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COC CU VAN BE TONG COT SO1 THUY TINH UNG LUC TRUGC
MOT SAN PHAM HU'U iCH CHONG SAT LG BG BIEN

PRESTRESSED GLASS FIBER REINFORCED CONCRETE SHEET PILE A USEFUL PRODUCT FOR

COASTAL EROSION CONTROL
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Tom tét: SU dung coc van bé tong c6t soi thay tinh du ting
luc (GFRP) la mét gidi phap cdng nghé mdi, tién tién thay thé
coc van bé tdng c6t thép truyén théng, dac biét phti hgp cho
cac méi trudng khac nghiét. GFRP (Glass Fiber Reinforced
Polymer) la vat liéu composite tU sgi thuy tinh gia cudng
trong nén polymer, thay thé hoan toan c6t thép bén trong
tam coc van. Su khac biét nay mang lai nhiing uu diém vuot
troi: chdng an mon tuyét déi, trong luong nhe, tudi tho kéo
dai, khéng dan dién va khong nhiém tit. Nhd nhiting dac tinh
nay, coc van GFRP dugc ting dung rdng rai lam tudng chan
dat, bo ke, cang bién, hé théng thoat nudc, mé cau va ham
ngam, nhat Ia tai cac khu vuc dat nhiém man, gan bién hoac
6 tinh &n mon cao. C6t GFRP du ting luc la cac thanh cudng
d6 chiu kéo cao dugc kéo cing trudc khi d6 bé téng, né tao
ra mét luc nén trong cau kién, gilp gidam (g suat kéo do
tai trong ngoai, lam cho coc van chiu dugc tai trong I6n hon
ma khong bi nit hodc nut it. Coc van du ting luc cling ¢ do
cling cao hon va it bi bién dang hon so vdi loai khong ting
luc. Nghién ctu trinh bay thi nghiém su lam viéc cla van ci
bé téng 6t GFRP du Ung Iuc, st dung séan pham ctia cdng
ty Nucetech va tién hanh tai phong thi nghiém LAS125 clia
Trudng Dai hoc Xay dung Ha Noi.

Turkhéa: Coc van bé tong cét sgi du ting luc, chdng an mon,
trong lugng nhe, tudi tho cao.

1. TONG QUAN VE TINH TRANG XO1 LG DAT HIEN NAY

VAMOT S0 CAC GIAI PHAP CHONG SAT LG BOBIEN

Bién ddi khi hdu dang gay ra nhiing bién dong
thai tiét bat thuong, dan dén tinh trang x6i 16 dat
nghiém trong trén dién rong tai Viét Nam, tii mién
nui dén dong bang, sau cac tran bao la va mua 16n.
Tai cac vung ndi, nhiéu vu xdi 16 da cuon trdi nha
ctia, cong trinh, tham chi ca lang mac, gay ra nhiing
thiét hai nang né vé nguoi va tai san. Tai cac ving
dong bang, dic biét 1a dong bing song Ctiu Long,

Abstract: The use of prestressed Glass Fiber Reinforced
Polymer (GFRP) reinforced concrete sheet piles is a new,
advanced technological solution that replaces traditional
reinforced concrete sheet piles, making it particularly suitable
for harsh environments. GFRP (Glass Fiber Reinforced Polymer)
is a composite material made from glass fibers reinforced in a
polymer matrix, completely replacing the steel reinforcement
inside the sheet pile panel. This difference offers outstanding
advantages: absolute corrosion resistance, light weight,
extended service life, non-conductivity, and non-magnetism.
Thanks to these characteristics, GFRP sheet piles are widely
applied as retaining walls, revetments, marine ports, drainage
systems, bridge abutments, and tunnels, especially in areas
with saline soil, close to the sea, or high corrosivity. Prestressed
GFRP reinforcement consists of high-tensile strength bars
that are tensioned before concrete pouring, which creates
a compressive force in the structural member, helping to
reduce tensile stresses caused by external loads, allowing the
sheet pile to withstand greater loads without or with minimal
cracking. Prestressed sheet piles also exhibit higher stiffness
and less deformation compared to non-prestressed types.
This research presents experiments on the performance
of prestressed GFRP reinforced concrete sheet piles, using
products from Nucetech company and conducted at the
LAS125 laboratory of Hanoi University of Civil Engineering".
Keywords: Prestressed fiber reinforced concrete sheet piles,
anti-corrosion, light weight, long life.

hién tugng nudc bién dang va song l6n da xam
thuc, cudn trdi nhiéu cong trinh ven bién, dat canh
tac, dat 6 va cac tuyén giao thong. Vi vay, cong tac
chong x6i 16 hién la nhiém vu v6 ciing cap bach va
khén thiét.

Bén canh viéc chéng x6i 16, muc tiéu phat trién
kinh t& bién doi hoi cac dia phuong phai tap trung
xay dung co sd ha tang ky thuat mot cach bén viing,
On dinh va than thién véi méi trudng. Cac cong
trinh cin dugc uu tién xay dung bao gom: hé thong
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Hinh 1: Dién bién x6i 16 suy thodi ritng ngap méan khu vuc bé bién
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Hinh 2: S liéu thdng ké tdng quat vé tinh trang s6i 16 b bién DBSCL

giao thong, hé thong cang bién, cic co s6 nudi trong
thty hai san, cac cum cong nghiép ven séng, ven
bién va cac khu nghi dudng.

Viéc phong chéng x6i 16 va giti 6n dinh nén dat
thuong dugc trién khai thong qua ba nhom giai
phap chinh: giai phap cong trinh (ky thuét), giai
phap phi cong trinh (quan ly, quy hoach), hodc
giai phap két hgp gitia hai nhom trén. Trong do,
viéc nghién ctiu va phat trién coc van cu (sheet
pile) d€ gia c6 chong x6i 16 la mot hudng thudc
giai phap cong trinh can dugc ddc biét quan tdm
va ddy manh.

Hién nay c6 mét sé dang coc clt dang dugc ap dung:

1. Coc cir truyén thong

Cac giai phap chong xo6i 16 dat truyén thong
trong dan gian thudng stt dung coc cli bang vat liéu
dia phuong nhu coc tre, cli tram hay than cay dta.
Uu diém ctia phuong phép nay 1a don gian, dé thuc
hién, st dung vét liéu san c6 tai dia phuong va than
thién v6i moi truong. Tuy nhién, han ché la ching
chi pht hop cho cac cong trinh don 1é do kha nang
chiu lyc thap. Giai phap nay thuong dugc dung két
hop véi céc bién phép phi cong trinh khac, ching
han nhu trong riing d€ tao bai boi hodc trong co
trén mai doc dé ting cuong kha ning giti dat.

2.Van clr bang vat liéu nhua composit

Coc van cti (sheet pile) lam ti vét liéu nhya
composit 1a loai coc dang tdm, c6 vu diém la dé

Hinh 3: Coc ctr gir dat bang cac than ay dUa

dang thi cong lap dat va it bi &n mon trong mdi
truong nude bién. Tuy nhién, qua qua trinh st dung
thuc té tai mot s6 dia phuong, loai van nay da boc
16 nhugc diém: ching dé bi lao hoa dudi tac dung
cua anh ndng mat trdi, dan dén bién dang l6n va
gy truot mai doc. Hon niia, coc cti nhya composit
6 kha nang chiju luc thép, do d6 chi phu hgp dé st
dung cho cac méi d6c nho véi do chénh cao t6i da
dudi 2m.

Hinh 4: Coc van cir dang nhua composit

3.Van cirthép (Steel Sheet Piles)

Coc van cti thép la giadi phap dugc ting dung
rat hiéu qua trong nhiéu trudng hgp, dac biét 1a dé
chong x46i 16 mai doc, gia c6 thanh ho dao sau, hodc
thi cong tdng hdm. Loai coc nay c6 nhiéu uvu diém
noi bat: dim bao d¢ kin khit cao, dé dang ép xudng
nén dat, va ¢ kha ning chiu lyc rat 16n. Tuy nhién,
coc cti thép ciing ton tai han chéla gia thanh kha cao
va dé bi an mon, dac biét nghiém trong trong moi
trudng nudc bién va tai cac khu vuc chju dnh hudng
cua thuy triéu. Chinh vi nhiing ly do nay, coc van
cti thép thudng dugc uu tién st dung nhu mat bién

Hinh 5: Van cur thép
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Hinh 6:Van cthép biri theo thoi gian

"

phap thi cong tam thoi, sau d6 dugc nhd 1én va tai
st dung (tan dung lai) nhdm tiét kiém chi phi.
4.Van cir bé tong c6t thép ting luc trudc (Prestressed

Concrete Sheet Piles)

Trong thoi gian gan day, viéc st dung hé thong
coc van cu bé tong cot thép tng luc trudc da tré
thanh mot giai phap phd bién dé€ chong sat 16 bo
song va bo bién. Loai coc nay ¢6 hinh dang tuong
tu nhu coc cti thép, véi chiéu day van thuong dao
dong tit 120 dén 180mm.

Van cti dugc ché tao bang cach st dung cap thép
cuong do cao lam cot ting luc trudce, dugc cang trén
bé duc. Nha vay, coc van cti bé tong ting luc trudc
c6 kha nang chiu lyc 16n va gia thanh tuong déi
hop ly.

Tuy nhién, loai coc nay cling ¢é nhiing han ché
nhat dinh. Do c6 chiéu day van thanh l6n nén coc
khé ndng né, 1am tang chi phi van chuyén dén cong
trinh. Viéc dong coc vao nén dét cting doi hai thiét

: &
> | : "
Hinh 8: Vén cir bé tong c6t thép ting luc trudc ven bé bién

bi 16n va doi khi gap kho khan, nhét la khi thi cong
trén nén cat chit. Dac biét, khi st dung trong cac
cong trinh ven bién, moi trudng nudc man co thé
lam c6t thép bi nhiém man, dan dén an mon, pha
vG 16p bé tong bao vé va lam giam tudi tho cong
trinh hodc tdng chi phi bao dudng.

5.Van cir bé tong cot soi thily tinh (ing luc trudc

(Nucepiles)

Dbé khic phuc nhiing nhugc diém c6 hitu ctia
cac giai phap coc cti truyén thong trong viéc chong
x6i 16 bd bién va duy tri én dinh mai doc, cac
chuyén gia tii Truong Pai hoc Xay dung Ha Noi va
Cong ty Dau tu Phat trién Cong nghé Dai hoc Xay
dung (NUCETECH) da nghién ctiu, san xudt thi
nghiém va ap dung thanh cong mét loai coc van cti
mdi, dugc goi la Nucepiles.

bic diém ky thuét ndi bat cua loai cli nay 1a su
dung bé tong cuong do cao dugc gia cudng bang
thanh c6t soi thiy tinh ting luc trudc (con goi la bé
tong c6t GFRP ting luc trudc). GFRP la viét tat cua
Glass Fiber Reinforced Polymer (Polyme c6t sgi),
mot vét liéu c6 kha nang chong an mon vugt troi.

Loai coc van cti Nucepiles nay dugc thiét ké véi
mat cit ngang dién hinh nhidm t6i uu héa kha nang
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Hinh 9: Mt c3t ngang dién hinh ctia vén ¢t BT 6t GFRP ting luc trudc
chiu lyc va do bén trong mdi trudng khic nghiét.

II. QUATRINH NGHIEN CUU, CHETAO,THUC NGHIEM

LOAI COC CU BE TONG COT SO1 GFRP UNG LUC TRUGC

1. Nghién cttu so d6 dién hinh, toi uu hda tiét dién

(Hinh 10,11, 12)

2. Cac ndi dung nghién ctiu thuc nghiém:

Chuong trinh nghién ctiu thuc nghiém co
nhiing ndi dung chinh sau day:

+ Thi nghiém kéo c6t sgi thity tinh GFRP;

+ Thi nghiém xdac dinh cuong d¢ chiu nén ctia
bé tong;

+ Thi nghiém xdc dinh m6 dun bién dang cta
bé tong;

+ Thi nghiém ép ché xac dinh cuong do chiu kéo;

+ Thi nghiém uén mau cti bé tong c6t GFRP
ung luc trudc.

3. Thinghiém kéo cot FRP

Thi nghiém trén d€ xac dinh cuong do chiu kéo
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' Ha.Noi
Hinh 10: Thi nghiém chiu tai coc vén cir bé téng cot FRP (ing luic trudc

~-

Hinh 12: Thi nghiém loai cir bé tong c6t GFRP kich thu6c 996 x530 mm
dai 6m tai phong LAB 125 — DHXD Ha Noi

dut ctia mau c6t GFRP ¢12 dugc sti dung lam c6t
doc chiu luc chinh cho cau kién coc van cti.
Két qua cuong dd chiu kéo mau dugc thé hién

6 bang 1

4.Thinghiém xac dinh cudng d6 chiu nén clia bé tong
Thi nghiém dugc tién hanh véi 6 mau tru

Hinh 13: Thi nghiém xac dinh cudng d6 chiu kéo ctia c6t GFRP
Bang 1. K&t qua kéo mau cot GFRP

12 113.09 70.0 618.93 44

15x30cm d€ xac dinh cuong d6 chiu nén cua bé
tong dugc stt dung ché tao coc van cui. Két qua thé
hién & bang 2.

5. Thi nghiém uén mau 3

So d6 thi nghiém dugc thé hién trén hinh 14
Bang 2. K&t qua nén mau xac dinh cudng do chiu nén

1 1285 73 9/6/2025 25/6/2025
2 1316 747 9/6/2025 25/6/2025
3 1354 769 9/6/2025 25/6/2025
4 1135 64.5 14/6/2025  25/6/2025
5 1280 727 14/6/2025  25/6/2025
6 1270 721 14/6/2025  25/6/2025

tuan tha theo tiéu chudn thi tai cho ciu kién bé
tong duc san ctia Nhéat Ban JIS A 5373:2016. Trén
s0 do thi nghiém nay, vén cti chiu uén phéng boi
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2 lyc tép trung cach nhau 1m & gitia dam. Chi tiét
cdu tao cac goi ké hai dau, thiét bi gia tai dugc lap
dat nhu trén hinh 15. Mau thi nghiém c6 nhip chiu
uon 1a 3m. Quy trinh gia tai tun tha theo TCVN
9347:2012.

Két qua thi nghiém mau S3
6. Thi nahiém udn mau S1va S2 tai LAS125
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Hinh 15: Lap dat thi nghiém thuc t€ mau $3

So d6 thi nghiém dugc thé hién trén hinh 17

1T 0 0 0 Chuandt

2 314 243 157 Chuandt

3 706 322 353 Chua nit

4 1099 485 54.95 Chua nit

5 1491 6.5 74.55 Chua niit

6 1884 7.18 94.2 Chua nit

70 403 0 giam t3i

8 2276 95 13.8 xudt hién niit

9 2668 1415 1334 niit phét trién

10 3061 1827 153.05 nit phat trién

n 3453 2312 172.65 ntit phat trién

12 3846 2841 1923 D0 vong xap xi 1/100
nhip

13 0 9.8 0 giam tai

tuan thu theo tiéu chudn thi nghiém xac dinh tai
trong cho cdu kién bé tong duc sdn cua Nhat Ban
JIS A 5373:2016.
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Hinh 16: Bi€u d6 quan hé Tai trong- d véng coc clf S3
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Hinh 17: So d6 thi nghiém mau 51, 52

Trén so d6 thi nghiém nay, van ct chiu uén
phing bdi 2 lyc tap trung cich nhau 1m & gitia
dam. Chi tiét ciu tao cac goi ké hai dau, thiét bi gia
tai dugc ldp dit nhu trén hinh 18. Mau thi nghiém
¢6 nhip chiu uén la 5m (hinh 18). Quy trinh gia tai
tuén tht theo TCVN 9347:2012.

Céc thiét bi do sau day dugc sti dung dé thu thap
cac s0 liéu thi nghiém: cac thiét bi LVDT (Linear
Variable Differential Transformers) dugc bd tri dé
theo doi chuyén vi tai cac vi tri V1, V2, V3; cic thiét
bi do bién dang dugc b6 tri dé€ theo doi bién dang
tai cac thé lam viéc ctia dam T1, T2; thiét bi ghi s6
liéu téc do cao TDS-530 (high speed data logger).
D6 mo rong khe niit duge do bing kinh soi niit
quang hoc chuyén dung, c6 d¢ chinh xac 0,01 mm.
Gia tai bang kich thuy luc nhu trén hinh 18.

Gid tri chuyén vi ciia ddm dugc tinh todn tui cac

—

Hinh 18: Lap dat thi nghiém thuc té
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s6 liéu do chuyén vi cac vi tri V1, V2, V3 nhu sau:

V,+V,
f — I/l _ 2 2 3
Két qua thi nghiém mau S1
Két qua thi nghiém mau S2
7. Két ludn

1 100 4 108 0 Xudt hién nit

2 110 5 118 0.22
3 130 8 138 0.6
4 160 14 168 0.9
5 20 5 228 dimg thinghiém vi do
vong I6n (>L/100), nit
[6n (>Tmm) va ¢ tiét
dién gitta nhip bat dau oan
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Hinh 19: Biéu d6 tai trong - d6 vong clia coc cir S1
So véi cac loai van cti dang dugc st dung phd

T 10 2 118 0 xudt hién nit

2 120 3 128 0.24

3 130 4 138 0.42

4 150 7 158 0.62

5 258 69 266 duing thi nghiém vi do
vong |6n (>L/100), nitIén
(>1mm) va cé tiét dién
gitia nhip bat dau odn

bién hién nay, cli Nucepiles mang lai nhiéu lgi thé
vugt troi, bao gom:

- Trong lugng nhe hon: cti Nucepiles cé trong
lugng nhe hon dang ké so véi cti bé tong cot thép
ting luc trudc cung loai. Diéu nay gitp giam thiéu
chi phi van chuyén va tao thuén lgi cho qua trinh
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Hinh 20: Bi€u dé tai trong - d6 vong ctia coc cir S2

thi cong, ddc biét phit hgp cho cac cong trinh ven
bién, hai ddo, va cac du an lan bién. Cu cling dé
dang két hgp véi cac giai phap phi cong trinh khac
dé bao vé b bién va chéng xam nhap man.

- Chong dn mon tuyét doi: Vat liéu cot soi thuay
tinh giup coc khong bi an mon trong mdi truong
nudc bién khac nghiét. Nho do, chi phi bao dudng
trong qua trinh khai thac dugc giam thiéu t6i da,
tudi tho cong trinh dugc ning cao va dam bao tinh
than thién véi mai truong.

- Kha nang chiu luc cao: Cti Nucepiles dam bao
kha ning chiu luc 16n, c¢6 thé ap dung hiéu qua cho
viéc xay dung ke bo bién, bo kénh rach, song, suoi,
dam béo sy 6n dinh lau dai cho cong trinh.

- Hiéu qua kinh té: Cii ¢6 gia thanh hgp ly, mang
lai tinh kinh té cao cho cac du 4n dau tu.
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