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MO PAU
1. Tinh cip thiét caa dé tai luan an
Nam B6 ¢6 tiém nang kinh té da dang véi dic diém séng rach chang chit
dugc chi phdi bai hai hé théng séng I6n nhat trong ving 1a séng Dong Nai
va song Ciru Long. S6ng & Nam Bo thudng rong, siu, dia chat dat nén yéu
va 0 toc do bién hinh hang nam kha 16n, ving cira sdng thuong xuyén chiu
anh huong manh cua song, gié bio, dong chay va nudc bién dang do bién
dbi khi hau; phia thuong ngudn bi chi phdi boi van dé khai thac va st dung
ngudn nudc cua cac qudc gia khac, nhat 1a Trung Qudc. Ngoai ra, cling véi
cac tac dong lan chiém dong chay tir qua trinh d6 thi héa ving ven song di
va dang dién ra rat nhanh trong thoi gian vira qua, viéc khai thac cat thiéu
kiém soat, ... 13 nhitng nguy@n nhan gay anh hudng va tac d6ng manh mé dén
su bién ddi cua long dan, bd sdng tao ra noi bdi, noi x6i 16 va ¢d nhitng doan
bi x6i 16 kha manh. Bé chong x6i 1, bao vé co s ha tang cac khu dan cu va
viing san xuat ven sbng, trong nhitng nim qua Nha nudc di dau tu hang
nghin ty dong cho viéc xay dyng céac cong trinh ké (CTK) bao vé bo.
Cong trinh ké bao vé bo song da phan 1a cac cong trinh da muc tidu. Tuy
nhién vé mat an toan, CTK lai 1a noi tiém an tai hoa boi su ¢b sup do gy ra
do céc yéu tb bat dinh tir phia tu nhién tac dong vao cong trinh ngay mot
phtc tap. Trong thoi gian 15 ndm tré lai day, sy ¢d vé mat 6n dinh CTK bao
vé bo song & Nam Bo (ké bo sdng Can Tho, séng Tién, séng Hau, séng Nha
B¢, song Sai Gon,...) da xay ra ngdy cang tang thém. Dé c6 co sé quan ly an
toan va hiéu qua cac CTK, can c6 su danh gia chinh xac mirc d6 an toan cua
ké. O Viét Nam hién nay, viéc danh gia an toan CTK chu yéu theo phuong
phap truyén thong (tat dinh) va chua xét dén rui ro sat 16 bo song. Do do,
nhiéu truong hop danh gia an toan CTK chua chinh xac nén viée dé xuat giai
phép xu ly khdng pht hop dan dén su cb, gy thiét hai cong trinh, sat 16 anh
hudng dén tai san, tinh mang nhan dan ving ven séng.
Luan an nay nghién ctiu tng dung ly thuyét do tin cay (LTDTC) va phan tich
rai ro (PTRR) trong danh gia an toan CTK c6 xét dén rui ro sat 1o dé nang
cao do chinh xdc trong danh gid an toan cong trinh 1am co s¢ cho viéc cai
tao, nang Cap va quan ly CTK bo song mot cach khoa hoc va hiéu qua dap
{rng tinh cap thiét vé mat khoa hoc va thuc tién néu trén.

2. Muc tiéu nghién ciu
- Xay dung duoc phuong phap danh gia mirc do an toan theo ly thuyét do
tin cay cho CTK bao vé bo séng.
- Ung dung cho thiét ké méi, cai tao nang cap cac CTK bao vé bo song
Nam BJ.
3. Poi twgng va pham vi nghién citu
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Dai twong nghién ciu: CTK bao vé bo sdng.

Phgam vi nghién cizu: Nghién ctu an toan ke bao vé bo song dang khai thac
su dung ¢ vung Nam Bo.

4. Céch tiép can va phwong phap nghién ciru

Cac tiép can: Luan an lya chon cach tiép can tong hop bao gom: (1) Tiép can
hé thong; (2) Tiép can téng hop; (3) Tiép can ké thira, phat trién cac két qua
nghién ctu; (4) Tiép can bén virng; (5) Tiép can mang tinh hién dai.
Phuwong phap nghién cuieu: (1) Phuong phap luan chinh sir dung 1a LTDTC
va PTRR; (2) Phuong phap diéu tra, thu thap tai liéu; (3) Phuong phap thong
ké; (4) Phuong phap phan tich, ké thira; (5) Phuong phap md hinh toan, ung
dung céc tién bo khoa hoc; (6) Phuong phéap chuyén gia.

5. Y nghia khoa hoc va thuc tién caa luan an )
Y nghia khoa hoc: Thiet lap co s¢ khoa hoc danh gia an toan ke c6 xét dén
rui ro sat 16 bo song thdng qua viéc thiet 1ap va gidi quyet bai toan h¢ thong:
Xac dinh xac suat su co (XSSC) cua h¢ thong, xac dinh do tin cay yéu cau
cua hé thong CTK dua trén LTDTC va PTRR sat 16 bo sdng; thiét ké CTK
dat d6 tin cay yéu cau.

Y nghia thyc tién: Nhan dang, phan tich cac co ché gy mat an toan cho CTK
bo sbng, dinh luong dwgc mae do an toan CTK co xét gién rui ro sat l¢ thdng
qua viéc xac dinh XSSC cho phép va chi s6 DTC yéu cau, 1am co s¢ cho viéc
lua chon giai phap nang cao an toan ké bo sdng; &p dung cé két qua cho ke
b song Sai Gon doan chay qua thanh phd Thu Dau Mat.

6. Nhirng déng gop mai cia luan an

(1) Xay dung duogc bai toan tinh d tin cay hé thong ké song, tinh rii ro chap
nhan dé tim d9 tin cay toi vu. Xay dung bai toan thiét ké hé thong ke séng
theo d¢ tin cay toi uu.

(2) Ap dung phén tich d¢ tin cay cho hé théng ke dién hinh bao vé bo song
Sai Gon doan qua thanh ph{) Thua Dau Mot: da lugng hoa dugc chisé an toér]
hién tai va d¢ tin cay yéu cau CQ ké dén rui ro sat l6 bo song; nghién ciru dé
xuat giai phép stra chira, ndng cap ke dat do tin cay yéu cau.

CHUONG 1. TONG QUAN VE PANH GIA AN TOAN KE BO SONG

THEO LY THUYET PQ TIN CAY VA PHAN TiCH RUI RO

1.1. Téng quan \fé ké bao vé bo song 6 Nam B

1.1.1. Khii quit vé ké bdo vé bo song

Két cAu cong trinh k& (CTK) thuong gom 3 phan: chan ke, than ke va dinh
ke. Trén mot mat cat ngang CTK sbng, tai nhitng cao trinh khac nhau, muc
d6 anh huong cua tai trong 1€n céng trinh ciing khac nhau.
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Theo hinh dang mit cit ngang CTK thuong phan 13 03 loai: ké mai nghiéng,
ké tuong ding va ké hdn hop (mai nghiéng két hop tudng dimg)
1.1.2. Téng quan vé xdi 16 bo’ séng va sw cé cdc cong trinh ké 6 Nam B
Két qua phan tich su ¢b cia mot s6 cong trinh ké by song di xdy ra trong
thoi gian 10 ndm gan diy bao gdm: Ké duong Nguyén Tri Phuong thanh phd
Tha Dau Mét; ké bo trai phia ha luu cdu Phude Loc, huyén Nha Bé; ke bo
song Hau, tinh An Giang; ke bo séng Can Tho; ké chdng x6i 16 bo song Tién
khu vuc chg Binh Thanh, tinh Dé)ng Thap; ké bo song Ganh Hao, tinh Bac
Liéu,... cing v6i nhimg két qua di duoc nghién ciru, danh gia sy vé 6n dinh
va hiéu qua cta cac giai phap, cong nghé bao vé bo song tir hang nghin cong
trinh ké bo song dé dugc xay dung ¢ Nam B0 lién tuc trong nhiéu nim qua
da cho thay nguyén nhén gay mat on dinh CTK ngoai viéc chua c6 quy hoach
chinh tri tong thé thi chii yéu tir yéu té thuy luc long dan chan ke bi x4i cuc
b vuot gidi han cho phép kéo theo cac co ché mat 6n dinh cuc bd do x6i
chan ké va mat 6n dinh tng thé.
a) Nguyén nhin giy x6i 16 bd song & Nam B ¢ thé do con ngudi giy ra
va ciing c¢6 thé do cac diéu kién ty nhién gay ra, gdm c6: dong chay trén song,
xdy dyng lam co hep dong chay hodc thay d6i dong chay, khai théc cat, thuy
triéu, song do gi6 hodc do tau thuyén luu thong tao song,...
b) Nguyén nhan sy cb keé bo song c6 thé khai quat thanh hai nhém nguyén
nhan la chi quan va khach quan. Nhom cac nguyén nhan chi quan 1a do sy
yéu kém trong cong tac khao sat, thiét ké, thi cong, quan 1y xay dung,... goi
chung 1a chét luong xay dung va quan 1y van hanh. Nhém cac nguyén nhan
khach quan 13 do tinh bat thuong ciia thién nhién nhu bao 1d, dong dat, ...
Phén tich theo dic tinh 1am viéc va co ché phé hoai cua cac bo phan két cau
tao thanh CTK bo séng din dén su c6 hong ke ciing c¢6 thé khai quét thanh
hai nhém nguy@n nhan. Nhém nguyén nhan thtr nhét 1a do két cau ké khéng
du kha nang chiu tai biéu hién ¢ cac hién tuong: ké bi trugt méi, nghiéng; ke
bi nut doc, nirt ngang,... Nhém nguyén nhan thir hai su ¢é xay ra & cac CTK
la do quan ly van hanh biéu hién & céc hién tuong: xo6i chan ké, neo dau tau
thuyen vi pham hanh lang an toan cong trinh. Cac nguyén nhan dan dén sy
¢d CTK c¢6 quan hé mac ndi voi nhau tac dong dén nhau theo logic hé thong.
1.1.3. Phin tich nguyén nhin hur hong cong trinh ké
Nguyén nhan gy hu hong CTK bd song thuong lién quan truc tiép dén qué
trinh x6i 16 16ng dan. Do diéu kién chiu lyc trong qua trinh 1am viéc caa CTK
¢6 tinh chét thay d6i ca vé khong gian va thoi gian nhu:
a) Yéu t6 lam tang lyc gay trugt tong thé bao gdm: gia tai trén mat ke; dat
bo song bi bio hoa nudc lam ting trong luong khéi dat bo, phat sinh ap luc
thim; muc nude séng ha thp va do x6i chan ké lam lyc ngang ting 1én vuot
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qua gidi han cho phép cua tudong ke.
b) Yéu t6 1am giam tai trong khdi chéng truot 1a: 1ong din bi dao x6i, khdi
dat phan ap ctia mai ké bi suy giam, dat bo song bi thay doi trang thai lién
tuc, kho - u6t gay nirt né lam giam lyc lién két gitra chiing.
1.2. Tong quan cic nghién ciru ing dung LTPTC va PTRR trong linh
vuc thiy lgi va danh gia an toan ké
LTDTC dugc tng dung tir nim 1920 va phat trién manh mé tir nhitg nam
1970. My va Canada la 02 qudc gia di dau trong nghién ciu tng dung
LTDTC danh gia an toan cac dap 16n tir nhitng nam 1990. Viéc nghién ciru
két hop LTDTC va PTRR trong d4nh gia an toan dap, ho chia nudc duogc
thyc hién tai Buc, Ha Lan va Uc tir ndim 1996 va nhanh chéng lan rong ra
cac nuéc Chau Au, My, tro thanh trong tam caa cac Hoi thao do Hoi Dap
I6n Thé gisi (ICOLD) tir nam 2000 dén nay.
O Viét Nam, LTDTC dugc phat trién tir ndm 2000 trong linh vuc thuy lgi vé
cong trinh phong 1ii, cdng 16 thién, hé thong kénh va cong trinh trén kénh,
CTDM hd chua thay loi. Mot s6 tac gia tiéu biéu: Nguyén Vin Mao, Nguyén
Quang Hung, Pham Hong Cudng, Mai Vian Cong, Lé Xuan Bao, Tran Quang
Hoai,... Trong linh vyuc an toan hd chira, Nguyén Lan Huong, Cam Thi Lan
Huong di xay dung duoc phwong phap luan dénh gia DTC cho dau mdi ho
chua thay loi.
Nhu véy, ¢ Viét Nam hau hét cac nghién ctru thudng tap trung vao tng dung
LTDTC va PTRR trong danh gia an toan hd dap, hé thong kénh, dé diéu va
cdng; chua c6 mot nghién ciru toan dién tich hop bai toan phan tich PTC hé
théng CTK voi PTRR sat 1o by séng.
Hién nay, trén thé gigi c6 3 phan mém dugc dung phd bién dé tinh toan DPTC
la: Bestfit, VaP va Open FTA. O trong nuéc, phan mém DCT2007 sir dung
dé danh gia chit luong hé thdng cdng trinh thuy nong theo LTDTC cép do
II; phan mém SYPRO2016 xac dinh DTC cua cic cong trinh (dap dat, dap
tran va cong ngam) & cap do 11 va cap do I11.
1.3. Ton tai trong nghién ciru danh gia an toan ké & Viét Nam
O Viét Nam, viéc d4nh gia CTK bo séng dugc thyc hién theo phuwong phép
tat dinh, rui ro sat 10 bo song da duoc xét dén nhung chwa day du, thudng tap
trung vao 1 trong 2 ndi dung: (i) Panh gia an toan CTK, chua xét dén moi
lién hé giita DPTC ctia CTK vi rtii ro sat 16; (i) Thong ké thiét hai dé dé xuét
phuong an quan 1y van hanh hop 1y va phuong an tmg pho giam thiéu rai ro
sat 16 ma chua xét dén mbi lién hé véi hién trang CTK.
Nhu vay, cach danh gia an toan ké hién nay ¢ bét cip sau: Chi xét cac CTK
v6i so dd bd tri tong thé don gian; chua xét ddy du, toan dién cac CCSC cua
tirng hang muc va hé thong CTK, két qua dénh gi4 chua phan anh khach quan
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va day du vé hién trang cong trinh; viéc danh gi4 thiét hai, danh gia mic do
rui ro sat 16 1a cén thiét nhung chua dwoc quan tim; cac nghién ctru con roi
rac, chua gén an toan CTK v&i rai ro sat 16.

1.4. Pinh hwéng nghién ciru va cic van dé cin gidi quyét ciia luin an
Phuong phap két hop giita LTDTC va PTRR 1a phuong phap hién dai, khic
phuc duoc ton tai trong danh gia an toan ké bo song ¢ Viét Nam. Dé tai chon
hudng nghién ciru xay dung phuong phap luén danh gia an toan ke bo song
6 xét dén rui ro sat 16.

1.5. Kétluan Chuong 1

Thong qua phan tich tong quan vé ké bd séng ving Nam Bo; tong quan vé
tinh hinh nghién ctru va tng dung LTDTC vao linh vyc thuy loi va danh gia
an toan cong trinh ke trén thé gidi va & Viét Nam; phan tich, danh gia wu,
nhuoc diém cia mot sb nghién ctru dién hinh, Chuong 1 da chira tdn tai cua
cac nghién ctru trong nudc. Tu d6, xac dinh hudng nghién ctru tap trung vao
xdy dyng phuong phap luan danh gia an toan ké bo song thong qua viéc phan
tich PTC va PTRR; dé xuét giai phap tdi vu stra chita, nang cap ké dap tng
kha ning chap nhan rui ro sat 16.

CHUONG 2. CO SO KHOA HQC CUA LY THUYET PO TIN CAY VA
PHAN TiCH RUI RO TRONG DANH GIA AN TOAN KE BO SONG

2.1. Ly thuyét do tin ciy trong danh gii an toan ké bo song

2.1.1. Kh4i niém an toin ké song

a) An toan ké song bao gdm an toan cua cong trinh ké bao vé b séng va

cac cong trinh ha tang lién quan dén tuyén keé.

b) LTDTC str dung phuong phap phan tich h¢ thong va ly thuyét ngau nhién

nham xac dinh XSSC (Pf) cta céc co che pha huy thanh phan tir d6 xac dinh

XSSC tong hop clia toan cong trinh. Gi tri chi s6 DPTC (B) dugce sir dung dé

danh gia muc bao dam an toan ctia cong trinh.

c) Rui ro va phan tich rii ro

Riii ro ctia mot ddi tuong 1a tich s6 cua kha nang xay ra sy ¢b cuia ddi tuong

va hau qua do su ¢d gy ra. Khi ap dung cho ddi tuong 1a ké bo sOng, rui ro

dugc xac dinh la rui ro sat 16 bo séng duge xdc dinh bang tich sé cua xéac

suét xay ra su c¢b cong trinh ké va thiét hai do su cb ké gy ra.

Phuong phap LTDTC va PTRR xac dinh quy m6 cong trinh dya trén quan

diém rui ro chap nhan dugc bang cach xac 1p quan h¢ gitra XSSC cua cong

trinh v&i gid tri thiét hai tuong g do su c¢0 gay ra thong qua ham rui ro.

2.1.2. Pg tin ciy ciia mét co ché sw co

a) Khdi niém co ché sy c6 (CCSC): 1a kiéu hu hong cong trinh do qua trinh
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co hoc - vat 1y twong tac giira diéu ki€n bién va cong trinh. Co ché su ) duoc
mo phong bang 2 dai lwong 1 kha ning chiu tai (R) va tai trong tac dung (S).
b) Ham tin cdy cia mgt CCSC: Ham tin cdy (Z) 1a gia tri con lai ctia kha
nang chiu tai (R) dudi tac dong cua tai trong tdc dung bén ngoai (S). Ham
(Z) dugc thiét 18p tai trang thai gidi han sao cho cac gia tri &m cda no tuong
g v6i trang thai pha hoai/hu hong cua co ché va nguogc lai gia tri dwong
clia Z tuong tmg v6i trang thai lam viéc an toan va dugc biéu dién nhu sau:
Z=R-S (2-1)

c) Cdch giai cac ham tin cdy cua mét CCSC: Ham tin cdy dugc giai vdi cac
cap do sau: Cap do I: Tinh toan dya trén cac h¢ sé an toan cho phép; cap do
II: (phuong phap gan dung) ham tin cdy dugc tuyen tinh hoa va ham mat do
Xac suat dugc thay bang cac ham c6 dang phan bd chuan; céap do III: Giai
quyét bai toan ngiu nhién hoan toan khi ham mat do xac suit duoc giir
nguyén thé.
d) Chi so do tin cdy B1a gia tri dugc dung dé thay thé cho do tin cay hodc
xéc sudt su c¢b Pr (Failure Probability):

B =1 (1-Py) (2-48)
trong d6, ®* 14 nghich dao ctiia ham phéan phdi chuin chudn hoa.

2.1.3. So do ciy swrco

Mot cong trinh co thé chiu tac dong ciia nhiéu co ché gy mat an toan. Vi
CTK bo song thuong c6 céac co ché: nude tran dinh ke, treot mai ke, x6i chan
ke, lun, 1at, nghiéng ke,... Khi d6, dé danh gia an toan cong trinh, can t6 hop
tat ca cac co ché su co c6 thé xay ra véi timg hang muc cong trinh va mdi
quan hé giita su cb tong thé cua ting hang muc trong hé thong va duoc thé
hién thong qua so do cay su c.

Mo ta so s0 cay su b bang hé thong ky hiéu quy udc chung biéu dién céc su
c¢b va cac cong lién két thé hién mbi quan hé giita cac su cd.

2.1.4. Ham tin cay ciia mgt hé tlmng

C6 2 cach mé ta mdi quan hé gitra Cac so dd cdy su cb thanh phan thudc hé
thdng 1a ghép song song hodc ghep ndi tiép.

a) XSSC cua hé thong ghép noi tzep

XSSC cuia hé thong ghép ndi tiép s& 16n hon XSSC l6n nhit ciia mot thanh
phan va nhé hon tong XSSC cua tit ca cac thanh phan.



=N -

Sy cé thanh phin A Su ¢ thanh phan A Sy ¢ thanh phan B

() Hé thdng néi tiép (b) Hé thdng song song
Hinh 2-7: So dé cdy sw co dién hinh ciia hé thong
Ditlevsen dua ra cac cong thirc gan ding nhu sau:
Néu ap dung phuong phap ’ca"ip do II @é tinh XSSC cua tung thanh phan thi
bién cua XSSC trong hé thong c6 n thanh phan la:

max(P(R; <)) <P < ¥ P(R; < S)) (2-56)
£ am—
| Sur ¢6 thanh phan A| |su cé thanh phan B | ‘ P<P+P, | ‘ P<Py+P,+Ps |

" sha £ s

Hinh 2-8: Minh hoa cdch xdc dinh XSSC ciia hé thong noi tiép
b) XSSC ciia hé thong ghép song song
Hé théng gip su cb khi tit ca cc thanh phan cia hé théng hu hong. Khoang
su c0 dugc dinh nghia la:
EiNE;Nn..NE, (2-58)

X&c suat xay ra su ¢b cua hé théng la:

P; = P(E,)P((E2|E))P(E3|Ey, Ey) ... P(En|Ey . En_y))  (2-59)
2.2. Phén tich rii ro sat 16 bo song
Rui ro sat 16 bo song do xay ra sy ¢0 mat an toan CTK duoc xac dinh nhu sau:

Rr = Ps. Cy (2-61)

trong do, Rg: rui ro sat 1o bo song; Pr. Xac suét x4y ra sy cb mét an toan
CTK; Cn: Tong chi phi thiét hai do hau qua sy cb CTK gay ra.
Két qua PTRR sat 16 bo sdng dugc so sanh vai cac ’chuén rui ro hay gid tri
gi61 han rui ro da thiet 1ap. Trong trudng hop can thict, thong so k¥ thuat cua
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CTK, hé¢ théng cOng trinh chéng sat 1& phai diéu chinh dé gia tri rui ro thoa
man tiéu chuin. Rui ro chip nhan duoc ‘hay gia tri gi6i han rui ro (chuan rai
ro) 12 gid tri rai ro twong ing v&i diém t6i wu ma tai d6 tong chi phi nho nhat.

a) Nguyén Iy va trinh tw PTRR sat 6 bo song tai Hinh 2-9, Hinh 2-10

Hé théng CTK va ving bdy
song duge bao vé

_.I

Mo ta CTK |

¥

| Liét ké cac su cd I—»

[}

Xac dinh xdc sudt xay
ra su co CTK

Két hgp xdc suat

| Dinh luong hau qua I—'

Picu chinh

Hinh 2-9:

Tén sudt mat an toan CTK
vamire do thiét hai

va thiét hai

| Rui ro mat an toan

CTK

|_7

Panh gia

Tiéu chuan
an toan ke

Péanh gia an ]

toan CTK
hién tay

Ra quyét dinh |

)

nhéan

Céip d6 rii ro chip

So d6 nguyén Iy PTRR sat 16 bo séng do sw co ké

Liét ké cac kiéu su ¢b co thé
xay ra voi CTK

¥

Mo phong cac CCSC cua timg
hang muc CTK

{

Xac dinh xdc suat xay ra cic

CCSC cua CTK

Y

Xac dinh thiét hai khi mat an
toan CTK

¥

Xac dinh rui ro sat 1o bo song
Ri = Xac suat x thiét hai

Ké an toan

Xac dinh rui ro sat & bo song

chip nhin duoc [Ri]

Sai @ Pring

Ké khong dam
bao an toan

Dé xuét giai phap
nang cao an toan ke

Hinh 2-10: Cdc buéc co ban trong PTRR sat 16 bo séng do sw co ké

2.3.
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2.3.1. Hgu qud ciia ciia sat lé bo song la thiét hai vé kinh té, x3 hoi va moi
truong, dac biét trong truong hop xay ra mat an toan CTK, duoc phan chia
thanh 2 nhém, gém: nhom thiét hai vé con ngudi va tai san va dugc chia
thanh cac loai: thiét hai truc tlep va gian tlep, thiét hai hiru hinh va vo6 hinh.
2.3.2. Phwong phdp ddanh gid thiét hai ving bdo vé ciia ké bo' song
C6 2 phwong phap pho bién danh gi thiét hai, gdm: (i) Phuong phap thng
ké (dya vao so liu luu tri¥) va (ii) phwong phap mé hinh mé phong két hop
kiém chimg bang s liéu diéu tra, phwong phap nay dugc st dung phd bién
bang cach thirc xdy dung dudng cong thiét hai (ham thiét hai) dya trén ban
db thiét hai; kiém chung bang s6 liéu lich st quan tric dugc.
Téng thiét hai cua ving ha du duoc x4c dinh theo cong thirc sau:

D =¥, Fix f(hy) (2-62)
trong d6: D: tong thiét hai sat 16 bd song
Fi: Dién tich 6 thir i toan b dién tich viing anh huong dugc chia thanh n 6.
f(hi): Gia tri ham thiét hai twong (tng v&i murc do sat 16 (h;) cta 6 ludi thi .
Két qua thiét hai dugc trinh bay dudi dang ban do va bang tinh thiét hai Gng
voi cac muc nudce sat 16 khac nhau.
2.4. Panh gia an toan ké c6 xét dén rii ro sat 16 by song
2.4.1. Ddnh gid riii ro sat lo bo song
a) Ddnh gid rii ro 14 sy so sanh gia trj rai ro v6i tiéu chudn an toan hién tai
dua trén gia tri rii ro chép nhan duoc.
b) Khdi niém rii ro chdp nhdn duge: 13 giGi han rui ro tiém tang 16n nhit
ctia ving CTK song bao vé hop 1y vé mitc dd anh huéng va tin sudt xuat
hién dé lam co s& quyét dinh mirc bao dam an toan thiét ké.
b) Nguyén Iy xdc dinh rii ro chdp nhdn dwoc theo quan diém kinh té
Theo quan diém kinh t&, XSSC cho phép [Ps] dugc xac dinh tir tdi uu vé chi
phi va rui ro sat 16 bo song. Tong chi phi cia mot hé thong (Cror) duoc xac
dinh bang tong chi phi (Isr) dau tu stra chira, nang cap hé thong dat d6 an toan
cao hon Ps va rui ro sat 16 (Rer). Khi d6, XSSC t6i wu duoc xac dinh qua ham
muc tiéu tong quat sau:

min(Cy,) = min(lp, + RP, ) (2-63)

trong do: lps: Téng chi phi dau tu stra chita, nang cép hé théng dat d6 an toan
cao hon, bao gom gié tri dau tu xay dyng ban dau (I,); chi phi dau tu xay dung
méi hodc, SCNC hé thong an toan hon (c6 XSSC [Pri] thap hon); chi phi cho
bao tri da thuc hién ddi véi cong trinh SCNC PV(Mpr); i; n: Thu ty va sd
phuong 4n dau tu xay dyng méi hodc SCNC hé théng CTK dugc xem xét.
Ham muc tiéu (2-63) dat cuc tri khi:
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0Cy

—©_p -

oP, (2-64)
Nghiém ctia phuong trinh (2-64) chinh 1a gi tri rti ro chap nhan dugc twong
ung voi XSSC cho phép [Pf] cua CTK, ky hi¢u la Pr.opt xac dinh dugc theo
hai phuong phap giai tich va thur dan.

Chi phi

(C)

Biém‘féiu/
Cm\n _________ | /‘/(l)/

(R) e s
7 Mulrc dam bao thiet ke
10" 102 10° ' IPf]

Hinh 2-13: T6i wu XSSC theo quan diém kinh té
2.4.2. Ddnh gia an toan ke bo song
So sanh XSSC cua CTBM (Pr) v61 XSSC cho phep [Pr] xac dinh tir rui ro
chap nhan dugc cta vung bo song duge bao vé. Néu gié tri rai ro hién tai cua
CTK vugt qua rti ro chap nhén duoc cua ving bao vé thi hé thong can dugc
SCNC dam béo an toan.
2.5. Két luan Chuong 2
Chuong 2 di hé thdng hoa, tong hop co s khoa hoc vé LTDPTC va PTRR
sat 16 bo song: 1am 1o khai niém, ndi dung, cach thuc ap dung LTDTC va
PTRR sat 10 b séng vao danh gia an toan CTK dé tinh toan, xac dinh: rii ro
sat 16 bo song, gia tri rui ro chép nhén dugc theo quan diém tdi wu vé kinh
té; XSSC cho phép [Ps] hay DTC yéu ciu cua hé thong CTK. Tu ly thuyét
co ban nay, Luan an tip trung phat trién cac bai toan umg dung, gébm: PTRR
hé thong CTK, phan tich DTC cuia timg co ché sy ¢d, timg hang muc va cia
hé thong CTK tai Chuong 3.

CHUONG 3. THIET LAP BAI TOAN UNG DUNG LY THUYET PQ
TIN CAY TRONG PANH GIA AN TOAN KE BO SONG NAM BQ

3.1. So d(‘ﬁ‘h()a moi lién hé giira cong trinh ké va bo song

3.1.1. So do hoa cong trinh ké song

Cac cong trinh duoc xay dung bén bo song, kénh rach cing giai quyét cac

nhiém vu phong chong sat 18, bao vé khu dan cu, ha tang k¥ thuat va két hop
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chinh trang do thi goi la CTK bo song.

CTK thuong gém cac hang muc: chan k¢, mai k¢ (than k¢) va dinh ke; ngoai
ra con ¢ cac cong trinh phuy trg nhu: céng thoat nude, bén tau, cong vién,...
Céc hinh thirc bd tri tong thé CTK bo séng rat da dang. Tuy thudce vao vi tri
xdy dyng va nhiém vu cong trinh, hinh thirc bé tri khong gian kién trac tap
trung vao 3 phan: khu vuc mit nudc truée ké, CTK va hanh lang cong vién.
3.1.2. Ciu tao céng trinh ké séng

Két cau CTK thuong gém 3 phan: chan ke, than ke va dinh ké. Trén mot mat
cit ngang CTK sdng, tai nhirng cao trinh khac nhau, mutrc d6 anh huéng caa
tai trong 1én cong trinh cling khac nhau.

Hinh 3-1: So do tong qudt CTK bo séng Hinh 3-2: Céu tao CTK bo' song kiéu mdi nghiéng
Déi voi CTK tuong ding s& khong ¢ két cau mai ké. Than ke thuong 1a két
cau tuong BTCT trén nén coc dong sau vao nén dat tot hoac két cau tuong
ctr (BTCT du ting luc, thép, ban nhwa, composite,...) dong sau vao dat nén.
Tuy diéu kién dia chit dat nén va dia hinh bd séng cd thé bé tri thém két cau
neo tuong Cu.

3.1.3. Két néi giira an toin céng trinh ké vi sat 16 bo séng

Su cd CTK Anh huwong cua 10,
thuy triéu
i
Anh hudng giao
thong thuy

an
Do gia tai mat bén,

CTK
nao vét,...

Sur ¢6 edng trinh
lién quan khac

Ban than Gian doan
két ciu ke giao thong

Hinh 3-3: So do két néi giita an toan CTK va sat 16 bo séng

Anh hudng
san xuat,
KT-XH,...
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Tir so do két ndi gitra an toan CTK va sat 16 b séng, (g véi cac truong hop
trong thuc tién lai dwoc td hop voi céc yéu td anh huong dén muc do thist
hai, gom: anh hudng do 1ii va thuy triéu, do giao thong thiy, do anh huong
cua gia tai mat ké va nao vét tai Hinh 3-3. Ttr viéc phan tich méi lién hé gitra
cac doan ké néu va sat 1o bd sdng trén, thiét lap duoc so dd cdy su ¢b tong
quat ctia CTK nhu sau:

Sy ¢b cong trinh ké

Su b ké Su b bén cu tau

] ]
Su ) Su ) Su ) Su cb Su cb
doan ke i-1 doan ke i doan keé i+1 doan ke i+2 doan keé i+3

- & o s 2

Hinh 3-4: So do cdy sw co tong qudt cong trinh ké song
3.1.4. Gioi han truong hop nghién ciru
Luan 4n chi nghién ciru thiét 1ap cac bai toan tmg dung LTDTC va PTRR
danh gia an toan ke bo sdng cho truong hop pho bién & Nam B nhu sau:
(i) Hé thong CTK bd song gdbm mot doan ke hodc nhi"éu doan k¢ va khong
xét tdi cac hang muc phu trg khac nhu cong qua ke, bén cau tau do da duoc
nghién ctru [1];
(i) CTK dwoc mé phong theo hé thong c6 lién két ndi tiép.
3.2.  Thiét 1ap so db cay sw cd
D01 voi ke bo song, hé thong dugc phan tich toan dién tir diém dau dén diém
cudi tuyén. Su cd & ké bo sdng gom cu b clia cac két cau ke & mot doan ke
hodc xdy ra ¢ cac doan ké khac nhau trén b sdng, s& truc tiép hogc gian tiép
dan dén hu hong ke gay sat 16 bo séng, trong do, mat 6n dinh tong thé CTK
1a truong hop gay thiét hai 16n nhat.
So db cay su ¢b tong quat cho CTK séng nhu Hinh 3-5:
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| Su cb cong trinh ke |

T

I |

Surcb doan ke Sur ¢d doan ké Sur cd doan ké Sur cd doan ké
loai 1 loai 2 loa1 3 loat 1...
Su cd do dia k§ Sw ¢ do thuy Iye Su ¢ két cau, on Su cd do khai
Nudre tran thudt dong chay dinh thac

- i i

- 1 1 L T T 1 |

iz Mat on i Xo1 cuc| | Mat on Mat [ [ Mat on || Chuyen || .. .: Gia Nao
Mat on Lan PR i 2 . A Giy do, . X
. dinh b6 chan| |dinh cau on dinh ||vi ngang o, tal vét
dinh X vuot L .- X == | ot cac - N
x 2 nen . ke vuot | [kién mai dinh truot | |vuot g | L c x mat long
tong thé . leid han L X A1 2 . = két cau | z°
mong giGi han ke lat ke| phang ke|| han ke dan

FM2.1 FM23 FM22 FM3.l FM3.2 FM42 FM41 FM43 FM44 FM5.1 FM5.2
Hinh 3-5: So do cdy sw ¢6 ciia CTK séng viing Nam B¢

3.3. Thiét 1ap ham d tin cay cia co ché sy c6 CTK song
a) Nguyén tic thiét lap: Hoat dong cua timg hang muc thudc CTK tuan theo
quy luat vét 1y, co hoc tic dong qua lai gitta moi truong nudc, nén, cong
trinh. Quy ludt ndy dwoc xem xét dé xac dinh ham tai trong (S) va ham do
bén (R) khi thiét 1ap ham tin cay.
b) Piéu kién 4p dung: Déi twong nghién ciru 1a CTK duge md phong theo hé
thong c6 lién két ndi tiép.
¢) Giai ham tin cdy: Cac ham tin cay duoc giai theo cip d6 3 bang phwong
phap mo phéng ngau nhién Monte Carlo (MCS).
3.4. Xic dinh SXSC va phan tich PTC ciia hé thong CTK song
3.4.1. Muc tiéu
Panh gi4 hién trang an toan cua CTK thong qua viéc xac dinh va so sanh
DTC ctia CTK v6i chuan an toan hién c6; tir d6 dé xuat giai phap nang cao
DTC cho cong trinh va giam thiéu rii ro ving bao vé ven song.
3.4.2. Noi dung bai todn
a) Trinh ty thuc hién: Xac dinh BDTC cho cac co ché su cd cua cac hang muc
thugc CTK; phan tich DPTC cta cac hang muc thudc hé théng CTK, dé xuét
giai phap nang cao DTC cta CTK va giam thiéu rui ro ving bao vé.
b) Cac budc giai bai toan:
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- Buéce 1: M6 ta vé& nhiém vy, cdu tao, quy mo, hién trang ctia qéc thanh phﬁn

thudc h¢ thong CTK; xac dinh moi quan h¢ gitra cac thanh phan;

- Budc 2: Phan tich nguyén nhan dan dén su cd theo cac co ché khac nhau;

liét ké cac sy c0 c6 thé xay ra cho cac hang muc cong trinh va hé thong CTK;

- Bude 3: Xay dung so d6 cdy su ¢d cua cac hang muc va toan hé thong CTK;

- Budc 4: Thiét lap va giai ham tin céy ctia cac CCSC dé xac dinh XSSC;

- Budc 5: Phén tich so do cdy su cd, tong hop XSSC cho ting hang muc va

toan b hé théng CTK theo ma tran su cd.

- Budc 6: Xac dinh chi s6 PTC (B) cua timg co ché su ¢6 va cua ca hé thong.
Bdng 3-4: Ma trdn XSSC ciia hé thong cong trinh ké

Céac hang muc thudc Co ché su cd Tén

CTK song Swedl|Swed2|...|Swcdi|...| Swedn g
0) €)) 2) 1) (n)

Poan ke 1 pi pi2 Dl Pin Py

Poan k¢ 2 P21 P22 P2i P2n P

Poan ke j (th j) pil Di2 Dii Djn Ps

Céc hang muc khac (m) Py P2 Dmi DPmn P
Tong hop Psci Pscz |...| Psci |...| Pscn Pur

3.4.3. Két qui va y nghia ciia bai todn

Két qué cua bai toan cho ta (i) nhin dang duoc hang muc cong trinh c6 nguy
co xay ra sy ¢ cao nhat (P; max) dé xac dinh hang muc thudéc CTK cin phai
tap trung dé SCNC; (ii) Xac dinh duge CCSC c6 XSSC 16n nhat (Psci max)
dé dé xuét giai phap thiét ké SCNC nang cao DTC cho CTK.

3.5. XAy dung duwdng cong sw cb va dwong cong thiét ké

V&i mdi co ché sur ¢b, tién hanh tinh toan cho mot khoang bién ctia cac BNN
chinh cho timg co ché su ¢b khac nhau bang cach giit nguyén dang phan phdi
thdng ké (d6 1éch chuén o), thay doi gia tri ky vong toan (), tinh lip theo
phuong phap MCS tim cac XSSC Py twong tig va vé dudng cong su ¢d va
duong cong thiét ké.

Trén co s¢ dudng cong sy ¢b cua timg co ché su €6 néu trén c6 thé xéac dinh
duoc gia tri t6i han cua cac tham so thiét ké twong tng voi timg co ché dam
bao diéu kign lam viéc an toan cua ke: Xac Suit sy b cua timg co ché < xéac
Suat su ¢6 cho phép twong tng [Pf]. Ung dung bai toan phan tich d9 tin cay
cap do 111 theo mo6 phong ngau nhién Monte-Carlo xac dinh dugc gia tri thiét
ké cua cac tham so chinh cua ké gdm: cao trinh dinh ke, chiéu sau bao vé
chan ke, chiéu sdu hd x6i t6i han,... dap ung diéu kién an toan theo timg co
ché. Cac budc thuc hién theo so d6 khdi tai Hinh 3-10 nhu sau:
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Xéc dinh chi s6 DTC yéu ciu cua tuyén ké [B]
(twong tng vé1 SXSC cho phép [Py])

|

Phén b [P4] t6i timg co ché su cb
(Giai ham tin cay theo cap do L II, III)

|

Xay dyng ham tin cdy co ché sy ¢b i
~ Ri(XR, XE,XE, ..) — Si(X. X5,X5,..) ()

!

Mo phong ngiu nhién Monte - Carlo cac bién lién
quan (*) R;. §;

!

Xac dinh XSSC Pf

!

_--~"Kiém tra diéu kién an -

- Pli:[P}] . -

h 17 Pung

Truy hdi gi4 tri bién ngiu nhién tai diém thiét ké
{RP,sP

[ S

|

Két thuc
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Hinh 3-10: So' do thudt todn xdc dinh gid tri thiét ké theo bai toan PTC cdp d6 1l
Xac dinh chi s6 PTC yéu cau cua tuyén ke [B] tuong ung véi SXSC cho
phép [Pf] dugc thuc hién thong qua md phong ngau nhién Monte Carlo (cap
do 111), két hop phan tich so d6 cay su ¢ theo phuong phép cap do 11 xac
dinh dugc muc d6 anh hudng cua ting co ché sy ¢b den X4&C suét sy ¢b cia
toan tuyén ke, tir 46 phan b [Pf] t6i timg co ché su ¢b. Trén co s& d6 phan
tich phan bd duge BPTC yéu cau cua tuyén ké dén timg co ché sy ¢b 1am co
so cho bai toan thiét ké theo DTC tng véi cip do co ché su cd.

Trén co so DTC yéu cau cia timg co ché sy ¢d, xac dinh duoc gia tri tham
s6 bién tai diém thiét ké 1am co s& tinh toan thiét ké kich thuéc ke dam bao
X4c suat su ¢ timg co ché thoa man diéu kién xac suét su ¢ cho phép. Day
chinh 1a co s¢ dé xuét giai phap stra chira, nang cap ké dat DTC yéu cau.
Phwong phap xac dinh PTC yéu ciu cho hé thong ké

3.6.1. Phuwong phip xic dinh gid tri rii ro chip nhin



Giatrirairo Chap nhan cta ving duoc bao vé bai hé théng ké duoc xac dinh
bang céach can bang gitta mirc d6 dau tu dé dat dwoc mot chuin an toan va
cé4c thiét hai tiém tang (hay rai ro tiém tang cd thé xay ra) theo céc kich ban
dau tu khac nhau.

3.6.2. DTC yéu ciu tir gid tri riii ro chap nhin dura theo quan diém kinh té
DTC yéu cau dugc xac dinh tai diém tdi uu trén duong cong téng chi phi, la
diém ma tai d6 c6 tong chi phi kha di cua hé thong 1a nho nhét. Tong chi phi
cia mot hé thong (Cr) duge xac dinh bang tong cong gid tri dau tur (Ian)
nang cap hé thong dé dat duoc do an toan cao hon; chi phi kha di cho duy tu
va bao dudng M va thiét hai kinh té kha di D.

3.7. Bién phap ning cao an toan ké séng, giam thiéu rii ro sat 16
Truong hop XSSC (Pr) > [Pr] thi ké khdng bao dam an toan, ving bao vé van
c6 kha ning bj rui ro sat 16. Khi d6, can c6 giai phap nang cao an toan CTK,
giam thiéu rui ro sat 16 viing bao vé.

3.7.1. Nhom gidi phip giim thiéu riii ro sat I6' bo song

Dua trén nguyén tic giir nguyén hién trang CTK, xac dinh rai ro chap nhan
duoc cua ving bao vé tng véi trudng hop thiét hai sat 1o bd sdng 16n nhat
do mét an toan CTK va thyc hién cac bién phap phong, tranh dé giam thiéu
rui ro cho ving bao vé (Top - Down): bao tri cong trinh; xay dung phuong
&n ung pho vai thién tai, tinh hudng khan cap, lap phuong an dau tu cong
trinh bao vé bo cho khu vuce ven séng nhu xay dung dé, ke song,...

3.7.2. Nhom giii phap phong, tranh rii ro sat 1o bo song (Bottom - Up)
Pau tu stra chira, nang cap hé théng CTK déap tmg DTC yéu cau dugc Xac
dinh tir rai ro chap nhan duoc cua ving bao vé. Quy md cua tirng hang muc
cong trinh xac dinh tir viéc phan b DTC cho phép [Pf] cho tirng hang muc
thugc hé théng CTK.

3.7.3. Gidi phdp két hop giim thiéu va phong, trinh riii ro sat I6: bo' séng
Dua trén nguyén tac tac dong dong thoi ca hé thong CTK va vung bao Vé.
Cin ctr vao yéu cau quan ly dé lya chon “diém thiét ké” va XSSC [Pf] cho
phi hop: (i) chon “diém thiét ké” 1éch trai cua diém “t6i wu” khi chap nhan
rai ro (R) tang dé giam vbn dau tu (I) hodc (i) chon “diém thiét k&” léch phai
khi lya chon ting von dau tu (T) d&é giam rai ro (R) nhu Hinh 2-14.

3.8. Kétluan Chwong 3

Céc bai toan duoc thiét 1ap da chi ra dwoc méi lién hé giira an toan CTK véi
rui ro sat 1o; xay dung co cd khoa hoc xac dinh XSSC hién trang va chi s6
do tin cay (B) cua hé thong CTK; thiét ké CTK dat DTC yéu cau theo kha
nang chap nhan rai ro sat 1¢. Tir d6, dé xuat giai phap nang cao an toan ké va
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giam thiéu rui ro sat |&, chi ra cach lya chon diém thiét ké dap wng yéu cau
veé thuc tién quan ly.

CHUONG 4. UNG DUNG LY THUYET PO TIN CAY PANH GIA AN
TOAN KE BO SONG SAI GON POAN THANH PHO THU DAU MQT
4.1. Giéi thi¢u chung vé ké bo song Sai Gon doan Tp. Thit Dau Mot
4.1.1. Vj tri khu virc nghién ciru
Vi tri cong trinh nam ¢ phia bo ta séng Sai Gon thude phuong Pha Cuong
va phudng Chanh Nghia thanh phd Thi Dau Mét, tinh Binh Duong, chiéu
dai tuyén ke 2.160 m; c6 toa do dia ly 106°38'45" kinh d6 Pong va 10°58'55"
vi @6 Bac (Hinh 4-6).
4.1.2. Khdi qudt vé ké séng Sii Gon doan thinh phé Thii Dau Mpt
CTK dugc thiét ké vai quy md cong trinh cap IV gom 4 doan ké ndi tiép
nhau: Poan 1 dai 290 m (tir KO dén cau Thé Ngit); Poan 2 dai 560 m (tir cau
Tho Ngit dén cau Thay Ning); Poan 3 dai 660 m (tir cau Thay Nang dén
rach Bay Tra); Poan 4 dai 650 m (tir rach Bay Tra dén cau Phu Cudng) c6
nhiém vu chéng sat 16 bd sdng Sai Gon két hop tao canh quan. Két qua kiém
tra, danh gia hién trang CTK trong qua trinh thi cdng va st dung cho thay
cac doan ke c6 nguy co gap sy ¢b do cac co ché pha hong nhu: nuéc tran
dinh ke, mit 6n dinh dia k§ thuat (trwot méi ha luu), x6i tai chan ke, su c6 vé
két cAu ke,...
CTK c6 két cau kiéu tuong ding bang cir BTCT dy ung luc loai SW600B,
chiéu dai cir L = 21m, lién két dinh twong cir bang ddm mit BTCT M250 kich
thuéc 100x70cm. Cao trinh dinh tuong ké +1,8m, bé rong hanh lang via hé
két hop cong vién trén mit ké tir 3,5m dén 41m. Chan ké khdng gia ¢, cao
trinh chan ke theo mit dat tu nhién & cao d6 -1m dén -1,5m.

Séng Sai
Gon

e

Hinh 4-3: Mt cdt ngang dién hinh ké bo séng Sai Gon doan Tp. Thii Dau Mt

4.2. Danh gia hién trang an toan cia ke bo song Sai Gon doan TDM
4.2.1. So do tiép cin phin tich an toan ké
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UNG DUNG LTPTC VA PTRR
DANH GIA ATK SONG SAI GON
POAN THU DAU MOT
|

Diéu tra viing bl séng Sai
Gon doan Thi Dau Mat

Khao sat thue dia. diéu tra

danh gia

r'hu thip tai liéu. 6 lidu cd

llé_nf&nl

Danh gia thiét hai do sat 16|
bo song

Phan tich BTC cong

trinh ké song

| Rui ro Ché_'!]J nhan viung bao vé |

| XSSC cho phép cua hé thong [Pi] |
Diéu chinh Keé khong dam Ké khong dam Dé xuit giai phip
ving bao vé bio an toin bao an toan ning cao an toan ké

K¢ an toan

Hinh 4-5: So do tiép cdn gidi quyét bai todn
4.2.2. Xic dinh xdc suit sy cd va chi so dé tin ciy hién trang cia ké
wong nhu Hinh 4-6

a) So do hoa cong trinh ké va vang dnh h
' C iy

’ % Sne

s A ﬁ%"} o o S <
> ? e =T

C3u Phu 8

Cuong

Hinh 4-6: Sarh_oa vi tri CTK bo song SdiAGdn khu vuee Thii Dau Mét
b) Xay dung so do cy sw cé nhw Hinh 3-5.
¢) Xdc dinh XSSC va phdn tich PTC ciia cdc co ché tai Bang 4-21 va Hinh 4-11
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Badng 4-21: Xac sudt sw c6 cia CTK song Sai Gon doan Thu Dau Mot

o . TH2: Tinh véi MN
Tch uITrT::llngN thibt ké c6 xét dén
< . Ky U BPKH

TT Co cheé sw co hiéu Mafe 20 Mete 26

| xssc | V€49 xssc we 49
. anh . anh
Pfi ) Pfi .

hwong huwong

1 |Nu6c tran dinh ké P1 | 0,043 | 10,40% | 0,054 9,77%

2 | Mét 6n dinh téng thé P2 0,013 | 3,11% | 0,010 1,83%
3 |Lun vuot gidi han P3 | 0,034 | 814% | 0,063 | 11,34%
4 | X6i cuc bd chan ké P4 | 0,173 |41,49% | 0,245 | 44,35%
5 |Mat 6n dinh lat ké P5 0,025 | 5,94% | 0,037 6,72%
g |Chuyen Vi ngang vuot| pg | (105 | 994005 | 0138 | 24,85%

gioi han

7 |Gay do, nat cac kétcau | P7 | 0,006 | 1,52% | 0,006 1,14%

XSSC hé théng CTK 0,416 0,553
Pj tin cay hé théng CTK 58,40% 44,66%

Chi s6 d¢ tin cay hé thong ]
CTK (B) 0,212 0,134
TH1: Tinh v&i MN cuctri +1,3m TH2: Tinh vé&i MNTK ¢ xét téi BDKH +1,5m

mNu6c tran dinh k& P1 m Nudc tréan dinh ké P1

= M3t 6n dinh téng thé P2 = M3t 6n dinh tong thé P2

Lin vuot gidi han P3 Lan vuot gidi han P3

Xsi cyc bo chan ke P4 X6i cyc bd chan ké P4

=Mt 8n dinh 13t ké PS M3t 6n dinh 13t ké PS

® Chuyén vi ngang vuot gisi

w Chuyén vi ngang vuot gidi
han P& han P8

56 b cia két cu than ke

=D ben ciia két cdu than ke
= B7

Hinh 4-11: Mirc do anh huong cua cdc co c‘hé sw ¢o dén an toan ké séng
Sai Gon doan Thu Dau Mot
Trong ca 2 truong hop tinh toan, gia tri XSSC déu 16n hon mic bao dam an
toan thiét ké: Ps > P2y = 0,02 nén CTK c¢0 kha nang bi Su CO.
4.2.3. Xdc dinh dg tin c4y yéu cu ciia CTK theo riii ro sat Ié
a) Xay dung dwong cong chi phi dau tir I theo cac kich ban tgi Hinh 4-14
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Cac kich ban tinh toan xac dinh
PTC yéu ciu

|

Chi phi diiu tu Gng véi
céic phuong an NCSC

| Mikrc bido dam an toan

=+1,3m
- Bé sung gin cb
chiin ke dén eao

= 8m

+ Mye nwde thiét ké

* My nwde thide ké
=+1.5m

trinh -1,5m va Bek [ -1m dén -1.5m va
Bek = 10-18m

tai 1/2.4

Mire bao dam an toan hién

Nang ¢ip 1&n mic bio dim an
toan: 1/10: 1/20; 1/33.3; 1/50;
1/100; 1/125; 1/150; 1/200

I 2 phwong idn x 8 mirc biao dam an toan
= 16 kich ban tinh toin

Tinh
todan
thigt
hai do
b c6 ke
voi 8
e
bao
dam an
toan

Hinh 4-14: Cac kich ban tinh todn xdc dinh DTC yéu cau ciia ké bo song
Sai Gon doan Thu Dau Mot

b) Xdc dinh gid tri dau tu, rii ro va téng chi phi

Bdng 4-217: Tan sudt dam bdo, gid tri ddu tw, riii ro va tong chi phi cia

tuyén ké bo séng Sai Gon doan Thii Dau Mt

k;‘;:p ;Fu:l“t Gid trj diu tu Thiét hai Riii ro Tﬁ“fu';%in"]g cia
STT la_ai' Vndm It (ty dong) D (ty déng) Rer(ty dong) Ctot (ty dbng)
(ndm) | P TR | KB2 | KBI KB2 | KBl | KB2 | KBl | KB2
1 10 0.1 67.77]  7794] 9.67033| 12.085.88| 967.03| 1.208,59| 1.034.81] 1.286,53
2 20 | 005 182,30] 227,87 7.254,60| 8.708.36] 362,73 43542| 54503] 663,29
3| 333 | 003 38342 49845 392503 4.531,04| 117.87] 13607 50129 634,52
4 50 | 002 05220 1.257,02] 2705,69] 3.111,71] 5411 62.23] 1.00640] 131925
5 100 | 0,01 | 1.666,50| 2.249,78| 2.66745| 3.059,18| 26,67 30,59 1.693,17| 2.280,37
6 | 125 | 0008 | 2.19323| 2.960.86| 1.62047| 1.898.88 1296 15,19] 2.206.19] 2.976,05
7 | 150 | 00067 | 2.608.17| 3.599.28] 153995 195091 1027 13,01] 2.618.44] 3.61229
8 | 200 | 0005 | 3.68430] 515803 1.62604] 214627 813 10,73] 3.692.44] 5.168.76

= Xac dinh d tin cay yéu cau 7 ‘
Quan h¢ gitra xac suat sy c6 cho phép, tong chi phi dau tw, chi phi rui ro va
tong chi phi cia CTK dugc xac dinh va trinh bay trong Bang 4-27, Hinh 4-

15 va Hinh 4-16.

4.000
3.500
3.000
2.500

2.000

Chi phi {ty dong)

1.500

1.000

500

o
0,128

—e—IPIKB1

0,032

0,016

Tan sudt [1/n3m]

RPKB1

—=— CtotkB1

0,008

0,004

Hinh 4-15: Puong quan hé (Irr), (Res) va (Cioy) ting voi kich ban 1
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6.000

5.000

4.000

3.000

Chi phi {ty déng)

2.000

1.000

0,128 0,064 0,032 0,016 0,008 0,004
Tan suat [1/nam)]

IPfKB2 RPfKB2 CtotKB2

Hinh 4-16. Puong quan hé (Irs), (Rer) va (Cioy) ting voi kich ban 2
¢) Lua chon xac sudt sw cé cho phép [P1] cia cdng trinh ké
Tir két qua trinh bay trong Hinh 4-15 va Hinh 4-16, nhan thiy Cio dat gia tri
nho nhat 4 ing voi kich ban 1 va kich ban 2 tai diém c6 gia tri Cmin x4p xi nhau
va PTC tbi wu Prop =1/33,3.
4.2.4. Két qui dinh gid an toin CTK cd xét dén sat 16 bo song
XSSC hién tai: Pavnsoka = 0,553 > Pavineue i nam = 0,416 > [Pg] = 0,02 = 1/50
Nhu vy, CTK bo song Sai Gon doan Tha Dau Mot (duge thiét ké voi mic
dam bao an toan phong 1ii kiém tra theo QCVN 04-05:2012/BNNPTNT Ia P
= 1,5% = 1/67 nam) van c6 kha ning bi su ¢d, CTK ¢6 kha nang xay ra sy
cd gay sat 16 bo song va can duoc sta chira, nang cdp dam bao an toan dé
phtt hop v6i cac yéu t6 ngiu nhién vé thily van, thuy luc va kha ning chap
nhan rai ro khu vuc bd song thay d6i giam so voi thiét ké.
4.2.5. Phin tich lua chon gidi phdp SCNC ké bo song Sii Gon
Chon giai phap NCSC theo phuong an 2: Nang MNTK 1én cao trinh +1,5;
bd sung gia c6 chan ké va ning cao trinh dinh tudng chin song trén dim mii
I&n cao trinh +2,0m.
4.2.6. Thiét ké ké bo séng Sai Gon doan Thii Dau Mgt dat PTC yéu ciu
Tir két qua tinh tai Bang 4-27 cho thay kich thuéc mat cit co ban cua CTK
song Sai Gon doan Thu Dau Mot khi thiét ké theo LTDTC voi XSSC cho
phép [Ps] = 1/33,3 = 0,03 cho két qua l6n hon so véi kich thuéc cua mat cét
ban dau ciia ké. Do vdy, CTK song Sai Gon doan Tha Dau Mot da dugc nang
cép dap tng DTC cao hon.
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Bdng 4-28: Kich thuéc co ban ciia CTK tinh theo xdc sudt sw c¢o cho phép

Co ché su cb Nuéc trz:an Liin vugt Xo6i cuc b_@ F:hén Chuyén Vi ngang
: dinh ké gioi han | ke vwot giéi han |  vwot gidgi han
Ty & phan b6 BTC | 9,77% 11,34% 44,35% 24,85%
XSSC 5,4.102 6,3.102 24,5.102 13,8.10?
Kich thuéc cua ké Zgk (M) Zgk (M) Zek (m) Bek (M)
Gia tri thiét ké 2,00 2,00 -1,20 12,00

4.3. Kétluan Chuwong 4

Két qua tinh toan, phan tich d4nh gi4 an toan ke bo song Sai Gon doan Tha
Dau Mot trong gidi han caa nghién ctu ndy cho thay XSSC truong hop tinh
v6i myuc nudce thiét ké co xét dén BDKH dén 2050 Pauntk-spkn = 0,553
(twong ung B = -0,134) > trudng hop tinh muc nudc cuc tri nam theo chudi
quan trac Pevneee tri nam = 0,416 (twong tng B = 0,212) > [Pf] = 0,02 (twong
g v6i mie dam bao an toan 1a 1/50 nam va DTC yéu cau ¢ xét dén rai ro
sat 16 bo song [B] = 2,17). Vi vy CTK c6 kha nang xay ra sy cb gay sat 16
bo sbng va can duoc sira chira nang cap dam bao an toan.

Két qua tinh toan cho thiy xéc suét su cé gia ting khi muc nudc trong sdng
vugt cao trinh +1,5m va cao do mat dét tu nhién bo song phia truoc ke thap
hon -1,5m. Do vay, trong quan ly, can thiét theo dai dién bién x6i 1o long
s6ng khu vuc chan ké dé duy tri cao d§ mat dat ty nhién khéng thip hon cao
trinh -1,5m véi bé rong téi thiéu 1a 12,0m.

KET LUAN VA KIEN NGHI

1. Két qua dat dwoc cua luan an

(1) Panh gia tong quan dwoc xu thé gia ting rui ro sat 1o va thuc trang an
toan hé thong ké b séng viing Nam Bo; phan tich va khai quat hoa dugc cac
nguy@n nhan chinh gdy mat an toan hé théng ké b séng viing Nam Bo;

(2) Phan tich chi ra dugc c4c ton tai trong xac dinh tiéu chuan an toan va
phuong phap xac dinh cac chi tiéu an toan hi¢n tai cua hé thdng ké: chua ké
yéu té phét trlen kinh té x& hoi trong xac dinh tiéu chuan an toan; chua xem
xét dén tinh ngau nhién cua bién tai trong va do bén trong danh gia an toan;
(3) Phan tich khai quat dwoc tinh hinh phét trién va ang dung phu(mg phap
PTRR va LTDTC trén thé gidi va tai Viét Nam trong giai quyét cac bai toan
danh gia an toan xac dinh BTC hién tai, phén tich rui ro xac dinh BTC yéu
cau cho hé théng cong trinh phong chéng sat 16 néi chung va hé théng ké néi
riéng; trén co s& d6 chi ra dwgc cac khoang tréng chuyén mén trong tng
dung tinh toan cho hé thdng ké phong chdng sat 1 va dé xuat hudng nghién
ctru cua luan an;
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(4) Tich hgp duoc céc bai todn tng dung cua phuong phap LTPTC va PTRR
trong danh gid an toan xac dinh DTC hién tai va DTC yéu cau cho hé théng
ké bo sbng vung Nam Bo; 4p dung tinh toan dugc cho ké bo sdng Sai Gon
doan qua Tha Dau Mot;

(5) Thiét 1ap cay su ¢b va ham tin cay cho cac co ché su ¢d phé bién cua cac
thanh phan cong trinh thudc hé théng ké bo séng Sai Gon. Thiét lap duoc
cac budc giai chi tiét cho bai toan phan tich BTC theo cap d6 III xac dinh
c4c chi sb an toan hién tai cua hé thong ke, trong d6 co xét dén anh huong
ctia muc d9 gia ting diéu Kién bién trong twong lai do anh huong cua BDKH;
(6) Két hop phan tich so do cay su ¢ theo phuong phap cap do II xac dinh
dugc muc do anh huong cia timg co ché sy ¢d dén xac suat sy ¢b cua toan
tuyén ké. Trén co s& d6 phan tich phan bd dugc DTC yéu cau cua tuyén ke
dén timg co ché su ¢b 1am co so cho bai toan thiét ké theo PTC wng véi cap
d6 co ché sy cb;

(7) Trén co sé PTC yéu cau cua timg co ché su ¢d, xay dung dugc so d6 va
thuat giai bai toan thiét ké theo PTC yéu cau cua timg co ché su ¢d, xac dinh
duogc gié tri tham s6 bién tai diém thiét ké lam co so tinh toan thiét ké kich
thude ké dam bao XSSC timg co ché thoa man diéu kién XSSC cho phép;
(8) Ap dung bai toan tich hop PTC dé xac dinh DTC yéu cau cia hé thong
ké bo song Sai Gon doan qua Thu Dau Mot trudng hop kich ban: thoi ky co
s& (hién trang) va tuong lai khi xem xét dén tac dong cia BDKH-NBD va
phét trién kinh té dén nam 2050.

2. Nhirng déng gop mai caa luan an

(1) Xay dung duoc bai toan tinh do tin cay hé théng keé séng, tinh rii ro chap
nhan dé tim do tin cdy téi wu. Xy dung bai toan thiét ké hé thdng ke séng
theo do tin cay tdi uu.

(2) Ap dung phan tich d¢ tin cay cho hé thong ke dién hinh bao vé bo sbng
Sai Gon doan qua thanh phé Thia Dau Mét: da luong hoa dugc chi sé an toan
hién tai va d¢ tin cay yéu cau co ké dén rui ro sat 16 b song nghién ctru dé
XUt glal phép stra chita, nang cip ke dat do tin cay yéu cau.

3. C4c ton tai

1) Chua xem xét dugC su €6 cua cic cong trinh qua ké nhu cac cong thoat
nudGce, Cau tau va cac cdng trinh khac trén tuyén ke.

2) Trong tinh toan chua xem xét dén anh huéng truc tiép cua viéc van hanh
céc ho chira thugng ngudn dén an toan hé thong dé ke ving ha du.

3) Ham phan phéi xac suit cua c4c bién ngau nhién co ban dwoc xay dung
trén co so sb lidu dau vao han ché. Biéu nay phan nao lam giam tinh tin cay
cua két qua.
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4. Huéng phat trién

Hudng phit trién tiép theo gdm:

(1) Phén tich DTC cua CTK toan dién hon khi xem xét dén cac su cb cua cac
cong trinh khac thuoc CTK trong so d6 cay su cd; phan tich twong quan gitra
cac co ché sy ¢ khéac nhau; cac mbi tuong quan két hop gitra cac co ché su
¢d t6i rui ro trong truong hop nhiéu su ¢d co the c6 chung nguyén nhan.

(2) Nghién ctru bai toan xac dinh PTC yéu ciu cho CTK da thanh phan, da
muc tiéu va thiét 1ap hé théng co so dir liéu vé thiét hai, rii ro va cac BNN
vé tai trong va stc chiu tai phuc vu phan tich xac dinh mirc d6 dam bao an
toan cho hé théng CTK tai Viét Nam.

(3) Nghién ctru xem xét dén cac yéu t6 thiét hai phi vat chét trong ham rui ro
gém ca thiét hai do phai so tan dan va sy x4o tron cudc séng cua nguoi dan;
dinh luong hau qua tiém tang trong truong hop mat an toan CTK va sat 1o
do cac truong hop khong kiém soat duogc xa lii thwong ngudn, bao gdm ca su
khong chic chin vé hiéu qua canh béo va so tan dan.

(4) Cac bién ngau nhién co ban trong nghién ctru nay hién dang xem xét 1a
doc 1ap thong ké. Trén thuc té cac bién c6 su phu thudc nhét dinh, do d6 can
nghién ciru xac dinh sy phy thugce thong ké gilia cac b1en chuan phéan phdi
bién ngdu nhién va anh hudng cua nd dén két qua 1a can thiét.

5. Kién nghi

Viéc tinh toan danh gi& an toan CTK noi chung va hé thong ké bo song néi
riéng bang phuong phap LTDTC va PTRR khé phirc tap va doi héi s6 liéu
dau vao kha 1on dé dam bao tinh tin cdy. Vi vdy, can phai c6 cac chuong
trinh, dy an thiét 1ap hé thong co so dit lidu vé su ¢d ke; vé thiét hai, rui ro
va cac BNN tai trong, suc chiu tai phuc vu viéc phan tich xac dinh PTC yéu
cau cho cac hé thong cong trinh. Trong d6 gia tri thiét hai ciia ving dugc bao
vé can duoc cap nhét thuong xuyén theo sy thay d6i do cac hoat dong xay
dung va phat trién kinh té xa hoi trong ving nghién ctru. Can c6 quy trinh
danh gia dinh ky dé co co s dleu chinh phén cap dé ké song va tiéu chuan
an toan cho phul hop véi thuc té va thiét 1ap hé théng co so dir liéu vé quan
tric cong trinh, quan tric khi twong thuy vin chuyén dung va s liéu vé thiét
hai sat 10 bo séng voi chudi quan tric du dai va dong bd nham nang cao tinh
chinh xac trong viéc xac dinh DTC cta hé théng ké bo séng ¢ Viét Nam./.
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INTRODUCTION

1. Necessity of the Dissertation

The Southern region of Vietnam possesses varied economic possibilities. It

features a complex network of rivers and canals, mostly governed by two

principal river systems: Dong Nai and Mekong. Rivers in this area are often

large and deep, with weak geological foundations and severe annual

morphological changes. Coastal regions are often affected by waves, storms,

and tidal currents, in addition to rising sea levels resulting from climate

change. Furthermore, upstream water management is affected by actions in

other countries, especially China. Some parts of rivers are severely eroded

due to human activities such as the rapid urbanization of riverside

communities and unregulated sand mining, which worsen changes in the

riverbed and riverbank. To combat erosion and protect infrastructure,

residential areas, and production zones along rivers, substantial investments

amounting to thousands of billions of VND have been made in the

construction of river embankments.

River embankments often serve multiple purposes; however, their safety is

frequently jeopardized by failures caused by increasingly complex natural

uncertainties. Over the past 15 years, incidents of embankment instability

(e.g., in the rivers of Can Tho, Tien, Hau, Nha Be, and Sai Gon) have been

on the rise. Accurate safety evaluations of embankments are critical for their

effective management. In Vietnam, current evaluations primarily rely on

traditional (deterministic) methods that do not account for riverbank erosion

risks, leading to inaccurate safety assessments and inadequate remedial

measures, which can result in structural failures and significant damage to

riverside communities.

This dissertation investigates the application of reliability theory (RT) and

risk analysis (RA) in assessing embankment safety, incorporating erosion

risks. The aim is to enhance the accuracy of safety evaluations, serving as a

basis for the scientific and effective management and upgrading of river

embankments.

2. Objectives of the thesis

- To develop a method to evaluate embankment safety levels using RT.

- To apply this method to the design and upgrading of river embankments
in Southern Vietnam.

3. Subjects and scope of the thesis

Subjects: river embankments.

Scope: existing river embankments in the Southern Region of Vietnam.

4. Approach and methodology of the thesis
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Approaches: The thesis adopts a comprehensive approach encompassing: (1)

a System-based approach; (2) Integrated approach; (3) Approach based on

the utilization and development of previous research findings; (4)

Sustainable approach; and (5) Modern approach.

Methods: (1) Principal methodologies: RT and RA; (2) Investigation and

data collection methods; (3) Statistical analysis methods; (4) Analytical and

inheritance methods; (5) Method of mathematical modeling and application

of scientific advancements; and (6) Expert consultation method.

5. Scientific and practical contributions of the thesis

Scientific contributions: By formulating and solving system-based problems,

this study provides a scientific foundation for evaluating river embankment

safety, taking riverbank erosion into account. This includes determining the

system'’s probability of failure (PF), defining the reliability requirements for

embankments using RT and RA, and designing structures to fulfill the

specified reliability standards.

Practical contributions: The study identifies and analyzes the mechanisms

that contribute to the unsafety of river embankments, and it quantifies the

safety levels by determining the permissible PoF and the required reliability

indicator. This functions as a basis for the selection of solutions that will

improve the safety of embankments. The method has been effectively

implemented to evaluate the safety of the embankment along the Saigon

River section that flows through Thu Dau Mot City.

6. Novelty of the dissertation

(1) The dissertation has established the methodology for assessing the
reliability of river embankment systems and acceptable risk thresholds
to determine optimal reliability. It additionally presents a design
calculation for river embankments based on optimal reliability.
(2) It applies reliability analysis to a typical embankment system protecting

the Saigon Riverbank in the section passing through Thu Dau Mot City.
It quantifies the current safety indicator and the required reliability,
taking into account the risk of riverbank erosion. It also proposes
solutions for upgrading the embankment to meet the required reliability.

CHAPTER 1. OVERVIEW OF RIVER EMBANKMENT SAFETY
EVALUATION USING RELIABILITY THEORY AND
RISK ANALYSIS

1.1. Overview of embankments for Southern Vietnam’s rivers
1.1.1. Characteristics of river embankments



An embankment typically comprises three main components: the foundation,
the body, and the crest. Along a cross-section of an embankment, the impact
of loads varies depending on the elevation.

Based on cross-sectional shapes, an embankment can be categorized into
three types: sloped revetment, vertical retaining wall, and hybrid one (a
combination of sloped revetments and vertical walls).

1.1.2.  Overview of riverbank erosion and embankment failures in Southern

Vietnam

The analysis of failures of embankments in the past decade has been
conducted for embankments along Nguyen Tri Phuong Street in Thu Dau Mot
City, Phuoc Loc Bridge’s downstream left bank in Nha Be District, Hau River
in An Giang Province, Can Tho River, Tien River near Binh Thanh Market
in Dong Thap Province, and Ganh Hao River in Bac Lieu Province. Combined
with research findings and assessments of the stability and effectiveness of
riverbank protection solutions and technologies applied to thousands of
embankment projects constructed in the Southern region over many years, it
has been shown that the primary causes of embankment instability besides the
lack of comprehensive river training planning stem mainly from hydraulic
factors in the riverbed. These include localized scouring at the embankment
toe exceeding allowable limits, leading to localized instability mechanisms
due to toe scouring and overall structural instability.

a) The causes of riverbank erosion in Southern Vietnam can be attributed to
both human-induced and natural factors, including river flow, construction
activities that narrow or alter the river flow, sand mining, tidal effects, waves
caused by wind and boats and ships navigating the river, etc.

b) The causes of river embankment failures can be summarized into two
main groups: subjective causes and objective causes. Subjective causes
include weaknesses in surveying, design, construction, and management
practices, collectively referred to as poor construction quality and
operational management. Objective causes relate to the unpredictability of
natural disasters such as floods, storms earthquakes, etc.

The examination of the operational attributes and failure processes of
embankment structural components resulting in their failures can be
categorized into two groups of causes. The first group involves structural
inadequacies of the embankment, as evidenced by phenomena such as slope
sliding or tilting, longitudinal or transverse cracking, etc. The second group
pertains to operational management issues, reflected in phenomena such as
toe scouring, damage caused by ship docking, and violations of the safety
corridor of the structure. These causes are interconnected and influence each
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other according to systemic logic.
1.1.3.  Analysis of causes of river embankment failures

The causes of failures of the embankment are often directly related to the
process of riverbed erosion. This is due to the changing load conditions
during its operation, which vary in both space and time, as follows:
a) Factors increasing the forces causing overall sliding include: additional
loading on its surface; saturation of riverbank soil increasing its weight,
generating seepage pressure; lowering of river water levels; and riverbed
scouring at its base, leading to increased horizontal forces exceeding the
allowable limits.
b) Factors reducing the resisting forces of anti-sliding masses include: erosion
of the riverbed; degradation of counterweight soil masses on the riverbank
slope; and continuous changes in the riverbank soil condition (drying and
wetting cycles causing cracking and reduced cohesion between particles).
1.2.  Overview of research on the application of RT and RA in water
resource management and embankment safety evaluation
RT has been applied since 1920 and gained significant development
momentum in the 1970s. The United States and Canada were pioneers in
applying RT to assess the safety of large dams in the 1990s. Combining RT
with RA for the safety evaluation of dams and reservoirs was initiated in
Germany, the Netherlands, and Australia in 1996. This approach quickly
spread to European countries and the United States, becoming a central topic
at International Commission on Large Dams (ICOLD) conferences since 2000.
In Vietnam, RT has been applied in hydraulic engineering since 2000,
focusing on flood control structures, sluices, canal systems, and other
structures on canals and head works of reservoirs. Prominent researchers in
this field include Nguyen Van Mao, Nguyen Quang Hung, Pham Hong
Cuong, Mai Van Cong, Le Xuan Bao, Tran Quang Hoai, etc. In the field of
reservoir safety, Nguyen Lan Huong and Cam Thi Lan Huong developed a
methodology for RT assessment of reservoir headworks.
However, in Vietnam, most studies have focused on applying RT and RA to
evaluate the safety of dams, canal systems, and dikes without a
comprehensive study integrating RT analysis of embankment systems with
RA of riverbank erosion.
Currently, three software tools are widely used internationally for RT
calculations: Bestfit, VaP, and Open FTA. In Vietnam, DCT2007 is used for
evaluating the quality of irrigation systems based on Level Il RT, and
SYPRO2016 is used to determine the RT of structures (earth dams,
spillways, and sluices) at grades 11 and 11I.
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1.3.  Existing issues in the embankment safety assessment in Vietnam

In Vietnam, the evaluation of river embankments is mainly conducted using
a deterministic method. Riverbank erosion risks have been considered but
not comprehensively addressed, typically focusing on one of two aspects: (i)
Assessment of embankment safety, without considering the relationship
between reliability and erosion risks; (ii) Damage statistics to propose
reasonable operation and management, and erosion risk mitigation measures,
without linking these to the current state of the embankment.

The current safety assessment of embankments exhibits the following
shortcomings: (i) Only simple layout schemes of embankment are
considered; (ii) A comprehensive analysis of individual components and the
overall embankment system is lacking; (iii) Evaluation results do not
objectively or fully reflect the actual state of the embankments; (iv) Erosion
damage and risk assessment are necessary but remain underdeveloped; and
(v) studies are fragmented and fail to integrate embankment safety with
erosion.

1.4. Directions and issues to be addressed in the thesis

The combined method of RT and RA represents a modern approach that
addresses the shortcomings in the safety assessment of Vietnam’s river
embankment. The thesis aims to develop a methodology for assessing river
embankment safety, incorporating erosion risk analysis.

1.5. Conclusion of Chapter 1

Through an analysis of Southern Vietnam’s river embankments, a review of
the research and application of RT in the water resource field and river
embankment safety globally and Vietnam; and an evaluation of the pros and
cons of notable studies, Chapter 1 highlights the existing gaps in Viet Nam.
Based on these findings, the thesis focuses on developing a methodology for
evaluating river embankment safety through RT and RA. It also proposes
optimal solutions for repairing and upgrading the embankments to meet
acceptable erosion risk levels.

CHAPTER 2. SCIENTIFIC BASIS OF THE RT AND RA IN
ASSESSING THE SAFETY OF RIVER
EMBANKMENT

2.1. Reliability theory for the evaluation of the river embankment safety
2.1.1.  Concept of river embankment safety

a) River embankment safety encompasses the safety of its structures as well
as related infrastructure along it.

b) RT employs system analysis and stochastic theory to determine the probability
of failure (PF) for individual failure mechanisms, ultimately combining these to
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derive the overall failure probability for the entire embankment. The reliability
index (B) is used to assess the safety level of the structure.
c) Risk and risk analysis:
Risk is defined as the product of the likelihood of failure and the
consequences of the failure. For river embankments, risk is calculated as the
product of the probability of failure and the damage caused by the failure.
The RT and RA methods determine the scale of the embankment based on
acceptable risk by establishing the relationship between its failure probability
and the corresponding damage through a risk function.
2.1.2.  Reliability of a failure mechanism
a) Failure mechanism (FM) concept: is a type of structural damage resulting
from mechanical-physical interactions between the boundary conditions and
the structure. It is modeled using two variables, including resistance capacity
(R) and applied load (S).
b) Reliability function for an FM: The reliability function (Z) represents the
remaining resistance capacity (R) under the influence of an applied external
load (S). It is defined at the limit state, where negative values of Z correspond
to failure/damage, while positive values indicate safe operation. The
reliability function is expressed as:
Z=R-S(2-1)

c) Solving reliability functions for a FM: The reliability function can be
solved at three levels: Level I: Calculations based on allowable safety
factors; Level II: (Approximation method) The reliability function is
linearized, and the probability density function is replaced by a standard
normal distribution; and Level I1l: Fully stochastic analysis where the
probability density function is preserved.
d) The reliability index (B) is used as an alternative to the reliability or
failure probability Pf and is calculated as:

B=ad(1-Py) (2-48)
Where, @ is the inverse of the standard normal cumulative distribution function.
2.1.3. Fault tree diagram
A structure may be subjected to multiple failure mechanisms that compromise
its safety. For river embankments, common mechanisms include: overtopping,
slope sliding, toe scouring, settlement, overturning, and tilting. To assess its
safety, all potential failure mechanisms for each component of the structure
must be combined, and their interrelations within the system are represented
through a fault tree diagram.
The fault tree diagram employs a standardized system of symbols to represent
failures and linkage gates to illustrate the relationships between them.
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2.1.4.  Reliability function of a system

There are 2 ways to describe the relationship between fault tree diagrams of
components within a system: series connection or parallel connection.

a) PF of the series system

The PF of a series-connected system is greater than the maximum reliability
of an individual component but less than the sum of the reliability values of
all components.

System’s failure System’s failure
)

(a) Series System (b) Parallel System
Figure 2-7: Typical fault tree diagram for a system
Ditlevsen proposed the following approximate formulas:
If the Level Il method is applied to calculate the PF for each component, the
bounds of the system’s PF in a system with n components are:
max(P(R; < S;)) < Pr < YL P(R; < S)) (2-56)

System's failure P<P P+ Py + Py +Pg
P

| l | |

A component's failure | |B component's failure | ‘ P<P+P, | | P<P,+P,+Ps

Figure 2-8: lllustration of determining the failure probability of a series system
b) PF of the parallel system
The system fails when all its components fail. The failure domain is defined as:
EiNE;Nn..NE, (2-58)

The PF of the system is:

P; = P(E,)P((E2|E))P(E3|Ey, Ey) ... P(EQ|Ey . En_y))  (2-59)
2.2. Analysis of riverbank erosion risk
The risk of riverbank erosion due to embankment safety failures is
determined as follows:

Rr=Ps.Cy (2-61)

Where: Rx: Riverbank erosion risk; Pf: Probability of a safety failure in the
embankment; Cn: Total damages caused by the consequences of the failure.
The results of the riverbank erosion risk analysis are compared with
established risk standards or threshold values. If necessary, the technical
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specifications of the embankment and the erosion prevention system must be
adjusted to ensure the risk value meets the standards. An acceptable risk or
risk threshold (risk standard) is the value of risk corresponding to the optimal
point where the total cost is minimized.

a) Principles and steps of riverbank erosion risk analysis in Figures 2-9 and 2-10

Embankment system and |
its protected areca

Safety standards

for embankments

Determination of the
probability of
embankment failure

——| Embankment description
Combining

List of failure types
probability and

Quantification of Frequency of embankiment damage
failure consequences unsafety and damage scale

Risks of embankment
unsafety

Evaluation

Decision making

Acceptable risk level

Figure 2-9: Principle diagram of RA for riverbank erosion caused by
embankment failure
The principle diagram of riverbank erosion RA caused by embankment
failure typically includes key factors and their relationships. Figure 2-10 is
a general description of the main components in the diagram.

Evaluation of

Adiustment the existing
cjustmen embankment

system safety

List embankment risks

¥

Simulate the failure mechanisms of each

embankment component

)

Identify the probability of embankment
failure mechanisms

I Identify the damage of embankment |
unsafety

I Identify the risk of riverbank erosion I
Ri = Probability x damage

IIdcntify acceptable riverbank erosion risk
[Ri]

False True Propose solutions to

Safe Unsafe P N
bank: embankment safety

embankment embankment improvement

Figure 2-10: Main RA steps of riverbank erosion caused by embankment failure
2.3. Consequences of riverbank erosion and damage identification

2.3.1. Consequences of riverbank erosion

The consequences of riverbank erosion include economic, social, and
environmental damages, particularly in cases of embankment safety failure.
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These damages are divided into two groups: human and property damage,
which can be further categorized as direct and indirect damages, as well as
tangible and intangible damages.
2.3.2.  Methods for evaluating embankment protection zone damage
There are two common methods for evaluating damage: (i) the statistical
method (based on historical data) and (ii) the modeling method combined
with verification through field investigation data. The latter method is
commonly used by constructing a damage curve (damage function) based on
a damage map, verified with historical monitoring data.
The total damage in the downstream area is determined by the following:
D =Y, F; x f(hy) (2-62)

Where: D: total damage; Fi: Area of the i-th cell (the entire affected area is
divided into “n” cells); and f(h;): The damage function corresponding to the
erosion level h; of the “i” grid.
The damage results are presented in the form of maps and tables detailing
the damages corresponding to various erosion levels.
2.4. Evaluation of river embankment safety considering erosion risk
2.4.1. Evaluation of erosion risk
a) The evaluation of risk is the comparison of the risk value with the current
safety standards based on the acceptable risk value.
b) The concept of acceptable risk: It is the maximum potential risk limit for
the embankment protection area, considering the reasonable level of impact
and occurrence frequency, which forms the basis for determining the
required safety level in the design.
b) Principle of determining acceptable risk from an economic perspective
From the economic perspective, the acceptable PF is determined based on
the optimization of costs and riverbank erosion risks. The total cost of a the
system (Cio) is defined as the sum of the investment cost (lpr) required for
repairing and upgrading the system to achieve a higher safety level than Pf,
and the erosion risk (Ref). The optimal PFis determined through the
following function:

min(C,,) =min(l, +R;) (2-63)
Where: lps: Total investment cost for repairs and upgrading the system to a
higher safety level, including the construction investment value (10); the cost
for new construction or upgrading the system to a safer level (with [Pfi]
lower); and the maintenance cost already incurred for the upgraded structure
PV(MPf); i and n: The order and number of investment options for new
construction or upgrading of the embankment system under consideration.
The objective function (2-63) reaches an extreme value when:
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oC

tot —
oP,
The solution to equation (2—64) is the acceptable risk value corresponding to
the allowable failure probability [Pf] of the embankment, denoted as Ps.opt,
which can be determined through analytical and trial methods.

(2-64)

Cost
(©)

Opti—mW
Cmir\ “““““““ /'/U)/

; : :(R) Design Probability
10" 107 10° ' [P1]

Figure 2-13: Optimizting failure probability in economic perspective
2.4.2. Evaluation of embankment safety
By comparing the PFof the existing system with the allowable
PF determined by the acceptable risk of the protected riverbank area, if the
current risk value of the embankment system exceeds the acceptable risk for
its protected area, it needs to be upgraded to ensure safety.
2.5. Conclusion of Chapter 2
Chapter 2 has systematized and summarized the scientific basis for the RT
and riverbank erosion RA. In this chapter, the concepts, content, and
application of RT and erosion RA for embankment safety have been
reviewed. This helps determine riverbank erosion risk, acceptable risk value
from an economic perspective, allowable failure probability, and the required
reliability of the embankment. From this basic theory, the thesis focuses on
developing practical calculations, including RA for the embankment
systems, analyzing the reliability of each failure mechanism, and of the
system components in Chapter 3.

CHAPTER 3. ESTABLISHING CALCULATIONS OF THE RT
APPLICATION FOR EMBANKMENT SAFETY
ASSESSMENT IN THE SOUTHERN REGION

3.1. Diagram of the relationship between embankment and riverbank
3.1.1.  Diagram of embankments

The structure built along rivers and canals that address erosion, protect
residential areas, and infrastructure, and contribute to urban planning is
called the river embankment.
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It typically consists of several components: the foundation, the body (wall),
and the crest. Additionally, auxiliary structures such as drainage culverts,
docks, and parks may also be included.

Its spatial arrangement varies depending on its location and function.
Generally, the architectural space focuses on three main areas: the water area
in front of it, the embankment itself, and the corridor.

3.12. Structure of the embankment

The embankment typically includes three parts: the foundation, the body

(wall), and the top. At various elevations, the degree of impact of the loads
on its structure varies.

Embankment protection cormidor
A,

U

Figure 3-1: Layout of the Figure 3-2: Structure of the
embankment sloped embankment

For wvertical wall embankment, there is no slope. The body of the

embankment is often a reinforced concrete (RC) wall built on deep piles or

a sheet piling structure (RC prestressed, steel, plastic, composite, etc.) that is

driven deep into stable soil. Depending on the geological conditions and the

terrain of the riverbank, additional anchoring structures may be incorporated

to stabilize the sheet piles.

3.1.3.  The connection between river embankment safety and erosion

Embankment Flood and tidal
impacts

failure
‘Water navigation

Sluice gate failure
Unsafe
impacts

Riverbank
erosion,
relocati

embank

Jetty failure ment

Failures of other
components

Impacts of loading
wharf surface,
dredging, etc.

Structure of Waterway
transportation

interruption

Impacts on social and
economic development
and production

Figure 3-3: Linkage between embankment safety and erosion
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Figure 3-3 shows the connection between the safety of the river embankment
and riverbank erosion, which is influenced by various practical scenarios
such as flood and tide impacts, water traffic, additional load impacts, and
dredging. From analyzing the relationship between different sections of the
embankment and the riverbank erosion, a general fault tree diagram for the
embankment is established in Figure 3.4.

Embankment system

failures

Embankment

Sluice gate failures Jetty failure

failure

] ——
Failures at Failures at Failures at Failures at Failures at
section 1-1 section 1 section i+1 section i+2 section 143

=~ 4L L 4L 4

Figure 3-4: General fault tree diagram for the embankment

3.1.4.  Scope of the thesis

The thesis mainly concentrates on formulating calculations for the

implementation of RT and RA in assessing the safety of typical

embankments in the Southern region, as detailed below:

(i) The embankment systems consist of one or more sections, excluding
auxiliary components such as sluice gates or docks, which have already
been studied [1];

(ii) The embankment systems with a series of connections.

3.2. Establishing the fault tree diagram

The embankment system is thoroughly evaluated from beginning to end.

System failures, whether one section or multiple sections, will directly or

indirectly result in damage and riverbank erosion, with the loss of overall

stability being the most critical failure scenario.

The general fault tree diagram for the embankment is shown in Figure 3-5.
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Figure 3-5: Fault tree diagram for the Southern region’s river embankments

3.3. Establishing the reliability function of the failure mechanism of the
embankment

a) Principles of establishment: Each component of the embankment follows
physical and mechanical rules that describe the interaction between the water
environment, the soil foundation, and the structure itself. These rules are
considered to define the load function (S) and the resistance function (R)
when establishing the reliability function.
b) Conditions of application: the embankment system is modeled as a system
with a series connection.
c) Solving the reliability function: The reliability functions are solved using
level 3 Monte Carlo Simulation (MCS).
3.4. PF identification and reliability analysis of the embankment
341  Objective

The aim is to evaluate the current safety condition of the embankment by
measuring and comparing its reliability against the applicable safety
standards. As such, recommendations are put forth to enhance its reliability
and reduce the risk to its protection regions.

3.4.2.  Description of the calculations

a) Implementation process: The process involves determining the safety level
for the failure mechanisms of the components of the embankment system,
analyzing the safety level of each component, and proposing solutions to
enhance the system’s safety level and reduce the risk to the protection area.

b) Solving Steps:
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- Step 1: Describe the tasks, structure, scale, and current state of the
components of the embankment system; identify the relationships
between the components.

- Step 2: Analyze the causes of failure according to different failure
mechanisms; list potential failures for the system and its components.

- Step 3: Build the fault tree diagram for the system and its components.

- Step 4: Establish and solve the reliability functions of the failure
mechanisms to determine the PF.

- Step 5: Analyze the fault tree diagram and compile the PF for the entire
system and its components using a failure matrix.

- Step 6: Determine the safety index () for each failure mechanism and the
entire system.

Table 3-4: Failure probability matrix of embankment system

Components of the Failure mechanism Total
embankment Failurel |Failure?2|... | Failurei | ... | Failure n
©) (0 @) Q) ()

Segment 1 pii pi2 Dli Pin P
Segment 2 P21 P22 Doi P2n P
Segment j (the j-th) Dil pi2 Dii Djn P;
Other components (m) P Pm2 Dmi Do Pm
Total Psci Psc2 Psci cee Pscn Pur

3.4.3.  Results and significance of the calculation

The results of the calculation provide: (i) Identification of the component
with the highest risk of failure (Pj max) to determine the component within
the system that needs to be upgraded or repaired; (ii) Determination of the
failure mechanism with the highest PF (PSCi max) to propose design
solutions for upgrading to increase the reliability of the system.

3.5. Developing the failure curve and design curve

For each failure mechanism, calculations are made for a range of values for the
key input parameters of each failure mechanism by keeping the distribution
form (standard deviation o) constant and varying the expected value (n). Using
the MCS method, the corresponding PFs are calculated, and failure curves and
design curves are drawn.

Based on the failure curves for each failure mechanism, the threshold values for
the design parameters can be determined to ensure the safe operation of the
embankment system. This ensures that the PF for each mechanism is < the
allowable PF corresponding to [Pfi]. The calculation, analyzed using Level Ill
reliability analysis via MCS, helps determine the design values for key
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parameters of the system, including the crest elevation, protection depth at the
base, and critical scour depth, all of which must meet safety conditions for each
failure mechanism. The process follows the flowchart shown in Figure 3-10.

Determine the required reliability mdex [[3] for the
embankment (Corresponding to the allowable failure
probability, [Pf])

Distribute of [Pf] to each failure mechanism
(Reliability function analysis for Levels I, II, IIT)

1

Develop reliability function for failure mechanism 1

Zi = Ri(Xf. XB, X8, .) — Si(X{F. X5, X5,..) (%)

!

Monte Carlo random simulation of related
variables (*) R;. S;

)

Identify XSSC P}

!

)-/‘/)_, Check safety Tl False
el conditions according to P — — - — —————
"7 --_design points P}= [PA]_ -~

o 1' ) _True

Retrieve random variable value at design points
{rR7 .5}

Figure 3-10: Algorithm for determining design value according to level 111 reliability

The required reliability index [B] corresponding to the permissible PF is
determined through Level IIl MSC, combined with Level Il fault tree
analysis. This helps assess the influence of each failure mechanism on the
overall PF of the entire system, thereby distributing PF for each failure
mechanism. Based on this, the required reliability index for each failure
mechanism can be determined, forming the basis for the design calculations
based on the reliability index for each failure mechanism.

From the required reliability index of each failure mechanism, the design
parameters at the design point can be calculated, ensuring that the PF for
each mechanism satisfies the allowable PF. This forms the basis for
proposing repair and upgrade solutions to meet the required reliability index.
3.6. Method for the required reliability determination of the
embankment

3.6.1. Method for determining the acceptable risk value

The acceptable risk value for the protected area of the embankment is
determined by balancing the level of investment needed to achieve a safety
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standard with the potential damages (or risks) according to different
investment scenarios.
3.6.2.  Required reliability from the acceptable risk value from an economic
risk perspective
The required reliability is determined at the optimal point on the total cost
curve, where the total feasible cost of the system is the smallest. The total
cost of the system (Ctot) is determined by the sum of the costs (IAH) required
to upgrade the system for higher safety, the feasible maintenance costs (M),
and the potential economic damage costs (D).
3.7. Measures to enhance embankment safety and minimize erosion risk
When the system’s PF of the system exceeds the acceptable one, the system
is not safe, and its protected area still faces the potential risk of erosion. In
this case, solutions need to be implemented to improve its safety and reduce
the erosion risk for its protected area.
3.7.1.  Solutions for reducing riverbank erosion risk (top-down approach)
Based on maintaining the current state of the embankment system, the
acceptable risk for its protected area is determined in the case of the greatest
erosion damage due to the loss of system safety. Measures to mitigate risks
are then implemented (top-down), such as: maintaining the system;
developing disaster and emergency response plans; establishing investment
plans for riverbank protection structures such as embankments, etc.
3.7.2.  Solutions for preventing and controlling riverbank erosion (Bottom-Up
Approach)
Investment in the repair and enhancement of the embankment system is
determined by the allowed risk for the protected area to achieve the necessary
reliability. The scale of system components is established by allocating the
permissible reliability [Pf] among them.
3.7.3.  Combined approach to reducing and preventing the erosion risk
This approach involves simultaneously impacting both the embankment
system and its protected area. Management requirements are used to select
the “design point” and the PF that best fit the situation: (i) Selecting a “design
point” to the left of the optimal point when accepting an increase in risk (R)
to reduce investment capital (I); (ii) Choosing a “design point” to the right
when opting to increase investment capital (I) to reduce risk (R), as
illustrated in Figure 2-14.
3.8. Conclusion of Chapter 3
The calculations outlined in this chapter demonstrate the relationship
between the embankment system safety and riverbank erosion risk. In
addition, the scientific basis for determining the current PF and the reliability
index (B) of the system is also established. The design of the system to meet
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the required reliability based on the acceptable erosion risk is also outlined.
Furthermore, solutions to enhance the safety of the system and reduce
erosion risks are proposed in this chapter, including methods for selecting
the appropriate design point to meet management requirements in practice.

CHAPTER 4. APPLICATION OF RELIABILITY THEORY TO ASSESS
THE SAFETY OF THE SAIGON RIVER EMBANKMENT
IN THE THU DAU MOT CITY SECTION

4.1. Introduction about the Saigon River embankment in the Thu Dau
Mot Section
4.1.1. Study Area Location
The study embankment section is located on the left bank of the Saigon
River, in the Phu Cuong and Chanh Nghia wards of Thu Dau Mot City, Binh
Duong Province, with a length of 2,160 meters. Its geographic coordinates
are 106°38'45" East longitude and 10°58'55" North latitude (Figure 4-6).
4.1.2.  Overview of the Saigon River embankment, sectioning in Thu Dau Mot
The embankment was designed with a level IV grade consisting of 4consecutive
sections: Section 1: 290 m (from KO to Tho Ngu Bridge); Section 2: 560 m (from
Tho Ngu Bridge to Thay Nang Bridge); Section 3: 660 m (from Thay Nang Bridge
to Bay Tra Creek); and Section 4: 650 m (from Bay Tra Creek to Phu Cuong Bridge).
It aimed to prevent riverbank erosion while enhancing the landscape of the city.
During construction and operational assessments, several potential failure mechanisms
were identified, including overtopping, geotechnical instability (downstream slope
sliding), erosion at the toe of the embankment, and structural failures, etc.
The embankment is designed with a vertical wall using prestressed concrete
(SW600B type) piles, each 21 m long. The crest elevation of the embankment wall
is +1.8m, and the width of the walkway combined with the park on the embankment
surface ranges from 3.5m to 41m. The embankment toe is not reinforced, and its
elevation follows the natural ground level, ranging from -1m to -1.5m.

Sai Gon
river

Figure 4-3: T ypical cross-section of the Saigon River Embankment in
Thu Dau Mot City
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4.2. Assessment of the current safety of the Saigon River embankment
section in Thu Dau Mot
4.2.1.  Safety Analysis Diagram

APPLICATION OF RELIABILITY THEORY AND
RISK ANALYSIS TO EVALUATE THE SAFETY
OF SAT GON RIVER EMBANKMENT OF THU

DAU MOT SECTION

|
Relevant document and Ficld survey, investigation
data collection and assessment
Assessment of damage Reliability analysis of
caused by riverbank erosion river embankments

| Allowable risks of the protected are

Tnvestigation of Saigon riverbank
of Thu Dau Mot section

|A1]awable System [ailure probability |

[Pi]
Adjustment of] @» e Propose solutions for
the protected Unsafety Unsafety = embankment safety
embankment embankment .
area improvement

Safe
embankment

Figure 4-5: Diagram of the calculation
4.2.2.  Determining the existing PF and reliability index of the embankment
a) A schematic of the embankment and its protected area: in Figure 4-3.
b) The fault tree diagram: in Figure 4-5.

c) The PF and the reliability index () for the various failure mechanisms
are summarized in Table 4-21 and Figure 4-11.

&
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Table 4-21: PF of the Thu Dau Mot section of the Sai Gon river embankment

Scenario 1: Scenario 2:
" Calculated with
Calculated with .
. . annual maximum Design water level
No. | Mechanism of Failure | Label in consideration of
water levels .
climate change
Pfi Affected Pfi Affected
scale scale
1 |Overtopping of the P1 | 0043 | 10.40% | 0.054 | 9.77%
embankment
2 |Overall instability P2 0.013 3.11% 0.010 1.83%
3 |Excessive settlement P3 0.034 8.14% 0.063 11.34%
4 | Local erosion of the P4 | 0173 | 41.49% | 0.245 | 44.35%
embankment toe
5 |Overturning instability P5 0.025 5.94% 0.037 6.72%
6 ﬁ;ﬁfss've displacement | oo | 612 | 29.400% | 0138 | 24.85%
7 |Structural breakage P7 0.006 1.52% 0.006 1.14%
System PF of the system 0.416 0.553
System reliability 58.40% 44.66%
System reliability index (B) 0.212 -0.134
Scenario 1: Calculated with annual Scenario 2: Calculated with design water level

in consideration of climate change 1.5m

maximum water level of 1.3m

Figure 4-11: Impact levels of failure mechanisms on the safety of the
Saigon River embankment section of Thu Dau Mot city
In both calculation scenarios, the PF exceeds the design safety threshold: Ps
> Py = 0,02. This suggests that the embankment system has a risk of failure.
4.2.3. Determining the required reliability of the embankment based on
erosion risk
a) Developing investment cost curves L for different scenarios are in Figure 4-14.
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Scenarios for required stability
calculations

|

Investment costs for each
failure option

© Design water level

1.5m and Bek = Smj

toe to
Im to

= Design water level
=+1.5m

= Additional
reinforcement of

- the embankment

Bek = 10-18m

clevation -
-1,5m and

g

| Safety level

{

| Current safety level 1/2.4

{

Increase safety level to: 1/10;
1/20; 1/33,3; 1/50; 1/100; 1/125;
1/150; 1/200

2 options x 8 safety levels
= 16 scenarios

Calculate
the damage
caused by
lembankment]
failure with
8 safety
levels

Figure 4-14: Scenarios for determining the required reliability of the
Saigon River embankment in the Thu Dau Mot Section

b) Determining investment costs, risk, and total costs

Table 4-27: Frequency of guarantee, investment cost, risk value, and

total costs for the Saigon River Embankment Section in Thu Dau Mot

= Determine the required reliability

The relationship between the allowable PF, total investment cost, risk costs,
and total costs of the embankment system is presented in Table 4-27, Figure
4-15, and Figure 4-16.

Cost (Billion VND)

4.000

3.500

3.000

2.500

2.000

1.500

1.000

500

0
0,128

0,064

—=—Ipf Scenario 1

Total cost of the

Frequen| Investment cost Damage Risk embankment

Cycle | ¢y I,¢ (billion VND) | D (billion VND) | Re (billion VND) system

No. | Period 1lyear Ctot (billion VND)
(year) Ps Scenario|Scenario |Scenario| Scenario | Scenario | Scenario|Scenario | Scenario

1 2 1 2 1 2 1 2
1 10 0,1 67,77 77,94| 9.670,33/12.085,88| 967,03| 1.208,59| 1.034,81| 1.286,53
2 20 0,05 182,30| 227,87| 7.254,69| 8.708,36| 362,73| 43542 545,03 663,29
3 33,3 0,03 383,42| 498,45| 3.925,03| 4.531,04| 117,87| 136,07 501,29) 634,52
4 50 0,02 952,29| 1.257,02| 2.705,69| 3.111,71 54,11 62,23| 1.006,40| 1.319,25
5 100 0,01 |1.666,50| 2.249,78| 2.667,45| 3.059,18 26,67 30,59| 1.693,17| 2.280,37
6 125 0,008 | 2.193,23| 2.960,86| 1.620,47| 1.898,88 12,96 15,19| 2.206,19| 2.976,05
7 150 | 0,0067 | 2.608,17| 3.599,28| 1.539,95| 1.950,91 10,27 13,01 2.618,44| 3.612,29
8 200 0,005 | 3.684,30| 5.158,03| 1.626,04| 2.146,27 8,13 10,73 3.692,44| 5.168,76

0,032 0,016 0,008 0,004

Frequency[1/year]

RPfScenario 1 —=—Ctot Scenarlo 1

Figure 4-15: The relationship curves (Ipy, (Rpy, and (Ciy) for scenario 1
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Cost (Billion VND)

0,128 0,064 0,032 0,016 0,008 0,004
Frequency[1/year]

PfScer o 2 RPf Sce 2 Ctot Scenario 2

Figure 4-16: The relationship curves (Ipy), (Rpy, and (Ciy) for scenario 2
c) Choosing the allowable PF for the embankment
Figures 4-15 and 4-16 show that the total cost (Ctot) reaches its minimum
value for both Scenario 1 and 2 at the points where the Cnin values are
approximately the same, and the optimal reliability (Pf-opt) is 1/33.3.
4.2.4.  Safety analysis of the embankment in consideration of erosion risk
The current PF: Pk = 0.553 > P annual maximum tevel = 0.416 > [P¢] = 0.02 = 1/50.
Thus, the Saigon River embankment section in the Thu Dau Mot city
(designed with a flood protection reliability according to QCVN 04-
05:2012/BNNPTNT at P = 1.5% = 1/67 years) still has the potential for
failure. It may experience incidents leading to riverbank erosion and needs
to be repaired and upgraded to ensure safety, aligning with the random
factors of hydrology, hydraulics, and the changing risk acceptance of the
riverbank area compared to the design.
4.2.5. Selecting the upgrading and repairing solutions for the Sai Gon River
embankment
The repair and upgrade solutions have been selected as Option 2. In option
2, the designed water level will rise to +1.5m, the embankment toe will be
reinforced, and the wall crest will be elevated to +2.0m.
4.2.6.  Design of the Saigon River embankment section of Thu Dau Mot City
fo meet the required reliability
According to the calculations in Table 4-28, the basic cross-sectional
dimensions of the Saigon River embankment in the Thu Dau Mot section,
planned per RT and an acceptable PF [Pf] = 1/33.3 = 0.03, exceed those of
the initial design. Consequently, the Saigon River embankment in this
section needs to be upgraded to meet higher reliability standards.
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Table 4-28: Dimensions of the Sai Gon River embankment section
according to the allowable PF

Overtoppi Excessive Excessive erosion Excessive horizontal

Failure Mechanism settlement limit of the . o
ng limi displacement limit

imit embankment toe

The distribution rate | g 776, | 17 3405 44.35% 24.85%

of the reliability

PF 5.4.107 6.3x107? 24.5x107? 13.8x10?

Embankment

dimensions Zac(m) | Zac (M) Zo (m) Boc (M)

Design values 2.00 2.00 -1.20 12.00

4.3. Conclusion of Chapter 4

The results of the safety calculation and analysis of the Saigon River

embankment in the Thu Dau Mot section, within the scope of this study,

show that the PF with the designed water level, considering climate change
up to 2050 Pfmntk-spkn = 0.553 (corresponding to B = -0.134), is higher than
the FP with the maximum annual water level based on the observation series

Pf MNeue rinam = 0.416, (corresponding to § = 0.212), which is greater than the

[Pf] = 0.02 (corresponding to a safety level of 1/50 years, and the required

reliability considering riverbank erosion risk [B] = 2.17). Therefore, the

section has the potential for failure, causing riverbank erosion, and needs to
be repaired and upgraded to ensure safety.

In addition, the calculation results show that the PF increases when the river

water level exceeds the elevation of +1.5 meters and the natural ground

elevation of the riverbank in front of the embankment is lower than -1.5

meters. Therefore, it is necessary to monitor the erosion dynamics of the

riverbed at the embankment base to maintain the natural ground elevation at
no less than -1.5 meters, with a minimum width of 12.0 meters.

CONCLUSIONS AND RECOMMENDATIONS

1. Achievements of the Thesis

(1). A thorough evaluation of the escalating risk of bank erosion and the present
safety of the river embankment system in the Southern region has been
conducted. The principal reasons for insecurity in the river embankment
systems in this region have been identified and summarized.

(2). The analysis has pointed out existing gaps in determining safety standards
and methods for identifying safety indicators for the current embankment
systems. These gaps include neglecting the socio-economic development
factor in safety standards and overlooking the randomness of loading
variables and durability in safety assessments.

(3). A summary of the international and national developments and application
of RT and RA methods to safety assessments has been presented. This
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(4).

(6).

(7).

(8).

includes analyzing risks and determining required safety standards for river
embankments, pointing out professional gaps in applying calculations for
these systems, and suggesting future research directions for the thesis.

The application of RT and RA methods in assessing current and required
safety standards for the Saigon River embankment system in the Thu Dau
Mot section has been successfully implemented.

. The fault tree and reliability function for common failure mechanisms of the

Saigon River embankment components have been developed. Detailed steps
for analyzing safety indicators using Level Il failure analysis have been
provided, considering the future impacts of climate change on the
embankment system.

A Level Il fault tree analysis has been used to assess the impact of each
failure mechanism on the PF of the entire embankment section. Based on
this, required safety levels for each mechanism have been allocated, forming
the basis for design decisions based on failure mechanism safety levels.
Based on the required safety level of each failure mechanism, a design
methodology has been developed to determine the optimal design parameters,
ensuring that the PF for each failure mechanism meets the allowable criteria.
The integrated approach to determining required safety standards for the
Saigon River embankment system in Thu Dau Mot has been applied to
scenarios considering climate change, economic development, and other
factors until 2050.

2. Contributions of the thesis

(0).

).

A reliability calculation for river embankment systems and risk
acceptance analysis has been developed, aimed at optimizing the
reliability of embankment systems. A design calculation based on
optimal reliability for river embankment systems has been proposed.
The reliability analysis of a typical embankment system protecting the
Saigon River bank in Thu Dau Mot has been conducted, quantifying
the current safety indicators and reliability requirements, and
considering riverbank erosion risks. Recommendations for upgrading
and repairing the embankment to meet the required reliability have
been provided.

3. Limitations

(D).
).

The analysis did not consider the failure of other structures along the
embankment, such as drainage culverts, piers, etc.

The influence of upstream reservoir operations on the safety of the
embankment system in downstream areas was not accounted for in the
calculations.
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(3). The probability distribution functions of the basic random variables
were developed based on limited input data, which reduces the
reliability of the results.

4. Directions for the next step

The following development directions are proposed:

(1). A more comprehensive analysis of the embankment system’s safety,
considering other structures along the embankment in the fault tree
diagram, analyzing the correlations between different failure
mechanisms, and exploring joint causes of multiple potential failures.

(2). Investigating the problem of determining required safety standards for
multi-component, multi-objective systems and establishing a database
for damage, risk, and load-bearing capacities for safety analysis of
embankment systems in Vietnam.

(3). Considering intangible damage factors in the risk function, including
damages caused by forced evacuations and disruptions to local
communities, and quantifying the potential consequences of safety
failures, such as uncontrolled flood releases from upstream reservoirs
and uncertainties in evacuation and early warning systems.

(4). The basic random variables in this study are assumed to be statistically
independent. However, in reality, variables may be dependent, and
further research on identifying statistical dependencies between
variables and their impact on results is necessary.

5. Recommendations

The safety analysis of embankment systems in general, and river

embankments in particular, using RT and RA methods is complex and

requires a large amount of input data to ensure reliability. Therefore,
programs and projects should be developed to establish a database on
embankment failures, damages, risks, and load-bearing capacities to support
the analysis of required safety standards for the systems. The value of
protected area damages should be updated regularly based on changes in
construction and socio-economic development activities in the study area.

Periodic evaluations should be established to adjust embankment

classifications and safety standards to match real-world conditions.

Additionally, a monitoring system for embankments, meteorological and

hydrological data, and riverbank erosion damage should be developed with

long-term and synchronized data to improve the accuracy of safety
assessments for river embankment systems in Vietnam./.
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