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Sw cé lat ddm gdy phd hily thuong gdp doi véi dam cé mdt cat chiv nhdt hep
voi kich thworc va trong lwong Ién. Néi dung bai bdo trinh bdy cdch tinh tdi
trong va néi lwc déng khi dim chiu uén bdt loi dong thoi chiu xodn do sw cd
lat. Trén co s& két quad thu dwoc, khuyén nghi cdc don vi thiét ké, thi cong
cbng trinh lwa chon gidi phdp hop ly.
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1. Mé dau

Hién nay, trong cac céng trinh ha tang giao
thong, dAm bé téng c6t thép duc sdn cé kich thwéc
l6m duoc st dung kha phé bién do c¢é nhiéu wu
diém. Thuc té, trong nhiéu céng trinh, qua trinh
van chuyén, lap dit da xay ra mot s6 sw cd gy pha
hiy dam ( gdy dam). Cic sw c6 xay ra gay thiét hai
dang ké vé kinh té, xa hoi. C6 thé dwa ra mot so sw
c6 dién hinh sau: Sw c6 giy dam dai 42 mét do thi
coéng cau chg Pém trén cao téc TP H6 Chi Minh -
Trung Lwong (Hinh 1) (Thanhnien.vn
11/3/2009; Sw c6 giy 3 dam bé tong cot thép dai
33 mét, cao 1,6 mét tai cdng trinh dwdng trén cao
vanh dai 3 doan qua Phap Van, TP Ha Noi ( Hinh
2) Vnexpress.net ngay 18/04/2010. Sw ¢ giy gay
dam ciu vuot dwong cao téc Hué - ba Nang ( Hinh
3) (Vnexpress.net ngay 30/8/2016).

Theo tinh todn thiét ké, & ché d6 lam viéc binh
thudng, cac dAm chiu uén trong mat phang c6 do
cling udn 16n nhat. Khi xay ra sw c6, ddm vira chiu

*Tdc gid lién hé
E-mail: duongduchung@humg.edu.vn

udn, vira chiu xoan. Truwdmg hop nguy hiém nhit
12 khi dAm chiu uén trong mit phang c6 do ctirng
bé. Hau hét cic trwong hop sw co giy pha huy la
dam chiu uén trong mit phang cé do cimg bé két
hop chiu xodn. Khi d6, diém c6 tri s6 (rng suit
phap 16n nhiat do mé men uén giy nén tang cao
trung véi diém c6 (ng sudt tiép lén nhit (diém
gitra canh dai) do mé men xoan gay nén.

N0i dung bai bao sé nghién ctru xac dinh phan
b6 trng suit dong trong dAm chiu uén va xoan khi
gap s cb lat. Két qua nghién ctiru gbp phén gitp
cac nha thiét ké lwa chon hinh dang va kich thuéc
hop ly mit cat ngang ddm chiu udn, dic biét di
véi dam co kich thwée 16m, nham ddm bao an toan
tuyét doi trong moi diéu kién.

2. Xac dinh néi lwc ddong uén - xoan khi dam
14t sw co.

Xét dam c6 chiéu dai L, mat cat ngang chir
nhat kich thwéc (bxh, h>b), trong lwgng trén mot
don vi dai g. O ché d6 lam viéc binh thwong, dam
chiu udn trong mat phang c6 do ciig lén nhat,
uén quanh truc x ( Hinh 4).Tri s6 &ng suat cuc dai
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Hinh 3. Sw c6 gdy ddm do thi cong cdu vwrgt dogn
La Son-Ttly Loan trén cao téc Hué- Pa Ndng

Hinh 5. Vi tri mdt cdt ngang ddm trwéc va sau khi
lat sw co.

s& 1a (L& Quang Minh, Nguyén Vin Vuong,
1993):
M

_ X max
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w

X
Trong d6: Mymax - m6 men udn lén nhat theo

(o3

) 2 n x

tai trong thiét k& - PP -M6 men chéng
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uén clia mat cit déi véi truc x duoc thiét ké dé

dam khong bi pha huy.

Vi nguyén nhan ngau nhién nao dé, dam bi 14t
do sw ¢d (14t tw do). DAm quay quanh truc qua
diém A v6i téc do dau @, = 0 khi dwong chéo AC
c6 phwong thang dirng va dat tc dd w tai thoi
diém dam két thic chuyén dong ( Hinh 5).

bong nang dat dwoc T = % Ipa)z; I,- M6 men

quan tinh khéi lwong déi véi truc quay qua A.

Qua trinh 1at dwoc khdo sat nhw vat ran
chuyén déng quay. Néu b6 qua sw mat mat nang
lwong do mot sé hiéu trng vat ly khac, theo dinh
ludt bdo toan nang lwong, sw bién thién dong nang
bing dd giam thé ning.

T =%Ipa)2 =%Q(d “b),Q=qL (1)

Trong d6: I, m6 men quan tinh khoi lvgng
d6i véi truc qua tAm quay A; @ - van téc goc ngay
trwdc thoi diém va cham do 1at; d - chiéu dai
dwong chéo clia mit cit chit nhat.
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Hinh 6. So do tinh va biéu d6 mé men uén dong
sau thoi diém ldt dam.
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Hinh 7.Sor do tinh va biéu dd mé men xodn dong
sau thoi diém ldt dam.

Trudéce thoi diém va cham, vin téc quay lat cia
diam 1a @. Két thic qua trinh va cham 14t d6t ngot,
lwc quan tinh giy bién dang dan hdi udn- xoin
trong dam. Trén mo6t don vi dai bat Ky cia dam,
lwc quan tinh khong do6i giy nén cuong do tai
trong ubn qa va xoan mg phan bé déu. O’ thoi diém
nay, ddm chiu uén phing trong mit phing c6 do
clirng uén bé - udn quanh truc y (Hinh 6) va chiu
xoan thuan tuy (Hinh 7). Day 12 bai toan dong va
cham, st dung phwong phap nang lvgng dé xac
dinh noi lwc dong (Nguyén Vin Phwong, 2005)

Khong xét bién dang cuc b0 tai ving tiép xtc
gitra dAm va bé do khi va cham, tién hanh khao sat
2 truong hop sau:

2.1. Trwong hop bo qua dnh hwdng clia bién
dang xodn

Trwong hop nay, dim chiu u6n véi cueong do
tai trong dong phan bé déu g4 D€ xac dinh noi lwc
déng can xac dinh cwong do tai trong dong qa (
Hinh 6).

Khi khéng xét dén anh hwdng cia bién dang
xoan, néu bd qua sw mat mat nang lwong do cac
hiéu tng vat ly khac, dong nang chuyén déng T
chuyén thanh thé ning bién dang dan héi Ucta
dam chiu udn véi cwong do tai trong phin b déu
qa (Vi Pinh Lai va nnk, 2006):

2 2
Tzuzijﬁdz+ijn&dz 2)
2lEl, 2" GA
Trong d6: M4, Q- md men udn va lwc cat dong
do qagay ra;
1=1,2 - hé s6 tinh dén s phan bé khong déu
clia img sudt tiép do luc cat giy ra d6i vai mat cat
hinh chit nhat;
3
I, flbz - md men quan tinh clia mat cat d6i
véi trucy;
E, G - m6 dun dan hoi khi kéo, nén va md dun
trwot cua vat liéu dam;
A - dién tich méat cit ngang dam.
béi véi hé dam, thwong bé qua bién dang
truot do luc cét ttr (Z)Vé (1) c6 duoc:

—Q(d b),
Mdzqdl‘z_qdz (3)
2 2

1 1
= 28I, (quz—qdzz)Zdz :EQ(d —b)-
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q, = F\/120Elyq(d —-b)<=

b
a, =1z 10gEhb(d —b); I,

(4)
=hb®/12

Ttr (4) cho thay: tri s6 g4 phu thudc dé chénh
cao clia trong tAm mat cit & hai vi tri truéc va sau
khi ddm bi 14t. Piéu nay chirng té khi d giam thé
nang cta hé cang 16m thi do bién thién déng nang
tang va lyc quan tinh phat sinh do va cham sé 16m.

U'ng suat 1én nhat 1a:

o My Gl
b ol ° hb? (>)
= —+/10gEhb(d —b); W | = 5

Néu tri s6 (rng suat tinh theo (5) vi pham diéu
kién bén, ddm sé bi pha hily. Thwc té, nhiéu trueong
hop su ¢6 gdy dam do 14t da xay ra.

2.2. Trwong hop xét dong tho'i bién dang uén
- xodn
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Khi tinh d6ng thoi bién dang uén - xoin, néu
b6 qua anh hwdng cla luc cat, phwong trinh cin

bang nang lwong cia dam cé dang:
2 2
U =£j&dz+1j‘ Mirgr—7 =
21 El, L Gl (6)
=% | w? ——Q(d b)

Trong do6: My, Mzdla mo men udn dong va mo
men xoan dong tai mat cat z do cwdong do tai trong
gay udn dong gsva cudng do tai trong giy xodn
dong mydo 14t ddm gay nén.

Do gia t6c chuyén dong quay ctua cic diém
trén mat cit khac nhau nén diém dat cua hop luc
quan tinh cach trong tdm O mot do 1éch e. Thuc
hién phép doi lwc song song vé trong tim O, quan
hé gitta qa va mq c6 thé 14y: mq = qax e; e - Khoang
cach tir diém dit cia qq dén trong tAm clia mat ct.
D0 1éch tAm e sé dwoc xac dinh & phan sau ( trén
Hinh 8, e la d6 dai caa OI).

M6 men xo0an véi cwdng dd ma= qax e khong
lam cho dam tiép tuc it nén c6 thé coi dam chiu
xoan bi ngam hai dau, biéu @6 mé men xoan M4 c6
quy luit bac nhat ( Hinh 7). Khai trién (6), dwoc:

4El|)/L_!'2(quz—qdzz)2dz+ ,
Glm ety m,2)?dz = ~Q(d ~b)
4EIyJ2(q"LZ q,22fdz+
oI Jz(_qJZ +qdez) dz_—Q(d b)

q;L° gk’l’ 1

+ —2Q(d—b)==qL(d—b

240EI, ' 24Gl 5 )2‘” )
2

_ D A0qEnb(d <) x 3L
G =52 V10GEND(d D) \/3[31_2+5(1+ﬂ)e2 (7)

Trong do: u - hé s6 bién dang ngang cua vat

liéu dam; I,,= Shb? - md men quan tinh xoan cla
mit cat chir nhat d6i véi trong tAm O; £- hé s6 phu
thudc ty s6 h/b, tra bang 1ap sén. (Vi Dinh Lai,
Nguyén Xuan Lyu, Bui Dinh Nghi, 2006)

Trong (7) chwa thé xac dinh dwoc gq vi chua
biét tri s6 e. C6 nhiéu phwong phap xac dinh do
léch tam e. O day, dé xac dinh e, sé ap dung cac
dinh ly vé sy bién thién dong lwgng va mé men
dong lvgng dé xac dinh xung lwc phat sinh do va
cham khi 1at ddm ( D6 Sanh, 2010) ( Hinh 8).

Phwong trinh bién thién dong lwgng va mo
men doéng lwgng khi va cham do 14t dam 1a:
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Hinh 8. So do tinh xung luc va cham.
Mv,.—M V=R
|, 0.~ ,0=ma(R) (b)

Trong d6: M - khéi lwgng dam; v, v van téc
khoi tAm ( O) trwde va sau va cham;

@ @ - van téc goc trwrdre va sau va cham;

5

R - vec to chinh ctia xung Iwc va cham.

Do dam c6 khéi lwong 1én cé thé bé qua do
niy va bé d& ( tru do) khong dich chuyén, sau va
cham v= w= 0.Phwong trinh can bang hinh chiéu
cta (a) theophwong X, Y va phwong trinh (b) c6
dang:

0=Rcosa— a =r/2; (c)- véc to xung luc
va cham vuéng goc véi AO

Mawd/2=Rsina —R=Mad/2sin a =

—Mad/2,d/2= A0 (d)
| =R(AO+Ol)=R(d/2+e)>d/2+e=
=1, 0/R—>e=1 0/R-d/2 (e)

Tw (D rut ra:

w=/Q(d-b)/1, :%\/3g(d —b); trong d6 md
men quan tinh khéi lwgng déi véi truc quay qua A
& 1, =Md?/3=Qd?*/3g=qLd*/3g, g la gia
toc trong trueong. Lan lwot thay wva I, vao (d), (e)

dworc:
R = Maxd /2=%,/3(d “b)yig (8

e=1 w/R-d/2=d/6 9)

Thay (9) vao (7), cwong do tai trong giy uon
va xoan dong do va cham 14t dam la:

2
4, :%1/10thb(d ") x \/ 108/

10837 +5(1+ 1)d?

oq, = %,/quEhb(d “byxk  (10)
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m, =q,e= %,/quhb(d —-b) <k (11)

2
oo oA
1084L° + 501+ w)d

k ={U/[1+50+)d? 11088211°  (12)

So sanh (4) va (10), trong hai trweong hop
khong va c6 xét d&n mo6 men xoan, tri s6 gasai khac
nhau hé s6 k< 1( do biéu thirc trong diu can bic
hai nhé hon don vi). Piéu nay hoan toan hop ly vi
tong thé nang bién dang dan hoi 1a khéng dai, khi
b6 qua bién dang xodn, thé ning bién dang do uén
sé tang lén.

Theo so d6 tinh trén Hinh 6, 7 véi g4 me- tinh
theo (10) va (11), diém nguy hiém & trang thai
g sudt phang tai diém giita canh dai (h) nim
trén mat cit nguy hiém nhit. M3t cit nguy hiém
dwoc xac dinh tir diéu kién bén theo tiéu chi ap
dung.

3. Két ludn va Kkién nghi.

- Khi dam bi 14t (tw do), dAm vira chiu udn vira
chiu xodn véi cwong do tai trong ddng qg ma. DAm
chiu u6n trong mit phang c6 dd ctrng uén bé nhat
nén rit nguy hiém.

- T4t ca cac treong hop suw c6 giy gdy dam xay
ra d6i v&i dAm c6 mat cit ngang chit I canh hep coi
nhu hinh chit nhit hep ( h>>b). Ddm chiu uén
ngang c6 mit cit dang chit nhat hep dé mat én dinh
(Léu Tho Trinh, D6 Vin Binh, 2002) do d6 dé xay ra
sw c0 1at ddm trong qua trinh thi cong. Cwong do tai
trongddng phu thudc do chénh cao cla trong tam
miit cit trudre va sau 1t dam.

- D6i véi nhitng ddm chiu uén cé kich thwée
va trong lwong 16m (dam bé téng cot thép), dé han
ché tdi da sw c6 14t c6 thé xay ra trong qua trinh thi
cong cling nhw gidm cwong do tai trong dong qq,
kién nghi cac gidi phap sau:

+ Néu khong thay doi hinh dang va kich thwérc
mat cit dAm, nén tao bac doan dau dam twa lén goi
twa. Giai phap nay sé loai trir t6i da nguyén nhan
gay sw c0 1at dam va da dwoc ap dung trong thuc
té. Trong trwomg hop nady can phai tinh toan va b
tri lai c6t thép phithop véi quy dao rng suat chinh.

+ Thiét ké ddm chiu udn véi dang mat cithop
r5ng, chit I cAnh rong, chit T hodc chir U. Vi dam
6 cac dang mat cat nay sé han ché t8i da nguyén
nhan gy 1at sy c6 va giam cwong do tai trong dong
qa, Mg néu su ¢d xay ra do giam do chénh cao cla
trong tAm mat cat tir hai vi tri tredc va sau 1at dam.
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ABSTRACT

Determine the bend-twsting internal forces in inverted beams
incidents

Hung Duc Duong

Faculty of Mining,Hanoi University of Mining and Geology, Vietnam

Beam flipping accidents that cause damage usually happen among the beams with a narrow
rectangular cross section, large size, and heavy weight. This article shows how to calculate the load and
internal forces when beams bear bending disadvantage and are twisted by flipping incident. On the basis
of the results obtained, designers and constructors may select suitable solutions.





