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KEYWORDS

Trong khu vic d6 thi, hd dio sau cho cdc cong trinh ha ting hay nha & dan dung thuong chiu anh hwéng
bét 1gi tit cong trinh hién hitu 1an can, 1am gia ting chuyén vi ngang twdng vay. Nghién cttu nay phén tich
anh huong cua tai phan b déu diit sau twdng vy dén @ng xtt hé dao thong qua mé hinh phin t hitu han
(PTHH) c6 xét dén trinh ty thi céng hd ddo. M6 hinh dugc kiém chitng bing sb liéu quan tric tit céng trinh
thue té tai Thanh phé Hb Chi Minh. Céc tham sb duoc khao sat bao gém chidu sau hb dao (H), khoang cach
dat tai (X), gid tri tai trong (S) va pham vi phan b tai (R), chuyén vi ctia twdng vay duge trinh bay dwéi
dang chuén héa (u*). Két qua cho thdy (X) va (H) 12 hai thong sé chi phbi dén chuyén vi ngang twong vy
trong pham vi khao sét. Trén co s& d6, nghién cifu 1am rd vai trd twong dbi ctia cac tham sb 1én chuyén vi
ngang ctia tuwdng viy, qua dé gép phin hoan thién co s& phan tich va kiém chitng mé hinh cho bai toan

twdng vay hé dao sau trong méi trudng do thi.

ABSTRACT

Deep excavations

Uniform surcharge

Diaphragm wall lateral displacement
Finite element (FE) method

Staged construction

In dense urban environments, deep excavations for basements and underground facilities are often affected by
adjacent existing structures, which may amplify lateral wall movements in diaphragm walls. This study
investigates the influence of a uniform surcharge applied behind a diaphragm wall on excavation performance
using a 2D finite element model with staged construction. The model is validated against field monitoring data
from a real project in Ho Chi Minh City. A parametric study is conducted by varying the excavation depth (H),
surcharge distance from the wall (X), surcharge intensity (S), and surcharge width (R), while wall movements
are reported in normalized form (u*). The results indicate that (X) and (H) are the dominant parameters
governing diaphragm-wall lateral displacement within the investigated range. Based on these findings, the study
elucidates the relative importance of the governing parameters in controlling diaphragm-wall lateral
displacement, thereby strengthening the analytical framework and supporting model validation for diaphragm-

wall-supported deep excavations in urban settings.

1. Gi6i thidu

vy—cong trinh 1an c4n va (i) m6 phéng sb d& mé rong khao sat tham

s6 va xiy dung cdc quan hé dy bdo. Trong nhém thyc nghiém, da cé

Trong d6 thi c6 mat d¢ xiy dung cao, hd dao sau phuc vu thi
cong tAng him hodc cong trinh ngdm thwdng dwoe trién khai tiép gidp
cac cong trinh hién hitu, d4c biét 1a cac cong trinh st dung méng ndng.
Téi trong phén bd ti¥ cong trinh hién hitu dit phia sau twdng c6 thé lam
tang chuyén vi ngang, anh hwéng trie tiép dén an toan ctia coéng trinh
xung quanh va ban than hé dao. Mitc do tic dong phu thude dang ké
vao chidu sau dao theo giai doan thi céng ciing nhu vi tri, gia tri va
pham vi dit tai. Vi vy, nghién ctu nay phin tich anh hwéng cta tai
trong phén b 14n can 1én chuyén vi ngang ctia twong vy hd dao sau
trong nén dét sét ddng nhét, nhim nhan dién cic tham sé chi phébi va
1am co' s& phuc vu cong tac thiét ké va thi cong.

Céc nghién citu v& anh hudng do tai trong phan b du lan can
1én hd dao siu da duge trién khai theo hai hwéng chinh: (i) mé hinh
hoic sb liéu thue nghiém nhim nhén dién co ché tuwong tac dét—tu’c‘ing
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nhidu téc gia thyc hién nhitng nghién citu vé& chuyén vi ngang ctia
tuong vay nhu Steenfelt va cong sy (1984) [1], Chang-Yu Ou va cdng
st (1993) [2], Georgiadis va cong sy (1998) [3], Long (2001) [4], Wang
va cong sy (2005) [5] hay El Sawwaf va Nazir (2012) [6]. Cu thé,
Georgiadis va cong su [3] da khao sat twong vay dang cong-xon (khoéng
6 ting chéng) trong nén dAt cat dudi tic dung tai trong dang bing véi
cdc mifc cuong d¢ va khoang cich khic nhau, cho thiy tai trong 1an
can c6 thé 1am gia ting dang ké bién dang va mé men uén cua twdng.
Nim 2005, Wang va cdng su [5] khao sit 06 hé dao metro c6 nhidu
tAng chéng trong nén dt yéu Thuong Hai va cho thiy chuyén vi ngang
cuc dai ctia twong & dang chudn hod §,,/H déu nhé (dwéi khoang
0,007), thip hon déng ké so v6i ngudng tham khao 0,01 ctia Peck ndm
1969 [7], nh& hé chéng dv ng hic va viée kiém soat, didu chinh luc

chéng trong sudt qua trinh do. Nam 2012, El Sawwaf va Nazir [6] m&
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rong bai toan theo hudng “tac dong ctia hd dao 1én cong trinh 14n c4n”,
két qua chi ra riing gia cong nén bing vat lidu dia ky thuét c6 thé giam
r0 rét 1an va nghiéng cua méng, song hiéu qua phu thuéc manh vao vi
tri twong d6i va didu kién nén. Cac thi nghiém sau d6 tiép tuc khing
dinh khoang céch cong trinh (hay tai trong) dén mép hé dao 13 tham sé
chi phdi quan trong dbi v&i ting xit ctia twdng viy dit. G huéng mod
phong sé ciing d4 c6 nhitng nghién cttu dién hinh nhw Mowafy va cong
sy (2011) [8], Samadhiya (2020) [9]. Singh va Chatterjee (2020) [10,
11], Ahmad va cdng sy (2021) [12], Debnath va Pal (2021) [13] va
(2023) [14, 15]. Cu thé, vao ndm 2020, Singh va Chatterjee [10] s@
dung phiong phép sai phan hitu han dé dinh lwgng tic déng cua tai
phan b déu theo khoang cach dit tai 1én chuyén vi va mé men uén caa
twdng viy dang cong-xon trong nén dét cat, két qua cho thiy mé men
cuc dai gia ting khi gi4 tri tai 1én hon va dit gin twong hon, ddng thoi
chiu chi phf)i boi didu kién bién va dic trung dat nén. Nim 2021,
Ahmad va cong su [12] két hop thi nghiém trong phong va mé phong
s6 @& danh gia anh hwdng ciia hd ddo 1an cén 1én quan hé tai trong va
ting x( cia méng ndng (méng vudng) trong nén cat c6 va khong gia
cwdng. Nghién citu chi ra ring anh hudng clia hé dio giam manh khi
méng dua xa (khoang =4B). Gan diy, vao nim 2023, Debnath va Pal
[14] 4p dung phuong phap PTHH phi tuyén 2D c6 xét dén trinh ty dao
d4t, két qua nhan manh d6 nhay ctia chuyén vi twdng v mé men uén
db6i v&i gia tri, vi trf va pham vi viing tai trong, ddng thoi cho thiy viéc
xét dén anh hudng clia qua trinh thi céng hé dao 1a cin thiét dé phan
anh ding xu thé @ng x{ ctia twong vay. Ngoai ra, di cé nhidu nghién
cttu trong niéc vé céc ting xii clia hd dio sau trong céc didu kién dia
chét khac nhau. Dén hinh nhu nghién ctu ctia Huln va cong sy nim
2019 [16] phén tich 4nh hwdng cla qué trinh thi céng hé dao 1én bién
dang va én dinh ctia nén dAt xung quanh trong didu kién dia chét ¢6 ca
dAt loai sét va cét tai TP.HO Chi Minh. Nam 2021, Qui v céng sy [17]
phén tich va d4nh gia cdc m6 hinh vat liéu phit hop cho nén dét sét bio
hoa nuwée tai TP.HO Chi Minh dé dy doan chinh x4c chuyén vi ngang
clia tuong vay.

Miic dit nhidu nghién cttu ngoai nuée da 1am r6 tic dong clia tai
trong 1an can dén tng x{ tudng vay hd dao, phan 16n cic két qua hién cé
chu yéu tap trung vao twdng dang cong-x6n trong nén cat. Ngoai ra, mot
s6 nghién cifu tai Viét Nam di xem xét ing xt hd d3o sau, dic biét trong
nén dét sét yéu. Tuy nhién, cic nghién cttu con phén tan theo cong trinh,
va chiu anh hwéng manh bai tinh bién thién cuc bd ctia dia chit d6 thi
TP.HCM, do d6 viéc tham chiéu va khai quét hoa theo cdc tham sb thiét
ké hay thi cong con han ché. Vi vy, van cAn mot danh gid c6 hé thong vé
anh hwong ctia tai phan bd déu 14n cin 1én chuyén vi twong vay trong
nén dt sét, dic biét khi xét dén trinh ty thi céng theo giai doan va dugc
kiém chitng bing s6 liéu quan tric. Nghién cttu niy tip trung danh gia
anh hwdng ctia bdn tham s chinh: chiéu sau hd dao (H); gia tri tai trong
(S); khoang cach dat tai (X) va pham vi phin bé tai (R) 1én chuyén vi
ngang ctia tudng viy. Cac két qua duge thé hién dudi dang khéng thi

nguyén théng qua chuyén vi chuén hoa (1), nhim cho phép so sanh giita

cac giai doan d&o va cac kich ban chét tai khac nhau. M6 hinh dugc kiém
chting béng s6 liéu quan tric ctia cong trinh Khu phtic hop cin ho-thwong
mai-vin phong The Park Avenue, vi tif d6 1am 16 vai trd twong dbi caa
céc tham sb 1én chuyén vi ngang clia twdng vay, qua d6 gép phin hoan
thién co s& phan tich va kiém chitng mé hinh cho bai toan twong vay hé
dao sdu trong moi truong do thi.

2. Téng quan vé cong trinh
2.1. Théng tin cbng trinh

Dy 4n The Park Avenue (Quén 11, TP.HCM) c6 03 tAng hdm v&i
dién tich xay dyng khoang 7.450 m2 Cao d6 diy moéng ndm trong
khoang -10,15 dén -12,95 m, trong khi khu vyc 16i thang may sau hon,
khoang -12,75 dén -15,55 m; kich thuée va mit cit hd dao dugc trinh
bay & Hinh 1 va 2. H6 dao duoc chdng giit bing tuong vay lién tuc bé
tong cbt thép day 0,8 m, chén sdu 28 m.
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Hinh 2. Mit cit ngang két cAu ting ham [18].
2.2. Phwong dn va trinh t thi cong hé dao

Céc thong tin vé trinh ty thi céng, s6 liéu quan tric va thong sb
dia chét dugc tham khao tit hd so thiét k& bién phap thi cong tit Hoa
Binh Construction Group [18]. Hb dio c6 chidu sau trung binh 12 m
tinh tit mat d4t ty nhién. Két cdu twong vay 1a tuong lién tuc bé téng
cbt thép day 800 mm, bién phép thi céng dao dt 14 semi top-down.
Trinh ty thi cong hé ddo dugc trinh bay trong bang sau.
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Bang 1. Trinh ty thi cong hé dio.

Budc 1 Trién khai twong vdy, thi cong coc nhdi va 1ip dit kingpost;
Buéc 2 Dao d4t dén cao d6 -3,87 m;
Budc 3 Thi c6ng san hdm 1 tai cao d6 -3,55 m; ddng thdi thi cong san ting 1 tai cao d6 -0,40 m.
BuéGce 4 Ha myc nuéce ngé.m (MNN) dén -8,150 m va dao d4t dén -7,150 m.
Buédc 5 Thi c6ng san him 2 tai cao d6 -6,85 m;
Budc 6 Ha MNN xuéng -13,85 m va d3o xudng cao d6 -12,85 m
Budc 7 Thi c6ng méng va san ham 3 tai cao d6 -10,150 m;
3. Mo phong va phén tich bai toan ham/hé chéng dugc bidu dién bing phin tit Anchor. Cac thong sé dt

nén va twong vy duge trinh bay trong Bang 2 va 3, bao gdm céc thong

Bai to4n duge phén tich théng qua phin mém PTHH Plaxis, mé s6 v& do citng nhu E®,, E° ¢, E™ ; va céc thong s vé cuong do nhu

hinh ting bén (HS, Hardening soil) duvgc diing dé mé phong nén dit. ¢, ¢. Két qua phan tich dugc kim ching vé6i s6 liéu quan tric dé kiém
Tudong viy dwgc mod hinh hod bing phin ti Plate, con cdc san ting chiéing @6 tin cdy ctia mo hinh.

3.1. Thong s6 vdt liéu va mé hinh bdi todn trong phdn mém Plaxis

Bang 2. Thong s6 mo phong nén dt dé xuét.

0 ed r A A
Lop dit (k;/\‘ll;sr;) <k§/§iz) (kﬁg/ga (kﬂ/ﬁ% cUN/m) | @) ?;; :;;)t(if)l
1. D4t san lép 18,0 18.000 18.000 54.000 0,0 30,0 0,0
2a. Sét pha cat, nau dé-xam tring, déo mém 18,5 8.750 8.750 26.250 10 26 -1,1
2b. Sét pha cét, ndu do-xam tring, déo
mém-déo ciing 18,9 16.706 16.706 50.119 26,02 26,6 -3,3
3. Cét pha bui sét, xAm vang-xam tring,
chiit vira 19,0 25.692 25.692 77.077 6,4 25,3 -12,5
4. Sét, xdm xanh-ndu dd, nita ciing-ciing 19,9 41.429 41.429 124.286 32,5 28,6 -38,0
5. Cat pha bui sét, xdm xanh-xam vang, chat 20,0 63.143 63.143 189.429 6,1 30,6 -51,9
Bang 3. Thong s6 mod phong tudng vay. & o e_o o o “E) e 000 © @ 00
Thong sb Ky hiéu Gia tri DPon vi c y* \Ij{ £ \»"_I‘-" R R c
Chidu day twimg b 800 mm Jl Ty B = A1
M6 men quén tinh J 0,042667 m*/m o EyCR R e .
Mb men khéng uén w 0,106667 m®/m i P o | . R ) i
Dién tich tiét dién A 0,8 m%/m X i A
Do citng khang ubn EJ 1,47E+06 kNm?/m © [ \ ‘ ;
b6 cling khang nén EA 2,76E+07 kN/m o : £ 1P
® ® ] @® e 5]
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3.2. Vitriva sé liéu quan trdc L _ e ¥ . ... -

Outng 3 thing 2

Vi tri quan tric va két qua quan tric chuyén vi tudong vay duge
thé hién trong Hinh 4. C6 thé thiy ring, chuyén vi ngang 16n nhét xuét

hién tai bugc dao dat cubi cling va & vi tri gin day hd dao.
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C/v ngang twding vy theo chiéu sau - ICL6
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Hinh 4. Vi tri va két qua quan tréc [18].

3.3. M6 phéng hé dao trong Plaxis 2D

M5 hinh bai toan trong phin mém Plaxis 2D. Trinh tu dao dit va
thi cong san duoc thiét 1ap theo giai doan (construction stages). So' dd
mo hinh trinh bay & Hinh 5, va két qua chuyén vi ngang tudng vay

duge tbng hop & Hinh 6.

Hinh 5. M6 hinh hd do trong Plaxis 2D.
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Két qua chuyén vi ngang twdng vay tit mé hinh duoc so sanh véi
s6 liéu quan tric & Hinh 7 va cho thiy mtc d6 phit hop tbt v& xu huéng
chuyén vi theo cic giai doan thi cong. Chénh léch v@ gi4 tri ¢6 thé dén
tlt cac diéu kién hién trudng nhu d6 citng san ham bi giam bai cac 16
m& thi céng va anh hwdng ctia hé coc bén trong hd dio. Vi vay, cic
tham s6 m6 hinh & Muc 3.1 duwge xem 1a dit tin cdy cho céc phan tich

tiép theo.

/v ngang tuimg viy
Burie diwo -7.15mS1

Chéu siu feimg viiy fm)
Chéu siu timg vy (m)

© Bio it -1285m-Quan irke

=== B0 dit -1285m-Mor hinh

Chuyén vj ngang neong vy (nm)

Hinh 7. So sénh két qua phan tich chuyén vi ngang tudng vay
va quan tric twong tng vdi tiing giai doan thi cong.

4. M5 hinh bai toan va két qua phan tich
4.1. M6 hinh bai todn

Trong nghién citu nay, bai ton tai phan b6 déu lan cin tac déng
1én ting x1t twdng viy digc minh hoa & Hinh 8. Bén tham s6 dugc thay
dbi dé khao sat gém chiéu sau hb dao (H), gié tri tai trong (S), pham vi
phan bd tai (R) va khoang cach dit tai (X); cdc kich ban twong tng
duwgc tdng hop trong Bang 4. Pé thuan tién so sanh giita cac giai doan
d30 va kich ban gia tai, két qua phan tich duoc biéu dién dwéi dang
chuyén vi ngang chuln hod (u*). Cic théng sb nén dit va twong vay
duoc gitt ¢b dinh theo sb liéu cong trinh The Park Avenue, nuéc ng?nn
va anh huéng thi céng hé tuong vay va hé coc trong hé dao khong duge
xét dén nhim don gian hod va tich riéng anh hwéng tai phan bd.

Chuyén vi chuén héa dugc 14y theo cong thite sau:
ut = Umax (1)
H

Trong dé:

Upnax 112 chuyén vi ngang 16n nhét trong twdng vay (m),

H :1a chiéu sau hb dao twong tGing tiing giai doan (m).

M hinh Plaxis 2D dwoc thé hién trong Hinh 9, vi trf tai phan bb
thay ddi tit mép bén phai v trai ctia hd do. Pham vi mé hinh duge
thay ddi theo khoang cach dit tai. Két qua phan tich dién hinh cho cic
treong hgp khao sét duge mo ta trong Hinh 10 va Hinh 11.
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X R Tai phan
/ b6 déu (S)

11]11]1

4.2. Anh hwong ctia khodng cdch ddt tdi (X)
Thanh chéng

I Chuyén vi ngang chuin héa u* trong twdng viy cho mét sb

truong hop dién hinh, c¢6 pham vi phéan b6 tai R= 3; 6 va 9 m va khoang
cach tai X= 1,5; 3; 6; 9 m theo chiéu sau dio H, duge 1an lugt thé hién
trong Hinh 12 va 13. C6 thé thiy ring u* phu thudc ddng thoi vao
khoang cach diit tai X va chidu sau hd dao H, trong 6 mitc do nhay ctia
u* giam dan khi chidu sdu 3o H = 6 m va khi X = 6 m.

Day hé dao
L S u+ theo khoang cach tai X va gia tri tai S,
H=2(m);, R=3 (m)

0.009
Tudng véy/ = 0008
& 0.007
. PURS ss o2 S 0.006 _7_*“\\_‘
Hinh 8. M6 hinh bai toén. & ‘mm —
E 0.004
2 2 A £ 2oz 003 -
Bang 4. Céc thong so khao sat. oy | TOTS10kPa
- 5oy | TAs=20kea
Thong so Gia tri khao sét S, | —o-s=d0ks
<X A A N 0 3 6 9
Chiéu sau hb dao 2;4;8;10; 12 m '
() > T Khodng cdch dat tii X, m
Khoang cach dit tai (X) 1,5; 3; 6; 9 m .
& : S (@H=2mvaR=3m
Gia tri tai trong (S) 10; 20; 40 kPa u* theo khoang cach tai X va gid tri tai S,
. N R o 2 4 X 3
Pham vi phén bo tai (R) 3;6;9m 0.008 HA )y 23 m)
*
= 0.007
=
;_% 0.006
5 0.005
= 0.004 — —
' 0.003
& —o—S=10kPa
s —A—S$=20kPa
= 0.001
< —0-S=40kPa
0 3 6 9

Khedng cdch dat tai X, m

(b)) H=4mvaR=3m

Hinh 9. M6 hinh khao sat. u+ theo khoang cach tai X va gid tri tai S,
H=6(m); R=3 (m)
0.008
% vons —0—5=10kPa
s —A—5=20kPa
E 0.006 -©0—-5=40kPa

0.005

0.004

0.003

.002

Chuyén vi chuin

0.001

0
o 0 3 6 9

Khoang cdch dar rai X, m

()H=6mvaR=3m

Hinh 10. Chuyén vi tng thé dién hinh cho céc trudng hop khao sat. u* theo kh(j‘j“?;?"“')' ‘;‘ X“f i—’)‘é i i S,
=8 (m); R=3 (m

0.005

= —0—S=10kPa
i = 0004 —&—S=20 kPa
” 2 -0-S=40kPa
003
5 | S — 1
20 o | - = 0.002
P .. YK + Y X 5 A - .:_:z 0.001
P ]
e ] 3 6 9
/ o Khoeang cdch dai tai X, m
B () H=8mvaR=3m
Hinh 11. Chuyén vi ngang dién hinh cho cac tridng hop khao sat. Hinh 12. Chuyén vi ngang chuin héa u* trong twdng vy theo khoang

cach tai X va gié tri tai S (truong hgp H= 2; 4; 6; 8 m va R= 3 m).
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& treong hop R= 3 m nhu Hinh 12(a) dén (d), c6 thé thiy u*
dat cuc tri tai X= 3 m, dac biét véi S= 40 kPa cho théy r?mg xu huéng
cua u* khong chi phu thudc vao khoang cach dét tai X, ma con chiu chi
phdi béi pham vi phéan bé tai R théng qua viing tic dung [X; X+R]. Khi
dai tai hep dugc dit qua gin tuwong (X= 1,5 m), tic dong clia tai trong
tap trung & viing ndng sat mép hd va c¢6 thé giam anh huong do diéu
kién bién va rang budc ctia hé chéng gin day hé. Nguoc lai, khi tai
duoc di chuyén xa hon véi dai tai [X; X+R= 3; 6 m] chéng 14n manh
hon v6i ving dét chi phdi dén chuyén vi twong vay nén gia tri u* dat
cue tri. Két qua cho thdy dbi v&i pham vi tai hep, ton tai mot khoang
céch bt lgi theo X, trong khi v&i tai rong hon, u* giam gan nhu tuyén
tinh theo khoang cach dét tai X.

DPéi v6i céc treong hgp R= 6 va 9 m nhu Hinh 13(a) dén (d) va
13(e) dén (h), u* dat gia tri 16n nhét tai X= 1,5 m va giam dan khi X
gia ting. Cu thé, gia tri u* giam déng ké ti* 15 dén 25 % khi X ting tir
1,5 dén 6 m, khi X = 6 m thi u* gin nhu khong c6 sy chénh léch, didu
nay cho thiy anh hwéng ctia X vd R suy giam nhanh chéng dén chuyén
vi twding vay khi tai dige dit xa hon. & cac trudng hop hd do sau hon
H= 6 m nhu két qua trong Hinh 13c-d; g-h, cic dudng gia tri u* theo
X gan nhu khong thay dbi, cho thiy anh huéng ctia vi tri X va gid tri
tai S da han ché hon khi chidu sau hé dao gia tang (H= 6 m).

u+theo khoang cach tai X va gia tri tai S,
H=2 (m); R=06 ()
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u+ theo khoang cach tai X va gia tri tai S,
H=6 (m); R=9 (m)
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Khodng cdch dat tai X, m
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u+ theo khoang cach tai X va gia tri tai S,
H=8 (m); R=9 (m)
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(h)H=8mvaR=9m
Hinh 13. Chuyén vi ngang chuén héa u* trong tudng vy theo khoang
cach tai X va gia tri tai S (trvong hgp H= 2; 4; 6; 8 m va R= 6; 9 m).

4.3. Anh hieéng ciia pham vi phdn b6 tdi (R)

Hinh 14 (cic truong hop dién hinh) cho thiy anh hwéng cta
pham vi phéan bd tai R 1én chuyén vi chu4n hoa u*phu thuéc manh vao
khoang cach dit tai X va giai doan dao H. & Hinh 14(a) va (b), khi tai
dat gin twong vay v&i X= 1,5 m thi u* c6 xu hudng ting nhe khoang
15% khi R tiang tit 3 dén 9 m, diéu nay phan anh viéc m& rong pham vi
dit tai lam ting anh huwdng va pham vi bién dang phia sau twdong. Ngoai
ra, khi chiéu sau hd dao ting H= 6 m thi cic dudng gia tri u* theo S
gan nhu khéng 6 chénh léch, phan 4nh mitc 46 anh huwéong cia S bi
han ché 16n khi H gia ting. Xu huéng tiwong tuy cling xuét hién cho
truong hop X= 6; 9 m nhu Hinh 14(e) va (f), u* tang nhe theo R va
mifc d6 anh hudng clia S cling giam dan theo chiéu sau h6 dao H.

Nguogec lai, truong hgp X= 3 m nhu Hinh 14(c) va (d) cho gia tri
u* giam khoang 20 % khi R thay ddi tir 3 dén 6 m, dic biét véi S= 40
kPa, diéu nay mét 1an nita cho thiy véi dai tai hep sé ton tai mot khoang
cach bat 1gi theo X. Pidu nay phit hgp v6i két qua phan tich anh hudng
theo khoang cach dit tai X trude d6, khi u* ¢6 thé dat cue tri cuc bd
quanh X= 3 m d8i v6i R= 3 m. Khi X ting 1én 6-9 m, cic dudng quan
hé u* the R tr& nén gan nhu héi tu, cho thdy anh huéng ctia pham vi
tai R suy giam ro rét khi tai dit dt xa (X= 6 m).

Téng thé, pham vi tai R ¢6 anh hudong khong 16n dén chuyén vi
ctia twdng vy nhv H va X. Tuy nhién, khi hé dao da sdu (H= 6 m) va
khoang cach dit tai dt xa (X= 6 m) thi u* dan it bi chi phdi hon b&i

céc thong sb khao sat. Ngoai ra, anh hwéng ctia gia tri tai S trong cc

treong hgp nay cling suy giam.
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0.008
*
= 0.007 /o A —
S 0.006
=
S 0005
= 0.004
A
= 0.003
‘(5_.\0002 —0—S=10 kPa
= —A—S=20kPa
S o001
—O—S=40 kPa
0
0 3 6 9
Phamvi dattai R, m
(@H=2mvaX=15m
w* theo pham vi téi R va gid tri tai S,
H=6 (m); X=1,5 (m)
0.008

* ——S=10 kPa
= 0.007
< —A—S=20 kPa
S 0.006
= —O—S=40 kPa
& 0.005
=
-E 0.004
. o —
= 0.003 =t
5
=, 0.002
g
=
S o001

0

0 3 6 9

Phamvi dat rdai R, m

(b)H=6mvaX=1,5m

u* theo pham vi tai R va gia tri tai S,
H=2 (m); X=3 (m)

;\\'\ﬁi\v—o

A
Al

o ©o © o o
o o =2 o o
S S © © oS
& £ 5 & 3

Chuyén vi chudn héa, u™

0.002 —0—S=10kPa
—A—S=20kPa
0.001
—0—S=40 kPa
0
0 3 6 9

Phamvi ddr tdi R, m

(c)H=2mvaX=3m

w* theo pham vi tai R va gia tri tai S,
H=6 (m); X=3 (m)

0.008
¥ —0—S=10 kPa
X 0.007
oy —A—S=20 kPa
S 0.006 o
= —0O—S=40 kPa
& 0.005
3
= 0.004
9
o o O
= 0.003 £ —0
3
2, 0.002
=
=
S o001

0

0 3 6 9

Pham vi dat tdai R, m

(dH=6mvaX=3m

JOMC |285



Tap chi Vit liéu & Xdy dung Tdp 16 S6 02 ndm 2026

u* theo pham vi tai R va gia tri tai S,
H=2 (m), X=06 (m)
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u* theo pham vi tai R va gia tri tai S,
H=2 (m); X=9 (m)
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Pham vi ddt tai R, in

(H)H=2mvaX=9m
Hinh 14. Chuyén vi ngang chuén héa u* trong tudng vy theo
pham vi phan b6 tai R va gid tri tai S (truong hop H= 2; 6m
va X= 1,5; 3; 6; 9 m).

4.4. Anh hwéng ctia chiéu sdu hé dao (H)

Hinh 15(a) dén () (cac truong hop dién hinh) cho théy gia tri u*
giam manh theo chiéu sau dao H va cham din va g?m nhv héi tu khi
H= 6 m. Xu huéng nay nhit quan cho moi trudng hop R va X, trong
d6 u* giam manh khoang 45 % & giai doan H= 2 dén 4 m va giam
khoang 15% khi H= 6 m. V& ca ché, mic dit két qua phén tich cho thay
chuyén vi tuyét dbi u,,,, c6 thé ting do bién dang duge tich liy theo
chiéu sau hé dao H nhung khéng gia ting tuyén tinh. Do hé dao duogc
thi cong theo giai doan ct mdi bude dio xudng, tuong viy duge khéng
ché boi thém céc ting chdng, 1am giam bién dang ting thém trén moi
mét dao, nén théng s6 chuin héa u* = Una/H giam dan. Khi H da 16m,
hé chéng di dugc l4p dit twong dbi diy da va truong Gng sudt-bién
dang tién gin trang thai 6n dinh, nén u* gin nhu khong thay dbi. Ngoai
ra, cc biéu dd déu cho thy khoang cach giita cic duong quan hé u*
theo S gin tiém c4n nhau khi H sdu hon, dic biét khi H= 6 m. bidu nay
cho thiy & giai doan hd dio sau hon, gia tri u* cht yéu do tuong tic
twdng vay va hé chdng chi phdi, con anh hudng do tai phan bd S khong
déng ké.
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w* theo chiéu sau dao H va gia tri tai S,
R=6 (m); X=6 (m)
0.008

—0—S=10 kPa
0.007

—A—S=20 kPa
0.006 —0—5=40 kPa

Chuyén vi chudn héa, u*
=
2
H
g

0 3 6 9 12

Chiéu sdn hé dao H, m

(e)R=6mvaX=6m

u* theo chiéu sau dio H va gia tri tai S,
R=6 (m), X=9 (m)

——S=10kPa
0.007

—A—S=20kPa
0.006 —O-S—40kPa

Chuyén vi chuin héa, u*
-
4
H
2

0 3 6 9 12
Chiéu siu hoé dao H, in

fHR=6mvaX=9m
Hinh 15. Chuyén vi ngang chuén héa u* trong tudng vy theo
chiéu sau dao H va gié tri tai S (trudng hop H= 2; 4; 6m
va X= 1,5; 3; 6; 9 m).

5.  Két luan va kién nghi

Nghién cttu da phén tich anh hudng ctia tai phan b déu lan can
dén chuyén vi ngang tuwdng vay thong qua céc tham sé: chidu su hé
dao (H), gia tri tai trong (S), pham vi phin bé tai (R) va khoang cach
dat tai (X), v&i két qua dugc biéu dién dwéi dang khong thi nguyén
U* = Uy/H. Két qua cho thiy X va H 1a hai thong sb chi phéi ddi vai
chuyén vi trong pham vi khao sat; trong khi anh hwéng ctia S va R giam
dn va c6 thé khoé phan biét & mot sb giai doan dio sau.

- Anh huéng ctia X: u* giam dan khi X gia ting tit 1,5 m dén 6 m,
khi X = 6 m thi u* gin nhv hoi tu. Tuy nhién, triong hop dai tai hep
(R= 3 m), gié tri u* lai gia ting khi X tang ti¥ 1,5 dén 3 m, sau d6 giam
dan, cho thiy c6 mot khoang cach bt lgi theo X (dic biét khi X= 3 m);

- Anh hwéng cta H: u* giam 16 rét khi H ting va ¢6 xu huéng
bdo hoa & giai doan hé dao sau hon (H= 6 m); cdc trwdng hop dién
hinh cho th4y u*giam khoang 45 % & giai doan H= 2 dén 4 m va giam
khoang 15 % khi H= 6 m;

- Anh hudng ctia R phu thuge vao X: khi tai dit gin tudng, ting
gia tri R ¢6 thé din dén u* ting nhe do pham vi phan bé tai dugc m&
rong. Nhin chung, pham vi phan b6 tai R c6 anh hwéng khong déng ké
dén chuyén vi clia twong vay nhu H va X.

Chuyén vi chuén héa u* duge khuyén nghi sit dung trong so sanh

giita cac giai doan dio vi chi s6 nay phan 4nh truc tiép hiéu qua khéng

ché bién dang ctia hé chéng theo giai doan thi c6ng va thuan loi cho
viée xay dung cac méi quan hé du bao tdng quat.

Nghién cifu hién tai vAn con mét sb han ché nhv chva xét dén
anh hwéng clia muc nude ngdm va qua trinh ha mue nude theo titng
giai doan d3o; chwa mé hinh hoé chi tiét anh huéng ctia qué trinh thi
cOng twong vay va tuong tac gitta tuong vay va hé méng cong trinh
trong pham vi h6 ddo. Trén co s& dé, cic nghién citu tiép theo nén xét
dén diéu kién ha myc nuée ngdm; anh huéng ctia qué trinh thi céng va
tuong tac twong vy va méng coéng trinh; déng thoi mo rong cho dia
tAng ¢6 nhidu phan 16p hoic xét dén tinh khong ddng nhét, khong déng
hwéng ctia nén dAt dé nang cao do tin ciy va kha ning 4p dung trong
thyc té.
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