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Nghién cuu ché tao cat nhan tao tu bun khéng
doc hai nao vét trong TP Ha Noi - cac yéu t6
anh huéng dén cuong doé cua vat lieu GFM

Study on the production of artificial sand from non-hazardous dredged sludge in Hanoi City-

factors affecting strength of material GFM

> THS PHAM TRI THUC', PGS. TS PHAN HUY DONG2, THS LE THI HONG LINH?

'B& mon Ky thuat Xay dung, Khoa Doanh trai, Hoc vién Hau can

2Bd mon Co dat, nén méng, Trudng Dai hoc Xay dung Ha Noi
3T6ng CoNg ty tu van xay dung Viét Nam - CTCP

TGM TAT

Bai bao nay trinh bay cac y&u td anh hwdng dén cuang do cia vat
ligu dép dang hat téi ché tir bun nao vét trong TP Ha Nai (Granular
Fill Material: GFM). Tir cac két thi nghiém trong phang. bai bao khéo
sat mat sd yéu td anh huang dén cring da coa vat ligu sau tai che
nhu: phuong phép tran; ham legng xi méng va polymer; loai xi
mang. Trong céc thi nghigm bun hé Tay (4) |a bun khéng dac hai,
sau khi nao vét dugc tach nudc dén da &m trong khoéng [ #; /).
sau dd tign hanh tran vai xi mang (4} va polymer (A. San phém
sau tran cd dang hat, tuy nhién do bun ca dg dm lan nén céc hat
vn cd tinh déo, dé dang trong viéc ché bi cac mau thi nghiém. Do
vy, dé& don gian trong thi nghigm ma van danh gia ding cac yéu
td anh hwéng dén cwang do coa vat lisu GEM, bai bao lya chon thi
nghiém nén mat truc né hang tr do dé danh gia so ba chi tigu
cuang do coa dat. Cac ket qua nghién citu cho thay phueng phap
tron ca anh hudng dang ké dén sy phat trién cuang da cia vat
ligu GFM. Vai cong cép phdi tran thi cac mau tragn (A4 trude,
tron #sau cho gié trj cudng dd cao hen so vai céc phueong phap
tron khac. Ngoai ra, gid tri cuing do cac mau GFM tang ty 18 thuan
vri ham lugng xi mang, vai ham lreng ngheo xi méng tir 5% dén
10% thi cac mau GFM dat cuang da g tr 170.8 (kPa) dén 262.05
(kPa) dap ng tdt yéu cu cia vat lisu dap. Dong thiri ham lugng
céc chat hoa hoc trong xi méng nhu: Cal, SOs, Al0s ciing &nh
huéng dang ké dén cuang da coa vat ligu GFM, cac ket qua thi
nghiém cho théy cuang da coa dat ty 18 nghich vai ham legng Call
va ty |é thuan vai ham legng Al203 va SOs.

Tir khaa: Cat nhan tao; vat lisu dap dang hat (GFM); céc y&u td anh
hurémg dén cuang do.

ABSTRACTS

This paper presents the factors affecting the strength of recycled
granular fill material (GFM) from dredged sludge in Hanoi city. Based
on |aboratory experiments, the paper investigates some factors
affecting the strength of the recycled material such as: mixing method;
cement and polymer content; cement type. In the experiments, West
Lake sludge (4 is non-toxic sludge, after dredging, it is dewatered to a
moisture content in the range [ #; /), then mixed with cement (4 and
polymer (A. The product after mixing is granular, however, due to the
high moisture content of the sludge. the particles still have plasticity,
which makes it easy to prepare test specimens. Therefare, to simplify
the experiment while still accurately assessing the factors affecting
the strength of GFM, the paper chooses a free-swelling uniaxial
compression test to preliminarily evaluate the strength index of soil.
The research results show that the mixing method has a significant
effect on the strength development of GFM. With the same mixing ratio,
the samples mixed with (#4) first and Zlater gave a higher strength
value than the other mixing methods. In addition, the strength values of
GFM samples increase proportionally with the cement content, with a
lean cement content of 5% to 10%, GFM samples achieve a strength of
[70.8 (kPa) to 262.05 (kPa), well meeting the requirements of filling
materials. At the same time, the content of chemical substances in
cement such as Gall, S0z, Al,lz also significantly affects the strength
of GFM, the experimental results show that the strength of sl is
inversely proportional to the content of Cal and proportional to the
content of Al20s and SOz,

Keywords: Artificial sand; granular fill material (GFM); factors
affecting strength.
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NGHIEN CUU KHDA HOC

1.GIOI THIEU

Ha Noi la thanh phd 16n nhat ca nudc, tap trung nhiéu séng ngoi,
ao ho 1én. Hang nam mét khéi lugng 1én bun thai tir qua trinh nao
vét dugc d6 tai cac bai chia vai dién tich chiém ché dang ké gay 6
nhiém mai trudng va tén kém trong xd ly d6 thai. Trong khi dé qua
trinh phat trién co s& ha tang doi héi mot lugng I6n vat liéu dap,
théng thuong la cat. Vi du, du an tuyén dudng sat do thi s6 2A (Cat
Linh - Ha Bong) can khoang 2 triéu m? cat san lap, tuyén dudng sat
d6 thi s6 3 (Nhén - Ga Ha Néi) khodng 3 triéu m?, tuyén dudng vanh
dai 3 trén cao khoang 5 triéu m3, du an xay dung khu d6 thi mdgi
Ciputra khodng 4 triéu m3, dy an xay dung khu dé thi Vinhomes
Ocean Park khodng 2 triéu m3. Lugng cat nay thudng dugc khai thac
tU cac mo cat trong nui hodc long séng da tac ddéng nghiém trong
dén diéu kién dia chat, méi trudng sinh thai, sat 1& dat.

Hién nay, viéc nghién ctiu tai ché bun nao vét thanh vat liéu dap
dang dugc nhiéu nudc trén thé gidi tiing budc nghién clu tng
dung vao thuc tién, di dau la Nhat Ban véi cac giai phap tai ché nhu
tron trudc (premixing method), tai ché€ bun thanh vat liéu nhe (super
Geo-Material lighweight soil) [14], tai ché bun thanh vat liéu san lap
dang dat cdp phéi [12], cac gidi phap nay co thé tao ra vat liéu cé
cudng d6 mong muén. Cac giai phap dang dugc ap dung déu cé
nhing uu, nhugc diém va pham vi ap dung khac nhau, phu hgp véi
nhing diéu kién cu thé cda tiing viing, tiing quéc gia.

Trong nhiing nam gan day da cé nhiing nghién ctu tai ché bun
thanh vat liéu dang hat [12], day l1a cc s& khoa hoc quan trong dé
nghién ctu ché tao vat liéu GFM. B6i tuong nghién cliu cta bai bao
nay la vat liéu dap dang hat (GFM) tai ché tir bun khéng doc hai nao
vét tir ao/h6 trong thanh phé Ha Noi. Do vay quy trinh cong nghé
va san phdm sau tai ché cling phai phu hop vai diéu kién Viét Nam
nhu: cac ao/hé ndi dé véi quy mé nao vét khong 16n, vi tri nao vét
khong tap trung, khéng bé tri dugc mat bang san xuat tai ché voi
lugng I6n ma phai dua vé cac bai chia tap trung, noi dat sén cac nha
xudng san xuat; phu gia cho qua trinh tai ché la xi mang PCB thuong
mai théng thudng va polymer. Trong dé xi mdng cé chuc nang phat
trién cudng do, polymer hdp thu nudc, tao thanh cac mang lién két
bao quanh cac hat sét nhd va xi mang tao diéu kién thuan loi cho
qua trinh thay héa xi mang, tao thanh hat I6n c6 cudng d6 nhat dinh
[9], [12]; bun dugc st dung trong tai ché la bun khéng déc hai tirho
Tay va séng Nhué véi nhu cdu nao vét I6n, cé thé téi st dung cho
muc dich xay dung [8].

Dé ché tao vat lieu GFM, can mot chuong trinh nghién cudu toan
dién nhu: nghién ctiu nguyén ly ché tao, khao sat cac yéu t6 anh

Bang 1. Chi tiéu vat ly clia cdc mau bun [4]

hudng dén kha nang tao hat, khao sat cac yéu t6 anh hudng dén
cudng do, khdo sat cac dac tinh ky thuat cha vat liéu sau tai ché.
Nguyén ly ché tao va cac yéu t6 anh hudng dén kha nang tao hat da
dugc trinh bay trong nghién ctu sé [5], trong bai bao nay, tac gia
ti€n hanh céc thi nghiém trong phong khao sat sa bo cac yéu té anh
hudng dén cudng dé clia cac mau vat liéu GFM.

2.VAT LIEU VA PHUONG PHAP THi NGHIEM

2.1. Vatliéu

2.1.1. Bun sét hd Tay, séng Nhué

Trong nghién ctu nay, cdc mau bun hé Tay va song Nhué lan
lugt o ky hiéu la “W” va “N” dugc thu thap bang phuang phap thu
céng tai cac vi tri khac nhau, dé sau lay mau tir -0,6m dén -1m tinh
tur cao trinh day long séng, long hoé (Hinh 1, Hinh 2). Mau bun sau dé
dugc luu trir trong thung kin dé dam bao han ché tac déng ctia moi
truong bén ngoai.

Bang 1 téng hgp mot s6 tinh chat vat ly clia cac mau bun dugc
thi nghiém theo céc tiéu chudn nhu TCVN 4196:2012, TCVN
4197:2012, TCVN 8726-2012; thanh phan hat ctia cac mau bun dugc
thi nghiém theo TCVN 8726:2012 (Hinh 3, Hinh 4); két qua thi
nghiém thanh phan kim loai ndng bang phuong phap phé phat xa
Plasma theo tiéu chudn TCNB-ICP 01/04 cho thdy bun khéng chira
ham lugng kim loai ndng vugt ngudng cho phép theo qui chuan
quéc gia QCVN 07:2009/BTNMT (Hinh 5) [4], [6], [1 5]:

Hinh 2. Ldy mau tai song Nhué

S6 hiéu mau (H)

Mau bun ho Tay

Chitiéu vatly 4 W> Ws Wa Ws We Wy Ws Wo Who
D6 8m ban dau, W (%) 210,9 202,5 |216,3 | 204,1 | 195,4 201,5 208,7 212,3 198,6 202,7

Gidi han chay, Wi (%) 92,1 87,5 91 90,2 85,6 88,2 87,9 89,3 88,7 90,6

Gidi han déo, Ws (%) 60,68 64,82 | 62,42 | 62,12 | 63,5 65,8 61,1 68,3 62,5 64,1

Ham lugng chat hitu cg, (%) 7,2 6,5 71 5,75 6,1 4,9 5,6 71 6,35 6,45

Khéi lugng riéng (p), (g/cm?) 2,51 2,52 2,52 | 2,51 2,54 2,53 2,54 2,56 2,55 2,55

S6 hiéu mau (W) Mau bun séng Nhué

Chitiéu vatly N N> N3 Na Ns Ne N7 Ns No Nio
D6 dm ban dau, W (%) 190,5 193,7 |197,2|183,5| 201,9 172,8 188,7 190,6 201,3 205,6

Gidi han chay, Wi (%) 88,6 90,2 89,5 | 87,6 86,3 89,1 86,7 90,1 89,4 88,5

Gidi han déo, We (%) 63,2 67,5 654 | 68,2 70,1 64,9 60,2 67,6 61,3 66,7

Ham lugng chat hitu cg, (%) 12 12 11 13,8 14,2 11,7 11,2 11,5 11,3 12,1

Khéi lugng riéng (p), (g/cm?) 26 | 252 | 241 | 248 | 252 | 262 2,51 2,61 2,58 2,6
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Hinh 5. Ham lugng Kim loai nang mau dét ban hé Tay [6], [15]

2.1.2. Phu gia xi mang va polymer

Xi mang Portland thuong mai thong thudng dugc sif dung lam
phu gia trong cai tao bun [1], [10], [12]. Hinh 7 trinh bay mot s6 hgp
chat héa hoc chinh ¢ trong mét loai xi mang PCB thuong mai, dugc
xac dinh theo TCVN 141:1998 [4].
Bang 2. Mau GFM khao sat anh huéng clia phuong phap trén

Ta Hg G
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Hinh 6. Cac chat hda hoc chinh trong mau xi mang [4]

Phu gia polymer s dung trong nghién ctu nay la moét loai
polymer axit acrylic dang bét, c6 tinh déo dinh va hat nudc cao
(Hinh 7), cong thic 1 trinh bay géc héa hoc ctia mét loai polymer
tiéu biéu.

-
201

Acryl acid Sodium acrylate
—-CH,-CH-) (-CH,-CH- (M
COOH ), COONa

Hinh 7. Mét loai polymer phd bién trong cai tao dét

2.2. Phuong phap thi nghiém

Phuang phap trén mau tham khao phu luc D tiéu chudn TCVN
9403-2012, Phuong phap thi nghiém nén 1 truc n& héng tu do theo
tiéu chudn ASTM D2166, phuong phép xac dinh thanh phan hat
theo tiéu chudn TCVN 8726:2012.

Vat liéu tron gém cé: bun uét c6 dé am trong khoadng gidi han
chay, déo [Ws; W], xi mang va polymer. Cac cap phéi mau vat liéu
GFM nhu cac bang: Bang 2, Bang 3, Bang 4.

R N Ham lugng xi . . .
Ham lugng bun « L Ham lugng polymer (o n Thdi gian bdo
uét, B (%) mar:%:,"x"(f;))b“" 50 vGi bun uét, P (%) Phuang phap tron dudng, t (ngay)
Trén bun véi xi mang va polymer cung ltc
100 15 03 Tron bun véi xi mang trudc, trén polymer sau 7;14; 28
Tron bun véi polymer trudc, trén xi mang sau

Bang 3. Mau GFM khao sat anh huéng cta ham lugng xi mang va polymer

Ham lugng polymer
so vdi bun uét, P
(%)

Ham lugng bun
uét, B (%)

Ham lugng xi mang
so vGi bun uét, X (%)

Thai gian bao dudng

kin, t (ngay) S6 lugng mau

Phuong phéap tréon

100 5;10;15; 20 0,1;0,2;0,3;0,4

Tron bun, xi mdng trudc,

7;14;28 16

trén polymer sau

Bang 4. Mau GFM khao sat anh hudng cla loai xi mang

Ham lugng xi mang so véi

Ham lugng bun uét, B (%) bun U6t X (%)

Thai gian bao dudng kin, t (ngay)

S6 lugng mau Ung véi 9 loai PCB

100 5,10;15

28 27
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Cac mau GFM sau khi tron dugc bao quan trong thung xép kin
dé tranh tac déng clia mai trudng bén ngoai, thuc hién thi nghiém
nén 1 truc nd héng dé theo déi cac yéu t6 dnh hudng dén cudng do
cGa mau nhu Hinh 8

w

Hinh 8. Thi nghiémén né‘hf)ng cécméu R-GFM

3.KET QUA VA THAO LUAN

3.1. K&t quakhao sat anh huéng ctia phuong phap trén dén
cuong do cha vat liéu GFM

Hinh 9 trinh bay anh hudng clia phuang phap trén dén su phat
trién cuong d6 cla 3 mau GFM c6 cung cdp phéi trén
(B:X:P)=(100:15:0,3)% nhung phuong phép tron khac nhau, theo déi sy
phat trién cudng dé theo thai gian bao dudng & t = 7; 14; 28 ngay. Két
qua cho thay theo thaoi gian bao dudng cudng d6 clia tat ca cac mau
déu tang, tuy nhién cudng dé ting manh & 7 ngay dau tién va giam dan
& cac ngay tiép theo, diéu nay dugc ly giai do qua trinh thiy hoa xi mang
dién ra manh mé nhat & nhiing ngay dau, cac san pham thiy héa clia xi
mang chiém chd cac 16 réng, lién két véi nhau tao ra khung két cau dac
chac cta vat liéu GFM [3]. Két qua cling cho thay, phuong phap tron cé
anh huéng dang ké dén su phat trién cudng dé cda vat liéu GFM. Gid tri
cudng d6 nén n&dhéng trung binh gu & 28 ngay tudi cé su thay d6i theo
phuong phap trén. Trong d6 cac mau theo phuang phap tron xi mang
va polymer déng thoi cho gia tri cudng d6 trung binh 430,7 (kPa); cac
mau theo phuong phap tron bun, polymer trudc, tron xi mang sau cho
gid tri cudng doé trung binh thap hon so véi phuong phap tron déng
thdi, khodng 309,1 (kPa) gidm khoadng 39,3%; cac mau theo phap trén
bun, xi mang trudc, trén polymer sau cho gia tri cudng dé trung binh
cao hon so véi phuang phép tron dong thaoi, khoang 503,5 (kPa), tang
16,9%. Nhu vay khi thi cong tai ché vat liéu GFM nén lua chon phuong
phap trén bun va xi mang trudc, tron polymer sau thay vi phuong phap
tron déng thai. Phuong phéap nay cho gia tri cuding dé cao hon déng ké,
han ché ctia phuong phéap nay la thai gian tron kéo dai hon phuong
phap tron thong thudng.
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Hinh 9. Anh huding clia phuong phap tron téi s phét triéh cutng do

3.2. K&t qua khao sat anh huéng ctia ham lugng xi mang,
polymer dén cuéng dd ctia vat liéu GFM

Hinh 10 trinh bay anh hudng cia ham lugng xi mang dén cudng do
cla vat liéu GFM. V&i 16 mau vat liéu GFM duoc khao sat & cac thai gian
t=7; 14; 28 ngay. Trong thi nghiém nay c6 2 yéu t6 chinh anh hudng
dén cuding d6 cla vat liéu GFM, d6 la: ham lugng xi mang va thai gian
bao dudng. Trong 7 ngay dau bao dudng cé anh hudng manh mé nhat
dén sy phat trién cudng do clia vat liéu GFM vi day la khoang thai gian
xi mang thiy héa manh mé nhat. K&t qua thi nghiém cho thay, ham
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lugng xi mang c6 anh hudng rat l6n dén cudng d6 clia vat liéu GFM. Gia
tri cudng d6 trung binh clia cac mau GFM tuong tng véi ham lugng xi
mang 5%, 10%, 15%, 20% lan lugt la 170,88 (kPa); 262,05 (kPa); 438,49
(kPa); 661,46 (kPa). Bi€u d6 cho thay véi ham lugng nghéo xi mang tir
5% dén 10%, cac mau GFM dat cudng dé kha tét trén 150 (kPa), c6 thé
duogc st dung lam vat liéu ddp cho cac du an doi héi cudng dé thiét ké

thap, két qua nay phu hgp véi cac nghién ctiu da dugc cong bé [13].
00
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Hinh 10. Anh huing clia xi méng dén sy phét trién cuong @ ctia vat liéu GFM

Hinh 11 trinh bay anh huéng ctia polymer dén cudng do cla vat
liéu GFM. Két qua thi nghiém cho thay ham lugng polymer khéng
¢6 anh hudng nhiéu dén sy phat trién cudng doé ctia cac mau GFM.
Diéu nay dugc ly giadi do polymer cé anh huédng nhiéu nhat khi bun
¢6dd am I6n, luc nay polymer c6 tac dung nhu chat keo tu lam giam
nudc, khi trén xdy ra qua trinh hoat hda clia polymer, tao ra cac
mang keo bao boc cac hat bun sét nhé, xi mdng va nuéc tao thanh
cac hat cé kich thudc 16n hon, tao diéu kién thuan Igi cho qua trinh
thay hoa xi mang, diéu nay da dugc bao cdo trong céc nghién ciu
[12], [16]. Nhu vay, & day polymer cé chiic ndng chinh la tao hat cho
hon hop sau khi trén, cudng dé phu thudc ch yéu vao ham lugng
Xi mang trong mau, ham lugng polymer phu hgp ttr 0,1% dén 0,3%.
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Hinh 11. Anh hudng ctia polymer dén cuong do cdia vat lidu GFM

Hinh 12 trinh bay &nh hudng cta xi mang dén quan hé (ng suat
- bién dang cla cac mau GFM trong thi nghiém nén mét truc né
hong. Két qua thi nghiém cho thdy c6 ham lugng xi mang c6 anh
hudng I6n dén quan hé tng suat - bién dang cla vat liéu GFM. Bién
dang clia mau tang nhanh chéng & gia tri ap luc nén thap d6i vai
cac mau c6 ham lugng xi mang 5%. Cudng dé mau tang Ién va bién
dang giam dan khi tang ham lugng xi mang Ién 10; 15; 20%. Dac biét
khi ham lugng xi mang & 15% dén 20%, mau cé hién tugng pha hoai
doét ngot, tai thai diém pha hoai 4p luc kha I6n trong khi d6 bién
dang kha nhé. Do vay can Iua chon ham lugng xi mang hop ly dé
Ung x0 co hoc clia vat liéu GFM phu hgp véi vat liéu dép hoac lam
nén céng trinh, dam bao yéu cau vé kinh té, giam gia thanh trong
san xuat. Cing nhu céc dac trung co hoc khac thi polymer khong cé
anh hudng nhiéu dén quan hé Ung suat - bién dang clia cdc mau vat
liéu GFM ma chi cé anh hudng nhiéu dén kha nang tao hat (Hinh 13)
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Hinh 13. Anh hugng ciia polymer dén (ing suét - bién dang cac mau GFM

3.3. K&t qua anh huéng cha loai xi mang dén cuéng dd chia
vat liéu GFM

Hinh 14 trinh bay mot s6 thanh phan héa hoc chinh trong xi mang,
dugc xac dinh theo TCVN 141:1998 [12]. Mét s6 hgp chat hoa hoc trong xi
mang nhu: Ca0, SO;, ALO; c6 anh hudng 16n dén cudng dé cda vat liéu
sau tai ché, xi mang c6 ham lugng CaO thap, ham lugng SOs va AlOs cao
thi c6 loi trong viéc phét trién cudng do clia vat liéu sau téi ché [7].
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Hinh 14. Ham lugng cac chat héa hoc chinh trong cdc mau xi mang

Hinh 15 trinh bay anh hudng cla loai xi mang dén cudng dé nén
mat truc nd hong cdia vat liéu GFM. K&t qua cho thay, cudng d6 clia mau
GFM gén nhu khéng thay déi khi ham lugng xi mang dudi 5%, gia tri
cuong do ciing khong phu thudc vao loai xi mdng, tuc la khéng phu
thudc vao cac thanh phan héa hoc trong c6 trong xi mang. Khi ham
lugng xi mang tir 10% dén 15% thi cudng dé ctia vat liéu GFM cé su thay
déi dang ké tuy thudc vao loai xi mang. Ham lugng CaO trong xi mang
cang cao thi cudng dé vat liéu GFM cang gidm va ngugc lai, thé hién &
cac mau xi mang X03, X08, X04, X05. Ham lugng AlOs, SOs trong xi
mang cang I6n thi cudng doé clia vat liéu GFM cang cao, thé hién & cac
mau xi mang X02, X03, X08, X09, diéu nay pht hgp véi cac nghién ciu
tai Nhat Ban [14].
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Hinh 15. Anh hubng ctia loai xi mang dén cutng do nén né hong ctia vat liéu GFM

4.KET LUAN

Tu cac két qua tron thi trong phong thi nghiém, bai béo da
danh gia so bo mot s6 yéu t6 anh hudng dén cudng d6 clia vat liéu
GFM nhu: phuong phap tron, thdi gian bado dudng, ham lugng xi

mang va polymer. Két qua nghién ctu cho thay:

Cudng d6 cac mau GFM tang ty 1é thuan vai ham lugng xi mang.
Cudng d6 phat trién manh nhat trong 7 ngay dau tién do day la
khoang thai gian xi mang thay héa manh nhat.

VGi cung moét ty 1é trén, phuong phap trén (bun + xi méang)
trudc, tron polymer sau thi hiéu qua vé mat cai thién cuong do tét
hon céc phuong phép tron khac.

Khi ham lugng nghéo phu gia xi mang tir 5% dén 10% cho gia
tri cudng d6 kha cao tur 170,88 (kPa) dén 262,05 (kPa), dap ung tét
yéu cau cla vat liéu san lap.

Khi ham lugng xi mang tir 15% dén 20% thi cudng dé mau tang
manh va nhanh chéng bi pha hoai trong khi bién dang rat nhé. Tuy
nhién khi st dung ham luogng nghéo phu gia xi mang tir 5% dén 10%
thi quan hé gitta cudng dé va bién dang clia mau phu hop vaéi su
lam viéc ctia dat khi chiu tac dung cua tai trong.

Polymer c6 chtic ndng chinh la tao hat, do vay véi ham lugng nghéo
phu gia thi polymer khéng ¢6 anh hudng dang ké dén cudng d6 ctia mau
GFM. Ham lugng polymer tir 0,1% dén 0,3% la phu hgp cho tai ché, dam
bao yéu cau ky thuat clia vat liéu dap va gidm gia thanh trong san xuat.
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