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TOM TAT: Dam thep cong dgng vom co the duoc 
sd dung rat phu hyp cho cong trinh cau d khu vuc 
dong bang song Cuu Long. Tuy nhien, vi^c tinh 
toan va thiet ke cho dam cong con nliieu hgn che 
do thieu ca sd ly thuyet, Nghien cdu nay tap trung 
gioi thieu ve ket cau dam cong dgng vom sCi dung 
cho cong trinh cau Trudc het, ly thuyet tfnh toan 
sdc khang mat on dinh se duac giai thieu dya tren 
nen t^ng ly thuyet ve dam cong da duac phat tnen. 
Mot so phan tich phan tu huu hgn se dugc thuc 
hien nham danh gia do tin cgy cua ly thuyet da de 
xuat. Mot mo hinh cau thep thyc te se dupc mo 
ph6ng va phan tich bSng phan mem phan td huu 
hgn cao cap co xet den ung xii phi tuyen vgt lieu 
va bien dgng 16n Ket qua cho thay tfnh phu hap va 
dp tin cgy cua ly thuyet da de xuat Oong thoi, ket 
quS nghien cdu cung da chi ra duoc mot so thieu 
sot ve co sd ly thuyet ctia dam cong can duac phat 
tnen trong cac nghien cuu sau hon. 

Tu KHOA: Dam cong dgng vom, dam cong, mat 
on dinh do uon xoSn, cau thep, duang cong thiet 
ke mat on dinh. 

ABSTRACT: Shallow-arched steel girders can 
be appropriately used for bndge structures in the 
Mekong Delta Area. However, the calculation and 
design for this kind of girder is still limited due to 
the lack of theoretical basis. This study focused on 
introducing shallow-arched steel girders used for 
bridge structures First of all, the theory ofthe flexural-
torsional buckling resistance will be introduced 
based on the theory of cun/ed beams developed 
in previous research, A number of finite-element 
analyzes will be conducted to assess the reliability of 
the proposed theory. An actual steel bridge model 
will be simulated and analyzed by advanced-finite-
element software with consideration of nonlinear 
materials and large deformation behaviors. The 
results show the suitability and reliability of the 
proposed theory Additionally, the research results 
also pointed out some shortcomings of the 
theoretical basis of curved girders that need to be 
developed in further studies 

KEYV^ORDS: Shallow-arched steel girder, curved 
girder, flexural-forsional buckling, steel bndge, 
design buckling curve 

I .DATVANDi 
Dam thep dang dUOc sddung rat pho bien trong cong 

trinh cau tren the gidi, dae biet la eae ndde phat trien. Qua s6 
lieu nghien edu va khao sat eo sd ha tang giao thdng dkhu 
vuc dong bang song Cdu Long cho thay, nhu cau ve phat 
then ha tang giao thdng ndng thdn la rat ldn. Tuy nhi&n, 
nguon von va kha nang dap dng ve van de edng nghe van 
cdn nhieu han che. Mot so ket eau dam be tdng dinh hinh 
eho giao thdng ndng thdn da qua lae hau va khong the dap 
dng eho toan bp khu vUe dong bang song Cdu Long. Vi vay, 
can thiet phai phat trien va ulig dung loai ket eau cd gia 
thanh canh tranh va tinh nang cao. 

Hinh T. 1: Ket eau cau thep cong dang vom da dupe sudung 
eha eiu giao thdng nong thon 

Mdt so dang dam thep cung da dupe dng dung thuc 
te cho cdng trinh cau trong dd cd dam thep eong dang 
vdm rat phu hpp eho dia hinh sdng ngdi d phia Nam. 
Hinh 1.1 the hien mpt dang eau thep eong dang dupe sif 
dung d ddng bang song Cdu Long. 

Ly thuyet tinh toan va thiet ke dam thep thing 
thuan tuy da dupe phat trien kha hoan ehinh [1,2]. Tuy 
nhien, viec tinh toan va thiet ke eho dam eong cdn nhieu 
han ehe do thieu eo sd ly thuyet. Nghien edu nay se tap 
trung xay dUng co sd ly thuyet tinh toan va thiet ke dam 
thep cong dang vdm cho ket cau eau. TrUde het, ly thuyet 
tinh toan sde khang mat on dinh se duac gidi thieu dUa 
tren nen tang ly thuyet ve dam eong da duoc phat trien 
[2,3]. Mpt so phan tieh phan td hdu han se dupe thUe hi$n 
nham danh gia do tin eay eiia ly thuyet da de xuat. Mot 
md hinh eau thep thUe te se dupe md phdng va phan tich 
bang phan mem phan tdhdu han eao cap ed xet den dng 
xd phi tuyen vat lieu va bien dang ldn. Ket qu i eho thay 
tfnh phii hpp va do tin eay eiia ly thuyet da de xuat. 06ng 
thdi, ket qu^ nghien edu cung da ehi ra dupc mdt sd thieu 
sdt ve CO sd ly thuyet eua dam cong can dupe phat trien 
trong eae nghien edu sau hon. 
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2. M A T 6 N OjNH C O A D A M CONG DANG V 6 M 
DU'dl TAG DUNG C O A M O M E N UdN KHdNG DOI 

Tuong tu nhU ly thuyet m^t on djnh do uon ngang 
eua dam thang thuln tuy. Nghien eiiru nay se kh^o sat bai 
to^n dam eong ehju tac ddng bdi md-men udn la hang so 
tai hai dau dUa trgn ly thuyet da dupe phat trien bdi tae 
giS Timoshenko va Gere [2]. Goi tda dUac g i l thiet la goi 
giSn don sao cho cd the chuyen xoay ddi vdi cae true eua 
md-men quan tinh ehinh cCia tiet dien nhung khong the 
xoay doi vdi true tiep tuyen eung trdn cua dam tai hai dau 
A va B nhu Hinh 2.1. De tinh toan dUdc gia tri eua md-men 
udn tdi han, ta gia thiet r^ng sU mat dn dinh bat dau xay 
ra trong dam eong va gia tn M^ dupe tinh to ln tUOng dng 
vdi trang thai m i t 6n djnh nay. 

Hinh 2.1: Mo hinh dim cong ehju uon thuin tiiy 

Xet mpt mat c^t tai mdt vj tr i bat ky tren cung tron 
eua dam eong, mat e i t nay dang d trong trang thai mat 
6n dinh, bi xoay mdt gdc ^ va cd chuyen vi theo phuong 
diing la dv nhu md ta trong Hinh 2.1. Cae true tpa dp ban 
dau la X, yv'az trd thSnh eae true la x', y' va z' sau khi tiet 
dien chuyen vj ve ben trai nhu hinh ve. Dp Idn eua vector 
mo-men uon M^ tac dung tai dau goi ben trai eiia dam 
cong va vudng gdc vdi mat phang ban dau ciia dam doi 
vdieaetruex', _y'va2'lanlucft la: 

ni... = Htf,>^ W,, = M„ M ,^M.— (1) 

ds 

Can bang md-men uon ndi lUc va ngoai lUe, phUOng 
trinh vi phan ciia tiet dien dudi tae dung eiia md-men 
uon thuan tuy dUOc xae dinh nhUsau: 

\R ds'j 

d'u) 

^M, = ElA 

M„=£/J-
ds' 

(2) 

ds {ds Rds) 

Loai bd vtd phuong trinh thd nhat va thd ba, phuong 

trinh vi phan theo gde xoay (j> dupc xac dinh nhd sau: 

Elf-

Dat 

ds' 
M,- -M„ U = 0 (3) 

Elf\ R)y R ) 

Phuong trinh (3) trd thanh: 

Phuong trinh (4) la phuong trinh vi phan tuyen tinh 
b$c 2 nen nghiem se cd dang tong quat nhd sau: 

(4) 

tj>- Asmiis + BCQ?.ks (5) 
Do eae goi tUa khdng the xoay nen gia tri gdc xoay <^ 

tai eae gdi tua dupc xae dinh nhu sau: 
^ = 0 tai 5 - 0 va 5 = a/? 
Thay dieu kien bien vao phuong trinh (5) ta cd: 
A?.mkaR = Ov'akaR^O (6) 
Td phuong trinh lUOng giae (6), gia tri M„ duae xac 

djnh tdgia trj nghiem nhd nhat ciia phuong trinh nhusau: 
, El +c El c( e'\ 

R " R- y a'} 
Nhuvay, nghiem thuc eiia phuong trinh (7) duoe xae 

dinh nhusau: 

Trong do: C^GJ^'^—^, 

G - Md-dun chong c i t (shear modulus); J - Hang so 
xoln (torsion);/^ - Hang so o in (warping). 

3. sac KHANG UdN COA DAM CONG DANG V O M 

3.1. M6-men chSy cOa dam cong chju uon 
Sdc khang uon ciia tiet dien doi vdi true ehinh can 

dupe tinh toan ed xet den sU chiet giam do uTig suat gay 
ra bdi md-men uon ngoai mat ph^ng. Phuong phap tinh 
toan cung da dUOc phat trien va ap dung eho thiet ke 
dam thep eong [3,4,5]. Tuy nhien, de don gian hda trong 
viee danh gia ket qua tinh toan, nghien cdu nay ehi xem 
xet sdc khang udn dUa tren trang thai ehay dau tien edn 
gpl la mo-men ehay dau tien va bd qua Inh hUdng eua 
dng suat do md-men uon ngoai mat phang. 

Md-men chay eiia tiet dien ed the dUpe tinh toan 
tuong tu nhudam thep th ing ehiu uon. 

M^,=F^ = Z^ (9) 
Trong ad:F, - Gidi han ehay eiia vat lieu thep; Ẑ , -Dac 

trdng hinh hpe mo-men ehdng uon ciia tiet dien tai trang 
thai chly dau tien. 

3.2. SuTc khang mat on dinh cua dam cong chju uon 
Md-men uon tdi han gay mat on djnh eiia dam thang 

thuan tuy da dupe phat trien rat day dii va dupc dUa 
vao ap dung trong rat nhieu tieu ehuan thiet ke [4,6,7]. 
Tuy nhien, doi vdi dam thep cong thi hien tai chi cd tieu 
chuan BS 5950-1 [4] la cd de eap den phuong phap tinh 
toan sdc khang udn mat dn dinh trong ket cau dan dung, 
Viee tfnh toan sde khang uon mat on djnh eiia dam cong 
trong ket cau cau thep van eon nhieu van de ehua dupe 
xem xet day dii. 

jnen) ^^ea) 

Hinh 3.1: Cae trudng hop ehiu md-men udn cua dam cong 

Cac dam eong chju uon se cd sdc khang uon mat 
on djnh khae nhau tuy theo ehieu tae dung ciia md-men 
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uon. Ddi vdi dam eong ehju md-men uon gay ra dng suat 
nen d ban canh n im trong bien loi eua dUdng cong thi 
tiet dien se cd sdc khang uon mat on dinh thap hon so 
vdi dam thang thuan tuy va ngupc lai (Hinh 3.1). Thdng 
thudng, trong ket eau dam cong sd dung cho cdng trinh 
eau thl ban eanh ehiu nen se nam trong bien loi eua 
dudng eong. 

De tfnh toan va danh gia sdc khang uon mat on djnh 
cua dam cong chiu uon, ket qua phan tieh md-men udn 
tdi han d eong thdc (8) se dupe bien doi thanh eong thde 
nhUsau: _ ^ 

Trong do: 
a = £•/; b = GJ-\- K-EIJL-; b =a-i-b;R-Ban kfnh eua 

dudng true trung hda eiia ti^t dien. ;? > 0 khi eanh ehiu 
nen nam trong bien loi eiia dudng cong. 

4. P H A N TI'CH P H A N Tif HtfU HAN 
4.1. Mo hinh phan tOhitu han 
Mpt so md hinh phan td hdu han se dupc phan tfeh 

de danh gia dupc dp tin cay eiia cac cdng thdc da phat 
trien d tren. Mo hinh dupe xem xet la mpt dam eong theo 
phuong ddng vdi ban kfnh R va ehieu dai nhip tdgoi den 
gdi la L. Vat lieu eo mo-dun dan hoi E = 200000Mpa, he 
so poision v - 0.3. Dam cong cd tiet dien chd 1 doi xdng 
hai true.Thong so dau vao eiia eae trudng hpp phan tfeh 
dupe the hien trong Bdng 4.1. 

Bing 4.1. Thong sdhinh hpc eie md hinh dim eong 

(mm] 
523 

(mm) (mm) 
12 1 22 

b, 
(mm) 
212 

R 
(mm) 
5000 

L 
(mm) 

2000 ~ 8000 

Nghien edu nay ehi xem xet dng xd tuyen tinh eua 
vat lieu va ket eau dam thep. Do do, ket qu i phan tieh ehi 
mang tfnh tham khao de danh gia mde dp chfnh xac ciia 
cae edng thde da phat tnen eung nhu la cac gia thiet eua 
mdhinh phan tich. 

Hinh 4.1: Thdng so hinh hpe dam cong chiu mo-men udn 

Cac mo hinh dam cong dupe g i l thiet la gdi gian don 
tai hai dau. Goi A dUOc xem nhUgoi co dinh vdi ehuyen vi 
theo cae phUOng x, y, z va chuyen vj xoay quanh true tiep 
tuyen vdi dUdng eong tim dam tai goi A bi han ehe. Gdi B 
la gdi di ddng va h\ han ehe chuyen vi theo phUOng y, z va 
eung b\ han ehexoay tuong tu gdi A. Md-men udn tai dau 
dam se duae md hinh bang mdt ngau luc tac dung len 
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eanh tren va canh dudi cda tiet dien d i m thep. Mo ta ciia 
so do phan tich va cau tao hinh hpc duoc the hien trong 
H'mh 4.1. Dam se dupc md hinh bSng phin mem phan 
tfeh phan td hdu han cao cap ABAQUS [B] trong do phan 
td tam vd se dupe sd dung de md phdng ket cau thanh 
mdng ciia dam 1 td hop. 

4.2. Ket qu i phan tich 
Hinh 4.2 la ket qua phan tich mat on djnh eiia dam 

thep eong ehju t ie dung eCia md-men udn tai hai gdi. 
True ddng la ti so gia tri md-men udn tdi han va md-men 
ehay M ,yM theo ly thuyet va M^^^/M theo md hinh 
phan td hdu han. Trong do, A/^ va M duac tinh td cdng 
thde (12) va (13); M^^^, - Md-men uon tdi han duac xac 
dinh td ket qu i phan tfeh phan td hdu han. True ngang la 
thdng sd dp minh L/r udn ngoai mat phIng eiia dam vdi 
L la ehieu dai dam va r̂ , la ban kfnh quan tinh theo true y 
eiia tiet dien. 

7 

o MFEM , Phin tu" h&u h în Ij 

—Mcr, Cong thiJrc (10) 
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Hinh 4.2: Ket qui so sinh eho trudng hapR = 5000 

Ket qua eho thay sUtUOng ddng ve gia tri md-men 
udn tdi han gida ly thuyet da phat trien va phUOng phap 
phan td hdu han. Ket qu i phan tfeh eung da eho thay sir 
phii hpp eiia eong thde tfnh toan md-men udn tdi han 
eiia dam eong chiu udn da dUOc gidi thieu trong nghien 
edu nay. Td ket qua nay eho thay, ta ed the sddung cdng 
thde (13) de tinh toan sdc khing udn mat dn dinh cCia 
dam eong va cd the ap dung qui trinh kiem toan dim 
nhu dam thang thuln tuy theo tieu ehuan hi^n hanh. 

5. MAT 6N OjNH C O A H I D A M THEP CONG 
TRONG QUA TRiNH THI C 6 N G 

5.1. Mo h'mh phan tiir htfu han 
Ket eau la he dam thep lien hop, eo ban kinh eong R 

^ 112m vdi tdng chieu dai tinh tdt im hai gdi tUa la 30m. 
Day la mpt dang ket cau cau thep lien hpp toan phan, 
trong do ban mat eau va dam ngang bang BTCT va duoc 
lien hop vao d i m thep. Md hinh phan tich md phdng sU 
lam viee eua he dam thep trong giai doan thi cong dddi 
t ie dung eua cae t l i trpng ban than, t l i trpng be tdng Udt 
va thi edng. He d i m chinh dupe lien ket vdi nhau bang hi 
dam ngang dupc bo tri khoing eachi^ = 3m. Dam ngang 
ed cau tao mat cat ehd I va duoc lien ket vao d i m chinh 
nham han ehe xoan eho d i m ehinh. Cau tao chung eua 
he dam thep dupe md t l trong Hinh 5.1 va Hinh 5.2. 
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Hinh 5. T; B6 tri chung ket can dam thep 
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200, 35 1530 35 200 
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Hinh 5.2: Mat cat ngang ket eau dim thep 

Md hinh phan td hdu han dupe mo phdng b ing 
phan mem phan tfeh cao cap ABAQUS [8]. Dam thep se 
duac md phdng bang eae phan tdtam vd (shell element 
S4R). Vat lieu thep cd md-dun dan hdi E = 200000Mpa, 
gidi han ehay F - 380Mpa va gidi han ben F̂  = 574Mpa. 
Quan he dng suit va bien dang ciia vat lieu thep dupe 
md ta trong Hinh 5.3. Lfng xd phi tuyen eua vat lieu va 
bien dang ldn se dupe xem xet trong phan tich phan td 
hdu han nhim dam bao sUchfnh xae. 

0 0.1 0 2 0.3 0 4 0.5 0,6 

Ung bien, c {%) 

Hinh 5.3: Quan hi ung suit bien dang cda vat lieu thep 

He dam thep dupe xem nhu gdi gi ln don tai hai dau 
dam. Gdi A dupc eo dinh va khdng cho phep ehuyen bl 
theo eae phuong. Gdi B dUOe ed djnh theo phuong x, y va 
cho phep ehuyen vi theo phuong z. Gdi C va D la gdi di 
ddng, trong dd gdi C duac ed dmh theo phuong z va eho 
phep chuyen vi theo phuong x va y trong khi gdi D chi co 
djnh theo phuong y. Dam thep dUOe phep xoay quanh 
eae goi tUa tuong dng vdi dieu kien thuc te thi edng. So 
do bd tri dieu kien bien duac md t l trong Hinh 5.4. 

Hinh 5.4: Mo ti dieu kiin bien cda md hinh phan tieh 

5.2. Ket quS phan tich 
He ket eau thep se duoc quan sat va ghi nhan nhim 

danh gia kha nang ehiu lUe eung nhu la dng xd mat on dinh 
trong qua trinh dat t l i . TrUde het, sde khing mat dn dinh 
theo ly thuyet se dUoe tfnh toan bao gdm sde khang M._. td 
cdng thde (10) va theo dieu A6.3.3 eiia Tieu ehuan AASHTO 
LRFD [6]. Td gia trj t l i trpng phan bo tdi han q^^ ta ed the 
xlc dmh mo-men udn tdi han tuong duong M .̂̂  , LVS. 

Hinh 5.5: Quan hi gida chuyen vi ngang idn nhat 
va tii trpng tic dpng 

Hinh 5.5 the hien ket qua eua qua trinh gia t l i cho 
den khi b\ phi hoai. Ket qu i cho thay gia tri tai trpng tdi 
han la q^^ - 13.79kN/m cho gia tn mo-men udn tUong 
duong M^^,, = 1501 6kNm. 

Ket qua eung eho thay, he d im thep bi mat dn djnh 
sau khi dat gia trj md-men udn tdi han. 5U mat on djnh 
xiy ra trong pham vi hai diem giang d gida nhip CBS va 
CB6. Day ehfnh la viing ed md-men uon ldn nhat, Hinh 
5.6 the hien tdng the he dam thep sau khi mat dn dinh. 
Cd the thay rang tiet dien dam thep ehUa chly deo hoan 
toan khi mat dn djnh, Lfng suat ldn nhat trong ban canh 
ehiu nen trude khi mat dn djnh dupe ghi nhan la 440Mpa 
van thap hon so vdi gidi han chly la 480Mpa. Do do, dam 
thep da bi mat dn dinh trUdc khi dat den md-men ehay. 
Sau khi dat gia tri tdi da, dam thep bat dau mat on dinh 
nhung van tiep tue tiep nhan t l i trong va gia tang chuyen 
vi ngang eho den khi bj pha hoai hoan toan do ehay deo 
va bien dang ldn lam thay doi hinh hoc eiia ket eau. 

Hinh 5.6: l/ng xd mat on dinh tai vi tdgiOa nhip 

57 



KHOA HOC - CONG N G H l . 

Hinh 5.7 the hien ket qua so sanh sdc khang mat dn 
dinh eiia dam thep duoc tinh toan td cdng thde (10), td 
Tieu ehuan AASHTO [6] ddi vdi dam thang va td phan tfeh 
phin tdhCfu han. Ket qua sdc khing mat dn dinh xae dinh 
td phan tieh phan td hdu han kha g in vdi dudng eong 
thiet ke ve sdc khing mi t dn dinh ciia dam thing theo 
phu luc A6.3.3 ciia Tieu chuan AASHTO [6] so vdi dUdng 
cong thiet ke dupe de xuat trong nghien edu nay tU cdng 
thdc (10). Su khac biet ket qu i gida dam cong va dam 
thSng trong trudng hpp nay cd the la do ban kinh eong 
ldn, dam ed do cong nhd. Ddng thdi, viing mat dn djnh 
chi xiy ra trong pham vi hai diem giang cd khoing each 
nhd, do dd dng xdve udn eua dam eong se ehiem Uu the 
va cd xu hudng gidng vdi dam thang hon. 

—Mcr, Cong lhOi:(iq)\ 

. Phan ti l hihi:h^ 

-Mtr. AASHTO LRFD (A6^3I . 

Hinh 5.7: Kit qua so sinh sdc khing mit dn dinh 
cua hi dim thep 

Ket qu i cung cho thay mat dn dinh ngoai viing dan 
hdi cua d im eong van ehUa the danh gia duac thong qua 
cdng thdc (13} nhu doan AB va BC ciia dudng cong thiet 
ke theo AASHTO ciia dam thing thuan tuy. Do do, dUdng 
eong thiet ke sde khang mat dn djnh ciia d im eong trong 
can duoe phat trien hoan ehinh de ap dyng vao tieu 
chuan tinh toan eau thep. 

6. K^T LUAN 

Nghien edu da gidi thieu ve ket eau dam thep eong 
dang vdm sddyng trong cdng trinh cau giao thdng rat 
phii hop eho dja hinh sdng ngdi d ddng bang sdng Cdu 
Long. Nghien edu nay da ra soat va phat then lai edng 
thdc tfnh toan sde khang mat dn djnh cua dam thep 
cong. Mdt sd phan tfeh phan td hdu han da dUpc thue 
hien nhim danh gia dp tin eay ciia cac cdng thdc da de 
xuat. Ket qui phan tfeh phan td hdu han tuyen tinh eung 
da eho thay sU phu hpp eiia edng thdc tfnh toan md-men 
udn tdi han eua dam cong chiu uon da dupe gidi thieu 
trong nghien edu nay. 

Ngoai ra, mpt ket cau eau thue te eung da duac md 
phdng phan td hdu han va phan tfeh ed xem xet den 
dng xd phi tuyet eiia vat lieu va bien dang ldn nham mo 
t l duoe ehfnh xae nhat ed the eiia ket cau. Ket qua sde 
khang mat dn djnh xac dmh td phan tfeh phan td hdu 
han kha gan vdi dudng cong thiet ke ve sde khang mat 
dn djnh eiia dam thing theo Tieu chuan AASHTO so vdi 
dudng eong thiet ke dupc de xua't trong nghien cdu nay 
td cdng thdc (10). Ket qua eung eho tha'y mat dn djnh 
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ngoli vung dan hdi cCia dam cong van ehda the danh gl5 
dupe dua tren ly thuyet da de xuat. Do do, ung xd mit 
dn djnh ngoai vung dan hoi can dupe xem xet trong elc 
nghien edu sau hon de phat trien hoan ehinh ly thuyet 
nh im ap dung vao tieu ehuan tinh to ln cau thep. Ngoli 
ra, anh hddng eua nhieu loai t l i trpng khae nhau nhu t l i 
phan bd deu, t l i tap trung eijng can duoc xem x^t. 
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