.6)
Khi ti trong T ( T- 25) thi P = 100 kN
i:hésbvacham h<4.0m,i=0.3
40m<h,i=0
b : bé rong phan bé tai trong tai phan dinh dng cua tai trong xe 6 t6
(m)  (b=2h+0.2)

B : hé sé giam
_ - h < 1m va duong kinh trong hoac khoang cach>4.0m - = 1.0
Fig. 2.6 Vehicle load ngoai trir truong hop trén - = 0.9

2.1.2.2 Tai trong xe lta

Tai trong tau hoa duoc yéu cau phai tinh toan tng luc trong dat theo cdng thirc Boussinessq
trén nén dan hoéi dang huéng dang chat; tinh toan cé tinh dén hé sé va cham, hé sb hiéu chinh
(theo tiéu chuan thiét ké Nhat ban, Fia. 2.7 va Eq. 3).

’_I_J@ WL:Pm(1+i)(l+ a) (3)

W, : tai trong phan bd tac dung 1én phan dinh ng  ( kN/ m?)

SRR
R R ?
' E Po: tai trong tau hoa ( kN/ m?)
f) q i : hé sb va cham

6ng hinh lwon séng
Fig. 2.7 Train load

2.2. Tinh toan chiéu day thm thép ‘
Ghi cha: Dau () trong bang trén la lyc nang phan goc. (1) la trén 2.0 kgf/icm2, (2) la trén
3.0kgf/cm2, (3) latrén 0.39kgf/cm2}, (4) la trén 5.0kgf/cm?2.

o : hé sb hiéu chinh

Bang 2.2 Chiéu day thiét ké cua 6ng thép luon song kiéu 3 (SCP 2P, bang 2.1) @

. Do sau Do sau (m)
Tén , 5
_ tdi thiéu
got m) 1.0 15 2.0 25 3.0 35 4.0 45 5.0

2000 | 06 | 27(1) | 27(0) | 27(0) | 27(0) | 27(0) | 27(0) | 27() | 3.2(0) | 3.2(2)
2300 | 06 | 27(1) | 27(0) | 27(0) | 27(0) | 27(0) | 27(0) | 3.2() | 3.2(2) | 3.2(2)
2700 | 06 | 3.2(2) | 3.2(1) | 3.2(1) | 3.2() | 3.2(2) | 3.2(2) | 3.2(2) | 3.2(2) | 4.0(2)
3000 | 06 | 3.2(2) | 3.2(1) | 3.2(1) | 3.2() | 3.2(2) | 3.2(2) | 3.2(2) | 4.0(2) | 4.0(3)
3700 | 0.6 | 40(2) | 40(2) | 40(2) | 4.0(2) | 4.0(2) | 4.0(2) | 40(3) | 45(@3) | 5.3(3)
4400 | 07 | 45@3) | 45(2) | 45(2) | 45(2) | 45@3) | 45@3) | 45@3) | 5.3(4) | 5.34)
5100 | 07 | 53@3) | 53@3) | 45@3) | 45@3) | 53(3) | 5.3(4) | 5.3(@) | 5.3(9)
5800 | 0.9 | 6.0(4) | 6.0(3) | 6.03) | 6.0(3) | 6.0(4) | 6.0(4)

Thong thuong chicu day thép s& dugc quyét dinh theo bang thiét ké (vi du nhu bang 2.2).
Truong hop phai tinh todn thi xét toi bon budc kiém tra d§ cing nhu sau.




2.2.1 Xem xét d cirng mat cat trong khi thi cong (Eq. 4)

D: Puong kinh éng hoic khoang cach ( mm)

D2
FF="—- (mm~N)

E: Hé s6 dan hdi cua dng ( N/ mm?)
2.2.2 Xem xét do bén cit ndi theo phuong truc (Eq. 5 va 6)

P= E(WD+WL) (5) P: Luc nén huéng tron ( kN/ m)
2 Wp: Ap lyc dét thing dimg do tai trong tinh ( kN/ ng
W : Ap luc dat thang ding do tai trong dong ( KN/ m*)
SE< oy D: Buong kinh 6’ng hodc khoang cach (mm)
' P (6) oy: Po bén cut noi cua ong hinh lugn song ( KN/ m)
S.F 1a hé s6 an toan. Bo bén cit ndi caa éng hinh lugn séng duge quy dinh theo kiéu va c6
tinh dén hai dang 1) vinh ctru hay 2) lip dit tam thoi

2.2.3  Xem xét sy cong vénh cua mat cat lugn song ( Eq. 7)

) 24E fu
Khi Dé — i i
e fofu— 48E( j <ty (KN, 1r0)

Néu fo>f, thi f=f,

12E
khi DL 2 fo=

kV fu (KD)Z
.

Néu fc>fy thi fe=fy

<fy (kN nf)

fcx Ac

D
SF< (7) (Trongdé., P= E(WDJrWL) (kN,/m))
fc : ing lyc cong vénh (kN/ mz); fu: do tgén ciing cuia thép (kN/ m2)
fy : diém uon cua thep (KN/ m 2); E : hé sb dan hoi cua thép (KN/m %)
r : ban kinh thir cap mat cat cua mat cat (m); D : duong kinh éng (m)
P : lyc nén huéng tron ( KN/ m); k : hé sé d6 cung caa dat

2.2.4 Xem xét sy udn cong cua 6ng hinh lugn séng (Eq. 8)

n : d6 vong cua phuong nam ngang ('m)
Wi Fd: HE so tur bién cua dat; Fk: Hang s6 theo géc lap dat
n=Fd -+ Fk 3 (8 Ban kinh éng (m); E : hé sb dan hoi cua thép (kN/ m?)
EI+0.061E - r | : hé s md-men  mat cit cua dng (m*/ m)
W: Tai trong thang dang theo chiéu dai don vi cia 6ng
& day E tinh theo Eq. 9 =2+ 1(Wp+Wy) (kN/m) )
Wp: Ap luc dat thang dang do tai trong tinh ( kN/ m®)
__ E @ Wu Ap luc dit thing dang do tai trong dong ( kN/ m?)
20— 1% Es: Hé s6 bién dang cua dat ( KN/ m?)
H: Hé sé Poisson (= 0.5)




I11. Thi nghiém hién truong @
3.1 biéu kién thi nghiém

Hinh v& thé hién cac vi tri mat cit A va B. Cac lép dat duoc dép theo timg budc, chidu day
I6p dat tng véi mot budce 1a 20cm, mat do dat kho it nhat 95% (vai l6p ddp day 30cm thi mat
d6 kho phai dat it nhit 90%). Dat dp t6i chiéu cao 4m tinh tir dinh vom.
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Fig. 3.1 Full scale experiment of culvert

A

Qua trinh ldp dung thi nghiém duoc thé hién trong Fig. 3.2

(a) Connetion of waveform plate (b) Setting measuring equipment

(c) Covering rock soil (d)  After completion
Fig. 3.2 Construction progress of full scale experiment of culvert



3.2 Két qua thi nghiém
3.2.1 Chuyén vi ¢ dinh theo thoi gian
Fig. 3.3 thé hién chuyén vi cua dinh dng lugn song theo chiéu thiang ding. Tur khi bét
dau lén dat & budce 3 cho dén budce 32 (dat 1én hai bén dat cao trinh bang dinh dng) , dinh
6ng bi bién dang dich chuyén Ién trén dudi ap luc ngang (trong luong dit hai bén va may
mac thi cong). Tir budc 32 tra di, nhd viée dap dét Ién trén dinh dng, c6 thé thay dinh dng
dich chuyén xudng dudi tro V& vi tri ban dau.
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Fig. 3.3 Displacement at top of culvert Fig. 3.4 Stress at top of culvert

Displacement (mm)
Stress (N/mm2)

Fig. 3.4 thé hién su thay doi tng suat udn caa dinh 6ng theo thoi gian. Mat cat B chiu tai
trong dat day hon mit cat A vi thé c6 (ng suat dat I6n hon. Trong qué trinh 1én dat ang suat
udn tai dinh tang tir 0 dén 130N/mm? tai mat cat A va 170 N/mm? tai mit cat B. Sau do6
giam dan dudi anh huong dét dap.
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Fig. 3.5 Soil pressure in bottom right of culvert
Fig. 3.5 cho thay su thay doi 4p suat & diém bén phai phia dudi 45° cua mit cat B. Vi tri nay
chiu &p luc dat 16n nhat. Ap suat tai day bt dau tang tir khi 1én dat ngang hai bén thanh ng
va dot ngot ting manh tir budce 32 khi bat dau dap dat trén dinh éng.
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3.2.2 Két qua thi nghiém phé hay

Trong thi nghiém nay, sau khi hoan thanh dap dat 4m trén dinh dng, dit & mot bén éng bi
dao dé tao chénh léch &p luc tac dung 1én dng (Fig. 3.6 va 3.7). Muc dich cua thi nghiém nay
1a dé biét trang thai 1am viéc cua 6ng dudi tac dong ap luc dat khong déu (trang thai thuong
xay ra dudi quy trinh thi cong hay thiét ké sai). Sau khi dao dat 1 bén, dinh 6ng tir tir 1Gn
xudng. Khi dao dén vi tri cach mat bén cua ng 1m thi 6ng bi mép hoan toan (Fig 3.7). Tur thi
nghiém nay c6 thé thay, 6ng chiu luc rat tot néu trang théi ap luc dit xung quanh phan bé déu
va chi chiu pha hoai hu hong khi mot bén mai dat bi dao moi hau nhu hoan toan (Fig. 3.6,

diéu nay c6 I& khd xay ra trong thyc té).
] ,%*%/’""\
|
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Fig. 3.7 Destruction of slope Fig. 3.8 Dermated culvert
V1. Kha ning &ng dung tai Viét nam

Véi cau tao thép mong, hinh dang gan luon song tao do ciing chiu luc cao, éng luon song cd
thé duoc lap dat sau dudi 16p dat dap phia trén ddng thoi khéng can phai thi cong mong bé
téng. Pay 1a diém ndi troi so véi cong bé tdng truyén thong. Dac biét tai mot s6 ving dat yéu,
néu sir dung cong bé tdng trén nén duoc cai tién s& dé gay ra hién twong sau mot thoi gian
van hanh, phan lp dat cong bé tdng s& nhd cao tao bac thang Iin khong déu so vai phan nén
dat ddp bi 1Gn thap theo thoi gian (Fig. 4.1). Fig 4.2 cho thay vi tri mat dudng tai noi sir dung
cong lwon hoan toan bang phang, khong phat sinh Iin khong déu, 1n bac thang.



Fig. 4.2 Steel corrupted culvert (Lam Dong Prefecture)

V. Két luan

Ong thép luon séng c6 kich thudéc mong nhe, ¢6 thé dé dang thiét ké theo bang tiéu chuén
c6 san. Viéc thi cong ciing thuan tién véi cac tim mong c6 thé d& dang van chuyén va lap
ghép tai hién truong. Hinh dang 6ng tao nguyén Iy tu can bang bén viing d6i véi ap luc dat
huéng tdm xung quanh. Céc thi nghiém thuc té tai Nhat ban da chung minh nguyén ly va su
bén viing nay. O Viét nam, mot sé cong loai nay da duoc lap dat trong nhitng nam 60 tai
mién nam va hién van lam viéc rat tét ciing 1a nhitng minh chimg cho tinh wu viét cua thé loai
cong nay.

Trong giai doan ma& rong xay mai nhiéu hé théng duong giao thdng, quy hoach dé thi hay
cac khu cong nghiép, véi cac wu diém nhanh, nhe, ré va thuan tién céng luon song théco thé
la mot giai phap thich hop, can duoc nghién ctu thém dé sém c6 thé &p dung vao thyc té.
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