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Abstract. Ground improvement by the vibro compaction is tending to be applied more and
more in Vietnam and is attracting more studies on its solution for design. This article analyzes
and evaluates the suitability of the method of vibro compaction and the three principle
parameters of its solution needed to decide are the depth of vibro compaction, the spacing of
vibro compaction arrangement and the area of vibro compaction. The coastal sand in Quang
Binh province has been used to evaluate and apply the theory of vibro compaction. The
results show that the coastal sand in Quang Binh province has a good suitability number, the
particle distribution is within the recommended value range for using the vibro compaction
method in literature. The author has also designed a typical compaction spacing conformed to
the required standard penetration value in two cases where the groundwater level is deeply
and the groundwater level closed to the ground. The results show that the groundwater level is
closed to the ground, the vibro compaction spacing should be intensed
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Tom tat: Cai tao nén dat bang phuong phap dam rung dang c6 xu huéng ap dung ngay cang
nhiéu & Viét Nam va can c6 nhiéu nghién cau vé giai phap nay dé ap dung thuc té. Bai bao
trinh nay phan tich danh gid sy phu hop cua phuong phap dam rung lam chat dat va ba théng
s6 chinh can duoc quyét dinh d6 1a chiéu sdu dam rung, khoang cach bé tri ¢dm va pham vi
can dam rung. DAt cat ven bién tinh Quang Binh di duoc sir dung dé danh gia, ap dung ly
thuyét dam rung. Két qua cho théy dat cat ven bién tinh Quang Binh c¢6 chi s6 phu hop, thanh
phan hat nam trong khoang gia tri khuyen cao su dung duoc phuong phap dam rung theo céc
nghién ctru da co. Tac gia cling da thiét ké dién hinh vé khoang cach dam theo cac gia tri
Xuyén tiéu Chuan mong muon dat dugc trong hai truong hop myc nude ngam nam rat sau va
muyc nudc Ngam thay d6i gan mat dat. Két qua cho thay myc nudc ngam nam cang gan mit
dat thi khoang cach d¢am rung can dugc bd tri day hon.

Tir khoa: dam rung, dat céat ven bién, muc nudc ngam, gia tri xuyén tiéu chuan.

@ 2024 Truong Pai hoc Giao théng van tai

1. PAT VAN PE

Thiét ké méng cho cong trinh xay dung dan dung, céng nghiép va giao thdng duoc
nghién ciru bai nhiéu nha khoa hoc trén thé gidi [1-4] va da dugc bién soan thanh tai li¢u
husng dan nhu AASHTO [5]. Cac phuong an thiét ké thuong dugce dé cap &én la mong ndng
trén nén thién nhién hoic trén nén cai tao, méng coc bé tong cbt thép hoic coc khoan nhdi.

Déi véi cac phuong an moéng néng (ndi cach khac 1a mong trong luc) thong thuong yéu
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cau mong can dugc dit vao lép dat tot. Trong truong hop 16p dat ddy mong van khong dat
dugc yéu cau thiét ké thi giai phap dao bo 16p dat ndy va thay bang 16p vat liéu tét hon duoc
ap dung. Céc giai phap cai tao nén dat nhdm nang cao mirc do on dinh ciia cong trinh dugc
gidi thiéu trong cac cong trinh nghién ctu [6-9], bao goém céac phuong phép nhu thay dat nen
bang dat c6 cap phdi tot va dim chat; dam rung, ddm dong, coc d4, coc dat xi méng, coc cot
cung...

Pam rung la phuong phap 1am chat dat téi mot do sau twong dbi 16n khi thuc hién dam
bang thiét bi dam rung tao 15 tai vi tri dat can gia c6 véi 4 buéc chinh & Hinh 1 nhu sau: (1)
Xuyén qua dam xuéng dén cao do thiét ké, (2) Tién hanh rung qua dam dé lam chat dét xung
quanh qua dam, 3) dap bu dat bi lun XUOng do qua trinh chit dat xung quanh qua dam, (4)
hoan thién vi tri ddm chat bang rat qua dam 1én va lu len bén mat. Qua trinh ddm rung s& lam
cho dat xung quanh chit lai, tac 13 s& tao 16 rdng ¢ xung quanh. Khi d6 s& co hai cach dé lap
15 rdng xung quanh 1a dwa chinh loai dét hién c6 xung quanh xudng vi tri 15 rdng va duoc goi
la dam rung lam chat dat va cach thir hai 1a dua vat liéu hat thé hon nhu da 24 cm xudng vi
tri 15 rdng nén goi 1a dam rung thay thé dat hay cé tén goi khac 1a coc da. Phuong phap dam
rung lam chat dat c6 wu diém kinh té hon phuong phap dam rung thay thé do khong can mua
vat liéu thay thé ma tan dung luén vat liéu hién c6 xung quanh. Tuy nhién, hién nay chi c6 céc
nghién ctru phuong phap dam rung lam chat dat ¢ trén thé gigi va chua c6 nghién ciru cho dia
chat & Viét Nam do d6 can sy nghién ctiu kha nang ap dung ciia phuong phap dam rung lam
chat cho dia chat & Viét Nam, cu thé 1a dat cat ven bién ¢ tinh Quang Binh.

O]

T
111

Hinh 1: M& hinh minh hoa ddm rung lam chat dét theo Keller [10].

2. SO LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Khu vire nghién ciru va tinh chit cia ddi twong nghién ciru

Khu vuc va dbi tuong nghién ctu caa bai béo 1a cat ven bién tinh Quang Binh thé hién
trén bang dd Viét Nam (Hinh 2a). L& khoan WP09 véi biéu dd gia tri Nspr theo do sau (Hinh
2b) duoc lya chon dé nghién ctu, gdm 16p cat mat roi rac day 7m cd gié tri Nser nho hon 10
bla, tiép dén 1a 16p cat chat vira ¢ gié tri Nspr tir 10 dén 30 bla phan bd ¢ d6 sau tir 7m dén
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13m, tiép theo 1a 16p cét chat co gi tri Nser 16n hon 30 bia phan b tir d6 sau tir 13m.

Thi nghiém xuyén tiéu chuan Nszr
Do sau 86 bua Biéu dd Nsrr véi do sau
(m) N, TNV [N: [Veer
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a) Khu vyuc nghién cuu b) Biéu do gia tri Nsp di€n hinh

Hinh 2. Khu vyc nghién ciru va mat cit dia chat dién hinh tai khu vic nghién cuu.

Mau dét cat duoc lay ¢ do sau 4,0 + 4,5 m vai gid tri Ney 12 15 bia. Thi nghiém phan tich
thanh phan hat dugc thuc hién va thu dugc két qua trong Hinh 3.
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Hinh 3. Biéu d6 thanh phan hat dién hinh.
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2.2. Kiém tra tinh phu hop ciia dia chit véi phwong phap dam rung

Két cdu thanh phan hat 16p dia chat dam rung can dugc kiém tra dé dam bao kha ning
truyén tai 4p luc rung tir thiét bj dam rung. D& tién hanh kiém tra tinh pha hop cia lop phia
trén (dén do sau téi da 14m) voi phuong phap dam rung, ly thuyet cua Brown [9] duoc trinh
bay & [7] [11-13] vé6i khai niém “chi s6 pht hop” SN duoc thiét 1ap va tinh toan theo cong
thac sau:

SN:l,?\/ >+ 12+ 12
(DSO) (DZO) (Dlo)

trong d6: Dso, D2g, D1o 12 du(‘mg‘kinh kich thudc hat, don vi mm tai 50%, 20%, va 10% qua
ray thi nghiém xac dinh thanh phan hat.

1)

Sau khi tinh toén, chi sb phi hop duoc so sanh va danh gia theo Bang 1 dudi déy:
Bang 1. Chi tiéu danh gia d6 phu hop.

Chi s phti hop SN Daénh gia
0+10 Rat phi hop
10+ 20 Phu hop
20 + 30 Kha phu hgp
30 + 50 Khoéng phu hop

Ngoai ra don vi chuyén sau vé cai tao nén dat Keller [10] ciing dua ra hinh v& dé danh gia
su phl hop ctia phuong phap d¢am rung. Nhu Hinh 4 di thé hién, phuong phap dam rung thay
thé dit duoc 4p dung cho dat cé thanh phan hat (dwdng kinh d c6 lwong lot sang 50% khoi
luong) tir dat sét cho dén dat cat vira (d <0,6mm), phuong phap dam rung lam chit dat duoc
dé nghi &p dung cho dat cét hat vira (d >0,2mm) cho dén soi hat thd (d<2mm)

Ving
Set Bui Cat chuyen t1ep Soi Da tang

i

Phan tram khéi lwong lot sang (%)

ol \ ol 2§ X ‘ ‘
0,002 0,006 10,02 10,06 | 0,2 |0,6 2,0 6.0 | 20 6
Kich thuéce hat [mm]

Hinh 4. Phan ving céc loai dat pht hop véi phuong phéap rung sau lam chat dat va ¢am rung thay thé
dét theo Keller [10].
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Gidi han thanh phén hat dat phi hop véi phuong phap dam rung 1am chit dat con dwoc
nghién ctu boi U.S Navy [12] va Hayward-Baker [13] cho biéu d6 gigi han trai va phai nhu

hinh 5 dudi day.
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Hinh 5. Khoang thanh phan hat phil hop cho phuong phap dam rung Iam chat dat theo U.S. Navy [12]

va Hayward-Baker [13].

Nghién cau cia Mitchell [14] cho khuyén co rang phuong phép dam rung s& khong hiéu
qua néu ham lugng hat min (<0,074mm) chiém hon 25% khoi Iuong. Sy khdng hiéu qua ¢
day do qué trinh thoat nudc cham dudi tac dong caa luec dam rung.

2.3. Thiét ké giai phap dim rung lam chit dat

Hai thong s6 co ban can dugc xac dinh trong thiét ké do 1a: (1) Chiéu sdu dam rung hay
1a cao d¢ ddy dam rung; (2) Cac bo tri va khodng cach dam dugc minh hoa & Hinh 6 va (3)

pham vi can dam rung.

H=Hh+ L

L = Chiéu dai ap dung dAm rung sau

Khéng ap dung dam rung sau

Hinh 6. M hinh thuc hién dam rung theo chiéu sau.
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Chay:
H= Hu+L: Ia tong chiéu dai xuyén trong qué trinh dam rung lam chat dét tinh tr bé mat thién
nhién cho dén cao d¢ thiét ké dirng dam chat nén dat.
Hi: Chiéu dai xuyén (khong dam chat) tinh tir mat nén thién nhién dén vi tri ¢6 Im cao hon
day mong.
L: Chiéu dai xuyén va dam chat nén dat dudi méng cong trinh, tinh tir day cao do d¢am rung
Ién dén cao d¢ cao hon day mong 1m.
a) Chiéu sau dam rung

Cin cir theo gia tri Nep Yéu cau va hinh try dia chat hd khoan tuong (ing tai timg vi tri try
mong thiét ké. Xac dinh chiéu sau dam rung hét I6p cat 1a va lop cat 1b (c6 thé 1 phan phia
trén hoac toan b 16p).
b) Khoang céch bé tri

Khoang cach thiét ké giira cac tim dam rung 1am chit cat phu thudc loai dat, do chat yéu
cau. Bé xac dinh khoang cach bé tri tim dam rung, trong qua trinh thiét ké can ct theo do chat
y@u cau sau gia c6. Can cr theo biéu d6 méi twong quan giira do chat (Dr %) va khoang cach
bé tri (S) dugc thé hién theo Hinh 6 [7][15], xac dinh khoang cach bé tri giira cac vi tri tim
dam rung twong ng voi do chat duoc tinh toan.

100

95
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85 \
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B¢ chat twong dbi D,.(%)

1 1.5 2 25
Khoang cach giita cac tim ddm S (mm)

Hinh 7. Méi quan hé gitra do chit (Dr %) va khoang cach bé tri (S).

(¥

MGi quan h¢ giira khoang cac dam S va do chit twong doi yéu cau Dr (%) theo biéu do
trén co the biéu hién dudi phuong trinh duong thang gan dang nhu sau:

S =-0,031D, + 415 @)

C6 mot s6 cong thire xac dinh do chat tuong ddi Dy tir gié tri Nept [8] [16,17].
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Bang 2. Tuong quan gitta gia tri Nsy va do chat tuong déi Dy [8][17].

Gia tri Ngpt Do chat Dr (%) Trang thai
<10 <30 Rai rac (xop)
10 +30 30 + 60 Chat vira
30 +50 60 + 80 Chat
> 50 > 80 Rét chat

Do chat sau gia cd duoc xac dinh thong qua gia tri Nept Yéu cau theo cong thic kinh
nghiém sau [16]

1/2

D, =21 —* )

trong do,
Dr: d6 chit yéu cau dat dugc
Nspt: gia tri s6 bla xuyén tiéu chuan tai yéu cau dat duoc
o'y tng Xuat hitu hiéu tai 16p gia cd dam rung
Thay cdng thtc (3) vao cong thuc (2), ta co dugc cong thic tinh khoang cach dam phu
thudc vao gia tri Nspt YeU cau va tng suat hiru hiéu tai vi tri dang xét ¢ céng thuc (4) sau:
1/2

N
S=-0,6510 —* | +415 4)

% 107
98

Viéc b tri mang ludi tim dam rung anh huong téi do chit yéu cau va tinh kinh té cua
bién phép gia cé. _Trong trudng hop véi cung mot yéu cau vé do chat thiét ké, mang bé tri
hinh vuéng yéu cau sé diém bd tri dam rung nhiéu hon tir 5 dén 8% so Vi mang bé tri hinh
tam giac (khi quy d6i mang hinh vudng vé hinh tam giac twong duong) theo két qua so sanh
tir béo céo [7]. Vi vay, mang bé tri hinh tam giac dugc khuyén céo sir dung trong thyc té.

Anh huéng caa muc nuéc ngam: Muc nudc ngam lam giam gié tri tng suét hiru hiéu c6
trong dat ¢'v do d6 lam tang yéu cau vé do chat tuong doi Dr. Khi d6, khoang cach gitta cac vi
tri dam s€ gan hon va sé& c0 gidi han vé gia tri Nspt I6n nhat cé thé dat duoc

¢) Pham vi d¢am rung

Pham vi can cai tao dé dam bao kha ning chiu luc cho méng duoc xac dinh qua chiéu sau
can cai tao Hy tinh tir day mong va chiéu rong can cai tao dugc dé xuat Ién hon 0,5H; tinh tu
day mong c¢6 duong kinh R nhu Hinh 8.
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| I |
A
R Df
L 4
ry
| | Hy
| | v
0,5H;

Hinh 8: So hoa pham vi cai tao.

3. KET QUA NGHIEN CUU CHO PAT CAT VEN BIEN TINH QUANG BINH

Cin ctr két qua phan tich thanh phan hat tir béo céo khao sat dia cht duoc thé hién tai
Hinh 3, két qua tinh toan chi s6 phu hop cho mot s6 16 khoan dién hinh dugc ghi cha tai Bang
3 duéi day.

Bang 3. Két qua tinh chi s6 phu hop cia mot sé vi tri 16 khoan dién hinh.

L khoan Lé6p dia chit pham vi gia cb (5;01) (n?rér()]) (grsro]) pigihsqép
WP09 la: Cat ’cép pyéi kém, xp 0,10 | 0413 | 0,18 26,97
1b — Cat cp phdi kém, chit vira 013 | 0,16 | 0,20 22,38
1a — Cat cap phdi kém, chit vira 0,10 | 0,135 | 0,25 24,21
Weil 1b — Cat cap phdi kém, chat vira 0,104 | 0,182 | 0,20 23,89
1a: Cat cap phdi kém, xbp 0,14 | 0,16 | 0,26 19,98
WP16 1b — Cat cap phdi kém, chat vira 014 | 017 | 027 19,14
1c: Cat cap phdi kém, chit 0,14 | 0116 | 0,26 19,98
WP20 la: Cét cip p};éi ké’m, rat xbp dén xép | 0,09 | 0,13 | 0,18 28,20
1b — Cat cp phdi kém, chit vira 013 | 0,16 | 0,20 22,38
la: Cat cAp phdi kém, rat x6p 0,13 | 0,16 | 0,22 21,52
w23 1b — Cét cap phdi kém, chat vira 0,13 | 0,16 | 0,22 21,52
W25 la: Cat c{ip ph(f)i kém, rat xop 012 | 0114 | 020 23,77
1b — Cat cp phdi kém, chit vira 013 | 015 | 0,22 21,88

Két qua néu trong bang 3 cho thay chi s6 phd hop xap xi 20 cho 16p cat 1b nén duge danh
gia 1a phu hop cho bién phap dam rung. Di véi 16p cat 1a chi sb pht hop trung binh khoang
25 nén dugce danh gia la kha phu hop.

Tir céc biéu do thanh phan hat cia dat cat ven bién ¢ tinh Quang Binh, dwong kinh hat
chu biéu trong khoang gia tri 0,Imm dén 0,4mm nhu dic trung & Hinh 3. Déi chiéu véi Hinh
4 ta thay dat cét ven bién o tinh Quang Binh phu hop cho phuong phap dam rung, cu thé hon
phu hop cho ca 2 cach dam rung thay thé dat va dam rung lam chat dat

~ Tac gia V& tiép biéu do thanh phan hat cua dét cat ven bien tinh Quang Binh vao Hinh 9
dé thay su phu hop cua dat cat nay cho phuong phap dam rung lam chat dat
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Hinh 9. Khoang thanh phan hat phl hop cho phuong phap dam rung Iam chat dat theo U.S. Navy [12],
Hayward-Baker [13] va thanh phan hat cua dat cat ven bién tinh Quang Binh.

Tiép theo khao séat khoang cach dam theo gia tri Nspt can dat duoc sau xir ly. Gia sir cac
cong trinh ¢ yéu cau gia tri Nspt can dat duoc sau xu ly tir 15 dén 25. Thong thudng pham vi
xu ly bang dam rung trong khoang tir day méng, day nén duong (¢ d6 sau khoang 3m) dén do
sau co gia tri Nspt mong mudn, dén pham vi chiu nén hoic dén do sau téi da ma thiét bi dam
rung c6 thé thyc hién duogc (t6i da khong qua 14m). Trong mot so tinh toan cho moéng dién gio
thi chiéu sau can xu ly c6 gia tri trung binh 10m nén trong tinh toan nay tac gia chon d6 sau
10m lam gia tri dic trung cho tinh toan. Vi trong lwong thé tich trung binh cua dat cét trén
muc nuéc ngam 1a 17,5 kN/m?®, ta ¢6 dugc két qua tinh khoang cach dam rung theo gia tri
Nspt yéu cau nhu bang 4 va Hinh 10 sau.

Bang 4. Két qua tinh khoang cach ddm rung va gié tri Nsy Yéu cau.

GiéA tri }!\Ispt Do sau, - D, (%) Ifhoéng cach
yéu cau h dam rung (cm)
15 10 175 63 2,19
16 10 175 65 2,13
17 10 175 67 2,07
18 10 175 69 2,01
19 10 175 71 1,96
20 10 175 72 1,90
21 10 175 74 1,85
22 10 175 76 1,80
23 10 175 7 1,75
24 10 175 79 1,70
25 10 175 81 1,65
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23

2,2 y =-0,0531x + 2,973
R2=0,9989

Khoang cach dam (m)
L S e e
(e} ~ [ee) © o [l

=
34l

15 16 17 18 19 20 21 22 23 24 25

Gi4 tri Nspt yéu cau

Hinh 10. Méi quan hé giita gié tri Nep yéu cau va khoang cach dam.

Tiép theo xem Xét thém anh huong cua myc nude ngam dén viéc bb tri khodng cach dam
rung. Muc nuéc ngam & day duoc tinh véi cac truong hop khac nhau, cu thé myc nudc ngam
c6 thé dang Ién bat dau tir ¢ sau 10m cho dén ngang mat dat (Om). Khi c6 muc nudc ngam,
rng suat hixu hiéu tai diém dang xét (& do sau 10m) sé& thay d6i lam thay d6i khoang cach d¢am
rung nhu v& & Hinh 11 cho trudng hop mong muédn dat duoc chi s6 Nspt = 15

2,2
2,1
2,0
1,9
1.8
1,7
1,6
1,5
1.4
13
1,2
11

1,0
0 1 2 3 4 5 6 7 8 9 10

Khoang cach dam (m)

Do sau muc nudc ngém tinh tir mat dat (m)
Hinh 11. Méi quan hé giita 6 sau muc nude ngam tinh tir mat dat va khoang cach dam.

4. KET LUAN

Bai bao di trinh bay nghién ctu ly thuyét vé tinh kha thi caa phuong phép dam rung lam
chat dat cat ven bién tinh Quang Binh qua mot 16 khoan didc trung WP09. Két qua dénh gid 1y
thuyét theo ly thuyét caa Brown [9], theo don vi chuy@n sau vé cai tao nén Keller [10], theo
U.S Navy [12] va Hayward-Baker [13], theo Mitchel [14] cho thdy dét cat ven bién tinh
Quang Binh & d6 sau 4,0+4,5m la pht hop cho phuong phap dam rung lam chat dat.

Bai bao ciing trinh bay phuong thiét ké va két qua thiét ké phuong phép d¢am rung 1am
chat dat cat ven bién tinh Quang Binh trong d6 d€ cép den cach Iya chon hai thdng s6 quan
trong la chiéu sau dam rung va khoang cach dam.
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Bai bao ciing dong thoi dua ra sy anh hudng cia myc nuéc ngam dén khoang cach dam
trong thiet ke. Ket qua nghién ciu giup cho nguoi k¥ su 6 thém cac thuc hién va so licu tham
khao cho thiét ké phuong phap dam rung lam chat dat trong tuong lai.
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Nghién ciru nay dugc tai tro boi Truong dai hoc Giao thong van tai (PH GTVT) trong
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nghién cau.
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