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Nghién cuu ché tao cat nhan tao tu bun
khéng déc hai nao vét trong TP Ha Noi -

Dac tinh khang cat

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

- Shear strength characteristics
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TGM TAT

Tir k&t qué thi nghiém nén ba truc theo so dd cd ket, thoat
nuéc, bai bao da trinh bay dac tinh khang cét coa vat ligu dép
dang hat ché tao tir bun nao vét trong TP Ha Nai (Granular Fill
Material: GFM). Trong cac thi nghigém vat ligu GFM dvoc ché tao
tir cung mat loai ban (B), xi mang (X) va polymer (P) & cing
mat diéu kién, theo cing mat quy trinh ché bj trong phang thi
nghiém. Cac k&t qua nghién ciru cho thay kha nang ching cét
cia vat ligu GFM tang theo ham legng xi méng; & cung mat mirc
bign dang, irng su#t va bign dang tang theo cép ap luc; khi cép
ap lurc nha, mau ca hign tugng nd, tang the tich, hign trgng nay
giam dan va dirng hoan toan khi tang dan cép ap luc hang. Tai
khoang thai gian ddu cia qué trinh cét, khi bign dang can nha,
hé sd (ng sudt giam manh khi bigén dang tang, tuy nhién, ngay
sau do he sd ¢ng sudt tang ty |2 thuan vai bign dang cho dén
khi m&u pha hoai. Vat ligu GFM cé gdc ma sét trong ¢’ = (35"
+ 38%) ty le thuan vai ham lugng xi mang, 1 vat ligu rai nhung
|lyc dinh cd gid tri kha lan ¢’ = (15 + 38) kPa cho thay vat ligu
GFM co su khac bigt so vai cat tu nhign.

Tir khaa: Cat nhan tao; vat ligu dép dang hat (GFM); dac tinh khang
cat.

ABSTRACTS

Based on the results of triaxial compression tests under consolidated
drained conditions, this paper presents the shear strength characteristics
of granular fill material (GFM) produced from dredged sediment in Hanoi
City. The GFM material in the experiments was prepared from the same
type of sediment (B), cement (X), and polymer (P) under the same
conditions and following the same laboratory preparation procedure.

The research results show that the shear strength of the GFM material
increases with the cement content; at the same strain level, the stress
and strain increase with the confining pressure; at low confining
pressures, the sample exhibits dilatancy and increases in volume, which
gradually decreases and stops completely with increasing confining
pressure. At the initial stage of the shearing process, when the strain is
still small, the stress ratio decreases sharply with increasing strain,
however, immediately after that the stress ratio increases
proportionally with the strain until the sample fails.

The GFM material has an internal friction angle of ¢’ = 33°+-38° which
is directly proportional to the cement content. Although it is a granular
material, the GFM material has a relatively high cohesion value of ¢’ =
(15--38) kPa, indicating that it differs from natural sand.

Keywords: Artificial sand; granular fill material (GFM); shear
strength characteristics.

1.GIGI THIEU

Bai bao la phan tiép ndi ndi dung da dugc trinh bay trong cac
bai da dang tai Tap chi Xay dung s6 02 va s6 03/2024, Tap chi Dia ky
thuat s6 4/2023 va s6 1/2024 [1], [2], [3], [4]. Cac két qua nghién ctu
da dugc cong bd cua tac gia cho thdy rang c6 nhiéu yéu t6 anh
hudng dén cudng do clia vat liéu GFM nhu: phuang phap trén, thoi
gian bdo dudng, ham lugng xi mang va polymer. Cudng do cac mau
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GFM tang ty | thudn vdi ham lugng xi mang, cudng dé phat trién
manh nhat trong 7 ngay dau tién do day la khoang thai gian xi mang
thay héa manh nhat. V&i cuing mot ty 1& tron, phuong phap trén
(bun + xi mang) trudc, trén polymer sau thi hiéu qua vé mat cai thién
cudng d6 tot hon cac phuong phép tron khac. Khi ham lugng xi
mang tur 15% dén 20% thi cudng dé mau tang manh va nhanh
chéng bi pha hoai trong khi bién dang rat nho. Tuy nhién khi st
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dung ham lugng nghéo phu gia xi mang tir 5% dén 10% thi quan hé
gilta cudng do va bién dang clia mau phu hgp véi su lam viéc ca
dat khi chiu tac dung cua tai trong. Déng thai khi ham lugng nghéo
phu gia xi mang ti 5% dén 10% cho gia tri cudng do6 kha cao tu
170,88 (kPa) dén 262,05 (kPa), dap Ung tét yéu cau cla vat liéu san
Iap. Trong khi d6, polymer c6 chiic nang chinh la tao hat, do vay véi
ham lugng ngheéo phu gia thi polymer khong c6 dnh hudng dang
ké dén cudng dd ciia mau GFM. Ham lugng polymer tit 0,1% dén
0,3% la phu hgp cho tai ché&, dam béo yéu cau ky thuat ctia vat liéu
dap va gidam gia thanh trong san xuat ché tao vat liéu GFM [4].

Do vay, trong bai bao nay vat liéu GFM dugc ché tao tir bun nao
vét véi ham lugng ngheo phu gia, xi mang X=(5; 7; 10)%, polymer
P=(0,1; 0,2; 0,3)%, tac gia thuc hién thi nghiém ba truc theo sc d6 c8
két, thoat nudc dé danh gia dic tinh khang cat ca vat liéu GFM dudi
tac dung cua tai trong dai han, lam co s& dinh hudng pham vi ting
dung cda vat liéu GFM khi st dung lam vat liéu san lap, dap nén cho
tuing céng trinh cu thé.

Bang 1. Thanh phan cap phéi cac mau GFM

2.VAT LIEU VA PHUOGNG PHAP THi NGHIEM

2.1. Vatliéu

Cac mau dugc ché tao trong phong thi nghiém tir cing mét loai
bun & mét s séng, ho trong TP Ha Néi, két hgp vdi xi mang va
polymer. San pham sau ché tao la cdc méau dugc ky hiéu tor GFM1
dén GFM9 c6 dang hat roi nhu Hinh 1. Cac mau GFM ¢o6 ty 1é cap
phdi B:X:P dugc trinh bay trong Bang 1.

Hinh 1. Cdc mau cdp phdi khac nhau cda vat liéu GFM & t = 28 ngay

Ky hjéu | UU:ZT)Un Ig;:: Ll?t"ng ﬁ;gug;\% mg:gltlrlg?\r;glxrln3 Ham qung p,olymer so véi Khéi qung pollymer trong 1
mau st B (%) (m?) bun U6t X (%) | bun udt, X (kg) bun ust, P (%) m? bin udt, P (kg)
GFM1 100 1 5 68 0,1 1,36
GFM2 100 1 5 68 0,2 2,72
GFM3 100 1 5 68 0,3 4,1
GFM4 100 1 7 95 0,1 1,36
GFM5 100 1 7 95 0,2 2,72
GFM6 100 1 7 95 0,3 4,1
GFM7 100 1 10 136 0,1 1,36
GFM8 100 1 10 136 0,2 2,72
GFM9 100 1 10 136 0,3 4,1
Tién hanh xac dinh cac ddc trung vat ly co ban clia cac mau 10 B8 o Bun Wi
GFM trong phong thi nghiém, phuong phéap thi nghiém duoc xac % T Runwis
dinh theo cac tiéu chudn hién hanh nhu Bang 2. K&t qua mot s6 % e
dac tinh vat ly co ban cua vat liéu GFM dugc trinh bay trong Bang . o pun e
3vaHinh 2. a 60 e Bun e
Bang 2. Phuong phap xac dinh cac chi tiéu vat ly vat lieu GFM o B
T Tén chi tiéu phan tich Phuong phap tha % 40 et
01 Do am TCVN 4196:2012 £ %0 S {2%1333’;2
02 Khéi lugng riéng TCVN 4195:2012 20 £ GFMS3 (53X+0.3%F)
03 Khai Iuong thé tich TCVN 4202:2012 10 e GhM ros 0
04 He s6 réng TCVN 4202:2012 o o » : . g~ GV (1055020 147
N ~ 4 v N _ —0—GFM8 (10%X+0,2%P)
05 Thanh phan hat TCVN 4198:2014 Buding kinh & hat, d (mm) ~ GEMS (10%X+0,3%P)

Bang 3. Mot s6 dac tinh vat ly co ban cda vat liéu GFM sau khi
bao dudng G 28 nga

S6 hiéu mau Cac mau vat liéu GFM

— o m < wn O ~N [ce] [e)}
Z|2|2|2|E2|2|IE|2| 2
Chi tiéu vat ly |l o |lolo|lo|lo|lo|lo| o

D6 am, W (%)

Khéi lugng thé tich,
(g/cm3)

Khéi lugng thé tich
kho, y(g/cm3)

Ty trong hat, A

Hé s6 rong trang
thai chat nhat, emin
Hé s6 rong trang
thai x6p nhat, emax

57,2 |54,1|55,1|50,2| 57,5 |50,4(58,0/49,8| 55,9

1,62 (1,65 (1,64|1,67| 1,63 (1,67|1,63|1,65| 1,63

1,04 (1,03 1,03|1,02| 1,00 {1,00/|0,98/0,95| 0,97

2,5912,602,61|2,56| 2,58 |2,57|2,58|2,60| 2,62

1,39(1,381,38|1,33| 1,34 (1,32{1,30(1,32| 1,33

3,0 {2,932,88|2,80( 2,83 (2,80|2,82|2,84| 2,87

Hinh 2. Biéu d6 thanh phan hat cda bun tu nhién, ct tu nhién va vat liéu GFM
Bang 4 thé hién dac tinh dam chat cla vat liéu GFM da dugc

trinh bay trong bao cao [1], 1a can clr d€ ché bi cadc mau thi nghiém

ba truc & cung do chat.
Bang 4. Dac tinh dam chat cta vat liéu GFM [1]

S6 hiéu mau Céc mau vat liéu GFM
— o oM <t mn O ~N [oe] (o)}
s|s|s|s|s|s|s|s| =
[N, [N (NN L [N, L [N, [N [N
. N |v|lo|lo|lo|o|uo|lo|o| U
Chi tiéu vat ly
D6 &m t6t nhat,| 285 28,9 (30,5289 25 24,6254 245| 25
Wotp(%)
Khéi lugng thé
tichkho16n 1, 5 clt 345l 31501,34501,3821,367)1,3751,395| 1,367
nhat,]/cmax
(g/cm?)
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2.2. Phuong phap thi nghiém

* Ché bi mau mau: véi muc tiéu ché tao vat liéu GFM phuc vu
san nén cho cac du an stra chira, cai tao ha tang ky thuat trong thanh
ph6. Cac mau GFM sau khi bao dudng 28 ngay trong thung x8p kin
c6 d6 am W=(55,1+58)%, khéi lugng thé tich khé % =(0,95+1,04)
(g/cm3). TU két qua thi nghiém dam chat da trinh bay & bédo céo [1],
tac gid tién hanh ché bi mau & dé am tuong duang véi do chat K=
0,8 nhu Hinh 3a,b theo trinh tu nhu sau:

Budc 1. Xac dinh d6 4m ban dau (W) ctia mau GFM.

Budc 2. Xac dinh d6 4m khéng ché (Wo) ctia mau GFM, 1a d6 am
&doéchatK=0,8.

Budc 3. Diéu chinh lugng nudc trong mau ban dau dé dua vé do
am khéng ché Wo.

Budc 4. Nhoéi dat vao khuon hinh tru c6 chiéu cao bang hai lan
dudng kinh theo d6 chat va d6 am khéng ché, dam chat tung I6p.
Lua chon loai khuén c6 duang kinh phu hgp véi duong kinh hat ctia
vat liéu GFM. Khéi lugng dat nhéi vao khudn dugc xac dinh theo
cong thuc:

m=Vx w, m

Trong d6: m la khéi lugng dat nhéi vao khuén, V 1a thé tich
khuén, T, 1a khéi lugng thé tich dat & d6 am khéng ché Wo.

* Quy trinh thi nghiém mau nén ba truc: tac gia lua chon thi
nghiém ba truc theo sa @6 CD &é xac dinh (ing xt co hoc cla vat liéu
GFM dudi tac dung cua tai trong dai han nhu Hinh 3b, tham khao theo
tiéu chudn TCVN 8868:2011. Cac mau GFM ché bij & d6 chit K= 0,8,
dugc c8 két hoan toan trong diéu kién Ung suat dang hudng khéng
d6i va thoat nudc hoan toan, goi la giai doan c6 két. Sau khi két thuc
giai doan cé két, tang tai trong doc truc vai téc dd du nhd dé dam bao
khéng xay ra viéc tang &p luc nudc 16 rdng goi la giai doan nén va do
dugc su thay d6i thé tich cila mau. Thi nghiém sé trai qua 3 qua trinh:
bao hoa mau, c6 két mau va nén mau. Két qua cla méi qua trinh sé
dugc thé hién bing cac biéu dé mé ta (ng x{r cla vat liéu dudi tac
dung cta tai trong va dugc so sdnh véi cat min chat va sét déo.

ra

Q) Mé énba truc
Hinh 3. Thi nghiém nén ba truc cdc mau GFM theo so d6 (D
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3.KET QUA VA THAO LUAN

Tu két qua thi nghiém nén ba truc, tac gia thiét lap cac quan hé
gilfa cac tham s6 nham mé ta cac dac diém riéng biét vé quan hé
Ung suat - bién dang cuia vat liéu GFM so véi dat cat va dat sét thong
thudng. Mét s6 tham s6 trong cac cdng thiic sau dugc st dung:

,= o, +20, 2
3
q'=0,-0, 3)
g, =¢,+2¢, @
E, =&, —— (5)
3
&, —€
g = [ A—C (6)
2
) )
O3

Trong do: p’ 1a ting suat hiiu hiéu trung binh, g’ la tng suat léch,
& 13 bién dang thé tich, & la bién dang cét tuong duang, & la bién
dang hudng tam va r71a hé sé ty 1& iing suat.

Hinh 5a,b,c trinh bay hai tuong quan co ban: tuong quan gitra
Ung sudt léch va bién dang doc truc tuong déi va tuong quan gitta
thay d&i thé tich va bién dang doc truc tuong d6i clla cadc mau vat
lieu GFM. C6 thé thdy rang, Ung suat léch va bién dang thé tich &
cung mot muc bién dang tdng theo cap &p luc nhu Hinh 5a. Cac
dudng cong Uing suat - bién dang cla vat liéu GFM gan nhu tuyén
tinh & Ung suat cat ban dau, sau d6 dan chuyén sang phi tuyén,
trong d6 (ing suat chay thé hién kha ré rang trén biéu d6. Cap phéi
mau ¢ anh hudng dén quan hé tng suat - bién dang ctia mau, tai
cung mot muc bién dang, cdc mau c6 ham lugng xi mang va
polymer cao sé cho kha nang chiju cét clia vat liéu t6t hon nhu Hinh
5b. Déng thai khi cap ap luc héng nhoé 150 kPa, cdc mau GFM c6
hién tugng n& lam thé tich mau tang Ién nhu Hinh 5¢, diéu nay dugc
giai thich khi cap ap luc héng nho cac hat xap x€p chat lai va c6 hién
tuong trugt |én nhau tao ra cac 16 réng, nudc vao chiém ché 16 réng
lam cho mau né& ra, lGc nay vat liéu GFM ing x{ gidng cat chat nhu
Hinh 5d. Tuy nhién khi 4p luc héng tang 1én & muc 200 kPa va 250
kPa, nhiing hat dat cé lién két yéu c6 xu huéng vé tao thanh cac hat
nhd hon, lap day cac 16 réng, x€p chat lai lam cho hién tugng n&
khéng con.
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d) Cac mau dat tu nhién: cat chat va sét déo
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Hinh 6 trinh bay quan hé gilta hé sé ting suat va bién dang. Két
qua cho thay, & thai gian dau clia qua trinh cat, khi bién con nho,
hé s6 Uing suat giam manh khi bién dang tang, diéu nay dugc giai
thich dudi tac dung cla ting suat cac hat c6 lién két yéu bij v, trugt
I&n nhau lam Ung suat doc truc gidm. Tuy nhién, ngay sau d6 cac hat
dat dugc trang thai 6n dinh va xép chat lai v6i nhau lam hé s6 Ung
suat tdng nhanh chéng, ty 1& véi bién dang.

7103 (gem’) 7107 (gl

7o 1,06 (glem®)

—8—GFM1-150kPa  —e—GFM2
—B—GFM1-200kPa  —8—GFM2

kPa —o— GFM3-150 kPa
kPa  —— GFM3-200 kPa

at 84

w o oEow
& &

hé 6 ting suat, 7

it 56 Ung sudt, g

€ 6 4 -2 0 2 4 & 8 10 12 14 16 B -6 -4 -2 0 2 & 6 B 0 12 14 16
Bi€n dang hudng tam = (%) Bien dang ct, =, (%) Bien dang hudng t3m . 96) B

a) Mau GFM ham lugng 5% xi méng b) Mau GFM ham Iugng 10% xi mang

Hinh 5. Quan hé giita hé s6 (ing sudt va bién dang

Hinh 7, Hinh 8 trinh bay su thay déi géc ma sat trong ¢’ va luc
dinh ¢’ theo ham lugng xi mang va polymer, két qua thi nghiém
dugc so sanh véi mau cat min chat va dat sét déo. Két qua cho thay,
go6c ma sat trong ty 1é thuan véi ham lugng xi mang, dat gid tri tuong
déi 1on tir 35° dén 38°. Dong thoi két qua cling cho thay rang, vat
liéu GFM la dang hat roi, tuy nhién gia tri luc dinh tir 15 kPa dén 38
kPa kha I6n so véi cat ty nhién, diéu nay dugc giai thich do qué trinh
chiu cat, cac hat cé lién két yéu c6 xu huéng bién dang, v hanh cac
hat nho hon, tuy nhién nha cé polymer ma cac hat khéng bi tach roi
va van gilr dugc d6 lién két gitia cac hat tao ra luc dinh 16n.
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4.KET LUAN
Tu cac két qua tron thi trong phong thi nghiém, bai bao da

danh gia so bo ddc tinh khang cét cta vat liéu GFM. Két qua nghién
ctru cho thay:

- Tai cing mét muc bién dang thi dé léch ting suat va bién dang
thé tich tang theo cap ap luc.

- Tai cing mot muic bién dang thi do léch ting suat ty & véi ham
lugng xi mang.

- Khi cap ap luc hong nhé & 150 kPa, caéc mau ¢é hién tugng ng
khi phé hoai, & giai doan nay vat liéu GFM ng x{r giéng nhu cat chat.
Khi cap &p luc hong tang 1én 200 kPa va 250 kPa thi hién tugng ng
khong con, luc nay vat liéu GFM tng x(r gidng nhu cat pha va sét.

- O giai doan c&t, ban d4u khi bién dang con rat nhd, hé sé tng
suat ty 1& nghich vai bién dang. Tuy nhién khi bién dang du I6n, hé
sO Ung suat ty lé thuan véi bién dang cho dén khi mau pha hoai.

- Mdc du la vat liéu dang hat rdi, tuy nhién vat liéu GFM cé dac
trung khang kha dac biét khi ca géc ma sét trong va luc dinh déu
I6n, cho thdy vat liéu GFM vira mang dac trung cla dat cat, vira
mang dac trung cla dat sét.
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