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NGHIEN Cl’U NG DUNG NEO CANH XOAN TRONG HE THONG
NEO NHA MAY BIEN MAT TRO' NOI

STUDY TO APPLY HELIX ANCHOR IN THE ANCHORING SYSTEM OF THE
FLOATING SOLAR POWER PLANT

ThS. Nguyén Ha An, ThS. Tran Anh Tuin
Vién Nghién ctru Co khi — B Cong Thuong

TOM TAT

Neo cdnh xodn vmg dung trong hé thong neo ciia nha mdy dién mdt troi noi la truc ¢é cdnh
xodn, truc 1a thanh vuong, tron dac hodac thép 5ng dwgce han cac canh xodn. Céac canh xodn dwoc
lam bang tam thép, dwoc ép thanh hinh buedc ren vit. Khi neo xoay trong ddt, cdc cdnh xodn sinh ra
liee ddy hwéng truc lam cho né tién vé phia truée. Neo canh xodn dwoc thiét ké thay doi dé dap img
tdi trong yéu cau theo hinh dang kinh té va hiéu qua nhdt dong thoi dwoc sir dung dé truyén cdc tdi
trong tir bé mat xudng sdu hon, dia tang chiu luc phit hop.

Bai bdo trinh bay tém tdt két qua nghién civu, tinh todn tdi trong va thong sé co ban ciia neo
dp dung thir nghiém va iing dung thuc té trong hé thong neo nha mdy dién mdt troi néi.

Tir khéa: Neo canh xodan; Hé th(fng neo, Nha may dién mdt troi noi.
ABSTRACT

Helix anchor applies in the anchoring system of the floating solar power plant, is pile with
helix plate, the pile is made of solid square, circle bar or tubular steel shaft to which helix plates
are welded. The helix plates are made of steel plate, and pressed to proper form of a pitched screw
thread. When the helix anchor rotates in the ground, the helix plates generate axial force to make
it to advance. The helix anchor is designed variably to response the required load according to the
most economical and effective configuration at the same time is used to transfer the load from the
surface to deeper, more suitable load-bearing strata.

This article presents a summary of the studied results, load calculation and basic parameter
of helix anchor applied for real test and real apply in the anchoring system of the floating solar
power plant.

Keywords: Helix anchor; Anchoring system,; Floating solar power plant.
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1. GIOI THIEU VE HE THONG NEO VA
UNG DUNG

Cung voi su phat trién cta nén kinh té
nudc ta, nganh dién da phat trién manh mé dé
dap Ung ning luong trong d6 nang lugng tai
tao, nang luong sach nhu dién mat troi, dién
gid... dugc uu tién phat trién. Cac nha may
dién mat troi ndi trén cac hd thuy dién, hd thuy
loi tiét kiém quy dat va toi wu kha nang phat
dién.

Nha may dién mit troi ndi gdm nhimng
mang phao duoc lién két bai phao d& pin, phao
két ndi, phao dudng di... bang cac chét lién
két. Xung quanh cic mang phao 1a hanh lang
di lai va dung dé két ndi véi hé théng neo. Hé
théng neo dam bao cac mang phao c¢b dinh va
¢6 thé dich chuyén trong khoang cho phép duéi
tac dong cua song, gid, dong chay va myuc nude
dao dong. Tai mdi diém neo, mot cap neo chinh
két ndi véi cac nhanh cap phu dé giam s lugng
cac diém neo. Goc 16n nhat gitta day neo va
mit phang nam ngang 1a 30°.

Hinh 1. H¢ thong neo cua nha may dién mat troi noi

Hé thong neo trong nha may dién mat
troi ndi co thé st dung loai neo canh x0an hodc
neo bé tong phu thudc vao yéu ciu cua timg
cong trinh ciing nhu két qua khao sat dia hinh,
dia chat. Neo canh xoan di dugc sir dung rong
rai trong cac nganh xay dung, giao thong....
Trén thé gidi, neo ciing dd dugc tng dung trong
cac nha may dién mit troi ndi. O Viét Nam,
Vién Nghién ctru Co khi dua vao tng dung

trong hé thong neo cua nha may dién mat troi
noi trong thoi gian gan day.

Neo canh xodn bao gém c6 hai phén Ia
truc neo va canh neo. Truc neo duoc ché tao tir
thép dic hinh tron, vudng hoic thép 6ng: kich
thudc tryc vudng tir 38mm tdi 60mm va thanh
tron dudng kinh ngoai tir 60 t&i 324mm. Chiéu
dai truc dugc tinh todn dap Ung tai trong yéu
cau clia neo.

P L e
Hinh 2. Neo cénh xodn va thiét bi ld’p dat

Canh xodn duoc lam tir thép tam, cat
va ép dung bién dang bang may va khudn ép
thity lyc. Mdi canh xodn 360° v6i budc xoin
tir 76mm dén 152mm. Canh xoén phai c6 budc
d6ng nhét dé giam thiéu nhidu loan ctia dit trong
khi 1ap dat. Chiéu day canh xodn thong thudng
tor 5 té1 31,75mm, phu thudc vao duong kinh
truc va cac diéu kién tai trong. Khoang cach
giita hai canh bat ky khoang 2 - 3 lan duong
kinh ctia canh xoan. Khi thi cong trén ho, dung
may thuy luc trén thiét bi ndi dé truyén mé men
xoan qua thanh kelly lién két véi dau neo.

2. CO SO TINH TOAN KET CAU NEO
2.1. Phuwong phap tinh toan két ciu neo

Tinh toan tai trong kéo hodc nén t6i han
cua neo cho phép xac dinh cac dac tinh dinh dang
co ban ciia neo (duong kinh canh xoan, khoang
cach giira cac canh, chiéu dai neo, duong kinh
truc neo...). Hai phuong phap tinh co ban la
phuong phap cit hinh try va phuong phép chiu
luc don 1¢ dua trén stre bén va co tinh cia dat.
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Phuong phép tinh toan du bao mé men
X04n lép dat duoc dya trén tai trong va hé sb
thuc nghiém. Cac kiém nghiém kéo, udn, xodn
dua trén tai trong va mo men cia neo.

2.2. Tinh toan tai trong tdi han cia neo theo
phwong phap cit hinh tru

Phuong phap nay dua trén gia thuyét
rang trang thai cua neo xoan 13 trung gian gitra
phan d4t chén xung quanh neo va phan dit mo
rong Xung quanh. Tong tai trong cua neo (Q)
bao gom tai trong nén cua dat phia trén cua
céqh tr’én cung (Q,), luc ’cén cit hinh try cta
khoi dat gitra cac canh xoa“}n (Q,) va luc can ma
sat/bam dinh doc theo phan truc neo phia trén
canh xodn trén cing (Q,). Luc can kéo duoc
xac dinh nhu sau ([1], [2]):

Q=A (cN +c'N)+A S +nDLQ,
= Q,+Q,*+Q, (D

Tai trong nén cua dat phia trén canh
xo0dn trén cung:

Q,=A (eN +c'N) (2)
Trong do:

A : Dién tich cﬁa cént} X04n trén cung;

c¢: Luc dinh két cua dat;

NC: Hé s6 chiu tai d6i v6i luc bam dinh;

Ung suat doc thuc té, duoc xéc

dinh: ' = H xy, (H: Chiéu sau cta canh thi
nhit; Y, Kh01 lu’0’ng riéng ctia dét);

N Hé sO chiu tai dbi véi 16p dat phi
bén trén.

Lyc can cat hinh tru cua khoi dat gitra
cac canh xoan:

QZ - AcsSu (3)
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Trong do:

A,cs: Dién tich bé mat cua tru cét gitra
canh xodn trén cung va dudi cung (A =
nD L,);

D_: Duong kinh trung binh cua bé mit
try cit, VO’l D = (D, +D)/2;

D Duong kinh ctia canh xodn duéi
cung;

D,: Buong kinh canh X0dn trén cfmg;

L Khoang cach glu:a cac canh xoan;

S Do bén cit ciia dat.

18,
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Hinh 3. So' do phirong phdp cdt hinh tru

Luc can ma sat/bam dinh doc theo phan
truc neo phia trén canh xoan trén cung:

Q,=nDLQ, 4)
Trong do:

D: Duong kinh ngoai cua truc neo;
L Chiéu dai cta truc phia trén cac canh

tiép xuc v6i dat;

&
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Q_: Luc can tryc, duge xac dinh: Q = a
xS, (B):

o: H¢ s6 bam dinh cua truc, o = 0,21 +
0,26x(P /S ) <1 ([3]); P_: Ap suat khi quyén.

Thong thuong, c6 thé bé qua hoan toan
thanh phﬁn Iuc bam dinh/ma sat cua truc dac,
bdi vi cac truc nay thuong co dién tich bé mat
nho. Ddi véi truc rdng, thuong cé dién tich bé
mat 16n hon, do d6 luc can bam dinh/ma sat cua
truc c6 thé 1a mot phan dang ké cua tong luc
can.

2.3. Tinh toan tai trong tdi han cia neo theo
phwong phap chiu luec riéng 1é

Phuong phap chiu luc riéng 1¢ dya trén
gia thuyét mdi canh xodn ctia neo hoat dong
doc lap trong dat. Tai trong toi han ctia neo khi
d6 bang tong cua cac luc can 1én cac canh xodn
riéng 1¢ va lyc can ma sat/bam dinh doc theo
phan tryc neo phia trén canh xodn trén cing.
Luc can ma sat/bam dinh c6 thé 1a mot phan
dang ké hodc bo qua tiy thudc vao kich thudc
clia truc neo. Tong tai trong dugc xac dinh nhu

sau ([1], [2]):
Q=Z2[A, (N + o' N)]+7DLQ, (5)

Trong do:

A, Dién tich hinh chiéu cua canh xoan
thtr 1 1én mdt phang ngang;

¢: Luc dinh két cua dat;

N_: Hé s6 chiu tai d6i v6i luc bam dinh;

(o Ung suat doc ‘thl_IC té, duoc xac
dinh: G'Vi’: H xvy (H: Chiéu, sau cua canh thr
i; v_: Khoi lugng riéng cua dat);

N_: H¢ s6 chiu tai doi v6i lop dat phu
bén trén;

D Du(:)’ng kinh ngoai cua truc neo;

’ L Chi,éu dai cua tryc phia trén cac canh

tiép xuc voi dat;

Q_: Luc can tryc, dugce xac dinh: Q = a
x S (theo cong thurc (4)).
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Hinh 4. So' do phirong phdp chiu liec riéng lé
2.4. Tinh toan md men lip dit neo

Nguyén Iy tinh to4an mé men lap dit neo
1a khi neo dugc lap dit vao trong dat, lyc can
doc truc sinh ra trong qué trinh lap dat s& ting
1én do d6 m6 men lap dit ciing s& ting dan 1én.
Phuong phap nay la cong cu xéc thuc va don
gian dé dy bao mo6 men lap dit neo canh xodn.
MBoi lién hé giita m6é men lap dit neo va luc can
(tai trong) duoc thé hién qua cong thirc véi hé¢
s6 thuc nghiém K nhu sau ([4]):

Q=K xT, (6)
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Trong do:

Q,: Tai trong Q\I);

T_: M6 men lap dat (N.m);
K: Hé s6 thuc nghiém (m™).

Gia tri hé’sé thuc nghiém K khuyén
nghi K =33 m" fiéi véi truc vudng va truc tron
cua neo canh xodn véi duong kinh nho hon 89
mm, K =23 m" dbi voi truc tron d}r(‘mg kinh
truc tron 89 mm, va K, = 9,8 m* doi véi truc
tron duong kinh truc tron 219 mm. Gié tri cia
K, khong phéi la mot hang sb, n6 nam trong
dai tir 10 dén 66 m™', n6 phu thudc vao cac dicu
kién cua dét, kich thudc va hinh dang cua truc,
chiéu day canh xodn va ung dung (kéo hoic
nén) cua neo.

2.5. Tinh to4n kiém bén neo

* Kiém tra d0 bén kéo cua truc neo canh
xoan [5]:

o=N/F<[o] (7)

Trong do:

N: Luc kéo; F: Dién tich cia mat cit
ngang;

[o,]: Ung suét kéo cho phép.

* Kiém tra d0 bén uodn cua truc neo canh
xoan [5]:

c=M/W<Jc ] (8)
Trong do:
M: M6 men uén; W: M6 men can udn;

[o,]: Ung suit udn cho phép.

* Kiém tra d0 bén xoan cua truc neo
canh xoan [5]:

1=M/W <[t] ©)
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Trong do:

M : M6 men xoan trén tryc neo; W : Mo
men can xoan;

[t]: Ung suat xoan cho phép.

3. KET QUA UNG DUNG TRONG THU'C
TIEN

3.1. Tinh toin thir nghi¢ém neo cinh xoin
trén dat cat

Tinh toan neo canh xoan lp dit trong
dat cat, chiu duoc tai trong 3 tan.

* Céc thong s6 co ban cta neo:

Chon neo c¢6 duong kinh canh xodn
$»300mm, chiéu day 5Smm (thép CT38 - TCVN
1765-75); Khoang cach gitta hai canh h =
930mm; Chiéu dai toan bd neo L = 3100mm;
Truc neo déc ¢6 duong kinh D_= 50mm (thép

C45 - TCVN 1765-75).

* Pdi véi dat cat: ¢ = 0,122 kG/em?; Y
= 1,281 g/cm’; goc ma sat trong ¢ = 17,74°.

* Tai trong té1 han:
Chonhgsd N, =9, theo [1]tacO N =5,15.

- Tai trong theo phuong phép cit hinh
tru ap dung (1): Q, = 4842,4 kG;

- Tai trong theo phuong phap chiu luc
riéng 1€ ap dung (5): Q, = 6448,7 kG.

Tai trong t6i han dap tng yéu cau cua
tdi trong neo Q, > 3 tan.

* Tinh m6é men lip neo: T,=Q/K, =
195,42 kG.m (chon hé s6 K, =33 m™).

&
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* Kiém nghiém truc neo:

Trong qué trinh lam viéc thuc té, day
neo nghiéng mot goc a = 30° so voi mat phang
nam ngang. Tai trong yéu cau la 3 tan, do do:

- Luc kéo theo phuong thing ding F =
3000 x sin 30° = 1500 kG;

- Lyc theo phuong ngang (luc gy udn)
F,=3000 x cos 30° = 2598,1 kG;

- M6 men ubn tac dung 1én neo: M =
F,x1=259,8 (kG.m); Khoang chia 1én mat dat
cuaneo 1 =0,1m;

- Kiém nghiém do bén kéo (7), ta c6: o
=7,5Mpa < [c,] = 185 Mpa (dam bdo du bén);

- Kiém nghiém d6 bén udn (8): ¢ =
207,7 Mpa <[c ] =220 Mpa (dam bao du bén);

- Kiém nghiém d6 bén xodn (9): T = T/W,
=78,11 Mpa<[t]= 110 Mpa (dam bao du bén).

Neo duoc thiét ké nhu sau:

= - = —_— — — -

—_—
- .

— —— ==
i .
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Hinh 5. Neo canh xoan thi nghiém

* Hinh anh thir tai thuc té:

Hinh 6. Thit tdi neo canh xodn thir nghiém

3.2. Tinh todn neo canh xoin tirng dung thuc
tién trong nha may dién mit troi noi

Tinh toan neo canh xodn lip dat tai day
hd cho nha may dién mat troi, chiu dugc tai
trong 3 tan theo phuong xién 30° so voi mait
phing nim ngang.

* Cac thong s6 co ban cua neo:

Chon neo c6 dudng kinh canh xodn
$»400mm, chiéu day 8mm (thép SS400 - JIS
G3101:2010); khoang cach gitra hai canh h =
750mm; chiéu dai toan bd neo L = 3100mm;
truc neo dng rong co duong kinh D, = 76mm,
day 6mm (thép SS400 - JIS G 3452:2014).

* Poi voi dat: ¢ = 0,2 kG/em?; Y. =27
g/cm?; goc ma sat trong ¢ = 17,32°.

* Tai trong t6i han: Chon hé¢ sO N_ =9,
theo [1] ta c6 Nq =5,02.

- Tai trong theo phuong phép cit hinh
tru ap dung (1): Q, = 21731 kG;

- Tai trong theo phuong phap chiu luc
riéng 1€ ap dung (5): Q= 19101 kG.

Tai trong toi han dap tmg yéu cau cta
tdi trong neo Q, > 3 tan.

* Tinh mé men lip neo: T, =QK, =
578,8 kG.m (chon h¢ s6 K =33 m'").

* Kiém nghiém truc neo:

Day neo nghiéng mot goc 30° so voi mat
phang nam ngang. Céc luc tac dung 1én neo:

- Luc kéo theo phuong thang dimg F =
3000 x sin 30°= 1500 kG;
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- Lyc theo phuwong ngang (lyc gy udn)
F,=3000 x cos 30°=2598,1 kG;

- M6 men udn tac dung 1én neo: M =
F, x1=259,8 (kG.m); Khodng chia 1én mat dét
cuaneo 1 =0,Im.

- Kiém nghiém do bén kéo theo (7), ta
c6: 6 = 11,15 Mpa < [c,] = 235 Mpa (dam bdo
da bén).

- Kiém nghiém d6 bén uén (8): ¢ =
199,2 Mpa <[c ] = 230 Mpa (ddm bao du bén);

a8y 3000

paniu A | al [l A / \
= 1 £ § [ S—

]
2 \/ 180 \
g T u - \

m “u' 1
Hinh 7. Neo canh xoan g dung trong nha may
dién mat troi noi

- Kiém nghiém do bén xoén (9): t=T/
W, =221,9 Mpa <[t] =250 Mpa (dam bao du
ben) Hinh anh thir tai thuc té:

Hinh 8. Thi tai neo tai nha may dién mat troi noi

4. KET LUAN

Neo canh xodn duoc tinh toan so bd
duya trén tai trong t61 han dua ra cac thong s6 co
ban clia neo dya trén cic dic trung cua dat noi
neo duoc lép dat. Kiém nghiém lai céc thong )
co ban theo diéu kién 1am viéc ctia neo trong hé¢
thong neo cua nha may dién mat troi ndi. Viée
tinh toan, thiét ké, thir nghiém neo thyc té sau
d6 dua vao ap dung thuyc té trong h¢ thong neo
ctia nha may dién mit trdi ndi, gop phan khang
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dinh tinh thuc tién va ding dén khi 4p dung neo
canh xoan trong linh vuc nay.

Hon nira, nhitng thuén loi cia neo canh
xodn nhu c6 thé duogc lap dit trong moi didu
kién thoi tiét. Lip dat khong can dao, khong
tao ra rac, khong tao ra luc tdc dong va rung
dong, vi vay ma sir dung ching giam thiéu rui
ro thiét hai déi voi céc két ciu bén canh tir sy di
chuyén cua dat. Chung sin sang duoc sir dung
ngay sau khi lp dat. Ciing nhu viéc lap dat neo
nhanh, kha ning lap dit tGi 40 neo mot ngay. Vi
vay, viéc ap dung neo canh xoan 13 phu hop va
thuan tién trong hé thong neo ciia nha may dién
mit troi ndi 6 diéu kién dia chit thich hop. <
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