BAI BAO KHOA HOQC

PHAN UNG KIEM - SILIC TRONG KET CAU BE TONG
VA CAC GIAI PHAP QUAN TRAC PE QUAN LY RUI RO

Nguyén Thi Hug'

Tém tit: Phan iing kiém-silic (ASR) la mét trong nhitng nguyén nhdn ndi sinh gdy gidn né, nitt, va suy gidm
dac tinh co Iy cua bé tong. Bai bao phan tich co ché phé hoai cua ASR, dong thoi nhan dién cdc dang hw hong
ddc thir trén mot so loai hinh céng trinh nhw dap thuy dién, ha tang giao thong. Trén co so do, bai bao ciing hé
thong héa va danh gia cdc gidi phdp quan trdc tir truyén thong dén cong nghé tién tién phuc vu cong tdac quan
Iy cong trinh. Thong qua phan tich bai hoc kinh nghiém trong quan ly cau Kashima (Nhdt Ban), mitc do pha
hoai do ASR dugc lam ro bang cdc minh chumg dinh luong, qua do khang dinh vai tro quan trong cua hé thong
quan trdc tu dong va theo doi phat trién vét mit trong viéc danh gid mirc do suy thodi va kiém chimmg hiéu qua
gia cuong. Cudi cung, nghién ciu da dé xudt mot quy trinh quan trac va quan Iy rui ro ASR khép kin, lam co s
dinh huong cho cac hé thong dap thuy dién tqi Viét Nam. Quy trinh nay hé tro cdc co quan quan Iy chuyén doi
tir phwong thike bao tri khdc phuc sang quan 1y chii dong, gép phan t6i wu héa chi phi va dam bdo an toan vin

hanh trong sudt vong doi cong trinh.

Tir khoa: Phan Gmg kiém-silic, ASR, suy thoai bé tong, quan tric, quan Iy rui ro.

1. TONG QUAN VE PHAN UNG KIEM -
SILIC TRONG BE TONG

Bé tong 1a vit li¢u xay dung dugc st dung rong
rii nho ¢6 d bén cao, gia thanh hop 1y va kha ning
tao hinh linh hoat theo yéu cau thiét ké. Tuy nhién,
bé tong ciing mang dic tinh dé bi suy thoai, dit ra
nhitng thach thirc dang ké trong qué trinh van hanh
khai thac, stra chita va bao dudng. Trong sb cic
nguyén nhan gy ra suy giam do bén cua bé tong,
phan mg kiém-silic (Alkali-Silica Reaction - ASR)
12 mot trong nhitng co ché hu hong déng cha trong
nhiéu loai hinh cong trinh 16n, thach thirc sy 6n
dinh, an toan cta cong trinh. Trong hai loai phan
{mg kiém-cdt lidu, ASR 1a dang ph bién hon so véi
phén tmg kiém-carbonate (Alkali-Carbonate Reaction
- ACR). Khong gidng véi cic co ché hu hong bén
ngoai nhu an mon cbt thép hay xam nhap ion clorua,
ASR 1a phan tmg ndi sinh, xay ra bén trong két cau bé
tong. Phan tmg nay xdy ra khi cac khoang silica hoat
tinh (Si0-) trong c6t lidu phan tmg vai ion kiém (Na*,
K*) cting ion hydroxyl (OH") trong dung dich 16 rong
cla bé tong, tao ra gel kiém-silic c6 kha ning hut
nude va truong no. Khi hap thy nudc, gel ting thé
tich, gdy ra mg suit noi tai trong bé tong. Khi ting
suat vuot cuong do chiu kéo ctia bé tong thi s& gay ra
nit tai ving tiép xtic gitra c6t lidu va hd xi ming,
ciing nhu trong chinh ¢t liéu va da xi ming. Qua
trinh nay 1a nguyén nhan chinh din dén suy giam do
bén va tudi tho ctia bé tong (Fanijo et al., 2021).

'Bé mén Cong nghé va Qudn Iy xdy dung, Trong Pai
hoc Thuy loi
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Hinh 1. Ba diéu kién chinh ciia phan vmg kiém-silic

Phan g kiém-silic 1a qua trinh héa hoc, mirc d6
phan tng kiém-silic phu thugc vao SiO: hoat tinh
trong cdt lidu, nong do moéi truong kiém, nude trong
16 rdng (Hinh 1), ciing nhur méi truong duy tri ¢ 4m
thich hop trong mot thoi gian dai (Fanijo et al,
2021). Cac nghién ctru di truoc da dua ra danh sach
SiO: phan tng trong cdt lidu bao gdm: opal, chert,
chalcedony, thuy tinh nui Iira, silica vd dinh hinh...
Ham luong va dang ton tai cta SiO: trong cdt lidu s&
dong vai tro quyét dinh dén muc do nguy co ASR
(Sims, 1., & Nixon, P., 2003; Sims & Poole, 2022).
Diéu kién thr hai can cho phan tmg 14 nong d¢ kiém
du cao trong dung dich 16 rdng ctia bé tong. Na+ va
K+ dugc giai phong vao dung dich 16 rong ctia bé
tong trong qua trinh thiy héa cia xi mang Portland.
Ngoai ra, kiém c6 thé dén tir phy gia khoang, nuéc
tron bé tong hodc xdm nhap tr moi truong ngoai.
Khi lugng kiém quy doi Na;0O¢q vuot mot ngudng
(thuong lay khoang 0,6%), nguy co xay ra ASR s&
tang dang ké. Va cudi cung, ASR chi xay ra khi bé
tong duy tri d6 4m cao lién tyc trong thoi gian dai.
Céc nghién ciru trude cho thiy phan ung phat trién
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manh khi d6 4m twong déi (RH) trong két ciu vuot
qua 80-85%. Trong khi d6, ¢ moi truong khod
(RH<60%), phan rng gan nhu khong xay ra (Fanijo
et al., 2021; Olajide et al., 2024).

Hién tugng ASR dugc phat hién lan dau tién vao
cudi thap nién 1930 trong cac két cdu bé tong dudng
cao tdc tai California, Hoa Ky va dugc Thomas
Stanton cong bd chinh thirc ndim 1942 (Stanton, 1942).
Sau d6 ASR nhanh chong dugc mé rong nghién ctiru &
nhiéu khu vire trén thé gisi. Tir thap nién 1980 dén
1990, ASR duoc cong nhan 1a vin dé toan cau khi 1a
nguyén nhan giy hu hong nghiém trong cho nhiéu
cong trinh 16n. Dén nay, ASR da duogc ghi nhan & hon
60 quc gia va hau hét cac bang clia My va ASR van la
thach thirc 16n cho cac nha khoa hoc (ACI Committee
221, 2008; Thomas, M.D.A., et al,, 2013) Tai Viét
Nam, van dé nay ngay cang tro len cap thiét Kkhi h¢
thong co so ha tang bao gom cac dap thiy loi, ciu giao
thong da budc vao giai doan khai thac dai han. Nhiéu
cong trinh thuy dién 16n tai Viét Nam nhu Hoa Binh,
Ialy, Tuyén Quang... da van hanh trén 15 ndm. Bén
canh do, khao sat thyc nghiém da chi ra rang cac
phuong phap hoéa hoc truyen thong d6i khi khéng danh
gia hét nguy co, cac loai cot liéu nhu da phién, riolit
hay bazan tai Viét Nam vin c6 tiém ning gdy phan
Umg ASR manh khi thir nghiém bang phuong phap
lang try thanh vira tang téc (Hoang & Nguyen 2025).
Theo mét sd nghién ciru, ving Tay Béc (Phan Si Pan
va Tu L¢) va Tay Thanh Hoa (Soéng Ma) 1a nhiing noi
cOd su phan bd rong rai cua cac ngu(‘Sn da riolit, silic
(Thanh et al., 2024; Tran et al., 2015). Viét Nam da c6
tiéu chudn danh gia cbt liéu (TCVN 7572-14:2006)
nhung chua c¢6 quy trinh chuin hoa dé quan tric va
canh bao sém khi dua cong trinh vao van hanh. Va gin
day, mot dy 4n nghién ciru thye nghiém nhim xdc dinh
va danh gid mirc d§ phan ing ASR da dugc trién khai,
phuc vu cong tac kiém sodt nguy co tai cac két cau
quan trong cua cong trinh thuy dién Ban Chat. Viéc
stra chita va khic phuc hu hong do ASR doi hoi mot
qua trinh danh gia, giam sat va can thi¢p lau dai. Cong
tac nay khong chi ton nhiéu cong sirc ma chi phi ciing
rat 16n. Theo béo cao clia Vién Bé tong Hoa Ky, chi
phi sira chita cac cong trinh bi hu hong do ASR c6 thé
1én dén hang triéu USD cho mdi dy an, tiy thudc vio
quy moé va muc do thiét hai (ACI Committee 221,
2011). Khong chi tac dong vé mit kinh té, hu hong do
ASR con dit ra cic van dé nghiém trong vé an toan
cong trinh. Trong mot s truong hop, khi mirc do hu
héng qua nghiém trong, vi€c stra chita tro nén khong
kha thi, cac nha quan 1y budc phai lya chon giai phap
pha bo hoan toan dé xay dung méi. Mot vi du dién
hinh 1a dap Mactaquac du kién s& phai xay dung lai
hoan toan vao nim 2030 do sy xudng cép lién tuc
(Moftatt et al., 2016).
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Do ASR 1a mét qua trinh tién trién cham, kéo dai
va kho du doan, cong tac quan 1y cac cong trinh can
dugc hd trg boi hé thong danh gia va quan tric dinh
ky. Trong diéu kién nguén luc han ché, viéc lua chon
cac ky thuat quan trac phu hop c6 ¥ nghia dic biét
quan trong trong xac dinh mirc 9 wu tién sua chira,
danh gia hi¢u quéa cta phuong phéap sua chira, tr do
t6i uu hoa chi phi quan 1y tai san va qua d6 kéo dai
tudi tho va dam bao an toan van hanh cong trinh. Dé
giai quyét bai toan nay, nghién ctru duoc trién khai
theo mot phurong phap tiép can hé thong dugc minh
hoa tai Hinh 2.

T6ng quan co s&
khoa hoc

Dénh gia cong
nghé quan tric

Phan tich truong
hop dién hinh

D& xuét quy trinh
quan ly

» » »

Hinh 2. So' d6 phuong phdp nghién ciru

2. ANH HUONG CUA ASR PEN CAC
CONG TRINH BE TONG

Phan Ung kiém-silic tic dong tiéu cuc dén da
dang cac loai hinh két cdu bé tong nhu dap thiy
dién, duong cao tde, cAu, duong san bay. Trong ndi
dung phan ndy, tip trung phan tich hai nhom céng
trinh dién hinh 1a dap thuy dién va céng trinh cau,
duong do day 1a loai hinh cong trinh c6 diéu kién
thudn lgi cho ASR phat trién va di ghi nhian nhiéu
truong hop hu hong dién hinh.

2.1. Cong trinh dap thiy dién

Nhom c6ng trinh nay chiu anh huéng rd rét tur
phan ung klem—sﬂlc do dic thu thuong xuyén tlep
xUuc voi nguon am doi dao, mot trong nhirng diéu
kién tién quyét dé kich hoat sy trwong nd cia gel
ASR. Trong cic cdu truc bé tong khdi 1on niy sé& c6
su truong no khong déu, giy ra cac bién dang hinh
hoc nhu dich chuyén tuong d6i, nghiéng hodc xoin
cac cdu kién (Rivard et al., 2010). Bén canh d6, hé
qua ciia ASR dén viéc van hanh thiét bi co khi
nghiém trong hon. Sy thay d6i kich thudc khoi bé
tong lam sai Iéch vi tri cua khe co gian, gay ket hoac
lam mat kha ning van hanh binh thuong cia cac cira
van, tuabin va cac hé thdng may moc lip dit trong
dap gdy mat an toan van hanh va doi hoi chi phi sira
chira rat ton kém (Torii et al., 2016). Va khac voi
nirt bé mit thong thuong, ASR trong cac dap 1on co
thé tao ra cac vét niit 16n kéo dai tir cac hanh lang ra
bé mit, de doa tryc tiép dén kha ning chong tham va
an toan chiu lyc cua dap (Rivard et al., 2010). S6
liéu trong mot bao cao danh gia chung nam 1992 da
xac dinh 78 truong hop phan tng kiém cét liéu, chi
yéu la ASR tai cac nha may thuy dién va dap hién
hiru trén thé giéi (Charlwood, 1994). Niam 2014
nhom nghién ctru va danh gia hién trang ctia 154 dap
bé tong ¢ Thuy S7 voi cac tudong bé tong dap trong
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luc, dap vom, dap tran va cac loai dap khac da chi ra
rang khoang 50% trong sd nay dang gip phai van dé
gian no bé tong do ASR (AAR Working Group,
2017). bap Mactaquac (Canada) la mot trong nhiing
dién hinh vé cong trinh thuy dién bi anh hudng
nghiém trong boi ASR. Ké tir khi xdy dung, tong
bién dang truong né da dat khoang 6000 microstrain
va dap da tang thém gan 230 mm vé chiéu cao. Pap
xudt hién cac khe ho tai cac mdi ndi thi cong trong

nha may dién, xuat hién nut va bong troc bé tong tai
cac dam, cira tran bi ket do tru bién bi dich chuyén
xam lan vao khong gian cira...Cong trinh da phai ap
dung cong ngh¢ mé phong dé du bao tac dong va
lap ké hoach cho bién phéap cit khe giai phong ung
suat dinh ky tir nam 1988 dé bao vé cac cira lay
nude, mai vong cb tuabin dé duy tri hoat dong,
bom vita kiém soat ro ri. (Charlwood, 1994;
Moffatt et al., 2016).

Hinh 3a. Ddp Maentwrog, Bac Wales véi cac vét nitt do ASR (Sims & Poole, 2022)
va hinh 3b. Gay cot thép trong dam tru cau ¢ Nhdt Ban do anh huong cua ASR (Torii et al., 2008)

2.2. Cong trinh ciu, dwong

Trong linh vyc giao thong, ASR anh huéng dén
moi loai cdu tric bao gém mat duong, tuong chin,
ciu va duong ham, lam ting chi phi bao tri va rut
ngin tudi tho dich vu ciia cong trinh. Cac nghién
ctru thyc té cho thdy ddu hiéu hu héng thuong
thay trung binh sau 5 nim & miat duong bé tong,
trong khi cac cu tric cau hay cong trinh thuy loi
khoang tir 13 dén 16 nim (Behravan et al., 2025).
Nghién ctru tai cau Sir Lowry’s Pass Viaduct
(Nam Phi) da udc tinh ASR lam suy gidm cuong
d6 va dic biét 1a anh huong dén mo dun dan hoi
ctia bé tong. Cu thé, mo dun dan hdi c6 thé giam
todi 52% va cuong do chiu kéo giam 62.5% & cac
Kkét ciu mat cau (Kirchner et al., 2023). Tai Nhat
Ban, cic vét nirt nghiém trong do ASR lan dau
dugc phat hién trén cac try cau ciia tuyén cao tdc
Hanshin (Osaka) ndm 1982. Sy kién nay da mé

dau cho chuong trinh khao sat quy mé 16n trén
toan Nhat Ban, qua d6 xac nhan nhiéu cong trinh
ha tang bi anh huéng boi ASR (Okada et al.,
1996). Bac biét, nghién ctru cia Torii va cong sy
da cho thdy mot sd cdu trén tuyén cao téc Noto
(tinh Ishikawa) xay ra hién tuong dit giy gion cot
thép dai, chu yéu tai cac vi tri udn cong 90 do, voi
ty 1¢ giy c6 thé 1én t6i 30-50% do qua trinh
tru:orng nd kéo dai cua bé tong do ASR (Torii et

., 2008). ASR con gdy ra hién tuong dong kin
cac khe co gidn, dan dén nut vo do Gmg sudt qua
mirc tai cac moi ndi va lam hong cac vat li€u chén
khe. Ngoai ra, cac vét niit doc theo mép duong
hodc nut mang ludi tao diéu kién cho su xam thuc,
gdy dn mon cot thép (Behravan et al., 2025).

3. CAC PHUONG PHAP QUAN TRAC
TRONG QUAN LY KET CAU BE TONG BI
ANH HUONG BOT ASR

Bing 1. Panh gid va so sanh cic phrong phap quan tric cong trinh bi anh hwéng boi ASR

hudéng tu ky nang
thuc hién.

Phuong phap Uu diém Nhuoe diém Ung dung va cong trinh thuc té
Khao sat trwe | Chi phi thap, dé thyc | Chi do dinh ky; | Nhan dién triéu ching bé mit ban dau (tiét
quan (mét | hién, khong yéu cau cic | Phu thudc vao | gel, bong rop); Khao sit dinh ky, danh gia va
thwong, thuwéc thiét bi phuc tap nhan cong; DO | phan loai mic d6 hu hai
do nirt) chinh xac chiu anh | VD: Khdo sdt dinh ky dwong cao téc Hanshin,

Nhét Ban (Okada et al., 1996); H¢ thong qudn
Iy cau Sir Lowry’s Pass, Nam Phi (Kirchner et
al., 2023)
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Phwong phap

Uu diém

Nhwoc diém

Ung dung va cong trinh thuc té

Po gidn né& va
bién dang hinh
hoc

Chi s6 tin cdy dé theo ddi
tién trinh ASR, xac dinh
tbc do va du bao mirc do
truong n&

Cén thoi gian quan
trac dai dé thu thap
dr liéu c6 y nghia
thong keé

Ap dung cho cong trinh bé tong khdi 16n, cong
trinh quan trong; Panh gia chénh 1éch do am
gdy truong ng khong déu

VD: Quan tric lién tuc quyét dinh cdt khe iing
sudt tai Pdp Mactaquac, Canada(Moffatt et
al., 2016); Pdnh gid két cdu cau Sir Lowry’s
Pass, Nam  Phi  (Kirchner et al,
2023)25/06/2026 1:59:00 CH

Séng ng suit
khong pha huay
(UPV/ Impact-
Echo)

Thiét bi tin cdy. don gian;
Rat nhay trong viéc phat
hién hu hai giai doan dau
(UPW Po dugc chi kh1
tlep can mot mdt két chu
(Impact-Echo)

b0 nhay giam
manh & giai doan
suy thoai mudn
(khi vét nut va do
gidn nd qua 16n)

Panh gia tinh trang suy giam dac trung co hoc
bén trong bé tong; Xac dinh cac khiém khuyét
noi tai cia két cau.

VD: Po dac dinh ky hang nam trén 55 tru cau
cao toc Hanshin, Nhdt Ban dé danh gid suy
giam cuwong do (Okada et al., 1996)

Cam bién soi
quang
(BOCDA/FBG)
/ Phat xa am
(AE)/ Cam bién
dién tir (M.EYE
Checker)

Quan tric tu dong, lién
tuc theo thoi gian thuc;
Phan b6 do trén dién tich
l6n, d6 nhay cao (phat
hién vét nut cuc nho téi
10 pm); Sai sb thap

Yéu cau thiét bi

cong nghé tién
tién; Hé théng
chuyén dung phuc
tap hon cac

phuong phap co
hoc thong thuong

Quan tric dai han cac cong trinh trong diém
nhu dap, cau 16n (Macioski et al, 2024);
Cénh bao sém sy hinh thanh nut (Holthuizen
et al, 2024); Kiém tra dit gdy cbt thép nam
sau bén trong bé tong (Cong nghé M.EYE
Checker kiém tra dirt gay cot thép tai Nhdt
Ban (JICA (Japan International Cooperation

Agency, 2020)25/06/2026 1:59:00 CH

Quan ly cong trinh bi anh hudng bdi ASR doi hoi
mét chién luoc tiép can tich hop nhim d4nh gia ca tinh
trang | bé mit va sy suy giam chat lwong ndi tai bén trong
ket cau. Phan nay tip trung vio cic phuong phap quan
tric truc quan tai hién truong, khong lam t6n hai két cau.
Viéc quan tric dién bién theo thoi gian thuc két hop
chuén don tinh trang hién hitu ctia cong trinh s& lam co
s¢ cho cac kich ban duy tu hiéu qua va hop 1. Cac cong
nghé quan tric tir truyen théng dén tién tién duoc tong
hop va danh gi chi tiét tai Bang 1.

4. BAI HQC KINH NGHIEM QUAN LY RUI
RO ASR TU NHAT BAN VA PE XUAT QUY
TRINH QUAN TRAC DPINH HUONG AP
DUNG CHO PAP THUY DPIEN TAI VIET NAM

4.1. Bai hoc thuec tién tir cong tic quin ly rii
ro ASR tai ciu Kashima

Céau Kashima dugc xdy dung vao nim 1978 trén
tuyén duong cao tdc Noto, tinh Ishikawa, Nhat Ban.
Cau c6 ciu trac hai nhip don gian véi tru bé tong cdt
thép hinh chit T, cao 42m (Hinh 4). Cong trinh la
mot minh chirmg dién hinh cho sy suy thoai nghiém
trong do sir dung cbt liéu tho la da andesit nghién co
hoat tinh ASR cao (Torii et al., 2008; Toshihiko
Minato & Kazuyuki Torii, 2010).

Hinh 4. Mdt cdt ngang vd hlnh danh vét nirt
trén tru cau Kashima
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Khao sat toan dién nam 2004 d3 ghi nhan hé¢
thdng nit mang ludi day dic trén than try, mong try,
cac vét nut ngang lon, rdng 5-8mm, tai vi tri khu vyc
xa mil tru (Hinh 4) (Toshihiko Minato & Kazuyuki
Torii, 2010). Cac nha nghién ctru da thyc hi¢én mot
chudi cac phan tich dinh lwgng chuyén sau dé xéac
nhén sy hién dién ctia cac khoang vat silica c¢6 hoat
tinh cao nhu cristobalite va thuy tinh nui lua, xac
dinh tc do gian no dat trén 0,55%, vugt xa ngudng
cho phép. Két ciu co su suy giam nghiém trong vé
dic tinh co 1y ciia bé tong bao gom cudng do chiu
nén va mo dun dan hoi. Su sut giam manh song si€u
am tai cac ving hu hong, ching t6 ciu triic bé tong
d3 bi rdng hoa va mat tinh dong nhat. Pic biét hon,
khi duc bo 16p bé tong bao v, 50% luong cot thép
dai tai dam gbi da bi dit gdy gion tai cac vi tri uén
cong 90° (Toshihiko Minato & Kazuyuki Torii,
2010). Su cb nay da khing dinh riang ap luc truong
nd ndi sinh tir gel ASR hoan toan c6 kha nang vuot
qua gidi han chiu kéo cta thép, de doa truc tiép dén
an toan chiju lyc tong thé cua cong trinh.

Pung trudce rai ro, cac nha quan ly cong trinh cau
Kashima dd quyét dinh mot chién luoc can thiép
duoc thuc hién vao nam 2005. Phan dim mi tru
dugce dip bo va thay méi hoan toan phin bé tong.
Phan than tru duoc gia cudng bang phuong phap boc
ban thép day 9mm nhim tao Ung suit nén tng ché
su gian nd cia ASR (Torii et al., 2008). Song song
v6i d0, cac nha quan 1y cau Kashima da thiét 1ap mot
hé théng quan tric dai han nhim hai muc tiéu: xac
thuc hi¢u qua cta gidi phap sua chita va du bao rui
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ro phat trién ASR trén dir liéu thoi gian thwe. Cac
cam bién do nut tu dong, c6 dd nhay cao (1/1000
mm), dai do +5mm duogc st dung. Cam bién duoc
lap dit tai ca phan dinh tru, noi anh hudng béi nhiét
d6 va viing chén try 6n dinh 4m da cho phép cac nha
nghién ctru tach bach dugc d6 mé rong vét nut do
dao dong nhiét d6 theo mua so voi sy tién trién thuc
su cia ASR. Két qua quan trac chi ra rang, xu hudng
gidn no cua try cau sau khi boc thep da dugc khéng
ché & muc rat thip va duy tri trang thai 6n dinh dai
han (Teruhiko Sasatani et al., 2011). Bai hoc c¢ét 15i
tir cau Kashima cho thdy, ddi v6i cac két cdu trong
diém bi anh huong boi ASR, can thiép ky thuat
khong phai 1a két thic. Viéc tich hop hé théng quan
trac tw dong khong chi 1a cong cu giam sat ma 1a co

so khoa hoc dé t&i wru héa chi phi bao tri va dam bao
an toan tuyét ddi cho cong trinh trong subt vong doi
van hanh.

4.2. Pé xuit quy trinh quan tric va quan ly
rui ro ASR dinh huwéng cho dép thiy dién bé tong
khdi 16m tai Viét Nam

Ké thira cac nguyén ly cot 16i tr khung quan ly
quéc té va duc két bai hoc thuc té v& tinh hiéu qua
cia hé théng quan tric co hoc tu truong hop cau
Kashima, nghién ctru nay dé xudt mot quy trinh
chuyén biét hoa cho cong tac quan ly rii ro ASR tai
cac dap thuy dién bé tong khdi 16n ¢ Viét Nam. Quy
trinh dugc cdu trac thanh mot chu trinh quéan 1y khép
kin, bao gdm bon giai doan lién hoan nhu ¢ Hinh 5.
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Hinh 5. So' d6 quy trinh qudn Iy riii ro ASR

Giai doan 1: Chudn dodn nguyén nhdan va dinh vi
Viing xung yéu

Thue hién khao sat mang ludi vét nut két hop
khoan 15i bé tong dé phan tich hoa 1y, soi kinh hién
vi dién tir, dbi chiéu truc tiép v6i TCVN 7572-
14:2006 hodc céac tiéu chuin cip nhat nhim xac dinh
chinh x4c su hién dién cua gel ASR. Tiép theo sé& lya
chon vét nut dai dién tai khu vuc chiu tng suét bat
loi, d am bdo hoa nhu chan dap, hé thong hanh
lang, cira xa 1o dé thiét 1ap mang luéi do.

Giai doan 2: Thiép ldp mang luwGi quan trdc tw
dong, theo doi lién tuc theo thoi gian thuc

Lap dat hé théng cam bién do phat trién vét nit
ddng bo véi cam bién nhiét do va d6 4m ngay tai vi
tri khao sat, nhdm kiém soat cac bién sé méi trudong
tac dong 1én két cdu. Bén canh do, yéu cau dong bod
hoa dir liéu vét nit véi cao trinh muc nuwée hd chira.
Pong thoi, thlet 1ap co ché thu thép dir liéu ty dong,
lién tuc va truyén thoi gian thuc vé may chu.

Giai doan 3: Phan tich dinh luong va danh gid
riii ro nham chuyén héa sé liéu thé thanh cdc chi sé
an toan ciia cong trinh.

Budc ndy s& tién hanh loc nhidu dao dong nhiét -
am theo mua, bién dang dan hdi do dao déng muc
nuée hd dé co lap va xac dinh toc do trwong nd cua
ASR (mm/ndm). Phan loai dinh lugng mic do suy
thoai dya trén toc d6 md rong vét nit.

Giai doan 4: Can thiép va phan héi dua trén dir
liéu, danh gia hiéu qud.

Quyét dinh cac giai phap can thiép tuong ing voi
muc do suy thoai nhu kiém soat am hay can thiép
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chiu luc sau. Hé théng quan tric s& duoc tiép tuc
duy tri d& danh gia hiéu qua ctia phuong phép sira
chita va tdi wu héa quan 1y vong doi cong trinh.

5. KET LUAN VA KIEN NGHI

‘Nghién ctru da h¢ théng hoa co ché giy suy giam
chit lugng bé tong do phan ung kiém-silic (ASR),
qué trinh tién trién chAm nhung gay ra nhung h¢ qua
nghiém trong nhu gidn nd, nit v va suy giam dac
tinh co 1y cua bé tong, dac biét trong cac ket céu
khdi 16n nhu dap thuy dién va cong trinh ciu giao
thong. Viéc nhan dién cac dang hu hong dic thu
theo loai hinh cong trinh gitip cac nha quan ly c6 cai
nhin toan dién hon vé rui ro tiém an ddi v6i an toan
cong trinh va tam quan trong cua viéc kiém soat
phan mg kiém - silic (ASR) trong cong tac quan ly
va bao tri cong trinh bé tong.

Bai bdo da tong hop va danh gia hiéu qua ciia cac
giai phap quan tric tr truyén théng dén tién tién.
Viéc danh gia rui ro néu chi dua trén khao sét tryc
quan truyen thong s& boc 10 nhiéu han ché, do d6 dat
ra yéu cau cap th1et phai ing dung cac cong nghé
quan tric tién tién nharn chan doan chinh xac mirc
d6 suy thoai va cung cap dit liéu tin ciy cho cong tac
quan ly.

Bai hoc quan Iy thyc tién tir cong trinh ciu
Kashima di cung cdp minh chimg dinh luong vé
mirc d6 pha hoai ciia ASR ciing nhu vai tro thiét yéu
cta chién luge gidm sat dai han. Dir liéu thuc té cho
thiy 4p luc truong nd ndi sinh do ASR c6 thé giy
dut giy gion toi 50% cbt theo dai tai cac vi tri quan
trong. Viéc thiét lap mang ludi cam bién do phat
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trién vét nut ty dong khong chi 1am co so cho quyét
dinh stra chita ma con xac nhan hiéu qua cua giai
phap can thiép co hoc bang boc ban thép. Diéu nay
khang dinh, hé théng quan tric tu dong khong chi 1a
cong cu giam sat ma con 1a thude do dé kiém ching
do tin c@y cua bién phap stra chira.

Tur nén tang ly thuyét va bai hoc thyc té, nghién
ctru dé xudt mot mot quy trinh gdm bdn giai doan
cho cong tac quan ly chat luong van hanh va rai ro
ASR, dic biét dinh hudng cho hé¢ théng dap thuy
dién bé tong khdi 1on tai Viét Nam. Tir viée chan
doan thuc nghiém, thiét 1ap mang ludi quan tric
dong, phan tich - phan cip rui ro dinh luong, dén ra

quyét dinh can thiép két cdu va duy tri phan hoi.
Tich hgp chét ch€ cong nghé giam sat hién truong
vao quy trinh quan 1y vong do1 cong trinh khong chi
gitp tdi wru héa cac quyet dinh k¥ thuat ma con thiét
1ap co so vitng chic dé tiét kiém ngan sach bao tri va
bao dam an toan khai thac cho cac cong trinh ha tang
trong diém.

Loi cdm on: Tac gia xin chan thanh cdm on Gido
su Saiji Fukada va Phong thi nghiém Két cau,
Trudng Pai hoc Kanazawa (Nhat Ban) da hd trg co
so dir liéu nén tang va tao diéu kién dé tac gia tiép
ndi, khai thac chudi sd liéu quan tric dai han tai
cong trinh ciu Kashima phuc vu cho bai bao nay.
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Abstract:
ALKALI - SILICA REACTION IN CONCRETE STRUCTURES
AND MONITORING APPROACHES FOR RISK MANAGEMENT

Alkali-Silica Reaction (ASR) is one of the primary internal mechanisms leading to expansion, cracking, and
deterioration of the mechanical properties of concrete. This study examines ASR-induced deterioration
mechanisms and characteristic damage patterns in hydraulic and transportation structures. It also reviews
and evaluates monitoring approaches, ranging from conventional methods to advanced sensing technologies
for structural management. Base on lessons learned from the management of the Kashima Bridge in Japan,
ASR-induced damage is quantitatively demonstrated, highlighting the essential role of automated crack
monitoring systems in assessing deterioration levels and verifying the effectiveness of mitigation measures.
Finally, the study proposes an integrated framework for ASR monitoring and risk management, with a focus
on hydropower dams in Vietnam. This framework supports infrastructure managers in transitioning from
reactive to proactive maintenance strategies, thereby optimizing lifecycle costs and ensuring operational
safety throughout the structure's service life.

Keywords: Alkali-Silica Reaction (ASR), concrete deterioration, automated monitoring, risk management.
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