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(HYDRAULICS OF HIGHWAY CULVERT FLOW)
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Tém tit: Bai bao dé cap dén van d& ché d6 thuy luc ciia dong chay trong cdng thoat nude ngang dudng
giao thong. Pong thoi, dua ra trinh ty tinh toan thuy lyc cong.
Summary: The article reports provided a comprehensive analysis of highway culvert hydraulics under

various flow conditions and the step of the culvert design.
I. DAT VAN DE.

Céng 1a cong trinh nhan tao trén duong dugc sir dung rong rai nhat dé vuot qua dong nude nho. Dé
giam gia thanh x4y dung céng thi mot trong cic bién phap quan trong nhit do 1a thiét ké dung diéu kién lam
viéc ciia cong. Viée thiét ké thuy luc cong & cac don vi tu van giao thong hién nay néi chung thuong sir dung hé
thong bang tra (theo cach tinh toan cta Lién X6 cii) hodc cac d thi thiét ké thuy luc cbng (theo chi dan ky thuét
thiét ké duong 6 t6 22TCN — 273 — 2005). Cac bang tra hay do thi thiét ké 1a cac cong cu gitip cong tac thiét ké
don gian di rat nhidu, nhung cac cong cu d6 chi thoa min trong mot s truong hop nhét dinh; va cach thiét 1ap
cling nhu so db thuy lyc cta n6 thuong khong duoc gidi thiéu rd rang 1am cho hiéu biét cua ngudi thiét ké thuy
luc cbéng khong duoc tudng tan, c6 thé din dén cac sai 1am trong viéc thiét ké. Trong bai béo nay tic gia trinh
bay cac so d6 dong chay trong cdng, cong thirc tinh toan 14 co s& cia viée thiét 1ap cac do thi thiét ké va trinh ty
cu thé dé tinh thuy luc cong.

II. DONG CHAY TRONG CONG.
2.1. Pic tinh ciia dong chiy trong cong:

Cong 1a cong trinh thao nude, duge sir dung rong rii trong cac cong trinh thuy loi, thuy nong, ciing nhur
thoat nudc ngang dudng giao thong. Dong chay trong cdng c6 cac dic diém khac véi cac dong chay trong song,
sudi ty nhién, ciing nhu cac long dan nhéan tao nhur:

- Su tap trung cua luu lugng.

- Mach dgng ctia dong nudc.

- Ham khi trong dong nudc.

- Dong nudc chéy 1éch khéi phuong chinh ctia dong chay.

2.2. Céc ché d9 kiém soat dong chiy trong cong:

C6 nhiéu yéu t6 anh huéng dén dong chay trong cong theo thoi gian, nhung tai mot thoi diém cu thé
dong chay trong cong c6 thé bi chi phdi boi dong chay & trude cbng, ciu tao cua cira vao cong (kiém soat
thuong luwu) hay béi dic tinh cta cdng, dong chay ha luu (kiém soat ha luu). O mdi ché do kiém soat dac tinh
dong chay ciing khac nhau, nhung trude khi thiét ké ta khong thé biét trude dugc ché do kiém soat. Vi vay can
phai xem xét thiét ké véi cac ché do sau d6 lua chon ché d6 c6 gia tri 16n lam ché do tinh toan tiép.

2.2.1. Kiém sodt thwong luu.
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Hinh 1: Ché d kiém soat thwong luu.

Hinh 1 mé ta mot s6 dang khac nhau vé dong chay & ché do kiém soat thuong luu: - Hinh 1-A mé ta
tredng hop cira vao va cira ra ciia cong déu khong ngép. Dong chay trong cong 14 dong chay xiét va cudi cbng
¢6 do sau dong chay tién dén do sau chay déu. - Hinh 1-B 1a truong hop cira vao khong ngap nhung cira ra bi
ngap; dong chay trong cong 1a dong chay xiét va cubi cng xuat hién nudce nhay. - Hinh 1-C 14 truong hop dién
hinh cua kiém soat thuong luu; cira vao cua cong bi ngdp, cira ra c6 dong chay tu do va dong chay trong cong
van la dong chay xiét, c6 do sau phan gidi & gan cira vao va do sdu chay déu & gan cira ra. - Hinh 1-D 1a mot
truong hop dic biét, ca clra vao va cira ra ciia cong déu ngap, nhung dong chay trong cong van khong dy; trong
truong hop nay, c6 nude nhay ¢ cudi cong. & giita cong co dong chay khong day va co 16 thong hoi (Néu khong
¢6 16 thong hoi, ap sudt trong cong s& giam xudng dudi ap suat khi troi va dong chay trong cdng s& khong 6n
dinh).

Yéu to anh hwong dén ché dp kiém sodt thwong lwu: 13 dong chay thuong luu va ciu tao cira vao cia
cong. Do dbc than cong ciing anh huong dén ché d¢ kiém soat thugng luu nhung khong nhiéu nén trong tinh
toan thuong bo qua.

Ché dp thuy luc ciia kiém sodt thwong lww: tuy vao mic dd ngdp & cira vao cia cong ché do thuy luc
cdng duoc chia thanh 3 khu vye: khong ngp, ngap va khu vuc qua do. Trong trudng hop do sau thuong luu nho
(hinh 1-A, B) c¢dng duoc coi nhu lam viéc theo so dd ciia dap tran. Mdi quan hé gitra Iuu lugng va do sau
thuong luu dugc tinh toan theo mo6 hinh cua dap tran. Trong trudng hop cira vao bi ngap (hinh 1-C, D) dong
chay qua cdng lam viéc theo so d6 dong chay qua 16. Mdi quan hé giita luu lugng va d sau thuong luu duoc
xac dinh dwa vao két qua thi nghiém trén ciac mo hinh twong tmg. Theo két qua nghién ctru ciia Cuc Tiéu chuén
Qudc gia (NBS) dudi sw d& dau cua Cuc Pudng bo Lién bang Hoa ky (FHWA) d6 dua ra cac cong thirc cho cac
truong hop ctra vao khong ngap va ngap nhu sau:

+ Cura vao khong ngdp:

M
Dang 1: AW, = He + 1’81(1)5Q -0,58 (1)
D D AD
e 2 HW, _ [18110 . o
an N —_—
e D AD"
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+ Cura vao ngdp:

2
AW, _ c[l’gllQ} +Y-0,58 A3)

D AD"
HW, - d6 sau thuong luu cong. D — chiéu cao cbng.
2
H.=d.+-—*% Q — luu lugng.
2g
A — dién tich mit cit ngang toan bo cong. S - d6 déc day cong.

K,M,c, Y —cac héng ) phu thudc loai céng, vat liéu lam céng va céu tao ctra vao cua céng.

V6i cira vao khong ngdp c6 hai dang phuong trinh. Dang 1 theo d6 sau phan gidi toan bo véi 2 hé sb
diéu chinh, dang nay phu hop véi quan diém 1y thuyét. Dang 2 cong thirc dang s6 mil nhu cong thire cua dap
tran, dang 2 d& ap dung trong tinh toan, day ciing 1a dang phuong trinh dugc dp dung dé 1ap cac toan do thiét ké.

2.2.2. Kiém sodt hg liru.
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Hinh 2: Ché d kiém soat ha luu.

Hinh 2 md ta mot s6 dang khac nhau vé dong chay & ché do kiém soat ha luu. Trong tat ca cac truong
hop mit cét kiém soat & cira ra cta cong hodc ¢ ha luu cdng. Véi truong hop dong chay khong day cbng, dong
chay trong ong cong 1a dong chay ém. - Hinh 2-A miéu ta dong chay day dién hinh, vdi clra vao va ra déu
ngap;d ong chay day dng trén sudt chidu dai cong. - Hinh 2-B 14 trudng hop cira ra ngdp nhung cira vao khong
ngap. Véi truong hop nay, dong chay thuong luu nho dén mure dinh cira vao bi 10 ra 1am ha thap dong chay vao
trong cbng. - Hinh 2-C dua ra truong hop ctra vao ngép dén mirc do co dong chay day trén subt chiéu dai cong
nhung & cira ra dong chay khong dy. Trudng hop nay xay ra khi khong c6 dong chay o ha luu va cot nudc
thuong Iuu rat 16n. - Hinh 2-D 1a mot trudng hop dién hinh. Ctra vao cia cdng bi ngdp va cira ra c6 dong chay tu

do vé6i cot nude ha luu thap. Vi didu kién nay, dong chay khong ddy & mot phan cua cong (1a dong chay ém) va
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dong chay ¢ cira ra 1a dong chay ém. - Hinh 2-E ciing 1a mot trudng hop dién hinh, khong ngip ca & ctra vao va
ra. Dong chay trong cong 1a dong chay khong day va 1a dong chay ém.

Yéu té anh hwéng dén ché dp kiém sodt ha lweu: co rat nhiéu yéu t6 anh huong dén kiém soat ha luu
nhu: - Do sau thuong luu, - Hinh dang kich thudc clra vao va ctra ra, - Pac tinh cia 6ng céng (mirc d6 g6 ghé,
dién tich céng, hinh dang, chiéu dai, 46 dbc dat céng), - Muc nudc ha Iuu céng, -Clrara cua céng.

Ché dj thuy lyc ciia kiém sodt ha leu: Dong chay diy trong cong (nhu hinh 2-A) 1a méu t6t nhit cua
dong chay dé mo ta ché do thuy luc cua kiém soat ha luu. Dong chay o ché do kiém soat ha luu duoc tinh toan
trén co sé ciia phuong trinh cin bang ning luong.

Hinh 3 biéu dién duong ning luong va duong do 4p cua dong chay qua cdng trong truong hop cong

day.

SECTION O

SECTION

Hinh 3: Pudng niing lwong va dwong do ap ciia dong chay qua cdng khi cong diy.

Can bang nang luong (viét phwong trinh Becnuly) gitra mat cét 1 va 2:

2 2
HW0+V“ :TW+V—d+HL 4)
2g 2g

HW,, TW - myc nudc thugng luu va ha luu céng.

Vy, V4 — luu tbe dong chay thugng luu va ha luu céng
H, - Ning luong can thiét & dong chay vuot qua cong
Trudng hop bd qua cot nude luu toe:

HW,=TW + H, (5)

Trong truong hop nay Hy ciing chinh 13 d6 chénh léch muc nudc & thugng luu cdng va cira ra cia
cong. Ning luong can thiét (H ) dé dong chay vuot qua cng bao gdm: tn that & cira vao (H.), ton thit do ma
sat trong 6ng cong (Hy), ton that & cira ra (Ho). Va ngoai ra con ¢ ton thit & chd udn cong, tén tht & mdi ndi va

t6n that & ludi chin rac (néu co). Khi dé ta co:

Hy=H,+H+ Hp (6)
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0
V=< 7
y (7)

- Lueu téc trong ong cong:
Q — luu luong qua cdng. A — dién tich mit cit ngang ctia dong chay diy cong.
- Tén thdt tai cira vao: tuy theo cAu tao cua ctra vao, vat liéu 1am céng ton thét ctra vao duge tinh theo
2
cong thuc: H,=k| — (8a)
2g
k. — hé s6 ton thét cira vao, phu thudc vao vit liu lam céng va céu tao clra vao cua céng.
- Tén thdt do ma sdt trong 6ng cong: hay tén that doc dudng trong cong, phu thudc tinh trang bé mat
dng cbng (hé sb nham n), kich thudc va hinh dang cdng (ban kinh thuy luc R), chiéu dai cong, ... dugc x4c dinh

dua vao cong thirc tinh ton that doc dudng va cong thirc Sédy, cong thirc sau khi bién dbi c6 dang nhu 8b:

19,63n°L |V*
Hy=\—5— 5, (8b)
' R 2g
n— hé sb nham, phu thudc vao vét li€u lam 6ng.
L — chiéu dai éng cdng. R — ban kinh thuy Iyc ciia dong chay trong cong.

- Tén that tai cira ra: phy thudc ciu tao cira ra ctia cdng, c6 thé tinh theo cong thic 8c:

2
H,= V— (8c)
2g
Két hop céac cong thuc (6), (7), (8) dugc:
2 2
pefien o] 0
’ 4

Céc cong thirc tir (4) dén (9) dung cho dong chay day nhu hinh 2-A, xong van dung cho dong chay &
hinh 2-B, C. V¢i dong chay khong diy hay day mot phan nhu hinh 2-D, E c¢6 thé ding phuong phap gan ding

nhu sau:

. A 1A (oo aa P Hf 19:63’72 V2
Tinh d doc ma sat cuia dong chay day: S =——= — s A
L R 2g

- Léy d0 sau tai cira ra 1a gia tri 16n trong hoac d¢ sau ha luu (TW) hodc (dc + D)/2.

- Tir d6 sdu tai cira ra ké mot duong thing di 1én cira vao voi do déc ma sat caa dong chay diy S, sé
dugc dudng do ap (HGL).

- Tu dudng do ap cong thém cot nudce luu tde va ton thét cira vao duge muc nudce thuong luu va duong
nang luong (EGL).
Phuong phap gan dung nay phii hop véi dong chay ddy mot phan. Véi dong chay khong day n6 thoa
man trong treong hop HW > 0,75.D.

2.3. Lwu tbc cira ra.
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Luu tdc cira ra can duge tinh toan dé tim bién phap phong x6i ¢ ctra ra cdng va ha lwu cdng. Luu tde
cira ra ciing dung dé diéu chinh dong chay hay dua ra bién phap tiéu ning & ha lwu cdng. Luu tdc cira ra duoc
xéc dinh dua vao d6 sdu dong chay & ctra ra ctia cdng va hinh dang kich thudce dng cong.

Déi véi ché @p kiém sodt thwong luwu: d6 sau tai cira ra xap xi d6 sau chay déu trong cong: d=d,<dc.

Doi voi ché dp kiém soadt ha luu:

+Khi TW>D :d=D

+Khi D>TW >dC :d=TW

+ Khi TW <dC :d=dc.
Khi d6 c6 Iuu tdc cira ra: Vo = Q/A,.

A, — dién tich dong chay tai ctra ra.

-
Hinh 4: I
Pwong ning lwgng va dwong do ap | v
ciia dong chay qua cdng trong trwdong Doug chiy e do TIRTLE
hop cong khong day va diy mot pE———
phén. 4 B

Duing do dp xap xi: HGL =

Dong chiy ddy mor phan TR A
2.4. Do thi thiét ké thuy hre cong.

Pé xay dung dugc dudong cong biéu dién dic tinh lam viéc cia cdng can xdy dung do thi thiét ké thuy
luc 1a dd thi thé hién mdi quan h¢ gitra cac gia tri luu lugng, cac kich thude céng khéc nhau véi cft nude thuong
lwu. Dé xay dung ngudi ta sir dung céc cong thirc tir (1) dén (9) tuy theo ché do kiém soét.

- Kiém soat thugng luu: Str dung cac cong thie (1), (2) va (3), vi du & hinh 5.
- Kiém soat ha luu: St dung cac cong thirc tir (4) d&n (9), vi du 6 hinh 6.
III. TRINH TU THIET KE THUY LUC CONG.

Khi thiét ké thuy luc cdng can c6 su hiéu biét vé ché do thuy luc trong cdng, néu khong hiéu thau déo
ché do thuy luc cong co thé dan dén cac thiét ké sai 1am, két qua thiét ké co thé khong thoa min hay khong an
toan.

3.1. Ché d kiém soat thuong luru.

- Tt luu luwgng da biét, tuy thudc vao diéu kién dia hinh, dia chit cu thé, so bo lua chon loai céng, kinh

thudce céng, cAu tao ctra vao, clra ra cua céng.
- Tir kich thude cta cong, luu lugng qua cdng xac dinh duoc ty s6 HW/D (xem hinh 5).
- Nhan chiéu cao cdng D véi ty s HW/D duogc nude dang trude cong HW.

- Tinh cao 40 myc nudc thugng luu: ELy = EL¢+ HW.
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ELpq — muc nude thiét ké & thuong luwu.

EL — cao do day 1ong dan tai ctra vao.
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3.2. Ché dd kiém soat ha luwu.
- Tinh d6 sau ha lvu TW trén day cdng theo luu luong thiét ké.
- Tinh d6 sau phan gidi theo luu lwong va kich thudc, hinh dang cong.
- Tinh d6 sau tai ctra ra ctia cong hy 12 tri s6 16n trong hai tri s6 hodc TW hodc (D+d¢)/2.
- Tinh ton that qua cong H (hay Hy) theo biéu dd hay theo cong thirc néu cac gi tri vuot qué biéu do.
(1) Néu hé s6 nham cua cong khac hé sb nham khac hé s6 nham cua biéu db thi didu chinh chiéu dai

2

. n
cong theo cong thirc: L=L-t
n

L, L; — chi€u dai thyc t€ va chiéu dai cong di€u chinh cua cong.
n, n; — hé s6 nham cua biéu do6 va hé s6 nham thuec té.

Sau d6 st dung L, nhu chiéu dai thuc té cua céng khi str dung biéu dd thiét ké.
7
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(2) Str dung mdt dudng thing nbi kich thude cbng (diém 1) véi chiéu dai cdng theo hé sb k. (diém 2)
dugc diém ddi hudng (diém 3). Lai ding mot dudng thang ndi tir luu luong (diém 4) véi diém d6i hudng (diém
3) duoc ton that H (xem hinh 6).

- Tinh cao d6 muc nudc tai ctra ra: EL,, =EL,+ H + h,,.

EL, — cao d¢ day ctra ra.

- Tinh ¢4t nuéc dang o thuong lvu: HW =H +h, — L.S.

Va tinh cao d¢ muc nudc thuong luu: EL,q = ELs+HW.

- Néu cao d6 muc nudc tai ctra ra 16n hon cao do muc nude thuong luu (ELy, > ELyy) thi tién hanh thiét

ké lai (chon lai cong khac hodc két cau cng khéc).
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3.3. Panh gia két qua.
* So sanh cao d muc nudc thuong luu ¢ hai ché d6 kiém soat, ché do nao c6 cao d6 16n hon la ché do

kieém soat ctia cong.
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* Tinh luu toc tai cira ra: Tu ché do kiém soat cua cong, tinh d§ sau dong chay tai ctra ra theo muc 2.3

(d). Tir d6 su cira ra (d) va hinh dang kich thudc cbng tinh luu tbc cira ra.

3.4. Vi du ap dung.

Tinh thuy luc cdng thoat nude ngang dudng 6 to véi:
- Luu luong thiét ké : Quop =3 m’/s. - Chiéu dai cng dy kién : L =60 m.
- Podée day tu nhién : S =0,005. - Do sau ha luu :TW=1,0m.
- Cao d9 mat duong :33,53 m. - Cao d0 ctra vao 130,48 m.

Thiét ké cdng tron bé tong cot thép (n = 0,012) voi dudng kinh khic nhau, dau cong dang tudng canh
(k. =0,2), d6 dbc dit cong theo do dbc tur nhién (S = 0,005).

Két qua tinh toan xem trén hinh 5, 6 va bang 1.

Bang 1: Vi du tinh thuy lye cdng

Loai Tinh dd sdu myc nude thuong luu Che
chng QN [7KJs thuong luu Kiém soat ha luu do | Elw d Vo
HW/D | HW, | d. | /D)2 | TW h, H | HW, | K5

@ (2) (3) 4) (5) (6) @) 3 ()] (10) an (12) a3 | a4

D=1,5m 3,0 0,90 1,35 0,90 1,20 1,0 1,20 0,26 1,16 T/L 31,83 0,80 3,13
D=1,75m 3,0 0,69 1,21 0,88 1,31 1,0 1,31 0,13 1,14 T/L 31,69 0,73 3,16
KET LUAN

Trén day trinh bay cac dic tinh cua dong chay qua cong, cac dang dong chay qua cong tmg véi ché do
kiém soat thuong luu va cira ra ciia cong. Bai viét cling gidi thiéu cac cong thirc, phuong trinh ting véi cac ché
d6 kiém soat dong chay qua cong; cac cong thirc, phuong trinh nay 14 co so dé thiét 1ap cac biéu do, dd thi thiét
ké thuy luc cong di dugc gidi thidu trong cac tiéu chuan thiét ké thuy luc cdng (vi du trong “Chi dan thiét ké
Thiét ké k§ thuat dudng 6 to trong 22TCN — 273 — 2001, 2005”).

Ddng thoi ciing trinh bay trinh ty thiét ké thuy lyc cdng dua vao biéu dd thiét ké, cach danh gia lya
chon két qua tinh toan; diéu nay 14 can thiét cho nguoi thiét ké trong qua trinh ing dung phuwong phap thiét ké
nay.
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