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Tom tit:

Bai bao di d& xut dang két cAu nhip va mit cét ngang dién hinh cho két cau nhip dam lién hop str dung thép
| can ndng véi giai phap lién tuc héa cho cac két cau nhip c6 chiéu dai dudi 36 m phi hop véi didu kién Viét
Nam. Bai bao phan tich kha nang lam viéc cua két cau nhip theo ly thuyét dam va ly thuyét phi tuyén bang mo
hinh phan tir hitu han, tir d6 xac dinh kha nang lam viéc ciia dam va hé s6 véi tinh toan dam theo Iy thuyét dam
tuyén tinh. Dong thoi, md phong phan tich mbi ndi dam bang phuong phap phan tir hiru han sir dung mé hinh
phan tt phi tuyén cho vat liéu bé tong va thép. Cudi cuing, két cau nhip dam lién hop str dung thép | can néng
VGi giai phép lién tuc hoa ciing dugc so sanh vé mat kinh té voi mot dang két cau nhip phd bién khéac cling
chiéu dai nhip 1a dam thép lién hop gian don.

Tir kh6a: Dam | can néng; phan tich phi tuyén; hé sé két cau; lién tuc héa két cau nhip.

Abstract:

The article has proposed a typical structural form and cross-section for a composite beam span structure using
hot rolled | steel with Simple-Made-Continuous solution for span structures with a length of less than 36m
suitable to Vietnamese conditions. It also analyzed the span structure according to beam theory and nonlinear
theory by finite element method, thereby determining the working capacity and the structural coefficients of
beams according to linear beam theory. At the same time, it analyzed beam joints by finite element method
using nonlinear element model for concrete and steel materials. Finally, the composite girder span structure
using hot rolled I steel with Simple-Made-Continuous solution is also economically compared with another
common span structure with the same span length, the simple steel beam.

Keywords: Hot rolled I-beams; nonlinear analysis; structural coefficients; Simple-Made-Continuous solution.

1. Giéi thigu trinh ciu vuot, cac niit giao dugc hoan thanh, nhiing
tuyén duong 16n duoc thong xe, didu nay di phan
nao giam Un tic giao théng trong ndi do. Cau vuot
nhe dwoc xem la giai phap hiéu qua dé giai bai toan
0N tic tai cac nut giao do thi véi cac tiéu chi: Cau
thi cobng nhanh, gon nhe, dam bao giao thong va c
thé thay ddi linh hoat.

Cung Vvé6i su phat trién caa kinh té ki thuat, su gia
tang vé dan sb cac thanh phé 16n, cac khu do thi va
su phéat trién cua cac phuong tién tham gia giao
thdng kéo theo nhu cau birc thiét vé giao thong do
thi. Ha ting cac do thi Viét Nam nhiing nim gay
day co nhiéu su thay doi tich cuc, hang loat cac cong
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Céc cy cau vuot nhe, giam Un tic trong do thi
¢6 nhiig dic thu riéng: Két ciu gon nhe, thanh
manh, thim my. Thi cong nhanh, dam bao giao
théng trong thoi gian xay I4p. Tai trong khai thac
nho va vira. Dua trén nhitng dac thu cua giao thong
d6 thi, két cAu chiu luc dugc lva chon 1a két cau lien
hop dam thép va ban bé tong cbt thép. Két cau lién
hop duoc sir dung rong réi nho bé tri t6i wu hoa kha
nang chiu luc cua ting loai vat liéu thanh phan. B8
tong lam viéc hiéu qua khi chiu nén va nguoc lai
thép 1am viéc hiéu qua khi chiu kéo. Vi su b tri téi
vu kha ning chiu lyc, két cau lién hop thuong cho
chiéu cao kién triic nho, két ciu thanh manh van
dam bao chiu luc tot. Ngoai ra, viéc st dung két cau
lién hop thuan tién cho thi cong, 1ap dung két ciu
thép va do bé tong ban truc tiép ngoai cong trudng.
Tuy vy, Véi c4c cau trong do thi yéu cau didu kién
thi cong chat hep, thoi gian thi cong nhanh va dam
bao an toan cho giao théng dudi cau, két cau hién
tai van c6 nhiéu han ché nhu can thiét ké cac tru tam
trong qua trinh thi cong gy anh hudng dén giao
thong. Dé giai quyét cac van dé con ton tai, nhém
nghién ciru dé xuat sir dung két cau cau lién hop
thép-bé tong cdt thép cd giai phép lién tuc héa sir
dung thép I can nong.

Pay la phuong phap duoc phét trién va ap dung
nhiéu tai My, Nhat Ban, Canada...[1][2][3]. Theo
phuong phép nay, cac dim thép I duoc thi cong lip
theo ting nhip nhu xay dung ciu nhiéu nhip gian
don. Sau d6 cac ddm ngang db tai chd, bao boc ldy
cac dau dam tai mdi tru [4]. Méi néi bién dang chi
duoc bé tri tai hai md. Chiéu cao xay dung twong tir
nhu két cau nhip géi gian don. Cac dam thép I dugc
xép vao hai hang géi tam thoi hodc vinh ciru trén

dinh tru, sau d6 d6 dam ngang lién khdi bao boc lay
dau dam véi chiéu sdu ngam khoang 0.9 m, khoang
cach giita hai dau dam tdi thiéu 1a 15 cm. Khi sir
dung hai hang gi tam thoi, mot hang gbi vinh ciru
sé duogc dat vao vi tri tim tru s€ duoc dua vao su
dung sau khi d& bo hai hang géi tam thoi kia khi bé
tong dam ngang dui cuong do. Nhiéu cong trinh da
str dung mot ban géi cao su rong dé lam gbi cho ca
hai dam.
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Hinh 1. Chi tiét cau tao méi ndi theo
phuong phap dam ngang lién khéi.

2. Mt s6 thiét ké dinh hinh

Viéc thiét ké cac két cau nhip lién hop lién tuc st
dung thép I can néng dién hinh dugc thuc hién
théng qua quy trinh: Xéc dinh cac kich thuéc dam
thép pht hop véi chiéu dai nhip va khoang cach
dam cha; xac dinh déc trung hinh hoc mat cat dam
chu theo cac giai doan; xac dinh noi huc tai cac mat
cit dam dudi tAc dung cua cAc tai trong qua céc giai
doan; kiém toan dim theo tiéu chuin TCVN
11823:2017 [5] dé khang dinh kha nang chiu luc
cua dam. Céc thiét ké dam dién hinh cua két cau
nhip duoc thé hién & bang 1. M3t cit ngang dién
hinh cuia két cau nhip c6 chiéu dai nhip chinh bang
24 m va 36 m dugc thé hién tai hinh 2 va hinh 3.

Bang 1. Bé xuat dang két cau nhip dién hinh.

So d6 ciu (m)

Loai ddm lya chon

Chiéu cao ddm  Khoang cach dam

8+n*12+8 1500x200x10x16
12+n*18+12 1600x200x11x17
18+n*24+18 1700x300x13x24
24+n*30+24 1900x300x16x28
30+n*36+30 12000x300x16x28

0.5m 12m
0.6 m 12m
0.7m 12m
0.8m 12m
0.9m 12m
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Hinh 2. Mit cat ngang dam | lién hop lién tuc véi chiéu dai nhip L= 24 m.
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Hinh 3. Mat cit ngang dam | lién hop lién tuc véi chiéu dai nhip L= 36 m.

2.1. Phan tich kha ning chiu luc caa két ciu
nhip

Céc nghién ctru co ban tai Viét Nam ciing da dugc
tién hanh dé chimg minh tinh wu viét caa dam lién
hop lién tuc st dung thép 1 can néng so véi mot s6
loai két cau dién hinh cung chiéu dai nhip. Tuy
nhién dé hoan thién duoc két cu dam lién hop lién
tuc sir dung thép | can néng, can phai danh gia dugc
tinh du va xac dinh hé s6 cua viéc tinh toan dam
theo cac phuong phap tinh toan thong thuong theo
ly thuyét dam tuyén tinh. Bé giai quyét van dé nay,
céc giai phép thuong duoc sir dung 1 tién hanh
phan tich dam c6 xét dén Gng xir phi tuyén cua vat
liéu va hinh hoc caa dam dé xac dinh cac tng xtr
cua dam trén mo hinh phan tich. Két qua mé hinh
khang dinh muc d6 an toan cua dam khi sir dung ly
thuyét dam tuyén tinh théng thudng. Phuong phap
thtr hai 12 thi nghiém trén dam c6 kich thuéc thuc.

Tir két qua thi nghiém cd thé khao sét, phat hién cac
dang hu hong cuc bd trén dam. Trong bai b&o nay,
tac gia sir dung phuong phap phan tich két cau nhip
bang md hinh phan tir khéi c6 xét dén ang xt phi
tuyén ctia vat liéu dé tién hanh phan tich véi két cau
nhip dinh hinh c6 so d6 két cau nhip nhip 30+36+30
m va so sanh vai két qua tinh toan bang ly thuyét
dam. Dam phan tich c6 tong chiéu dai 03 nhip 30 +
36 + 30 m va chiéu cao dam tong cong H = 1335
mm. Dam duoc cAu tao tir ddm thép dinh hinh HE
1000 x 304 cao 1000 mm va ban bé tong cét thép
day 200mm. Cét thép doc ctia phan ban bé tong st
dung cac thanh duong kinh 10 mm budc 250 mm,
cbt thép ngang sir dung thanh 14 mm budc 200 mm.
Mii chiu cit st dung hai loai D16 x 75 mm va DE16
x 200 mm. Mt cit ngang cua két cau nhip duoc
trinh bay & hinh 3. Sir dung phan mém Midas FEA
2019 d tién hanh mé hinh két cau. Dam thép lién
hop dwoc md ta bang phan tir khdi 3D trén toan bo
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két cAu. Phan tir duoc sir dung ¢ ddy 1a phan tir td  Cudng d6 cua bé tong o tudi 28 ngay ¢ = 30 MPa,
dién, c6 kich thudc trung binh 13 5 mm nhu hinh 4 mé dun dan hdi cia bé tong 30083 MPa. C4c théng
va hinh 5. Bé tong ban sir dung trong thiét ké vathi  s6 vé tir bién, co ngot duoc 1y theo CEB-FIB 2010
cong dam la loai bé tdng c6 cAp phdi tiéu chuan voi  va duoc miéu ta trong hinh 6 va hinh 7.

duong kinh cbt liéu 16n nhat Dmax = 20 mm.

iy
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Hinh 4. M6 hinh dam thép , . .
A " Hinh 5. Mat cat ngang dam thép | lién hop.
lién hop lién tuc 30+36+30 m. At catngang P op
Add/Modify Time Dependent Material (Creep / Shrinkage) >
Name: | Code: |CEBFIP(2010) -
CEB-FIP(2010)

Characteristic compressive strength of concrete IZI N/jmm 2
at the age of 28 days (fck) :

Relative Humidity of ambient environment {40 - 99) : 70 =

MNotional size of member : I:I mm

h =2 * Ac fu {Ac: Section Area, u : Perimeter in contact with atmosphere)

Type of cement
() 42.5R, 52.5N, 52.5R
(®) 32.5R, 42.5N
(325N

Age of concrete at the beginning of shrinkage : 3 =| day
Type of aggregate Basalt, dense limestone aggregates

Show Result... Cancel

Hinh 6. M6 ta anh hudng cua tir bién-cé ngot.

Add/Medify Time Dependent Material (Comp. Strength) X
MName Scale Factor Graph Options
| 1.0 [ %-axis log scale [J-axis log scale
Type
(®) Code () User 2
20 =
28
Development of Strength . [
2¢ I
Code: |CEB-FIP(2010) v =
() fceexplex [1-(2 a;teq)U's]) 2
18
Mean compressive strength of concrete 1 /
at the age of 28 days (fck+delta_f) 14 /
Mfmm2 12 l,
10 f
Cement Type(s) E_ .l
B
325R,425N  :0.25 R '-'[
Aggregate Type 2
Basalt, dense imestone aggregates: 1.2 w 0 2 4 € 8 10 1z 14 1€ 18 20 22 24 2€ 28 20
Time (day)
E Redraw Graph | OK Cancel

Hinh 7. Ham thong s6 cudng do theo thoi gian.
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Puong cong vat liéu caa bé tong dugc xay dung
trén md hinh Total strain crack véi cac théng sb dau
vao thdng qua cac md hinh phan tich phi tuyén sau.

Hinh 8.: M6 hinh bé tong chiu nén
cua Thorenfeldt véi f'c = 30 Mpa.

M®& hinh bé tong chiu nén ctaa Thorenfeldt [6] voi
f’c = 30MPa.

trz—f'ﬁ -

Ce¢e A\ Ttk
P n—1+(§—‘)
14

Trong d6 &p 14 giGi han bién dang chiu nén cua
vatlieu,n=0.8+fc/17,k=1néu0>¢e>¢gvak=
0.67 + f°c/62 néu ¢ < &p.

M@ hinh bé tdng chiu kéo theo mé hinh vat liéu
Brittle [7], v&i ting suét kéo nut 1a f; = 3,45 MPa.
Vi viée sir dung mo hinh nay thi khi tng suét kéo
dat dén cuong do chiu kéo thiét ké f; cua bé tong,
ltc d6 tng suét s& ngay lap tic bién mat du cho bién
dang van ting. M6 hinh chiu cit sir dung mé hinh
Constant véi hé sb beta bang 1.

Két qua phan tich noi luc cua két cau nhip dugc
trinh bay trong bang 2. Két qua cho thay cac gia tri

1)

tinh todn theo mé hinh phan tich tuyén tinh sir dung
phan tir dim déu cho két qua 16n hon dang ké so véi
viéc phan tich sir dung mé hinh phi tuyén.

Nhu vay viéc s dung mé hinh phan tich dam la
thién vé an toan. Hé sb ti 1& caa md hinh phan tich
dam va md hinh phan tich phi tuyén nam trong
khoang 1.15 dén 1.6. Két qua ciing cho thiy & trang
thai tai trong khai thac, dam chua bi pha hoai, d&am
bao y&u cau vé Gng sut va do ctmg dudi tac dung
cua tai trong khai thac.
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Hinh 9. M6 hinh bé tdng chiu kéo theo Brittle,
ing sut kéo nut ft = 3.45 Mpa.
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Hinh 10. M6 hinh chiu cit Constant véi B bang 1.

Bang 2. So sénh kha ning lam viéc ciia dam theo cac ly thuyét phan tich.

Phan tich phi tuyén sit ~ Phan tich tuyén tinh Ty lé
dung phan tir hinh khéi  trén mé hinh dam bla
(a) (b)
Do vong thang ding do hoat tai (mm)  8.15 9.383 1.15
Ung suat canh trén dam (MPa) -85.54 -123.888 1.44
Ung suat canh dudi dam(MPa) 80.40 126.99 1.58
Ung suat nén trong ban(MPa) -15.6 -19.3 1.24
Ung suat kéo trong ban(MPa) 1.8 2.2 1.22
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2.2. M6 phéng sw lam viéc cia méi ndi dam
ngang

Cat thép mat ciu

Y rrepp—

NERRE

Tam truyén lue

Mat ciu
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Thanh chéng cit

MAT CAT A-A
Hinh 11.: Mit cit chi tiét mdi néi dam ngang.

Chirc ning ciia dam ngang dau dam thugc két cu
nhip gian don 13 phan phdi md men gitra cac dam
chit bao dam cho két ciu nhip 1am viéc nhu mot thé
thong nhat va 1a dam kich khi mudn thay gi. Déi
v6i giai phép lién tuc hda két ciu nhip, dam ngang
dau dam cua nhip lién tuc héa con co chic nang 1a
mdi ndi dam bao dé két cau tro thanh lign tuc khi
chiu hoat tai va tinh tai giai doan 2. Khi d6, dam
ngang tr thanh mot bo phan két cau khdng thé tach
roi cua két cau nhip. Cau tao cua mot dam ngang
dién hinh duoc trinh bay trong hinh 11. Mé hinh
g xtr phi tuyén caa vat liéu duoc str dung nhu da
trinh bay & trén.

Caéc tai trong dua vao tinh toan dugc chia thanh 03
giai doan twong (rng vai cac giai doan thi cong ngoai
thuc té;

e Giai doan 1: Thi cong dam thép va ban bé tong
mat cau. C4c tai trong tAc dung trong giai doan nay
s& bao gém tai trong ban than dam thép cling voi
ban bé tdng mat cau:

e Giai doan 2: Thi cong méi ni. Cac tai trong
tac dung trong giai doan ndy bao gém tai trong ban
than dam thép, ban bé tong d6 trudc, ban bé tong d6
sau va méi ndi;

e Giai doan khai thac: Thi cong I6p phu, cac
cong trinh phu tro va dua vao khai thac. Cac tai
trong tac dung trong giai doan nay gém co tai trong
ban than dam thép, ban bé tdng mit cau, tinh tai 2
va hoat tai.

Két qua phan tich méi néi dau dam dugc thong
ké trong bang 2, thé hién qua hinh 14 va 15. C4 thé
thay rang mdi nbi dau dam hoan toan dam bao kha
nang lam viéc dudi tac dung cua tai trong.

hanh chéng
cit ban bung

Cot thép dai

Am ngang

Lwdi thép miit
cau

PasL0O1 day

Tam truyén hre

Hinh 12. Cau tao méi ni.

Hinh 13. M6 hinh phan tich méi néi
bang phan tir hitu han.

Bang 2. Bé xuat dang két cau nhip dién hinh.

Két qua tinh toan Gié6i han Két luan
Ung suat trong cét thép doc (MPa) 170 400 Pat
Ung suit nén I6n nhét trong bé tdng (MPa) 6.972 30 Dat
Ung suat kéo 16n nhat trong bé téng (MPa) 0.29 3.4 Dat
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Hinh 14. Phan bé ung suét trong cbt thép doc.

3. Phan tich hiéu qua kinh té ky thuat

Trong phan nay, tac gia so sanh va danh gia hiéu
qua kinh té, ki thuat cia phuong an dam lién hop
thép-bé tong cét thép lién tuc hda sir dung dam thép
| can ndng véi cac phuong an cau phd bién tai Viét
Nam trén co so 4p dung ctng hé thong dinh mic,
don gia, gia vat tu, gia ca may, gia nhan cong dugc
tinh cling mot thoi diém. Cac phuong an duoc so
sanh gom: Dam thép lién hop nhip gian don 36m va
dam thép lién hop lién tuc hda st dung thép | can
nong (hinh 16 va 17). Bé rong cau rong 16.5 m véi
04 lan xe. Qua téng hop khéi luong va so sanh
(bang 3) cho thiy phwong 4n lién tuc hda st dung
dam I can ndng c6 khéi lugng cua két cau phan trén
twong duong so voi phuong phap sir dung dam thép
lién hop nhip gian don.

mm—
-, 511902

« 357 742 -2 137
8,185 -4,58 -2, 035 =138 i)

Hinh 15. Phan bé ung suét theo truc x
ctiia dam ngang bé tong.

Két qua phan tich chi phi xay dung, vat liéu,
nhan cng cta hai phuong 4n dura ra duoc thé hién
& hinh 16. C6 thé thay rang chi phi xay dung caa ca
hai phuong an chénh léch khong nhiéu, phuong an
dam thép lién hop sir dung thép | can ndng ¢ murc
chi phi thdp hon khoang 3%. Su chénh léch nay 1a
khong dang ké khi xét dén chiéu cao kién tric coa
két cau nhip thép lién hop thip hon kha nhiéu so véi
két cau nhip dam thép gian don (1200 mm va 1800
mm). Cuing véi cac két qua kiém toén vé kha ning
chiu luc, d6 6n dinh cua dam trong qua trinh thi
cong va khai thac, dong thoi xét dén két qua phan
tich dam theo Iy thuyét phi tuyén cua vat lidu, c6 thé
két luan dam lién hop lién tuc st dung thép | can
nong 1a phuong an c6 hiéu qua vé kinh té - ki thuat
trong xay dung cac cau vira va nho ¢ Viét Nam.

16500

L

BE tong nhua hat min 50mm
Ldp bétong béo ho 40mm
Lép phong nudc Smm

L6p mui luyén 59mm

2
5

[N N1 N N M N I B I A N I A

320 600 770

ot

1600

e

b =

Hinh 16. Mat cat ngang két cau nhip phuwong an dam thép lién hop nhip gian don L = 36 m.

16500

‘500‘

6@1200=7200

6@1200=7200

Hinh 17. Mat cat ngang két cau nhip phuong an dam thép lién hop lién tuc L = 36 m.
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2 100 8077
2 80 6349
>~ 6.0
E’. 4.0 . , Lo
Z 1312 Hinh 18. Soﬂsanh chi ph,l ha’ng muc
5 20 . ' 0.405 cong viéc dé thi cong két cau nhip
0.0 - : cac phuong 4n cau vuot nhip 36m.
Vatlieu Nhancong May xay Tong
dung
® Dam thép gian don Dam thép lién tuc
Bang 3. So sanh khéi luong vat liéu cho 2 phuong an vuot nhip 36 m.
s Bé ton Thép hinh Thép thuon Tén
Loai dam 5 g P °p thuong ong
(m°) (kg) (kg) (kg)
Téng hop cho 1 dam
Dam thép gian don 14.56 14864 1993.02 50345
Dam thép lién tuc héa 9.12 9614 1232.63 32734
DAm thép gian don (8 dam) 116.48 118912 15944.42 402760
Dam thép lién tuc hoa (13 dam) 118.56 115368 14791.56 392815

4. Két luan

Sau khi tién hanh so sanh, phan tich c4c phuong an
két cAu nhip, tac gia duoc mot sb két luan sau. Két
cau dam thép lién hop véi giai phép lién tuc hoa sir
dung thép I can ndng 1a phuong an thiét ké cd hiéu
qua vé kinh té, ky thuat trong cc cong trinh cau cd
chiéu dai nhip vira va nho tai Viét Nam. Phuong an
nay da duoc sir dung rong rai tai nhiéu nudc trén thé
gidi dac biét la My, Nhat Ban va Canada. Vi vay,
viéc nghién cuu ap dung tai Viét Nam khéng quéa
khé khan. Cac két qua tinh toan phan tich theo ly
thuyét dam va ly thuyét phi tuyén cho thay két ciu
nhip dam bao c&c yéu cau vé chiu luc. TUy theo cac
phuong an sir dung, chiéu cao dam giam dwoc tir
20-30% khéi lwong két cdu nhip va chi phi xay
dung xap xi hoiac hon khong dang ké so véi cac
phuong 4n phd bién hién nay. Viéc tng dung hoan
toan kha thi va c6 hiéu qua vé kinh té.
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