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ABSTRACT

In the design of urban drainage systems, the water level in the sewer and the
degree of flooding in the drainage area depend on the rainfall in the region
and the water level at the outlet. In the case of urban areas situated in lowland
regions and influenced by tides, like Ho Chi Minh City (HCMC), the boundary
conditions of rainfall and water level at the drainage are considered as
random variables.The calculation and design of the surface drainage system
and the design of the ground elevation require determining the combinations
of rainfall-water level (I-H) at repeated cycles. From there, using compound
pairs (I-H) as boundary conditions, not just determining the amount of
precipitation at repeated cycles as before. The purpose of this paper is to
introduce the method and results of constructing repeating co-periodic curves
of the combination of precipitation-water level (I-H) for design and
application cycles in HCMC. Using these curves, the calculation and design
of the surface water drainage system as well as the design of the foundation
elevation of Ho Chi Minh City will ensure compliance with the National
Technical Regulations on the cycle of sewer overflow as well as flooding.

TOM TAT

Trong thiét ké hé thong thodt mede dé thi, mwc nuée trong cong va do ngdp
trén khu vuc tiéu thoat nuoc phu thude vao lwong mua trén khu viec va muc
nuwdc tai cira tiéu thodt. Péi véi cdc do thi nam & vung tring lhd'p va chiu dnh
hiong cua thiy triéu nhie Thanh phé Ho6 Chi Minh (Tp.HCM), ca hai diéu
kién bién, tirc lwong mwa va myc nudce tai cita tiéu thodt déu la cdc bién nngu
nhién. Viéc tinh todn, thiét ké hé th(fng thodt nude mdt va cao dé nén doi héi
xde dinh cdc t6 hop lwong mua - myc nuoc (I-H) o cac chu ky lap lai lam diéu
kién bién, thay vi chi xdc dinh luong mua & cdc chu ky lap lai nhu truce ddy.
Muyc tiéu cua bai bao nay la gioi thiéu phwong phdp va két qua xdy dung cac
dwong cong dong chu ky lap lai ciia t6 hop lu"ong muea - myc nude (I-H) cho
cdc chu ky thiét ké va ap dung tai Tp.HCM. Bang cdach sir dung cdc dwong
cong nay, viéc tinh todn va thiét ké hé thong tiéu thodt nuwéc mat ciing nhu
thiét ké cao do nén ciia Tp.HCM sé dam bdo tudn thii Quy chudn ky thudt
quoc gia vé chu ky tran cong va chu ky ngdp.
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1. GIOI THIEU

Hé thdng thoat nudc mat caa mot do thi dugc
quy hoach, thiét ké dam bao chu ky tran céng khong
nho hon mot gia tri nhat dinh tuy thudc vao loai d6
thi. Cao do nén cua cong trinh xay dung ciing duoc
thiét ké vai chu ky lap lai muc nuée ngap tinh toan
duoc quy dinh tuy theo loai d6 thi va phan khu chuc
ning d6 thi (Quy chuan QCVN 01:2019/BXD).

Duéi quan diém thay luc, dong chay trong hé
thdng thoat nwéc mat cuia mot do thi théng thuong
phu thudc vao hai diéu kién bién: lwong mua roi trén
Ivu vuc cuc b va muc nudc tai cira tiéu thoat. Mot
cau hoi tu nhién duoc dat ra 1a lidu diéu kién vé
lurong mua va myc nudc tai cura ti€u thoat s€ duoc
xéc dinh nhu thé nao dé ¢am bao rang hé thong thoat
nuée va cao d6 nén duoc thiét ké véi chu ky tran
cong va chu ky 1ap lai myuc nudc ngap khong thip
hon céc gia tri quy dinh trong Quy chuén.

Dbi véi cac d6 thi duoc xay dung ¢ ving dét cao
khong chiu anh hudng cua thay tridu, muc nudc tai
ctra cong s& chi phu thugc vao chinh luong mua.
Diéu nay co nghia 14 trong truong hop nay dong
chay trong hé thdng thoat nude mit chi phu thuge
duy nhit vao mot yéu t 1a luong mua. Diéu kién dé
tinh toan thiét ké hé thng cong va thiét ké cao do
nén & chu ky tran cong hozc chu ky lap lai myc nuée
ngap nao d6 chinh 1a tran mua véi lugng mua cung
chu ky lap lai. Sherman (1931) va Bernard (1932) 1a
nhitng nguoi dau tién dé xuat xay dung duong cong
IDF (Intensity — Duration — Frequency) (cuong do -
thoi khoang — tan suit) dwa trén sb liéu luong mua
quan tric trong qua khir dé sir dung trong céc tinh
toan kiéu nay. Cac nghién ctru khac sau nay ciing da
¢6 nhitng cai tién vé phuong phap dé gia ting do
chinh xac cua cac duong cong IDF nhu Nguyen et
al. (2017), Minh et al. (2022) va Zhao et al. (2021).
Sir dung duong cong IDF lugng mua cua céac tran
mua voi cac chu ky 1dp lai va thoi khoang khac nhau
sé dugc xac dinh.

Tuy nhién, déi vdi cac d6 thi ¢ vung dat thap
chiu anh hudng cuia thuy trleu ngdp lut xay ra la do
su két hop ciia mua 16n, triéu cuong va doi khi ca do
dong chay tran tir song (Tingsanchali, 2012). Thanh
phé Hd Chi Minh 1a mot vi du dién hinh. Bén canh
dia hinh tu nhién thap thi cc trdn mua v6i cudng do
cao két hop voi triéu cudng 1a nguyén nhén gay ngap
trong cac nam qua. Viéc sir dung két qua phan tich
rleng 1& tan suat xuat hién cta lugng mua va tan suat
xuat hién ciia muc nudc s& khong giai quyét dugc
véan dé. Piéu can thiét cho céc tinh toan bay gio 1a
phai chi ra cic t6 hop luong mua — myc nudc (I-H)
¢6 chu ky lap lai pht hop véi chu ky tran cong va
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chu ky ldp lai myc nude ngdp duge quy dinh boi
Quy chuan.

Lian et al. (2013) da nghién ctru tac dong két hop
cua lugng mua va myc nude dinh triéu tai cira nhan
nude dbi véi kha nang va mirc do nghiém trong cua
11 Iyt & thanh phé Phiic Chau (Trung Qudc). Lian et
al. (2013) di chi ra x4c suat chung cua luong mua
va muc thiy tridu ciing vuot qua gia tri ngudng cia
chung 14 rat thip. Xéc sut riii ro chung da duoc tinh
thong qua copula phan phdi chung lugng mua va
muc nude. Tuy nhién, nghién ctu caa Lian et al.
(2013) chua tra loi dwoc cu thé didu kién khi tugng
- thuy van nao nén duoc st dung trong tinh toan chu
ky tran cng va tinh toan muc nudc ngap khi thiét
ké cao do nén.

Trong khi do, nghién ctru cua Koyama and
Yamada (2020) tim kiém méi twong quan gilta tong
luong mua va do gia ting myc nude 16n nhat trén
muc nudc tridu trén song Katabira ¢ thanh phd
Yokohama (Nhat Ban). Két qua chi ra ring cudng
dd mua cyc dai va do gia taing myuc nudce it tuong
quan v&i nhau, trong khi c6 mbi tuong quan giita
tong lwong mua va do gia ting muc nuéc. Nghién
ciru cua Koyama and Yamada (2020) c6 y nghia
nhung ciing khong thiét 1ap duoc tuong quan gilta
luong mua va muc nudc dé tir 46 xac dinh diéu kién
khi tugng - thiy vin lam diéu kién tinh toan thiét ké
hé théng thoat nudc mat va quy hoach cao do nén.

Muc ti€u cta bai bdo nay 1a gidi thi¢u phuong
phap xay dung cac duong cong t6 hop lwong muwa —
muc nuée (I-H) cho cac chu ky thiét ké va ap dung
tai Thanh phd (Tp.) HO Chi Minh.

2. DU LIEU VA PHUONG PHAP NGHIEN
cuu

2.1. Dirligu

Nghién ctru duoc thuc hién cho truong hop cu
thé 14 khu vuc noi thanh va cac khu d6 thi méi phat
trién cua Tp. HO Chi Minh. Pdi voi khu vuc nay,
muc nudc tai cira tidu thoat duoc dai dién bang myc
nudéc tai tram Thay van Qudc gia Phii An trén song
Sai Gon hoac tram do triéu Binh Triéu do Cong ty
trach nhiém hitu han mét thanh vién Thoat nudc do
thi Tp. HO Chi Minh thiét Iap gan d6. S ligu cua cac
tram nay 1a sd liéu muc nudc gio, cho phép xéac dinh
muc nude trén song Sai Gon trong thoi gian xay ra
mua & cac khu vuc caa Thanh phd.

Déi v6i lwong mua tai chd, s liéu mua tran tai
5 tram quan trac da duoc st dung. Méc du c6 nhiéu
hon 5 tram quan trac nhung chi c6 5 tram 1a c6 du



Tap chi Khoa hoc Trirong Pai hoc Can Tho

s6 lidu dé phan tich. Danh sach céac tram duoc gidi
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Bang 1. Cac tram quan tric mua

thiéu trong Bang 1. i S& licu S5
. \ . TT Tén tram S z <
Tat ca cac tram ndy déu do Cong ty trach nhigm T DPén nam
hitu han mot thanh vién Thoat nude d6 thi Tp. Ho 1 Phudc Long A 2009 2022 14
Chi Minh thict lap va quan ly. Cling c6 mét luu y la 2 Thanh Pa 2013 2022 10
tram Cau Bong chi hoat dong t6i ndm 2016 va tram 3 Duong Quang Ham 2007 2022 16
Nguyén Hitu Canh hoat dong tir nam 2017 cho tai 4 Cau Béng + Nguyeén 2007 2022 16
nay. Do 2 tram nay cach nhau chi khoang 1,6 km Hiru Canh
nén ca 2 s€ dugc xem chung la 1 tram. Vi tri cac 5 Ly Thuong Kiét 2007 2022 16
tram duogc gioi thiéu trén Hinh 1.
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Hinh 1. Céc tram quan tric do mua

2.2. Phwong phap nghién cau
2.2.1. Puong ddng tan suat thuc nghiém cua té
hop lwong muwa — muc nuéc

Cong thl’rg tinh x4c suét xuat hién cac gia tri cua
dai lwong ngau nhién X I6n hon hodc bang mét gia
tri X cu thé nao do tur thuc nghiém la:
_m-a

n+

piX = x} 100% @)
_Trong do:nla téng s6 lvong mau; m 1a s6 luong
mau thoa tiéu chi X > x;avab l? cac hé sb hiéu
chinh. Trong truong hop x 1a bién don (nhu luu
lugng, muc nude, luong mua...), chim cac diém
V6i toa do (x, p) 1én dd thi c6 hoanh do 1a p,
tung do 1a x, sau do, v€ dudng tron di qua trung
tam cua cac diém thi ta s& dugc duong tan suat
thuc nghiém.
Trong truong hop cua nghién ctru nay x la
bién kép va 1a t6 hop cua lugng mua tran (I) va
muc nude (H), dd thi tAn sudt s& co dang mat

cong trong khong gian 3 chiéu. Luong mua tran
va muc nudc tai tram quan tric xay ra trong thoi
gian mua duoc dwa 1én dd thi véi truc hoanh la
lwong mua va tryc tung 1a myc nudc bang cac chdm
tron. M3i tran mua 13 1 chAm. Hinh 2 1a vi du cac
chdm moé ta lwong mua quan tric tram Duwong
Quang Ham trong 16 nam va muc nudc tai tram Phi
An trong cung thoi diém.
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Hinh 2. Lwgng mua tran tram Dwong Quang
Ham - mwe nwéc tram Pha An trong 16 nam.
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Mt phing (I-H) duoc chia ludi. Xét 1 mit ludi,
vi du mit lu6i A tuong tng |a=50mm va Ha=1,0m
(Hinh 2) va ¢6 3 cham tron, dong thoi co I>1a va H
> Ha. Nghia 1a trong 16 nam c6 3 1an t6 hop (I-H)
vuot ngudng (la-Ha). Tur d6, chu ky lap lai cua su
kién vugt ngudng (1a-Ha) dugce xac dinh. Cr nhu
vay, ta s& xac dinh dugc chu ky vuot ngudng cua tat
ca cac diém mat ludi. Sau d6 bang phép noi suy song
tuyén tinh, ta s& v& duoc cac duong dong muc chu
ky vuot ngudng (I-H) (xem Hinh 3).

120 $=——

nam

S

Hinh 3. Puong ddng mic chu Ky virgt ngudng
cia to hep (I-H) tram Duong Quang Ham (ndi
suy song tuyén tinh)

2.2.2. Lam tron dwong ddng tan sudt cia té hop
lwong mwa — Myc nuwoc

Céc duong dang tan suit dugc vé bang phép noi
suy truc tiép tir cac gia tri chu ky lap lai tinh theo
thuc nghiém tai cac mét ludi nhu trén s& khong tron
va c6 thé khong dung voi quy luat xac suit trong linh
vuc khi trgng - thity van. Dé khac phuc han ché nay
phuong phép toan hoc s€ dugc ap dung.

Neu f(x) 1a ham phan bé mat do tan suat, duong
tan suat vuot muc sé dugc mo ta bang ham F(x) véi:
)

F(x)= p{X > x}=| f(x)dx

X =8
—n

Trong linh vyc khi tugng - thay vin phan bd mat
dd tan suit cua luu lugng, myc nudc, lugng mua
thuong c6 dang hinh chuéng. Trong truong hop x 1a
bién don, mot trong cac ham dugc st dung phé bién
nhét dé x4p xi phan bd cua cac dai lugng nay 1a ham
Pearson Il (Huy & My, 2022):

()= 2" (x—a)

b ®)
r(c)

b(x—a)}

exp{-
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Véri:’ a — thong s vi tri; b — thong sb ty 1&; ¢ —
thong so hinh dang; va I'(c) — ham Gamma.

c)= th’le"dt (4)

Khi ¢ 14 sé nguyén duong, tich phan (2) va (3):
-5 bl B0 et n(e-a) O

Khi ¢ khong phai 1a s6 nguyén, tich phan (2) 1a
khong thé thuc hién biang phuong phap gii tich.
Tuy nhién két qua tich phan (2) trong trudng hop
nay ciing khong thé qua khac biét so vdi (5). Ngoai
ra, do f(x) ciing chi 1a ham Xap xi nén trong moi
truong hop ta co thé xap xi trye tiép ham tan suat
F(x) ma khong can thong qua ham f(x) va biéu thirc
(5) s& 1a mét goi y, trong do séa, b, clacac thong
sd can tdi uu. M6 rong cho truong hop 2, bién géom
| va H ham tan suit vuot mac s& dugc tim & dang:

M, My
H)zzalklgzaHngx (6)
k=0 k=0
exp[_(bllo +b2Ho +b3|oHo)]
Trong do:
l,=1-1, ()
H,=H-H, 8)

M, va My 1a bac cua cac da thirc. Cac hé sb o,
a, Ho, ank va by, by, bz s& duoc xac dinh sao cho sai
s6 cua F(1,H) so véi tan suat thyc nghiém 13 nho
nhét.

Trong nghién ctru nay M, va My dugc 14y bang
2. Sai sb cia F(I,H) s& cang nho néu bac cua da thirc
(tirc 1a M, va My) cang 16n. Tuy nhién, ham F(l,H)
s& bi u6én nhiéu hon va c6 thé khong con dam bao y
nghia vét 1y ctia n6. Sau khi x4c dinh, két qua tinh
theo (6) s€ dugc str dung dé v& cac duong ddng muc
tan suét (1-H).

Tir két qua ndi suy song tuyén cho ra cac dudng
ddng muc chu ky vuot ngudng cua té hop (1-H) nhu
Hinh 3. Cac duong dang tin suat duoc 1am tron bang
phuong phap ham xap xi cho ra két qua nhu trén
Hinh 4. Ngoai ra, giao dién chuong trinh tinh toan
va vé cac duong dang tan suét ciing dugc trinh bay
(Hinh 4). Chuong trinh nay duogc xay dung va tich
hop trong phan mém F28 cua Giang (2011).
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Hinh 4. Pwong ddng mirc chu Ky vuret ngudng cia to hep (I-H) cia tram Duong Quéang Ham véi thoi
gian mwa 90ph [ndi suy bang ham xap xi (6)]

3. KET QUA VA THAO LUAN
3.1. Két qua xay dwong cong té hop (1-H)
Bing 2. Céc hé s6 ciia ham x4p Xi (phwong trinh 6)

TT Tén tram T Cic hé sb Sai s6
: (phut) ao a1 az as a as b1 b2 bs lo Ho (%)

Phude 60 1,241 -0,023 0,059 0,000 0,005 0,000 0,050 0,085 0,001 10,0 70,0 39

1 Long 90 0,758 -0,016 0,005 0,000 0,009 -0,001 0,015 0,100 0,001 10,0 80,0 39
120 1,051 0,014 -0,011 0,000 0,005 0,004 0,042 0,081 0,000 10,0 89,9 3,2

60 1,393 -0,007 0,039 0,000 0,007 -0,002 0,055 0,064 0,000 10,0 40,0 3,6

2 Thanh ba 90 2,065 -0,024 0,067 0,005 0,002 0,004 0,071 0,043 0,000 10,0 20,0 19
120 1,884 0,001 0,039 0,025 0,003 0,032 0,125 0,043 0,000 10,0 20,0 31

Duong 60 0,780 0,060 0,012 -0,001 0,004 0,007 0,099 0,063 0,000 10,0 20,0 35

3  Quang 90 1,578 -0,109 -0,046 0,010 0,004 0,009 0,092 0,048 0,000 10,0 20,0 3,0
Ham 120 0,663 0,040 0,012 0,001 0,002 0,002 0,065 0,056 0,000 10,0 50,0 3,6
Cau Boéng 60 1,477 0,016 0,018 0,019 0,000 0,000 0,123 0,011 0,000 10,0 30,0 2,3

4 +Nguyén 90 1,617 -0,071 0,048 0,019 0,001 0,005 0,105 0,040 -0,001 10,0 30,0 1,6
Hiru Canh 120 1,025 0,027 -0,063 0,000 0,014 0,003 0,045 0,100 -0,001 10,0 79,9 2,6

Ly 60 1,217 0,027 0,014 0,002 0,006 0,010 0,082 0,068 0,000 10,0 50,0 24

5 Thuong 90 1,841 -0,020 -0,006 0,005 0,005 0,006 0,068 0,050 0,000 10,0 20,0 21
Kiét 120 1,942 0,048 0,000 0,002 0,002 0,005 0,062 0,039 0,000 10,0 20,0 1.8
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Ly Thuong Kiét
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Hinh 5. Do thi ciia cac dudng ding tin suit caa té hep lrgng mwa — mye nwéc (1 — H)
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Hinh 5 bao gdm db thi ciia cac duong ding tan
suét cua tb hop lwong mwa — muc nuéc (1-H), 5 tram
minh hoa cho céac trdn mua c6 thoi gian mua 1a 60
phut, 90 phut va 120 phit dugc v& nhd ham x4p xi
(6) cho cac chu ky 1ap lai 1a 2 ndm, 3 ndm, 5 nam va
10 nam. Mic du sb lugng céc tram do mua trén dia
ban Tp. H6 Chi Minh nhiéu hon con sé nay, tuy
nhién s tram c6 chudi sb liéu lién tuc va dam bao
thoi gian da dai cho phan tich chu ky lap 1a cac tram
dugc V& trong Hinh 5 bén dudi. Cac hé sé cua cac
ham xap xi dwoc giGi thiéu trong Bang 2.

Sai s6 caa ham xap xi dugc danh gia:

max H max

\/IJ [[F(1,H)=p(1, H)F didH

Imax Hmax
[ p(1,H)d1dH

min

©)

Erro=

| H

min

Trong d6, p(I, H) 1a tin sut cua to hop lugng
mua — muc nudc thuc nghiém; Imin, Imax va Hmin,
Humax 12 khoang xéac dinh ciia ham x4p xi (6). Bang 2
cling gidi thiéu sai s6 ciia ham xap xi va ta c6 thé
thay sai s6 1a kha nho, khong qua 3,9 %.

3.2. Thao lugn

Trén cing mot dudng cong ddng chu ky 1ap lai,
bat ky cap gia tri (I-H) nao déu ¢ chu ky xuét hién
gidng nhau. Tuy nhién kha ning gy ngap cua cac
t6 hop (I-H) nay 1a khong gidng nhau. Ngay ca cting
116 hop (I-H) vai tro cta I va H trong viéc gdy ra
ngap & cac vi tri khac nhau trong hé thong céng ciing
khac nhau. Cu thé, d6i vé6i diém gan cira tiéu thoat,
tac dong gay ngap chu yéu 1a H. Nguoc lai, cac diém
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Ngap & xa Cira thi sy thay doi ciia H khong 1am thay
d6i dang ké d6 ngap ma I méi quan trong. Nhu vay,
dé tinh toan thiét ké hé thong céng vai chu ky tran
cdng cu thé, sau khi chon d6 thi tram mua cta khu
vuc, ta s& phai tinh toan thir véi nhiéu t6 hop (1-H)
khac nhau dugc liy trén duong duong dong chu ky
13p lai ¢6 cung chu ky. T6 hop (I-H) cho d6 ngap 16n
nhét chinh 1 t6 hop s& duoc dung trong tinh toan
thiét ké.

4. KET LUAN

Khac véi cac d6 thi ¢ cac khu vuc khéng bi anh
huéng boi thay triéu noi ma cac tinh toan chi dya
trén mot diéu kién duy nhét 1a luong mua trén khu
vuc (1), viée tinh toan thiét ké hé thong thoat nudc
mit va quy hoach cao do nén ¢ Tp. H6 Chi Minh
can t6i 2 diéu kién 1a lwong mua trén khu vue (I) va
Mmuc nudce tai Clra tiéu thoat (H). Bai bao da trinh bay
phuong phap va két qua xay dung d thi cac duong
ddng chu ky lap lai cua to hop (I-H) cho 5 tram quan
trac mua ¢ khu vyc ndi thanh Tp. H6 Chi Minh va
cac khu vuc phat trién dan cu. St dung cac dd thi
nay, viéc tinh toan thiét ké hé thong tiéu thoat nudc
mit ciing nhu thiét ké cao d6 nén cua Tp. HO Chi
Minh s& dam bao tuan thu Quy chuan ky thuat quéc
gia vé chu ky tran cng ciing nhu chu ky ngap.
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