- NGHIEN CUU THIET LAP BAI TOAN TOI UU CHI PHi
PAU TU XAY DUNG HE THONG TIEU PO THI: NGHIEN CUU
PIEN HINH CHO LUU VU'C PHIA TAY HA NQI

Lwu Vin Quan', Tran Viét On'

Tém tit: Chi phi dau tw xdy dung ciia cdc hang muc cong trinh trong hé théng tiéu cé sw phu thudc
chat ché lan nhau. Noi dung bdi bdo trinh bay phirong phdp thiét lgp ham muc tiéu, diéu kién rang
buéc va cdc bude gigi. Tac gia da g dung tim cdc ham hoi quy dé xdc dinh gid tri dau tw xdy
dung trong hé thong tiéu nhw khu dau moi, kénh cap 1 va 2, kénh cdp 3 va hé diéu hoa nham xdc

dinh gia tri ham muc tiéu wtng voi khu vuc nghién cuu la hé théng tiéu do thi phia Tay Ha Noi.
Tir khoa: Tdi vu trong tiéu thoat nude do thi; tiéu thoat nudc do thi, hd diéu hoa.

1. GIOI THIEU CHUNG

Céc nghién ctru ti vu trong thiy loi chi yéu
ap dung trong bai toan quan ly van hanh va bai
toan thiét ké. Trong bai toan van hanh tdi wu cac
tac gia thuong nghién ciru mot cach tong thé
toan hé thong dé dua ra quy trinh van hanh cho
toan hé thong hay mot cong trinh cu thé trong
hé thong. Trong bai toan thiét ké téi wu chil yéu
nghién ctru cac khia canh lién quan dén chi phi
dau tu xdy dung nhu giai phap cong trinh, cong
nghé thi cong, cong ngh¢ vat li¢u... cia mot hay
mot vai cong trinh cy thé trong hé théng. Khi hé
thong c6 nhiéu hang muc cong trinh va chi phi
dau tu xay dyung ciia cdc hang muc d6 lién quan
chidt ch& dén nhau thi chua co nghién ciu diy
du cho bai toan tbi wu nay.

Chi phi dau tu xay dung hé thdng tiéu do thi
phu thudc vao yéu td: quy hoach thoat nudc,
mat d6 xay dung, dién tich luu vuc, vat liéu xay
dung, bién phap thi cong... Can gia thiét khong
ché mét sb6 diéu kién ban dau nhim don gian
hoéa bai toan, tang tinh hoi tu cho nghiém cuia
bai toan.

Trong bai bao nay trinh by nghién ctru thiét
lap bai toan tdi uu chi phi dau tu xdy dung hé
thong tiéu do thi va ap dung voi ving nghién
ctru dién hinh 1a hé thong tiéu do thi phia Tay
Ha Noai.

Trieong Pai hoc Thuy loi.

2. PHUONG PHAP NGHIEN CUU

2.1. bat bai toan

Céc hang muc cong trinh trong hé thdng tiéu
do thi gém: khu dau méi tram bom, céng xa, hé
thong kénh (cong) dan, rinh, mang, giéng thu
nudc mua. Trong d6 cac hang muc cong trinh
nhu mang, ranh, giéng thu nude mua duoc bd tri
theo diéu kién ciu tao hé théng khong nham thu
gom nudc mua trong céac tiéu khu, diy phd nho
hodc ngd xém. Cac cong trinh con lai tir dau
méi dén kénh cép 3 dugce tinh toan thiét ké theo
luu lugng dan nén tac gia chi tap trung nghién
clru cac hang muc cong trinh nay. Bai toan tbi
wu chi phi déu tu xdy dung thuong ap dung
phuong phéap phan tich hé thdng va t6i wu hoa,
trong d6 sir dung phuong phap so sanh tryuc tiép
khi nghi€m cua bai toan la hitu han va roi rac.

Céc budc giai bao gdm:

- Thiét 1ap ham muyc tiéu.

- Pé xuét cac phuong an kha thi.

- Tinh toan gia tri tuong Gng timg phuong an.

- So sanh gia tri gitta cac phuong an, chon
phuong an t6i wu.

2.2. Ham muc tiéu cho bai toan

Ham muyc tiéu tong quét c6 dang sau:

C = Cam + Chk + Chagn —> Cwmin (1)

Trong do:

C: Chi phi dau tu xdy dyung toan hé thong.

Cam: Chi phi dau tu xay dung dau mdi.

Cha: Chi phi ddu tu xay dung hé thdng kénh.

Chan: Chi phi dau tu xay dung hd diéu hoa.

Chi phi dau tu xay dyng cta cac hang gém
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chi phi xay dung, chi phi thiét bi va chi phi giai
phong mit bang.

Bién diéu khién ctia ham muyc tiéu 1a quy mo
va vi tri ctia cac cong trinh trong hé thdng tiéu.

2.3. Piéu kién rang budc

- Chi phi dau tu xay dung ctia cac phuong 4n
khi tién hanh so sanh phai cing hinh thirc dau tu
(xay dung moi hay cai tao), cung hinh thire két
céu cong trinh, ciing mit bang gi.

- Chi phi dau tu xdy dung cta hé thong tiéu
phu thudc vao cac yéu td: quy hoach thoat nudc,
d6 ddc ty nhién, vat liéu xdy dung, hinh thirc két
cAu, hién trang st dung dat. .. Trong nghién ctru
nay rang budc rang: mat bang tuyén kénh, do
dbc ctia mdi doan kénh di xac dinh, hinh thic
két cAu d3 cb dinh va dugc xem 1a da toi wu.

- Ving nghién ctru 1a ving dong bang dang
trong qua trinh d6 thi hoa, viéc xay dung cac
hang muc cong trinh theo cac phuong an 1a hoan
toan kha thi. Khong xem xét cac yéu to vé mit
chinh tri, xa hdi, moi truong.

3. KET QUA NGHIEN CUU CHO LUU
VU'C PIEN HINH - PHIA TAY HA NOI

Pé xac dinh cac thanh phin ciia ham muc
tiéu tac gia xem xét trén mot luu vyc hoan toan
moi, cong trinh dau mdi va hé thdng duong
cong duoc xay dung méi hoan toan. Pon gia
tinh toan chi phi twong ung vung phia tdy cua
thanh phd Ha Noi quy IV nam 2013.

a. Pau moi hé théng tiéu do thi la hé théng
tram bom dong luc

DPau mdi cua hé théng tiéu do thi gém tram
bom, cng xa, nha quan 1y, hé thong dién va cac
cong trinh phu trg nhu sin vuon, tudng
rao...Chi phi dau tu xay dung khu dau médi phu
thudc vao nhiéu yéu t6 nhu loai may bom, cot
nuée bom, hinh thirc két cau, vat lidu xay dung,
hinh thic xay dung cua cac cong trinh phu trg
tai khu dau mdi...No6i dung bai bao nay gia thiét
hinh thirc két cdu cong trinh, loai may bom va
cac cong trinh phu tro... dugc sir dung phd bién
trong thuc té. Pé xac dinh dugc ham hoi quy
phai tién hanh thiét ké véi nhicu gia tri luu
luong tir nho dén 16n dé xac dinh cac chi phi
dau tu xay dung dau méi hodc sur dung thiét ké
khu diu mdi cua cac du an va tinh lai du toan.

Cdm = Z Cd‘mi = Z Cc;\‘)[m + z Cj;’;;;"h ’ (2)
1 1 1

Cam = 3C,,  Chi phi dau tu xay dyng khu
1

dau mdi, chi phi ndy gdm chi phi xdy dung va
thiét bi diu mdi (C4m), chi phi dén bu giai
phéng mat bang (C&F™y).

Trong d6 n 1a s6 lugng cong trinh dau moi.

Dé xac dinh cac thong s trong ham quan hé
gitta Cam ~ Qam st dung phuong phap hdi quy
bang viéc thong ké chi phi xdy dung, thiét bi va
tinh giai phong mit bang cua dau mbi tir cac du
an xay dyng mai tram bom. Chi phi dugc quy
vé mot mit bang gia tai thoi diém quy IV nim
2013. Trén co s& sb lidu théng ké cua 21 tram
bom tiéu khu vuc Ha N&i va viung phu can, ham
hoi quy gitra luu luong thiét ké va chi phi dau tu
ctia thanh phan dau mdi cua ham muc tiéu tong
quat da duoc xac dinh nhu ¢ hinh 1 va cong
thtrc 3 dudi day.

Quan h¢ Iwu lrgng dAu mbi va chi phi dau tw xiy dwng
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Hinh 1. Dé thi biéu thi méi quan hé gita luu
liong va chi phi xdy dung khu dau moi

D6 thi di qua trung tdm nhém diém duoc
duodng biéu thi mbi quan hé giira chi phi dau tu
xdy dung khu dau méi va luu luong déu mbi.
Phuong trinh biéu thi mdi quan hé:

Cam = 1,6578%(Qan)"*™ — (3)

Trong d6 Cyp 12 chi phi dau tu xay dyung, tinh
bang ty dong, Qgm 13 luu luong dau mbi tinh
bang m’/s.

Kiém dinh phuong trinh héi quy (3) bang phan
mém Eview 6.0 vé x4c xuit sai lam va tinh on
dinh ctia phwong trinh hoi quy, cho thdy két qua:
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- Xac suét sai 1am P ~ 0% < gia tri cho phép
P<5%.

- Gia tri T-Statistic = 10,74 dat, cho phép T
nam ngoai khoang [-1,99+1,99]

Nhu vdy ham hdi quy (3) dam bao tinh 6n
dinh va sai s cho phép, sir dung dugc trong tinh
toan cua nghién cuu.

b. Hé th(fng kénh tieu

Hé théng kénh tiéu duoc chia thanh nhiéu
cép kénh, xem xét trén mdi ciip kénh mot doan
dai dién dai 100m xay dung hoan toan maéi voi
cac hinh thic két cdu dugc sir dung phd bién
trong thyc té.

Céc budc tinh toan: gia thiét cac gia tri luu
luong tir nho dén 16n, tinh toan kich thudc thuy
luc va chon hinh thirc két céu tuong tmg, tinh
khéi lugng va lap du toan xay dung, du toan chi
phi giai phong mit bang, tir d6 dugc gia tri dau
tu xay dung cho tung gia tri luu lugng tinh toan.

Chik = ZCienhcip 1 T ZChénh cip 2 T ZChénh cip 3. - -

— ¥k 4y ohte o 4)

Chae: Chi phi xdy dung hé théng kénh, gom
chi phi xay dung (Cpg) va dén bu giai phong
mit bang cho phin kénh (Cpa ™). = 1a téng
cac kénh.

* Xac dinh ham quan hé gitia luu lugng va
chi phi dau tu xay dung cua kénh cap 3:

Thong thudong kénh cép 3 duge b tri trong
céc tiéu luu vuec, ngo, ngach hodc khu phé. Két
céu thuong dung 13 cdng tron bang bé tong cot
thép dic sin hodc cong hop bang bé tong cot
thép chon ngam dudi dat.

Gid thiét hinh thire kénh cdp 3 la cong tron,
c6 két cau nhu hinh 2 va hinh 3.

T AN
H H D& cdng diic sén

i
H H H H Coc tre gia c8 2,5m/coc; 25coc/m2

Hinh 2. Cat ngang kénh cap 3,
sir dung cong tron don

GHEP 2 CONG TRON

GHEP 3 CONG TRON
Bt déip ddm chit k=0.9
— RN S

D€ cbng dlic sin

D¢ c0ng dée sin oYy pryars
Coc tre gia cf 2,5m/coc; 25c0¢/m2 oc tre gia cf 2,5m/coc; 25coe/m!

Hinh 3. Cat ngang kénh cap 3, sir dung cong
tron doi va ba

Quan h¢ Q~C dwdng cong tron - ¢ip 3
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Hinh 4. Dé6 thi quan hé giita luu lwong va chi
phi dau tw ciia kénh cdp 3 — sir dung cong tron,

Phuong trinh hoi quy:

Cies = 0,4633(Qe3)™";  (5)

Trong phuong trinh (5) chi phi Cy; tinh voi
don vi ty dong/100m, Qi 1a luu lugng kénh
nhanh cap 3 tinh bang m’/s.

Kiém dinh phwong trinh hdi quy (5) bang
phan mém Eview 6.0 vé xac xuit sai 1am va
tinh 6n dinh cia phuwong trinh hdi quy, cho
thay két qua:

Xac sudt sai lam P =~ 0% < gia tri cho phép
P<5%.

Gia tri T-Statistic = 7,613 dat, cho phép T
nam ngoai khoang [-1,99+1,99]

Nhu vdy ham hdi quy (5) dam bao tinh 6n
dinh va sai s6 cho phép, str dung dugc trong tinh
toan cua nghién cuu.

Gid thiét hinh thirc kénh cap 3 la cong hp,
c6 két cdu nhuw hinh 5.
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CAT NGANG KENH CAP 3 - HOP

CAT NGANG KENH CAP 3 - HOP
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A

Ghi cha: A: chiéu day thanh cdng, C chiéu day
nap cong, D chiéu day ban day, Bc chiéu rong
long cdng, He chiéu cao long cong.

Hinh 5. Két cdu kénh cdp 3, sit dung cong hop

Quan h¢ Q~C dudng cbng hdp - cép 3
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Hinh 6. Pé thi quan hé giita heu lwong va chi
phi dau tw ciia kénh cdp 3 — sir dung cong hp

Phuong trinh quan hé hdi quy:

Cres = 0,8251(Qye3) % (©6)

Trong phuong trinh (6) chi phi Cyg; tinh voi
don vi ty dong/100m, Qe 1a luu lugng kénh
nhanh c4p 3 tinh bing m’/s.

Kiém dinh phuong trinh hdi quy (6) bang
phan mém Eview 6.0 vé xac xuit sai 1am va
tinh 6n dinh ctia phuong trinh héi quy, cho
thay két qua:

- Xéc suét sai 1am P ~ 0% < gia tri cho phép
P<5%.

- Gia tri T-Statistic = 11,22 dat, cho phép T
nam ngoai khoang [-1,99+1,99]

Nhu vay ham hdi quy (6) dam bao tinh 6n
dinh va sai s6 cho phép, str dung dugc trong tinh
toan cua nghién cuu.

* Xac dinh ham quan hé gitta luu lugng va chi
phi dau tu xay dung cta kénh cap 1 va cap 2:

Kénh thuong din voi luu lugng 16n nén hau
hét duoc str dung dang kénh hinh thang, thuc té

dé giam chi phi xdy dung va giai phong mit
bang nguoi thiét ké tan dung cac tuyén kénh
rach ty nhién san c6. P6i v6i kénh di qua ving
dan cu thudong dugc gia ¢ hai mai nhim dam
bao diéu kién m¥y quan do thi, giam sut sat va
bao vé chong lan chiém.

Y]

Phan dogn 10m/dogn
Khp I bing bao téf shya dung
Thoét nue thém qua méi bing ng PYC DSO

6 xdy VXM N100 dby 30cm
DB ddm 16t ddy 10cm

08t 6t ddy 10cm, wi do K9 thust
et nén dém chit san

phéng m=1.5; g=1,451/m3

Bddy

Hinh 7. Két cdu kénh cdp 1 va cdp 2 — két ciu
hinh thang, gia co mai bang lat da.

Quan h¢ Q~C kénh - ¢4p 1, cip 2

0,5069

y =0,272x
R*=0,9958
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Hinh 8. D6 thi quan hé giita heu lwong va chi
phi dau tw ciia kénh cdp 1 va 2 — kénh hinh
thang gia c6 mdi lat dd.

Phuong trinh quan hé hdi quy:

Cer2 = 0,272%(Qu )™ (7

Trong phuong trinh (7) chi phi Cic.2 tinh véi
don vi ty ddng/100m, Q.;., 1a luu luong kénh
cap 1, cap 2 tinh bang m’/s.

Kiém dinh phuong trinh hdi quy (7) bang
phan mém Eview 6.0 vé x4c xuat sai lam va tinh
6n dinh ctia phuong trinh hoi quy.

- XAc suét sai 1am P =~ 0% < gi4 tri cho phép
P<5%.

- Gia tri T-Statistic = 33,03058 dat, cho
phép T nam ngoai khoang [-1,99+1,99]

Nhu vay ham hdi quy (7) dam bao tinh 6n
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dinh va sai s6 cho phép, str dung dugc trong tinh
toan cua nghién cuu.

c. Ho diéu hoa

H6 diéu hoa xidy dung méi trong do thi
thuong dugc két hop tao canh quan nén hinh
thu kién tric phuc tap, méai dugce gia cd bang
d4 xay hodc tam bé tong. Pé don gian trong
tinh toan gia thiét: hd c6 hinh vudng dé tinh
chu vi va khéi luong xay lat gia cd mai, hd
duoc dao 2,0m con lai 1a di'lp noi dé bﬁng voi
cao do san nén.

! 1 '
Con =3 Cray =D Cl v 2 CE S )
1 1 1

Trong d6: Chi phi xay dyng hd diéu hoa
(Char™) va dén bu giai phong mat bang cho hd
didu hoa (Chan®™), t 12 s luong hd diéu hoa
trong h¢ thong.

Gia thiét cac dién tich hd ting dan, tinh toan
khéi lugng dao dap, xay lat, du toan xay lat va
gidi phong miat bang. Cham cac diém va v& do
thi biéu dién mdi quan hé giira dién tich hd va
chi phi xay dyng nhu trong hinh 9.

Quan h¢ téng chi phi xiy dung va di¢n tich hd

1.500

1.200 1
y =3,5255x +9,3393

R*=1

o
=3
S

C (ty dong)
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300 A

T T T T T T T T
50 100 150 200 250 300 350 400 450
Fho (ha)

Hinh 9. Do thi quan hé giita dién tich hé va chi
phi dau tw xdy dung cia ho diéu hoa — mdi
nghiéng, gia co mai bang lat da.

Phuong trinh quan hé hdi quy:

Chan = 3,5255%(Fp) + 9,3393 )

Trong d6 Cygn 1a chi phi dau tu xay dung hd
diéu hoa tinh bang ty dong, Fy 1a dién tich ho
diéu hoa tinh bang ha.

Kiém dinh phuong trinh héi quy (9)
bang phan mém Eview 6.0 vé x4c xuit sai

lam va tinh 6n dinh ctia phuong trinh hdi
quy, két qua:

- Xéc suat sai 1am P = 0% < gia tri cho phép
P<5%.

- Gia tri T-Statistic = 57,6991 dat, cho phép
T nam ngoai khoang [-1,99+1,99]

Nhu vay ham hdi quy (9) dam bao tinh 6n
dinh va sai s6 cho phép, str dung dugc trong tinh
toan cua nghién cuu.

d. Ham muc tiéu cu thé

Tir cong thie (1) va cac ham hodi quy da lap
duoc phia trén:

C = Cam + Chik + Chan =

= £1(Qam) + 2(Qc1-2) + 3(Qxe3) + f4(Fh)

* Trudng hop kénh cap 3 sir dung cong hop:

C= 21,6578*(Qum)"*** + ZLgn *0,272%*
Q)™+ SLs*[0,8251(Quen)™P]  +
3,5255*(Fy) +9,3393; (10)

* Truong hop kénh cap 3 st dung cbng tron:

C = 21,6578%(Qum)"*** + ZL, *0,272*
(Qe12)""” + TLie3*[0,4633(Ques) "] + 3,5255
* (Fy) +9,3393; (11)

Trong do:

YLy Tong chiéu dai kénh chinh (don vi
tinh 100m);

YL.1.2: Tong chidu dai kénh cap 1, cip 2 (don
vi tinh 100m);

YLie3: Tong chiéu dai kénh cip 3 (don vi
tinh 100m);

Qum: Luu luong dau moi (m’/s);

Q.1-2: Luu lwong kénh cép 1, cap 2 (m’/s);

Ques: Luu lwong kénh cip 3 (m?/s);

Fy: Dién tich ho diéu hoa (ha);

e. Tinh hgi tu nghiém cua bai toan 16i wu

Chi phi dau tu toan hé théng (C) phu thudc
vao nhiéu bién sd nhu: luu lugng dau mdi, sd
luong cong trinh dau moi, chidu dai cac tuyén
kénh, luu lugng céc tuyén kénh, sb lugong hd
diéu hoa va dién tich ho diéu hoa.

Nghiém ctia ham muc tiéu c6 tinh héi tu khi
can dam bao hai yéu t: Mirc do tin cdy cua ham
muc tiéu va xu thé dién bién ctia ham.

- Ham muc ti€u c6 do tin cady cao do cac
thanh phan tao 1én ham muc tiéu da dugc danh
gia c6 do tin cdy cao.

- Xu thé dién bién cua ham muc tiéu: Ham
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muc tiéu (1) s& duoc chia thanh 02 ham dé xem
xét C = Cyt + Chdh.

Trong do:

Ci 12 chi phi chi phi dau trr xdy dung cua dau
moi va hé thong kénh, Cy = Cym + Cha. Dién
tich hd diéu hoa co ty 1& nghich voi luu lugng
dau mdi va hé thong kénh. Mdi quan hé giita chi
phi dau tu dau tu xay dung cia hé thong va dién
tich hd c6 dang nghich biét, dang do thi sb 2
trong hinh 10.

Mdi quan hé giita chi phi xay ho va dién tich
h6 14 quan hé dong bién, d6 thi dang 3 hinh 10.

Tir xu thé dién bién cta dang d6 thi s6 2 va 3,
dang dd thisd 1 1a téng theo truc tung cta dd thi
s6 2 va sb 3, hinh dang cua dd thi s6 1 s& xuét
hién mot diém 16m nhét (cuc min).

N
\

i (ha)

Chi phi ddu tu xay dyng C (tj dbng)

Dién tich h6 diéu hoa
Hinh 10. Dang do thi cua ham muc tiéu

TAI LIEU THAM KHAO

Ghi chu:

1 — @6 thi ciia ham muc tiéu (C).

2 — @6 thi ham (Cp) chi phi dau tu xay
dyng hé théng (dau mdi, hé thdng kénh).

3 — 6 thi ham chi phi dau tu xay dyng hd
diéu hoa (Chap).

Nhu vy véi phan tich xu thé dién bién cua
ham muc tiéu nhu trén thi viéc ton tai mot
diém cuc trj min 1a hoan toan c6 tinh kha thi
cao, ddy 1a nghiém can tim cua phuong trinh.
Nghiém chinh xac phu thudc vao dic diém
cta timg hé thong.

4. KET LUAN

- Bai toan duoc thiét 1ap cho luu vuc phia
tay thanh phd Ha Noi c6 do tin cdy cao, ¢ thé
st dung trong cac nghién ctru lién quan chi
phi dau tu hé thong tiéu d6 thi. Phuong phap
nay cé thé ap dung dé nghién ctru cho cac
vung tuong tu khac.

- Khé nang hoi tu nghi€m cua bai toan cao
do ham muc tiéu co tinh kha thi trong viéc xac
dinh diém cyc tiéu. V&i phuong phap tinh
toan nhu da trinh bay & trén cé thé ap dung
cho tt ca cac do thi, 4p dung trong giai doan
quy hoach, thiét ké cai tao.
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Abstract
OPTIMAL CONSTRUCTION COST FOR URBAN DRAINAGE SYSTEMS:
A CASE STUDY IN A DRAINAGE BASIN, WESTERN HANOI

In a drainage system, construction cost of each item work and its drainage capacity has a close
dependency. This paper presents methods for fomulating the objective function, the constraints and
steps of obtaining solution. We appliedregressionmodels to determine construction costs of the
headwork, chanel levels 1, 2, 3 and regulation pondsin order to find out the value of the
objectivefunction for a study area being the urban drainage system located inwesternHanoi.

Key words: Optimization in urban drainage system, urban drainage system, detention pond.
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