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Abstract. The evaluation of the effectiveness of devices on bridge structures in general, and
cable-stayed bridges in particular, is of utmost importance. Among them is the assessment of
the effectiveness of various damping techniques on the vibration of the stay cables, especially
under the influence of wind or rain. Common solutions include adjusting the cable surface,
adding cross-link, or installing dampers. In this paper, we present a study on the effectiveness
of mitigating the vibrational energy of stay cables using internal radial dampers (IRD), a type
of viscous dampers. The measurement process was conducted with the stay cables at the My
Thuan 2 bridge project, involving two phases: before and after the installation of dampers.
The experimental damping ratios obtained from logarithmic decrement results indicate a
significant increase in damping ratio from 0.072% to 0.517% for the second mode of cable
vibration after the installation of dampers. This mode is particularly influenced by wind or
rain-induced vibrations.
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Tom tat. Viéc danh gia hidu qua cac thiét bi trén cong trinh cau néi chung va cau day vang
noi riéng la vo cling quan trong. Trong s6 do6 1a viéc danh gia hiéu qua cac cac loai giam chan
t6i sy dao dong cua cap vang, dic biét 1a dudi tac dong cua gid hodc muwa. Mot sé bién phép
thuong 4p dung 1a diéu chinh bé mat cép, bo sung cac thanh budc chéo hoic lap dit cac giam
chan. Trong nghién ctu nay s& trinh bay vé hiéu qua tiéu tan nang luong dao dong cua cap
vang ctia giam chan hudng tdm bén trong, 14 mot dang giam chan can nhét. Qua trinh do dugc
thuc hién véi cap ving tai cong trinh cau My Thuan 2 bao gom 2 giai doan: trudc va sau khi
lip giam chan. Két qua thuc nghiém hé sé giam chan thong qua do suy giam logarit thu duoc
tir két qua do cho thay sau khi lap dat giam chan, hé s6 giam chan ting dang ké tir 0,072% lén
0,517% khi xét cho dang dao dong sb 2 cua cép, la dang dao dong anh huang chinh tir gid
hoac mua.

Tur khoa: Cau day vang, cap vang, hé sé giam chan, dao dong do gi6, giam chan huéng tam
bén trong.

@ 2024 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN PE

Hé thong co sé ha tang giao thong dong vai tro khong thé thiéu trong su phét trién toan
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dién, dic biét vé kinh té cua mot qudc gia hay mot khu vuc. Trong sé do, cac cay cau gop
phan cai thién hiéu qua cua mang luéi giao thdng bang cach tao ra duong ngan hon, thuén
tién, vuot nhitng noi c6 chudng ngai vat hoac dia hinh kho khan. Dang ké, cac cong trinh cau
day ving khong chi 6 vai trd két ndi ma con 1a nhitng lién két viing chic c6 ¥ nghia véi kinh
té x4 hoi. Khong nhitng vay, cac cong trinh cdu nay con la biéu twong kién trac doc ddo, mang
lai tinh m¥y quan cao cho khu vuc do.

Viéc dam bao céc hoat dong binh thudng tir qua trinh thi céng dén khi van hanh khai thac
cau day vang la van dé duoc nhiéu nha nghién ctru quan tam. Dc bi¢t trong nhitng nam gan
day, chu d& giam sét stic khoe két cau cong trinh (Structural Health Monitoring — SHM) ngay
cang nhan dugc nhiéu két qua nghién ctu mai [1]. [3]. Vi du, Hui va Jinping da trinh bay tong
quan vé cac cdng nghé SHM khac nhau dwoc &p dung cho cau day vang trén thé gidi [4].
Jang va cong su da thuc hién trlen khai mang cam bién thong minh khong day (wireless smart
sensor networks - WSSNs) trén cau Jindo, mét c¢ong trinh cau day ving méi cia Han Qudc ¢6
so d6 phan cau chinh 1a 70+344+70 (mét) [5].

Hinh 1. M6 hinh cap duoc lp dat giam chan.

Trong s6 céc ndi dung quan trong vé danh gia tinh trang ctia cp trong két cau cau day
vang la danh gia hiéu qua giam chan. Day vang 1a bo phan quan trong va chiu lyc chinh cua
cau day vang. Dudi cac tac dong tir gio, mua hoic tai trong giao théng trén cau, cac cap ving
dé bi rung dong qua muc do do giam chan thap, thuong tir 0,05-0,3% [6]. -[8]. Piéu nay anh
huéng t6i cac by phéan cua cap va dan dén su an toan cua cau. Theo d6, mot sé cach phod blen
dé giam thiéu su rung dong nay nhu diéu chinh bé mit cua cap dua trén khi dong hoc [9]. , s
dung thém cac mang cap budc chéo [10]. hay lap dat cac bo giam chan ban cha dong (Semi-
Active Dampers) [11]. hoic bo giam chan bi dong (Passive Dampers) [12]. ,[13]. Bo giam
chan 1a cac hé thong co khi duoc lap dat gitra cap va cau (Hinh 1). Chung tiéu tan nang luong
dé dam bao sy 6n dinh cua cap.
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Mot sé cac nghién ctu vé danh gia hiéu qua cua nhiéu loai giam chin da dugc thyc hién.
Zhou va cong su da thuc hién danh gia trén cap ving co chiéu dai 1a 215,58 mét duoc gan mot
cap giam chan nhét (Viscous Dampers - VD ) [14]. Két qua thu dugc cho thiy d6 giam chin
dang ké cua cap sau khi lap dit thong qua cac dic tinh phi tuyén tinh. Trong mét nghién ctu
khéc, bon loai giam chan bao gom bg giam chan nhat, bo giam chan tir tinh luu bién thy dong
(Magneto-Rheological Damper - MR), bo giam chan ma sat (Friction Damper) va bo giam
chan cao su giam chan cao (High Damping Rubber Damper - HDR) ciing d3 dugc so sanh. Do
suy giam logarit dugc tinh todn dua trén dir liéu dao dong tu do theo thoi gian cia cap vang.
Céc cong thuc tinh toan gan dung ciing da dugc dua ra va so sanh véi két qua do dac hiéu qua
thue té cua 4 loai giam chan trén 13 0,6; 0,6; 0,3 va 0-1,0 [15]. Bén canh d6, bd giam chan
khéi luong quan tinh dién tir (Electromagnetic Inertial Mass Damper - EIMD) di duogc Li va
cong su gidi thiéu. Cac nghién ciu moé hinh va 133 b6 dir liéu dao dong tu do cua cap co
chiéu dai 135m chi ra rang khi lap dat loai giam chan nay & vi tri cach neo khoang 3,5m thi ty
1& giam chan & dang dao dong dau tién Ion hon xap xi 200% so véi ty Ié ly thuyét [16].

Céc tan sb ty nhién dau tién cua dy ving trong cau diy ving thuong nam trong khoang
tir 0 dén 5,0 Hz. Két qua do dac cua cac cap vang co chiéu dai Ién nhat va nho nhat tai mot s6
cong trinh cau day ving tai Viét Nam duoc thé hién trong Bang 1:

Bang 1. Tan s6 co ban cua cap vang mot sé cau day vang tai Vit Nam [17]. -[19].

Cau Cap Chiéu dai (m) Tan s6 co ban (Hz) Loai giam chan duoc lap dit
Dakrong S6 8 29,67 4,05 Khéng c6
(Quang Tri)  S6 15 88,49 1,15 Khéng c6
Nhat Tan  P12-12 54,69 2,55 Khong co6
(Ha Noi) P12-1 161,32 0,83 Khong co6
My Thuan  N32E 186,41 0,74 Giam chan cao su
(Vinh Long) N13E 80,08 1,62 Giam chan thuy lyc

Theo FIB [20]. , rung dong do mua-gi6 (luc gio tao ra sy can bang cua cac dong nudce di
Chuyen trén cap lam thay d6i tinh khi dong hoc cua cap) la nguyén nhan gay rung pho bién
nhat dwoc quan sat thay trén cac cong trinh cau. Bién do Ion cd thé xay ra ¢ toc do gio vira
phai khoang 10-15m/s khi két hop véi mua nho. Mot tai liéu quan trong Khac vé cap ving
[21]. &4 dé cap rang, néu day ving khong 6n dinh chi vai giam chan bén trong (bao géom giam
chan tu than do khéi lwong) thi can cac bién phap bd sung dé kiém soat rung dong cua day
vang. Dién hinh 1a stra d6i két cau trén bé mat cap ving va cac thiét bi giam chan dic biét
Chéng lai rung dong do gié mua gay ra. Mot két luan quan trong da dugc Cyc Quan ly Duong
cao toc Lién bang cua Bo Giao théng Van tai Hoa Ky [22]. duara rang rung dong do gi6 gay
ra trong cap thudng duoc quan sat thiy ¢ tan sé tir 0 dén 3,0 Hz va né xay ra chu yéu ¢ dang
dao dong thu 2.

Trong pham vi bai bao nay, ching tdi trinh bay vé hiéu qua cua giam chan huéng tam
bén trong (Internal Radial Damper — IRD) tai cong trinh cau My Thuan 2 duéi tic dong cua
gi6. Pay 1a mét trong nhiing loai giam chan hiéu qua dugc Cong ty Freyssinet giéi thiéu va ap
dung cho cap ving c6 chiéu dai trén 80 mét. V& co ban day 1a mot loai giam chan dua trén
cdng nghé can nhot, tuy nhién thiét ké nay cho hiéu suit khdng phu thudc vao bién do va
nhiét 6 cua cap. Bo giam chan piston nhét co wu diém 1a rat linh hoat vi hé s6 do nhét va
hanh trinh c6 thé duge diéu chinh, véi pham vi tham chiéu tir 40-920 mm.
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2. THUC NGHIEM

2.1. Gi6i thiéu chung vé cong trinh

Cau My Thuan 2 (Hinh 2) la cong trinh ciu ddy ving dau tién do ky su Viét Nam thiét ké
va xay dung thuoc tuyen duong cao tbc Bic-Nam phia Dong, cau co bé rong la 25m véi 06
lan xe han ché véi toc @6 thiét ké 1a 80km/h. Phan cau ddy ving c6 so d6 1a 150+350+150m
va chiéu dai toan cau khoang 1.9km. Cau duoc thiét ké theo tiéu chuan thiét ké TCVN
11823:2017.

Hinh 2. Cau My Thuan 2 [23].

Thiét ké két cAu hé thong ddy vang sir dung hé thdng tao cdp song song (Parallel
Stranding System — PSS). Toan cau gom c6 128 bo cap day vang voi chiéu dai tir khoang 61-
189m. Céc loai dau neo twong ung Vi so lugng tao cap trong moi bo. Hé thdng cap ddy ving
tuan thu theo cac tiéu chuan qubc té vé day ving nhu FIB Bullentin 30 [20]. , PTI [24]. Cap
day ving sir dung loai cap cip 1860MPa d¢ tring thdp ma kém theo tiéu chuin NFA35-035
loai tao cép 7 soi.

Bang 2. Mot s6 thdng s6 co ban cua cap ving [25].

Mo ta Gia tri
Puong kinh danh dinh (mm) 15,7
Cuong do kéo danh dinh (MPa) 1860

Khéi luong riéng danh dinh tao cap (g/m) 1172

Dién tich mat cat ngang danh dinh (mm?) >150
M6 dun dan hoi (N/mm?) 197000+5%

2.2. Giam chin hwéng tam bén trong (Internal Radial Damper — IRD)

Giam chin huéng tim bén trong dugc ciu tao tir ba pit-tdng thiy lwc ¢d hanh trinh
+50mm duge dit & cac goc 120° vong quanh cap (Hinh 3). Pau trong cua pit-tong dugc cd
dinh bang khép chét trén vong dém dé nén chat bo soi. Pau ngoai cua ching dugc ¢d dinh
bang cac khap chét vao dng dan hudng. Cubi cing, duoc ¢b dinh chic chin vao két cau thdng
qua dng van khudn qua mit bich duoc bét vit. Tai cac vi tri pit-téng thuy lrc sau khi lap dat s&
c¢6 cac mil giam chin dé bao vé céc bo phan bén trong (Hinh 4) [26].
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Ong din huwéng

Hinh 3: Cau tao giam chan IRD [26]. Hinh 4: Hinh anh thyc té
(Hinh anh duogc chup bai tac gia
vao ngay 17/12/2023).

Cong nghé IRD c¢6 thé ap dung tuong tw cho cac cong trinh xady dung méi hodc dang
duoc khai thac. N6 cd thé thich tmg vai tat ca cac loai hé thong day vang (cap day vang co soi
song song, day vang c6 tao cap song song, cap cudn khoa, v.v.) va tat ca cac loai két ciu day
vang (cau, méi nha, v.v.). Theo thdng tin tir nha san suat, bd giam chan IRD cd nhiéu vu diém

[26]. :

Do bén cao nho sir dung cdng nghé pit-tdng thity lee da duoc kiém ching tdt
Hiéu suat ting theo bién do

Tac dong truc quan thip do chiing dwoc dat trong ng dan hudng

it phu thudc vao hiéu tng nhiét do

D& dang truy cap dé theo ddi va bao tri

C6 thé thao roi va thay thé

DPuoc bao vé chdng lai su xam lugc va pha hoai cua khi hau

Chi phi bao tri thap

Mot s6 cong trinh da ap dung loai giam chan IRD thé hién trong Hinh 5 + Hinh 8,

Hinh 5. Cau B&i Chay (Viét Nam) (Hinh anh Hinh 6. Cau Pht My (Viét Nam) [27].
duoc chup bai tac gia vao ngay 28/10/2023).
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Hinh 7. Cau Anzac (Uc) [26]. Hinh 8. Cau Russky Island (Nga) [26].
2.3. Tién hanh do dac

Viéc lya chon cap ving dua trén két qua hé sé giam logarit dién hinh ly thuyét. Thyc hién
do dac danh gia hiéu qua cia giam chan IRD véi cap ving T16R-MC16. Pay la cap ving dai
nhét trén nhip chinh va duoc lap dat loai giam chan IRD-Unit 75 (Hinh 9).

Bang 3. Thong s cap T16R-MC16 [25].

Théng s6 céap Théng sé giam chan
S6 tao cap : 69 Chiéu dai cap 4p dung | : 150-300 m
Don vi dduneo | : 75 Giir diéu chinh léch tim | : + 20 mm
Trong lugng : 95,41 kg/m | Hanh trinh pit-téng 1+ 50 mm
Chiéu dai :188,6 m Puong kinh trong : 508 mm
Luc cang : 6029 kN buong kinh ngoai : 587 mm

Hinh 9. Vi tri cap vang thuc hién do dac — cap T16R-MC16
(Hinh anh dwgc chup béi tac gia vao 17/12/2023).

Lip dat cam bién gia téc ké loai PCB-393B12 d6 nhay cao trén dy ving theo phuong
thang déng (trong mat phing day ving) thong qua cac bd Kep vai cap dé cd dinh vi tri cua
cam bién trong toan bo qua trinh do dac (Hinh 10). Vi tri lap dit & do cao nam trong khoang
tir 10-15m tinh tir mat cau dam bao bién d¢ kich thich du tét. Ngoai ra, dé tao kich thich cho
cap viang trong qua trinh do, str dung soi day bugc ¢ dinh véi cap dé dam bao khdng cé su sai
khac vé vi tri khi do cap trudc va sau khi lap giam chan. Vi tri buoc day cach cam bién
khoang 1m dé giam thiéu anh huong téi cam bién gia tic.
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EVIySThtan 2
BBNgiam chan)
IER=MVIGH 6)

Hinh 10. Cam bién thu thap dix liéu dao dong Hinh 11. Minh hoa viéc tao kich thich
(Hinh anh dugc chup boi tac gia vao 17/12/2023). (Hinh anh dugc chup bai tac gia vao 17/12/2023).

Budc tiép theo 4 tao kich thich cho day vang (Hinh 11). Viéc kich thich cudng birc dugc
thuc hién boi 3-4 nguoi dong thoi va khi cap rung, tha day dé cap dao dong tu do. Mot luu y
quan trong la viéc kich thich qua day phai dugc tao theo phuong vuéng goc véi cap vang.
Viéc thyc hién do dac, thu thap dit liéu khi cau chua duoc thong xe trong diéu kién thoi tiét 6n
dinh (nhiét do trung binh 30°C, troi nang, khong mua, ¢6 gid véi van téc khoang 11km/h).

3. XU LY KET QUA VA PANH GIA

Do suy giam logarit (5) tong cong caa day vang la tong cia giam chan noi tai (intrinsic
damping - &;), giam chan khi dong hoc cua cép (aerodynamic damping - 8,) va giam chan bo
sung bi dong (passive damping - §,) cua giam chan, néu co.

Stotar = 6; + 84 + (8,) @)

Trong nghién cuu nay chi tép trung xac dinh hiéu qua cua giam chan thy dong, tuc 1a
danh gia hiéu qua giam chan b sung cua IRD dbi vei cap T16R-MC16. Dit li¢u dao dong cua
cap vang theo thoi gian la gia toc trén mién tan s véi tan s 1ay mau 1a 1651 Hz. S dung
phan mém Macec [28]. dé phan tich cac dic trung dong cia cap nhu tan s6 dao dong tu nhién
va hé sb giam chan. Ham truyén d6i Fourier nhanh (Fast Fourier Transform — FFT) dugc ap
dung va bo loc Butterworth béac 4 dé loai bo céc dai tan sé khdng mong mudn tir di liéu thé.

04r 1 05
— 0.2 —
L 3
E 0 & o
& &
= 02 =
(G 5

04 . ) ) 05

0 50 100 150 200 0 50 100 150 200
Thoi gian [s] Thoi gian [s]
(a) Trudc khi lap giam chan (b) Sau khi lip giam chan

Hinh 12: Dit ligu thd thu thap tir cam bién trong qua trinh do.
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Thoi gian [s] Thoi gian [s]
(a) Trudc khi lap giam chan (f2 = 1,377 Hz) (b) Sau khi lap giam chan (f2 = 1,395 Hz)

Hinh 14. Dt liéu dang dao dong thir 2 sau khi loc.

Tir bicu do trong Hinh 14, c6 thé nhan thay rang ca 2 bo dit liéu dao dong tat dan cua cap
c6 xu huéng giam dan theo thoi gian va di€u nay 13 rang hon trong truong hop cép da dugc
lap giam chan. Tur cac dinh bién d6 dao dong nay thuc hién xac dinh hé s6 giam chan. Trong
budc ndy, hé sé giam chan (&) c6 thé thu duoc thong qua d6 suy giam logarit (§) dua trén cac
bién d6 dao dong cua cép theo cong thirc [20]. ,[21]. ,[24]. ,[29]. :

oY) @

Trong d6, A, VA A4, lan luot 1 bién do dao dong tu do cua “n+1” va “n” cua dang dao
d6ng cua cap vang rung tu do. Chung lién quan dén ning luong cua cap ddy vang. Can phai
lru ¥ rang, bién d6 dao dong cho méi lan kich thich 1a ngau nhién. Dua trén biéu d6 dao dong
tu do cua cdp ¢ dang dao dong thir 2, 1a dang dao dong dugc cho la anh hudng chinh tir gio,
thu duoc biéu d6 suy giam logarit theo thoi gian nhu Hinh 15.
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(a) Trudc khi lap giam chan (b) Sau khi lap giam chan
Hinh 15. Biéu do do suy giam logarit theo thoi gian.
4.I(E]711L§PI

Tur két qué qua trinh do dac hi€u qua giam chin thyuc té, ¢6 thé nhan théy réng cap thuc
hién do dac da cai thién dang ké hiéu qua giam chan. P9 giam chan bd sung 1a hon 0,445%
cho cap vang dugc lap dit loai giam chan hudng tdm bén trong (IRD). Ngoai ra, viéc lap dat
giam chan lam thay d6i chiéu dai tu do cua céap, diéu nay thé hién o ty 18 ting vé tan sd. Voi
dang dao dong 1 1a 0,86%, dang dao dong 2 1a 1,31% va dang dao dong 3 la 1,50%. C4c tac
gia kién nghi viéc do giam dao dong duoc theo ddi dinh ky trong qué trinh khai thac va can
dugc ghi vao quy trinh bao tri cau.
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