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Tém tat

Nhiéu nghién ciiu cho thiy ring toc do cb két nén dét yéu cé gia cb bic thim (PVD) chiu dnh hudng truc tiép
t6i kha ning thoat nuéc ctia PVD. Tuy nhién, kha ning thoat nuéc ctia PVD (g,,) thuong gidm déng ké theo do
sau cam bic, diéu nay din dén lam cham qua trinh ¢ két trong nén. Bai bdo nay tién hanh phan tich cb két
thAm d6i xung truc ctia khéi dat tru tron c6 gia c6 PVD, trong d6 ¢,, dugc xem nhu giam phi tuyén theo chiéu
sau cam PVD. Két qua phan tich cho thiy ring su gidm phi tuyén theo chiéu sau ciia g,, gdy can tr§ ding ké
cho qua trinh c6 két ctia dat nén, va két qua nay thé hién rd hon & d6 sau 16n hon trong nén dat yéu. Tuy nhién,
g, cang 16n thi sy anh hudng nay cang nhé. Loi gii giai tich dudc st dung phan tich cic cong trinh thuc té véi
truong hop chiéu day 16p dat yéu 16n, két qua cho thiy rang viéc du dodn tng xit cb két xét dén sy giam phi
tuyén ctia ¢,, cho két qua phit hop véi dif liéu quan tric tai hién trudng.

Tir khod: kha ning thodt nudc; ung xi cb két; do thAm clia dét; nén gia cd bic thim; 15 giai giai tich.

ANALYSIS OF CONSOLIDATION BEHAVIOR OF PVD-IMPROVED GROUND CONSIDERING NON-
LINEAR REDUCTION OF DISCHARGE CAPACITY WITH DEPTH

Abstract

Many researchers reported that consolidation rate of prefabricated vertical drain (PVD)-installed ground is
closely related to the discharge capacity of PVD (g,,), which decreases with increasing lateral effective stress.
Therefore, the consolidation procedure of PVD-improved ground can be delayed due to the reduction of g,,. This
paper carried out an analysis of consolidation of PVD-improved ground considering a variation of ¢,,, in which
the nonlinear reduction of g,, with depth was considered. The analysis results indicated that the consolidation of
PVD-improved ground was significantly delayed with nonlinear reduction of g,,. This result was obvious at deep
depth in ground. The result also showed that when the ¢g,, increased, the effects of reduction of ¢g,, with depth
on consolidation behavior were insignificant. The analysis was performed on field behavior of embankments
on soft deposits with a thick soft ground. The results obtained from the analytical solution considering the
nonlinear reduction of ¢g,, were in good agreement with the observed data.

Keywords: discharge capacity; consolidation behavior; hydraulic conductivity; PVD-improved ground; analyt-
ical solution.
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1. Gidi thiéu
Béc thAm (PVD) két hop véi gia tai trudc hodc bom hiit chan khong thudng dugc st dung trong

ky thuat gia c6 nén dét yéu nham ting tdc do cb két va cudng do ctia nén dét yéu [1-7]. Trong qua
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trinh 6 két ctia nén dat yéu, nudc 16 rdng thodt theo phuong ngang dén PVD, lugng nuéc sau dé dugc
dan 1én trén mit thoat nudc theo 16i ctia PVD. Do d6 c6 thé thiy ring, hiéu qua lam viéc ctia PVD va
ting xi c¢b két ctia nén dét yéu phu thudc vao kha niing thodt nudc ctia PVD (g,,).

Dua vao nhitng nghién ctiu 1y thuyét va thuc nghiém, két hdp véi dit liéu quan tric ngoai hién
truong, két qua cho thiy ring ¢,, phu thudc nhiéu yéu t6 nhu 16i thoat nudc, tiét dién ngang, ap luc
hong tif nén xung quanh [8]. Qua két qua thi nghiém vé ¢,, ctia mot s6 loai PVD, Hansbo [9]; Rixner
va cs. [10]; Chai va cs. [11] déu cho r?mg g, giam dang ké theo do sau cdm PVD. Indraratna va
Redana [12] cho ring cac yéu td lién quan dén ¢,, anh hudng truc tiép dén két qua du doan ting xi cb
két clia dit nén. Do d6 g,, can xem xét trong thiét két x{t Iy nén dét yéu.

Gan day, mot sb 10i gidi giai tich dudc phat trién [13, 14] d€ xem xét 4nh hudng clia su giam g,,
theo chiéu sau dén su c6 két ctia dat. Deng va cs. [13] gi4 dinh rang ¢,, gidm tuyén tinh theo chiéu sau.
Kim va cs. [14] cho thiy ring khi xét g,, giam phi tuyén theo chiéu sau, két qua du doan dd lin theo
md hinh phéang ctia Chai va cs. [15] phit hgp véi do lin quan tric hon so véi gia thuyét g,, giam tuyén
tinh. Loi giai ctia Kim va cs. [14], tuy dudc kiém chiing t&t qua mo hinh bién dang phang ctia Chai va
cs. [15], viéc ap dung truc tiép 13i giai nay cho phan tich cb két khbi dat don vi gia c6 PVD (unit cell)
chua dugc thuc hién. Diéu nay c6 thé gidi thich bdi viéc xem xét su gidm ¢,, qua nhiéu 16p dét trong
15 giai giai tich 1a rat kho khin. Do d6 mifc do anh hudng cia su giam kha ning thoat nudc dén qua
trinh cb két chua dudc 1am 16 trong nghién cifu ctia Kim va cs. [14]. Mot van dé khic can xem xét 1a
muc d6 anh hudng ctia g,, phu thudc nhu thé nao vao loai PVD va gi4 tri ¢, ban dau ctia PVD.

Dua vao 16i giai ctia Kim va cs. [14], nghién ctiu ndy tién hanh ddnh gia miic do 4nh hudng clia
su giam g,, theo chiéu sau cim PVD, trong dé gia tri g,, ban dau ctia PVD dugc xem xét. Loi giai giai
tich v6i su giam phi tuyén ctia g,, dudc 4p dung dé phan tich ¢ két khdi dat don vi gia cb PVD c6
chiéu day 16n & khu vuc Cang Busan va nén dudng khu vuc Yangsan, Han Qubc.

2. Ung xir cb két ciia nén dét yéu gia c6 PVD véi su giam phi tuyén caa g,
2.1. Sw gidm phi tuyén ciia q,, theo chiéu sdu va phuong trinh cé két véi PVD

Hansbo [9], Rixner va cs. [10] cho thiy ring ¢,, ctia PVD giam ding ké theo chiéu ting ctia ap luc
hong cia dit nén (hay chiéu sau cam PVD). Céc két qui cho thiy su gidm g,, c6 tinh phi tuyén theo
chiéu sau cam PVD. Deng va cs. [13] dé xuit mot 16i gii cd két v6i gia dinh rang g, giam tuyén tinh
theo chiéu sau theo phuong trinh nhu sau:

Z
9wz = 4wo (Al _AZE) (D)
trong d6 Ay, Ay 1a cdc hé s6. C6 thé thdy ring 10i gidi nay chita nhiéu thong s6 kho xac dinh, diéu nay
dan dén bat tién trong tinh toan thiét ké xit 1y dat yéu bang PVD.

Kim va cs. [14] gia thuyét ring su gidm g, theo chiéu sau cim PVD la phi tuyén theo phucng
trinh chi phu thuéc mot hé s6 a nhu sau:

1—al) 2
CIwz—QWo( _a'ﬁ) ()

trong d6 g,,. 12 kha ning thoat nuéc ctia PVD tai do siu z; gy, 12 kha ning thodt nu6c clia bac thAim
tai mat dit (z = 0); H la chiéu siu cim PVD; a la hé s6 giam kha ning thoat nudc ctia PVD véi
0 < a < 1. C6 thé thiy ring, néu a = 0, kha ning thoat nudc 1a hing sb theo chiéu sau cim bic
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(Gwz = Gwo), khi d6 10i gidi sé tuong duong vdi 16 gidi ciia Hansbo [1]. Néu « = 1, kha ning tho4t
nuéc clia bic bang khong (0) tai do sau H.

Dua vao 16i gii gidi tich co ban ctia Hansbo [1], Kim va cs. [14] phét trién cong thiic tinh dp luc
nudc 16 rng thing du trung binh trong ling tru theo phuong ban kinh nhu sau:

i, = uge STk (3)

trong d6 ug 1a ap luc nude 16 réng thing du tai thdi diém ban diu ngay sau khi chit ti (trong 15i
giai giai tich ctia Hansbo [1], tai dat 1én cong trinh dudc gia dinh la tic thoi), T, = Cpt/ (4r§) véi
Cy = kn/(m,y,), m, 12 hé sb nén thé tich; u 12 hé sd dudc tinh nhu sau:

M= Hp + Hs + Uy “4)

trong d6 pi,,, i, va p, 1an Tugt 1a hé sd xét dén anh hudng ctia khoang cach cam PVD, su xdo tron cia
dét do qua trinh cim PVD va d6 can thdm. Céc gi tri nay 1an ludt dugc tinh nhu sau:

U, =1In(n) - 0,75 (5)
by = (% - 1)1n<s> 6)
_ 2mky L2

(7)

Mr

H  az(l —oz)}

= n
GwoA? H-az H-az

trong d6 1 = 7o/Fw; S = I's/Fw; Tes Fs, Iy 140 1uct 12 ban kinh ctia ling tru tron (hay ban kinh viing anh
hudng), viing dét bi xdo tron do qud trinh thi cdng PVD, va ban kinh tuong duong ctia PVD; kj, va k;
1an lugt 12 hé s6 thim theo phuong ngang ctia viing dat khong x4o tron va xdo tron; H 1a chiéu sau 16p
dét yéu. Hinh 1 thé hién mo hinh cho 15i gidi c¢6 két theo phuong ngang véi khoi dat ling tru tron cé
gia c6 PVD.

Béc thim ———+— | !k
A A A
Vung xao tron e Lk o -
Lo dz
Vung nguyén ven —{ » . .
(d4t ty nhién) i i

f

Hinh 1. M6 hinh cho 13i giai ¢b két v6i khdi dat ling tru tron gia cd bic thAm (Kim va cs. [14])
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Phuong trinh (7) cho thy ring do can thim phu thudc vao hé sd a. Hé s6 nay thé hién mic do
giam g,, theo chiéu sau cim PVD trong dit yéu. Luu y rang d6 can thAm ctia PVD c6 thé tinh trung
binh trong ca chiéu day 16p dAt yéu nhu sau:

z=L 5 3
fr = fﬂrdz = 2ﬂkhl_§ [2(1a @) Inl-a)+Q2-a) ()

Gwo@

z=0

2.2. Ddnh gid mitc Ao dnh hudng ciia sy giam q,, dén toc dé cé két ciia ddt yéu

Trong phan nay, 10i giai ¢ két clia nén dit yéu sé dudc phan tich nham dinh gid mic do anh
hudng ctia su giam ¢,, dén tdc do cb két, trong d6 su giam phi tuyén clia g,, dugc xem xét. Trong
nghién citu ndy, céc thong sb 16p dat yéu va PVD dudc gia dinh nhu sau: H =20 m; r, = 0,85 m; r,, =
0,025 m; dy =02 m ; k; = 1 x 107 m/ngay; ky,/ks = 11; g = 100 m*/nidm; m, = 0,003 m?/kN. Tai
trong téc dung 1én 16p dit yéu dudc gia dinh tic thoi véi gid tri Aor, = 100 kN/m?.

Hinh 2 trinh bay két qua phan tich do c6 két trung binh theo chiéu sau ctia dit nén theo miic do
giam g, theo chiéu sau thong qua hé sé . Két qua cho thiy ring khi gia tri a cang 16n (hay do giam
g, theo chiéu sau cang 16n), do cb két tai mot thai diém phan tich cang nho. Diéu nay cho thiy ring
qué trinh cb két ctia dét bi tri hodn do su giam g,,. Khi hé sb a = 0, d6 cb két cia dt nén gan nhu dat
100% tai thoi di€ém 500 ngay. Két qua nay phu hop véi 10i giai Hansbo [1] khi bé anh hudng ctia su
giam ¢,,. Céc két qua cho thiy rang su giam g,, 1am giam dang k& dén téc do cd két ctia dét nén.

Thoi gian (ngay)
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Hinh 2. Anh hudng mic d6 giam g,, ciia PVD dén do cb két ciia dat

Hinh 3 cho thiy két qua phan tich c6 két clia dit yéu theo cic chiéu sau khac nhau (z = 5 m,
z =10 m, z= 15 m). Két qua cho thiy ring su giam g,, theo chidu sau anh hudng ding k& dén su cb
két clia nén dat. Khi hé sb « ting (tic do gidm g,, theo chiéu siu ting), su cb két nén dit theo chiéu
sau bi tri hoan. K&t qua nay thé hién ro rét theo chiéu sau. Khi chiéu sau cang 16n, su khac biét do cb
két v6i hé s6 a cang 16 rang.

87



Phu, N. B. / Tap chi Khoa hoc Céng nghé Xay dung
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Hinh 3. Anh hudng su giam ¢,, dén qua trinh c¢b két theo nhitng do sau khac nhau

Hinh 4 phan tich mic do 4nh hudng dén qua cd két clia dit nén theo céc gid tri khic nhau clia
gw. Mitic 6 anh huéng dudgc thé hién qua do chénh léch do cb két gitta gidtria = 0 vaa = 1(AU =
Ua=0) — Ua=1)), 6 day cdc do cd két dugc tinh trung binh theo chiéu sau 16p dat. Két qua cho thiy
rang khi kha ning thodt nudc cang I16n thi anh hudng cia su gidm ¢,, ctia PVD theo chiéu siu cang
nhd. Diéu nay hop 1y vé6i ly thuyét cb két véi PVD vi khi g,, 16n thi do can thAm rit nhé. Pang chi
y rang su khac biét do c6 két nhd hon 2% (U g=0) — Ua=1y < 2%) khi g,, 16n hon 100 m*/nim. Chai
va Miura [16] ciing cho thiy ring khi g,, 16n hon 100 m*/ndm, d6 can thdm ctia PVD la nhd. Trong
nghién ciiu nay, két qua phan tich cho thiy ring khi g,, 16n hon 100 m®/nim, anh hudng ciia sy giam
gy theo chiéu sau 1a khong dang ké.
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Hinh 4. Mitic d6 anh hudng dén qud trinh c két theo céc gid tri g,, ctia PVD

3. Phén tich 6 két nén dét yéu c6 chiéu day 16n cé gia cd PVD bang 16i giai giai tich xét dén su
giam phi tuyén cua g,

Kim va cs. [14] phat trién 10i giai giai tich cho khbi dit gia c6 PVD xét dén su gidm phi tuyén clia
g Tuy 16i gidi da dudc kiém chiing tot qua md hinh bién dang phang (2-D plane strain model) ctia
Chai va cs. [15], viéc 4p dung truc tiép 18i gidi nay cho phan tich ¢ két khdi dat don vi gia c6 PVD
(unit cell) van chua dudc thuc hién. Do vy viéc danh gid kha ning ing dung 15i gidi ndy can dudc
kiém chiing. Qua d6 thiy dudc 4nh hudng su gidm g,, theo chiéu sau ving gia ¢ ddi v6i qua trinh du
bdo lin ctia nén dét yéu c6 gia cb PVD, dic biét khi chiéu day 16p dat yéu 16n.

3.1. Phdn tich c¢é két nén dwong khu vuc Cdng Busan

Phan nay tién hanh phan tich ¢ két nén dit yéu c6 gia c6 PVD, trong d6 chiéu sau gia cb dén
46 m cho truong hop cong trinh xay dung cang Busan, bén phia tiy. Dic diém nén dit yéu va béc
thAm dugc trinh bay bdi Busan Port Authority [17]. Cac thong s6 c6 thé tém tit nhu sau: nén dudc
dip cao 9 m v6i dung trong dit dip dudc gia st 12 20 kN/m?; PVD dudc cim sdu dén 46 m theo so
dd 1uéi hinh vudng vé6i khoang cach PVD 1a 1,4 m. Céc thong s6 lién quan dén dic diém gia c6 PVD
nhu sau: r,, = 0.026 m; r, = 0,791 m; s = ry¢/r, = 9,6; kj, = 2,29 X 1074 m/ngay; kn/ks = 2; qwo =
50 m*/nim. Nén dit yéu c6 cic thong sb nhu sau: dung trong bao hda 4, = 14,5 kN/m?; chi sb nén
C. = 1,1, hé s6 rdng ban dau eg = 1,57, nén dit yéu xem nhu c6 két thudng véi hé sb qua cd két két
OCR = 1. Muc nuéc ngam dudgc gia dinh tai dinh 16p dit yéu.

Hinh 5 cho thiy ring két qua phan tich do lin ctia nén dudng dua vao su giam phi tuyén cia g,
kha phui hop véi s6 liéu quan tric & hién trudng. Trong khi céc 16i gidi trude day ctia Hansbo [1], Deng
va cs. [13] cho gia tri dd Lin 16n hon nhiéu so véi gia tri quan trac. Diéu nay cho thy ring su khic
biét gitta c4c 16 gidi 1a ddng ké khi chiéu day 16p dat yéu 16n. Két qua nay cho thiy tinh hop 1y cta ly
thuyét can xét dén, vi 16 rang khi PVD cam vao 16p dét yéu c6 chiéu day 16n thi su gidm g,, cang 1o
rang hon do 4p luc hong ép vao PVD 16n hon.

&9



Phu, N. B. / Tap chi Khoa hoc Céng nghé Xay dung

10
—~ 8 1
g
W& 6 1
<
Q
]
= 41
e ® Dit liéu hién truong [17]
O
21 — Phan tich
0 T T T T T T T
0 50 100 150 200 250 300 350 400
Thoi gian (ngay)
0 50 100 150 200 250 300 350 400

Do lun (m)

O Quan tric (Busan Port Authority [17])

61— kna nang thoat nu6e 12 hing sé (Hansbo 1981) O
™ -- Kha nang thoat nudc giam phi tuyén (Nghién ctru nay)

81— Kha nang thodt nudc giam tuyén tinh (Deng va cong su 2013)

9

Hinh 5. Két qué phan tich ctia do ltin nén dudng & cang Busan

3.2. Phdn tich cé két nén dwong khu vuc Yangsan

P& cho thiy kha ning ting dung ctia 15i gidi giai tich xét dén su kha ning thoat nudc theo chiéu
sau, phan ndy tién hanh phan tich do ¢ két theo thdi gian cho nén dét yéu c6 gia c6 PVD & khu vuc
Yangsan (Han Qudc). Nén dudng Yangsan dudc xi 1y nén dit yéu bing PVD véi chiéu sau gia c¢b dén
25 m. Dic diém nén dat yéu va bic thim dudgc trinh bay bsi Jang va Kim [18]. Nén dudc dip cao
5 m v6i dung trong dit dip dudc gia st 1a 20 kN/m>. PVD dudc bd tri theo so dd ludi hinh vudng
v6i khodng cach PVD 1a 1 m. DBic diém khéi dit hinh tru tron don vi dudc gia c6 PVD nhu sau: r,, =
0,03 m; gy = 50 m*/ndm; r, = 0,565 m. Anh hudng ciia su xdo tron dét do thi cong PVD dudgc bd qua
trong trudng hop nghién citu nay [18]. Nhin chung, dusi nén dudng Yangsan cé nhiéu 16p sét yéu véi
dic diém khac nhau. Tuy nhién dé thuén tién trong phan tich do cb két dbi v6i khdi dat don vi hinh
tru tron, can gia st rang c6 duy nhit mot 16p dét yéu va c6 cac thong sb nhu sau: dung trong bao hoa
Ysar = 16 KN/m*; ky, = 4 x 107 m/ngay; chi s6 nén C. = 0,8, hé s6 rong ban dau e = 1,8.

Hinh 6 trinh bay két qua phan tich d6 c két theo thdi gian ctia nén dét yéu c6 gia c6 PVD. Gibng
nhu trudng hgp ban dau, so véi 10i gidi ctia Hansbo [1], Deng va cs. [13], két qué phan tich do c6 két
dua vao su giam phi tuyén cia g, cho két qua phii hop véi s6 liéu quan tric & hién trudng. Két qua
nay mot 1an nifa cho thy tinh hop 1y ciia 16i gidi gidi tich c6 xét dén su gidm kha niing thodt nude theo
chiéu sau, va c6 thé van dung trong tinh todn thiét ké thuc té.
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Hinh 6. Két qua phan tich ctia d§ c6 két nén dudng & khu vuc Yangsan

4. Két luan

Bai bdo phan tich cb két nén dét yéu c6 gia cd PVD, trong d6 c6 xét dén su giam g, theo chiéu
sau cam PVD. Sy giam ¢,, dugc xem xét nhu sy phan bd phi tuyén theo chiéu sau ctia PVD. Tt mot
s6 két qua thu dudc trong nghién cifu nay, cé thé rit ra mot s6 két luan c6 kha ning ting dung trong
thuc tién nhu sau:

- Su giam ¢,, theo chiéu sdu cim PVD lam tri hoan qu4 trinh c6 két trong dat. Két qua nay thé
hién r6 rang hon & nhiing do sau 16n hon trong nén dat yéu.

- Khi chiéu sau cam PVD 16n, su khic biét giita cac 15i giai 1a dang ké, v6i cac trudng hop nghién
ctiu ctia bai bdo nay, 15i giai gidi tich c6 xem xét su gidm phi tuyét qué g,, cho két qua phu hop véi
s6 lidu quan tric hon so véi cac 18i gidi con lai. Do d6 do gidm g,, theo dang phi tuyén (theo gid tri
@) can dudc xac dinh qua cdc thi nghiém dé xem xét trong tinh todn thiét k& xi 1y nén dét yéu bang
phuong phap PVD két hop gia tai trudc.

- Khi g,, cang 16n, anh hudng cta su giam ¢,, dén qua trinh ¢ két cing giam. Trong nghién cifu
nay, két qua cho thiy khi ¢,, 16n hon 100 m*/ndm thi mitc d6 anh huéng dén qué trinh cb két 1a khong
dang ké.
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