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Tém tit

Bé tong rong thoat nudc dang duoc ung dung rong rai trong thuc té véi uu diém ndi bat vé tinh tham nudc va
kha nang thoat nuoc bé mit qua cdu trac rdng cua bé tong. Tuy nhién, trong qué trinh sir dung, kha nang thoat
nude cta bé tong rdng bi suy giam theo thoi gian do cac tac nhan gay tic nghén 1am giam hé sb tham. Day duoc
xem 1a mot trong nhitng nhuoc diém chinh cua bé tong réng thoat nude. Bai bio nay trinh bay cac nguyén nhan
gay ra hién tugng téc nghén, dugc xac dinh b'fmg thuc nghiém khi st dung cac tac nhan téc nghén phé bién nhu
dat sét va cat. Két qua nghién ctru cho thay hién twong tic nghén phu thudc vao do rong thiét ké va dic tinh do
rong cua be tong rong, chiéu day cuia bé tong rong thoat nudc theo phuong thém nudce va kich thude hat cta
tac nhan tic nghén. Hé sb thdm giam manh o nhung lan bo sung tac nhan gy tic nghen dau tién, trang thai tac
nhan tic ngh&n xam nhap vao trong ciu truc rong s& quyét dinh sy anh huéng den hé sé thdm ciing nhu kha
ning loai bé va cac bién phép bao dudng, duy tri kha ning thoat nude ciia bé tong rong.

Tir khod: bé tong rong thoat nude; tic nghén; hé s6 tham; cAu tric rng; tic nhan tic nghén.

RESEARCH ON THE CLOGGING PHENOMENON OF PERVIOUS CONCRETE USING RECYCLED
AGGREGATES FROM CONSTRUCTION AND DEMOLITION WASTE

Abstract

Pervious concrete is widely applied in practice due to its outstanding advantages in water permeability and
surface drainage capability through its porous structure. However, during usage, the drainage capacity of
permeable concrete deteriorates over time due to clogging agents that reduce the permeability coefficient.
This is considered one of the main drawbacks of pervious concrete. This paper presents the causes of the
clogging phenomenon, experimentally identified using common clogging agents such as clay and sand. The
research results show that clogging depends on the relationship between the designed porosity and the porosity
characteristics of the pervious concrete, the thickness of the concrete in the direction of water flow, and the
particle size of the clogging agents. The permeability coefficient decreases significantly during the initial
additions of clogging agents. The state of clogging agents penetrating the porous structure determines their
impact on the permeability coefficient, as well as the removal methods and maintenance strategies to sustain
the drainage capacity of permeable concrete.
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1. Gidi thiéu

Bé tong rong thoat nudc (BTR) 1a loai bé tong than thién véi moi truong dang ngay cang duoc
{mg dung rong rdi nho cac vu diém hudng dén phat trién bén vitng nhu: tiéu thoat nude 1am giam hién
tuong ngdp ung, bd sung nudc ngam, giam hiéu img nhiét d6 thi, lam ting kha ning chdng truot, hip
thu &m thanh [1, 2]. BTR duogc nghién ctru va tng dung sém nhat tai Chau Au tir gitta thé ky 19, tir
nhitng ndm 1970 tr¢ di, BTR dugc ing dung phd bién & My va nhiéu khu vuc trén thé gidi véi muc
tiéu chinh 1a kiém soat lwong nudc mua va lugng nudce hinh thanh do bang tan [3]. Hién nay, mot sb
nudc trén thé gigi nhu My, Nhat, cac nude Chau Au sir dung BTR cha yéu cho 16p 4o dudng tai céc
khu d6 thi véi cudng do tir 20 — 30 MPa [4]. Nhiéu tmg dung khac st dung BTR véi cudng d6 thap
nhu 16p mit khu vuc d6 xe, via hé voi muc tiéu giam hi¢u ung dao nhiét d6 thi [5, 6]. Cac tinh chit,
vai tro va tic dong cua BTR da duoc thyuc hién trong rat nhiéu cac nghién ciru gan day, trong dé tap
trung vao cac tinh cht va cac van dé lién quan dén moi truong, dac tinh thuy lyc, tinh an toan, dac
tinh co hoc, ... Trong d6 theo thdng ké tir naim 2009 dén nam 2018 c6 121 nghién ctru vé dic tinh
thuy lyc, trong d6 c¢6 19 nghién ciru vé kha ning tic nghén [7]. Hién twong tic nghén 1am giam hé sb
thAm hodc 1am mét hoan toan hé sé thdm nude cua BTR (Hinh 1). Trong cac nhugc diém cua BTR,
hién twong tic nghén can duoc xem xét va danh gia cu thé do ¢ anh hudng 16n nhét dén dic tinh cia
BTR. Nguyén nhan tic nghén chi yéu do mét lugng 16n cac hat nhur bun sét, dat, cat hodc cic manh
vun lién tuc di qua hé théng 16 r6ng va bi dong lai trong cAu tric hodc trén bé mat [2]. Bén canh do,
c4c tac nhan tich liy tir phwong tién giao thong, cac tham thuc vat, 14 cdy hodc bui ban ciing c6 thé
gdy ra tic nghén 15 rong.

Su tic nghén dugc phan loai theo thoi gian
hodc theo ban chit cua tac nhan. Phan loai theo thoi
gian c6 hai loai: (1) qua trinh dién ra theo thoi gian
do su ling dong lién tuc hodc theo chu ky ctia mot
lwong nho tram tich hodc mot sb tac nhan khac gay
ra; (2) qué trinh tic nghén dot ngot do x6i mon dat,
cat, 14 cay [9]. Phén loai tic nghén theo tic nhan
duogc chia lam 3 loai: (1) Tac nhan vat ly; (2) Tac
nhan do hién tugng héa hoc (qué trinh cacbonat
hodc sunfua cta cic khoang dan dén két tua); (3) [ = o B4 CKD
Su tic nghén sinh hoc khi céc loai tdo, nam, ré cay
gdy ra. Hiéu qua str dung ciia BTR s& giam néu
giam kha nang thAm nudc. Hé s6 tham nudc co thé giam 90% sau 5 nam sir dung va dan trd thanh vat
liéu khong thAm nudc. Mot nghién ctru khac chi ra hé s6 thAm ctia mat duong sau 8 nam st dung chi
12 0,007 mm/s, bang 1/1000 so v&i ban dau [10, 11].

Yéu t6 anh huong dén su tic nghén chi yéu la kich thude cua tic nhan gay tic nghén. Theo nghién
ctru cia Huang va cs. [12]: tdc nhan téc gdy nghén co kich thudce tir 0,1 — 100 um va dugc phan loai
thanh hat keo ¢6 kich thude 0,01 — 10 um; cac hat lo ltrng trong nudc ¢6 kich thude tir 10 - 100 um va
cac hat kich thudc 16n trén 100 pm va thudng gisi han dén 5 mm (do dwdng kinh 18 rdng thuong tir 1
— 5 mm) [13]. Tac nhan gay tic nghén va kich thudc 16 rdng ctia BTR ¢6 mbi quan hé véi nhau, kich
thudc 16 rdng cang 16n cang han ché anh hudng cua tic nhan giy tic nghén, trong khi tang kich thudc
ctia tac nhan 1am tang hién tuong tac nghén (Hinh 1.2) [12]. Cing quan diém d6, Chen va cs. [14] két
luan kich thudce tac nhan tir 0,15 — 0,3 va 1,18 — 2,36 mm lam gidm manh nhét hé sé thim cua BTR.
Trong nghién ciru ctia Haselbach [15], dat sét 1a tac nhan rat nguy hiém 1am suy giam hé s6 tham, tac
dong co thé 16n hon so vai cat do kho loai bo dat sét bam trén bé mét hodc trong ciu tric rong. Trong
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Hinh 1. Hién tugng tic nghén ciia BTR [8]
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mdt nghién ctru khac, tac gia Kayhanian [11] két luan céc hat tram tich nh6 hon 38 pm 1a mot yéu t6
quan trong giy ra hién tuong tic nghén.

Mot sb bién phap khéc phuc thé giam dang ké hién tuong tic nghén di dugc nghién ctiru gdm: thdi
ap luc cao, rtra ap luc cao va hut chan khong. Hat chan khong s€ khong c6 hiéu qua véi truong hop
tac nhan ling dong va tic siu trong ciu trac BTR, chi hiéu qua khi tac nhan & 16p mit, trong trudng
hop nay rira p luc cao s& c6 hiéu qua cao hon [16]. Cac phuong phap nay cé thé dat hiéu qua 1én dén
90% so véi hé s6 tham ban dau. Néu két hop ca hai phuong phap thdi ap luc cao va rira ap luc cao s&
¢6 hiéu qua cao nhit [17].

Bén canh d6, nghién cuu vé anh hudng cua chiéu day BTR dén hé s6 thAm con it dugc xem xét,
va ciing it dugc dé cap dén trong mbi lién hé vai tinh trang tic nghén. Khi thay doi chiéu day miu
tr 50 mm, 75 mm va 100 mm cho th:?iy cac quy ludt khac nhau vé hé s6 thAm khi c6 mit cua céc tac
nhan gay tic nghén [12]. Pay 1a hién twong phirc tap va mang tinh chat ngiu nhién gitra 1 trong 2 co
ché (phu thudc vao co ché nao chiém wu thé): (1) Tang chiéu day 1am giam nguy co tic nghén do hai
nguyén nhan: véi ciing lugng tac nhan gay tac nghén va ciing dién tich bé mat, khi tang chiéu day lam
tang thé tich bé tong va thé tich 15 rong, tir d6 1am giam ty 1é giita thé tich tac nhan gy tic nghén va
thé tich 16 rdng. Ddng thoi, ting chidu day lam ting hé s thim, tir d6 lam giam nguy co tic nghén.
Co ché (2): tac nhan gy tic nghén sé& phai di chuyén quing dudng dai hon khi ting chiéu day, tir d6
lam ting nguy co tac nhin gy tic nghén bi tic lai trong qua trinh dich chuyén, khi 16 rdng bi tic s&
lam giam nhanh chéng hé s6 thim. Trong dé, co ché s6 (2) phu thudc vao kich thudc tic nhan gay tic
nghén va kich thuéc 16 réng cua BTR.

O Viét Nam, BTR da duoc nghién ctru & cac don vi nhu Trudong Pai hoc Xay dung Ha Noi, Truong
Pai hoc Giao thong Van tai (Ha Noi, Thanh phé Ho Chi Minh), Pai hoc Bach khoa Thanh phd Ho
Chi Minh, Pai hoc Kién Tric Ha Noi, cac vién chuyén nganh nhu Vién Khoa hoc Cong nghé Xay
dung (IBST), B6 Giao thong van tai, ... Cac nghién ctru [18-21] tép trung nghién cttu anh hudng cac
loai nguyén vat liéu dén cac dic tinh co 1y, dic tinh rong va kha niang thoat nudc cuia BTR. Trong dé
¢6 néu mot sb bién phap cai thién dac tinh co 1y cia BTR. Nhu vay, BTR da dugc nghién ctiru ¢ Viét
Nam nhiéu nim va da dang hudng nghién ctru. Tuy nhién, chwa c6 nghién ctru vé sy suy giam hé sb
tham lién quan dén hién twong tic nghén cia BTR.

Bén canh d6, cc thanh phd 16n ¢ Viét Nam phat sinh lwong 16n phé thai xay dung va can cé cic
giai phap xur Iy hidu qua, giam thiéu tac dong dén moi truong. Phé thai xay dung (PTXD) 6 thé duoc
tai ché thanh cdt liéu va st dung dé ché tao BTR, dat dugc muc tiéu kép trong bao vé moi truong va
phat trién bén vimng. Hién nay cic nghién ctiru vé BTR sir dung ct lidu tai ché (CLTC) tir phé thai
xdy dung ¢ Viét Nam con kha moéi mé. Céc nghién ciru trén thé gidi cho thdy, BTR st dung CLTC
thuong thu dugc do rong 16n hon d6 rong thiét ké khi d6 rdng thu duoc c6 thé dat tir 22 - 28%, trong
khi d6 rong thiét ké 1a 20 — 25% [9, 22]. Piéu nay 1a do CLTC cé nhiéu gbc canh lam ting do rong
giita cac hat va do rdng trong hat c6t liéu ciing 1am tang dang ké tong do rong ctia bé tong. Tuy nhién,
d6 rong chi 1a mot thong sb quyét dinh hé sb thim, véi cung do rong co thé c6 nhiéu gia tri hé s6 thAm
va nguoc lai. Vi dy, trong mot nghién ctru cho théy do r6ng cao nhat 1a 42%, véi hé s6 thAm chi la
17,4 mm/s. Vi vy, bén canh d6 rong thi thong sé 16 rong, ciu trac 16 rong quyét dinh hé s6 thim nude
cua BTR [23].

Thong s6 16 rong va cdu trac 16 réng 13 cac yéu td bi tic dong va thay ddi khi cé cac tac nhén tic
nghén nhu cat, dét sét co cac kich thude khac nhau xdm nhép va hé théng 156 rong cia BTR va lam
thay d6i hé s6 thim. Trong bai bao nay, tic gia phan tich anh hudng cia hai tic nhan gy tic nghén
phd bién 1a cat va dat sét dén kha nang thoat nudc ciia BTR thong qua sy thay di hé s tham va luong
tac nhan tic nghén bi giit lai trong cdu trac ciia BTR. Ngoai ra, su thay doi trong do rdng thiét ké va
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chiéu day cua BTR ciing duoc nghién ciru trong bai bao nay.
2. Nguyén vit li€éu va phwong phap nghién ciru
2.1. Nguyén vat liéu
a. Ximang

Xi ming dong vai tro chét két dinh tao tinh cong tac can thiét cho hdn hop bé tong va hinh thanh
cuong d6 bé tong. Trong nghién clru su dung xi mang PC40 Bt Son, cac chi tiéu k¥ thuét dugc dua
ra trong Bang 1. Xi mang st dung dat yéu cau k¥ thuat cia xi mang PC 40 theo TCVN 2682:2020.

Bang 1. Tinh chit co Iy xi mang PC40 Bit Son theo TCVN 2682:2020

Tinh chét Pon vi Yéu cau Két qua Phuong phap thtr
Khdi lugng riéng g/em® - 3,07 TCVN 13605:2023 [24]
Nudc tiéu chudn % - 29,5 TCVN 6017:2015 [25]
Do 6n dinh thé tich mm <10 1,70
Bit dau dong két Phut > 45 160
Két thiic dong két Phut <375 245
Cuong do nén:

Sau 3 ngay MPa >21 28,00 TCVN 6016:2011 [26]
Sau 28 ngay MPa >40 47,50

b. Cét ligu tai ché tir PTXD

C6t liéu tai ché s dung c6 ngudn gdc tir két
chu bé tong cdt thép va khoi xay duogc thu gom tir
viéc pha do cong trinh tai Ha Noi. Qua trinh gia
cong tr kep ham, dép bua va sang phan loai dugc
thuc hién trén day chuyén tai ché cong suat 20 -
50 tan phé thai/gio, dat tai nha may bé tong Binh
Duong tai Pong Anh, Ha N¢i. CLTC dugc sang
phan loai va cd hat 5 — 10 mm dugc st dung trong
nghién ctru (Phu hop véi kich thudc mit sang theo
Tiéu chudn Viét Nam). Bang 2 thé hién cac tinh
chat cta cdt liéu tai ché tir phé thai xay dung.

Bang 2. Tinh chat cia CLTC tir PTXD

STT Tinh chét thi nghiém Pon vi CLTC
1 Khéi lugng riéng kg/m? 2620
2 Khdi lugng thé tich xop kg/m? 1370
3 Khdi lugng thé tich lén chat kg/m? 1620
4 Khdi lugng thé tich hat & trang thai kho kg/m? 2270
5 Do hut nude ¢ trang thai bao hoa khd bé mit % 4.8
6 Ham lugng hat thoi det % 3,9
7 Do nén dép trong xilanh % 19,7
8 Do mai mon Los Angeles % 32,1
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c. Nude 100 —
Nghién ciru str dung nude sinh hoat dé ché tao 30 4 / o

S
bé tong nhu bé tong thuong. Nudc st dung thoa \%/" "
man céac yéu cau ky thuat cia TCVN 4560:2012. & / ——Dit sét
. A L ~ = 40 | —+—Cat vang
d. Tac nhan tac nghén g |
=20/

Bai bao sir dung hai tac nhan giy tic nghén
pho bién, xuat hién trong qua trinh khai thac su 0
dung cac bé mat BTR 1a cat vang va dat sét (Pugc

|
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str dung riéng ting loai, & trang thai kho). Thanh Kich thuée hat (mm)
phan hat ctia hai loai tac nhan duoc thé hién trong Hinh 3. Biéu do thanh phan hat cta
Béng 3 va Hinh 3. Thanh phan hat cta tac nhan gay tac nhan tac nghén

tac nghén quyét dinh cac mic do xdm nhép cua tac
nhén vio trong cau tric rong cua BTR, tir d6 quyét dinh mirc dd anh hudng dén hé s6 tham cua BTR.

Béng 3. Tinh chit ciia cac tac nhan tic nghén

STT Tac nhan tic nghén Kich thuédc (mm) Luong lot sang tich liy

1 Cat vang <0,14 3%
0,14-0,315 25%

0,315-0,63 60%

0,63 — 1,25 80%

1,25-2,5 90%

2,5-5 100%

2 Dit sét <0,075 45%
0,075 -0,1 75%

0,1-0,5 87%

0,5-1 100%

2.2. Phwong phap nghién curu
a. Thiét ké cap phdi bé tong rong thoat nudc
Phuong phép thiét ké cap ph(r)i’BTI% dua trén tiéu chqén ACI 522R-10 [13]. Céc budc thjét ké
thénhﬂ phan BTR dua trén nguyén tac Ehé tich tuyét, déi,, the tich Cﬁé‘l BTR ba(? gom: The tich cQt liéu
+ Thé tich ho xi mang + Thé tich d6 rong (theo thiét ké). Thanh phan cap phoi bé tong dugc thé hién
trong Bang 4.
Béng 4. Thanh phéan cip phdi bé tong rdng thoat nudc

STT Ky hiéu CLTC Xi mang Nudce R, (28 ngay)
(theo d6 rdng thiét ké) (kg) (kg) (kg) Mpa
1 R-15 1317 414 137 19,3
2 R-20 1317 337 111 14,5
3 R-25 1317 268 88 9,7
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b. Thi nghiém xac dinh h¢ s6 tham nude

Tinh thim nude ciia BTR dugc ap dung theo dinh luat Darcy mé ta chuyén dong tuyén tinh cua
chét 16ng trong dong chay tang qua hé thong 15 rong bang nguyén Iy ¢t nude 6n dinh (Hinh 4). Phuong
phép thi nghiém dugc quy dinh theo tiéu chuan JIS A 1218:2020 [27]/JIS A 5371-2016 [28]. Nudc
dugc chay qua mau vai sy chénh 1éch ¢ét nuéce 6n dinh trong qua trinh thi nghiém (Ak ¢b dinh). Hé
s6 thAm dugc tinh toan dya trén lugng nude chay qua mau trong 30 gidy. Cong thirc tinh toan hé sd
thAm nhu sau:

L.Q

= F.AR30.100

trong do6 F 1a tiét dién ngang cia mau gach bé tong, mm?; L 1a chiéu cao (chiéu dai duong thdm) cua
mau, mm; Ak 1a chiu cao chénh léch bé mat nudc gitta khay va thung nudc, mm; Q 1a lugng nude
chay qua mau trong 30 gidy, mm?;

Thi nghiém xé4c dinh hé s6 tham dugc thyc hién theo phuong xx (qua mit cit ngang c6 dién tich
100 x 100 mm).

K (mm/s)

) Khay trong Nuéc cép vao Khay trong ‘
Tam cao su ;W o4 Ong chay tran
bao quanh - / _Tameaosup | ' /
mau \ P, A o ——

Y V__/ Vi »~ Nuéc chay
w % ¢ Méu qua mau

A=A ]l

Khay nudc ngodi

T s

L& chay tran

N

o

Hinh 4. So d6 thi nghiém xac dinh hé sé thim nudc

c. Thi nghiém xac dinh mirc d¢ tac nghén

Céc mau thi nghiém va thiét bi xac dinh mirc d¢ tic nghén chinh 1a cic mau va thiét bi dung dé
xac dinh hé sb thAm nudc nhung dugc bd sung cac tac nhan tic nghén. Mau c6 hinh dang 14 hinh tru
chir nhat: 100 x 100 x 60, 100 x 100 x 100, 100 x 100 x 150 (mm), cu thé: mit cit ngang hinh vudng
100 x 100 mm, chiéu cao mau thay dbi tir 60 — 100 — 150 mm.

M0 hinh thi nghiém va khdi lugng tac nhan tic nghén cho mdi 14n thi nghiém dugc xac dinh dya
trén nghién ctru cua cac tic gia Huang [12], Sriravindrarajah va cs. [29], theo md phong s6 nam st
dung va lugng tac nhén tich lily ting ndm. Tac nhan giy tic nghén di duoc sir dung 25 g/lan thir
nghiém dén khi hé s6 tham khong thay d6i [10]. Trong nghién ctru ctia Pezzaniti va cs. [30], tic nhan
gdy tic nghén duoc sir dung voi lwong 200 mg/lit nude (500 mg/lan), tong cong 1110 g tac nhan duge
sir dung dé mo phong 35 nam sir dung (khoang 32 g/nam). Zhang va cs. [31] sir dung 50 g tc nhan
cho mdi 1an tht nghiém hé s6 thAm.

Trong két qua nghién ctru ctia bai bao nay sir dung tac nhan giy tic nghén 1a cat vang va dat sét
(riéng timg tac nhan), cac thong sb thi nghiém dugc thé hién trong Bang 3. Mdi chu ky sir dung 50 g
tac nhan gy tic nghén va lap lai 10 chu ky. Qué trinh thir nghiém theo phwong tao hinh mau (phwong
zz). Hé s6 tham ky hiéu tir KO dén K10 (KO 1a hé sb thim ban dau). Sau khi x4c dinh hé s thim KO,
50 g tac nhan tac nghén dugc db truc tiép 1én mat mau, dung thudc gat déu trén bé mat mau, sau dé
lap lai thao tac xac dinh hé s6 tham (K1). Sau 10 lan thir nghiém, lugng tac nhan tac nghén nim trong
mau dugc xac dinh. Luong tic nhan gay tic nghén theo dién tich bé mat la khong doi.
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d. Xéc dinh luong tac nhan tic ngh&n nam lai trong mau

Khi thi nghiém xac dinh muc d6 tic ngh&n, cic tac nhan tic nghén s& dugc chia 1am 3 muc do
khéc nhau. Mirc d6 1: cac hat c6 kich thudc 16n, khong xam nhap vao trong mau BTR ma bit kin cac
16 rdng trén bé mit; Mirc d6 2: cac hat c6 kich thude nhé hon, di vao trong ciu trac rdng ciia mau bé
tong va bi gitr lai trong cau trac rdng; Mirc d6 3: cac hat c¢6 kich thude nho, di vao trong cdu trac rdng
cia mau bé tong va theo dong nudc di ra ngoai & mit dudi ciia mau.

Dé xac dinh khéi lugng tac nhan tic nghén nam trong ciu tric rong cua bé tong can xac dinh khbi
lugng cac tac nhan téc nghén ¢ mic d§ 1 va muc do 3. DPéi voi mirc d6 1, sau khi tién hanh hét 10
chu ky, sir dung chdi quét va thu lai hét lugng tac nhéan tic nghén dong lai phia trén mat mau. Say kho
va can khéi luwong (M1). Péi véi muc do 3, dé tac nhan léng dong trong nudc (thu dugc sau khi thi
nghiém thim nudc co bd sung tac nhan tic nghén), sau d6 gan va loc bang gidy loc, tiép tuc siy kho
dé xac dinh khéi luong (M3).

Khéi lugng tac nhan tic nghén trong miu (muc d6 2, M2) duoc xac dinh nhu sau: M2 = Téng
khdi lwong tac nhan tiac nghén (10 1an, mdi lan 50 g) — M1 — M2 (g)

3. Két qua nghién ciru
3.1. Anh hwéng tic nhdn gdy tic nghén dén hé sé tham ciia bé tong rong thodt mrde

Tac nhan gay tic nghén va hinh danh miu sau nghién ciru dugc thé hién trong Hinh 5. Két qua
nghién ctru hé sb thdm sau cac chu ky bd sung tac nhan gay tic nghén dwoc thé hién trong Hinh 5. S§
liéu hé s6 tham duogc Chuyén vé 6 liéu tuong dbi theo ty 1€ % so voi hé s6 thdm K0. Cac mau ky hiéu
theo chidu cao mAu, tic nhan tic nghén va do rdng thiét ké. Vi du, ky hiéu H6C-15: chiéu cao mau
6 cm, tac nhén 1a cat (C), 6 rong thiét ké 15%.

V6i lan thir ddu tién: hé s6 tham ty 16 thuan véi d6 rong thiét ké. Cy thé, BTR c6 do6 rdng thiét ké
15%, 20% va 25% c6 hé s thim nudc tang tir 3,86; 4,29 va 7,60 mm/s v&i mau ¢ chiéu nay 10 cm.
Quy luat twong ty véi mau ¢6 chidu cao 6 cm va 15 cm.

Hinh 5. Hinh anh thi nghiém tic nghén

Két qua déng chi ¥ 1 hé s thAm nudc ting khi ting chiéu cao mau (véi ciing do rdng thiét ké).
Cu thé, v6i d6 rong thiét ké 15%, chiéu day ting tir 6 — 10 — 15 cm thi hé s6 thim nuc twong tmg thu
duoc 12 2,29 — 3,90 va 4,73 mm/s. Gia tri twong tmg v&i do rong thiét ké 20%: 3,86 — 4,29 — 4.4 mm/s;
v6i d9 rong thiét ké 25% la: 4,73 — 7,6 — 11,63 mm/s. Két qua nay da dugc giai thich dya trén dinh
luat Bernoulli va dinh luat Darcy [32]. Ngoai ra, khi ting chiéu day mAu, tinh lién két gitta hé thong
16 rong tang 1én, hinh thanh nhiéu duong lién két 15 rdng hon, hé s6 quanh co, T giam, lam ting hiéu
qua thdm nude [32].
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Dbi vai khdi lugng tac nhan tic nghén tir 50 g — 500 g cho thay, hé s thAm nudc giam manh &
tat ca cac cap phdi khi bd sung tac nhan gay tic nghén. V&i do rong 15%, khi bd sung tac nhan gay
tac nghén 1a cat 1an thi nhat vao dong chay, hé s thdm nude giam con 26,62%:; 47,62% va 48,80%
so voi hé sé ban dau twong Gmg v6i chidu day mau 12 6, 10 va 15 cm. Cac két qua twong tu thu duoc
& céc do rong thiét ké 20 — 25%. Diéu nay thé hién rd mirc do anh huéng cia chidu day mau dén hé
s6 tham. O cac 1an bo sung tac nhan tic nghén tiép theo, hé sé tham nudc tiép tuc giam manh. Sau 3
1an bd sung tac nhan tic nghén, hé s tham nudc giam trén 90% so voi hé s6 ban dau. Sau 10 lan bd
sung tac nhan tic nghén, hé s6 thAm nudc thu dugce rat thép, chi con tir 0,19% dén 2,89% so véi KO,
mot s6 mau gan nhu bi tic nghén hoan toan, chi con lugng nuéc nhé chay qua mau. Luong tac nhan
tac nghén dugc bo sung ting dan din dén khéi luong tac nhan bi ket lai trong hé thong 16 rdng ngay
cang tang. Trong d6, cdu triic rdng & 16p trén cung tiép xuc truc tiép véi tac nhan giy tic nghén, cac
16 réng c6 xu hudng bi bit kin gy ra suy giam nghiém trong hé sb tham nuéc.
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Hinh 6. Biéu d6 thé hién hé sb thdm nudc khi c6 tac nhan tic nghén

Két qua dang chu ¥ 1a khi ting chiéu cao miu tir 6 — 10 — 15 cm thi anh huéng cia tac nhan tic
nghén dén hé s6 tham nudc cang ting hon. Vi d6 rdng 20%, chiéu day mau 15 cm, sau 3 1an bo sung
tac nhén tic nghén (cat), hé sé tham nudc chi con hon 5% va giam nhanh vé mirc dudi 1% so vai KO.
Trong khi 6, mau c6 chiéu day 6 cm sau 3 1an bo sung tic nhan tic nghén (cat) thi hé s6 thim nudc
van dat khoang 10% va duy tri & mirc tir 2-3% sau 10 chu ky bo sung tac nhan tic nghén. Khi chiéu
cao mau cang 16n, duong di cia dong nudc va tac nhan tic nghén cang 16n, vi vay luong tac nhan bi
tdc nam lai trong cAu tric réng ciia BTR ting 1én.

Vi vy lam giam hé s6 thAm nuéc cia cac miu BTR. Két qua nghién ciru phu hop véi két qua
truée d6 khi két luan voi cac tac nhan khac nhau, ting chiéu cao mau s& lam ting nguy co tic nghén
va tang lugng tic nhan nim trong cau tric bé tong [12].

Muc d0 anh hudng cta tac nhan tic nghén dén hé s6 thAm phu thudc vao do rong thiét ké va chiéu
cao mau. Khi d6 rdng thiét ké thap (R-15%), dat sét lam suy giam hé s6 tham 16n hon so véi cat, diéu
nay 1a do v6i do rong thiét ké 15% lam giam ban kinh 15 rdng hiéu qua, tir d6 tinh lién két ciia hé
thdng 18 rng giam xudng va hé s6 quanh co, T, ting 1én [32]. Piéu nay lam ting luong dat sét ling
dong trong cu tric cua BTR, tir d6 lam giam hé s6 thdm nudc. Trong khi d6 cac hat cat vang & cap
hat nho dé& dang bi dong nudce kéo di trong hé thong 16 réng ciia BTR. Trong trudng hop cac hat bi
mic ket tai cac “hong” lién két giita cac 16 rong thi van c6 kha nang cho nudc chay qua & mot mirc
d6 nhat dinh. Do vay, v6i do rong thiét k& 15%, chi cac hat nho cua cat di vao trong BTR, cac hat c6
kich thuge 16n van nim trén bé mit mau.

Chiéu cao mau cang ting thi anh hudng cia cac tac nhéan tic nghén cang ro rang, dic biét 1a & 4o
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rong thiét ké nho. C6 hai co ché cung ton tai trong trudng hop nay: chiéu cao mau ting lam tang hé
s6 thdm nude cua BTR va lam giam ty 16 khéi luong tac nhan tic nghén/don vi thé tich caa BTR, vi
vay tang chiéu cao miu 1a ¢6 lgi cho hé s6 tham. Tuy nhién, chiéu dai du(‘mg thdm (quang duong di
clia nudce va tic nhan tic nghén) tang 1én, lam tdng nguy co va xac sudt gay téc nghen [32] Vi vay,
mirc d6 anh hudng cua tac nhén tic nghen phu thudc vao co ché nao chiém wu thé. Két qua nghién
ctru ban kinh hiéu qua ciia 16 rng cho thay, d6 rong thiét ké cang thap ban kinh 16 rong hiéu qua cang
giam [32], tu d6 lam tang nguy co tic nghen dac biét 1a kh1 chiéu dai duong thdm tang. Vi vay, mirc
d6 anh hudng cua chiéu cao mau ¢ cac cap phdi co d6 rong thiét ké 15% va 20% la kha 16 rang, dic
biét 1a v6i tic nhén tic nghén 1a dat sét.

3.2. Khéi lwong tdc nhan tic nghén dong lai trong mau

V& anh hudng cua chiéu cao mau: ddi voi cung do rdng thiét ké, khi ting chiéu cao mau, lugng
tac nhan tic nghén dong lai trong mau cang 16n. Chiéu nay chimg t6 trong 2 co ché xay ra khi ting
chidu cao miu, co ché thir 2 ¢6 tac dong 16n hon (chiéu dai duong thdm cang dai thi nguy co va xéc
sudt bi tdc nghén cang cao). Khi chiéu cao mau ting 1én 15 cm thi cat ¢6 xu hudng bi tic trong mau
nhiéu hon dét sét do cat c6 kich thude hat 16n hon so véi dat sét (Hinh 7).

30
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Hinh 7. Khdi luong tac nhan tic nghén dong lai trong mau

V& anh hudng cua kich thude 16 réng: twong quan gitra kich thude 15 rong va kich thudc tic nhan
tac nghén s& quyét dinh lugng tac nhan dong lai trong mau. Két qua cho thay cat co kich thude 16n
hon dat sét, tuy nhién & cac cap phdi c6 do rdng thiét ké nho (15%, 20%), lugng cat bi dong lai trong
mau thip hon luong dat sét. Theo Bang 3, thanh phan hat ctia cat dung trong nghién ctru tir 0,14 —
5 mm. Theo két qua nghién ctru [32] ban kinh 15 réng hiéu qua cua BTR dao dong tir 50 — 2000 pm,
twong duong v&i dudng kinh 16 rdng hiéu qua tir 100 - 4000 um, tic 0,1 — 4 mm; twong tw voi cac
nghién ctru trude d6 [13]. Tuy nhién, 16 rdng phan bd chu yéu quanh cac pick c6 ban kinh 18 rong 1a
100 um va 500 um véi cac khoang 50 — 300 um va 400 — 1000 um; twong dwong duong kinh 16 rong
phan b chi yéu trong cac khoang 0,1 — 0,6 mm va 0,8 — 2 mm [32]. Do tac nhén tic nghén dugc bd
sung phia trén bé mit mau, vi vay chi c6 cac kich thudc hat cat dudi 2 mm di vao trong cAu trac BTR,
céc hat co kich thudc 16n hon dong lai trén bé mit mau. Cat trén bé mit ciing gay ra sy suy giam hé s6
thAm nhung khong dong lai trong c4u trac ciia BTR. Vi vdy, két qua nghién ctru thé hién khéi luong
cat nam trong mau thap hon so v6i khéi luong dat sét & cac cip phdi co do rdng thiét ké nho. Tuy
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nhién, voi d6 rdng 25%, céu trac rong 16n hon, luong cat xAm nhap vao cau trac ting 1én va da s6 cac
hat cat bi dong lai trong cAu tric rong. Vi vay, luong cat dong lai 16n hon dang ké so véi lugng dét
sét dbi véi mau do rong 25%.

Trong céc tmg dung BTR, chiéu day 16p BTR c6 anh huong dén kha ning chiu luc. Trong cac
thiét ké thuong quy dinh chiéu day thay vi cuong d6. Tuy nhién, ting chiéu diy dong nghia véi ting
nguy co gy tic nghén. Ngoai ra, ting chiéu day con anh hudng dén hiéu qua cta cac bién phap lam
sach BTR.

3.3. Dé xuat gidi phdp bdo dwéng, duy tri kha ndng tham nude ciia bé tong rong thodt nude

Vi pham vi nghién ctru hién tugng tic nghén vat 1y do cac tac nhan tic nghén phd bién gy ra,
bai bao dua ra mot s6 giai phap bao dudng xur Iy nham duy tri kha nang thim nuéc cia BTR. Cac giai
phap duoc lwa chon can duya trén ban chét cia tic nhan tic nghén va qua trinh tic nghén xay ra dua
trén cac mirc d6 da duogc phéan tich ¢ trén:

- Vi mace d6 1, cac tac nhan téc nghén co6 kich thude 16n hon kich thude 16 rsng, bit kin cac 16
rong trén bé mat BTR ma khong xam nhap vao trong cdu trac rong can xur 1y theo hudng sir dung thiét
bi hit chan khong dé hat cac tac nhan tic nghén trén bé mat, 1am ho bé mit va céac 10 rSng lién két.

- Véi mirc d6 2, khi cac tac nhan tac nghén nam tich ty trong ciu triic réng va ¢ dang lang dong
(do dét sét va cac hat min gdy ra): sir dung voi phun nudce ap luc cao tir trén bé mat nham rira troi va
lam yéu cac lién két giita cac hat bi tic nghén va bé tong, day cac hat tic nghén xudng day va thoat ra
ngoai.

- Véi mirc d¢ 2 nhung 1a cac hat c6 kich thudce trung binh bi mic ket trong cac “hong” lién két 15
rong: str dung phuong phap “xa nguoc”. Py 1a phuong phap sir dung cac dudng dng dan nude duge
lap dat trude khi thi cong BTR, nuée dugc bom ra & cac vi tri dinh sdn voi ap luc thdp nhung luu
lwong cao nham kéo theo céc hat bi tic nghén ra khoi cdu trac rdng cua bé tong.

4. Két luan

Chiéu cao mau anh huéng dén hé sb tham ctia BTR, chiéu cao ting gitip nang cao kha ning tham
nude nhung dong thoi lam ting nguy co gy tic nghén, dic biét véi BTR c6 d6 rong thiét ké nho, kich
thudc 16 réng nho.

Hé s6 tham nudc giam manh & cac chu ky bd sung tic nhan tic nghén dau tién, & cac chu ky sau
hé sb thdm giam khong nhiéu. Theo két qua nghién ctru, sau 3 chu ky dau, hé sb thim nudc giam dudi
30% so voi hé sb thim nude ban dau, dic biét, voi do rong thiét ké 15% va 20%, hé sé thim nudce chi
con 5% - 10% so vé6i hé s6 KO. Sau 10 chu ky, hé s6 thim giam con tir 0,19% - 2,5% so véi KO, tirc
hé s6 thAm giam tir 40 — 500 1an. Trong mdt s6 nghién ciru cho thay hé s tham giam 90% sau 5 nim
st dung hodc giam 1000 Ian sau 8 ndm sir dung (c6 thé xem nhu khong con tinh tham nudc) [9].

O 6 rong thiét ké nho, dat sét c6 xu hudng bi tic lai trong mau nhiéu hon so véi cat vang. Khi
tang do6 rong thi cat c6 xu hudng bj tic lai nhiéu hon so voi dét sét.

Loi cdm on

Nghién ciru ndy duge hd trg boi Dy an SATREPS — Trudng Pai hoc Xay dung Ha Noi va céac
cong su. Tac gia chan thanh cam on su hd tro tai chinh ctia Dy 4n trong viéc trién khai nghién ctru va
hoan thién bai bao nay.
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