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Tém tit

Bai bdo tdp trung danh gid tc dong ciia tro trau
dén cdc tinh chdt co hoc va do bén cia bé tong
thong qua cac thi nghiém xdc dinh cuong do chiu
nén, kha nang hit nueée va mike dg tham nhdp ion
clorua. Phan tich két qua thwc nghiém chi ra rang
tro trau cé kha nang thay thé xi mang véi 1y 1é tir
10% dén 30% ma khong lam suy giam chi tiéu
cuwong do nén ciia bé tong, dong thoi gép phan cdi
thién ddang ké kha ndng chong tham nwde va han
ché su xdm nhdp cia ion clorua. Ngodi ra, nghién
cibu xdc dinh 1y 1é thay thé xi mang bang tro trau
dat hiéu qua t6i wu trong khodang 15-20%, trong
khi ham lwong thay thé l6m nhdt dwoc khuyén nghi
la khoadng 30%.

Bai bao ciing gioi thiéu va trinh bay trén co so
khoa hoc qua trinh hinh thanh cuong do bé tong,
hiéu vimg ldp day (filler effect), hiéu tmg pha lodng
(dilution effect), anh hwong cia dé rong vi cdu
triic bé tong dén d¢ bén chong tham nwde va
khuéch tan ion clorua.

Tw khéq: Tro triu, cuong do chiu nén, do hut
nuwoc, tham nhdp ion clorua.

Abstract

This  research  assesses the impact of
incorporating rice husk ash on both the
mechanical characteristics and durability-related
performance of concrete, particularly in terms of
compressive strength, water absorption, and
chloride ion penetration tests. The results show
that rice husk ash can partially replace cement at
levels of 10-30% without compromising strength,
while significantly improving resistance to water
and chloride ion ingress. An optimal replacement
level of 15-20% is identified, with a maximum

feasible replacement of approximately 30%.
The paper also presents and scientifically explains

the mechanisms of concrete strength development,
including the filler effect, the dilution effect, and

the influence of concrete microstructural porosity
on water permeability resistance and chloride ion
diffusion.

Keywords: Rice husk ash, compressive strength,
water absorption, chloride ion penetration.

1. Gi6i thiéu

Sy phat trién manh mé& cua nganh cong nghiép
bé tong xi mang (BTXM) giit vai trd quan trong
trong ting truong kinh té va phat trién ha tang. Tuy
nhién, xi mang Portland - thanh phan két dinh chu
yéu trong bé tong - lai 1a mot trong nhitng ngudn
phat thai CO2 16n nhét trong linh vuc xay dung.
Theo cac bao cdo, nganh xi mang dong gép khoang
8% tong lwong phat thai CO: toan ciu, trong d6
riéng céng doan san xuit clinker chiém t&i hon 90%
lugng phat thai cia toan nganh [1]. Bén canh hé qua
vé phat thai truc tiép, nganh san xuét xi mang con
dac trung bdi cudong d9 ti€u thu nang lugng cuc 16n
tao nén nhiing thach thirc 16n trong viée t6i wu hoa
hiéu suit ning lugng va phat trién cac giai phap
thay thé bén virng cho nganh vat liéu xdy dung [2].
Diéu nay dit ra yéu cau cip thiét phai nghién ciru
cic giai phap vat liéu thay thé nhim giam ham
lugng xi mang sir dung trong bé tong, dong thdi van
dam bao céc chi tiéu co hoc va do bén dai.

Trong xu huéng phat trién vat lidu xay dung bén
virng, cac phu gia khoang nhu tro bay, xi hat 10 cao
nghién min (GGBS), silica fume da dugc nghién ctru
va tmg dung rong rii. Bén canh do, cac phé pham
nong nghi¢p giau silica dang ngay cang dugc quan
tam, dac biét tai cac quéc gia san xuét lta gao lon
nhu Viét Nam. Tro trdu (Rice Husk Ash - RHA) 1a
vat li€u pozzolan c6 ham lugng silica vd dinh hinh
cao, dugc tao ra tr qua trinh ddt triu. Vi san lugng
lua toan cau dat hang tram triéu tan mdi nam [4],
ngudn tro trau tiém ning 14 rit 16n, mé ra co hoi tai
st dung phé pham néng nghiép trong san xuit bé
tong theo dinh hudng kinh té tuan hoan.

Nhiéu nghién ctru trudc ddy da ching minh ring
RHA c6 kha ning cai thién cudng dé nén va do bén
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cua bé tong thong qua phan trng pozzolan va hiéu ing
1ap day vi cau truc [5-8], [12], [13]. Tuy nhién, tong
quan tai lidu cho thdy van ton tai mot sb khoang trong
nghién ctru dang chu y:

- Anh huéng ciia RHA d6i véi dic trung co hoc va
d6 bén thuong dugc danh gia riéng 1é, thiéu cach tiép
can tich hop giira tinh chét co hoc va cac thong s6 do
bén trong cung diéu kién cap phdi.

- Phédn 16n c4c nghién ctru tip trung vao cudng do
nén & tudi 28 ngay, trong khi danh gia dai han (91
ngay) con han ché.

- Mot s6 nghién ctru chi khao sat & cip do vira hodc
bé tong riéng 1¢, thiéu su so sanh dong bo giita hai cap
do vat ligu.

Ham lugng thay thé t6i wu cia RHA chua co sy
thdng nhat, van con nhiéu két luan khac nhau.

Do d6, can c6 mdt nghién ciru thye nghiém mang tinh
hé théng nham d4nh gia ddng thoi cac dic trung co hoc va
d6 bén ciia bé tong sir dung RHA trong cliing mot diéu kién
cap phdi, dic biét & cac murc thay thé tuong ddi cao.

Xuét phat tir nhimg van d& néu trén, nghién ctru
nay tap trung danh gia anh huong cua viée thay thé xi
ming Portland bang tro triu véi ham lugng tir 0% dén
35% theo khi lugng chit két dinh, trong diéu kién
gilt nguyén ty 1& nudc/chat két dinh (N/(X+RHA) =
0,50). Nghién ctru dugc thuc hién dong thoi trén ca
vira va bé tong, véi cac ndi dung chinh bao gém:

- Xac dinh cudong do nén & tudi sém (7 ngay), va
tudi muodn 28 va 91 ngay;

- PBanh gia ¢ hat nudc theo ASTM C642;

- Xé4c dinh hé sb khuéch tan ion clorua duwa trén
phuong trinh Nernst-Einstein.

Piém méi ciia nghién ciru la:

(i) Cung cdp danh gia tich hgp vé anh huong cia
tro trdu dén ca cudng do va hai chi tiéu do bén quan
trong cta bé tong (d6 hit nudc va hé s6 khuéch tan
ion clorua) trong cing hé cap phdi;

(ii) Phan tich sy chuyén tiép tir hiéu img pozzolan
va hiéu tmg 14p dly sang hiéu ng pha lodng khi ham
luong RHA vuot ngudng tdi wu;

(iii) Xac dinh khoang thay thé hop 1y (15-20%)
gitip t6i wu hoa cudng do, ddng thoi chi ra rang mirc
thay thé dén 30% van c6 thé duy tri cudong do twong
duong bé tong ddi ching va cai thién dang ké kha
nang khang tham ion clorua.

Két qua nghién ctru gop phan 1am rd co sé khoa
hoc cho viéc Gmg dung tro triu trong san xuét bé tong
bén viing, dic biét phu hop voi diéu kién ngudn
nguyén liéu tai Viét Nam va cc qudc gia nong nghiép.

Ky thuat va Cong nghé Hang hai

2. Vit liéu va cac phuong phap thuc nghiém

Xi mang Portland (OPC) dugc st dung tuan thu
cac chi tidu k¥ thuat cua tiéu chuén quéc gia TCVN
2682:2020. Quy trinh ché tao tro trau (RHA) duoc
thuc hién qua 3 giai doan nham t6i wu hoa hoat tinh
pozzolan. Ban dau, trdu thod tir nha méy xay xat dugc
lam sach tap chét, phoi siy tu nhién dé giam d¢ am,
dam bao sy 6n dinh cho qué trinh chay. Giai doan dot
so cap dugc thyc hién trong thiét bi 10 ddt khong kiém
soat nhiét d9. Sau do, qua trinh nung dugc thyc hién
trong 16 nung dién tré co kiém soat nhiét do, trong
diéu kién moi truong khong khi.

Quy trinh gia nhiét dwoc kiém soat v6i toe do ting
nhiét 10°C/phut cho dén khi dat nhiét do nung muc
tiéu 650°C. Nhiét d6 nay duogc duy tri 6n dinh trong
thoi gian 1 gio nham dam bao qué trinh d6t chay hoan
toan carbon du va tao pha silica vo dinh hinh c6 hoat
tinh cao. Sau khi két thic giai doan gitr nhiét, mau
dugc 1am ngudi ty nhién trong 10 (furnace cooling)
dén nhiét do phong. Viéc lam ngudi cham trong moi
truong 10 gitp han ché sdc nhiét va tranh sy két tinh
lai cua silica, tir &6 duy tri cau tric vo dinh hinh mong
muén.

Viée lya chon nhiét 6 nung 650°C dya trén cac
nghién ctru trude ddy cho thiy khoang nhiét do 600-
700°C 1a ti wu dé thu dugc SiO: vé dinh hinh c¢6 hoat
tinh pozzolan cao, trong khi nhiét d§ vuot qua 750-
800°C c6 thé dan dén su chuyén pha sang dang tinh
thé (cristobalite hodc tridymite), 1am suy giam hoat
tinh [14-15].

Ham luong mét khi nung (LOI) sau qua trinh xir
1y nho hon 3%, cho thiy carbon du da dugc loai bo
hiéu qua va diéu kién nung 1 phu hop.

Sau d0, tro trau dugc nghién trong méay nghién bi
dé tao thanh dang bot min. Thanh ph?ln hoéa Iy cia xi
mang va tro triu dugc thé hién trong Bang 1.

Bing 1. Thianh phén héa Iy ciia vit ligu

Thanh phin (%) XM Tro triu
SiO2 20,31 88,13
Al03 4,98 0,55
Fe20s 3,08 0,35
CaO 66,87 1,75
MgO 1,22 0,78
Mét khébi lwong khi nung (%) 3,25 2,65
Trong lugng riéng (g/cm?) 3,13 2,06
C4& hat trung binh (pum) ~11 ~4
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2.1. Vira xi mdng

Vira xi mang tron tro trdu (RHA) duoc ché tao
bang cach thay thé xi mang OPC (X) bang cac ham
luong tro trAu khac nhau: 0%, 5%,10%, 15%, 20%,
25%, 30%, 35% theo khdi lwong xi mang lan luot
twong tmg voi mau M0, M5, M10, M15, M20, M25,
M30 va M35. Ty 1& N/(X+RHA) - (nudc/chat két
dinh) bang 0,50; ty 1¢ xi mang/ cat bang 1/3. Thanh
phan cap phdi vita dwoc thé hién trong Bang 2.

Bing 2. Cip phéi vita

Tén cip Phu gia
e XM RHA N Cat .
phoi siéu déo
MO 550 0 275 1455 0.19
M5 522 28 275 1443 0.21
M10 495 55 275 1431 0.23
M15 467 83 275 1419 0.25
M20 440 110 275 1407 0.26
M25 412 138 275 1394 0.28
M30 385 165 275 1382 0.30
M35 357 193 275 1370 0.32
(don vi kg/m?)

Céac mau duge boc kin, phu khan 4m trong nhiét
d6 phong cho dén thoi diém tién hanh thi nghiém.

2.2. Bé tong

5 cp phdi BTXM khac nhau, bao gdm céap phdi
kiém chimg (CO) chtra ham luong xi ming thay thé
bang RHA 14 0% va cac cap phdi khac v6i ham luong
RHA tir 10, 20, 30, va 35% theo khéi luong xi mang,
da duogc thiét ké tuong tmg véi cac mau C10, C20,
C30 va C35. Tét ca cac cap phdi duoc lya chon vai ty
16 N/(X+RHA) bang 0,50. Ty 1& cat/ tong cap phdi hat
bang xap xi 0,47 dwoc duy tri 6n dinh & tat ca cac cap
phdi BTXM. Trong qué trinh tron bé tong phu gia
Plasticizer Sikament-R7N dugc st dung dé tang do
déo cong tac ctia hdn hop BTXM dao dong quanh mirc
10,0£2,0 cm. Thanh phan cip phdi BTXM dugc thé
hién trong Bang 3.

Luong phu gia duoc didu chinh nhe tuy theo ham
luong RHA dé:

- Bu lai su gia tang kha nang hut nuéc cua RHA;

- Pam bao tinh cong tac twong dwong gitra cac cip
phdi; tranh anh huong cua sy thay d6i do sut dén
cuong do va do bén.

Tuy nhién, cac diéu chinh rat nho ham lugng phu
gia siéu déo nay chi nhim duy tri tinh c6ng tac 6n dinh,
khong lam thay ddi ban chat so sanh giita cac hdn hop
vi ty 18 nu6e/chét két dinh duge giit khong dbi (0,50).
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Bing 3. Cip phoi BTXM

Phu
Tén
£ . . gia Do
cap XM RHA N Ciat Da
x siéu sut
phoi i}
déo
Co 400 0 200 850 948 022 9.5
C10 360 40 200 845 935 026 9.5
C20 320 80 200 835 928 030 g5
C30 280 120 200 825 920 0.34 9.0
C35 260 140 200 820 916 0.38 9.0

(don vi kg/m?)

Nhu vay, anh hudng chinh dén tinh chét co hoc va do
bén van 1a ham luong RHA.

Mau hinh try $100mm va cao 200mm dugc dic
trong khuon dinh hinh bang thép dé phuc vu cac thi
nghiém xac dinh cuong do nén, do do hat nude va kha
nang tham ion clorua.

Sau khi duc, toan bd cac mau duogc boc kin béng
bang dinh nhém va bao dudng trong phong dic trong
thoi gian 24 gio. Cac mau dugc bao dudng trong diéu
kién boc kin, phii khan am trong nhiét d6 phong cho
dén thoi diém tién hanh thi nghiém.

2.3. Thi nghiém
(1) Thi nghiém nén

Gia tri cuong d6 nén cua vira va bé tong dugc tinh
toan trén co so trung binh cong ciia ba mau, véi yéu
cau d9 sai léch giita cac gié tri do khong vugt qua 15%,
phu hop voi TCVN 3118:2022 [9]. Cuong dd nén cua
vira xi mang duoc x4c dinh & cac ngay tudi 3,7 va 28.
Cuong do nén cua bé tong duoc xac dinh ¢ cac ngay
tudi 28 va 91.

Thi nghiém nén vira XM duoc tién hanh trén may
nén Matest E160-01D, pham vi do 0-250kN, vach
chia 0,01kN (Hinh 3).

Thi nghiém nén BTXM duogc thuc hién trén may
nén Shimadzu UH-3000kNI, pham vi do 0-3000kN,
vach chia 0,1kN (Hinh 4).

(2) Thi nghiém do hut nuwoc

Thi nghiém kha ning hit nuée duge tién hanh
nham xéc dinh lugng chit long (nuwdc) ma bé tong co
thé hép thu trong nhiing diéu kién xac dinh. Thi
nghiém nay 1a mét chi tiéu quan trong dé danh gia cac
ddc tinh co hoc va dd bén ciia BTXM khi lam viée
trong moi truong am hodc moéi truong nude. Nguyén
1y cua thi nghiém dya trén viéc so sanh khéi lwong
mAu & trang thai kho va trang thai uét. Thong qua gia
tri 6 hut nudce, c6 thé danh gia chat luong BTXM ciing
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Hinh 1. Thi nghiém khd ndng hut nwdc cia BTXM

Hinh 3. So dé thi nghiém nén vita

nhu tinh trang va cu tric cia hé 16 rdng bén trong,
cling nhu kha ning chdng lai cac dang hu hong nhu nit
né hodc suy giam do chu ky co ngét, dan no cuia BTXM.

Thi nghiém d6 hut nude duge tién hanh theo tiéu
chudn ASTM C642-91 [10] nhu trén Hinh 1. Trudc khi
tién hanh thi nghiém, cac mau duoc sdy trong ti gia
nhiét & nhiét do 105°C trong ndm ngay dén khi khoi
lwong 6n dinh. Khdi lugng duoc coi 12 6n dinh khi sy
sai khac giita hai lan can lién tiép sau 24 gio khong
vuot qua 0,5%. Sau do6, cac miu dwoc dé ngudi dan
trong thoi gian hai ngay. Pé dam bao qua trinh thim
nudc chi dién ra theo mot huéng xéac dinh, cac mit bén
ctia mau bé tong duge phit mot 16p keo epoxy.

Tiép theo, cac mau dwoc dat theo phuong thing
ding va ngdm mot phan trong nudc sach, voi chidu
sdu ngap nudc Smm tai mot dau mau, trong khi dau
con lai dugce dé tiép xtc véi khong khi trong phong thi
nghiém. Thoi gian ngdm mau khong dudi 48 gid; sau
mdi 24 gid, mau dugc 1y ra can dé theo dbi su thay
d6i khéi lugng cho dén khi khdi lwong 6n dinh khong
thay d6i. Trugc khi can, bé mit mau dugc lau kho
bang gi¢ sach. Khdi lugng mau duge can bang can
dién tr voi d6 chinh xac +0,01g.

Do hat nude duogce biéu thi dudi dang phén tram
gia tang khi lugng ciia mau. Ty 18 hut nude (%) duge
tinh toan nhu sau:

Ky thuat va Cong nghé Hang hai

O| Power |®
12V
¥k ¥ L
Cathode Anode
3 % NaCl 0.3M NaOH
+0.3M NaOH

| Mau BT ¢ 100mm x SOmm I

Hinh 2. So dé thi nghiém khuéch tin ion clorua

Hinh 4. So dé thi nghiém nén BTXM

D6 hiit nweée (%) = [(Khoi heong wét - Khoi liong kho)
/ Khoi heong khé] x 100
Trong do:

- Khéi luong uét: Khéi luong ciia mau sau khi
ngam & trang thai 6n dinh (bdo hoa nuéc).

- Khéi lvong khé: Khéi lwgng mau trude khi ngam.
Nhu di néu ¢ trén, trude khi ngdm méu duoc sy dén
khi khéi lugng khong thay dbi.

Céc mau bé tong & 28 va 91 ngay tudi dudng ho
duogc dem ra tién hanh thi nghiém.

(3) Thi nghiém tinh hé s6 khuéch tan (HSKT) ion cloru

Thi nghiém tinh HSKT ion clorua danh gia kha
ning khang ion clorua dic biét y nghia ddi v6i bé tong
sir dung trong diéu kién moéi trudng chtra nhidu ion
clorua nhu nuée bién, nudce lo ven bién.

Nhur minh hoa & Hinh 2, mau bé tong duoc cd dinh
giita hai ngdn ciia budng khuéch tan, trong 6 mot ngin
dung NaCl 3% va ngan con lai chira NaOH 0,3M. Mot
hiéu dién thé mot chiéu 12V duoc dat gitra hai dién cuc
titan dat trong cac dung dich. Qué trinh di chuyén cua
ion clorua xuyén qua cic mau bé tong sau 28 va 91 ngay
dudng ho am duoc theo ddi bang cach dinh ky 14y cac
mau dung dich nho va xac dinh nf)ng d0 ion clorua cho
dén khi dat trang thai 6n dinh (khoang 120 gi®). HSKT
ion clorua dugc tinh toén dya trén phuong trinh Nernst-
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Einstein [11]. Nong d6 ion Cl- dugc x4c dinh bang may
do ndng d6 ion Chromatography Dionex ICS-1000 thé
hién trén Hinh 5.

3. Thao luin

Hinh 5. Mdy do néong dé dung dich ion

3.1. Cwong dj nén ciua vira xi mang

Cudng d6 nén cuia cic mau vita xi mang str dung
tro trdu (RHA) duoc trinh bay trong Hinh 6. Két qua
thi nghiém tai cac tudi dudng ho 3, 7 va 28 ngay cho
thdy cuong do nén tang dan khi ham lugng RHA ting
dén khoang 15%, sau d6 giam khi ty 1¢ thay thé xi
mang tiép tuc ting. Pang chu y, tai mrc thay thé 30%
RHA, cuong d6 nén ciia mau vira van dat gia tri xap
xi so v6i miu dbi chimg (MO). Tuy nhién, khi ham
lvong RHA ting 16n 35%, cudng d6 nén giam xudng
thap hon so v6i vita tham chiéu. Két qua nay cho thiy
ty 1é thay thé xi mang Portland théng thuong (OPC)
bang RHA khoang 30% c6 thé dugc xem la gi6i han
thay thé kha thi, trong khi hdn hop chtra 15% RHA thé
hién gia tri cuong do nén cao nhét trong pham vi
nghién clru.

Theo cac cong bd khoa hoc trudc ddy, phan tng
pozzolan cia tro trdu (RHA) xay ra thong qua su
tuong tac gitra silica vo dinh hinh trong RHA va canxi
hydroxit Ca(OH). sinh ra tir qua trinh thiy hda xi
ming Portland. Phan tng nay dan dén su hinh thanh
cac san pham hydrat hoa thir cip, chu yéu 1a gel canxi
silicat hydrat (CSH). Co ché phan tng tdng quat ¢
thé duoc biéu dién nhu sau:

- Thuy héa cua xi mang:

Xi mang + Nuoc — CSH + Ca(OH), @)

- Phén g Pozzolanic:

Ca(OH), + SiO: (vé dinh hinh) + Nudc — CSH (2)

Vé mit 1y thuyét, quan hé gitra cuong do va do
rong theo mo hinh Ryshkewitch-Duckworth c6:

fo=fox e 3)

Trong do:
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+ fc: Cuong d6 nén;

+ feo: Cudng d6 khi do rdng bang 0;

+ P: D) rong tong;

+ b: Hang s6 vat liéu.

Theo quan hé nay, cuong dd nén cua bé tong tang
theo ham mii khi d6 rong giam.

Trong phan tng pozzolanic, lugng Ca(OH): sinh
ra tor qua trinh thuy hoéa xi mang dong vai tro 1a tac
nhan phén (g véi silica vo dinh hinh (chiém 88,13%
trong RHA theo Bang 1) dé tao thém CSH thir cap lam
tang mat do pha rin trong hd xi ming. Lugng CSH
thir cap sinh ra tiép tuc lap day 16 rong gép phan lam
dic chic vi cau trac ctia xi mang. Diéu nay giai thich
vi sao tai mic thay thé 10-20%, cuong do nén ¢ 28 va
91 ngay tang khoang 15-20% so v6i mau dbi ching
MO. O mirc thay thé nay, lugng Ca(OH): sinh ra du dé
phan tmg véi phan 16n silica hoat tinh cia RHA.

Bén canh phan tmg pozzolanic, viéc bd sung tro
trau (RHA) véi d6 min cao (kich thudc hat trung binh
khoang ~4um, nho hon dang ké so véi khoang ~11pm
ctia xi mang) khong nhimg lam tang dién tich bé mat
tiép xtic phan tmg ma con tao ra hiéu tmg lap day (filler
effect) trong h¢ vat li¢u. Nho kich thude hat rat min va
dién tich bé mat riéng 16n, cac hat RHA ¢6 kha ning lap
day céac khoang trong giita cac hat xi ming va cdt liéu
min, tir d6 cai thién su phan bd kich thudc hat va lam
giam d¢ rdng tong thé ciia hd xi mang. Sy suy giam do
rong mao dan gép phan lam ting mirc d6 dic chic cua
vi cau tric bé tong, qua d6 ning cao cic dic trung co
hoc va giam kha nang thAm nudc cua vt liéu.

Két qua thuc nghiém nay phu hop v6i xu huéng
duogc ghi nhan trong cac nghién ctru trudce day [5-7].

3.2. Cuong dp nén ciia bé tong

Cuong d6 nén ctia cac hdn hgp bé tong duge mod
ta trén Hinh 7. Phan tich két qua thyc nghiém tai cac
tudi dudng ho 7, 28 va 91 ngay cho thdy cuong do
nén cia bé tong ting dan khi ham luong RHA ting
dén 20%. Khi ty 1¢ thay thé RHA vuot qua 20%,
cuong do nén cua bé tong c6 xu hudng suy giam. Tai
muc thay thé 30% RHA, cudng d6 nén cua mau C30
dat gia tri x4p xi so v6i mau bé téng tham chiéu CO.
Nguoc lai, khi ham luong RHA tang 1é€n 35%, cuong
d6 nén co gia tri thap hon so v6i bé tong tham chiéu.
Trén co s& d6, muc thay thé 30% RHA dugc xem la
gi6i han t6i wu.

Su tang cuong do cia bé tong chira RHA véi ham
lugng thay thé dudi 20% ciing dugc 1y giai do tac
dong tich cuyc cua phan ting Pozzolanic va hi¢u Ung
lap day giai thich & muc 3.1.

Tuy nhién, khi ham lugng thay thé xi mang vuot
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Hinh 8. D¢ hut nwoc ciia bé tong

qua 30%, cudng do nén cua bé tong bit dau suy giam
o rét. Hién tuong nay cé thé duogc giai thich boi hiéu
{mg pha loang (dilution effect) ctia hé chét két dinh.

V& mit dinh luong, khi tro triu (RHA) thay thé xi
ming véi ty 18 7, lwgng xi ming con lai trong hon hop
duoc x4c dinh theo biéu thirc:

me=m, (1-1) (4)

Trong do:

+ m, 1a khéi lugng xi mang con lai;

+ m, 1 khdi lugng xi ming ban dau;

+ r1a ty 1é thay thé RHA.

Khi r > 0,35, ham luong clinker trong hé giam
dang ké, kéo theo su suy giam lugng Ca(OH): sinh ra
trong qua trinh thiy hoéa. Do Ca(OH): 1a tac nhan can
thiét cho phan tmg pozzolan, sy thiéu hut nay lam han
ché mirc d6 hinh thanh cac san phdm CSH tht cip.
Pdng thoi, tong luong san pham hydrat hoa trong hé
giam do lwong xi mang tham gia thuy hoéa ban dau
thap hon.

Su suy giam dong thoi ciia CSH so cép va thi cap
lam giam mat do cdu triic cua hd xi mang, ting do rong
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Hinh 9. Hé 56 khuéch tin ion clorua

hitu hiéu va 1am suy yéu mang lué6i lién két trong ma
tran bé tong. HE qua 1a cuong d§ sdm bi anh hudng rd
rét va trong mot sd trudong hop, ca cuong do & tudi
mudn ciing c¢6 xu hudng giam khi ham lugng RHA
Vuot qua ngudng tbi wu.

Nhu vay, két qua thyc nghiém quan sat dugc phan
anh sy can bang giita hai co ché: Hiéu mg hoat tinh
(pozzolanic va filler) chiém wu thé & muc thay thé
trung binh, va hiéu tng pha lodng tré nén chi phdi khi
ham lugng RHA qua cao.

Nhimng két qua thu dugc c6 su trong dong véi cac
nghién ctru dd duoc cong bd trude day. Zhang va cong
su [12] bao céo rang cudng do nén ciia bé tong cd ham
lwong tro trdu (RHA) 1én dén 30% cao hon so véi bé
tong tham chiéu tai cac tudi 7, 14, 28 va 91 ngay.
Bhanumathidas va cong su [13] ciing khang dinh rang,
cuong do nén & tudi 91 ngay ciia BTXM sir dung RHA
v6i mirc d6 thay thé 1én dén 40% cao hon so v6i hdn
hop bé tong thong thuong khong chira RHA.

3.3. Dy hut nwoc ciia BTXM

Tinh thdm nudc cia BTXM duoc danh gia thong
qua d¢ hut nudc bao hoa sau 28 va 91 ngay dudng ho,
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dugc mo ta trong Hinh 8. C6 thé nhan thiy ring, &
tudi dudng ho 28 ngay, ty 1¢ hit nude ting khi ham
lugng RHA ting dén 35%. Nguyén nhan 1a do RHA
c6 kich thudc hat min hon so véi xi mang Portland
lam ting dién tich bé mat hat nude va dong thoi ban
chat RHA ciing c6 tinh hit am cao. O 28 ngay, phan
ung pozzolanic xay ra con cham, lwgng RHA chua
phan mg hét van con twong dbi nhiéu dan dén d¢ hut
nudc con cao.

Khi thoi gian dudng ho tang 1én 91 ngay, gia tri
d6 hut nuéc giam dang ké khi ham lugng RHA ting
dén 25%. Ngay ca tai murc thay thé 30% RHA, gia
tri d6 hat nude van thap hon so véi mau bé tong tham
chiéu CO.

Diéu nay cho thay, viéc kéo dai thoi gian dudng ho
bé tong sir dung RHA g6p phan lam giam sé luong 16
rong thdm nudc, tir d6 cai thién kha ning chong tham
ctia bé tong. Piéu nay dugc 1y giai nguyén nhan 1a do
téc do phan tmg pozzolanic cia RHA van con tiép tuc
xay ra manh & tudi mudn ciia bé tong (sau 28 ngay tudi),
tiép tuc tiéu thu RHA va tao CSH thir cap 1am giam 15
rong ting do dic chéc tir d6 giam do hit nudc.

3.4. H¢ 6 khuéch tin (HSKT) ion clorua

Trong nghién ctru d6 bén két cdu bé tong cot thép
(BTCT), dac biét tai cac vung duyén hai hodc moi
truong bién xam thyc, viéc thuc nghiém xac dinh
HSKT ion clorua dugc xem 1a chi s6 danh gia then
chét. Ton clorua dwgc xem 1a tac nhan chii yéu gay an
mon cbt thép trong két cdu xdy dung hoat dong trong
moi trudng bién, ving ven bién, khu vuc s dung
mudi chéng bing va méi truong cong nghiép. Dua
trén két qua thi nghiém khuéch tan ion clorua, muc do
va téc d6 tham nhép cua ion clorua qua hé 15 réng cua
bé tong c6 thé duoc xac dinh, tir 46 danh gia hidu qua
bao vé cdt thép cua bé tong. HSKT ion clorua cing
nho cho thdy cdu trac bé tong cang dic chic, kha ning
thim ion clorua cang thap va kha ning chéng an mon
c¢dt thép cang cao. Do do, thi nghiém nay dugc st
dung nhu mét co s& khoa hoc quan trong dé danh gia
va so sanh d6 bén cua cac loai bé tong khac nhau.

V& mat ly thuyét, phwong trinh Nernst-Einstein dé
xéc dinh hé s khuéch tan ion clorua trong bé tong:

Hé s khuéch tan ion chloride duoc tinh toan theo
cong thirc:

_ JcIRTL
¢ zIEFCce

(5)
Trong do:

De: Hé s6 tham nhap ion (m?s);

R: Hang s6 khi (8,3144J/mol K);
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T: Nhiét d6 tuyét dbi cuia dung dich & anode (K);

Z: Dién tich cta ion Chloride ion (-1);

F: Hang s Faraday (96,480J/V mol);

Ccr: Nong do trung binh tai khoang Cathode
(mol/m);

E: Hiéu dién thé thuc té trén bé mat mau (V);

L: Chiéu cao miu (m).

Jcr: Thong lugng cia ion chloride & trang thai tinh
(mol/m?s).

Thong lugng cua ion chloride ¢ trang thai tinh
dugc tinh theo cong thirc:

_ VAC¢

Jao =372 (6)

A At

Trong d6, V 14 thé tich khoang chtra anode (m®),
A 1a dién tich mat cit ngang mau (m?) va ty s6 ACci/Ar
la d6 bién thién néng do chloride & cuc anode
(mol/m?3/s).

Tir céc cong thire (5) va (6) c6 thé nhan thiy rang
khi lugng ion clorua di qua 16p bé tong giam, tic la
thong lugng giam, thi hé s6 khuéch tan ion clorua
cling giam theo. Diéu nay giai thich vi sao hé sb
khuéch tan ion clorua ciia bé tong c¢6 st dung tro triu
(RHA) tai cac thoi diém 28 va 91 ngay tudi thap hon
so véi bé tong thong thuong khong chira RHA (Hinh
9). Nguyén nhan cha yéu 1a do phan g pozzolanic
ciia RHA tao ra san pham CSH thtr cdp, gop phan lap
day cac 16 rdng trong vi cdu truc bé tong xi mang,
lam cho ciu trac tré nén dic chic hon va giam muc
d6 lién thong cua hé mao dan. Két qua 1a qué trinh
van chuyén ion clorua trong bé tong bi han ché, dan
dén sy suy giam thong luong ion clorua.

Hinh 9 thé hién sy bién thién gia tri cia HSKT
jon clorua cua cac cip phdi bé tong sir dung tro trau.
Két qua cho thiy HSKT ion clorua ciia bé tong giam
dan khi ham luong RHA ting dén 20%. Khi ty 1¢ thay
thé RHA tang 1én 30% va 35%, HSKT c6 xu huéng
tang tro lai, tuy nhién van thip hon so v&i bé tong
tham chiéu khong sir dung RHA. Xu hudng nay dugc
ghi nhan nhat quan tai ca hai thoi diém dudng ho 28
va 91 ngay. Céc két qua trén cho thiy viéc thay thé
mot phan xi mang Portland thong thuong bang RHA
g6p phan 1am giam dang ké kha ning phan tan ion
clorua trong bé tong.

Theo ly thuyét khuéch tan trong vat liéu rng, hé
s6 khuéch tan ion clorua phu thudc chit ché vao do
rong va mirc do lién thong cua hé mao dan trong bé
tong [13]. Nho kich thudc hat si€u min, tro trdu co
kha nang 14p ddy cac 15 hdng siéu vi va 16 rdng 16n,
tr d6 ngan chan sy két ndi cua hé théng mao dan

SO 86 (04-2026)



TAPCHI  ISSN: 1859-316X, e4SSN: 3093-3161
g z
KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHN(

trong ciu tric bé tong. Zhang [12] da chi ra rang cac
vat li€u pozzolan c6 hoat tinh cao, dién hinh 1a tro
trau, c6 kha nang lam giam kich thuéc 16 rdng trong
hd xi mang sau thily hoa, khién cau tric tré nén gan
nhu khong tham ngay ca ¢ tudi sém (7-28 ngay). Két
qua nay cling phu hgp véi nhan dinh cua
Bhanumathidas [13] vé kha nang 14p ddy 15 rdng cua
RHA trong BTXM.

Bén canh d6, d0 min cia thanh phén tro triu cang
cao thi kha nang chéng thim ion clorua ctia cac mau
bé tong cang duogc cai thién rd rét [12]. DT liéu thyuc
nghiém tur nghién ctru da xac nhan r’fmg su hién dién
clia cac hat RHA min tao ra hiéu ung lap diy 15 rong
chu tric BTXM, tir d6 nang cao déng ké kha ning
khang thim ciia BTXM.

4. Két luan

Tur céc két qua thi nghiém vé cuong do nén, do hut
nude va hé sé khuéch tan ion clorua cua bé tong sir
dung tro trdu (RHA), c6 thé rat ra mot sb két luan
chinh nhu sau:

Viéc thay thé mot phan xi ming bang tro triu
(RHA) c6 anh hudng 10 rét dén dic trung co hoc cla
bé tong. Trong pham vi nghién ctu, cuong do nén cua
bé tong ting khi ham lugng RHA ting dén khoang 15-
20%. O mirc thay thé nay, cudng do nén tai 28 va 91
ngay ting khoang 10-20% so véi bé tong ddi chimg.
Khi ham luong RHA tiép tyuc ting, cudng do nén c6
xu hudng giam dan do hiéu tng pha lodng chét két
dinh, tuy nhién ¢ mirc thay thé 30% cudng d6 van duy
tri x4p xi bé tong d6i chung.

Su c6 mat cia RHA gop phén cai thién dang ké
dic trung d6 bén chong thdm nude cua bé tong. Két
qua thi nghiém cho thdy cac hdn hop bé tong chira
RHA c6 d6 hit nude thip hon so voi bé tong thong
thudng, cho thiy cau trac 18 rdng cua vt liéu tré nén
dic chic hon.

Hé s6 khuéch tan ion clorua ctia bé tong chira RHA
giam dang ké so vai bé tong déi chimg, ddc biét tai cac
tudi 28 va 91 ngay. Didu nay chimg t6 viéc sir dung
RHA gilip ning cao kha ning khang thdm ion clorua
ctia bé tong, qua d6 gop phan cai thién do bén trong moi
truong xam thue, dic biét 1a moi truong bién.

Co ché cai thién tinh chét ctia bé tong khi sir dung
RHA duoc giai thich chu yéu béi hai yéu td: (i) phan
ung pozzolanic gitra silica v dinh hinh trong RHA va
Ca(OH): sinh ra tir qua trinh thuy hoéa xi mang, tao
thanh gel CSH thtr cap; va (ii) hiéu ing 1ip day cta
cac hat RHA min, gitp giam d¢ rdng va han ché sy
lién thong cua hé mao dan trong vi cu tric bé tong.

Ky thuat va Cong nghé Hang hai

Trong diéu kién nghién ciru véi ty 18 nude/ chat
két dinh bang 0,50, ham lugng thay thé xi mang bang
tro triu khoang 15-20% duogc xac dinh 1a khoang tdi
wu, cho phép dong thoi cai thién cuong do va do bén
clia bé tong. Ham lugng thay thé dén khoang 30% van
¢6 thé duge xem 1a kha thi khi muc tiéu wu tién 13 ting
cuong kha nang khang thdm va tan dung vat liéu phé
thai néng nghiép.

Két qua nghién ctru cho thay tro trdu 1a mot phu
gia khodng tiém ning trong san xuat bé tong bén ving,
g6p phan giam ham lwong xi mang st dung, cai thién
d6 bén vat liéu va thic day viéc tai sir dung phé pham
ndng nghiép trong linh vuc xay dung.
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