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NGUYEN LI LAM VIEC COT TRU DAY CO VA
AP DUNG TRONG TINH TOAN THIET KE, PHAN TICH
PO ON PINH CONG TRINH CQOT LAP MAY GIO

Nguyén Viét Hung', Dwong Quéc Hung?

Toém tit: Trong nghién ciru ndy, sau khi phdn tich nguyén Ii lam viéc lam viée ciia cét tru c6 ddy
co khi chiu tac dong cua tai trong gio va khi khong chiu tac dong cua tai trong gio, tac gia thuc hién
dp dung tinh toan thiét ké va phan tich @ on dinh ciia cong trinh cot lip mady gio, co cac kich thudc
va théng sé cia cdc cong trinh dién hinh hién nay. Tir d6 c6 cac danh gia vé nhitng lwa chon trong
thiét ké truée do va dwa ra nhitng dé xudt méi hop Ii hon, tiét kiém hon cho cdc cong trinh cét ldp
may gié dam bdo dwoc dé on dinh, dd bén ciing nhir ddp g day dit nhitng yéu cau dé cé dwoc mot

bo so liéu chinh xdc, tin cdy vé gio.

Tir khéa: Cot ldp may gid, cot tru day co, tdi trong gio.

Ban Bién tap nhan bai: 20/12/2017 Ngay phan bién xong: 15/01/2018 Ngay dang bai: 25/02/2018

1. Mé dau

Cong trinh cot gi6 dugc xay dung va lap dat
hién nay & cac tram khi twong trén toan qudc co
2 dang: (1) hinh tru tron lam bang mot ong thép
6 dé lap trén nén mong bé tong va c6 hé thong
cap néo giup cot dimg thang va chac chan, trén
dinh ¢t 1a may do gi6 va kim thu sét, (2) hinh
tru tam gidc lam bang cac 6ng kém khong gi lap
trén try mong bé tong va co hé thdng cap néo,
loai cot tam gidc nay ngoai lap mat gié con co
thé lap cac thiét bi quan trac khac nhu thing do
mua ty dong, nhi¢t am tu dong, pin mat troi, va
cac thiét bi quan trac moi truong khac, hién nay
trén toan mang ludi loai cdt tam giac la phé bién
nhat, ngoai ra con mot s6 cong trinh thap do gid
dang cot try hinh vudng bang thép chit V tir thoi
Phap, hoac dang tru cot nhu hé théng cOt gid cua
CAE trong du an ODA Y, 1a kiéu dang cdt rat
chic chén c6 céu tao béng 6ng kém 16n, cot
duoc thiét ké co thé ha gap xuéng chi v&1 mot
nguoi rat thun tién cho cong cac lau chui, bao
dudng thiét bi dac biét 14 lau chui hé thong pin
mat troi.

Cot gio6 (ngoai cot dang tru cua CAE) hién
nay hoan toan dugc gia cong ché tao trong nudc,

! Ban Quan Iy Dy én dau tw xdy dung B Tai
nguyén va Moi truong
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boi két cdu co khi va vat liéu don gian, cot duogc
lap theo tiéu chuin cia WMO véi do cao tir 10
dén 12 m tuy diéu kién khu vuc, cong trinh cot
gi6 duoc lap dat hau hét trong vuon khi tuong
trén nén mong bé tong chic chin, hé thdng cap
néo va md néo duoc bd tri can ddi, giup cho cot
virng chic va thang, cac thiét bi lap trén cot gio
déu duoc gha trén cac canh tay don can d6i. Cot
gi6 ludn dugce can bo quan tric vién tai tram duy
tu bao dudng thuong xuyén nhu : son cot gio
dinh ky, tra dau m& 1én hé thdng cap néo chéng
an mon dinh ky, kiém tra cac bulong dai e
thuong xuyén, kiém tra hé théng tiép dat, do
dién tré dat dinh ky..., vi vay cong trinh cot do
gi6 dugc xem la cong trinh bén vimg va c6 do
on dinh t6t, tuy nhién do khong c6 nhiing tinh
toan chi tiét, luong trude nhitng kich ban tac
dong nhu tai trong gid, dong dat nén kich thudc
cac cong trinh cot 13p may gio hién nay, mot sb
thi qué to, thira din dén lang phi, nhiéu trudng
hop cot gid ¢ nhitng khu vuc chiu tai trong gio
16n nhu ¢ bién lai bi d6 do bdo nhu tram Khi
tuong hai van Bach Long V¥ (nam 2015), tram
Con bao (2008).

2. Nguyén li lam viéc, tinh toan cot tru
day co

2.1. Khi chwa cé tdi trong gio tac dung lén
cot
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Khi chira co tai
trong gio tac
dung lén cit

Hinh 1. So' d6 lam viéc ciia cét tru ddy co khi chwa co tdi trong gio tac dung

Tai trong chinh gay nguy hiém cho cot 1a tai
trong gy ra bdi giod bao, khi chua c6 gi6 bao thi
cac cau kién lam viéc duge thé hién nhu trén
hinh 1.

- Day co: Chiu lyc cang trudc P;

- Cot thép: Luc cang P tir day co tac dung
1€n cot theo 2 xu hudng (luc P duge phan thanh
2 thanh phan P1 va P2); Xu hudng P1 kéo d6
cot; Xu huong P2 nén cot.

- Mong MO: Chiu lyc nén do céc tai trong
sau: Trong lugng ban than cot va trong luong
anten treo 1€n cgt; Tai trong nén do thanh phf?ln
P2 cua lyc cang trude day co.

- Méc neo: Lam nhiém vu lién két va truyén
luc gitra day co véi mong co nén moc neo luén
lu6n chiu kéo.

So' do
khi co
gio bao

- Moéng co: Chiu lyc cang trude cuia day co P
hudng 1én trén thong qua moc neo nén mong co
¢6 3 xu huéng mét 6n dinh (P dugc phan thanh
2 thanh phan P1, P2); Xu huéng P1 kéo truot
mong co vé phia chéan cot.

2.2. So' do khi c6 gié bao

Gio6 tac dung lén toan bd than cot va thiét bi
do gi6 duoc théi theo nhidu chiéu khac nhau,
gi6 thoi trén cung mot phuong theo chiéu thuan
hoic theo chiéu nghich (g6 thuan, gio6 nguoc)

Gi6 thdi trén cot angten duoc quy thanh cac
lyc tap trung tac dung ¢ cac ddt cot va céac vi tri
treo thiét bi do gio va tinh gi6 thdi theo hai
phuong chinh (phuong X va phuong Y) nhu
hinh vé 2.
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Hinh 2. So' d6 lam viéc ciia c¢ét tru ddy co khi co tai trong gio tdac dung
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Pé dam bao cot angten khong bi d6 giy thi
cOt anten, day co, bu 16ng, méc neo, mong, dét
nén phai chiu dugc lyc 16n nhit gay ra do gio
bao.

Xét trudong hop gi6 thoi theo hudng 4 (Hudng
gi6 thoi tring voi mot miat phang chira day co).

Khi gi6 théi theo huéng gié 4 thi cac luc
trong cac cAu kién cot anten thay doi nhu sau:

Day co: Trudng hop gi6 thoi theo hudng 4 s&
lam cho day co 1 c6 xu hudng cang thém (P’=P
+a) va day co 2, 3 ¢6 xu hudng tring xudng (P’

chira day co - hvé)

MAT DUNG
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=P -b), lyc cing P’ > P va P” <P do d6 dé dam
bao day co khong dut thi ta phai chon day co co
luc kéo dut (F.) phai 16n hon luc cing 16n nhat
trong day co do gi6 gay ra tuc la F. > 1.2P° (1.2
13 hé sb an toan).

Cot thép: Cot chiu luc nén P2°, P2 Chiu luc
kéo ngang khong déu P1° va P1”.

Do d6 khi tinh toan phai dam bao than cot
phai chiu dugc cac lyc nén va cac bulong ndi
gilra céc ddt cot phai chiu dugc cac lyc kéo
ngang khong déu.

o

B [ L 12 psa (ve 1oy e do g)

Hinh 3. Phan luc goi cua cac phan twr va cac lién két cua cot tru day co

Mong Mo:

- Méng My giit cho cot thang dimg nén mong
MO chiu cac thanh phan lyc truyén xudng tir cot.

- Luc nén (N) 1a tong hop cua cac lyc P2’ va
P2” 16i truyén xudng nén dat dudi day mong.

- Lyc cit chan cot (Q) do luc kéo ngang
khong déu gitra P1” va P1” truyén xudng cé xu
hudng gay truot, 1at cho mong Mo.

- M6 men udn (M) tai chan cot gay ra do luc
kéo ngang khong déu P1° va P1” ¢6 xu hudng
gy lat mong Mo.

- Do d6 méng M phai thiét ké dé dam bao du
cuong do dé chiu duoc luc nén N, Cuong do cua
d4t nén phai chiu dugc lyc nén do méng truyén
xuéng, khong bi 1at do tac dung cia momen M

va Q, khong bi trugt do tac dung cua luc Q.

Mong co:

- Méc neo: Chiu mot lyc cang 16n nhat1a T
do d6 khi tinh toan yéu cau cudng do kéo dit
cho phép ctia méc neo (R) phai 16n hon (1,2-
1,5T.

-Pé mong khong chiu nhd va 1at bai luc T3,
T4 thi trong luong mong va dat trén hd mong
phai 16n hon luc nhd T3 va luc gay lat T4, dé
mong co khong bi trugt boi luc T4 thi lyc ma sat
dudi ddy mong va ap luc dat phia canh mong
phai 16n hon lyc kéo trugt T4.

3. Ap dung tinh toan, phan tich ¢t lip may
do gié dang gian tam giac

3.1. Théng so cot lip mdy do gié
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Loai cu tric cft lap may do gi6 Tam giac

Chiéu cao cot 1ap may do gio 12 (m)

Cao d¢ tu nhién 0 (m)

Bdng 1. Théng s6 cdc cdu kién cia cét lap mady do gio
‘ rc kha ha rc khang ké
Chu kién Kich thuéc Vit ligu Strc khing chiy St khing kéo
F, (Mpa) F, (Mpa)
CAu kién chinh P49x3.2 Thép 245 400
Thanh giang D14 Thép 235 400
Cép D10 Thép
Bang 2. Théng s6 cdp neo
Sé Léo cé Puwong kinh Cao do tai Cao do tai Luwc ban Khung
op cap (mm) neo (m) neo (m) dau (kN)  chong xoay

1 L1 11.11 0 11.6 6

3.2. Tiéu chudn

Tiéu chuan thiét ké: (1) ANSI/TIA/EIA-222-
G2-2008: Tiéu chuan Két cdu ang ten thap va
Céu triic hd tro ang ten; (2) AISC-LRFD-99:
Dic diém k¥ thuat cho xdy dung két cau thép -
Thiét ké tng suét cho phép.

Tiéu chuan tham khao: (1) QCVN 02-
2009/BXD: Quy chuén ky thuat quic gia - didu

kién sé liéu quéc gia vé xay dung; (2) TCVN
2737 - 1995: Tai trong va hiéu Gmg - Tiéu chuan
thiét ké; (3) TCVN 5575-2012: Két cau thép -
Tiéu chuan Thiét ké; (4) TCVN 1651 -1- 2008:
Thép ding cho gia cb bé tong.

3.3. Cac truwong hop tdi trong

Tai trong: Co 3 tai trong: Tinh tai, Lyc gio va
luc cang cap nhu bang 3.

Bang 3. Tinh tai, lyc gio va luc cang cap

Tai trong Mo ta
Tinh tai
Trong luong cua céu trac Thap bao gdm day cap va khdi luong khung,
khung lap anten
DEADT
Trong lugng phu kién, tim ndi, bu 16ng ... s& duoc coi 1a 15% DEADT
DEADA Trong luong thiét bi do gié
CABTEN Lyc cing cap ban dau
Lue gio
WT Di Luec gi6 1én tru thap véi Hudng i
WF_Di Luc gio6 1én cac phu kién véi Huong i
WA_Di Luc gi6 1én thiét bi do gié v6i Hudng i
WG _Di Luec gi6 1én cap voi Hudng i

a. Le gié tac dung 1én khung gian cot ldp
may do gio

TAP CHI KHI TUQNG THUY VAN

WT _Di la lyc gi6 theo phuong ngang (F) tac
dung Ién tirng mat cit cAu trac (ila s6 lidu 1, 2,
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3 tuong duong hudng 1, 2, 3).
Fst=q..Gu.(EAP)s+q..Gu.(EAP)a (D)
Trong d6: qz 14 ap suat van toc (TIA-222-G)
qz=0.613 kz kz ka V2 (N/m?) v6i V tinh bang
. @
Trong do: kz 1a h¢ s6 ap suat gio; kx 1a hé so
dia hinh.
kz = 2.01[2/274]%°3 v&i z tinh bang m, 0.85=
Kmin= < k, < 2.01 (3)
G 1a hé sé dap tng gio (cot c6 mai che);
(EAP)s 1a dién tich hiru hi€u ctia cong trinh.
(EAP)s=C{(Dr.LAA+D:(ArR))) (4)
Hé sb luc ciu tric duoc tinh theo cong thuc

m/s

sau:

Cr=4.0e’ - 5.9¢ +4 vdi e = (Ar + Ar)/AG (5)

Trong d6: Ar la dién tich du kién (m?) ctia cac
thanh phﬁn két cau phéng & mot mat ciia mat cat;
Ar 12 dién tich dy kién (m?) cua cac bd phan cu
tric tron & mot mit ciia mat cit; A 1a téng dién
tich cua mot mat thap néu bé mat 1a rin; Dr1a hé
s6 hudng gi6 cho cac thanh phan két cdu phang
tir Bang 2-6 trong TIA-222-G; D, 1a hé s huéng
gi6 ddi véi cac cau triic tron trong TIA-222-G; R,
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1a hé sb giam ddi véi cac cau kién két cAu tron.

Rr = 0.57-0,14e+0,86¢?-0,24¢* < 1.0 khi
C<4.4 (6)

Rr=0.36+0.26e+0.97¢2-0.63e3 khi C>8.7 (7)

khi 4.4<C<8,7 ndi suy tuyén tinh

C=(Lkckn)"">P*V (®)

Trong do: D la duong kinh ngoai cua bg phéan
trong cau tric; (EAP)a Dién tich dy kién hitu
hiéu.

(EPA)a=Ka{(EPA)xcos*(O)+HEPA)sin((O}
€))

Trong do: Ka=1, co thé sir dung cho cac cAu
kién phu va gia tri cta ka 1a khong dbi dbi véi
moi hudng gid; © 1a goc twong ddi giira goc
phuong vi lién quan dén mit binh thudng cua
thiét bi phu va hudng gié; (EPA)x 1a dién tich dy
kién hiru hiéu lién quan dén mat gi6 d6i mit binh
thuong voi goc phuong vi cia ciu kién phy;
(EPA)r 1a dién tich du kién hiru hiéu lién quan
dén mat bén gi6 d6i mat véi goc phuong vi ciia

cau kién phu.

Bang 4. Tong liee gié tac dung 1én cét tru

Huwéng gi6 =0 do

Huwéng gié =45 do

Hwéng gi6 =90 d0 Huwéng gié =135 do

Tru

thap Fs Fa F Fs Fa F Fs Fa F Fs Fa F
(kN) _(kN) _(kN) (kN) (kN) _(kN) (kN) (kN) (kN) (kN) _(kN) _(kN)
S01  0.990 0.621 1.611 1.188 0.290 1.477 0.990 0.621 1.611 1.188 0.290 1.477
S02 1.140 0.716 1.856 1.368 0.334 1.702 1.140 0.716 1.856 1.368 0.334 1.702
Huwéng gio =180 d9 Huwdéng gio =225 d0 Huwong gi6 =270 d0 Huwdng gié =315 do
J;‘I‘) Fs F» F Fs Fa F Fs Fa F Fs F, F
(kN) _(kN) _(kN) (kN) _(kN) (kN) (kN) (kN) (kN) (kN) (kN) (kN)
S01  0.990 0.621 1.611 1.188 0.290 1.477 0.990 0.621 1.611 1.188 0.290 1.477
S02 1.140 0.716 1.856 1.368 0.334 1.702 1.140 0.716 1.856 1.368 0.334 1.702

b. Lyc gio tac dung lén ddy cap
Luc gi6 thiét ké trén day cap Fo duoc xéc
dinh theo phuong trinh sau:

Fo=Cad Lo Gu g sin? O, (10)

Trong do: Cq la h¢ s6 kéo cho day, Ca=1.2;
D la dudng kinh day; Lc 1a chidu dai day; Gu 1a
hé sb dap tng gio, Gn = 0.85; g, 1a ap suét van
tdc tai gitra ddy; O, 1a goc that cua ty 1& gio t6i
day neo.
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Bdng 5. Cdc théng sé tinh todn lyc gio tac dung lén day cdp

ELV.B ELV.T BB LG d GH Cd KZ Kd Kt qz

(m) m)  (m)  (m)  (m) (kN/nr’)
Dayl 1 0 11.6 12.00 16.69 0.01 0.850 1.200 0.89 0.85 1.00 0.808

Lép Neo

Trong d6: ELVs. 1a muc dudi ciing cua phan Kz 13 hé sé phoi; gz 1a 4p sudt gid; Gu 1 hé sb
doan; ELVr. la mtc trén cung ciia phan doan; Bs  dap tng gio.
la chiéu dai ngang day; Lg 1a chiéu dai day; d 1a Luyc gi6 tic dung lén cdc dy cdp 1a nhu nhau.
dudmg kinh day; H 1a chidu cao doan dang xét;  Két qua tinh toan tdm loai huéng gi6 dugc thé
hién trong bang 6.

Bang 6. Luc gio tac dung lén day cap

Hwéng gi6 Huonggio F=0d0 Huwénggio F=45d0 Huonggio F=90d0 Huwdng gio F =135 do

Doan neo g, in’0g Fg O, sin©g Fg 0, sin’®g Fg O, sin’Og Fg
O (d5) (kN) (kN) (kN) (kN)
Dayl 1 5947 0.74 0.113 4403 048 0.074 5947 0.74 0.113 90.00 1.00 0.153

Huéng gi6 F=180  Huéng gi6 F =225

Huwéng gioé a6 a6 Huéng gié F =270 do Huéng gié F =315 do

Doan neo g Gnog Fo O, smog F, O, sin0g Fq O, sin0g Fo

O (ap) (kN) (kN) (kN) (kN)
Dayl 1 5947 0.74 0.113 44.03 048 0.074 59.47 0.74 0.113 90.00 1.00 0.153

c. Phan tich két ciu

Str dung phan mém Midas Civil 2011 dé phan
tich, tinh toan ndi luc cua cac phﬁn tir thanh
trong khung gian va bién dang cua cau trac cot

PEPEIEILIT

, X %
thap lap may do gio. ’ X \\
Céc thanh trong khung gian cot lap may do % \
gi6 dugc khai bao 14 phan tir “TRUSS”, cap neo S \\ \\
duoc khai bao 1a phan tir “CABLE”, lién két cot 4 \\ \

iR

lap may do gi6 va ddy neo vai dat nén 1a lién két
ngam cung (Hinh 4).

X

. gt('

VAR RO R

Hinh 4. Mé hinh héa két cdu cot tru
lap may do gio

TAP CHi KHI TUQNG THUY VAN
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3.4. Két qua tinh todn phan luc thing dung), ing véi cac trudong hop
Gi4 tri phan luc gdi tai Mong Mo va Méng co  tai trong.
(Mong 1, 2, 3) 16n nhét (& day ta chi xét dén

Bdng 7. Gid tri phan lic goi

. Truong O Lo FI F2 F3 Ml M2 M3 Cha
Nut X to ; ,
hop dau ra bwoc thich
hop KN KN KN KN-m KN-m KN-m
1 GIOI180 US Ii}l‘r‘]’;’g Max 0432  -071 71063 0.0212 0.1347 0.0109 Ml\‘/"[zg
148 GIO4s US SPOME \rv o 35449 35642 -126903 0 0 o  Mone
tinh col
3.5. Kiém todn teng sudt
a. Thanh chiu kéo va nén
- DP6i vai 6ng thép:
E
Khi D/t<0.114— > F,=F,
Fy (11
E E , 0.0379E 2
0.114—<D/t<0448— — F, = [00379E 21 (12)
Fy Fy (D/t)Fy 3
E . (0.337E
0.448—<D/t<400 —» F, = (13)
Fy (D/t)

- Pbi vé6i thanh thép tron dic:

w/t<047 |5 S =F, (14)
Fy
w/t
0.47 —<w/t<085 —>F =[1.677-0.677| —— L (15)
0.47/E/ Fy

E , 5 5 (16)
0.85 | <w/t<25 - F =003327"E/(w/1)
y
Ung suét cho phép cua thép
- Ung suét cho phép cua thép:
[Plmax = 0.9% F'y*A, (17)
- Ung suét cho phép nén:
F
Tilé¢ cOt manh A = KL (18)
R7r E
choh<15— F, =0.658" *F, | (19)
choA>15—> Fcr = 0;37 *F)I/ ; (20)
[P]max =(.85* Fcr*Ag (21)

TAP CHi KHI TUQNG THUY VAN
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Trong d6: E 1a mé dun dan hdi cho thép; Fy 1a

gi6i han chay nho nhat dwoc xac dinh; r 1a ban

kinh quan tinh; L 1a chiéu dai chiu nén thuc té; K

14 hé s6 chiéu dai hiru hiéu; w 1a do rong thanh;
t 1a chiéu day thanh; D 1a duong kinh thanh.
Két qua kiém toan:

Bang 8. Luc doc truc va tinh chdt mat cdt cac thanh trong khung

Luc doc truc

Tinh chat mit cit khung

Céu kién Poox  Poin A L I r K KLr A
_ (kN) __ (kN) (m2) (m) (m4) (m)

Ong D49x3.2 1538 -84.47 0.000704 0.440 2.77E-07 0.020 1.00 22.2 0.247
Thanh giang D14 6.17  -7.20  0.000254 0.666 5.15E-09 0.005 0.70 103.6 1.130
Bdng 9. Kiém todn kéo, nén cdc thanh trong khung

Kéo Nén
Céll kién F'y [P]max Fcr [P]max OK
Mpa kN kPa kN
Ong D49x3.2 245 155 239 142,8 59,13%
Thanh giding D14 235 54 138 298 24,19%

b) Kiém todn ddy cdp

Luc cang 16n nhit ciia day cap Vima = 2,07kN

Luc kéo dut nho nhét cia day cap [V] =
4,15kN v
Hé sb an toan 77 =ﬁ= 2.01>1,67

—> Dam bao an toan

3.6. Kiém todn méng

O day, trong pham vi bai bao nay, tic gia
khong thuc hién tinh toan kiém toan chi tiét
mong co va mong Mo do chiu sy anh hudng, thay
doi sb liéu cua dia chat. B6i voi mong Mo, can
kiém toan kha nang chiu luc cua dét nén do chiu
tai trong thang dung 1a chu yéu. P6i véi mong
co, do con phai chiu mét lyc day ngang 16n tir
day cap truyén xudng nén ngoai kiém toan kha
nang chiu lyc cua d4t nén, con can phai kiém
toan strc khang trugt va strc khang 1at cia mong.

4. Két luan va kién nghi

Sau qua trinh phan tich nguyén li lam vi¢c

cua két cau cot tru day co, co thé dua ra mot sd
nhan xét nhu sau:

- Cot tru chiu tac dong, anh huong 16n nhat
boi luc giod.

- Pé cot dimg ving khong bi d6 thi cac luc
tac dung 1én cot, mong Mo, Mdng co phai can
bang nhau.

- Méng Mo chit yéu chiu luc nén, ngoai ra con
o luc gay trugt, gay lat khi cot tru chiu tac dong
bdi gio.

- Méng co chit yéu chiu luc nho va luc giy
trugt tir ddy cdo truyén xudng khi chiu tic dong
boi gio.

Tir d6, tac gia tién hanh ap dung tinh toan voi
mot truong hop cot tru lap may do gi6 thuc té
véi cac kich thude duoc dé xuét thoa man cac
yéu cau chiu luc, d6 6n dinh, nham c6 duge mot
s6 ligu thiét ké 6 tinh kinh té nhat ma vin dam
bao an toan trong qua trinh khai thac
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BEHAVIOR PRINCIPALES OF ANCHORED CABLE COLUMNS WITH
APPLICATION IN THE DESIGN AND STABILITY ANALYSIS OF WIND MEASURE
DEVICE INSTALLED - COLUMNS
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Abstract: In the research, after analyzing the behavior principles of anchored cable columns with
and without the effects of wind load, the author comes up with the design and stability analysis of
wind measure device installed-columns, which possesses size and specification of a typical work. Ac-
cordingly, previous designs of the wind measure device installed-columns are re-evaluated and new
designs are created that are more suitable and cost-effective but still guarantee the stability, dura-
bility as well as the requirements of producing precise and reliable data of wind measure results.

Keywords: Wind machine tower, guyed mast tower, wind load.
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