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TOM TAT: Tai Viet Nam, cac cau treo day vong 
duoc xay dung va khai thac tu kha sdm, hau het 
cac cau treo deu phuc vu myc dich di lai, duong 
dan vao cac khu di tich lich sd bdi dang ve mang 
phan CO xua, phu hop voi v3n hoa Viet Nam. 06 rat 
nhieu C3u treo dan stnh Ion, nhd ch?y doc tu Bac 
chi Nam tren khap dat nuoc Ket cau day noi chung 
va logi cau treo noi neng dang khSng djnh tfnh uu 
viet cua no, khong chi ve mgt kien true, my quan hay 
kha nang vuot nhip Ion ma ca ve mgt cong nghe 
thl cong, Tuy nhien, ket cau thanh m^nh ciia cau 
treo rat nhay c^m voi dao dong do gio, tai trpng 
dong qua cau. Dao dgng c6 the anh hu6ng den 
kh^ nang khai thac cua ket cau, gay c im giac kho 
chju, so hai cho phuong ti^n qua cau. Bai bao se 
tap trung danh gia, nghien cuu ve cac dang dao 
dgng, bien phap tang cuong cau treo, giup gi^m 
dao dpng trong ket cau cau treo Ngoai ra, cac tac 
gi^ cung tien hanh thu nghiem tren mpt cau thyc te 
de kiem chung hieu qua CLia bien phap tang cuong. 

TL/ KHOA: Gi^m dao dgng cau treo, bien phap 
tSng cuong cau treo. 

ABSTRACT: In Vietnam, suspension bridges 
are built and exploited from quite early, most 
suspension bridges serve the purpose of traveling, 
the path to the histonc sites by the appearance of 
the ancient part suitable for Vietnamese culture, 
There are many small and large suspension 
bridges running from North to South throughout 
the country The wire structure in general and the 
suspension bridge in particular are affirming its 
superiority, not only in terms of architecture, beauty 
or the ability to surpass the big span but also in 
terms pf ccnstruction technology. However, the 
slender structure of the suspension bridge is very 
sensitive tp the knife due to the wind, dynamic load 
through the bridge .. Vibration can affect the ability 
of the structure to exploit, causing discomfort, 
fear for the way convenient across the bridge. 
This article will focus on assessing and studying 
the types of oscillations, measures to enhance 

suspension bridges, heiping to reduce fluctuations 
in suspension structure In addition, the authors 
aisp conducted tests on an actual bridge to verify 
the effectiveness of the enhancement measure. 

KEYWORDS: Livelihoods suspension bridge, 
theoretical behavioral analysis, solutions to 
decrease the fluctuation 

I .OATVAND^ 
Khi dao ddng, trong eae bp phan cua ket cau phat 

sinh hi^u dng quan tinh dan tdi viee gia tang trj sd npl 
lue va bien dang, gay khd khan cho viec khai thac binh 
thudng, tham ehi trong nhdng dieu kien cy the hieu Ung 
quan tinh la nguyen nhan dan den cae sU eo eong trinh. 
Viec thiet ke mot ket eau lam viec eo hieu qua tot hien 
nay phai bao gom ca viee xet den cae tae dong nhay cam 
nhu gid, dong dat va boat tai. Do cd dang ket eau thanh 
manh nen cae cong trinh cau treo day vdng rat nhay cam 
vdi tac ddng eua tai trong gid va boat t i i . 

Trudng hpp noi tieng nhat la trudng hpp cay cau 
Taeoma Narrows cCi, bi pha huy vao nam 1940. Oay la mpt 
cay cau treo d bang Washington, My, keo dai qua eo bien 
giUa Taeoma va ban dao Kitsap. Tai thdi diem xay ddng, 
cay eau nay (khau dp nhip 853m, be rdng 12m) la cay eau 
treo ed chieu dai nhip chinh Idn thd ba tren the gidi, sau 
cau Golden Gate va cau George Washingtion. 
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b) - Cau Chu \fy 
Hinh 1.1: Hmh inh cau biphi hdy 

CauTacoma duoc bat dau xay dung vao thang 9/1938. 
Ngay trong thdi gian xay dUng, dam eau da co chuyen ddng 
vudng gde vdi hudng gid, dan den cae cdng nhan xay dUng 
dat cho cau biet danh Galloping Gertie. Mot so bien phap 
nham ngan chan spanh hUdng cua gid nhUng khdng hieu 
qua va nhjp chinh eua cay eau cudi cung sup do dUdi tac 
dung eua gid vao sang ngay 7/11/1940. 

Cau treo Chu Va tai ban Chu Va 6 thupc sU quan ly 
cua Sd GTVT tinh Lai Chau bj sap vao ngay 24/02/2014. 
Cau ed thiet ke dai 54m, rong 02m, tai trpng thiet ke la 
1.5 tan, hoat tai qua eau 100 kg/m' mat cau. Khi ed doan 
ngudi qua di den 1 /4 ehieu dai cau thl cau bat dau mat on 
dinh va pha hoai theo hinh chdS. Do vay, viec nghien edu 
cac bien phap giam dao dong cd hai eho eae hang muc 
ket eau nh^m nang cao hieu quii lam viec cua he trUdc 
cac tac ddng nay la yeu cau khdng the thieu. 

2. CAC BI$N PHAP G I A M DAO D O N G CAU TREO 
DAY VONG 

2.1. Cac gidi phap ve hinh hoc 
Mpt trong nhdng nguyen nhan gay ra dao ddng cho 

cdng trinh la gid. Vi tai sdng gio phu thupc vao dien tieh 
va hinh dang mat chan nen neu thay doi nhUng yeu to ve 
hinh hpe thi ed the giam dupe tae dong cua gid, sdng len 
ketcau. Ket cau khdng ehiu nhieu anh hudng eua gid hay 
sdng, tU dd giiim nguyen nhan gay dao ddng, giam dao 
ddng. Vi du vdi cac ket eau ed dien tich can Idn ed the sd 
dung eae giai phap nhU vat goe, tao ra cac 16 thoat gid, 
tao ra cac ria, sUdn... de giam he so khi ddng hpc. Viee 
giam he so khi ddng hpe se giup giam tac ddng cda cac 
tae nhan den ket cau, ket cau se it bj anh hudng bdi cac 
dao ddng eudng bUe tU yeu td ngoai luc nhu gid, song... 

Ngoai ra, cung cd the thay ddi dang lien ket, vi tri lien 
ket giUa cac bp phan de tang eudng kha nang gi^m dao 
ddng cho eau. Tuy nhien, bien phap nay can duac thUc 
hien ngay tU luc thiet ke. 

2.2. Cac gjal phap ve ket cau 
- Tong/c/id//Upngfm;;Tang khoi luong edn lam giam 

tan sd rieng w ,̂ ket eau dn dinh hon. Tuy nhien, giai phap 
tang khdi lupng m la mot gilii phap it duoc sUdung vi lam 
tang gia thanh vat lieu cung nhu gia thanh mdng. Hon 
the nUa, khi xay ra ddng dat thi tang khdi lupng la mpt 
giai phap cd nhieu rui ro. 

- Tdng dp cdng bang bien phdp tang cUdng kich thUdc 
cdc bd phdn:Tang dp eUng ket cau eo the duoc thuc hien 
bang viec sU dung cac dam, cot vdi dudng kinh Idn hon, 
sd dung cae thanh gi^ng, dam chia, tUdng ehdng trUpt, 
tru dd; tang do cUng se lam giam thanh phan chuyen 
dieh tinh; tang dp cdng eung lam tang tan sd rieng u^. 
Nhin ehung, viee giam dao dong bang each nay kha ton 
kem va it dupc sU dung. 

Bien phdp lien ketddy chCi vdo giUa ddm nhip ddm cdng: 

' I I ^ 
Hinh 2.2: He cd day ehd neo vao dam 

Cae ket qua nghien edu so do cau treo mpt nhjp 
cd dang nay da cho thay rang, dp vdng do hoat tai tren 
1/4 nhjp eua he giam tU 1.5 den 3 lan, cdn mo-men uon 
trong dam cUng giam hai lan so vdi he binh thudng cd 
cLing nhip. Tuy nhien, lien ket day vao dam cUng khong 
cai thien dupc su lam viec eCia he trong trUdng hop hoat 
tai ddng tren toan nhjp. 

Bien phdp gia cudng bang each them cdc mat phang ddy: 
De giam bdt dao ddng ngang va dao dong eua cau 

treo day vong, ta ed the sd dung mpt mat phang day 
vudng gdc vdi mat phang day treo eua eau nhu Hinh 2.3. 
Sau do, noi eae diem tren hai day neo nay vdi than eau, 
cac diem nay se lam giam bien dp dao ddng ngang cua 
eau trong qua trinh sd dung. 

_,^^;;;;|Sa;z^,4.;r-..>S^^?^^ 

Hinh 2.1: Mpt so giai phip vihinh hpc giup giam dao dpng 
cau treo diy vong 

Hinh 2.3: He gia cudng them mat phang day 
LTU diem cua phuong phap nay la giam dang ke 

bien do dao ddng ngang va thang dUng cua eau, tuy 
nhien se phat sinh luc keo thang ddng, lam tang tai 
trong va dp vdng, dong thdi viee bo tri vi tr i neo cap 
gap nhieu khd khan. 

Bien phdp cau tqo cdc ddy treo nghieng hinh tam gidc: 
Cau treo trong do cac day dupe bo tri theo phuong 

thang ddng la he bien dang hinh hpc, nen cd dp cdng nhd. 
Vdi each bo tri eae day treo xien, tao vdi day chu va dam 
cdng thanh eae hinh tam giac, ddng thdi cd bien phap dam 
bao cho tat ea cae day ludn ludn lam viee chiu keo, da lam 
cho he trd thanh mpt gian bat bien hinh [Hinh 2.4). Giai 
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phap nay cd tac dung nang eao dp cUng tong the ciJa ket 
cau, giam bien dang hinh chd S, dong thdi giam dang ke 
md-men uon trong dam. 

T ^ 
Hinh 2.4: He cd day treo nghieng hinh tam giic 

Bien phdp dung ddy cong nguac edng trudc: 
Day cong nguoc dUpc cang trUdc tao cho toan he 

chiu dng suat trUdc. Khi chiu hoat tai, ndi luc trong day 
cong ngupe giam di, do do lam giam dp vdng eua day 
ehu. He hai day cang trude khong nhdng eo do cdng Idn, 
ma cdn eho phep dieu chinh ndi lue, dieu chinh dp cdng 
bang each thay doi luc cang trong day dUdi de tranh hien 
tupng cdng hudng vdi cae trong tSi cd chu ky. 

So vdi cac he neu d tren thi he hai day cang trUdc 
ehi can dam eUng be hon, nhUng phai ton them vat lieu 
de lam hai mo neo eho day eong ngUpc. Tuy nhien, bien 
phap nay chi ap dung dupe d nhdng noi ma chieu eao 
kien true cua cau khdng bi han che. 

Hinh 2.5: He cd day cong ngupc cang truoc 
Bien phdp tdng cUdng bdng cdc ddy vdng: 
Bien phap tang cudng cau treo day vdng bang eae day 

vang la mot bien phap don giSn, de thUe hien.Trong do, sU 
bien dang hinh hoe duoc han ehe bang each dung eae day 
vang ngupc neo tUchan thap len mpt so diem cua day ehu. 
Cac day vang cd tac dyng giUcho nda day chu phia khdng 
CO hoat t i i ddng tren nhjp khdng bj vong len. Ben eanh dd, 
cac day vang mdt phan giup tang eUdng do edng eua eau, 
tddd giam dao ddng cho cau mot each hieu qua. 

Hinh 2.6: He co cic day vSng ting cudng 
He cd day vang tang cudng edn cd Uu diem la ehieu 

eao kien true nhd, cau tao tUOng doi dpn gian, de thi 
edng ke ca trong trUdng hpp lam cau mdi cung nhude 
gia CO, nang cap cau cu. 

Ngoai eae bien phap tang cUdng dp cdng eho cau 
treo da dUoc gidi thieu d tren, cdn mot sd bien phap giam 
dao dpng eho eau treo day vdng nhu sd dung eae thiet 
bj each ly nen, thiet bj tieu tan nang lupng, dieu khien 
tich cue va nda tich cue... Tuy nhien, cac bien phap nay 
thudng dupc sU dung cho cac cau nam trong khu vue cd 
nguy eo dpng dat eao, eau Idn, ed ket eau dac biet. 

3. NGHIEN CQU THLTC NGHIEM 
3.1. Gidi thieu chung ve cau 
Vi du, nghien edu thuc nghiem la cau treo Na Xa -

Nghe An. Cau treo cd 1 nhip L=78m, cau cd be rpng cau B 
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= 1.5-1-2x0.08= 1.66m.ChieudaitoancauL= 125.83, tinh 
den dudi mo neo. Dudng hai dau cau nen dUdng rdng 
3m. Qua ket qu i dieu tra MN1978 - 46.68m, MNTBHN 
= 42.18m, Htk = 46.96m. He dam mat cau: Lam td th^p 
hinh 1200, dam dpc bang thep hinh 1150, day treo lam 
bing thep tron D20. He giang gid bang thep trdn D20 
lien ket vdi he dam ngang. Mat cau go nhdm II 20x6cm, 
lan can bang g6 -n thep. Cap chu moi ben ddng elp m4m 
1 D56mm va cap chdng I5e ngang D21.5. Mo Ml bang hk 
tdng cot thep. Mdng md 6ugc dat tren nen thien nhiln. 
Than md, be mo, tuong canh bang be tong M250. Mo 
M2 b ing be tdng cdt thep. Mdng tru duac dat tren n^n 
thien nhien. Thin try, be try bang be tdng M250, eong 
cau bing to hop thep hinh 21300. 

Hinh 3.1: Bd^ tri chung cau Na Xa 

3.2. Bien phap tang cu'dng cau 
Giai phap tang cUdng dp edng cho eau treo Na Xa 

duoc lua chpn tren co sd cac gi l i ph ip g i im dao dpng 
da tr'mh biy d tren, phu hpp vdi cau tao cau treo Na Xa 
va cdng nghe thi edng cau treo trong nUde hien nay.Qua 
nghien edu, phan tich cho thay, bien phap tang cudng 
dp cdng bang d iy v ing la kha thi nhat bdi cac ly do sau: 

- Phu hop vdi cau tao cua eau do day vang cd the 
vang xudng tU cong cau, chieu eao cua cong cau phij 
hpp, he thong dam dpc, dam ngang cd the d im bao ve 
mat cau tao de tang eUdng he dam dpc cdng va day vang 
vao eau; 

- Cau tao tuong doi don gi in, phu hpp vdi viec gia 
CO, nang cap eau eu; 

- De thi cdng phu hop vdi tinh do thi cdng hien nay 
cua dia phuong. 

Tren co sd tang cUdng bang phuong phip day vang 
nhu da phan tich d tren, tien hanh do dac va tinh toan 
cho cac trudng hop ket cau sau: 

- Trudng hpp 1: Do dac, tinh toan dao ddng trUdc 
tang cUdng; 

- Trudng hpp 2: Do dac, tinh toan dao dpng sau khi 
tang cudng qua cac cap lue. 

Bang 3.1. Cac cap luc 

I Trang thai 

Cap lire 

1(0.2Pl| 2(0.4P) |j(0.6P] I 4(0.8P) j 5(P) 1 

lOON 200 I 600N , SOON i IOOONI 

Thong so ky thuat eua day cap va t lng-do nhu sau: 
Sing 3.2. Thdng so tang-do va day cap 

SUdung tang cudng ciu Na Xi 

Tang-dof 

Loai 

M6 

Size 

6mm 

Tai trpng 

2250N 

Dai 

180mm 

Khdi luong 

0.8kg 

Day cap 

Loai 

D6 

Size 

6mm 

Chieu dai 

16m 

Sd luong 

4 

Cudng do 

1.85 tan 
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Viec dieu khien eae cap lUc duoc thuc hien bang 
each ti'nh toan va hieu ehinh thdng qua sd vdng siet cua 
tang-do day cap. 

Hinh 3.2: Hinh anh thutai va tang cuong cau Na Xa 

4. K^T QUA DO DAC VA TINH T O A N 
Trong phan nay the hien ket qua tinh toan va do dac 

ve dao ddng cua ket cau cau treo trude va sau tang eUdng 
d dang dao dpng t h d i vathU2. 

4.1 . Bieu do dao dong ciia cau 
4.1.1. Bieu do do dac dao ddng thUe te'tren edu 

Hinh 4.3: Md hinh eau treo Na Xa trude ting cudng 

Hinh 4.4: Md hinh eau treo Na Xi sau tang cudng 

4.2. Ket qua tinh toan dao dong UUdc va sau tang 

CLfcmg cau 
Dang dao ddng trUdc cang day: 

bj - Bieu do gia toe 
Hmh 4.1: Bieu dd theo phuong dung tu 0 - 45s trudc tang cudng 

4.1.2. Md hinh phdn tich dao ddng cau Na Xd 

b) - Bieu da gia toe 
Hinh 4.2: Bieu do theo phuong ddng tir 0 - 45s sau ting cudng 

Nhdn xet: Hinh dang dao ddng khi do dac thUe te 
va md hinh tinh to in phan td hUu han trong trUdng hpp 
trude tang cUdng va sau tang eUdng tuong dong nhau. 
Tan sd dao ddng tang the hien sau tang cUdng, kha ning 
chdng ehju dao dpng eua cau dupe eai thien, dp cUng cua 
cau t ing len dang ke. 

Tuy nhien, day ehi II bien phap tang cudng ve dp 
cdng nhUng vdi eau treo day vdng thi dp cdng Idn khong 
phai la mpt Uu the va nhat la khi luc cang cac ben khong 
deu eon dan tdi mat on djnh hinh hpe eua ket cau cau 
treo. Vi the, khi thiet ke lue cang cac day tang eudng can 
luu y dam bao on djnh cho ket cau cau. Ngoai ra, lUe cang 
khdng dUpc qua Idn, cd the dan den nhieu bat loi trong 
qu i trinh khai thae nhu Ung suat tap trung tai vj tri tang 
cudng qua Idn, cau ed the g i im dao dpng nhUng lai bi hu 
hdng do hien tUpng khac. 

4.3. Hieu qui tang cUdng 
TU ket qua tinh to in va thyc nghiem ta thay: 
Sau khi t ing eudng vdi tdng cap luc, dp cdng cua 

cau treo d iy vdng t ing len d ing ke the hien qua viee tan 
sd dao dpng tang len. 

Bang tong hpp ket qu i the hien hieu qua tang 
eudng cau bang phuong phap cang day: 
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Trang thd) 

Trudc tang cudng 

Sau khi cang luc 0.2P 

Sau khi cang li/c 0.4P 

SaukhlcSngl i /cQ6P 

Sau khi cang lUcOBP 

Tin so do dac 

Mode 1 Mode 2 

, . - . . , . . . Hieu Tansot inhtoan ^ . ^ ^ ^ ^ 

M o d e l 1 Mode 2 M o d e l 

102 1,79 1.09 1.91 

111 1 IBS 115 

117 1.92 , ) 2 2 

1.25 I 2.01 1 27 

131 2.02 134 

Sau khi cang luc P 1 3B2 , 2 043 | 141 

1 95 

1.97 

2.014 

2 039 

212 

7.16 

13.31 

1953 

25 68 

32.42 

(mg(%) 

Mode 2 

3,56 

5.17 

8.78 

963 

12 22 

5. KET LUAN 
Viec nghien cUu eae dang dao ddng va bien phap 

giam dao ddng cho eau treo day vdng tai Viet Nam ndi 
ehung va tai cac tinh mien nui ia can thiet. Bien phap tang 
cudng lam tang dp edng cho eau treo Na Xa bang eleh 
bd sung day xien doi xdng nhau d hai ben la kh i thi va 
hieu qua. Kien nghj dua vao ap dyng de tang eudng dp 
cdng eho eau nay cung nhu doi vdi cae eau treo dan sinh 
khae eung kich thude. Ddi vdi elc cau treo thiet ke mdi cd 
so do mdt nhip nen nghien edu Ip dung giai phap nay de 
t ing eUdng dp eUng eho cdng trinh. 

Tai lieu tham khSo 
[1]. A. Kareem, W.J. Sun (1987), Stochastic Response 

of Structures with FluidContaining Appendages, Journal of 
Sound and Vibration, 119 (3), pp.389-408. 

[2]. Preumont, A. ( 2011}, Vibration Control of Active 
Structures, An Introduction (3rd Edition), Springer. 

[3]. Van Nimmen, K., Lombaert, G., De Roeck, G., 
& Van den Broeek, P. (2014), Vibration serviceability of 
footbridges: Evaluation of the current codes of practice. 
Engineering Structures. 

[4]. Akyiliz, Haken, Unal, N. Erdem (2006), Sloshing in 
a three dimensional rectangular tank: Numerical simulation 
and experimental validation. Ocean Engineering, vol.33, 
pp.2135-2149. 

[5]. Yang, J. N., & Giannopoulos, F. [1979a), ,^cfiVe 
control and stability of cable-stayed bridge, Journal of the 
Engineering Mechanics Division, 105(4), 677-694. 

[6]. Yang, J. N, & Giannopoulos, F. (1979b), Active 
control of two-cable-stayed bridge. Journal of the 
Engineering Mechanics Division, 105(5), 795-810. 

[7]. Auperin, M., Dumoulin, C. (2000), Structural 
Control: Point ofVievi/ of a Civil Engineering Company in the 
Field of Cable-Supported Structures, Proceedingsof the 
3rd International workshop on Structural Control, Pans, 
France, July. 

[8]. Hoang Trpng Lan, Tinh todn cau treo ddy vong. 
Suspension brigde design. 

[9]. PGS.TS. Nguyen Viet Trung, TS. Hoang Ha, Thiet 
kecau treo ddy vong. 

Ngaynhan bai: 10/4/2019 
Ngay chap nhan dang: 25/4/2019 
NgUcri phan bien: PGS.TS. Nguyen Thj Minh Nghia 

TS. Ngd Van Minh 

66 




