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Bao tri he day vang cong trinh cau day vang: 
Thach thuc va giai phap 

I PGS. TS. H O A N G N A M - Trudng Dgi hpc Bach khoa TP. Hd Chil^inh 
I TS. T 6 N A M T O A N - Tdng cue DUdng bp Viet Nam 

TOM TAT; Bai bao de cap cong tac b lo tri h§ day 
vang ciia cac cong trinh cau day v3ng ma tgi Vi^t 
Nam da bat dau co thoi gian su dung dang ke Day 
la bai toan ky thuat tuang ddi mdi va hien dgi voi 
nhieu thach thdc Cac d$c trung ky thuat co ban cua 
h# day vang dupc trinh bay, tu do mo t l phuang 
phap danh gia tinh toan ven va kPil nSng chiu luc cCia 
cap, thong qua ket qui kiem tra thudng xuyen cap 
ket hpp vO! cac ky thugt do Ipc cang va dg gi lm loga 
Trong truong hop cap c6 dau hieu bj hu hai, can 
tien hanh kiem tra chi tiet hon tai cac vung neo hay 
dpc chieu dai cap, sCi dung cac cong cu thi nghiem 
khong pha liiiy. Sau cung la esc kien nghi lien quan 
tnen khai phuong phap b^o tri nay trong thpe tien 
qu^n ly b3o tri khai thac clu day vang 6 Viet Nam, 
ghi nhan mang ludi trpc tuyen ket ndi he thong quan 
trac cong trinh b cac cau day v§ng da dupc thiet lap 

Tllf KHOA: Blo tri he day vang, cau day vang, mang 
luoi he thong quan trie cong trinh, do luc cang va 
do g i lm loga. 

ABSTRACT:Thefirstcable-stayed bridge in Vietnam 
opened in 2000. As these bridges become older, 
the need for effective inspection and maintenance 
techniques and tools become essential This paper 
describes challenges in evaluation and monitonng 
the stays cables and introduces the unified method 
of Mehrabi, including visual checks and tension and 
damping measurement techniques to evaluate the 
global integrity and structural safety of the stays 
In senous cases, further non-destructive tests 
for detection of local damages may be required, 
at the anchorage zones or the cable free length 
Recommendations for application of the method 
in Vietnam, with respect to an integrated on-line 
monitoring network has been deployed for several 
in-service cable stayed bridges, are given 
KEYWORDS: Cable inspection and maintenance, 
cable-stayed bridge, structural-health-monitoring 
network, tension and damping measurement 

LDATVANOI 
Cho den thpi diem nay, c l nudc d l ed 12 clu day 

vIng di vao sd dung, trong khi hing loat cau khac dang 
trong giai doan hoan thanh xiy dung nhu Vim Cdng, 

Binh Khlnh, PhUdc Khanh... Neu tinh mde khanh th inh 
cdng trinh cau d iy vang dau tien, eau My Thuln vao n im 
2000, cae cdng trinh cau dac biet tren da ed thdi gian sd 
dung dang ke va van de bao tri cau trd thanh mpt ddi hoi 
cap bach. Tudi trung binh cua cau t ing theo thdi gian, 
trong khi iUu lUpng xe cung tang el khoi lUpng va eUPng 
dp, cung mPi trudng thien nhien ngay cang khac nghiet. 
Blo tri rat nhieu cau dpc qude Id, theo sudt tudi tho edng 
trinh la mdt nhiem vy khd khan, bat kh i thi neu thyc hien 
bang cac bien phap thit cdng thdng thudng. 

Khae vdi cac dang eau truyen thdng (eau be tdng, 
cau thep nhieu nhip...), cau day vang cd thanh phan ket 
eau ehm lUc quan trpng 11 he day vIng. He day vIng nay 
chiem 5 - 8% chi phi dau tu cdng trinh va kha phdc tap 
td thiet ke, thi cdng den el qua trinh bao tri khai th ic 
do chju lye keo Idn dudi tae dpng thudng xuyen eiia 
t l i trong lap doi chieu va bi ehi phdi bdi cdng nghe thi 
cong [1]. Kiem nghiem trong phdng thi nghiem va thUe 
te eho thl'y tuoi thp ciia elp cd the ngan hon dang ke 
tuoi tho ciia eau do elc yeu td an mdn, mdi vat lieu hay 
hu hai trong cap va he neo, vd bpc, gdi tUa... [2]. Thye te, 
cae bien phip duy tu va bao dudng truyen thong khPng 
the tiep can true tiep v l thUPng xuyen he d iy vIng nay, 
trong khi da phan cae bd phan Idi d p , thiet bi giam dao 
dpng, die biet I I phan thiet bi neo (nhat la eau trite dng 
neo phun vda) hoan toan an sau, khong the tham nhap 
dupc vao ben trong. 

Tren the gidi, tU nam 2005 d l cd nhdng nghien 
edu ve yeu eau va phuong phap bao tri he day vlng 
edng trinh cau day vang, tieu bieu !a b lo d o tdng hpp 
cita Tabatabai [3] mang ten NCHRP 353, dUa tren khio 
sat 36 clu day vang d Hoa Ky va 16 clu d Canada. Cung 
tren eo sd khao sat nhieu eau hien hdu d Hoa Ky trong 
khoang thdi gian dai (td 1999), Mehrabi [2,4] da de xuat 
mpt phuong phap hop nhat (unified approach) de kiem 
tra, b lo tri va thay the day vang, ap dung cu the cho mdt 
cau day vang nhip dai 372m d Bic My sau 26 n im khai 
thac. PhUPng phap nly tUPng ddi don gi ln - hieu qua 
- d ing tin cay, dua vao ket qua kiem tra thudng xuyen 
day vang ket hop vdi eae ky thuat do lUe cang va do g i lm 
loga de d inh gia tinh toan ven (global integrity) va kh i 
nang ehju lUc ciia dp.Trong trUdng hop diy vang cd dau 
hieu bi hu hai se tien hanh kiem tra ehi tiet han tai elc 
vung neo hay doc chieu dai cap, sd dung d e edng cy thi 
nghiem khdng pha hiiy nhu xem xet trye quan, do dao 
ddng, sieu am, chyp anh nhiet, do dp rd thdng luong td, 
dd tia phdng xa... Can nhan manh ve vai trd eiia elc elm 
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bien nham quan trie thudng xuyen hay dinh ky he diy 
vlng trong cae nghien cdu tren. Cdng nghe quan trie 
cdng trinh (structural health monitoring) ap dyng ngay 
td khi bat dau khai thie eau se giup giam dang ke ehi phi 
kiem tra, blo tri va tr inh cac nguy eo hu hai eau. Trong 
xu hudng phat trien hon nda. cle ky thuat sd dung edng 
nghe rd bdt ed the la giai phap hdu hieu, nhUda dupe de 
cap trong nghien cdu cua cac nha khoa hpe Han Quoc td 
nam 2013 [5]. 

dViet Nam, thdng tin ve he day vang eua d e edng 
trinh eau day vang tieu bieu da khai thae dUpc tdm tat 
trong Bdng 1.1. Co 10 edng trinh eau, xep theo thd tuthdi 
gian khanh thanh, eho thay nhu eau cap bach thyc hien 
cdng tac bao tri he day vang trong thdi gian tdi. Oe theo 
ddi hoat dpng va kip thdi bao tri cac cdng trinh hien dai 
v l phdc tap nly, Tong cue OBVN da ed ehu truong thiet 
lap mang iuditructuyen ket ndi he thdng quan trac edng 
trinh dtat c l cle cau day vang, bude dau bao gdm eleeau 
CanTho, Rach Mieu, Bai Chay, Kien [7].Den thing 7/2018, 
he thdng quan trie eau Phu My cung da duoc hoan thanh 
va dua vao sd dung. 6 mdi cau, he thdng quan trie cdng 
trinh dUOc thiet lap mdi hoae tien hanh hieu ehuan, bo 
sung cam bien mdi va ddng bp truyen dan - xd ly dd lieu, 
nh^m thu thap dupe cae thdng tin hdu ich ve tinh hinh 
hinh giao thdng va dieu kien sde khde cua ket eau cau. 
Hinh 1.1 mp ta he thdng quan trie eau Phii My [7], trong 
dp ed 4 cam bien do dao ddng eua 4 day vang dai nhat 
se eung cap thudng xuyen thdng tin lue eang d p ciing 
cae thdng tin lien quan den viec van hanh eau (tinh hinh 
giao thPng, cap gip t ic ddng, lue eing dp. . . ) va eanh 
blo khi can thiet. Bang viec sddung cae ket qua thu duac 
td mang ludi cac he thdng quan trac d e edng trinh cau 
day vang ndi tren, phuang phap hpp nhat do Mehrabi de 
xuat neu tren hoan toan ed the ap dung hieu qua tai Viet 
Nam va se dUPe de cap chi tiet trong bai bao nay 

Bing 1.1. Tdm tat thdng tin vehe day vang 
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Mpt sd tai lieu xem xet he day v lng cau day vlng 
bao gdm tru th Ip va cac day v lng. Tuy nhien, ddi viS 
try thap eau, eong tac bao tri co the tham khio nhieu 
phuang ph ip pho bien danh cho ket cau be tong hole 
thep. Do vay, bai bao chi de cap nhdng phuong phip 
kiem tra v l bao tri cac day vang, bao gdm phan than cap 
va thiet bi neo hai dau. Trd mpt sd cau diy vang lien tuc 
nhieu nhjp (nhu eau Nhat Tan, Ha Ndi), elc day vang co 
the lien tye gdi tren try thIp, eon lai da sd trudng hop, 
cac day v lng duoc neo trong pham vi mpt nhip, tai dam 
eau v i va tru thap. 

ia 

Cac gia tdc kelap tr§n day vang 
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Ban ghi gia toe va bien doi Fourier di tinh Ipc cang cap 
Hinh 1.1: Cim bien do gia tde day vang 
trong he thdng quan tr^c eiu Phu My 

2. DACTRl/NG K Y T H U A T HE DAY V A N G 

Moi day vang trong he day vang eua edng trinh 
cau ed the djnh nghia don gian nhd mpt phan td chjU 
lUc keo cd hai dau lien ket tat try th Ip va tat dam cau. 
Hinh 2.1 trinh bay mP hinh mpt day vang dien hinh 
gdm than cap v l hai dau lien ket. Hai dau elp dupc blo 
vp bdi cac dng thep dinh hinh (steel guide tubes) dat 
sin trong try th Ip v l dam cau khi thi cong. Trong ong 
thep cP bd trf cle vPng dem eao su tdng hop (neoprene 
washer) nh im dinh vj cap, g i lm dng suat tap trung va 
eung cap them khi nang cIn dao ddng eho d p . Sau 
eiing, day vang thudng dupc neo thich hpp vao be neo 
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(d dam hay try thIp) bang cac hPp/dng neo (anchorage 
socket). Chu y phan than elp dUpc b lo ve bang dng 
nhua HOPE (high density polyethylene), ben trong 
gida nhCfng bP spi ed phun vda hoac nhya epoxy hay 
sip. Ngoai ra, ben trong dng neo cdn thudng duac 
phun vda chdng an mon cap. Nhu vly, ba Idp b lo ve 
d p eung ddng thdi d n trp bat cd phuang phap thi 
nghiem, kiem tra hay bao tri trye tiep nao. 

6ng thep 
itinh hinh 

Hinh 2.1: Md hinh mdt diy ving dien hinh 

2.1. Tiet dien cap 
Cd hai hinh thde tiet dien (Hinh 2.2) phd bien cau tao 

nen he day vang hien nay: 
- Loai PSS (parallel strand stay): Day vang eau tao td 

nhdng bd d p song song (strands), moi bd lai cau tao td 
cle spi elp (thudng la eau trite 7 sOi, mdi spi cd dudng 
kinh 5 - 7mm) ben vdi nhau. NhUng bd cap dupc van 
ehuyen, lap dung v l eang dde lap tdng bd neng re tai 
cdng trudng. 

- Loai PWS (parallel wire stay}: Diy vang tao thanh 
true tiep td nhdng spi d p song song, van chuyen den 
cdng trudng va l ip dung nhu mdt sin pham holn chinh 
v l sau do tat e l elc spi d p dUPc eang ddng thdi vao be 
neo. Loai cap nay cd the cd tiet dien thu gon hpn so vdi 
PSS, nhung hien ehi dupe sin xuat v l sd dyng chit yeu 
bdi d e nh l thau Nhat Bin va Trung Qude. Gan day, NPWS 
(new PWS} da dupc ap dyng dViet Nam, chinh la loai PWS 
ma nhdng spi elp dupe xoln nhe vdi bUdc xoln tUong 
ddi dai nhim d i m bao tinh dac chie ciia cap trong sudt 
qua trinh van chuyen va lap dung. 

Rd ring, dng vdi loai elp khie nhau la edng nghe 
sin xuat, thl edng va do dd bao tri hoan toan khae nhau. 
Moi loai deu ed Uu diem va nhUpe diem rieng. Dudi gdc 
dpthicPng va bao tri, loai elp PSS eho phep sddyng d e 
thiet bi van ehuyen va l ip dUng nhd gon linh hoat, de 
kiem tra va sda chOa. Viee ehpn lua loat cap can can nhac 
day dit cle yeu td lien quan, tdi Uu chi phi xay dung va 
bao tri edng trinh eau, dac biet trong bdi d n h ed the thay 
the d p v l i lan trong nien han sif dung cau. 

va bao ve HDPE 

soi Ihtiy tinh 

vo bao ve HDPE 

Loai PSS 

(61 bo, 427 SOT) 

Hinh 2.2: Cac loai cap cau day vang 

2.2. Cac van d€ thUdng gap 
Hu hdng day vang va thiet bj neo la mpt van de het 

sde quan trpng trong bao tri d u d iy vang. Cae hU hdng 
nay eP the anh hudng rat IPn den kha nang ehju luc cita 
ket eau, vi vay can phai dupe phat hien, xd ly kip thPi. Cd 
hai cache chinh hen quan den d c hu hdng nly bao gdm: 

- An mdn; La co che dang quan tam nhat trong bao 
tri d iy vang td nhdng b lo d o ghi nhan d nhieu cau diy 
vang tren the giPi [3]. An mdn khdng chi do cac yeu td 
ben ngolt t i c ddng nhU hOi am, khong khi mudi... ma 
cdn td chinh hoi nude dpng ben trong dng bao ve cap 
va neo. Trong nhieu trudng hop, gilt phip ehii ddng eho 
thoat nudc khu vuc neo dudi nhu minh hoa d Hinh 2.1 td 
ra Uu viet hon hon ia boc kin nude. 

- f/ldi vat lieu: Cap dao dpng chit yeu do co che gip 
rdt, do gid - mua ket hpp, do xoay cudng bUc phia sau 
v i t d n (vortex), do cpng hUdng dao dpng d lm/ th lp eau 
(parametric vibration), hay do d c co che mat dn dinh khi 
d in hdi (flutter, galloping). DUdi t ie dpng thudng xuyen 
ciia nhdng t l i trpng lap ddi chieu nay, tudi tho mdi cita 
cap bi gidi han dang ke. Co ehe dao dpng do gid - mUa ket 
hop, phat hien td 1987, ed the g ly nen nhdng dao ddng 
bien dp Idn ehi phdi neu khdng cd d e bien phap loai trd 
nhu dye 16 hay quan ehi xoln be mat d p . Cle nguyen 
nhan khae can den elc thiet bi g i lm dao dong nhu can 
nhdt (viscous damper), d n ma sat (friction damper} hay 
dung bien phap ket ndi nhdm day vang (cross-tie)... 

Td ngoai be mat cac dang hu hong quan sat duoc se 
la: Ri set cita dng thep, vo bao ve HDPE bi khia canh, xe 
ddt va mat mon, ndt hole tach rdi d nhdng eho ndi dng, 
Idp b lo ve bj eong venh hole phinh ra chdng td mdt vat 
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SOI cap da b! ddt, eae v^t ndt ngang cd the do mdi; bi che 
tach dpc bo d p cd th^ do su thay ddi b i t thudng cua 
nhiet dp (he sd co gian vi nhiet eda polyethylene cao hon 
den 3 lan so vdi cua be tdng va thep). Cic dang hu hdng 
khac la: Cap bt chech khdi trye trong dng bao ve g ly rich 
vo cap; nude dpng trong ong neo P d i m eau, 16 rdng 
trong vua phun (grouting), ddt d c spi d p ben trong... 

2.3.Thiet bj neo cap 

edi vdi e lu day vang, dang ong neo pho bien nhat, 
ke ca cac eong trinh cau d iy vang d Viet Nam trong Bdng 
1.1 la ong Hi-Am, tuong dng vdi phuong phap due ngudi 
hon hap nhua epoxy v l bdt kim loai due vao trong onq 
nhu minh hoa trong Hinh 2.3 [6]. 

Hinh 2.3:6ng neo Hi-Am 

Bdi vdi dng neo nay, thudng d phia dam cau, sau 
then gian dai sd dung se xuat hien elc khe hd d dau vdng 
dem cao su tdng hpp phia dau tren cua dng thep b lo ve 
hoac vong dem cao su tdng hop bj lech, bj rach va tach 
doc khdng hoat dpng hoac gay vd be tdng bj ti de. Phan 
neo tren tru thap cd the bj an mon hoae nOft, cac dai dc b| 
Idng tai hoc neo va cac tKm d&m ciJng nhu dau md cP the 
bj ro ri d mu ong b l o ve. 

3. CAC PHUONG P H A P B A O T R I 

Cac d ie trung ky thuat ca b i n cOa h^ d iy vang trinh 
bay trong phan tren da cho thay nhdng thich thurc ddi vdi 
cdng t i c duy tu va b lo dudng trong sudt thdi gian khai 
th ic cong trinh cau, t i r dd cac nh l nghien cdu di xul't 
khI i niem ' b i o tri du phdng" (preventive maintenance) 
[3,5]. Khi i niem n ly yeu cau xem xet, r i soat ngay td 
trong giai doan thi^t ke tdng bp phin ket c lu v l lien ket 
cPng trinh c lu cd kh i nang can trd (hay khong thuc hien 
dupc) vide b l o tri m i cP de xuat tuong dng. Mdt de xuat 
kh i thl la chi dinh l ip dat cle c im bien thudng true dele 
vi tr i phu hpp de cung elp thdng tin chinh xac v l tdc thPi, 
thf dy nhu lUc ke mpt s6 diu neo cap cung cap sd do ldc 
c ing. Nhdng de xuat khic bao gdm phuang d c h tiep 
e in a4 thuc hien b lo tr) nhanh chong, de ding, khong 
Inh hudng den liiu thdng: Budng ky thuat, xe chuyen 
dung, thang d^n vi trf sda chda/thay thecac bp phan cap, 
gdi, khe co gian... Blo tri dUphPng eung se de cao vi^e sd 
dung nhdng v i t li^u k^o d l i tudi thp cdng trinh, xem xet 
d iy du elc yeu td b i t lpi theo thPi gian. 

Trong cic giai doan tiep theo tri^n khai thi edng va 
qu in Iy khai th ic v l b lo tri c lu, can het sdc chu y luu giu-
t l i li^u thi^t k^ v l thi edng (bridge inventory) phii hop, 
tuIn thu Quy trinh qudn ly khai thde vd bdo tri cdu [8]. Hien 
nay, da sd cle qude gia i p dung quy trinh kiem tra theo 
cic 'mdc; thudng xuy^n (regular/visual inspection, tan 

suit 1 hole 2 nam mpt lan); kiem tra dinh ky hay ehi titft 
{periodic/detailed inspection, dudi 5 hoac 6 nam); kiem 
tra dot xuat hay dac biet (special inspection, toan dien 
sau t i c dpng bat thudng hay su cd, thay the dp...). Yeu 
cau quan trpng nhat cCia mpt quy trinh kiem tra nhu vay 
la dd lieu thu thap dupc can dam bao chinh xac, thudng 
xuyen, phi t hien kip thdt dau hieu xudng cap, dau iiieu 
hu hdng, hu hdng cua bp phan cong trinh de co bien 
phip xd ly kip thdi, nham dam b lo khai thic an toan, duy 
tri sU b^n vdng eua ePng trinh. NhU da neu, Mehrabi 3a 
de xuat phuang phap hop nhat phuc vu cong tac kiem 
tra, bao tri va thay the d iy vang. Phuang phap nay d\sa 
tren ket qua kiem tra thudng xuyen cip (ki^m tra ben 
ngoai) ket hpp vdi cic ky thuat do lUe eang va dp giam 
loga de d inh g i l tinh to ln ven v l kha nang chiu li/c cua 
cap. Trong trUdng hpp c ip co dau hieu bj hu hai se tien 
hinh kiem tra ehi ti^t hon tai cic viing neo hay doc chieu 
dai d p , sd dung cic cdng cy thi nghiem khdng pha iiijy, 
Noi dung ehi tiet nhu sau: 

3.1. Danh gia tinh toan ven va kha nang chju Itic 
Trudc tien can kiem tra thudng xuyen he day vang, 

dam b lo duy tri d e hang myc (1) dng bao ve cap (khong 
ndt, vd, lech vj tri, vdng dem cao su nguyen ven...), (2) he 
giam dao ddng (khdng rd gi dau, khdng biin dang...), 
(3) he neo (trinh Ipt nude vao cac bd phan, khdng bj an 
mdn, hyt dau bdi trOn...). Cdng t ic kiem tra tien hanh dan 
gi ln va true tiep bang mat, cd the ket hpp vpi cac cong 
cu dng nhdm hole thi^t bj bay dieu khien tir xa diing de 
ehup Inh td tren khdng doi cle bp phan kho tiep can, 
trong dieu kien chi phf che tao rd bdt hay xe ehuyen dung 
kiem tra d p tu hanh doi hdi ehi phi rat eao. Vdi cae hinh 
Inh thu thap dupe, ed the Ip dyng cic ky thuit xir ly inh 
de rut ra dupc cic dau hieu bat thudng [8]. 

* Xdc djnh lUc cdng vd dp gidm loga eua cdp ddo tren 
ddlieu dao ddng 

Can dat duoc sd lieu eo sP phin bd liic eing trong 
to ln bd he day vang va sU thay ddi lUe cang giCra nhang 
lan do, ket hop vdi phan tfeh ket cau toan cdng trinh de 
ph i t hien nhdng bat thudng tdng the hay nhdng hi/hai 
cue bd. Mpt su syt g i im luc eang tai mpt day vang di kem 
vdi sut ing lUc cang d d c d p lan cIn cd the la dau hieu 
day ving dd bi suy giam tiet dien hole xiy ra truot cip 
trong be neo. 

Ky thu i t do luc eing elp phd bien hien nay la do 
gian tiep: Dung day thirng tao ehuyen ddng ban dau cho 
cip, do dao ddng tu do, suy ra tan sd dao ddng td nhî n 
v l tinh dupc luc cang cap thdng qua mdi quan he giiia 
lue eang va tan sd Thiet bi do gdm cd gia tdc ke gSn tf̂ n 
day vang d dp cao vda phl i , may ghi gia tde, may tinh vi 
chuong trinh kem theo. 

Cong thdc don gian tinh luc eing d p xie ^nh bii 
md hinh elp cang (taut string): 

T, = 4mf^C' ^ (1) 

Trong do, c ip cd khdi lupng tren mdt dan vj chî u 
dai la m, ehieu dai d p I IL. f^ = tan sd dao dong rieng thi) 
nhat do duoc eua d p . Cdng thdc (1) cd dp sai sd nhat 
dinh (eP the den 20% trong cac trudng hop euc doan) do 
khong ke den dp ciing chdng udn, dd chdng hay dieu 
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kien nglm eua elp. Tic g i l bai b lo d l cd nghien cdu va 
de xuat cdng thUc dieu chinh ke den cac yeu td tren nhu 
sau [10]: 

-4V77; 
(2} 

Trong do, cap ed mP-dun dan hoi ciia vat lieu I I E, 
mo-men quan tinh tiet dien ngang I I / v l dp ehung d 
gida nhjp theo phuang vudng gde vdi cap la d. Dp cdng 
chdng udn cua elp xlc djnh bdi tieh sd EL ^ = ^ la tham sd 
dp edng chong udn eua c i p ; ' =| y) fr -Tham so do chung 
d p , vdi i.. = z.[i + 8(i//i)'] v l A = dien tieh tiet dien ngang 
cita d p . 

Gia tri dp giam loga (hay ti sd can) cita cap cung I I 
mpt thPng sd quan trong, d i m bao trang thai sddyng cita 
edng trinh eau ddi vdi t l i trpng mPi trUPng. Cae nghien 
cUu da chi ra dp g i lm loga ciia rieng day vang (khdng 
gan thiet bi g i lm dao dpng) thuPng rl't thap: DuPi 0.01 
ddi vdi d e dang dao dong dau tien [11 ] va can thiet phl i 
bd sung d e thiet bi giam dao ddng gan hai dau neo. Dp 
giam loga 6 xae dinh td elc b in ghi dao ddng tu do eua 
elp theo cong thdc [12]. 

^ = l n - ^ (3) 

Trong do: u^ va u^, - Bien dd d e dinh dUong thd / 
va /+! cita dao ddng tU do t i t dan. De dat do chinh xlc 
eao han eP the xem xet cle dtnh d c h biet vai chu ki dao 
ddng. Neu ket qua do cho thay sU syt g i lm loga sau thpi 
gian sd dyng, d c bien phip bd sung sde ein, bang he 
gi lm dao dpng gan ngoai hay d e bien ph ip cd hpe, ean 
dupc xem xet tde thdt. 

Trong trUPng hpp sddung d e gia tde ke g in thudng 
true tren elp (thupe he thdng quan trac cdng trinh cau 
nhu Hinh 1.1), ky thui t do nhu tren van cd the I p dung 
vdi cle b in ghi dao dpng trong va ngoai mat phing d p 
do t l i trong mdi trudng (ambient vibration) ma khdng 
can cae cdng cy kich tai tren cdng trinh. 

3.2. Xac dinh cac hU hong cue bp 
Td ket qu i danh g i l tren, khi phi t hien tinh toan ven 

v l kha nang chiu lUc cita d p cd dau hieu bi tdn hai, can 
tien hanh kiem tra cht tiet han tai eae viing neo hay dpc 
chieu dai dp.Ti iy theo ddi tuong dUPc kiem tra ma chpn 
cong cu thi nghiem khPng ph i hiiy tuong dng. Thi du 
nhu thi nghiem do dp rp thdng lUpng tif (magnetic flux 
leakage) de kiem tra In mdn trong than d p [13]; chyp anh 
nhiet (thermography) hay do tia phong xa (radiography) 
de kiem tra thiet bi neo hay phat hien hU hdng trong dng 
nhUa HDPE hay trong dng neo [5]; sieu I m (ultrasonic) 
de danh g i l tinh trang spi elp trong neo Hi-Am [14,2]... 
Tuy nhien, d c ePng cu va phuong phap nay hien van cPn 
trong giai doan nghien cdu trong phdng thi nghiem, dPi 
hdi cht phi eao, thiet bi cdng kenh v l trien khat phde tap, 
can them nhieu elt tien v ld i ie ket tdthUete trong tuong 
lai gan [2]. Gili phap kinh te do vay se la thay the bP phan 
cd dau hieu hu hdng, thay the mpt vai hay to ln bp he 
day vang. Ddi vdi cap eau loai PSS, ed the tien hanh thay 
the tdng bd elp mdt hole phai l ip dat cac day vang tam 
trong khi tien hanh thay the. Trinh tu eCia viee thay the 

cip, bien phip du phdng cung d e thong so dieu chinh 
luc cang phl i duac thiet ke ky luPng v l do nha thau uy 
tin thi edng [15]. 

4. KIEN NGH! 
Blo tri he d iy vang edng trinh elu d iy vlng I I bai 

to ln ky thuat mdi, ngay ca ddi vdi nhdng qude gia tien 
tien, vdi nhieu thieh thdc can duoc nhan thdc d tat c i 
d e ddi tupng lien quan, td thiet ke den thi cdng va dpi 
ngu quan ly khai thae cau. Do tam quan trpng ciia nhifrig 
cPng trinh cau day vang ddi vdi he thdng giao thdng 
dudng bp qude gia, can phai giai quyet bai toan bao tri 
theo nhdng phUPng phap tdi Uu cht phi va dat hieu qu i 
cao nhat, dam bao ATGT. 

Trong bdt canh cac phuong phap b lo tri ddi vPi cong 
trinh cau day vang hien dat edn dang dupe nghien cdu 
tren the giPi, phUPng phip de xul't bdi Mehrabi nham 
dinh g i l chinh xae trang thai hien hdu cita he day vang 
can dupe xem xet va ap dung thdng nhat, ghi nhin tren 
thue te trien khai tai Viet Nam, trong dd can tdi Uu hieu 
qua cua d e d m bien do dao dpng d iy v lng eiia d e he 
quan trie dai han sdc khde da thiet lap tai d e eong trinh 
cau. Dinh gia duoc trang th l i d p se d i m b io eae bien 
phap bao tri, sda ehda phii hpp va kjp thdi. Cae phuong 
phap b lo tri he day vlng ey the can dUOc de cap trong 
quy trinh quan ly, khai thac, bao tri va giam sat thye hien 
mdt eleh hieu qu i nhl't. 
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