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TOM TAT: Nudc thu hdi trong qua trinh san xuét bé tdng bao gdm nudce tir cac cong doan rira cdt lidu,
rtra thiét bi tron va rira thiét bi van chuyén (xe tron, bodn chira), cung nudc gom tai khu vuc hoan nguyén.
Tong hop céc bio cao ky thuit cho thiy lwong nude thu hdi phat sinh tai mét tram trén c& trung binh
(= 60 - 90 m3/h) vao khoang 7 - 30 m¥/ngay, twong dwong 0,05 - 0,20 m® cho mdi 1 m® bé téng thuong
pham, tily quy mo va ché d¢ rira. Viée tan dung ngudn nudc thu hdi nay lam nude tr6n cho bé tong c6 thé
gop phan giam chi phi nuéc sach, ha chi phi xir Iy thai, dong thoi cai thién chi sb moi truong (giam xa
thai, tudn hoan tai nguyén). Nghién cru ndy trinh bay kha nang str dung nudc thu hdi (ding riéng hoic
tron 14n) 1lam nudc tron cho bé tong.

TU KHOA: Bé tong; nudc trdn cho bé tdng, nudce thu hoi tir qua trinh san xudt bé tong, nudc tron 14n.

ABSTRACT: Recovered water generated during concrete production includes water from washing of
aggregates, washing of mixing equipment, and washing of delivery equipment (truck mixers, storage
tanks), as well as water collected from the reclamation area. A synthesis of technical reports indicates
that a medium-size batching plant (= 60 - 90 m’/h) produces about 7 - 30 m¥day of recovered water,
equivalent to 0.05 - 0.20 m? per 1 m? of ready-mixed concrete, depending on plant scale and washing
regime. Utilizing this recovered water as mixing water for concrete can reduce potable-water
consumption and wastewater-treatment costs, while improving environmental performance (reduced
discharge, resource circularity). This study presents the feasibility of using recovered water (used neat or
as combined/blended mixing water) as mixing water for concrete.

KEYWORDS: Concrete; mixing water for concrete, recovered water from concrete production, blended
mixing water.

1. GIOI THIEU Vé6i san luong bé tong thuong phidm 16n, khéi
lwong nudc thai nay néu duoc xir Iy va tai sir dung
hiéu qué s& mang lai 10i ich 13 rét vé moi trudong do
giam khai thdc nudc ngot va giam xa thai, dong
thoi ting hiéu qua kinh té nho giam chi phi van
hanh tram, gidm chi phi xtr ly nude thai.

Trong qué trinh san xuit bé tong thuong pham,
mot lwong nudc dang ké dugc sir dung cho cic cong
doan rtra ¢t liéu, vé sinh may tron, xe bdn va hé
thdng thiét bi. Phan 16n lugng nudc nay sau khi st
dung tro thanh nudc thai ¢6 chira nhiéu hat min, ion
hoa tan va tap chat, dugc thu gom vio céc bé ling Theo A‘STM q1602 [5] va BS }EN 1008 [6],
cia tram tron. Day duoc goi 1a nude thu hoi. Vie  nudc thu hoi co thé duge st dung d€ tron bé tong
quan ly va tai sit dung loai nudc nay déng vai tro  néu dap Ung Cé? yéu cau vé hoa h(;)c (gio1 har}
quan trong trong chién lugc sén xudt bé tong theo ~ clorua, sunfat, kiem, TDS) va dugc kiém chimg ve
huéng tiét kiém tai nguyén va bao vé mdi trudng. tinh chat bé tong (thoi gian dong két, cudong do chiu
nén) tuong duong véi nudc sach. Do vay, viéc

Theo cac thong ké quoc t€ va trong nudc, 4 S p
nghién ctru va ting dung nudce thu hdi trong san xuat

luong nudc thu hdi binh quin dao déng trong . )
khoang tir 150 dén 300 lit cho m3i mét khéi bg DS tOng vira €6 ¥ nghia thuc tien, vira phit hop v6i
tong thuong pham. Cu thé néu tinh trén lugng be XY the phat trién bén ving trong nganh xay dyng.

tong thuong pham thi nuée thu hdi twong tng dao Nhiéu nghién ciru qudc t€ va trong nude da tap
dong tir 150 - 300 L/m? thy quy md tram [1, 2, 3].  trung danh gid anh huéng ctia nude thu hdi dén cdc
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tinh chét ciia bé tong. Cac nghién ciru dugc chia
thanh ba nhém chinh: anh huéng dén céc tinh chat
co ly; anh huong dén d6 bén 1au; va anh hudng dén
in mon cdt thép.

Nghién cuu [3] thuc hién trén bé tdng thuong
¢6 cudng do C25 - C40 cho thdy khi ham luong
chat rin lo limg va cac ion hoa tan trong nudc thu
hdi duoc kiém soat thi cudng do nén 7 - 28 ngay
clia bé tong x4p xi dbi chiing (dao dong = 5 - 10%),
mé dun dan hoi cling ¢ xu hudng twong dong.
Tuy nhién, khi ham lugng bun min, kiém hoac CI-,
SOi_ tang vuot ngudng, ty 1& nudc trén chat két
dinh (N/CKD) tang dan dén giam cudng d6 va bién
ddng cudong d6 1on.

Nghién ctu nudc ria xe tron bé tong [4] tai st
dung 1am nudc trén bé tong cho thdy thoi gian
dong két chénh léch khong dang ké khi nudc dat
chuan; d6 sut ¢ thé thay ddi nhe nhung co thé
diéu chinh bang phu gia siéu déo. Cuong d6 chiu
nén va cudng do chiu kéo tai 28 ngdy clia cic cp
phdi bé tong dat twong dwong ddi ching hodc ting
nhe nho hi¢u Gng filler cia hat min.

Céc chi tiéu d6 thdm nudc va khi nang tham
nhédp ion clorua phan 4nh kha nang chéng xam
nhap chét 1éng va ion cta bé tong. Khi nudc thu
hoi dat cac chi tiéu vé héa hoc va ham lwong hat
min dugc quan ly hop ly thi da xi mang trd nén dac
chiic hon, hé s6 thiAm ion giam, gitp do bén clorua
khong kém hodac tham chi cai thién nhe so véi bé
tong dbi ching [6 - 8]. Nguoc lai, khi CI-, SOZ‘
cao lam giam kha ning chong x4m nhdp ion, ting
nguy co in mon cdt thép.

Theo EN 206 va ACI 318, téng ham luong
clorua tir tat ca cac nguon vat liéu nhur xi ming, cdt
li¢u, phu gia, nudc... phai dugc kiém soat theo méi
truong 1am viée va loai két cau. Cac nghién ctru

cho thay khi clorua trong nuéc thu héi dugc kiém
soat chat va tong clorua ciia cap phdi nim trong
gidi han, céc chi ti€u dién thé an mon, mat do dong
an mon va dién trd sudt cua bé tong khong khac
dang ké so véi bé tong ding nudc sach [4 - 8]. Tuy
nhién, néu clorua vuot ngudng thi nguy co khoi
phat in mon ting 1én dang ké, dic biét trong moi
trudng bicn.

Nhu vdy, cdc nghién ctu déu cho thdy anh
hudng nhét dinh cua viée st dung nude thu hdi cia
qua trinh san xudt bé téng dén cac tinh chat cua
hdn hop bé tdng va bé tong. Tir d6, cho thiy tinh
kha thi cta viéc tan dyng luong nudc c¢é san nay
trong san xuat bé tong.

2. CO SO LY LUAN VA KINH NGHIEM
QUOC TE

Tiéu chuin Viét Nam hién hanh, TCVN
4506:2012 - Nude cho bé tong va vira, thay thé ban
cli nam 1987 d4 bo sung nhiéu diém quan trong
nhu yéu céu ddi véi nudc bao dudng, quy dinh rd
cac gidi han pH, CI, SOi_ , téng chét rén hoa tan,
dau m& va chat hitu co. So véi cic tiéu chuan
EN 1008 [6], TCVN 4506:2012 [8] gidi han dinh
lwgng cac chi ti€u cia nudc tron bé tong, twong
ddng véi tiéu chuan ciia Nga [9] va it nhan manh
dén khia canh thir nghiém anh hudéng cua nudc
duoc thi nghiém véi nudc doi chimg nhu ASTM
C1602 [5] hoac EN 1008 [6]. Quy dinh cia TCVN
4506:2012 [8] han ché kha nang sir dung nudc thu
hdi trong qua trinh san xuat. Trong bdi canh phat
trién bén vimg va tiét giam chi phi san xut thi viée
tan dung nudc thu hoi dé su dung lam nudc trén bé
tong, ma khong 1am anh hudng dén chit lwong san
pham bé tong, cang dugc quan tim.

Bang 1: Mgt so chi tiéu co ban ciia nuéc trén cho bé tong theo cac quoc gia

Chi tigu ss06012 | 10082002 Clonr | 2373am0n | VISASIB8 | 1S 456:2000
pH >4 >4 >4.5 6-85 >5 6-8
Cl (RC, mg/L) <500 <500 <500 <300 <500 <500
CIl" (PC, mg/L) Khoéng Qb <1000 <1000 <600 <500 Khéng QP
SOi_ (SOs, mg/L) <2000 <2000 <3000 <2700 <2000 <2000
TDS (mg/L) <2000 <2000 <2000 <2000 Khéng Qb <2000
Hiru co (mg O2/L) <15 <15 <50 <15 Khoéng ro Khoéng anh huong
Déu m& (mg/L) <2 <50 <25 <10 Khoéng vang Tranh cé vang




Tai Vuong quoc Anh, tiéu chuin EN
1008:2002 - Mixing water for concrete, dugc chap
nhan nguyén ban va chuyén dich thanh tiéu chuén
quoc gia BS EN 1008:2002. Tiéu chuin nay thay
thé BS 3148:1980. Diém mdi noi bat 1a cho phép
st dung nudc tai ché tlr tram tron hodc nude thai
cong nghiép da xa ly, vé6i didu kién phai ching
minh qua tht nghi€m vé do sut, thoi gian ninh két
va cuong do nén so v6i mau dbi chimg. So véi
TCVN va GOST, EN 1008 linh hoat hon, twong
dong voi ASTM trong viée khuyén khich st dung
nguén nudc thay thé nhim bao vé moi truong va
tiét kiém tai nguyén.

Tai Hoa Ky, tiéu chuin ASTM C1602/
C1602M - Standard Specification for Mixing
Water Used in the Production of Hydraulic
Cement Concrete, ban hanh 1an dau vao khoang
nim 2006 va dugc soat xét nhiéu lan (2012,
2018, 2022). ASTM C1602 quy dinh chi tiét cac
gidi han vé Cl, SOi_, chat hiru co, téng chat rin
hoa tan va dic biét 1a tdng kiém. Tiéu chuin
phén biét rd gitta bé téng cot thép thudng (RC)
va bé tong du ung luc (PC) véi ngudng Cl- khac
nhau. Giong nhu EN 1008, ASTM C1602 cho
phép st dung nuéc tdi ché, nhung yéu cau
nghiém ngat vé kiém tra anh hudng cia nude téi
tinh chat ctia hon hop bé tong va bé tong, bao
gdm so sanh thoi gian ninh két va cudng d6 nén
theo cac phép thu ASTM.

Tiéu chuin JIS A 5308:2019 - Ready-mixed
concrete ¢o phan quy dinh yéu cdu véi nuée tron
bé tong. Cac lan soat xét 2003, 2009 va 2019 bd
sung ndi dung lién quan dén quan ly méi truong
tram tron va cong nhén viéc s dung nudc rira sau
xtt Iy 1am nuGe tron cho bé téng. Cach tiép can cua
JIS mang tinh thuc hanh cao, gin truc tiép véi
cong tac quan ly san xuét bé téng thuong pham.
Tuong dong véi ASTM va EN, JIS ciing cho phép
sit dung ngudn nude tai ché co kiém soat dé sur
dung lam nudc tron cho bé tong.

Tai Nga, tiéu chuan GOST 23732-2011 -
Water for concrete and mortars ké thira ban GOST
23732-79 va duy tri triét 1y kiém soat chit ché
bang gi6i han dinh lrong nghiém ngit. Piém ndi
bat 13 gidi han ion CI- cho bé tong ¢t thép dugc
dat rat thip (< 300 mg/L), khit khe hon hau hét cac
hé thdng tiéu chuin khic. GOST ciing chu trong
dén chi tiéu dau m& va mot s6 yéu té vi sinh, phu
hop vai didu kién khi hau lanh va yéu cau dé bén
lau dai trong cong trinh ha ting. So vé6i EN va
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ASTM, GOST it linh hoat hon. Cach tiép can nay
c6 sy tuong dong véi TCVN truyén thong, tuy
nhién mac do khét khe cta Nga cao hon rd rét.

Tiéu chuan IS 456:2000 - Plain and Reinforced
Concrete, Code of Practice 1a tiéu chuan khung vé
thiét ké va thi cong bé tong, trong d6 phan vé nudc
tron nhin manh ring nuéc udng dugc coi 1a phu
hop. Cac gidi han pH, CI-, SOi_ va tap chit hitu
co duoc quy dinh & mutc co ban, dong thoi tham
chiéu dén h¢ tiéu chuan thir nghiém IS 3025.

Mic du khac nhau vé cach tiép can, tat ca cac
tiéu chuan déu thong nhit mot s6 nguyén tic co
ban 1a giéi han ham lugng C1- va SO; ", kiém soat
chat hitu co va diu md (Bang 1) va yéu cau nudc
khong giy anh huong dén qua trinh ninh két va
cuong do cua bé tong.

Trong bdi canh hién nay, khi nhu ciu tai st
dung phé thai néi chung, nudc thai néi riéng thi
viéc tham khao va chuyén dich tiéu chuén theo
dinh huéng méi 13 can thiét, vira dam bao chét
lugng bé tong, vira phu hgp voi dinh hudng phat
trién bén vitng, tiét kiém tai nguyén.

3. KET QUA THI NGHIEM

Nghién ctu dugc thuc hién tai Vién Chuyén
nganh bé tdng vdi 3 loai nude tron cho bé tdng
(Bang 2, Bang 3) dugc lay tir ngudn nude sinh
hoat (miu A), nudc trdn 1an tir nude sinh hoat va
nude thu hoi (ty 1¢ 80:20) (miu B), nudc thu hoi
(miu C) (Hinh 1). Céc thi nghiém dugc tién hanh
theo EN 1008.

Hinh 1: Thi nghiém cdc chi tiéu hoa ciia nudc
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Bang 2: Két qua kiém tra so' bd nwéc sir dung trong thi nghiém

Yéu ciu theo yéu cu

Két qua thi nghiém .
STT | Chi tiéu cia EN1008
Miu A Miu B Miu C
Dau va ,Khorxlg o Khéng c¢6 vang dau Khoéng ¢6 vang dau Khéng ¢6 vang diu hodc
1 - vang dau hodc b N SR N . N
md i’ ~ hodc vang m& hodc vang m& vang md
vang md
Chzit R . N . ) . Bot (néu ¢6) phai tan
2 thy i Khong co bot Khong c6 bot Bot tan trong 1 phut trong vong 2 phiit
Nudc khong mau hodc mau sic phai
3 Mau séc Khong mau Vang nhat Vang nhat dugc danh gia dinh tinh 1a vang nhat
hodc nhat hon
4 | Canling 0 1 3 Téi da 4 can lang

Khoéng ¢6 mui, ngoai trit mui dugce
phép cua nudc sach, mui nhe cua

5 Mui Khoéng ¢6 mui Khoéng ¢6 mui Mui nhe cua xi mang xi mang, hodc néu trong nudc cd
xi 10 cao thi ¢ mui nhe cua
hydrogen sulphide
6 pH 74 7.7 92 pH >4
£ N Mau séc, phai duge danh gia dinh
7 rCnl::lt \%ﬁu IIEZ,[ Mau nau vang nhat Mau néu vang nhat tinh, 1a ndu vang hoac nhat hon sau
& khi thém NaOH
Bang 3: Két qua kiém tra tinh chit héa hoc ciia nuée
Két qua thi nghiém, Yéu ciu theo yéu ciu
STT Chi tiéu mg/L EN1008
Miu A Miu B MAu C
1 Ham lugng ion CI™ 17,5 23,0 32,2 < 1000 v6i bé tong co cbt thép
2 Ham lugng SO?{ 19,4 20,1 39,7 <2000

Xi mang su dung trong thi nghi¢ém 1a PCB40
c6 khéi luong riéng 3,07 g/em?, bé mit riéng
3.780 cm?/g, lugng sot trén sang 0,09 mm 1a 1,1%
va do déo tiéu chuan 29,5%. Thoi gian dong két
bat dau ¢ 160 phut va két thic ¢ 210 phat. Cudng
d6 chju udn dat 6,5 N/mm? sau 3 ngay va 9,7 N/mm?
sau 28 ngay; cuong d0 chiu nén tuong ung la
30,9 N/mm? va 48,1 N/mm?.

Cét st dung trong thi nghiém c6é khdi luong
riéng 2,66 g/cmd, khéi luong thé tich bdo hoda nude
2,64 g/em? va khéi luong thé tich khé 2,62 g/cm?.
Po hat nude dat 0,6%, khdi luong thé tich xdp
1.440 kg/m* va m6 dun d¢ l6n la 2,6. Lugng hat
16n hon 5 mm 1a 8,5%, ham lugng buyi, bun, sét chi
0,5%, va tap chat hitu co (thir so mau) sang hon
mau chuén, cho th?iy mtc do sach dat yéu ciu ky
thudt. Nhin chung, cac chi ti€u co ly cia cat nay
pht hop véi quy dinh trong TCVN 7570:2006 vé

¢t libu min diung cho bé tong va vira, dam bao
chét lugng cho cac muc dich st dung trong nghién
clru va san xudt bé tong.

C6t liéu 16n duoc sir dung cé khdi lwgng riéng
2,73 g/em?, khdi luong thé tich bio hoa nude
2,71 g/em?® va khéi lwong thé tich khé 2,70 g/cny’.
D6 hit nudc dat 0,4%, khdi lugng thé tich xdp 1a
1.430 kg/m?® va do rdng 47,0%. Céc thong sb co ly
dap ung yéu ciu ky thudt cua cdt liéu thé ding
trong bé tong theo TCVN 7570:2006.

Déanh gia anh hudng cia cac loai nudc thi
nghiém dén tinh chit cua hdn hop bé tong va bé
tong, két qua Bang 3 cho thiy thoi gian dong két
clia mau ¢6 nude thi nghiém cé dnh huong dén thoi
gian dong két va cuong do chiu nén ciia bé tong.
Maic du céc chi ti€éu hda hoc cd chénh léch giira cac
mau nude nhung mirc @6 anh huong dén cuong do
nam trong khodng 5%.
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Bang 4: Anh hudng ciia cac loai nwée thi nghiém
dén tinh chat ciia hon hgp bé tong va bé tong.

Keét qua thi nghiém Yéu ciu theo yéu ciu
STT - - - ia EN1008
Miu A Miu B Mau C cua
] A A : ~co .
Chénh Iéch thoi gian bit Khong chénh Léch qud 25% so véi
1 P £ . 10 -5 thoi gian bat dau dong két cua
dau dong két, phut X ake o
mau doi ching
A1 14 N £ Khong duoc vuot qua 12 gid va
Chénh Iéch thoi gian ket 15 10 5 Khéng chénh 1&ch qua 25% so véi
thic dong két, phut X ek oo,
mau doi ching
Cuong d(f)g chiu nén cua tb
2 mau 8 tudi 7 ngay so voi 104 105 98 Khéng nho hon 90%
mau doi chiing, %
Két qua nay twong ddng véi két qua nghién TAI LIEU THAM KHAO

ctru [3, 4, 5], da cho thay tinh kha thi cua viéc sir
dung nudc thu hdi va nudc tron 14n @& 1am nude
tron cho bé tong trong diéu kién Viét Nam.

Nhu vay, viéc bién soan tiéu chuan nuée tréon
cho bé tong theo dua trén tiéu chuin EN 1008 phu
hop dinh huéng hai hoa véi tiéu chuan chau Au
EN 1992 Eurocode 2 ma DPé an hoan thién hé
thdng tidu chudn, quy chudn k§ thuat xdy dung cua
B6 Xay dung da xac dinh. Khi ban hanh, dy thao
tiéu chuan sé mang lai hi¢u qua kinh té - k¥ thuat
dang ké nho thiét 1ap co so phap 1y va chudn muc
danh gia cho viéc sir dung da dang ngudn nudc,
bao gom ca nude thu hdi tir cac qua trinh san xuat
bé tdng, nudc trdn 1an.

4. KET LUAN

Nudc thu hdi phat sinh tir qua trinh san xut bé
tong O tram trdn véi san lugng 60 - 90 m*h vao
khoang 7 - 30 m*ngay, twong duong 0,05 - 0,20 m?
cho mdi 1 m? bé téng thuong pham, phu thudc quy
mé tram va ché do raa. Céc nghién ctru chi ra réng
khi dap ung gidi han hod hoc (dic biét Cl-, SOi_ ,
kiém) va kiém soat chat ran lo ling, viéc ding
nude thu hdi 1am nude trén cho bé tong khong gy
bat loi rd rét téi tinh cong tac, thoi gian dong két,
cudng d6 va df bén.

Trong diéu kién phong thi nghiém tai Viét
Nam, khi tién hanh theo EN 1008, nghién ctru da
cho thdy bé tong st dung nude thu hdi va nudc
tron 1an c6 cuong d6 dao dong trong khoang
98 - 105% so véi doi chimg. Két qua nay cho thdy
viéc st dung nudc thu hdi va nuée tron 1An 1am
nudc tron cho bé tong kha thi vé& k§ thuat, dong
thoi mang lai hi¢u qua kinh té va méi truong.
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