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ANH HUONG CUA HO PAO SAU PEN PO LUN MAT NEN CONG TRINH LAN CAN

Nguyén Hong Nam !
P Vin Thiéu
Trin Viin Bao °

Tém tat: Nghién ciru anh hwéng bat loi ciia ho dao sdu khi thi cong cdc cong trinh xdy dung nhie nha cao
tang, cong trinh ngam dén bién dang nén cdc cong trinh lan cdn cé y nghia 1om, nham dam bao an toan va
giam thiéu thiét hai cho con ngudi. Bai bdo gidi thiéu hai phuong phdp phan tich bién dang nén céng trinh
lan cdn ho dao d6 la phwong phdp dam trén nén dan hoi va phicong phdp phan tir hitu han. Nghién clru mo
phong s6 theo hai phwong phdp ndi trén da duoc thuc hién, trong do co xét anh huong cia cdc tham s6 dén
dé hin mat nén nhw chiéu sau ho dao, khodng cdch tir mép hé dao dén cong trinh lan cdn, tai trong bé mat.
Két qua tinh cho thdy chiéu sau hé dao, khodng cach tir mép hé dao d@én cong trinh 1an cdn va tdi trong bé
mat anh huong dang ké dén dé 1an mat nén. Nhin chung cé s phit hop twong doi vé két qua tinh dé hin mdt

nén lan cdn hé dao sdu theo hai phuwong phép néi trén.

I. PAT VAN PE

Thuyc té xay dung céc cong trinh ngam trén dia
ban thanh phd Ha Noi va Ho Chi Minh cho thay
c¢6 rat nhiéu hd méng sau duoc thi cong canh
cac cbng trinh da duoc xay dung trudc d6. Mot
van dé dat ra 1a khi thi cong cac hd dao 1a céc
cong trinh 14n can hd dao s& bi bién dang. P6i
VvGi cac cong trinh 16n, néu van d& nay khong
duogc xur Iy hi€u qua thi tai hoa khon luong co
thé xay ra déi v6i nha dan xung quanh hé dao
khi xay dung cong trinh.

Phan tich bién dang cua toa nha duoc xay
dung tir trudc bén canh mot hd dao sau khi thi
cong hé moéng can duoc thuc hién khi thiét ké
giai phap nén moéng, trong d6 can xét cac yéu td
anh huong do lan mat nén nhu chidu cao toa
nha, chiéu sau hd dao, khoang cach tu hd dao
dén toa nha, dic tinh dat nén. Tir viéc phan tich
nay, cd thé tim ra cac tham sé anh hudng chinh
va cac bién phap xtr 1y hiéu qua dé tang mac do
an toan cho toa nha ciing nhu giam thiéu thiét
hai.

Bai bdo gidi thi€u va so sanh hai phuong phép
tinh lin mit nén cong trinh lan can hd dao 1a
phuong phap dim trén nén dan hdi va phuong
phap phan tir hitu han.

Il. TINH LUN CONG TRINH LAN CAN
HO PAO THEO PHUONG PHAP DAM
TREN NEN DAN HOI
2.1 Cosoly thuyet
Mot toa nha nim gan mot hd dao sau duge md
phong boi mét dam v6 han c6 do clng chdng
u6n EJ. Tuong tac giita toa nha va dat nén duoc

thé hién bdi so dd dam trén nén dan hoi
(I’ichev va nnk, 2006). M6 hinh Winkler thé
hién sy tuong tac gilra toda nha va dat bé mat.
Chi Y rang tng xtr cua dat ciing ¢ thé duge md
phong bdi cac mo hinh khac nhu moé hinh lién
tuc, do lun bé mit xung quanh hd dao dugc xac
dinh tir 101 giai ciia nhitng bai toan nay.

Phuong trinh vi phéan tryc uén ctua dam duoc
gia thiét nhu sau:

4V | o =
B ) ky(x)=q (1)

trong d6, k 1a hé s6 phan luc nén; q Ia tai trong
phan bb tac dung 1én dam.
Ta xét truong hop cac gdi tua c6 chuyén vi nhit
dinh cho trude f (x) (Hinh 1b), nhu 13 két qua
ctia su bién dang do chén sdu nhat dinh. Nhitng
bién dang nay khong dang ké va ching khong
lam thay doi dic tinh cua dét trén bé mat, tac 1a
hé s phan luc nén duoc giit nguyén nhu trude
do.

Chuyén vi cua cac gbi do ciia dam ( f (X)) ¢6
thé duoc viét nhu sau:

V() = W) + (9 @
£2. 7500 4 [y - 100)=

(3a)

4
EJ. aay( ) b ky() =q+k (X (3b)
X
ngn h¢ gitta d Iin bé plét va khoang cach
t01 ho dao sdu dugc gia thi€t dudi day, dya trén
két qua thuc nghiém:
@ = fleia?K

H, (4)
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Trong d6: H, 1a d¢ sau hd dao, o =0.7552,
f, 1a hé s6 kinh nghiém, dic trung do lan bé
mit 16n nhat. f, = (0.1 -10.1)% H, .
f, 1ay trung binh bang 1.1% H,

pit b=—%-
H k
Do6i voi truong hop nha cach hd dao mot
khoang L (Hinh 2), diém goc toa do truc x duoc
dat tai dau trai cua dam. Do do:

4
EJ. 8ay(x) Fky(x) =q+k f.H, .e™D (5)
X

4

Nghiém tong quat cua phuong trinh khong thuan
nhat (5) c6 thé viét nhu sau:

yTQ.KTN = yTQ.TN t Yekme T Yrkme
Trong do Y1 QTN la nghiém cua phuong trinh
thuan nhét (6) duéi day:
4
£y 4Y(X)

dx*

+ky(x) =0 (6)

Nghiém téng quat ciia phuong trinh thuin nhat
c6 the dugc viet dudi dang sau:
— a—AX H
yTQ.TN =e ™ (Acos Ax +Bsin Ax )+

e™ (Ccos Ax + D sin Ax) (7

Trong d6, A =14 K
4E]

Cac héng s6 A,B,C,D dugc xac dinh tir diéu
kién bién.

Dbi v6i dam nira vo han, C=0 va D=0 trong 1o
giai nghiém téng quat ctia phuong trinh (7) khi
x>0. Vi cac sb hang thtr 3 va thir 4 ting vo han
khi X — oo . Piéu nay mau thun v6i ¥ nghia vat
ly cua bai toan da néu.

Nhu vady phuong trinh (7) c6 dang sau:
= e ™(Acos Ax+ B sinAx) (7,a)

YTQIN
Y r vy duoc xac dinh tir phuong trinh sau:
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v
Hinh 2. M6 hinh nha va hé dao (khéng cting
mot ty 16).
4
.29 v ky=qg  ©®
OX
s
y R.KTN1 k

Y r kv dugc gidi tir phuong trinh sau:

o'y

OX . )

bat nghiém riéng khong thuan nhat 2 c6 dang
y R.KTN2 = kl ) e_bx

EJb*k.e™ + kk.e™ =k.f.H e e™

£3. 99 4 kv = k. 1, H, e 0D

kf H
trong d6, k, = —L1 K%
990 5 = ik
Suy ra LR €)

Yrkme= m :

Toa nha dugc xem nhu mdt dam nira vo han
dugc chit tai boi trong lwong ngdi nha (tinh tir
dinh) va boi cac chuyén vi nén phy thém do su
xuit hién cua hd dao sau bén canh toa nha gay
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ra. Cac hing sd A, B co thé xac dinh tir cac diéu
kién bién dudi day.
Tai di€m goc toa do x=0, m0 men udén M= 0,

luc cit Q= 0.
Ta gia thiét rang:
0*y(x) o’y(x)
M= - EJ. ; =- EJ. 10
OX? Q ox® (10

Trong trudng hop nay, diéu kién bién s& dugc
viet dudi dang sau:

2 3
A IO TR S K L G
X OX
Dao ham phuong trinh:
Yroxm = € *(Acos Ax + B sin Ax) + %
k.f.H
+ 1" 'k . —b(x+L) 12
EJb* +k (12)
a k'f14= o0 taduoc:
EJb” +k
2 bl 34-bL 2 -bL
B=5be2 VaAzébe3 _ébe2
24 20 24
k .
bat Ax=¢& t do A= va
a & trong do 1,4EJ
7 (&) = e (cos& —sin¢)
T (65) =e” cos &
7 (&) = e(sing+cosg)  (13)
My (5) = e*sin g
Phuong trinh (12) c6 thé duoc viét nhu sau:
Yok = A, (5) + B, (f) +%
+ k-lek ) —b(x+L)
EJb* +k
y(x)=
b2e—bL b bl
5{ 212 Kz—ljm (§)+77|v (g)]"e 8 L)}
q
+ 2 14
” (14)
bat e va
a =
at YE
b b(x+
¢(X): '//Kz—ljﬂu (§)+77|v (5)}"'6‘ blcet)
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Cudi cing: y(x)= 5¢(x)+% (15)

Phuong trinh (15) 1a phuong trinh truc uén
ctia dam dudi tac dung cua tai trong phan bb déu
trong pham vi lan can hé ddo, nhan duoc tir gia
thiét sy tiép xuc gitta ddm va nén dugc dam bao.

Cong thurc xac dinh do lin cda tda nha trén
moéng bang sudt chidu dai ciia n6 trong pham vi
1an can hd dao duogc viét dudi dang sau:

S(x)=k{5¢(x)+ﬂ

AfHY Lk

(@*+AH!) "B

-k : 13 hé s6 phan Iyc nén (kN/m?)

-EJ: 1a d6 ctng cta toa nha, phu thudc vao sb
tang (KNm?/m; xem Bang 1)

-: 1a ap suat day mong tai mit dudi mong
bang cua toa nha.

-k;: hé sb xét anh hudng cua loai két ciu chin
dat hdé dao, nhan duoc tur quan sat chuyén Vi
thue té cua toa nha gan hd dao.

-Hy: chiéu sau hé dao (m)

-x: 1a toa d6 diém doc chiéu dai toa nha (m),
x=0 tai ddu toa nha gan hd dao nhat.

Hé s6 phan luc nén c6 thé xac dinh tir cong
thirc Gorbunov-Posadov:

1.14E,

kz(l—vzj;’

trong d6 E, 12 mé dun bién dang cua dat nén.

(16)

Trong d6: 6 =

v : hé s6 possion , ' : Chiéu rong mong

Bang 1 Trj s6 EJ cta toa nha

Nha EJ, kNm“/m
Dam san 6,47.10°
Mot tang 2.00.10"
Ba ting 6.00.10°
Nim tang 6,98.10°
Mudi tang 4,39.10°

2.2 Nghién ciru tham s6
Cong thirc (16) cho thiy do lun cia toa nha
phu thudc vao cac tham s6 ¢6 lién quan dén: hd
dao (Hx, ki), nha (g, EJ, L) va dat nén (v, E,, k).
bé thuén tién cho viéc tinh toan va so sanh két
qua, anh hudng cia tham sé duoc xem xét dudi
day:
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2.2.1 Anh huéng ciia chiéu sdu ho dao Hy

Ta xét anh hudng cua chiéu sau hd dao voi
cac gia tri Hc=3, 5, 7 va 10m.

Céc thong s6 khac dugc chon nhu sau:

EJ=6,98.10° kNm?’/m (xét nha 5 ting);
Eo=10°kN/m?, g=50 kN/m? L=2m, v=0.35,
a'=1, k,=0.8.

Hinh 3 thé hién anh huong dang ké cua chiéq
sau ho dao Hy dén d¢ lin mdt nén Uy. CO thé
thay rang ho dao cang sau thi d6 lan cang lon.

2.2.2 Anh huong cua khodng cdch tir mép hé
dao dén cong trinh L

Anh huong cta khoang cach tinh tir mép hé
dao dén cong trinh L duoc Xét véi cac gia tri
khac nhau: L=0, 2, 6, 10 va 12 m, trong khi cb
dinh chiéu sau ho dao Hi=10m va cc tham sb
khac noi trén.

Hinh 4 cho thdy anh huong cua khoang cach L
dén d6 lan mat nén Uy. C4 thé thay rang hd dao
cang cach xa cong trinh thi d§ lin cang nhd.

Dbi voi nhitng cong trinh dugc xdy trong do
thi v6i mat d6 nha day, khoang cach tir mép hd
dao dén nha xung quanh (L) thuong nho. Két
qua md phong (Hinh 4) cho thiy khi L nho, do
lGn mat nén 16n. Tuy nhién, so voi dd lan do anh
huong cua chiéu sau hd dao Hy (Hinh 3) thi do
lan do anh hudng cia khoang cach hé dao dén
cong trinh nho hon.

I1l. TINH BIEN DANG CONG TRINH LAN
CAN HO PAO THEO PHUONG PHAP
PHAN TU HUU HAN

3.1 Mé phéng bdi todn hé dao

Hé dao duge md phong theo so db bai toan
phang. Vi h dao ddi xting nén chi can xét mot
nira bai toan (Hinh 5). Cac thong s6 md phong
cua bai toan vi du nhu sau:

Chiéu sdu hd dao Hy=10m, Khoang cach tu
mép h6é dao dén cong trinh 1an can L= =2m, tai
trong bé mit q= 50kN/m?, muc nudce ngam nam
sdu. Tuong clr Larssen va thanh chdng ngang
bang thép.

Piat nén dugc md phong theo md hinh Mohr-
Coulomb véi cac gia tri dwoc thé hién trong
Béng 2.

Tuong clr dwoc md phong boi phan tir Plate.
M6 dun dan hdi E=2,1.10% kKN/m?. Céc thong sb
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cho 1m chiéu rong tuong dugc thé hién trong
Bang 3.
Khoang cach tinh t&r mép hd dao (m)
0 10 20 30 40 5 60 70

0.0
-0.1
E q=50 kN/m”
5‘ -0.2 F L=2m
& "2
Q 03} -
T e
E o4l [
T "
@®-
= _.-l' —m— Hk=10m
S 05}a —e— Hk=7m
©- Hk=5m
O o6l —v— Hk=3m
-0.7

Hinh 3. Anh hudng cta chiéu sau hd dao dén do

lan mét nén.
Khoang céach tinh tir mép hé dao (m)

0 10 20 30 40 50 60 70 80

0.0 -
T T T T R
01} /;,_‘»f"
E J =50 kN/m’
> 02 H,=10m
5
0 .03}
=
E o4l
©-
- [ —m—L=0m
S -05 b —e—L=2m
©- 1 —A—L=6m
O o6l —v—L=10m
—e—L=12m
0.7

Hinh 4. Anh huéng cta khoang cach tir mép hé
dao dén cong trinh dén d§ lun mat nén.

A —

zlzlz

&

e i i
k.3 + +F

Hinh 5. M6 hinh bai toan.
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Thanh chdng ngang bing thép can tiét dién
chit T voi cac thong sb k§ thuat nhu sau :
h=450mm, b=160mm, d=8.6mm, t=14.2mm,
R=16mm, E = 2,1.10° KkN/m’, A=83cm’,
J,=27450cm*, Jy:807cm4, trong lugng riéng
65.2kg/m. EA = 1,743.10° kN.

Ludi phan tir hitu han bao gom c&c phan tir
tam giac 15 diém nat (Hinh 6). Ludi duoc 1am
min cuc bd tai nhitng chd thay d6i ing suét.

Truong hop thi cong dugec xem xét tinh toan.
Trinh ty thi cong hdé méng nhu sau:

-Giai doan 1: Bong cu thép Larsen bao quanh
hé mong, dio hé méng tir cao trinh mat nén
(+30m) xudng cao trinh +26m.

-Giai doan 2: Lap thanh chdng ngang thir nhat
tai cao trinh +28 m.

-Giai doan 3: Pao xudng cao trinh +23m.

-Giai doan 4: Lap thanh chéng ngang thu 2 tai
cao trinh +24 m.

-Giai doan 5: Pao xudng cao trinh day hd mong
+20m.

Phan mém Plaxis version 8.6 (Brinkgreve va
nnk, 2006) duoc sir dung phan tich bién dang.

Hinh 7 thé hién két qua tinh toan bién dang tai
giai doan cudi cung khi dao dén day hé mong va
lip dat cac thanh chéng ngang.

Bang 2. Thong s mo hinh Mohr-Coulomb dbi
V&1 dat nén

www.vncold.vn

Tham s6 Ponvi | Gia tri
Trong lugng riéng y kN/m® | 18
GOc ma sat trong ¢ do 15
Lyc dinh ¢ kN/m* [ 5

Goc no do 0
Modul bién dang Eq kPa 10°
Hg¢ s6 poission v - 0.35

Bang 3. Céc thong sé md hinh tudng cir thép

Tham sb Pon vi Gia tri
Dién tich mat | cm? 96.99

cit ngang A

Trong luwong | KN/m® 12

rieng W

Moémen quan | cm’/m 38,6.10°
tinh 1

EA kN/m 2,037.10°
El kNm“m | 8,1.10°
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BB B

B B

0

Hanoi W,

Hinh 7. Ludi bién dang khi dao xudng day hd
maong.

boxung 176 fater Resources University

3.2 Nghién ciru anh hwéng tham sé

Céac Hinh 8 dén 10 thé hién két qua do lin
mat nén theo chiéu dai nha khi cac thong sb
chiéu sdu hé dao Hy, khoang céch tir mép hd
dao dén toa nha L, va tai trong bé mit q thay
ddi. Hinh 9 va 10 lan luot cho thiy anh hudng
cia L, q dén d6 Ian bé mat rd rét. HS dao thi
cong cang gan cong trinh va tai trong cang 16n
thi d6 lun mit nén cong trinh cang 16n.

Can chi ¥ anh hudng cta tai trong bé mat dén
d6 1an cong trinh tinh theo phwong phap phan tir
hiru han 14 dang ké (Hinh 10), trong khi két qua
tinh lun theo phuong phap 1y thuyét dan hoi
khong cho thiy anh hudng rd rét cia tai trong bé
mit dén dd lin mat nén.

IV. SO SANH KET QUA TiNH LUN THEO
PHUONG PHAP DAM TREN NEN DAN
HOI VA PHAN TU HU'U HAN

Hinh 11 va 12 so sanh két qua tinh 6 lin mat
nén theo phuong phap dam trén dan hdi va phan
ttr hitu han khi khoang cach tinh tir mép hd dao
thay d6i, dbi voi phuong an H=7 va 10m.
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Trong mdi truong hop so sanh, cac gia tri tham
sO thiét ké nhu khoang cach hd dao dén cong

trinh, tai trong bé mit duge gitr ¢d dinh.
Khoang céach tinh tur mép hé dao (m)

0 10 20 30 40 50 60 70

OO T T T T ’_'. T
= q=50 kN/m?
é L=2m
>
-]
=3
5
= u
—— u
)0- . ]
= ]
= g —a—Hk=10m
3 o5 F —e—Hk=7m
O
Q

-0.6 |

-0.7

Hinh 8. Anh huong cta chiéu sdu hd dao dén do

lan mit nén.
Khoang céach tinh tir mép hé dao (m)

20 30 40 50 60 70

T
£ q=50 kN/m?
> H,=10m
c
S5
c
-
1S
=
b —m—L=2m
S —e—|=6m
- —a—L=10m
QO o6l —v—L=12m

-0.7

Hinh 9.,Anh hudng cua khoang cach tur hé dao
dén cong trinh dén d6 in mat nén.

Hinh 11 cho thiy d6i v6i pham vi lan can hb
dao, hai phuong phap dam trén nén dan hoi va
phan tir hitu han cho két qua d6 lin bé mat
tuong d6i phit hop trong truong hop hé méng
sau (Hx=10m). Tuy nhién, tai cac vi tri xa hd
dao thi co sy sai khac vé két qua tinh lin theo
hai phuong phap noéi trén. Ngoai ra phuong
phép dam trén nén dan hdi chua xét dugc pham
vi vong bé mat nén nhu phuong phép phan tir
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hitu han da md phong (tham khao Potts va
Zdravkovic, 2001).
Khoéng céch tinh t&r mép hé dao (m)

30 40 50 60 70

0
00 L T T Aalape=al T
—~ 02 J £ H=10m
§, \ .; L=2m
> ®
D ®
2 ol £
c (]
-
€
5 -0.6 —m—qg=25kPa
6_ ! —e— =50 kPa
[n) . —A—g=60 kPa
-0.8

Hinh 10. Anh huéng cua tai trong bé mit dén do
[in mat nén.

Khoang cach tinh tir mép hé dao (m)
0 10 20 30 40 50 60 70

E

3> - =50 kN/m”

D» o E=2m

§ 03} H,=10m

T

£ o4

E.

5 -0.5 H

’Se A A 2 N 2

O o6l —u— Dam trén nén dan héi
' —e— Phén tif hitu han

-0.7

Hinh 11. So sanh két qua tinh lin v6i H=10m.

Hinh 12 cho thay, d6i véi H=7m, két qua tinh
d6 1Un tai pham vi 1an can hd dao theo phuwong
phap dam trén nén dan hoi I6n hon gia tri twong
tg tinh theo phuong phéap phan tir hitu han.

Nhin chung trong pham vi lan can hé dao do
lin tinh theo hai phuong phap cé thé phi hop
néu Chon dugc hé s6 k, thich hop.

Vi sb truong hop so sanh trong nghién ctru
nay con han ché nén can xét nhidu truong hop
tinh in dé danh gi4 toan dién hon.
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Khoang céach tinh ti mép hé dao (m)

0 10 20 30 40 50 60

0.0 £ .

o 01 ° =50 kN/m’

g L=2m

=) S H=7m

2 o2(m & ‘

5 ®

c s

Xo- (]

£ 03 &

c (X

s |y

8. 04L —m— Dél:"l tr?n Pén dan hoi

—e— Phan t& hiru han

-0.5

Hinh 12. So sanh két qua tinh lin v&i He=7m.

Cha y rang so v6i phuong phap dam trén nén
dan hoi thi phuong phap phan tir hiru han c6 vu
diém hon vi ngoai d¢ lin, n6 con cho Kkét qua
tinh chuyén vi ngang cua dat nén va noi lyc
trong két ciu chan giir hd dao. Trong thuc té khi
thi cong cac hd moéng sau thi chuyén vi ngang
cling dugc quan tam lon.

Dé kiém nghiém cac két qua tinh toan do lan
ciia nén theo cac phuong phap khac nhau can
cac s6 liéu do bién dang tai hién truong.

V. KET LUAN

Nghién ctru anh hudéng cua hd dao sau dén do
lan nén cong trinh 1an can 13 mot trong nhitng
van d& dang duogc quan tdm trong xay dung
cong trinh tai cac do6 thi hién nay.

Két qua nghién ciru bai toan tinh lin mit nén
cong trinh lan can hé dao sau theo phuong phap
dam trén nén dan hoi va phuong phap phan tir
hiru han, trong d6 cé xét cac tham so anh huong
nhu chidu sau hé dao, khoang cach hé dao dén
cong trinh 14n can, tai trong cong trinh cho thay:

Céc tham sb anh hudéng lon dén d6 lin mit
nén cong trinh 1an can hd dao bao gém chidu
sdu hd dao Hy, khoang cach tir mép hd dao dén
cong trinh 1an can L, va tai trong cong trinh q.
Nhin chung d6 lan mat nén cong trinh lan can
hé ddo tang khi Hy tang, L giam, q tang.

Nhin chung c¢6 su phd hop nhat dinh vé két
qua tinh toan lin mit nén lan can hd dao sau
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theo phuwong phap dim trén nén dan hodi va phin

70 t{r hitu han.

Nghién ctru hién tai chi gioi han voi tuong cur
thép c6 thanh chong ngang, myc nudc ngam
nam sau, dat nén dong chit. Cac nghién ctu tlep
theo can mo rong ddi v6i nhidu loai két cu
chan giit hé dao khac nhau nhu tudng cir thép,
bé tong cdt thép c6 neo hoic thanh chéng
ngang, myc nudc ngam ndng, dat nén nhiéu 16p
dé co danh gia day da hon.
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Effect of deep excavation on the surface
settlements of adjacent buildings

Abstract: Study on the effect of deep excavation on
surface settlements of adjacent buildings has
significant meaning in order to provide safe
measures and to reduce the risk for people. This
paper introduced two methods, namely the beam on
elastic foundation and the finite element method, to
analyze the surface settlements of buildings near a
deep excavation. The simulation results showed that
in general the excavation depth, distance from
excavation to the building and surcharge could
significantly affect the settlement. In general, there
were rather consistencies in the settlements,
calculated by the two methods, of buildings near a
deep excavation.




