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NGHIEN CUU CO SO’ TINH TOAN CAN TRUC THAP
KHI XET DEN BIEN DANG THAN THAP

Dwong Trwong Giang'™

Tém tat: Cén truc thap duoc st dung dé xay dung céc céng trinh cé chiéu cao I6n, né cé dac diém la than
thap dai, chju dnh hudng nhiéu thanh phan ngoai luc. Do ¢cé déc diém cau tao nhw vay nén két céu cén truc
chiu chuyén vj I6n khi lam viéc va cé khi khéng lam viéc. Sw chuyén vi Ién nay ngoai yéu té lién quan tinh
toén dé bén két céu thi con dnh huéng téi tai trong tac dung vao méng cén truc, én dinh Iat d6 cén truc, hé
neo giéng, strc khde ngui van hanh... Dua trén cac nghién ctru da cong bé bai béo nay trinh bay mé hinh
bai toan tinh bién dang than thap do tac dung tai trong quy tinh. Day la phu’ong phép tinh don gian phu hop
cho thuc te khi thiét ké b phén riéng ré trong qua trinh st¥ dung can truc, nhdm han ché céc rdi ro khéng
mong muédn.

Tir khéa: Cén truc thap; do cing; 6n dinh; tai trong; hé neo giang.

Research on fundamental calculation of tower cranes examining into the elastic deflections of
tower body

Abstract: Tower Cranes are used to build the tall buildings and the characteristic of a tower crane is long
tower mast which is influenced by many external forces. Therefore, the structure of Tower Cranes is de-
flected in service and out of service. This deflection relates not only structural strength but also impact on
foundation design, stability against overturning, anchor system, health of operators... Based on research
has announced, this paper presents the model of exercise which is used to calculate the elastic deflections
of tower mast under static loading. This simple method is suitable for reality when we design the separate
parts in utilization process of the Tower Cranes to prevent unwanted risks.
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@ 1. M& dau

Can truc thap 13 thiét bi nang phd bién trong xay dwng cac cdng trinh c6 chidu cao I&n hién nay, déc
diém c4u tao 1a c6 than thap kich thuwéc chidu dai Ion hon nhidu tiét dién ngang. Do cé dac didm céu tao
nhw vay nén két ciu thap can truc chiu chuyén vi I&n khi lam viéc va ca khi khéng 1am viéc. Sy chuyén vi
I&n nay &nh hwéng dén nhiéu yéu té nhw tinh toan dé bén két cAu, tai trong tac dung vao méng can truc, 6n
dinh 1at @b can truc, dac tinh ky thuat can truc, strc khde ngwdi van hanh... Cac gido trinh, tai liéu vé can truc
& Viét Nam [1-3] hdu nhw it d& cap cac yéu tb trén trong cac bai toan co ban. Theo hwéng nghién ctru nay
céc tac gia trong [4] tinh toan két cAu thép can truc thap khi xét t&i bién dang theo nguyén téc s&v dung cac
hé sb khuyéch dai cac tai trong bién ddi phu hop véi TCVN4244-2005 [6]. Trong [5] xay dwng bai toan thiét
ké t&i wu thiét ké két cAu thép can truc thap cé ké dén yéu td bién dang I&n. Ming X.H va cac cong s [8]
tinh toan &n dinh két cAu can truc thap st dung phwong phap ndng lwong va so sanh vai két qua tinh cla
mé hinh phan t& hitu han. Lawrence K.S va cac cdng sw [9] trong tinh toan 6n dinh lat d& cé néu ly thuyét
chung tinh toan chuyén vi than thap khi xét tai trong gié, tai trong nang va trong lwong ban than can truc,
khong xét tai trong quan tinh trong bai toan. Lanfeng Yu [10] nghién ctu phuong phap tinh toan va danh gia
do ctrng tinh than thap, tac gia da do dac thuc té 20 loai can truc vé&i cac kidu dang khac nhau dang st dung
an toan trong thwe t&, [10] nhan thay ching d&u cé chuyén vi thap nhé hon hodc béng 1,34h/100 (h-chiéu
cao thap t&i chét chan can). Phwong phap tinh toan c6 xét bién dang ctia TCVN4244-2005 hodc FEM1.001
[4,6] 1a twong dbi phirc tap dodi hdi phai c6 phdn mé&m di manh phan tich dé tim ra hé sb khuyéch dai day
du. Trong thuc té khai thac can truc thi cac bai toan thiét ké riéng ré nhw méng can truc, dn dinh lat a4, thiét
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ké hé neo giding 1a phd bién va nhiéu khi can truc thap khong da hd so, di liéu tai trong can thiét dé thiét ké
ho&c 1ap d&t theo yéu cau riéng.

Vi vay, dua trén cac nghién clru da cdng bd bai bao nay sé trinh bay mé hinh bai toan tinh bién
dang than thap dwéi tac dung tai trong quy tinh I&n nhat va quan hé cac théng sb can truc theo diéu kién
bién dang. Day la phuong phap tinh don gidn xac dinh tai trong, mé men ting thém do bién dang phu
hop cho thuc té khi thiét k& bo phan riéng ré trong qua trinh khai thac can truc, nhadm han ché cac rai ro
khéng mong muén.
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Hinh 1. M6 hinh tinh chuyén vi thén thap ctia can truc thép
a) Cén truc dat c6 dinh trén nén; b) Can truc di chuyén trén ray;
¢, d) Cén truc dat cé dinh trén nén va neo giang vao cong trinh.

Hinh 2. So dé tinh toan quy déi luc tac dung vao thap

@ 2. Mb hinh tinh khi xét bién dang than thap

Xét md hinh bai toan nhu Hinh 1, gia tri chuyén vi ngang hé thap, cAn &nh hwéng chi yéu do bién
dang than thap gay ra, chuyén vi nay gay tdng thém mé men tac dung than thap (con goi 1a hiéu tng P - A
[9]), gia tri md men ting thém 1a dang ké& khi than thap bién dang I6n. Theo mé hinh tinh d& xac dinh gia
tri m6é men tang thém ta can xac dinh cac gia tri lwc quy déi vé& tam thap tai vi tri chét chan can va chuyén
vi tai chét chan can ctia can truc thap. Quy di lwc tac dung do phan bén trén chét chan can vao thap gém
cac thanh phan, mémen M_, lwc dirng N, lwc ngang H, lwc ngang do tai trong gi6 W, (Hinh 2). Trong d6 luc
dirng N do trong lwong ban than phan bén trén chbt chan can va tai trong nang Q, lwc céng cap tac dung
vao thap S, (trwong hop can truc thap loai thap quay); mé men M, do luc tac dung theo phwong ngang H
(lwc gid, lwc quan tinh), tai trong nang Q theo dwdng ddc tinh tai trong va trong lwong ban than; lwc ngang H
la do cac luc quan tinh trong mat phang cdia can xét khi can truc lam viéc, con lyc gio quy ddi W, tac dung
vao phan bén trén va vat nang.

Gia thiét mé hinh tinh coi nén, bé di chuyén, doan thap bén dwéi diém neo giding cudi cuing la tuyét
déi ctrng (Hinh 1). Theo mé hinh tinh ta co:

- M6 men tang thém M, tac dung vao chan thap hodc I6p giang cudi cung do chuyén vj gay ra la:

M, =P, +0, +5y) (1)
- M6 men tai chan thap M trong trwdng hop tdng quat khi k& dén bién dang than thap la:
M=M,+M,=Mq+W,h+0,5wh’ + Hh+ P(5. + S + S) (2)

- Lwc dirng V va lwe ngang H, tac dung chan thap:
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V=N+G,;Hy,=H+W 3)

trong dé: lwc ding P tac dung vao thap theo [9] 1a P= N + G3 e 9, 9,12 chuyén vi thap tai chét chan can

3 O
do mé men, do gid, do Iwc ngang tac dung vao thap; G, la trong lwong thap.

Cac gia tri cong thirc (2), (3) dung tinh todn trong cac bai toan riéng ré nhw méng can truc, cac bai
toan 6n dinh 14t d6 can truc, tinh bén két cau thép co xét toi anh hudng bién dang than thap véi mé men
tang thém M,. Trwdng hop can thuc thap neo gidng vao coéng trinh (Hinh 1c) cac gia tri M, V, H,cta phwcvng
trinh (2), (3) coi tac dung vao I&p gidng cudi cuing, tinh toan tai trong mong va luc tac dung vao cac I6p gidng
theo mé hinh nhw Hinh 1d. Phwong phap tinh toan can truc thap theo didu kién bién dang than thap cho bai
toan thiét ké va bai toan Iwa chon théng sb khai thac can truc dwoc mé ta nhu sau:

- D@ lieu ban d4u: Céac thong sb vat liéu, ddc tinh tai trong; théng sd dong hoc; cac théng sé hinh
hoc, két cau, di¥ liéu gio...

- Lap phwong trinh quan hé cac thdng s, tinh toan cac gia tri: Lwc vamé men: B M, H, W, chuyén

vi chét chan can: d,, J,, J,; diéu kién rang budc vé do cing: J < [d]; khao sat chiéu cao than thap; khao sat

cac thong s dong hoc; cac div liéu khac theo yéu ciu bai toan...

- Tinh toan cac gia tri: M6 men tang thém: M ; lwc va mé men phuc vu thiét ké: V, M, H,

- Ap dung cho céc bai toan: Tinh toan thiét ké mong, &n dinh lat db; tinh toan thiét k& hé neo gidng;
tinh toan than thap...
@ 3. Méi quan hé cac thong s6 can truc theo diéu kién bién dang

Quy ddi thanh phan luc dirng N vé& tdm thap & vi tri chét chan can (Hinh 2):

N=G,+XS.+0+XF (N) (4)
G,

ZF‘” FQ+FTV—§v1m +Ma;—f‘”(vl,a3) (N) (5)
4

trong do: G, la trong lwong ban than cac bd phan can truc bén trén chét chan can, (N); xS, la lwc cang cap
(& loai can truc thap quay), (N); Q la trong lwong vat nang, (N); TF1a tdng cac lwc quan tinh theo phwong
x, (N); F 2la lwc quan tinh khi nang ha vat nang Q, (N); F,™V la luc quan tinh do vat nang va khéi lwong can
trong trwdng hop can truc thay d6i tam vai bang nang ha cén, (N); my, 1a khéi lwgng vat nang, m, = Q/g (kg);
v, lavan tbc nang ha, (m/ph) ”1a téc d6 chuyén dong dirng dau can khi nang ha can, (m/ph); G la trong
ILPc_mg quy dan can quy vé dau can vé&i can thang G, = G /3[2,3]; G, latrong lwgng can, (N); t,1a thO’I gian
chuyén dong khong &n dinh ctia co cdu nang ha cén; gia téc a,” = (0,1 + 0,6) (m/s?) [6].

Hé sb thirc nghiém ¢ theo [6]: év, = 0,15, khi v, < 0,5m/s; év, = 0,3.v,, khi 0,5 < v, <1 (m/s); év, = 0,3
khi v, > 1m/s.

Quy dbi thanh phan lyc ngang H vé tam thép & Vi tr|' chét chan can (Hinh 2):
Q 2a+e )

H=F"+F"+F*“cosp+F*cosgp=
0 D 0 Q+Ip = 900 —n h

(e+e Yo' + mya, COS Y + mpa, Cosp

(6)
Qn (a+e )
900 —n’h,

Quy @i thanh phan Iyc gio W, vé tam thap & vi tri chét chan can (Hinh 2):

Wy =Fy +Wy; (N) (7

M6 men quy ddi v& tam thap tai vi tri cht chan can theo cac théng sé hinh hoc (Hinh 1):

M, =Qa+(F¢ +Fy a+Fyhy £ Fyhy +Wyhy+ F} hy + F3hycosp+ Fj\hycosp— X S,b+ G e

2
. ( +e)( j +(my +mp)a,cosp= f1(n,a,); (N)

Qn (a+e) b+
900 —n’h,
+hymya, cosp —2.S,b+ Gpe;(Nm)
tropg do: F,'1a lwc quan tinh ly tdm cda vat nang khi quay, (N); F." a lwc quan tinh ly tam do trong lwong
phan bén trén QD khi quay, (N); a la khoang cach tr vat né,ng toi té’m thap, (m); ela khoé‘ng cach tir trong tdm
trong lwong phan bén trén G, t¢i tam thap (gia tri e co thé thay doi theo géc nghiéng can), (m); e’ la khoang

2
=Qa+ f{¥(v,a;)a+ D(e+ )(ﬂoj by +Wyhs + F) hy + hym,a, cosp (8)
g
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cach tir tdm quay may t&i tam thap (v&i can truc thap dau quay thwdng tam quay may tring véi tam thap),
(m); rla tdm véi can truc, can truc loai thap khéng quay r = a hoac loai thap quayr=a-+ e’ (m); 9 la géc quay
can so v&i duong di chuyen do; nla téc do quay, (v/ph); a,la gia tbc di chuyen may, (m/s?), mién gia tri gia
tbc va thoi gian gia téc cé thé tham khao [6]; F v W, la Iwc gi6 tac dung vao phan bén trén chét chan can va
vatnang, (N); a, b, h,, h,, h, la cac canh tay don tuo’ng trng cac lwc (Hinh 2); h_la chiéu cao nang, (m) F,
F_*la céc lwc quan tinh kh| di chuyén may do trong lwong vat nang Q va phan bén trén chét chan can, (N)

St dung mé hinh hé thanh 1 d&u ngam, chuyén vi ngang tai chbt chan can dwéi tac dung céc thanh
phan tai trong nhw sau:

- Chuyén vj tai chét chan can 6, do mé men M, tac dung vao thap theo [9]:

l—cos[ E’;h}
A
cos Ji.h
EI

G,
trong do: lwc ding P = N +— [9] (N); G, la trong lwgng thap tinh dén chét chan can (N); h la chiéu cao

=0.(h,v,n,a,a5);(m) ©)

than thap t&i chét chan can, (m), E la mé dun dan hdi cta vat liéu (N/m?; /la mé men quan tinh tiét dién than
thap, (m*); cadc ham Iwgng giac trong cong thire (9) don vi goc la radian.

- Chuyén vj tai chét chan can ¢, do tai trong gi6 tac dung vao can truc bao gém phan bén trén W, va
tai phan bo vao than thap w, theo [9]:

\/7 1- cos\/7
o, = \/7 Wt \/7 \/7h)+wh tg\/7 \/7 \/7 =0y (h);(m) (10)

- Twong tw nhw (10) ta c6 chuyén vi tai chét chan can 6, do lwc ngang H phan bén trén tac dung vao
thap, trién khai khi theo [9]:

1 P, [P .
Oy = T{H(tg\/%h - \/gh)} =0y (h);(m) (11)
\EI

- biéu kién rang budc chuyén vi tinh tai chbt chan can Ién nhat § can dam bao:
5:50(\/,]1,02,}’1,61”3)+5W(h)+5H(h)S[é] (12)

Theo khuyén céo trong [10] thi chuyén vi cho phép [6] = 1,34h/100, theo tiéu chuidn GB3811-1983,
GB/T13752-1992 thi [d] = h/100.

@ 4. Vi du tinh toan, khao sat cac thong sé can truc

Xét can truc thap loai dau quay va can ndm ngang dwoc ap dat cb dinh, cac thong sb ban dau lay
theo can truc Grucomedil MCA 501 [7] c6 dac tinh k¥ thuat va cac théng sb nhu sau: tai trong nang I&n nhét
twong tng Q,_ = 6 tan tai tam v&i r = 15m, Q, = 1,4 tan tai thm vai r, = 50m, van téc nang v, = 30m/ph,
van téc quay n = 0,5m/ph, van téc thay ddi tam voi v, = 50m/ph, chiéu cao ding tw do tinh toi chét chan
can h = h =42m (chiéu cao nang h = 40m) Khéi Iucvng ban than can truc gom tdng trong lweng cac bod
phan bao gdm can, dinh thap, déi trong, can cbng x0n, co cAu nang, co cau kéo xe con, cabin, xe con
G, = 248,7KN, trong tdm cach tdm quay e = 0,9m; trong lwong thap tinh t&i chét chan can G, =201,17KN
(h = 42m). Thong sb thap: kich thwéc thap 1,6mx1,6m; cac thanh bién lam béng thép L150x150x15; md
men quan tinh v&i truc theo dwdng chéo thap J_ = 1662cm?, voi truc qua tam thap song song véi canh thap
J = 1046cm?; modun dan héi E = 2,1.10° N/mm2. Cac di¥ liéu khac vé gia toc va diém dat lwc: can truc dat
co dinh va thay ddi tam voi bang xe con cap kéo nén gia téc a, = 0, a,” = 0; vi tri diém dat luyc h, = 0,3m;
h,=2,2m; h, = 0. D& liéu tai trong gio: ap lwc gid Ién nhét trong trang thai lam viéc q, = 250N/m?; trong trang
thai khong lam viéc g, = 1100N/m?. S&r dung cac (rng dung trong Microsoft Excell dé tinh toan (quy ddi v&
don vi KN, m), trong trang thai lam viéc tai trong nang Q tinh & vi tri thm v&i cé mé men tai Ion nhét r= 15m,
cac két qua tinh va khao sat danh gia cac thong sé nhw Bang 1 t¢i Bang 5.

TAP 11804

—o72017 AP CHI KHOA HOC CONG NGHE XAYDUNG




KET QUA NGHIEN CUU VA UUNG DUNG 12

Két qua tinh gia tri m6 men téng thém trong mién khao sat do bién dang than thap la dang ké tir 10%
t&i 30%, do vay ma khéng chi tinh toan két ciu thép ctia can truc thap ma can thiét phai xem xét yéu té nay
ca khi thiét k& mong, neo giéng, kiém tra 6n dinh. Tt két qua nay bwéc diu cho ta cac nhan dinh vé phwong
an khai thac an toan, thiét ké ky thuat an toan can truc thap nhu sau:

- V6i thong sb ky thuat ban dau theo dic tinh ky thuat can truc (Bang 1), trong tinh toan théng
thwerng néu khong xét bién dang than thap cho cac bai toan (&n dinh lat d6, thiét k& méng, tinh neo gidng)
ma chi dat hé sb an toan t4i thiéu theo quy dinh (vi du nhw tinh 6n dinh 1at d6: hé sb 6n dinh dong k, = 1,15;
4n dinh khi khong lam viéc k, =1,15[1,2]) thi dy trir an toan thuc té 1a khong ddm bao vi md men tang thém
do bién dang trong trang thai lam viéc 14 17,2%, trong trang thai khéng lam viéc & 10%.

- Bién dang than thap va gia tri lwc tang thém do bién dang phu thudc nhiéu vao chiéu cao than thap
h (Bang 4), su bién dbi nay khong nhiéu khi thay ddi van toc nang v, (m/s), hé sé dong luc v, tbc do quay
n (v/ph) (Bang 2, Bang 3). Nén trong mi&n khao sat khi cai tao tang chiéu cao thap béng cach giam céac thong
sb dong hoc trong vi du nay la it cé y nghia.

Béng 1. Chuyén vi chét chén cén va mé men tang thém trong céc trang théi cén truc

Trwong hgp | Quan hé canthap | o(m) | [6](m) M, (KNm) | M (KNm) | M(KNm) | % M tang thém

CT 0.46 0.56 194.00 1,079.00 1,273.00 17.98
Khi lam viéc

bC 0.46 0.56 194.00 1,128.00 1,322.00 17.20
Khi tai treo CT 0.34 0.56 140.96 676.17 817.13 20.85
tinh bC 0.34 0.56 140.90 676.17 817.07 20.84
Khi khong CT 0.49 0.56 175.46 1,530.00 1,705.46 11.47
lam viéc BC 0.49 0.56 175.39 1,747.00 | 1,922.39 10.04

Ghi chd: CT la can vudng géc véi canh thap, ¢ = 0; BC la can theo dwdng chéo thap, ¢ = 45°.

Baéng 2. Khdo sat chuyén vi chét chén cén va mé men tang thém theo gié tri véan tbc néng

v, (mis) | y=ev, 6 (m) [5] (m) M, (KNm) | M, (KNm) | M(KNm) | % Mting thém
0.50 0.15 0.46 0.56 194.00 1,079.00 1,273.00 17.98
0.60 0.18 0.46 0.56 194.70 1,082.00 1,276.70 17.99
0.70 0.21 0.46 0.56 195.40 1,084.60 1,280.00 18.02
0.80 0.24 0.47 0.56 196.00 1,087.30 1,283.30 18.03
0.90 0.27 0.47 0.56 196.73 1,090.00 1,286.73 18.05
1.00 0.30 0.47 0.56 197.40 1,092.70 1,290.10 18.07

Bang 3. Khado séat chuyén vi chét chén cdn va mé men téng thém theo gié tri van téc quay

n (viph) o (m) (91 (m) M, (KNm) M, (KNm) M(KNm) | % Mting thém
0.30 0.46 0.56 192.85 1,070.34 1,263.19 18.02
0.50 0.46 0.56 194.00 1,079.00 1,273.00 17.98
1.00 0.48 0.56 200.00 1,122.00 1,322.00 17.83
1.50 0.50 0.56 210.70 1,200.00 1,410.70 17.56
2.00 0.54 0.56 227.80 1,322.90 1,550.70 17.22

Béng 4. Khado sat chuyén vi chét chén cén va mé men tdng thém theo tai trong néng, chiéu cao thap

Géc quay can | Q(t) h(m) | o(m) | [6](m) | M, (KNm) | M, (KNm) | M(KNm) | % M ting thém
cT 350 | 5325 0.52 0.71 206.00 793.00 999.00 25.98
BC 350 | 5325 0.51 0.71 206.36 872.70 | 1,079.06 23.65
cT 4.40 | 49.50 0.53 0.66 213.00 900.40 | 1,113.40 23.66
BC 440 | 4950 0.53 0.66 212.80 968.80 | 1,181.60 21.97
cT 550 | 45.75 0.53 0.61 22930 | 1,040.50 | 1,269.80 22.04
BC 550 | 4575 0.53 0.61 22030 | 1,099.00 | 1,319.30 20.05

Ghi chii: CT & can vudng géc véi canh thap, ¢ = 0; BC | can theo dwédng chéo thap, ¢ = 45°.
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Béng 5. Khao sat chuyén vi chét chan cén va mé men ting thém theo tai trong nang, chiéu cao thap

Trwéng hop | Quan hé can thap | h(m) | 6 (m) | [4] (m) M, (KNm) | M (KNm) | M (KNm) | % M tdng thém
CT 30.75 | 0.21 0.41 88.80 953.80 1,042.60 9.31
CT 3450 | 0.28 0.46 117.43 993.74 1,111.17 11.82
CT 38.25 | 0.36 0.51 152.15 1,035.52 | 1,187.67 14.69
CT 45.75 | 0.58 0.61 244.54 1,124.80 | 1,369.34 21.74
Khi lam viéc bC 45.75 | 0.58 0.61 244.40 1,183.30 | 1,183.30 20.65
CT 49.50 | 0.73 0.66 305.25 1,172.27 | 1,477.52 26.04
bC 49.50 | 0.73 0.66 305.12 1,240.70 | 1,545.82 24.59
CT 53.25 | 0.90 0.71 378.33 1,221.66 | 1,599.99 30.97
bC 53.25 | 0.90 0.71 378.20 1,301.00 | 1,679.20 29.07
CT 30.75 | 0.19 0.41 66.52 1,088.20 | 1,154.72 6.11
CT 53.25 | 1.10 0.71 395.10 2,048.00 | 2,443.10 19.29
o bC 53.25 | 1.10 0.71 395.00 2,340.00 | 2,735.00 16.88
f::nkczlg cT 4575 | 065 | 061 | 233.00 | 1,694.00 | 1,927.00 13.75
bC 45.75 | 0.65 0.61 232.00 1,652.00 | 1,884.00 14.04
CT 49.50 | 0.85 0.66 305.00 1,867.00 | 2,172.00 16.34
bC 49.50 | 0.85 0.66 305.00 2,168.00 | 2,473.00 14.07
Ghi chu: CT la can vuéng géc véi canh thap, ¢ = 0; BC 1a can theo dwdng chéo thap, ¢ = 45°.

- Khi khai thac can truc, I&p dat ting chiéu cao than thap h 16n hon so thiét ké h > 42m (Bang 5), thap
bi bién dang va lyc dirng, mé men ting vwot so véi quy dinh an toan, trong phuong &n nay cé thé giam tai
trong nang Q (Bang 4) dé bién dang, Iwc ding, md men tac dung vao thap & trang thai lam viéc dat trong
mi&n an toan. Tuy nhién trong trang thai khéng lam viéc (gié b&o) thi can phai cdn trong neo gidng va ha
thap do cao theo quy dinh.

@ 5. Két luan va kién nghi

Bai bao da trinh bay mé hinh bai toan tinh bién dang than thap dwéi tac dung tai trong quy tinh va
quan hé céac théng sb can truc theo diéu kién bién dang. Dwa trén cac nghién ctru da cong bd va vi du minh
hoa, phwong phap tinh toan trong bai bao phu hop voi viéc xac dinh dir liéu tai trong (V, H, M, M,) cho cac
bai toan riéng ré hay gap trong thuc t& ma khéng doi hdi phai cé phdn mém di manh dé phan tich tim ra
hé sb khuyéch dai day du. Két qua khi khao sat mot vi du cu thé cho thay gia tri mdé men ting thém do bién
dang than thap 1a dang k&, do vay ma khéng nhirng tinh toan két ciu thép than thap ma con phai xem xét
yéu t6 bién dang nay ca khi xac dinh tai trong duing thiét ké moéng, thiét k& hé neo giéng, kiém tra én dinh lat
db..., didu nay goép phan han ché cac rdi ro khdng mong mudn.
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