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PANH GIA ON PINH NEN MONG THAP PIEN GIO CO XET TOI bQ
NHAY CAM CUA CAT BAO HOA VOI TAI TRONG PONG

NGUYEN VAN PHONG" **

The stability of wind power tower foundations considering the sensitivity of
saturated sand to dynamic loads

Abstract: Wind power tower is a special type of structure due to the
distribution of mass and stiffness along the height and the load acting on the
tower. Impacts of wind, waves, and earthquakes are a mixture of cyclical and
dynamic components. These effects can increase the excess pore water
pressure (AU) in saturated sand and reduce the soil strength. The degree of
durability reduction depends on the dynamic loading characteristics and the
possibility of increasing AU or the sensitivity of the soil to dynamic loading.
Using theoretical analysis, the article provided a method to evaluate the
durability of saturated sand when subjected to dynamic loads through the
durability coefficient (Ireq); and proposed the use of durability coefficient
(Ireq) to determine the attenuation coefficients (yeqi and yeq2) in calculating the
load-bearing capacity of piles and the influence factor (Fiy) to evaluate the
stability of the shallow foundation for wind power tower on saturated sandy
soil.

Keywords: sensitive soil, dynamic load, win power tower, durability

coefficient, attenuation coefficient

1. Mé diu

Theo nghién ciru ciia Ngan hang Thé gidi,
Viét Nam 1a mot trong 4 nudc ¢6 tiém ning gio
16n nhat trong khu vuc, voi hon 39% téng dién
tich ciia Viét Nam duoc udce tinh 1a c6 toc do gio
trung binh hang ndm 16n hon 6m/s, & dd cao 65m,
tuong dwong véi tong cong suat 512 GW. Chinh
vi vay, nang lugng dién gi6 da va dang c6 nhiing
budc phat trién manh m& & nudce ta va duoc Nha
nuée khuyén khich phat trién. Cong trinh chinh
trong cac du an di¢n gi6 1a thap dién gi6. Day la
loai cong trinh ¢6 cAu tric hinh dang va tai trong

* Truong Pai hoc M6 - Dia chit

** Nhom nghién ctru Dia chit cong trinh va Dia moi
truong — EEG

Email: nvphongdcct@gmail.com

dac bi¢t do sy phan b6 khoi lugng va dd cung doc
theo chiéu cao va tai trong tac dong 1én thap.
Qua trinh hoat ddng cua tuabin di¢n gio luon
chiu cac tac dong lam phat sinh tai trong dong
nhu gi6, song bién (ddi voi dy an ngoai khoi),
dong dat va hoat dong quay cua roto. Dudi tac
dung cua tai trong dong, ap luc nudc 16 rong du
(AU) trong dat nén co thé ting theo thoi gian lam
cho d0 bén cua dat giam, dan t6i giam d¢ 6n dinh
clia cong trinh. Cac khu vuyc tiém ning phat trién
dién gié & nudce ta tap trung & khu vuc ven bién,
noi c6 mat pho bién dat cat bio hoa trong ciu tric
nén. Pay 1a loai dat duoc biét dén co nguy co hoa
long cao, nhay cam vai tai trong dong (Dobry R.,
Powell, 1980). Vi vay, vi¢c tinh toan thiét ké nén
mong thap dién gié & khu vuc c6 mét loai dat nay
ngoai danh gia nguy co hoa léng con phai danh
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gi4 kha ning giam d6 bén va do on dinh ctia nén
mong.

Trén thé gidi, da c6 nhiéu nghién ctru vé mirc
d6 suy giam d6 bén cua dat do ap luc nudc 15
rong du va anh hudng cta né dén kha ning chiu
luc ctia dat nén (Awad Ali Al-Karni, 2001; Vijay
K. Puri, Shamsher Prakash 2013; Lu -Qing Yu,
Li-Zhong Wang, 2015). O Viét Nam, trong
nhimg nam gan day da c6 mot s6 nghién ciru vé
kha ning héa long va dic diém gia ting ap luc
nudc 16 rong trong cat bao hoa khi chiu tai trong
dong (Nguyén Van Phong, 2022, 2023), danh gia
anh hudng cia ty sd ap luc nude 16 rong dén sirc
chiu tai cia méng coc (Nguyén Vin Phong,
2020) va méng beé (V5 Phan, Nguyén Dirc Huy,
2016). Nhin chung, cac nghién ctru déu cho thy
kha nang gia tang ap luc nudc 16 rong trong cat
bao hoa va diéu nay lam suy giam do bén cua dat.

Noi dung bai bao hé thdng co sé 1y thuyét va
dua ra phuong phap danh gia mirc d6 suy giam
d6 bén cua dat theo ty s6 ap luc nude 16 rdng (Ry)
thong qua hé sb bén I, dong thoi dé xuét
phuong phép danh gia 6n dinh nén mong thap

dién gi6 st dung méng néng va mong coc cod xét
to1 muc do gia tang Ry theo tai trong dong.

1. Co sé danh gia dd bén ciia cat bio hoa khi
chiu tdi trong dong
1.1. Sw suy gidm dp bén ciia dit theo R,

Trong thuc té, tai trong dong giy ra boi dong
d4t va hoat dong cua tuabin gid thudng giy ra su
gia ting d4ng ké 4p luc nude 16 rong du trong dét
bdo hoa. Mirc do gia tang ap luc nudc 16 rong du
thuong dugc danh gia thong qua ty s ap luc
nudée 16 rong R, théng qua biéu thirc (1).

R, = Aa—l,] (1

Trong do6: 6’ 12 ing suét hiéu qua.

Ty s6 Ry thay d6i tir 0 dén 1 (hay 100%) tiiy
theo dic diém tai trong dong va loai dat. Trong
d6, Ry ty 1¢ thuan voi ty sb (mg suat dong (CSR
=At/c’, v6i At 14 bién d6 ung suit chu ky) va sb
chu ky gia tai (N) nhu minh hoa & hinh 1. Trong
dat cat bio hoa, R, phu thudc vao dic diém thanh
ph?m hat va do chat.
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100 , ,
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) I
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Hinh 1. Bdc diém gia tang R, theo CSR va s6 chu ky gia tai N trong cdt hat nhé bdo hoa
(Nguyén Vin Phong, 2020)

Sy gia tang ap luc nude 16 rdng du trong dat
lam giam Ung suit hiéu qua va kéo theo do bén
ctia dat giam. Do d6, loai dit ¢ kha ning gia ting
dang ké Ry va giam d6 bén nhanh chong khi chiu
tai trong dong dugc goi la dat nhay cam voi tai
trong dong. Su suy giam do bén theo muc do gia

tang ap lyc nude 16 réng duge 1am o qua biéu
thirc dinh luat Culong vé strc chéng cit cua dat
viét cho dat roi:
T =0o’tge = (o - U)tge (2)
Trong do:
o - Umg suét nén ép tong;
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U — 4p luc nudc 16 rong;

Trong truomg hop cé tai trong dong, ap luc
nuéc 16 réng ting mot luong 1a AU, dan t6i Gng
suat hiéu qua giam mot luong twong ung. Khi do,
d6 bén cia dt (t’red) (xem hinh 2Hinh) dugc viét
lai tr (2) 1a:

T’red = (0'-AU)tgO 3)

Chia biéu thirc (3) cho biéu thirc (2), va dit Lied
= T'red/T’ ta duoc:
Trea (0" —AUtgy 1 AU

= - 4
Ired T a’tggo o' ( )
Vé6i Ru= AU/c’, thay vao biéu thirc (4), ta co:
Lrea =1—Ry Q)
T
P
e ”
Tlred ------------ [ i E \\
’ i >
gy \
I ] ] i
- ! _
(8] sz G (Fl G

Hinh 2. So d@6 biéu dién @ bén suy giam (T'red)
theo AU

Heé s6 Irea bién d6i tir 1 dén 0 theo su gia ting
clia Ry tir 0 dén 1. Khi Irea = 1 hay Ry =0, khong
¢6 su xudt hién ap luc nudc 15 r5ng du trong dat
va do bén cua dt khong bi suy gidm (thed =1°).
Truong hop Ry =1 (hay 100%), I,es = 0 nghia la
dat mat han do bén va & trang thai hoa long.
Trong nhiéu trudng hop ty sb ing suat dong CSR
chwa du 16n hozc thoi gian tic dong (s6 chu ky)
chua du, 0 < Lea< 1 nghia la dat bi mat mot phan
d6 bén. Nhu vay, Ired phan anh d6 6n dinh cua cat
bdo hoa vai tai trong dong. Do do, hé sb L4 duge
goi 1a do 6n dinh cua dat vai tai trong dong (hay
hé sb bén), n6 ciing cho biét muc do nhay cam
ctia dat vdi tai trong dong.

Do bén cua dat cat chi co luc ma sat nén trong
tinh toan, thuong dung chi tiéu biéu kién 1a goc

ma sat trong: & diéu kién khong c6 tai dong, ©° =
c’tge va khi chiu tai dong, T’red = 0°tgQred, VOi
Pred 12 goc ma sat trong cua dat khi chiu tai dong,
duoc xac dinh theo Ireq nhu sau:
t2@red = Ired.tgp hay @red = arctg(lrea.tgp)  (6)

Do bén cua dat khi xét dén muc do nhay cua
dat voi tai trong dong dugc xac dinh theo biéu
thirc:

Tred = Ired.T’ (7

Biéu thirc (7) duoc dung lam co s¢ danh gia
6n dinh nén méng cho thap dién gié co xét téi
mirc d6 nhay cam cua dat véi tai trong dong.
1.2. Phwong phdp xdc dinh R, bing thi nghiém
ba truc dong

Dé xé4c dinh R, trong dat cat bao hoa, thuong
st dung thi nghiém ba truc dong thuc hién theo
tiéu chuan ASTM D5311 véi quy trinh gém 4
bude: ché bi, bio hoa, c¢b két mau va gia tai chu
ky. Trong d6, ba budc dau duoc thyuc hién nham
khoi phuc trang thai, do chit va diéu kién tmg
suat cia mau phu hop véi thuc té (Nguyén Vin
Phong, 2022). Két qua cta thi nghiém cho biét
mirc do gia ting ctia AU, R, theo s6 chu ky gia
tai twong tmg voi ty sb tmg suat dong (CSR) da
cho nhu minh hoa & hinh 3a. Dé tién sir dung
trong thyc té, ngudi ta thuong biéu dién R, véi ty
s6 giita s6 chu ky gia tai (N) v6i sé chu ky gay
hoa long (NL) (Hinh b).

Ru (%)
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80 i i

—
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~
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)
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Hinh 3. Bién doi R, theo chu ky gia tdi.
Duya vao cac biéu dd nay, co thé xac dinh Ry

theo thoi gian tac dung cua tai trong dong (s6 chu
ky twong tmg N) va ty sb tng suit dong do tai
trong dong gy ra trong nén dat (phu thudc vao
tai trong dong va do sau). Véi dac diém tai trong
dong cua tuabin dién gio, ty s6 N/NL duogc lay
bang 1.

2. Tinh toin én dinh méng coc dit trong nén
cat bao hoa chiu tai trong dong
2.1. Cdc h¢ sé giam yéu va phwong phdp xdc
dinh

Theo tiéu chudn TCVN 10304:2014, khi thiét
ké mong coc trong ving dong dat hodc co xét toi
anh hudng cua tai dong, cac gia tri cuong do suc
khang ddu mii (qb) va cuong d6 stc khang bén
(f) can nhan véi cac hé s6 giam yéu diéu kién
lam viéc cua dit nén, tuong Gng 13 yeqr VA Yeq.
Céac hé sb nay phu thude vao loai dat va cuong do
dong dat. Tir khai niém vé cac hé s giam yéu, ¢6
thé xac dinh biéu thuc dinh nghia nhu sau:

q»
Veqr = 22 (8)
dp
ficea)
Yeqz = —— )
qu f'l

Trong do, qv, fi twong ung la cuong do suc
khang dau miii va cuong do sirc khang bén trong
diéu kién thudng; qo(eq), fieq) twong tmg 1a cudng
d6 strc khang dau mili va cuong do stc khang bén
6 xét t6i dong dat.

Vé mit 1y thuyét, cuong d6 strc khang mili cia
dat loai cat duoc xac dinh nhu sau (Shamsher
Prakash, 2008):

qp = 0" Ny (10)

Ab(eq) = 0 Ny(eq) (11)
N va N trong tmg 1a cac hé sé phu thudce
vao goc ma sat trong @ va @red clia dit, c6 thé tra
bang hodc tinh theo biéu thirc:

N, = e™9tg?(45° + %) (12)

(13)
Tién hanh thay biéu thire (11), (10) vao biéu
thure (8) va bién doi, ta duoc:
tg?(45° + £1ed)
tg2(45° + %)

Cuong d6 strc khang bén cho dét cat duoc xac

Ng(eqy = €™t 9%redtg?(45° + _(przed)

Yeq1 = eUrea—Dmtgep (14)

dinh theo cac biéu thirc:

fi = ovi.tgo (15)
fi(eq) = 0°i.t8Pred (16)
Do d¢,
fi tgPre
Veqz =18 = F = Iy (17)

Nhu vy, véi dét cat bio hoa nude co thé st
dung cac biéu thirc (14), (17) dé xac dinh céac hé
sO giam yéu yeql VA Yeqz tir cac chi tiéu Tred VA Qred
néu biét ty sb ap lyc nudc 16 rong R..

2.2. Danh gia on dinh cua mong coc dat trong
nén cdt bio hoa

Van dé 6n dinh cua mong coc khi chiu tai
trong dong phu thudc vao nhiéu yéu t6 nhu: dac
diém tai trong dong, cAu tric nén dat, dic diém
nude dudi dat va loai mong coc. Trong do, van
dé chinh 1a can xac dinh mtc do suy giam sirc
chiu tai ctia coc khi chiu tai trong dong. Béng
cach sir dung hé s6 bén va cac hé s6 giam yéu
(Yeq1 VA Yeqz) 0 nhiing 16p dét bi suy giam do bén
(16p nhay cam vai tai trong dong, c6 lrea<l), Xac
dinh dugc mirc d6 suy giam ma sat thanh va suc
khang dau miii, tir 46 xac dinh mc do suy giam
strc chiu tai ctia coc khi chiu tai trong dong (Qua)
so v6i ban dau (Qu). Mirc d6 suy giam Qua con
phu thudc vao chiéu day va do sau cua nhiing 16p
dat nhay cam véi tai dong. Nhu vay, khi chiu tai
trong dong, surc chiu tai ciia coc giam tur tri s6 Qu
dén tri s6 Qua lam giam do 6n dinh ctia méng coc.
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Mirc d6 suy giam nay duoc déanh gia qua hé sé 6n
dlnh Frea:

_ Qua

Fred - Q (18)

Tir nhitng phén tich & trén, c6 thé thdy Frea phu
thudc truc tiép V40 Ired, dd siu va chiéu day phan
b cta cac 16p dat nhay cam véi tai dong & xung
quanh than coc va mili coc, cling nhu ty 1& chiéu
day cua céac 16p dat nay so v6i chiéu dai tong thé
cuia coc.

3. Tinh toan 6n dinh méng néng dit trén nén
cat bao hoa chiu tai trong dong

3.1. Stec chiu tdi ciia nén dit dwéi méng néng
co xét toi dp nhay cam vdi tdi trong dong

Stic chiu tai ctia nén dat dudi mong nong co
thé duoc tinh theo biéu thirc cua Terzaghi (1943):

Quit = €. Neosc +y.D. N, + (19)
0,5.y.B.N,.s,

Trong do6: y - khdi lugng thé tich cua dét; ¢ —
liwc dinh két don vi; B, D tuong tmg 13 chiéu rong
va do sdu dit mong; Ne, Ng, Ny 1a cac hé s6 khong
thir nguyén phu thudc vao goc ma sat trong ¢ cta
dat; s., sy la cac hé $6 phu thudc vao hinh dang
mong, voi mong tron thi sc =1,3; sy = 0,6.

Cac hé s N, Ng, Ny dugc xac dinh béng cach

tra bang hodc tinh theo cac cong thurc sau:
2

N = a
acos?(45° + %)
a= e(o,75n—%)tan(p

N, = (Nq - 1)cot<p

tan K
2 \cos‘gp

Hién nay, mong noéng cho thap dién gid

thuong sir dung loai méng khdi (trong lyc) co tiét
dién tron. Truong hop moéng dit trén nén cat (¢ =
0), biéu thirc (19) trd thanh:
GQuit =Y-D.Ng +0,3.y.B.N, (20)
Viéc tinh toan 6n dinh méng khéi cho thap
dién gi6 can xét toi muc do suy giam do bén do
tai dong. St chiu tai nén dat trong truong hop

nay duoc xac dinh theo biéu thirc (20), nhung
thay ¢ bang @red :
Qe =v-D.N;/+0,3.y.B.N,’ (21)
D¢ danh gia muc d6 anh hudng do d6 bén cta
dat suy giam khi chiu tai dong dén do 6n dinh, str
dung hé sb anh huéng (Finr):

Fint = it
! Quit’ (22)

Hé s6 Finr c6 thé dung danh gid muc do anh
huéng cua tai dong véi on dinh cua moéng khoi.
Khi Ry =0, Ireq =1 (tdc dong cua tai trong dong
xudng nén dat chwa du 16n hoic dat khong c6 kha
nang gia tang U) thi qui’ = qui, hay Finr= 1 (xem
nhu khong anh huéng). Tri s Irea cang nho thi
qui’ cang giam va Finr cang ting, nguy co mét on
dinh ciia nén moéng ting theo.

3.2. Phwong phdp dinh gid 6n dinh méng néng
ddt trén nén dit nhay ciam véi tdi trong djng

Trong diéu kién binh thuong, H¢ s6 6n dinh
(F) 1a ty sb giita tai trong gidi han (qur) voi tai
trong thuc té (q) (Richards et al., 1993):

P du

q
Khi mong duoc dat trén nén dat nhay cam voi

(23)

tai trong dong, hé sb on dinh khi d6 (F) dugc xac
dinh theo biéu thic:

!
_ Quit

F'= (24)
q
T cac cong thie (22), (23), (24) ta co:
F'= d (25)
F inf

Biéu thirc (25) dugc dung dé danh gia do on
dinh ctia mong ndng cd xét tdi hé s6 anh huéng
do tai trong dong. Yéu cau dé nén dét on dinh 1a
F’ 16n hon hé s6 6n dinh cho phép ([F]): F’ > [F].

4. Két luin

Thép dién gio 1a loai cong trinh 1am phat sinh
tai trong dong, khi dugc xdy dyng trén nén cat
bao hoa, ngoai vi€c phai danh gia nguy co hoa
16ng ctia nén con phai déanh gia kha nang giam do
6n dinh do su gia ting 4p luc nudc 16 réng. Tir
két qua tong hop va phan tich 1y thuyét, c6 thé rat
ra mot sb két luan sau:
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- Mtc d9 nhay cam cua cat bao hoa véi tai
trong dong dugc phan anh qua murc do gia tang
ty s6 ap luc nude 16 rong Ry. Anh huong cia Ry
véi d6 bén cua dat duge danh gia qua hé s6 bén
Tred. Cac thong s6 Tred VA @red duoc st dung 1am
cac chi tiéu dac trung cho do bén cua cat bdo hoa
c6 x¢€t tdi anh hudng cua tai trong dong;

- Viéc tinh toan stc chiu tai ctia coc cho thap
dién gio can ké t6i hé sb giam yéu (yeqi va Yeq),
dugc xac dinh qua hé s6 bén (Ired);

- Ddi véi mong khéi, dd 6n dinh ctia mong can
ké dén hé s6 anh hudng (Finr) khi mong duoc xay
trén nén dat cat bio hoa.

Dé c6 co s¢ danh gia on dinh nén mong thap
dién gid mot cach téng thé, cAn phai co cac
nghién ctru vé kha ning gia ting 4p luc nudc 15
rong trong cac loai dét nén, dic biét 1a 16p chiu
lue, déng thoi ¢ dbi sanh gitta tinh toan va quan
trac thyc té dé co diéu trinh phwong phap cho phu
hop.

LOI CAM ON
Nhom tac gia xin chan thanh cam on B Gido
duc va Do tao da hd trg kinh phi cho nghién ctru
nay trong khuén khé dé tai ma sé B2022 - MDA
-14.
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