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NGHIEM QUGC TE VA DINH HUGNG PHAT TRIEN TAI VIET NAM

MONITORING RISKS AND DURABILITY FAILURES OF CONCRETE USING IOT TECHNOLOGY.
INTERNATIONAL EXPERIENCE AND DEVELOPMENT ORIENTATION IN VIETNAM

> ThS. Udng Quang Tuyén - Khoa (o dién, Trutng Bai hoc M - Dia chit
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Tom tat: Bai bao nay trinh bay téng quan vé ting dung céng
nghé loT trong gidm sat do bén bé tdng, mét linh vuc quan
trong trong xay dung va bao tri co s& ha tang. Cac phuong
phép truyén théng dé danh gia do bén bé tdng thudng tén
kém, mat thoi gian va cé tinh pha hay. Tuy nhién, véi su phét
trién clia cong nghé loT, viéc giam sat do bén bé téng theo
thai gian thuc va khong pha hdy da trd nén kha thi va hiéu
qua han. Bai béo nay cling bao goém cac nghién ctiu dién hinh
vé cac ting dung loT trong gidm sat bé téng, kinh nghiém
quéc té va dé xuat dinh hudng phat trién tai Viét Nam.
Tirkhéa: |oT, rdii ro, su c6, d6 bén, bé téng.

1. Gidi thiéu

Bé tong la vat liéu xay dung quan trong dugc st
dung rdng rai trong cac cong trinh co s& ha tang
nhu toa nha, cau, dap va duong xa [1], [2]. Tuy
nhién, theo thoi gian, cac cong trinh nay phai doi
mat v6i su xudéng cdp do cac yéu t6 nhu an mon,
thoi tiét va tai trong [2]. Viéc giam sat do bén cua
bé tong la rat quan trong d€ ddm bdo an toan, kéo
dai tudi tho cong trinh va giam chi phi bao tri [2].
Cac phuong phap truyén thong nhu 14y mau va thi
nghiém trong phong lab c6 nhiéu han ché, trong
khi cong nghé IoT mang lai giai phap t6i uu nho
kha ndng giam sat lién tuc, khong pha hay va tiét
kiém chi phi [3]. Bai bao nay tap trung vao tng
dung IoT trong giam sat do bén bé téng, phan tich
uu diém, nghién ctu dién hinh va dé xuat hudng
phét trién cho Viét Nam.

2. Cac phuong phap giam sat dé bén bé tong

truyén thong

Céc phuong phap truyén thong dé danh gia do
bén bé tong thudng bao gom viéc 14y mau vat liéu tu
cong trinh va thuc hién cac thi nghiém trong phong
thi nghiém. Céc phuong phdp nay c6 nhiing han
ché nhu tén kém, mat thoi gian, mang tinh pha huy
va khong phan anh chinh xdc tinh trang thuc té€ ctia
bé tong trong codng trinh [3]. Khong cung cdp di

Abstract: This paper presents an overview of the application
of loT technology in concrete durability monitoring,
an important area in infrastructure construction and
maintenance. Traditional methods for assessing concrete
durability are often costly, time-consuming, and destructive.
However, with the development of loT technology, real-time
and non-destructive monitoring of concrete durability has
become more feasible and effective. This paper also includes
case studies of loT applications in concrete monitoring,
international experiences, and proposed development
directions in Vietnam.

Keywords: |oT, risk, failure, durability, concrete.

liéu lién tuc, khé phat hién sém rti ro [4]. Cu thé:

- Phuong phap thti nén mau bé tong (Destructive
Testing), v6i phuong phap nay ap dung theo tiéu
chuin TCVN 3118:1993 (Thti nghiém cudng dd nén
bé tong) hodc ASTM C39 (Standard Test Method
for Compressive Strength of Cylindrical Concrete
Specimens). Phuong phap nay c6 do chinh xéac cao,
dugc st dung rong rai nhung la phuong phap pha
hay méau va khong danh gid dugc két cdu thuc té.

- Phuong phdp bua tht do ciing (Schmidt
Hammer - Rebound Hammer), v6i phuong phap
nay ap dung theo tiéu chudn ASTM C805 (Standard
Test Method for Rebound Number of Hardened
Concrete) hoac BS EN 12504-2 (*Testing concrete
in structures - Part 2: Non-destructive testing -
Determination of rebound number*). Phuong
phap nay cho phép xac dinh nhanh, gia ré, khong
phd htty nhung la phuong phap chi danh gia 16p bé
mat, két qua bi anh hudng bséi d6 dm va dd nham.

- Phuong phap siéu am bé tong (Ultrasonic
Pulse Velocity - UPV), v6i phuong phap nay ap
dung theo tiéu chuidn TCVN 9337:2012 (Kiém tra
chat lugng bé tdng bing phuong phip siéu dm)
hodc ASTM C597 (Standard Test Method for Pulse
Velocity Through Concrete). Phuong phap nay phat
hién dugc khuyét tat bén trong (réng, nit) nhung
can hiéu chuén phtic tap, bi anh hudng béi cot thép.
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- Phuong phdp khoan ldy mau 16i (Core
Drilling), v6i phuong phap nay ap dung theo
tiéu chuin TCVN 9345:2012 (Bé tong - Liy mau,
ché tao va bao dudng mau thti) hodc ASTM C42
(Standard Test Method for Obtaining and Testing
Drilled Cores and Sawed Beams of Concrete).
Phuong phap nay danh gia chinh xac cuong do
thuc t€ nhung sé pha hty cuc b va chi phi rat cao.

- Phuong phédp tht nghiém do6 roi bi (Windsor
Probe Test), v6i phuong phap nay ap dung theo
tiéu chudn ASTM C803 (Standard Test Method
for Penetration Resistance of Hardened Concrete).
Phuong phap nay xac dinh két qua nhanh, dung tai
hién truong nhung bén canh d6 gay hu hai nhd, d6
chinh xac thép.

Céc phuong phap truyén théng van dong vai
tro quan trong trong kiém tra chat lugng bé tong,
modi phuong phép cé uu nhugc diém riéng. Viéc
két hgp nhiéu phuong phap (vi du: bia Schmidt +
khoan 16i) gitp tang do tin cdy. Ngay nay, cac cong
ngh¢ khong pha hty (NDT) hién dai nhu cam bién
nhung, radar xuyén d4t (GPR) dang dugc phat trién
dé b6 sung cho cac phuong phap nay.

3. Ung dung cong nghé loT trong giam sat dd bén

bhé tong

Cong nghé IoT cung cdp mot giai phap thay thé
hiéu qua cho cac phuong phéap truyén théng [2]. Hé
thong IoT bao gom cac cam bién dugc ddt trong bé
tong dé theo doi cac thong s6 quan trong nhu nhiét
do, do dm, do pH va an mon [5]. D liéu tu cac
cam bién dugc truyén vé mot nén tang trung tam
dé phan tich va danh gia [1]. V6i giai phap thong
minh sé c6 nhiing uu viét hon nhu: Giam sat thoi
gian thuc, phat hién sém su c¢6; Khong pha huy, duy
tri tinh toan ven cong trinh; Tiét kiém 30-50% chi
phi so v6i phuong phép truyén thong [6].

3.1. Cacloai cdm bién loT

C06 nhiéu loai cam bién IoT khéc nhau cé thé
dugc st dung d€ giam sat do bén bé tong, bao gom:

- Cam bién nhiét do: Theo doi su thay d&i nhiét

do trong bé tong, lién quan dén qua trinh thily hda
va anh hudng dén cuong do bé tong [2].

- Cam bién do 4m: Do d6 dm cua bé tong, mot
yéu t6 quan trong anh hudng dén do bén va kha
nang chong dn mon.

- Cam bién pH: Giam sat d pH ctia bé tong, chi
s6 quan trong d€ danh gia nguy co d&n mon c6t thép.

- Cam bién an mon: Phat hién va do t6c do an
mon ctia cot thép trong bé tong [3].

- Cam bién dién tro: Do dién trd ctia bé tong, co
thé lién quan dén cac dac tinh co hoc va vat ly ctia
bé tong [5].

3.2. Uu diém ctia viéc ting dung loT

Viéc ting dung cong nghé IoT trong giam sat
do bén bé tdong mang lai nhiéu uu diém so véi cac
phuong phap truyén thong:

- Giam sat lién tuc va theo thoi gian thuc [1], [3]:
Cho phép theo déi tinh trang bé tong mdt cach lién
tuc, phat hién sém cac ddu hiéu xuong cap.

- Khong phé huy [1]: Khong yéu ciu 14y mau vat
liéu, giti nguyén tinh toan ven ctia cong trinh.

- Tiét kiém chi phi [1]: Gidm chi phi nhan cong,
thoi gian va thi nghiém trong phong thi nghiém.

- Tang d¢ chinh xdac va tin cay [4]: Cung cap du
liéu chinh xdc va tin cdy hon, gitip dua ra cac quyét
dinh bao tri hiéu qua.

4. Cacimg dung cu thé ctia loT trong giam sat bé

tong

Cong nghé IoT da dugc ting dung trong nhiéu
khia canh khac nhau ctia giam sat bé tong, bao gom:

- Giam sat cuong do bé tong [1]: IoT cho phép
theo doi su phat trién cuong do bé tong theo thoi
gian thuc, gitp xac dinh thoi diém t6i uu cho viéc
thdo d& van khudn va cac cong viéc xay dung khac.

- Phat hién vét ntt [4]: Cic cam bién IoT cé
thé dugc st dung d€ phat hién va theo doi su hinh
thanh va phat trién ctia vét nit trong bé tong, mot
ddu hiéu quan trong ctia su xudng cap két cau.

- Gidm sat an mon cot thép [6]: Cam bién IoT
6 thé do t6c do an mon ctia c6t thép, giup du doan

Bang 4.1 Tdng quan cac nghién ciiu vé iing dung loT trong gidm st bé tong

Taffeseetal. (2019) Do bén clakét cdubétongcdtthép  Khdng rdrang

loT D& xudt khung khdi niém dé gidm sét d9 bén bé tong cGt thép

Igbal etal. (2024)  Cutng dd nén clia bé tong

Cam biénkhong day  loT, BIM

tlrxa

(Cho phép gidm sét cudng do nén clia bé tong theo thai gian thuc va

Varshini etal. (2023) -~ Cudng df bé tong

Cam bién nhiét do loT

Theo ddi su phat trién cuting do bé tng

Kayal etal.(2025)  Nhiéu thong s6 (cudng dg, vét nit,

Nhiéuloai cdmbién  loT

Tong quan vé cac ting dung cia loT trong giam sét két cdu dan dung

anmon...)
Razaketal.(2022)  Vétndit trong két cau Nhiéu loai cam bién ~ loT Tong quan vé cac hé thong phat hién vét nit st dung loT
Filhoetal.(2023) ~ Cauhinhbé tong Cam bién dién tré loT Gidm st cdu hinh bé tong va truyén ditliéu khong day
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tudi tho ctia cong trinh va 1én ké hoach bao tri.

- Banh gia chat lugng bao dudng [4]: IoT ¢ thé
dugc sti dung d€ theo doi cac diéu kién bao dudng
bé tong, ching han nhu nhiét d va do 4m, ddm bao
bé tong dat dugc cuong do va do bén toi uu.

Bang 4.2 So sanh cac phuang phap giam sat d6 bén bé tong

Truyén thong Ton kém, mat thoi
gian, phd hay
loT Gidm sat thdi gian thuc, khong  Yéu cdu cng nghé,
pha hily, tiét kiém chi phi ¢an dau tu ban dau
Cam bién
nhiét do Cam bién

3
L r;
woRE

® ‘¢

/ ] '.Pi--.‘..'vl"_-‘
Cam bién e RN T e
rung déng i
.| Cam bién
J  nat

Hinh 4.1. Ung dung loT gidm sat d6 bén bé tong

5.Kinh nghiém quécté

Trén thé gidi, cong nghé IoT da dugc ting dung
rong rai trong giam sat do bén bé tong. Nhiéu nghién
ctiu va dy 4n da chiing minh hiéu qua cta viéc st
dung IoT dé€ theo doi cac thong s6 nhu cudng do,
an mon va cac yéu t6 moi trudng anh huong dén do
bén cta bé tong [4]. Hoa Ky: Ung dung IoT trong
giam sat cau Golden Gate, giam 20% chi phi bao tri
[7]; Nhat Ban: Stt dung cam bién pH d€ du doan én
mon cdt thép trong cac toa nha cao ting; Chau Au:
Duy 4n SmartBridge két hgp IoT va BIM d€ quan ly
o s& ha tang [8].

6. Dinh huéng phat trién tai Viét Nam

Viét Nam 1a mét qudc gia dang phat trién véi
nhiéu cong trinh co s6 ha tang dang dugc xay dung
va can dugc bao tri. Viéc ting dung céng nghé IoT
trong giam sat do bén bé tong co tiém ning to 16n
trong viéc nang cao chat lugng cong trinh, giam chi
phi va dam bao an toan. Mot s6 thach thtic nhu:
Thiéu tiéu chuén ky thuét cho IoT trong xay dung;
Han ché nguén luc chuyén mon; Chi phi dau tu ban
dau cao.

Céc giadi phap can dugc dau tu d€ phat trién:
Nghién ctiu: Phat trién cam bién gia ré, phtt hgp khi
hau nhiét déi; Tiéu chuén héa: Xay dung quy dinh
vé trién khai IoT; Dao tao: M& khéa hoc chuyén sau
vé IoT cho ky su xay dung; Hop tac: Lién két gitia

trudng dai hoc, doanh nghiép va chinh pht; Thi
diém: Ap dung tai céc cong trinh trong diém nhu
cau, dép, hoac cac tuyén metro.

7.Kétluan

Cong nghé IoT mang lai nhiéu co hoi dé€ cai
thién viéc giam sat d6 bén bé tdng, giup giam thiéu
rli ro va sy ¢6 trong cac cong trinh xay dung. Viéc
ap dung rong rai cong nghé nay & Viét Nam sé gop
phéan nang cao chit lugng va tudi tho cua co sé ha
tang, dong thoi giam chi phi bao tri va dam bao an
toan cho ngudi dan. Cac budc quan trong bao gobm
dau tu nghién ctiu, dao tao nhan lyc va xay dung
chinh sach hé trg.Qd

Loi cdm on:

Nghién citu nay dugc tai trg béi Dé tai Khoa hocva
C6ng nghé cap (o sé clia Trudng Dai hoc M6 - Dia
chit, ma s6 T25-03. Nhém nghién ciiu xin chan
thanh cam on Trudng Dai hoc M6 - Dia chat.
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