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PO BEN CUA PAP BE TONG DUOI SU AN MON SUN-PHAT BEN NGOAI

Tran Vin Quin

Dai hoc Cong nghé Giao thong Van tai
Nguyén Hiru Nim

Vien Thuy dién va Nang luwong tai tao
Pham B4 Tuin Anh

Cuc So hitu tri tué

Tém tit: An mon sun phat bén ngoai anh hwong toi do bén va khd nang chiu luc cua cong trinh
bé tong, dac biét doz Véi céng trinh ddp bé tong tiép xiic thuong xuyén voi nguon nude c¢é chira
ion sun phdt véi nong dé cao. Trong bai bdo ndy mét vi du cu thé vé danh huéng cia an mon sun
phdt ngoai doi véi ddp bé tong Mequinenza di dwoc néu ra. Viéc hinh thanh khodng thaumasite
¢6 hai cho tinh chdt co hoc ciia bé tong. Mé phong qud trinh dn mon sun phdt ngodi doi véi dip
bé tong duoc tién hanh nho sw givip do ciia mé hinh dia héa hoc. Mé hinh da thanh cong trong
viéc khang dinh sw hinh thanh khodng thaumasite ¢ [6p vé ciia bé téng cing véi tang dd rong tir
dé lam bong tréc I6p vo bé tong di dwoc quan sdt trong cong trinh thuc té. Dua trén két qud nay,
mé hinh givip dw dodn dwoc dé bén cong trinh theo thoi gian.

T khéa: An mon sun phat bén ngoai, Ddp bé tong, Dy doan do bén, Thaumasite, Mé hinh dia
hoa hoc.

Summary: External sulfate attack (ESA) affects the durability and strength capacity of concrete,
especially for concrete dams that are in constant contact with water containing high
concentrations of sulfate ions. In this paper, a concrete example of external sulfate attack on
Mequinenza concrete dam is given. The formation of thaumasite mineral is harmful to the
mechanical properties of concrete. Simulation of the external sulfate attack for concrete dam was
conducted with the help of geochemical model. The model was successful in confirming the
formation of thaumasite in the crust of concrete along with increased porosity which peeled off
the concrete crust. That was observed in real construction. Based on the ressults, geochemical
model can help to predict the durability of concrete construction.

Keywords: External sulfate attack, Concrete dams, Prediction of concrete durability, Thaumasite
formatuon, Geochemical model

1. PAT VAN BE

An mon sun phét trong bé tong 1a mot trong
nhirng su pha hiy dugc nghién ctru rong rai trén
thé gidi [1], [2]. Cac ion sun phat co thé xam
thue tir hai ngudn khac nhau. Néu cac ion sun
phat xam nhap vao bé tong tir moi trudng ngoai,
cac ion nay sau d6 gy ra cac phan ing hoa hoc
gay hai cho két cdu goi 12 an mon sun phat bén
ngoai (External Sun phate Attack-ESA). Néu
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khong c6 sy xam thyc tir bén ngoai ma chinh
ngudn sun phat c6 trong bé tong gay hai cho bé
tong, thi day duogc goi 1a &n mon sun phat bén
trong (Internal Sulfate Attack-ISA). An mon
sun phate bén trong c6 thé xay ra khi bé tong st
dung loai xi mang ham lugng 16n thach cao cho
muc dich lam chadm qua trinh thiy hoa xi méang
hodc cbt lidu st dung c6 chtra cac khoang nhu
thach cao, sit sunfua hodc cac mudi khac vai
sun phat. An mon sulfate bao gdbm mot tap hop
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cac phan ung co6 lién quan dén ion sulfate.

Trong thiét ké xay dung, an mon sun phat duoc
hiéu 14 qua trinh anh hudng t6i d6 bén ciing nhu
kha nang chiu lyc ctia cong trinh. Hai phan trng
dic trung nhét xdy ra trong bé tong do an mon
sun phat la: (1) sy hinh thanh thach cao
(CaS04.2H20) do phan tng gitra sun phat va
portlandite va (2) su hinh thanh cua ettringite
thir cap (3CaO .Al,03.3CaS04.32H,0). Su
hinh thanh thach cao va ettringite thtr cip lam
hong bé tong do g suét bén trong gy ra sy
gidn né. Sy két tinh ciia ettringite thi cap co hai
hon nhiéu so voi thach cao méi hinh thanh [3]
va da dugc nghién ctru rong rii, rat c6 thé 1a do
ettringite 1am hong cdu trac & mirc do 16n hon
[4]. Bién phap thong thuong nhat duogc ap dung
dé ngan chan sy hinh thanh ettringite thir cap 1a
sit dung xi ming bén sun phat c6 ham lugng
oxit nhém thap va chira xi 10 cao.

Ngoai hai san pham chinh ctia qua trinh in mon
sun phat 1a thach cao va ettringite thir cip,
thaumasite (CaSiOs. CaCOs. CaSO4. 15H,0)
ciing 12 mot san pham nguy hai cho bé tong ciia
qué trinh &n mon sun phat. Tuy nhién, san phim
nay khong phat sinh tir m¢t phan ung lién quan
dén cac khoang nhom thiy hoa trong bé tong va
do vay thaumasite c6 thé dugc hinh thanh ngay
ca khi st dung bé tong bén sun phat v6i ham
lwong oxit nhom thip. Anh huong ciia khoang
thaumasite khong giéng nhu cua thach cao hay
ettringite thir cap sinh ra tng suit trong vi sy
truong né thé tich, ma thay vao d6 thaumasite
dugc hinh thanh tryc tiép tir phan Gng giita ion
sun phat va cac khoang C-S-H (jennite va
tobermorite). Cac khoang C-S-H c6 tinh chat
két dinh va chiu luc chu yéu cua hd xi mang, do
vay khi cac khoang C-S-H bj hoa tan dé két tua
thaumasite, khdi bé tong xi ming co thé dé dang
bi v& vun dudi nhitng 4p luc nho nhat. Nhiéu
nghién cuu da ghi nhan sy 4nh hudéng cua

thaumasite dén nhidu két cdu cong trinh bé tong
v&i nhiéu loai xi mang dugc st dung, trong do6
c6 hé théng dap bé tong cia cac cong trinh thiry
dién hay hd chua [5], [6].

Tinh d&én nam 2018, Bo Cong thuong thong ké
cO 385 cong trinh thuy di¢n 16n nhé van hanh
trén khip ca nudc, kéo theo d6 1a hé théng cong
trinh dép thuy dién twong Ung, c6 nhirng thuy
dién 16n vé quy md nhu : Hoa Binh, Son La, Lai
Chau hay Théac Ba... Tai Vi¢t Nam hi¢én nay,
cac cong trinh dap bé tong thuy dién hién nay
chua thyc sy dugc nghién ciru vé anh hudng cta
an mon sun phat néi chung va khoang
thaumasite noi riéng dén d6 bén cua dap bé
tong. Do do, bai bao nay sé tap trung dua ra mot
vi du minh hoa vé anh huéng cta dn mon sun
phat ma tryc tiép 1a hinh thanh khoang
thaumasite dén mot cong trinh dap thuy dién cu
thé. Dua trén cac diéu kién thuc té cua cong
trinh dap bé tong va két qua danh gia cong trinh,
bai bao dé xut sit dung mot mé hinh s dé
nghién ctu m6 phdong qua trinh hinh thanh
khoang thaumasite trong dap bé tong dudi tac
dong cua nudc cia mdi truong xung quanh
trong 45 nam.

2. MOT Vi DU PIEN HINH VE AN MON
SUN PHAT POI VOI CONG TRINH PAP
BE TONG

Vi du dudi day dugc trich tir nghién ctru cia
Chinchoén va nnk. [5]. Con dap tai Mequinenza
la mét con dap bé tong trong luc nam & tinh
Zaragoza, Ty Ban Nha, va nam & séng Ebro
(Hinh 1a). Chiéu cao dap tbi da 1a 79 m va chiéu
dai dinh cta n6 1a 461 m, thé tich dap 1a 1,1 x
10% m®. Hinh 1b cho thiy hinh anh cua dap tir
phia ha luu. H6 chtra dugc giir day lan dau tién
vao thang 12 nim 1965, phan méng cua dap,
duoc hinh thanh boi cac ting da voi nam ngang
ngan cach boi cac tang than mong c6 chtra ham
luong luu huynh cao (Hinh 2)
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Hinh 1: (a)V; tri ciia ddp Mequinenza va ho chira thiy dién ; (b) Ha heu ciia ddp

Bé tong dip Mequinenza duoc lam bing c¢6t mon cac hop chat lvu huynh khac xuit hién
liéu da voi chira nhiéu carbonate, cac cdt liéu trong cac vat liu do, 1y do an mon sun phat bén
nay khong chira sit sunfua FexS va cac mudi  trong bi loai trir.

chtra ion sun phat khac do do kha nang bi an

Hinh 2: Lop than da xen ké giira 2 lop da véi  Hinh 3: Carbonate hda va an mon sun phdt
cua tang dia chat mong Ciia twong bé téng sat véi I6p dd dia chat

Hinh 4: C&c méang bé tong b mdt tinh chdt co hoc, bi tach roi ra khai cong trinh do
thaumasite
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Tuy nhién, trén hinh 3 quan sat thdy c6 mot
luong 16n khoang ettringite dugc hinh thanh
giy truong nd tudng bé téng do su tiép xuc véi
nudc ngam chay ra tir cac 16p than chira nhiéu
ion sun phat. Hinh 4 cho thiy su xubng cép
manh mé nhat cia bé tong xay ra & nhimg khu
vuc tiép xtic 1au dai voi nude, cu thé hon 1a
trong cac mang bé tong dong vai tro thoat nudc
va cac tudng chan bé tong noi tiép xuc truc tiép
v6i tang d4 voi c6 di kém mach nuée ngam. Khi
ma an mon sun phat ngoai phan rng vdi cac
khoang C-S-H 1am mét di tinh chit co hoc cua
16p bé tong tir d6 tao ra nhiéu mang bé tong bi
bong tréc ra khoi két cau

3. NGHIEN CUU PANH GIA GIAI THICH

CO CHE CUA AN MON SUN PHAT BANG
MO HINH PIA HOA HQC

3.1. Téng quat h6a md hinh dia héa hoc

Su xubng cap hoa hoc cua bé tong duoc md
phong bang cach str dung dinh luat bao toan
khéi luong, dinh luat can bfmg nhi¢t dong hoc
phan rng va dong luc hoc phan ung. M6 hinh
nhiét dong hoc va cac ung dung trong nghién
ctru su dung cac chat két dinh vo co da duoc
trinh bay trong nghién ctru cua tac gia Nguyén
Htru Nam [7]. Cac ung dung ctia md hinh dia
hoa hoc dugc ding trong thiét ké cip phdi gia
cb dat s dung puzzolan ty nhién ciia Nguyén
vannk [8], [9]. Su tuwong tac ctia cac ion Vi cac
khoang dan dén su héa tan khoang cii va két tia
cac khoang méi. B bao hoa (), cua khoang m
duoc biéu dién boi phuong trinh duéi day:

N,
oG =Kh| Joerm mo
j=1

=1,..,Np,
K m: hing s6 cin bang cua khoang m; Up;: hé
sO can bang; y;: h¢ s do hoat dong cua chat co
ban j; Cj: ndng d0 chét j trong dung dich (mol/kg
nudce); Ne: sO lugng chat co ban; Ny: s6 luong
khoang du6i can bang nhiét dong hoc.

Trang thai cin bang hay khéng can bang cia
cac khoang trong dung dich dugc mo ta thong
qua chi s6 bdo hoa IS (Index of Saturation):

IS, =logQ,, =0 2

Déi véi mot khoang, néu 1S=0, dung dich &
trang thai bio hoa, khoang cin bang khong két
taa, khong hoa tan. Néu 1S<0, dung dich &
trang thai dudi bao hoa, khoang tiép tuc bi hoa
tan. Trong trudng hop cudi cung, IS > 0, dung
dich trén bao hoa, hi¢n tugng két taa khoang
xay ra.

3.2. Hinh hgc ctia mé hinh

M6 hinh mét chiéu duoc st dung dé mo phéng
qua trinh tuong tac giita nudc ngam va bé tong
clia dap. Chiéu sau cta 16p bé tong mo phong
duogc gia thiét 1a sau 10 cm, trong méi trudng
bdo hoa nudc. M6 hinh dugc mo phong trén
phan mém dia hoa hoc Phreeqc duoc phat trién
boi Vién dia chat Hoa Ky.

M ngim

Bé tong

10 ¢m

- -

Hinh 5: M6 hinh I chiéu ciia bé tong khi
tiép xiic véi nwée ngam
3.3. Piéu kién bién va diéu kién ban dau ciia
mod hinh
Bé tong cua dip Mequinenza dugc thiét ké st
dung bé tong Portland binh thuong, cbt liéu sir
dung d4 voi, do vy thanh phan khoang hoa cua
bé tong duoc gia sir bao gdm cac khoang thuy
hoa ctia xi mang Portland va calcite dai dién cho
d4 voi. Do rong ctia bé tong duoc gia sir1a 0.12.
Thanh phan khoang hoa ciia bé tong dugc thé
hién trong bang 1, thanh phan duoc tinh toan tir
nghién ctru cia Marty va nnk [10]:
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Bang 1: Thanh phan khoang ciia bé tong [10]

Tén khoang Cong thac hda hoc Thé tich (%)
CSH1.6 Ca1.6S1036.2.58H,0 9.52
KatoiteSi CasAl2(SiO4)1(OH)s 0.88
Portlandite Ca(OH)2 6.32
Goethite FeOOH 0.82
Hydrotalcite MgsAl207:10H,0 0.34
Ettringite CasAl2(504)3(0OH)12:26H,0 2.98
Calcite CaCO3 79.14

Thanh phan nudc ngam chay ra tir tang da voi
va than duoc thé hién trong bang 2 [11]:
Bang 2: Thanh phan héa hec ciia nwéc
ngam tir l6p da voi va than [10]

Thanh phan ion Nong do (mol/l)

CO7 2.67x10*
Ca*2 5.35x10°
CIr 1.82x10*
K* 2.94x10°
Na* 1.79%10™

Mg*2 2.27x10°

SO7 2.67x101
Al*3 1.02x10°
pH 3.34

3.4. Két qua va thao luin

Sy hu hong xubng cdp cua dip bé tong
Mequinenza dugc ghi nhan tai thoi diém dap da
xay dung sau 40 nam. Do vay thoi gian mo
phong trong mo hinh 1 40 nam. Cac két qua mo
hinh vé& su thay dbi thanh phan khoang ciing
nhu hé sb rong cua bé tong dugc thé hién tai
thoi diém sau 10 nim, 20 ndm, 30 ndm va 40
nam. Nhiét do trung binh dugc ldy 1a 20°C.
Ham luong céc khoang trong bé tong c6 lién
quan dén dn mon sun phat ngoai dugc thé hién
1an luot trong céc hinh 6a, 6b, 6¢ va 6d véi cac
nim tuong tmg 1a 10, 20, 30 va 40 nim. Do rong
ctia bé tong thay ddi theo thoi gian duoc thé
hién tai hinh 7.
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Hinh 6: Sw hoa tan két tia ciia cic khodng
trong bé téng tiép xirc véi méi trieong nuéce
ngam theo thoi gian (a) 10 nim,

(b) 20 nam, (c) 30 nam va (d) 40 nam
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Hinh 7: D6 rong ciia 20 mm bé tong theo thoi gian

C6 thé nhan thay vai viée tiép xuc truc tiép véi
nuwéc ngdm c6 pH rat thip khoang 3.34, tuy
nhién d6 bén bé tong van twong ddi cao khi ma
khoang bi hoa tan twong ddi it sau 10 nim bé
tong tiép xtc voi nudec ngam. Khoang
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Portlandite d& bi hoa tan nhat. Sau 40 nam,
khoang Portlandite bi hoa tan dén hon 50%
ham lugng & 5 mm dau tién. Viéc co6 mit cua
ion sun phat trong nuéc ngdm khéng giy ra
viéc hinh thanh khoang ettringite thir cip hodc
thach cao (gypsum). Sau 10 va 20 nam lugng
khodng C-S-H bi hoa tan rat nhé do vay chua
co sy hinh thanh khoang thaumasite. Tuy
nhién hinh 6¢ va 6d cho thdy ham luong
khoang C-S-H bi hoa tan nhiéu hon di kém
v6i thaumasite két tia tai 16p vo cuia bé tong.
Pong thoi d6 rdng cua 16p vo ting 1én theo
thoi gian trong khoang 15 mm dau tién. Diéu
nay phu hop vdi quan sat thuc té tai hinh 4,
khi ma c6 cac mang 1én vo bé tong bi bong
troc.

4. KET LUAN VA KIEN NGHI

Trong bai bao ndy d trinh bay dugc mot phan
anh huong cua an mon sun phat ngoai doi voi
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