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TOM TAT

Dé phan anh sy 1am viéc thuc té cua thap tru truyén tai dién, nhitng yéu cau vé md hinh phan tich va cac xem
xét trong qua trinh sir dung trong thiét ké phai duoc xac dinh va danh gia rd rang. Viéc s dung phan tich phi tuyén
phi dan hoi sé& tryc tiép giai quyét duoc nhitng nhuge diém cua phuong phép thiét ké dira vao phén tich dan hoi
tuyén tinh trén. Thuan lgi 16n cua phuong phép thiét ké dya vao phan tich tryuc tiép tac dong phi tuyén hinh hoc va
vat liéu 1a: (i) khdng can dung hé sé chiéu dai tinh toan vi tdc dong phi tuyén hinh hoc da dugc tich hop truc tiép;
(i) ké dén sy twong tac do sy chay déo va mat 6n dinh dan dan theo sy tang tai; (i) cung cip két qua noi luc toan
bo két cau co ké dén su phan phéi lai noi luc nhu trang thai chiu hrc that cua hé; (iv) du doan dugc d6 cang cua hé
chinh x4c hon; (v) hinh dung dugc ung xir phi tuyén cua hé, trinh ty va dang pha hoai cua ciu kién va hé két cau,
kha nang chiu lyc cuc han cua hé; (vi) 4p dung mot cach hop ly va pha hop véi tat ca cac loai két cau khung bao
gom khung khdng giang, khung c6 giang va khung két hop.

Trong bai bio nay dua ra nhirng van dé sau: sir dung phuong phap dam-cot dung ham 6n dinh ¢ khép déo hai
dau dé md phong (ng xtr phi tuyén cua cau kién tru thép truyén tai dién, sau d6 tim hiéu thuat toan giai phi tuyén dé
ap dung phan tich hé két cdu chiu tinh tai. Va xay dung chuong trinh (ng dung bing ngdn ngit lap trinh Fortran dé
phan tich phi tuyén hé khung cimng, khung giang, dan va try thap thép truyen tai dién. Sau d6 kiém chimg d¢ tin cay
cua chuong trinh phat trién bang cac két qua cua cac nghién ctru khac va két qua phan tich bang SAP2000. Ap dung
chuong trinh phat trién dé thiét ké truc tiép tru thap dién.

Tir khéa: Dam-cot; Ham &n dinh; Phi tuyén; Truy thép.
Non-linear analysis on steel transmission tower using beam-column method
ABSTRACT

For reflecting the actual working of the tower transmission, requirements about analysis model and review
during processes used in the design must be determined and clearly assessed. The non-elastic analysis will directly
overcome the disadvantages of methods that were based on linear elastic analysis above-mentioned. Main advantage
of this method which based on direct analysis of nonlinear geometric effects and nonlinear materials is: (i) without
using coefficient of computed length because nonlinear geometric effects are integrated directly; (ii) the interaction
due to plastic flow and gradual instability as per increasing load is taken into account; (iii) to provide results of
internal forces of the entire structure with consideration over the internal force redistribution as true status of the
system; (iv) to predict the stiffness of the structures transmission tower with a more accuracy; (v) to figure out the
nonlinear behavior of the system, order and modes of failure of structures and structural systems, as well as ultimate
bearing capacity of the system; (vi) to apply suitably and reasonably all kind of frame structures including unbracing
frame, bracing frame and mixed frames.

In this paper, following problems have been solved: Beam-column method using stability function with plastic
hinged in both ends in order to describe the nonlinear behavior of structural steel transmission tower, then a
nonlinear algorithm for analyzing the system subjected to static load was created. A practicable Fortran program for
analyzing nonlinear system rigid frame, bracing frames, steel frames and power supply towers was established.
After then, the reliability of the developed program has been evaluated and compared to that of SAP2000 results.
Finally, developed programs was used to design electricity transmission towers.

Keywords: Beam- Column; Stability function; Non-linear; Transmission steel tower.
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1. Pat van dé

Trong thuc tién hau hét cac thap tru thép
truyén tai dién déu duoc thiét ké dya vao phan
tich dan hoi va tac dong phi tuyén hinh hoc
duoc ké dén bang hé sb ubn doc gan dung khi
kiém tra kha nang chiu lyc cua cu kién. Cac
cong thac thiét ké co ké dén tac dong phi
tuyén hinh hoc va vat liéu khi kiém tra d6 bén
cua cau kién riéng I¢ duoc thé hién dudi dang
don gian va khong tuong minh. Ngudi thiét ké
phai dam bao kha nang chiu lgc cua tung
thanh riéng Ié trong hé dap tng yéu cau cuong
ddé theo quy dinh cua cbng thac trong tiéu
chuan va tir d6 kha ning chiu luc cua toan hé
két cau phu thudc vao kha niang chiu lyc cua
nhitng thanh yéu hon. Viéc 1am nay khong thé
ké dén su twong tac khi chiu lyc giita nhitng
cau kién do sy phan bé lai néi luc trong hé khi
c6 su suy giam cuong do va do cing do tac
dong két hop gitra su chay déo va tac dong
cua luc doc. Phuong phéap thiét ké dya vao
phan tich dan hdi c6 uu diém noi bat 1a cho
phép dung nguyén ly cong tac dung néi luc, la
cach don gian cho k¥ su ap dung va thién vé
an toan. Tuy nhién, &ng xir chay déo, sy mat
6n dinh dan dan, dang pha hoai, d6 cing va
cuong do cuc han cua hé két cau chua duoc
cung cip rd rang va chinh xac trong phuong
phap nay.

Viéc l1am nay khong thé ké dén sy tuong

tac khi chiu lec gitra nhitng cau kién do su
phan b lai noi luc trong hé, khi c6 su suy
giam cudong do va do cing dan dan, do tac
dong két hop gitra su chay déo va tac dong
cua luc doc. Phuong phép thiét ké dua vao
phan tich dan hoi cho phép dung nguyén ly
cong tac dung noi luc, 1a cach don gian cho k¥
su ap dung va thién vé an toan. Tuy nhién,
g xtr va cuong do cuc han cua hé két cau
chua duoc cung cép rd rang trong phuong
phép nay.

Trong bai bdo nay tac gia ap dung
phuong phap phén tich nang cao dé nghién
clru ng X caa ting cau Kién riéng lé va toan
hé két cAu, nhu su lam viéc twong tu trong
diéu kién thuc dé khic phuc cac nhuge diém
ctia phuong phap thiét ké dia vao phan tich
dan hoi.Tac gia st dung ham 6n dinh cho
phan tir dam-cot dién ta phi tuyén hinh hoc va
st dung phuong phap khop déo dé ké dén tac
dong cua phi tuyén vat liéu.

2. Co s6 1y thuyét

2.1. Phén tiv dam-cot dwéi tic dong cua
phi tuyén hinh hoc

2.1.1. Theo loi gidi giai tich

Xét phan tar dam-cot chiu tac dung lec
nhu hinh sau. Cét so véi dau A mot doan X
vudng goc voi mit cat ngang cia phan tir, xét
su can bang md men noi va ngoai luc bén
ngoai theo mat phang nhu sau:

M, M, By
P~ .Ma poy P Cope———
x T L ) EI = Constant Mg
} | .
Ma+H1 ‘ L |
L ¥

Hinh 1. Phan tir dam-cot tai vi tri x bat ky trong mat phang

Ham 6n dinh cho phan tir dam-cot dugc
dé xuat boi Chen-Lui nhu sau:

A
P EIT 0 0l
Ma=710 sii Sij | 9A (1)
MB 0 sjj siji 0B

Trong do, s;;, s;;, S;: la cac ham 6n dinh;
E, I, A, L: 1a md dun dan héi, md men quén
tinh, dién tich, chiéu dai; P: luc doc truc; M,
M, : md men gia ting tai hai dau phan tir; e,
0,,0; : chuyén vi doc truc, goc xoay gia ting

tai hai dau phan tir dam-cot.
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2.1.2. Ham 6n dinh
Phuong trinh ham 6n dinh co ban mé ta tac

dong phi tuyén hinh hoc do luc doc truc va mé

men gitra hai diu phan ttr dam-cot gy ra co dang:

7z[Pn sin(zz\[pn )-72pn cos(7+/pPn) P <0

2—2cos(7za/,on )—ﬂa/pn sin(;ra/pn )

Sin= 2
7% pn cosh(rfpn )= Jpn sinhCrfpn) oo
2—2cosh( /pn )+, /,on Sinh(ﬂy/pn )
72 pn —zJpPn sin(z\Jpn) itP<0
sop— 2—2C0$(7zu/pn )—na/pn sin(;ra/pn) (3)
n=
7 Jion sinh(z[pn )—72pn ifP=0
2—2cosh(xz. /Pn )+ /pn sinh(7z | /pn )
L 4
7<El n
L2

2.2. Phan tir dam-cét duwdi tac dung ciia
phi tuyén vt liéu

2.2.1. Phi tuyén vt liéu do tac dong cua
UNg sudt duw

Khéi niém mo dun tiép tuyén cua Hoi
ddng Nghién ctiru Cot CRC (Column Research
Council) duge dé& xuat dé mé phong su chay
déo doc theo chiéu dai phan tir dudi tac dung
luc doc truc do sy hién dién cua wng suat du
cua tiét dién trong qué trinh ché tao. Bé dién
ta sy suy giam do cang, gia tri moé dun dan hoi
E thay thé bang mo dun tiép tuyén E, theo qua
trinh luc gia tang. E; xac dinh dya vao mé dun
dan hdi vat liéu E theo phuong trinh sau:

E:=1,0E khi P <0,5Py (5)
P P
Et:4P—yE(1—P—) khi P>0,5Py (6)

Va tuwong tu cho su thay d6i mo dun

2
Etl s . Etly
kiiy=Ly’7A[51—Si(1—ﬂB)] » Kijy=—""

L

na, Ne 1a cac théng sé vo huéng cho phép
md phong qué trinh giam d6 cimg phi dan hoi
lién quan dén sy chay déo caa mat cit ngang
tai hai dau A va B.

khang cat tiép tuyén G; cua phan tir trong
phuong trinh:

Gi=1,0G khi P <0,5Py 7
P P.., .
Gt :4?yG (1—?y) khi P>0,5Py (8)
2.2.2. Phi tuyén vat liéu do si hinh thanh
khop deo

Phuong trinh can bang lyc khi ¢6 sy hinh
thanh khap déo duoc viét lai ¢ dang sau:

EA 0 0 0 0 0
P L e
Mya 0 kiy kjy 0 0 0 OyA
0 kjiv Kijj 0 0 0
MyB|_ ijy Ky oyB 9)
Maal | O 0 0 kiiz kijz 0 |lg
Mg 0 0 0 kijz kjjz 0 |6
T
0 0 0 0 0 % 4

= 2
: tly 52
IAIBS2 » Kijjy=— "nB| s1— =(1-1A)

s1

1

El s2 El Eql s2
kiiz=—t-2nA Sl—ﬁ(l—ma) | Kijz=— 27 ABS2 1 Kjjz=— 2 B| s~ 2 (1-1A)

M =1 mat cit ngang tai dau mat dang xét
van con dan hoi,
n = 0: mit cit ngang tai dau mat dang xét
da chay déo hoan toan,
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0< n <1: mit cit ngang tai dau mat dang
xét dang trong qua trinh chay déo.

2.2.3. Theo tiéu chugn AISD-LRFD
(Specification by the American Institute of
Steel Construction-The recently published
Load and Resistance Factor Design)

Dua vao phuong trinh tuwong tac bac hai
cua tiéu chuan AISD-LRFD, cudong do chay
déo mat cit ngang thép goc cua phan tir dam-
cot dugc dién ta nhu sau:

M
a(p,mx>=P+8( Yy, Mg ]

Slkhiizo,Z
#Py 9 oMyp gMzp

i (10)

<1Kkhi - <0,2
Py

a(p.m,) =

P 48( My M,
2¢Py 9| gMyp  Mzp

$=0,9: hé sé giam bén.

2.2.4. Téac dong cua bién dang do luc cat

ridn *

rydy T + 0.d L 13ds * r7ds x
p »
d 1o ds
fﬁ,dﬁ/ 503 / 989 119dse
Vs r2dp

Hinh 2. Hinh v& dién ta chuyén vi nat phan tir
trong khong gian

Chuyén d6i quan hé gitra luc nat va
chuyén vi nut trong hé toa do6 tong thé va luc
nat, chuyén vi nat trong hé toa d6 phan tu:

.
{fn}:[T]exlz{fe}1 {de}:[T]&dz{dL} (11)
{f,1": vec to luc niit trong hé toa do tong

thé; {dL}T: vec to chuyén vi ndt trong hé toa

do téng thé.

{f.}, {d.}: vec to lyc nat va vec to
chuyén vi nat cua phan tir dim-cot trong hé
toa dg dia phuong.

Méi quan hé giira luc nat va chuyén vi
nat cua phan ta trong hé toa d6 tong thé phan
ter duoc viét lai:

{fnj={kn]{dL} (12)

[nhpao T Ibazlnlo6l g2 (13)

M&i quan hé giita luc-chuyén vi caa phan
tir dam-cot duoc viet lai nhu sau:

{fLilkelid L} (14)
{Tu={fnl{Ts) (15)
(ke JH{kn]+{ks] (16)

[ks]: ma tran d6 cung cho phép xoay
phan tu, [T], ,: ma tran chuyén phan tir.

2.2.5. Chuyén doi hé truc toa do phdn tur

Ma tran do ctng trong cac budc thiét lap
chi thiét 1ap cho hé toa do xyz phan tir va hé
toa do nay khong trung phuong véi hé toa do
tong thé x’y’z’. Do vay trugc khi ghép ndi
phan tir phai thuc hién phép chuyén truc toa do
téng thé va tim [k’]e 1a ma tran d6 cang phan
tir trong hé toa do tong thé theo cong thuc:

[k 1=[T. 10k IT.] (17)

Ma tran bién d6i hé truc toa d6 [n] duoc
xéc dinh: [n]=[n1][n2]. Ma tran chuyén [T]e c6
dang:

[n] o0 0 0

Jo m o o 18
Mle5 5 [n] © (18)
0 0 0 [n]

V6i ma tran [n] duoc xac dinh tir cac
cosin chi phuong cua hé truc phan tu so vai
hé truc tong thé caa hé két cau.

3. Luc tac dung vao tru thép truyén
tai dién

Lyc tac dung Ién cot bao gom: luc do day
dan truyén tai dién va luc do gio.

Luc do tac dung cua day dan tac dung
vao try thép truyén tai dién gom day dan va
day chong sét.

3.1. Tinh lyc tac dung do day dén dién

Luc day dan tac dung vao dau tru theo
tinh toan co 1y duong day tai dién nhu sau:

Ché do binh thuong cia duong day trén
khong (PDK) 1a ché do6 lam viéc khi day dan
hoac day chong sét khéng bi dut.

Ché do su cb ciia PDK la ché do lam viéc
khi mot hoic mot s6 day dan hoic day chong
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sét bi dat; Tru thap thép d& méc cach dién
treo phai tinh dén lyc do dat day dan hoic day
chéng sét gay ra mémen udn hoic mdmen
x04n 16n nhét trén tru theo cac diéu kién sau
day:

v but mot hoic cac day dan cua mot
pha (v6i bét ky sé day trén cot 1a bao
nhiéu), day chéng sét khong bi dut;

v Pat mot day chéng sét, day dan
khong bi dut.

Khi tinh tru, cho phép ké dén tac dong
cua nhitng day dan hoic day chdng sét khdng
bi dut.

3.3. T6 hop ngi lice tac dung vao tru

3.2. Tinh lyc tic dung do tdi trong gio

Theo TCVN 2737-1995, luc gio tac dung
[én c6t bao gom 2 thanh phan: thanh phan tinh
va thanh phan dong (ké dén dao dong tu do
cua cot).

Gia tri gid tac dung Ién cot duoc tinh theo
cong thuc:

Wiotal™WictWp

Trong d6: W :
cua tai trong gio.

gia tri thanh phan tinh

Wi. gia tri thanh phan dong cua tai trong giod.

COMBO1 =1,1.Tinh tai + 0,7.Gi6 X+0,7.Gié Y + 0,9.Ché d¢ dut day pha;
COMBO2 = 1,1.Tinh tai + 0,7.Gi6 X+0,7.Gi6 Y + 0,9.Ché d¢ ddy binh thuong;
COMBO3 =1,1.Tinh tai + 0,7.Gi6 X+0,7.Gi0 Y + 0,9.Ché do dut day chdng sét;
COMBO4 = 1,1.Tinh tai + 0,9.Gi6 Y+ 0,9.Ché d¢ day binh thudng;

COMBOS5 =1,1.Tinh tai + 0,9.Gi6 X+ 0,9.Ché do dut day chong sét.

4. Phwong phap giai va thuat toan

Khdi tao ma trin Tinh vecto tai

46 cimg tiép tuyén gia ting

Giai hé PT tuyén tinh

tim véc to chuyén. Vi

Xac dinh trang

thai ket cau

F 1

kétciu K=K,

h 4

Xac dinh ma tran

36 ctmg tiép tuyén

Hinh 3. So d6 khéi phan tich hé

5. Két qua s6

5.1. Dan thép bon thanh khong gian

Bai toan dan thép bon thanh khéng gian
chiu tai tap trung tai nat gitta duogc trinh bay
nhu hinh 4. Cac théng s6 vé vat lidu va hinh
hoc duoc cho nhu sau: module dan hdi vat

liéu thép E=200GPa; tung suat chay déo
oy=250MPa ; tiét dién cac thanh dan 13
W14x82.

Kich thudc hinh hoc cua thanh dan duoc
trinh bay & bang sau:

Bang 1
Kich thudc tiét dién thanh dan bai toan dan khong gian
Tiét dién Chiéu cao Chiéu day bung | Chiéu rong canh | Chiéu day canh
tiét dién d (mm) tyy (mm) br (mm) tr (mm)
W14x82 363,6 1,3 257,3 2,17
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— 254m | 13m 25m 2.54m |
127m e e ! ahe .
fooi o] STy e
. — = =~ v
2.54m
3.18m 5.08m
191m

Hinh 4. So d6 dan thép bén thanh khéng gian

Bai toan nay dwoc tac gia néu ra dé so  tir cho mot thanh nhu trén Hinh 5. Két qua
sanh vai két qua phan tich cua Seung-Eock  phan tich luc tdc dung-chuyén vi duogc thé
Kim va cac cong su. TA&c gia cling st dung  hién nhu hinh sau:
chuong trinh cia minh va md phéng mét phan

) 12000 r p kN
S I
3000 1 - === Seung-fock Kim, Moon- T e
2000 4 — Taegid 4000 T e
| U, () _ U, (mm)
! 0 200 400 600 800 ' 0 200 400 600 800
Hinh 5. Buong cong tai trong—chuyén vi dan thép khong gian khi P
hudng 1én va P hudng xudng
Béng 2
So sanh két qua bai toan dan thép khong gian khi P hudng 1én vé tai trong téi han P,
STT Phwong phap phan tich Pu (kN) | Sai s6 (%)
1 |Dan khong gian - phuong phap nang luong - Seung-Eock Kim
NP 5694 1,14
va cac cong su (2001)
2 | Tac gia (2014) 5760
Bang 3
So sanh két qua bai toan dan thép khong gian khi P hudng xudng vé tai ti han Py
STT Phuong phap phéan tich Pu (kN) | Sai s6 (%)
1 D\an ,khoAng gian- phuong phap nang luong - Seung-Eock Kim 11.170 3,04
va cac cong sy (2001)
2 Téac gia (2014) 11.520

Nhdn xét: Dwa vao biéu do dudng cong tai trong — chuyén vi cua dan thép khong gian, tac
gia nhan thay rang két qua co su sai léch khong dang ké. Va ty 1€ sai léch caa luc gidi han Py 1a
1,14% va 3,04%.
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5.2. Khung thép khéong gian hai tang,
m@t nhip - chiu tdi tdp trung tai nut

Bai toan khung thép khong gian hai tang,
mot nhip duoc trinh bay & Hinh sau. Tat ca
cau kién co tiét dién thép chir H-150 x 160 x

10 x 6,5. C4c thdng sb vé vat liéu va hinh hoc
duogc cho nhu sau: module dan hoi vat liéu
thép E=221GPa; wng suit chay déo
oy=320MPa ; h¢ s6 poisson v=0,3;

P 2P 2P i
Tang mai
P A
2P 5
| |
2,2m
p y 2p 2P Ting?2
P 4
=N -
L== oy = 1.76m
5 z v x Thng trét
2.5m ﬁo - 3.0m - . _i_r

Hinh 6. So d6 khung thép khong gian hai ting — chiu tai tap trung tai nt

Kich thudc hinh hoc cua tiét dién cau kién khung duoc trinh bay ¢ bang sau:

Bang 4

Théng sb tiét dién bai toan khung khéng gian hai ting-mot nhip

Tiét dién Chiéu cao tiét dién | Chiéu day bung | Chiéu rong canh |Chiéu day canh
d (mm) tw (Mm) b (mm) t; (mm)
H150x160x10x6,5 150 10 160 6,5

Bai toan nay duoc tac gia néu ra dé so
s&nh vgi Ngb Huu Cuong va cdc cong su.
Tong so phan tir tAc gia sir dung 16 phan tir

80 p kN
o meEEREe =
60 F
50 F b
[’
Y/
40 ¥ =ee+ee= Tang 2 - Abaqus
[/
==&==Ting 2 - Ngo Hitu Cuong
30 F B - B
= Tang 2 - Tac gia
20
10
Ux (cm)
0 L
0 1 2 3 4 5 G

(08 phan tir cot, 08 phan tar dam). Két qua
phéan tich lyc tac dung-chuyén vi duogc thé
hién nhu hinh sau:

80

[ P &kN)
70 JEESIITE e
60 |
50 b f
L/
/) .
40 ¥/ «+eeee- Tang 2 - Abaqus
30 F -i—-'l'ﬁng 2 - Ngo Hitu Cuong
—— Tiéing 2 - Téc gid
20 F
10 |
Ux (em)
0 . )
0 1 2 3 4 5 6 7

Hinh 7. Puong cong tai— chuyén vi ngang ting 2 (ting mai) khung thép khdng gian
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Bang 5
So sanh két qua bai toan khung thép khong gian vé tai trong toi han Py
STT |Phuwong phap phan tich Pu (kN) | Sai s6 (%)
1 |Phuong phap khdp déo thd- Cuong Ngo-Huu va cac cong su
72 3,73
(2006)

2 | Abaqus - Cuong Ngo-Huu va cac cong su (2006) 75 -
3 |Khung khong gian - Tac gia (2014) 75

Nhan xét:

Dua vao Bang 5 so sanh két qua bai toan
khung nha thép hai tang, mot nhip - chiu tai
tap trung tai nat sai léch luc giGi han P, so véi
phuong phap khop déo thé cua Cuong Ngo-
Huu 1a 3,73%. Puong cong tai trong - chuyén
vi cua tac gia ciing kha hop 1y so vai két qua
cua Cuong Ngo-Huu va Abaqus.

Nhu vay, qua hai vi du trén co thé két
luan dugc rang: str dung phuong phap ham 6n
dinh cho phan tir dam-cot trinh bay tac dong
phi tuyén hinh hoc va st dung phuong phap
khép déo cang trinh bay tac dong phi tuyén
vat lisu md ta duoc tng xur phi dan hdi bac
hai cho két khung dam khong gian va khung

1250

dan khong gian cua tac gia hoan toan chap
nhan duoc. Va cach phan tich nay gidp cho
viéc khai bao sé phan tir trong khéng gian it
hon, it t6n thoi gian phan tich rat nhiéu.

5.3. Tru thép dé thang mgt tang xa, cao 10m

Sor b chon tiét di¢n try

Bai toan try thap thép d& thang mot ting
xa, cao 10m cd céc théng sb vé vat liéu dugc
thiét ké nhu sau: Module dan hoi vat lidu thép
E=200GPa; Ung suit chay déo
oy=248MPa; h¢ so poisson thép77=0,3.

Kich thuéc hinh  hoc 1,25mx1,25mx
(8x1,25m); Chiéu dai doan xa 2x1,20m;
DPugc m6 ta nhu hinh:
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Hinh 8. Kich thuéc hinh hoc try thép mot tang xa, cao 10m

So bo chon tiét dién cho toan bo thanh
chan chinh cua tru L70x70x5; Céac thanh
giang ngang, thanh giing xién va toan bo
thanh xa L45x45x5. Day dan si dung day

ACSR150/24 c6 théng sé nhu sau: Dién tich
tiét dien Fq=173,2(mm?); Ung xuét day dan
I6n nhit omax = 19,03(daN/mm?); Khoang
cach try 300m.
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Bang 6
Thong sé tiét dién bai toan tru thép d& thang mot tang xa, cao 10m
Tiét dién Chiéu cao canh Chiéu réng canh Chiéu day canh
: A (mm) A (mm) t (mm)
L70x70x5 90 90 8
L45%45x5 45 45 3

Lyc do day dan tac dung vao tru:

Ché do 1am viéc P1(KN) | P2 (kN) | P3(kN)
Ché d6 binh thuong 3,3 2,428 -
Ché d¢ su ¢ (dut day pha) 2,4 1,214 7,848

Trong do, P;: trong luong day va st d&  khi st dung chuong trinh phéan tich nang cao
day dan dién; P,: luc gi6 tac dung vao day dan  cua tac gia cho tru thép mot ting xa, cao 10m
dién; P3: lyc cang day dan dién. ving gié IA, A, 1A so véi phan mém Sap

Két qua phan tich trong giai doan dan hdi  duoc thé hién theo sau:

40 7 P (kN) R
07 PN
35
25 1
30 +
25 20 A
20 A 15
15 A === Sa ———
P 10 4 ap
10 A —Tic gid =—Tic gid
5 4
Uiz, (m) Uss,(m)
0 T T T ! 0 T T T |
0 0.02 0.04 0.06 0.08 0.00 0.02 0.04 0.06 0.08

Hinh 9. Bicu do lyc— chuyén vi dau try thap thép 01 ving gi6 1A (11A),
hé so tai trong gidi han Au=4,4(Au=3,6)

30 9 p3(kN)
15
20 4
15
-==5a
10 P
—Tic gia
Usax(m)
0 : : ‘ .
0 0.02 0.04 0.06 0.08

Hinh 10. Bicu do lyc— chuyén vi dau try thap thép 01 ving gid I1A,
hé so tai trong gidi han Au=3,0
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So sanh chuyén vi giai doan dan hdi ving
gio 1A.

_ Téc gia Ussy = 0,0125 (M), SAP Usz, =
0,0121 (m) — sai sb 3,78%.

So sénh chuyén vi giai doan dan hdi ving
gi6 1A,

_ Téc gia Usax = 0,0153 (M), SAP Ugay =

(" Chiydéo )

0,0160 (m) — sai s6 4,43%.

So sénh chuyén vi giai doan dan hoi viing
gio HIA.

- Téac gia Usz = 0,0189 (M), SAP Uss, =
0,0187 (m) — sai 56 1,46%.

Khao sat su chay déo cua tru cho truong
hop t6 hop tai trong nhu sau:

hiydéo )

\

3

Hinh 11. Biéu d6 khao sat sy chay déo cuia cac to hop tai trong COMBO1, COMBO2 viing gi6 1A

5.4. Tru thép dé thing ba ting xa, cao
23m (DT-111-22)

Khao sat két cau try thap thép d& thang ba
tang xa cao 23m duoc tac gia trich tir tru thap
thép d& thang PT-111-22 trong giai doan thiét
ké ban vé& thi cong “Puong day 110kV 01
mach Bao Loc-Boxit-Lam Pong”.

Bai toan tru thép thap d& thang ba tang
X4, cao 23m cd c4c théng sb vé vat liéu dugc
thiét ké nhu sau: Module dan hoi vat lidu thép
E=2006Pa; Ung suat chay déooy=248MPa; hé
s6 poisson thép;=03. Kich thudc hinh hoc
dugc M6 ta nhu hinh 17.

Bang 7

Thong sé tiét dién bai toan tru thép ba ting xa, cao 23m
Tibt dién Chiéu cao canh Chiéu rong canh Chiéu day canh

: A (mm) A (mm) t (mm)
L100x100x8 100 100 7

L90x90x7 90 90 7
L80x80%6 80 80 6
L70x70x6 70 70 6
L65x65x%5 65 65 5
L60x60%5 60 60 5
L50x50x5 50 50 5
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Hinh 12. So d6 khong gian try thép d& thang ba tang x4, cao 23m (PT-111-22)

Két qua phan tich trong giai doan dan hoi
khi st dung chuong trinh phan tich nang cao
cua tac gia cho tru thép vung gio 1A so vai
phan mém Sap & to hop tai trong COMBO1

30

Py Au=2.8
AL,

===Sap

— Tic gid

Upypu(m)

0 0.05 0.1 0.15 0.2 0.25

va tru thép duoc thiét ké trong duong day
110kV 01 mach Bao Loc-Boxit-Lam Pong
duoc thé hién theo bang sau:

% Py ) }\L=3E
24 L]
20
16
12
--Sap
L] ——Tic gid
Usita (m)
0
1] 0.03 0.1 0.15 0.2

Hinh 13. Biéu 6 luc— chuyén,vi dau tru thép d& thang ba tang xa, cao 23m, ving gio 1A,
hé s tai trong gidi han Au=2,8, Au=3,0

So sénh chuyén vi giai doan dan hoi cua
tac gia:

Tac gié U111x = 0,064 (m), SAP Ui =
0,063 (M) — sai s6 1,40%.

So sanh chuyén vi giai doan dan hdi
trong thiét ké duong day 110kV 01 mach Bao

Loc-Boxit-Lam Dong:

Tac gla U111x = 0,060 (m), SAP Uk =
0,061 (M) —> sai sb 1,77%.

Khao sat sy chay déo cua tru trong 02
truong hop t6 hop tai trong: COMBOI,
COMB?2 cho trudong hop tac gia thiét ké.
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~ Chaydéo
\_ COMBO2

-

, Cha\ dgo " Chaydéo
_COMEO1 ~ COMBO1
\ . COMBO1 =TINHTAI +0,7GIOX +
/ v da \
Chay dco ) 0.7GIOY + 0.SDDPHA.

" Cha\ deo ™

| COMBO1

COMBO2 =TINHTAI + 0.9GIOY +
0.9DDSET

7 Chaydéo
\_ COMBO: /

™,

Hinh 14. Biéu d6 lyc— chuyén vi C}‘éu try thép d& thang ba ting xa, cao 23m, vung gio 1A,
hé s6 tai trong gidi han Au=2,8

Khi stir dung chuong trinh phan tich nang
cao thi hé sé tai trong gidi han cua tru thép d&
thang ba tang xa, cao 23m la 2,8. Con voi
chuong trinh cua tac gia da mo ta duoc hét
ung xu cua toan bo tru khi chiu tac dong tur
luc gid va luc cang day.

6. Két luin

Tir cac két qua cua bai bao, cac két luan
duoc thé hién nhu sau:

Tu nhitng qua trinh phén tich cua céc bai
toan kiém tra do tin cay cua chuong trinh tac
gia o trén, dac biét cho bai toan thiét ké va
kiém tra tru thép truyén tai dién, mot ting xa,
tac gia nhan thay rang:

Khi sir dung phuong phap ham 6n dinh
cho phan tir dam-cot dé dién ta tac dong phi
tuyén hinh hoc va sir dung phuong phap khép
déo dé dién ta tac dong phi tuyén vat liéu cho
phan tir trong khdng gian di moé phong duoc
g xir phi dan hoi bac hai thyc té cua céc
thanh dam, cot chiu tai trong tap trung tai nat.

Déi v6i phuong phap ding ham 6n dinh
cho phan tir dam-cot dién ta tac dong phi
tuyén hinh hoc caa phan tu trong khong gian
gilip cho viéc khai bao va chia nho phan tir it
hon, viéc giai bai toan tén it bo nhd va thoi
gian phan tich rat nhiéu.

Vi tru thép c6 cau tao va su lam viéc
trong khong gian kha phuc tap nén néu st
dung phuong phap dan hdi khéng thé hinh

dung tng xtr chiu luc caa hé mét cach toan
dién dugc. Phuong phap phan tich nang cao
nay da khic phuc dugc diéu nay. St dung
ham 6n dinh cho phan tir dam-cot dé dién ta
tac dong phi tuyén hinh hoc va sir dung khép
déo ctimg dé dién ta tac dong phi tuyén vat
liéu da dién ta duoc su lam viéc cua toan bo
tru thép, va da du doan dugc dang phéa hoai va
tai trong giGi han cua tru thép.

Pham vi nghién ciu caa dé tai chi tap
trung phéan tich khung thép, tru thép khéng
gian. Vi vy, phuong phép nay can dugc phat
trién tiép theo nhirng hudng sau:

Str dung phuong phap phan tich phi tuyén
vat liu theo phuong phap phan tich khép déo
thd hay ving déo dé dién ta chinh xac hon sy
chay déo cua thép goc trong khong gian.

Nghién ctu phén tich tru thap thép chiu
tdc dung cua tai trong dong, dac biét la tai
trong dong dat, nhiét do, su 1am viéc dong
thoi cua cac ché do day va gio... ma hién nay
hau nhu chua c6 nghién citu nao.

Ap dung phuong phap phan tich nay cho
nhitng tru phtc tap hon, nhiéu tang xa, tru
thép néo goc, tru thép néo ¢, va tru thép néo
cudi,... khong nhitng cho nhimng duong day
110kV ma con cho nhirng duong day 220kV
va céc tru cho nhitng duong day 500kV dé
hiéu r& rang hon &ng xtr caa hé va tir d6 nang
cao do tin cay cua thiét kém
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