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PHUONG PHAP XAC PINH CAC PAC TRUNG CUA DONG THAM
TRONG NEN CAT DUGI PAY CONG QUA BE CO CQC BE TONG
COT THEP GIA CO NEN

Pinh Xuan Trong

Vién Thbﬁy cong

Nguyen Quobc Diing

Héi Pdp 16m va Phat trién nguon mede Viét Nam
Pham Ngoc Quy, Pham Thi Hwong
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Tém tit: Trong thoi gian qua da xdy ra nhiéu i cé cong qua dé dwoc xdy dyng trén nén cdt do
tham va phan I6n cdc sy c6 déu xdy ra o cdc cong cé gia co coc bé tong cot thép (BTCT). Két qua
nghién ciru thue nghiém cho thdy, khi nén cat dwgc gia 6 coc, ¢6 su tac dong dang ké dén dong
tham duoi day cong. Piéu nay dat ra sw can thiét phdi xét dén anh huéng cia coc BICT dong
trong nén cdt khi tmh toan tham. Bai bdo gidi thiéu phuwong phdp tinh todn cot nudc tham va
gradient tham cho cong qua dé trén nén cat vimg dong bang séng Hong cé gia cé coc BTCT dya
trén cdc hé sé6 diéu chinh rit ra tir két qua thi nghiém mé hinh.
T khéa: Cong qua dé, cot nwée tham, gradient tham, nén cat, coc bé tong cot thép

Summary: There have been many incidents of under-dike culverts on sand foundation due to
seepage and mostly occurs in culverts with reinforced concrete piles. Experimental results reveal
that when driving reinforced concrete piles into the sand foundation, they have a significant impact
on the seepage flow at the bottom of the culvert. This posed the need to consider the influence of
reinforced concrete piles when driving them into the sand foundation during the calculation of
permeability. This article provides a method to calculate the seepage head, seepage exit gradient
for under-dike culverts built on sand foundation in the Red river delta with reinforced concrete
piles based on the adjustment coefficients drawn from model test results.

Keywords: Under-dike culvert, seepage head, seepage exit gradient, sand foundation, reinforced
concrete piles

1. PAT VAN DE ra ctia cong qua dé trén nén cat glua truong h0'p
khong va c6 coc bé tong gia c¢b nén. Sy thay dbi
nay co thé anh huong dén an toan ctia cong trinh
néu khong duoc xem xét thau dao trong qua
trinh tinh toan thiét ké. Nhu vay, can co sy diéu
chinh két qua tinh toan dac trung cua dong tham
dudi day cong qua dé trén nén cat co gia cb coc
bé tong theo cac phuong phap hién nay (bo qua
anh hudng cua coc).

Dbi v6i cac cong qua dé trén nén cat co gia cd
nén bang coc bé tong cdt thép duc san (BTCT)
& ving dong bang song Hong, do han ché vé
cong cu tinh toan cling nhu kho khan khi xac
dinh dic tinh 16 rdng cua dét giita cac coc bé
tong nén hién nay viéc tinh todn céac dac trung
cia dong thim thuong bo qua anh huong cua
coc va xem nhu nén dong nhét hoic dong nhat
theo céc 16p. Cac két qua nghién ciru bang mdé 2. CO SO KHOA HQC
hinh vt 1y [1] cho thy, c6 su thay doi dangke 5 ;. Ly thuyét thém

cot nudc ap luc tham dudi ban day cong cling

nhu gradient thim tai khu vuc dong thém thoat - Pinh ludt co ban ctia dong tham Darcy:
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Vi = kth"] (1)

trong d6 vt 1a van tdc tham, ki 12 hé s6 thAm va
J 14 gradient thuy lyc cua dong tham.

AH
J=— )

L

v6i AH 1a chénh Iéch ¢t nude thugng ha luu va
Lt 1a chi€u dai duong dan tham.

- Phuong trinh co ban cua dong thim:

Trudng hop thdm phing 6n dinh trong moi
truong dong nhat, dang hudng:

2 2
o°h ah . 0 le 0 3)
ox* oy
Truong hop dat ddng nhat va di hudng:
o°h o%h
Kin > Kiny o 0 4)

trong d6 h 1a cot nude tham; x va y 1a duong di
ngang va dimg cua dong tham; kinx Va Kiny 12 hé
sd thAm ngang va dimg cua dat.

2.2. Két qua nghién ciru thue nghiém

Dé nghién ctru anh huong cua coc BTCT dén
cac dac trung thAm trong nén cat dudi cong qua
dé ving dong bang song Hong, mdt moi quan
hé toan hoc gitta cac yéu td thuy luc, cong trinh,
dét nén va coc di duoc thiét lap dua trén
phuong phéap phan tich thir nguyén. Trén co s&
d6, mot thiét bi thi nghiém da dugc thiét ké dé
thuc hién céc s€ ri thi nghiém véi céac diéu kién
khéc nhau. Chi tiét két qua nghién cau thuc
nghiém duoc trinh bay trong bai bdo cua Pinh
Xuén _Trong va nnk (2022). Dudi day la mot
tom tat ngin gon két qua nghién ciu nay:

a) Phwong trinh nghién cuu thyc nghiém

Trong d6: AH 1a chénh 1éch myuc nudc thuong
ha Iuu, ht 1a ¢6t nudc tham, L 1a chiéu dai
duong vién thim, het VA hen 14 chiéu sau dong cir
thuong luu va ha luu, ap 1a kich thudc mat cat

ngang coc, Lp la chiéu dai coc, dp 1a khoang
cach gitra cac coc, Te 13 chiéu day tang cat dudi
day cong, Dy 1a do chat twong d6i va Cy 12 hé sd
khong déu hat cua dat.

Phuong trinh (5), (6) duoc sir dung dé nghién
ctru dién bién cua cot nude thim, gradient thiy
luc trude su bién dbi cua chénh 1éch cot nude
thuong ha luu, chiéu dai duong vién thim,
chiéu day tang cat dudi day cbng, do sdu dong
cu thuong ha luu, kich thudc va khoang cach
coc gia ¢ nén, hé sb khong déu hat va do chat
tuong ddi cua dat.

b) Két qua nghién ciru thie nghiém

Ba mau dit voi cac chi tiéu Dy, Cy khac nhau
cung voi ty 1€ (Lp/het) = (0,5; 1,0; 2,0) da dugc
nghién ctru trong cac diéu kién chénh léch cot
nuoc AH = (100, 200, 300, 400) mm. Ket qua
nghién ciru chi ra rang, coc BTCT gia ¢ nén
cat 1am thay doi cot nudc tham, gradient thim
& khu vuc clra vao, ban day va ctra ra cua cong
qua dé so véi truong hop khong co coc gia cb.
Mirc d6 thay ddi phu thudc vao do dai coc (Lp),
chiéu sau cir thuong luu (he) va hé s6 khong
déu hat (Cy) cua dat. Hinh 1 va 2 thé hién muc
do thay doi cot nudc tham, gradient thim tai
viing cira vao, ban ddy (dau va cudi ban day) va
clra ra ctia cong.

- O khu vuc cura vao, c¢ot nude tham tang dudi
2%, gradient tham gidm nén c6 thé bod qua.

- Tai dau ban day cdng, cot nudc tham ting
trong tat ca cac kich ban; muc do gia ting tir
4,4% dén 12,05% tuy theo ty 1¢ (Lp/het) va Cy
khac nhau. O cudi ban day, cot nudc thim
tang khi (Lp/het) nhé hon 1,51 (Cy = 2,54);
1,61 (Cy=4,50) va 1,69 (Cy =16,15) va giam
trong truong hop ngugc lai; muc do gia tang
tr 11,8% dén 19,5%; muc do gidm tur 5,56%
dén 15,0%.

- Vung ctra ra, cot nudce thdm va gradient thaim
giam khi (Lp/het) 16m hon 1,50 (Cy = 2,54); 1,56
(Cu=4,50)val6l(Cy=16,15)va tang ¢ chiéu
nguoc lai; mirc do giam tur 12,0% dén 27,6% va
tang tir 18,7% dén 31,06% phu thudc vao ty 18
(Lp/her) va loai dt.
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Hinh 2: Mirc dg thay doi gradient tham do
anh huong cua coc tgi ciua vao va cva ra

3. DE XUAT PHUONG PHAP
3.1. N¢i dung phwong phap

Trén so d6 duong vién thim cia cong trinh, tinh
toan cac dic trung ctia dong thim bang cac
phuong phap da duogc dé cap trong cac qui
pham thiét ké va cac tai liéu chuyén nganh voi
gia thiét bo qua anh huong cua coc gia co nén.
Tur két qua dat dugc, tién hanh tinh toan cac dic
trung ctia dong thim trong truong hop xet dén
anh huong cua hé coc bé tong gia co nén trén
co so diéu chinh két qua cua truong hop khong
xét dén anh hudng ciia hé coc thong qua cac hé
s6 diéu chinh cot nudce ap luc tham va hé sb diéu
chinh gradient thim.

he =kpt  (7)
—k.J )

rcmax ] rmax

- Cot nuoc thAm:
- Gradient thAm: J

Trong d6: hi 1a cot nuée thim diéu chinh trong
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truong hop xét dén anh hudng cua coc tai cac
vi tri ctra vao, dau ban day, cuoi ban day, cuara
cua cong; h' 1a cot nude tham khi bé qua anh

huong ca coc tai céc vi tri twong (ng; Jremax 1
gradient tham 16n nhat tai khu vyc ctra ra lghi
xet anh huong cua coc; Jrmax la gradient tham
l6n nhat tai khu vyc ctra ra khi bo qua anh
hudng cia coc; k., va kjla hé s6 diéu chinh cot
nuéc thim va gradient thim.

3.2. X4c dinh cac hé s6 diéu chinh

Dua trén cac sd liéu thi nghiém, thiét lap mbi
tuong quan gitta mac do bién d6i cot nude thim
(tht) va gradient tham (rj) véi hé sé khong déu
hat (Cy) cho cac truong hop (Ly/het) = (0,5; 1,0;
2,0) & cra vao, ban day (dau va cudi ban day),
cura ra so voi truong hop bd qua dnh hudng cia
coc (Lp/het) = 0.

20
L/h = 2,0: 1, = 0,0468(C,) + 1,1969
-
16 | R? = 0,9968
S12
S L/hy = 1,0: 1, = 0,0162(C,) + 0,4711
z 2 =
Zog | R2 = 0,0954
04 [/ = 0,5: 1, = 0,005(C,) +0,1321
: R2=09048 .
0,0 -_——————
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u

Hinh 3: Tuong quan rnt ~ Cy viing cira vao

14,0

120 | Ly/hg = 2,0: 1y, = 6,4367(C,)02%
: R? = 0,9999

10,0 A

Lp/he = 1,0: 1y, = 4,3508(C,)02061

;\c? 8,0 4 R2=0,9986
4,0 1

2,0 1
0,0

Ly/h = 0,5: fy, = 3,8664(C,)1465
R2 = 0,9997
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Hinh 4: Twong quan rv ~ Cu ddu ban day

30
L,/he = 0,5: 1y, = 1,9883In(C,) + 14,009
20 R2=0,993 N
r.’—ﬁ——, —
—
\310 1 Ly/hg = 1,0: 1y, = 1,7922In(C,) + 10,266
< R2 =0,9949
=0
Ly/hy = 2,0: 1, = -5,121In(C,) - 0,7634
el
-10 1 .\&_‘
-20
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Hinh 5: Tuong quan roi ~ Cu cudi ban ddy
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ig L he = 0.5: 1 = 2,8706I(C,) + 23,157 cdt nudc tl}ém, gr.adient ‘ghém tai cac vi tri dudi

20 | R =0,9954 N ban day cong khi xét dén anh huong cua coc

| ——* BTCT gia ¢ nén. Trudng hop tong quat, rht Va
10+ e L e ot o rj 14 ham sé cita ty 18 (Lp/her) va Cu:

Ly/hy = 2,0: 1, = -8,46In(C,) - 4,1562

-10 - R2 = 0,9999 Lp
-20 .\‘\‘ rht = f (_1Cu) (9)
-30 —— h

0 2 4 6 8 10 12 14 16 18

CI.I
_ p
Hinh 6: Twong quan rt ~ Cy 0 ctra ra =" (h_’Cu) (10)
C
50
20 L/ha=05: r&;_zggggl(lcu) +23,136
30 1 ————— —a bat k,, = (1+ (11)
20 1 —— 100
& 10 4 Ly/hg = 1,0: 1, = 3,8233In(C,) + 15,084
= 0 Rz =0,9992 r
10 4 Ly/hg = 2,0: 1; = -8,46In(C,) - 4,1565 va k. =1+ _J) (12)
w] e oo =100
_30 ) \ /4 \ ~ \
-40 — T cac phuong trinh twong quan trén Hinh 3

0 2 4 6 8 c 100 12 14 16 18

dén Hinh 6, thiét 1ap duoc mbi quan hé giira Knt,
k; va Cy theo céc ty 1€ (Lp/het) khac nhau tai
. . vlng ctra vao, ban day va ctra ra nhu trong Bang
Céc thong sO rnt, Ij phan anh muc d¢ thay doi 1

u

Hinh 7: Twong quan rj~ Cy o cura ra

Bang 1: Ham xic dinh kn, Kj tai cac vi tri dwéi ban ddy cong

Ham xac dinh knt theo cac ty 1€ (Lp/hct)

Vl tri Lp/hct 0 5 Lp/hct 1 O Lp/hct 2 0

Cira v 14 0,005.Cu +0,1321 (1+ 0,0162.Cu +0, 4711) (1+ 0,0468.Cu +1,1969]
ua vao 100 100 100

Pau  ban | [, 3,8664.(Cu)"** 1, 4,3506.(Cu)*** ( 6,4367.(Cu)** j

day 100 100 100

+

1+

100

1,9883. In(Cu) +14, oogj (1+ 1,7922.In(Cu) +10, 266}
100

5,121.In(Cu) -0, 7634]
day

1+

Ctrara

Cubi ban (1

2,8706.In(Cu) + 23, 137) (“ 3,8235.In(Cu) +15, 084j [

1, ~8.46.In(Cu) -4, 1562]
100 100

100

Ham xac dinh k;j theo cac ty 1€ (Lp/hct)

Ctrara

1+ 2,871.In(Cu) + 23,136 (1+ 3,8233.In(Cu) +15, 084) [1+ —8,46.In(Cu) - 4,1565)
100 100 100

Tir cac cong thie trong Bang 1, thiét lap mbi  cot nudc tham & ctra vao, dudi ban day ctra ra
quan hé knt = f(Lp/het, Cy) nhu Hinh 8 va kj =  ciing nhu gradient thim & ving dong thim thoét
f(Lp/het, Cu) nhu Hinh 9. C6 thé str dung cac két  ra ctia cdng qua dé trén nén cat c6 coc BTCT.
qua nay dé xac dinh hé sé kn, kj khi tinh toan
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4. AP DUNG TINH TOAN CHO CONG
TAC GIANG, TINH HA NAM

4.1. Gi6i thi¢u vé cong trinh

Cong Tic Giang dugc xay dung tai K129+721
dé hiru Hong thuoc xd Chuyén Ngoai, huyén
Duy Tién, tinh Ha Nam. Cong trinh gdm ¢6 4u
thuyén rong 8m va cong lay nude rong 3x4,2m.
Nén cong nam trén 16p cat hat nho, min (16p 4)
[2]. Giai phap chdng thim 1a dong cir sdu 10m
& thuong luu va sau 3m & ha luu; nén céng dong
coc BTCT duc san kich thudc 30x30cm, dai
5m, bd tri thang hang véi khoang cach 1,3m [2].
Ty 1é chiéu dai coc Ly / d6 sau cir thuong luu het
bang 0,454. So dd b tri clr va coc dudi ban day

TAP CHi KHOA HOC VA CONG NGHE THUY LQ!I SO 75 - 2022 5



| KHOAHOC CONG NGHE
cong thé hién trong Hinh 10.
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Hinh 10: So d6 bé tri coc, cir chong tham va
hé thong quan trac tham cong Tdc Giang

4.3. Tinh toan xac dinh ciac dic trung cia
dong tham dudi nén cong Tac Giang

4.3.1. Truong hop va kich ban nghién ciru

Truong hop nghién ctru: (1) Truong hop bd qua
anh huong cua coc (Lp/het = 0); va (2) Truong
hop xét anh hudng cua coc (Lp/het =
0,454).

Kich ban nghién ciru: Trén co s& cac to hop
muc nudc thiét ké cong trinh, cac td hop muc
nudc da xudt hién trong qué trinh van hanh cé
dﬁy du sb liéu quan trac, lya chon kich ban
nghién ctru nhu trong Bang 2.

Béng 2: Kich ban nghién ctru

Kich | MNTL | MNHL | AH |, . ..
TT| bin ) ™ | m) Ghi chu
1|TGLl| 423 | 214 |2,09|05/8/2013
2 | TG2 | 440 | 2,00 |2,40 |28/8/2017
3|TG3| 518 | 2,05 |3,13|22/7/2018
4| TG4 | 710 | 218 |4,92 |Tb hop thiét ké

4.3.2. Phuwong phap tinh toan

Véi truong hop béd qua anh hudng cua coc
(Lp/het = 0), sir dung phan mém SEEP/W dé
phan tich thdm; truong hop c6 xét dén anh
huong cua coc (Lp/het= 0,454), str dung phuong
phap tinh toan dugc dé xuat trong Muc 3.

4.3.3. Két qua tinh toén

Cot nude thim, gradient thdm cho trudng hop
b6 qua anh hudng ctia coc dugc trich xuat tir md
hinh s6. Cot nude tham, gradient thdm khi xét
dén anh huong cua coc duoc diéu chinh tir két
qua tinh toan trong truong hop boé qua anh
hudng ciia coc véi cac hé sb ke, kj. Két qua tinh
toan thé hién trong Hinh 11 va Bang 3.

Bang 3: Két qua tinh toan gradient thAm

Kich L/ha=0] Ly/ha= 0,454

ban AH (m) Jrmax kj Jremax
TG1 2,09 0,106 1,244 0,132
TG2 2,40 0,122 1,244 0,152
TG3 3,13 0,159 1,244 0,198
TG4 4,92 0,250 1,244 0,311

w5
d) Kich ban TG4

nCBc tribng hop Lp/het = 0
nBe tribng hop Lp/het = 0,454

Hinh 11: Két qua tinh todn cdc gid tri cot
nuwoc dudi ban day cong Tac Giang

4.4. Phan tich, danh gia két qua

Két qua tinh toan ¢ Hinh 1 1 va Bang 3 cho thay,
do anh hudng cua coc gia ¢d nén, cot nude thim
tang 1én ¢ khu vyc ban day va cira ra, dan dén
lam tang ap luc thdm 1én cong trinh cling nhu
gradient thAm & cira ra ctia cong.

Pé 1am sang to diéu nay, tac gia sir dung két qua
tinh toan ciia truong hop khong xét dén anh
huong cua coc (Lp/het = 0), truong hop xét dén
anh huong cua coc (Lp/het = 0,454) va 5O liéu
quan trac trong qua trinh vén hanh tai giéng
quan tric thim T12 va T11 (trudc va sau cir
thuong luu), T6 va TS (trude va sau cu ha luu)
dé danh gia su phu hop, d¢ tin cdy cua phuong
phap dé xuat. Vi tri giéng quan tric tham xem
Hinh 10; két qua ghi trong Bang 4 va Bang 5.

Bang 4: Két qua tinh todn va quan tric thuc té cdt nwée thim tai giéng T12, T11, T6, T5
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Kich Ké'} qua n}f) hin}rl $6 - bo qua Ké‘f qua hiqéu ch}nh — xét dén Quan tric thyc té
ban anh huong cia coc (m) anh huong cia coc (m)

T12 | T11 T6 T5 T12 | T11 T6 T5 T12 | T11 | T6 T5
TG1 | 1,569 | 0,960 | 0,647 | 0,419 | 1571 | 1,000 | 0,743 | 0521 | 1,60 | 1,01 | 0,76 | 051
TG2 | 1,801 | 1,102 | 0,742 | 0,516 | 1,804 | 1,148 | 0,853 | 0,642 | 1,85 | 1,20 | 0,90 | 0,65
TG3 | 2,349 | 1,438 | 0,968 | 0,622 | 2,352 | 1,497 | 1,113 | 0,774 | 2,40 | 154 | 115 | 0,80
TG4 | 3,693 | 2,260 | 1522 | 1,058 | 3,697 | 2,353 | 1,749 | 1,317 Khong co s6 liéu

Bing 5: Panh gia su thay déi cot nuée thAm do anh hwéng cia coc tai giéng T12, T11, T6, T5

Mirc d6 thay d6i cot nudc tham (%) tai Mite do thay dbi cot nude thém (%) tai
Kich AH (m) dng do ap (so sanh giira két qua hiéu éng do 4 ap (so sanh giira s6 liéu quan
ban chinh va m6 hinh s6) tric thuc té va mo hinh sd)
T12 T11 T6 T5 T12 T11 T6 T5
TG1 2,09 0,12 4,15 14,95 24,40 1,99 5,22 17,55 21,72
TG2 2,40 0,12 4,15 14,95 24,40 2,69 8,87 21,23 25,89
TG3 3,13 0,12 4,15 14,95 24,40 2,15 7,13 18,77 28,62
TG4 4,92 0,12 4,15 14,95 24,40 Khong c6 s6 liéu so sanh
Trung binh 0,12 4,15 14,95 24,40 2,28 7,07 19,18 2541
Tuong quan gitta ¢t nudc tham va chénh léch cot
nudc thugng ha luu cong tai giéng quan tric T12, ”
T11,T6, T5 duoc thé hién trén Hinh 12. 1 ] e ™Rl
40 T - - F10{" S6 liéu tinh toan ttr mo hinh s6
5;3'5 1asé deﬂ tinuh toan hiéu chinh = 0'75ng5qu “610 ‘-g’,o,g {h,=0,2361aH + 0,0404
= 3,0 { = S6 liéu tinh toan tir mé hinh sé IS R2=0,8615 .
.§2,5 E ) “‘é 06 P
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21,5 S Re=t ?02 RE=1
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Hinh 12: So sanh két qua tinh todn
va quan trdc tai cdc giéng do

Sai s gia tri cot nudc thim tinh theo phuong
phap hiéu chinh va sb liéu quan tric thuc té
tai giéng quan trac T12 trung binh 2,16%, T11

la 2,80%, T6 la 3,68% va T5 trung binh la

| ASéligu tinh toan hiéu chinh
| =Séligu tinh toan tr mé hinh sé

1 no=03237aH + 00727

086 ligu thuc do h, = 0,3556AH - 8.10

R2=1

R?=0,9419

Rz2=1

h, = 0,2984AH + 4.10°®

ke.

Chénh léch myc nwéc AH, m
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0,81% (cu thé xem Bang 6). Mot trong nhitng
nguyén nhan dan dén su sai khac nay 1a do
don vi quan 1y sir dung thiét bi do thii cong dé
do muc nuée tai cac giéng quan tric. Xét vé ¥
nghia thyc té, gid trj sai sé trén 1a khong dang

Bang 6: So sanh két qua tinh toin biang
phuong phap hi¢u chinh va quan trac thuc te

7
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, Sai s6 (%)
Kich ban
T12 T11 T6 T5

TG1 187 | 1,03 | 226 | -2,16
TG2 257 | 453 | 546 | 1,20
TG3 2,03 2,86 3,33 3,39
TG4 Khong co s6 lidu so sanh

Trung binh | 2,16 2,80 3,68 0,81

5. KET LUAN

Tur trude dén nay, khi tinh todn tham cho cong
qua dé thuong bd qua sy c6 mat cua hé coc gia co

TAI LIEU THAM KHAO

[1]

va xem nhu nén dong nhét din dén két qua tinh
ton ¢6 su sai khac véi thyuc té lam vic, doi khi
khong an toan. Dya trén két qua thi nghi¢m, mot
phuong phap tinh toan cac dac trung thim (cot
nuoce tham, gradient tham) trong nén cat dudi
cdng qua dé vung ddng bang song Hong co gia cb
coc BTCT dtic san di dugc dé xuat thong qua viéc
diéu chinh két qua tinh todn thim bang cac
phuong phap thong thuong bang cac h¢ s6. Qua
két qua ap dung cho cong Tic Giang, nhan thiy
su phu hop cta két qua tinh toan hiéu chinh véi
sé liéu quan trac thuc té. Vi vay co thé khéng dinh
phuong phéap dé xuét 1a hop 1y va dang tin cay, ¢6
thé str dung trong cong tac nghién ctru va thiét ké.

Dinh Xuan Trong, Nguyén Quoc Ding, Pham Ngoc Quy, Pham Thi Huong, “Nghién ciru

anh hudng cta coc bé tong gia 6 nén dén cac dic trung tham trong nén cat dudi day cong
qua dé bang mo hinh vat 1y,” Tap chi KHKT Thuy loi va Méi trudng, sé 81, 12/2022.

[2]

HEC I, H6 so thiét ké k§ thut — thi cong cum cong trinh du mbi cong, au thuyén Tac Giang

—Ha Nam thudc Tiéu dy 4n Hé thong thuy loi Tac Giang — Phu Ly, Ha Noi, 2006.
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