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AP DUNG PHUONG PHAP DAO DONG DE KIEM TRA LU'C CANG TRONG CAC
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TENSION FORCE ESTIMATION OF EXTRADOSED BRIDGE CABLES IN VIETNAM USING

VIBRATION BASED METHOD

2> PGS.TS Hoang Ha - i hoc GTVT 563 phd Gu Gidy Ha Noi, Emaithoangha utc@gmail com

Tém tat: Hé cap ngoai trong cau Extradosed c6 hinh thiic cau
tao, cdng nang va nguyén ly1 lam viéc gan giong vai cac day
cap vang trong cau day vang nén luc cang trong cac day cap
ngoai cling dugc coi la mét théng s6 quan trong d€ dam bao
kha nang chiu luc va 6n dinh clia toan hé két cdu cta cau
nay. Luc cang trong cap ngoai dugc kiém soat chit ché tur
giai doan thiét ké, thi cong va van hanh khai thac bang cach
[3p dat cac cam bién do luc truc ti€p hodc cac phuong phap
xac dinh gian tiép thong qua phan tich s6 liéu rung dong
cap ngoai tuang tu nhu ki€m sodt Iuc cang trong cap vang
clia cau day vang. Tuy nhién cap ngoai trong cau Extradosed
thudng c6 goc nghiéng nhé hon va khéng duoc 13p thiét bi
giam chan nén muc anh hudng clia cac tham s6 lién quan
dén luc cang trong ching c6 khac biét so véi cac cap cla
cdu day vang. Bai viét nay phan tich két qua kiém tra gia tri
luc cang trong cap ngoai clia cau Extradosed bang phuong
phép st dung cac dif liéu do dao dong clia cap. Anh hudng
clia cac tham s cdu tao thuc t€ cla cap dén tri s6 luc cang
dugc thdo luan va kiém chiing véi luc cang thuc té trong cap
0 giai doan thi cong 6 mét s6 cong trinh cau Extradosed mai
hoan thanh & Viét Nam nham nang cao d9 tin cay khi ting
dung trén thuc té.

Tit khoa: Luc cang trong cdp ngoai, phuang phap dua trén
rung dong, cau Extradosed

1. Gidi thiéu

Cau Extradosed con goi la cau cap ngoai la dang
két cau cau hon hop gitia dang cdu ddm bé tong du
ting luc (BTDUL) va ciu day viang (CDV). V€ hinh
thtic bén ngoai, cau Extradosed c6 hinh dang kién
tric tuong tu nhu cau day vang nhung c6 chiéu cao
thap thap hon kha nhiéu. Can ci vao tham s6 cdu
tao, dac tinh lam viéc ctia két cdu, cac chuyén gia
x€p dang két cdu cau nay la dang két cau lai gitia cau
dam lién tuc BTDUL va ciu déy vang thé hién trén
hinh 1. Do ¢6 uu diém vugt nhip kha l6n tii 100m
dén 250m, c6 hinh dang kién truc dep, chiéu cao
thap thap nén gan day dang két cau cau Extradosed
c6 xu hudng phat trién manh mé & Viét Nam, st
dung trén ca cac tuyén giao thong duong bo va
duong sat do thi.

Cac cap ngoai trong ciu Extradosed tuy khong

Abstract: The external cable system in the Extradosed bridge
structure has a similar structure, function and working
principle to the cables in the cable-stayed bridge, so the
tension force in the external cables is also considered an
important parameter to ensure the bearing capacity and
stability of the entire structure of this bridge. The tension
force in the outer cable is strictly controlled from the design,
construction and operation stages by installing direct force
measuring sensors or indirect determination methods
through analysis of outer cable vibration data similar to the
tension control in the stay cables of cable-stayed bridges.
However, the outer cables in Extradosed bridges usually
have a smaller tilt angle and are not equipped with damping
devices, so the influence of the parameters related to the
tension in them is different from that of the cables of cable-
stayed bridges. This article analyzes the test results of the
tension value in the outer cables of Extradosed bridges using
the method of using cable vibration measurement data. The
influence of the actual cable construction parameters on
the tension value is discussed and verified with the actual
tension in the cables during the construction phase of some
newly completed Extradosed bridges in Vietnam to improve
the reliability when applied in practice.

Keywords: Tension in external cable, vibration based method,
Extradosed bridge

doéng vai tro chiu luc cha yéu biang cac cap vang cua
cau day vang nhung cting dong vai trd quan trong
dam béo 6n dinh ctia toan hé két cau vi vay luc luc
cang trong cap ngoai cin dugc kiém soat chit ché
trong qua trinh thiét ké, thi cong va ca giai doan
khai thac. Do viéc kiém soat luc cing bing cach
lap dét cac cam bién do luc truc tiép gap nhiéu kho
khén va ton chi phi nén cac phuong phap xac dinh
gian ti€p thong qua phén tich s6 liéu rung dong cap
ngoai tuong tu nhu kiém soat luc cang trong cap
vang cla ciu ddy vang thuong dugc ap dung rong
rai. (Hinh 1)

2. (o5& ly thuyét ciia phuong phap luc cang cap
bang phuong phap dao dong

2.1 Mo hinh ly thuyét cta bai toan dao dong cap
nghiéng
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L

Cau Extradosed. h/L=1/30-1/35, H/L=1/10-1/15

L

A

Ciu day vang. h/L=1/100-1/130, H/L=1/4-1/5

Hinh 1: So sdnh 3 loai két cau cau: dam BTDUL; cau Extradosed va Cau
day vang. Cac tham s: L: chiéu dai nhip chinh; h: chiéu cao dam ch;
H: chiéu cao c6t thap cau

Xét mo hinh cdp nghiéng nhu trong Hinh 2. Toa
do tong thé dugc xac dinh la truc x doc theo day cap
va truc y 1a huéng vuong goc. Gia sti chi xét do cling
chéng uén va luc cang T khong d6i trén toan bo sgi
cap thi phuong trinh chuyén dong ctia day cap nay
c6 thé dugc biéu dién nhu trén hinh 2 [6]:

Phuong trinh dao dong ctia day cap xién dugc
dua ra béi tac gia Shimada (1994) c6 dang:

4 2
£l 0 v(x,t) 7 o7v(x,t)

o x* 8 x2 0
2 2
_h(t)a ')2/’_{_16 V(;’t)zo
ox= & 0t
Trong do:

EI- d6 cting chéng udn ctia day cap xién.

v(x,t)-chuyén vi theo phuong - y vudng goc véi
phuong OP trén hinh 1 do dao dong.

T - luc cang trong day cap xién doc theo phuong
OP nhu trén hinh 1.

h(t)- luc cang trong déy cap xién do dao dong.

w - trong lugng don vi dai ctia day cép xién.

g - gia toc trong trudng.

Dua vao cac gia thiét v(x,t) <<y va hinh dang
dao dong ctia cap theo dudng parabol cung véi
cac tham s6 md hinh nhu trén hinh 1 ¢6 dugc
phuong trinh:

~\

& =5/¢,
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Hinh 2: M6 hinh va céc thong s6 phan tich dao dong clia ddy cap xién

4 2
EIa v(x,t)_Ta v(x,t) N

0 x4 0 x2
02 84 @
MARLUBI
g d 12 gz

Dai v6i cac dang thiic dao dong béc cao, thanh
phan h(t) gay hiéu tng nho ngay ca khi luc cing
T 1a nho. Do d6 phuong trinh (2) c¢6 thé tinh gin
dung la:

oty vy wotvy
EI -T +— =
ox o’ & a?

0o 3

Zui va cong su. [6] gidi phuong trinh (3) v6i mot
s6 tham s6 gan ding, két qua vé luc cang dugc trinh
bay dudi day:

+ Trudng hop st dung tin s6 dao dong tu nhién
cta dang dao dong thu 1 (cap c6 do vong du nho
3<T):

T:W(—mll—Z.ZO%—O,SSO [QJ ];

g 1 1
véi (17<¢) (4)
T=‘””(—W[o.865—11.60 {EJ ] ;
g 1
véi (6<&E<17) (5)
T:M{oszs—lo,so [QJ ] ;
g 1
véi (0<E<6) (6)

+ Trudng hop st dung tin s6 dao dong tu nhién
ctua dang dao dong thu 2 (cap c6 do vong du nho
r<3):
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T:M 1-440< _1.10 (5] :

g fz 2
v6i (60 < &) (7)
r=r Lty 0y 1.03-6335 158 {LJ ;
14 i fz fz
véi (17 <& <60) (8)
T=L€)2 0.882-85.0 (QJ ];
g 2
voi (0<£<17) ©)

+ Trudng hop st dung tan s6 dao dong tu nhién
bic cao (2 < n)

r=2Uat) ({”'6)2 {1—2.20 ﬂ} ;
n'g

véi (200 < &) (10)

Phuong trinh (2-10) da dugc phd bién va duge
trinh bay trong tai liéu tham khao [6] d€ thiét lap
luc cap va cho cap trong cau day vang va cau vom
c6 day treo. Trong tai liéu hudng dan bao tri cdu
day viang & Viét Nam [10] khuyén nghi st dung cac
phuong trinh ngan gon dé tinh toan nhanh déi véi
cac ciu dang khai thac chi st dung phuong thtic
tht nhat:

+ Khi khong xét dén d6 vong ctia day:

_4Aw(h Oy

g
+ Khi c6 xét dén do vong ctia day (khong phu
thuoc I')

T :M{0,857—10.89 (3] ] ;
g

T (11)

vei 3<E (17) (12)
T:MII—Z.ZO [QJ—z.OO [EJ ] ;
g A A
vei 17< & (13)

Trong d6 & ,C va I' la cac tham s6 khong thu
nguyén dugc xac dinh theo cac cong thic:

_ T p.qay: o= | FE (15,
g_\gf,(w,c — 19

oo wl 031£+0.5

N (128 E45° cos’0)  0.316-0.5
Trong do:

T- luc cang trong day cap vang (kN).

f; - tan s6 dao dong tu nhién (tdn s6 dao dong

riéng) ctia day cap xién tuong ting v6i dang thiic

dao dong (mode) thii i, xac dinh bang cach do dao

(16)

dong cudng btic (Hz).

w - trong lugng don vi dai ctia cap (kN/m)

¢ - chiéu dai day cép vang (m); £, - hinh chiéu
chiéu dai day trén truc x (m)

g - gia toc trong truong (9,81 m/s?)

E - m6 dun dan hoi cta vat liéu day cap vang
(kKN/m?)

I - m6 men quan tinh chéng uén cua day cap
ving (m*)

A-  dién tich mt cit ngang b6 cap (m?)

d - ty 1é do vong / do dai day lay theo hé toa do
x-y (8 =s/¢)

0 - gbc nghiéng cuia cap xién (do)

2.2 Xac dinh tan s6 dao ddng tu nhién ctia day cap

bang thuc nghiém tai cau thuc té.

St dung thiét bi do gia téc chuyén dung (hinh
4) gan trén bé mat vo ngoai cua cac day cap nhu
vi du trén hinh 5. Bang cach tao rung dong cudng
buic cho cac day cap xién sé do dugc biéu d6 gia
toc dao dong, sau d6 dung phuong phap phén tich
nhanh (Fast Fourier Transportation - FFT) chuyén
d6i sang dang tan s6 d€ dua vao cac cong thuic thuc
nghiém tinh lyc cang (hinh 6). Tan s6 dao dong
tu nhién & dang dao dong thid nhét cua cap co thé
kiém tra bang cong thtic sau:

-iE___ (i=l...n) (17)

Trong do: f, f,... f, 1a tin s6 dao dong tu nhién
ctia cap do_dugc theo cac dang thiic dao dong thi
1,i,...n; f1 - t4n s6 dao dong trung binh ting véi
dang dao dong tu nhién thi 1.

3. Ap dung kiém tra luc cang trong cap ngoai ciia

cau Bén Ring

3.1 Gidi thiéu vé cau Bén Riing

Cau Bén Riing bic qua song Da Bach trén tuyén
duong noi 2 huyén Thuy Nguyén (Hai Phong) va
huyén Quang Yén (Quang Ninh) dugc xdy dung
hoan thanh nam 2024. Phan cau chinh: gébm 4 nhip
v6i sa d6 (90+160+160+90)m dam lién tuc BTCT
DUL Extradosed dugc thi cong bing phuong phép
duc hang can bang. Mat cit ngang dang dam hop,
chiéu cao ddm thay déi tit 4,8m & trén dinh tru téi
2,5m tai vi tri gitia nhip va dau dam. Hé cap ngoai
dugc bd tri thanh 2 mit phang d6i xing méi mat
phang gém 66 cép chia déu cho 3 nhip (Hinh 3).

Hé cap ngoai sti dung hé théng cap chuyén

dung cho cau Extradosed loai tao cap duong kinh
15,7mm, ¢ do tu chung thip dap ting tiéu chuin
ASTM A416M cép 270, md dun dan héi E=197x10°
Mpa, f do hang Freyssiner san xuit, thong s6 cau
tao ctia hé cap ngoai gidi thiéu trén bang 1. Trong
qua trinh thi céng, luc cang thuc té trong cac cap
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a)Thiét bi thu thap dif liéu dao ddng
Hinh 4: Thiét bi chti yéu dung dé do dao ddng day cap ctia cau dy ving

(T,) dugc xac dinh bang phuong phéap do truc tiép
bang dong ho do luc va theo doi do bién dang dai
cuia cap, so liéu ghi trong bang 1 [8,9].

3.2 Thiét bi va phuang phap do dao dong cac day cap

ngoai

Thiét bi chinh duing dé€ do dao dong cac déay cap
ngoai gidi thiéu trén hinh 4 gom:

- Pau do gia t6c dao dong ASQ-D (Servo
acceleration Transducers), dai tan do dao dong: 0
- 300 Hz.

- B¢ khuyéch dai tin hiéu: VAG 700A (sigal
Condtioner Dedicated to ASQ).

- B¢ thiét bi phén tich, xt ly di liéu PULSE the
Multi - Analyer System, s6 hiéu: 3560C, nai san
xudt: Pan Mach.

- Phan mém st ly PULSE 10.3.

- Thiét bi do dao dong ctia hang Bruel Kjoer: dau
do Polytec Laser-PDV-100, S6 hiéu: 5015991, noi
san sudt: Dtic, dai tan do dao dong 0 - 22 kHz.

Thiét bi dung d€ thii nghiém cdu phai dam bao
do chinh xdc, c6 chiing chi kiém dinh hiéu chinh
hop 1é. Thoi diém do nén chon vao thai gian tii 7h
dén 10h sang hodc do vao ban dém dé€ han ché anh
hudng do cac phuong tién giao thong hay nhiét
do t6i két qua do dao dong. Nhiét do cac lan do
dao dong tii 20°C dén 30°C, toc do gid tii 7m/s
dén 14m/s.

b)Thiét bi do nhiét do cap ¢) Sensor do gia toc

3.3 Lua chon cong thiic phi hop dé tinh toan luc cang

trong cap

Cong thiic ap dung dé€ tinh toan luc cing trong
cap cdn cu vao tan s6 do thuc t€ dugc chon trong
cac cong thtc tu (4) dén (13) tuy thudc vao cac
tham s6 & va I' tinh theo cac phuong trinh (14) va
(16). Cong thtic (11) khong xét do vong cua day
nén do chinh xac thdp. (Bang 1)

Tuy nhién d€ tinh dugc { va T theo (14) va (16)
lai can phai biét luc cing (T) trong cap. Co thé
giai quyét kho khan nay bang mét trong 2 phuong
phap sau:

+ St dung luc cing T tif két qua do dac tryc
tiép bang cac thiét bi kiém tra khi kéo cing cap &
thoi diém két thuc giai doan thi cdng, Phuong phap
nay phu hgp véi cac cau mdi xéy dung, hodc cac
cau da khai thac cé du s6 liéu vé luc cang cap & ho
so hoan cong.

+ Dai véi truong hgp khong c6 du s6 liéu tin
cdy, c6 thé can cu vao tan s6 do dugc trén thuc té
(f,) va dp dung cong thiic (11) dé€ udc tinh luc cing
udc tinh thay cho T dua vao (14) va (16) dé tinh
tuy nhién can tinh Idp dé€ c6 luc cing Txdp xi v6i T,

Trong nghién ctiu nay st dung T, ti s6 liéu hoan
cong, tii d6 c6 dugc cic gia tri &, C va I ghi trong
bang 1. Két qua trén bang 1 cho thdy cong thiic phu
hgp dé€ tinh toan luc cing trong cac cap ngoai ctia
cau Bén Ruing la cong thtc (4).
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Bang 1: Thong s6 ky thudt clia hé cap ngoai sit dung cho cau Bén Rimng (a.dan day phia ha luu; b. dan day phia thug\ng luu)

Thap Nhom cap

T7  ([a/1b22a/22b] 69,186 72 4050 03584
([2a72b;21a/21b] 65,129
([3a/3b;20a/20b] 61,074
([4a/4b;19a/19b] 57,022
([5a/5b;18a/18b] 52,794

EA o’ &
(x103)

(kN.m?)  (kN) 0
26264 7938 3289 1022 1602 1767 2449 1156

3290 0911 1633 1999 2268 19,65
3294 0905 1669 2273 2164 1928
3299 0867 1700 2608 2020 19,97
3306 078 1758 3211 1874 2242

([6a/6b;17a/17b] 48930 65 3300 02921
([7a/7b16a/16b] 44,893
([8a/8b;15a/15b] 40,863
([9a/9b;14a/14b] 37313
([10a/10b;13a/13b] ~ 33,769
([11a/11b;12a/12b] 30,236

17444 6468 2720 0719 1813 3301 1928 2447

2726 0672 1879 3803 1775 2624
2731 0616 1958 4591 1615 2941
2735 0637 2028 5503 1477 27,6
2738 0518 2113 6714 1338 3573
2741 0469 2217 8362 1197 3994

T8 ([23a/23b;44a/44b] 69,186 72 4050 03584
([242/24b:43a/43b] 65,129
([25a/25b;42a/42b] 61,074
([26a/26b;41a/41b] 57,022
([27a/27h;40a/400] 52,794

26264 7938 3101 1,084 1602 1771 2380 15.55

3120 1016 1633 1999 2248 1986
3141 0949 1669 2273 2113 1795
3163 0885 17,10 2608 1979 1942
3185 0816 1758 3211 1838 2042

([28a/28b;39a/3%b] 48,930 65 3300 0,2921
([29a/29b;38a/38b] 44,893
([30a/30b;37a/37b] 40,863
([31a/31b;36a/36b] 37,313
([32a/32b;35a/35b] 33,769
([33a/33b;34a/34b] 30,236

17444 6468 2634 0751 1813 3301 1905 2232

2650 0654 1879 3803 1751 2512
2666 0631 1958 4591 1598 31,02
2678 0509 2028 5503 1463 38,13
2689 0527 21,13 6714 1327 3493
2700 0477 2217 8,62 1191 3566

T19  ([45a/45b;66a/66b] 69,186 72 4050 03584
([46a/46b;65a/65b] 65,129
([47a/47b;64a/64b] 61,074
([48a/48b;63a/63b] 57,022
([49a/49b;62a/62b] 52,794

26264 7938 3110 1008 1602 1602 2401 1122

3130 0916 1633 1999 2268 19,65
3152 0906 1669 2273 2186 1926
3175 0867 17,00 2608 1798 19,87
319 0786 1758 3211 1874 2292

([50a/50b;61a/61b] 48,930 65 3300 0292
([51a/51b;60a/60b] 44,893
([52a/52b;59a/59b] 40,863
([53a/53b;58a/58b] 37,313
([54a/54b;57a/57b] 33,769
([55a/55b;56a/56b] 30,236

17444 6468 2645 0719 1813 3301 1943 24,67

2662 0694 1813 3301 1928 2457
2678 0652 1879 3803 1775 2664
26000 0636 1958 4591 1615 2981
2701 0639 2028 5503 1477 2746
2771 0515 2113 6714 1338 3593

3.4 Nang cao dd chinh xackhi tinh toan luc cang

bang viéc xét cau tao thuc té clia cap

Nhiéu cong trinh nghién ctiu ctia cac tac gia trén
thé gidi da cho thay cong thiic cia Zui va cac cong
su dé nghi tli nam 1996 da dugc thi nghiém kiém
chling bang mo hinh thi nghiém véi d6 sai s6 nho
hon 4% [6]. Tuy nhién khi 4p dung vao cong trinh

cdu thuc t€ da dan dén do sai sot dang ké do cac
day cap c6 cdu tao khac biét nhu hai dau day khong
dugc ngam chdt nhu mé hinh nghién ctiu ly thuyét
hoic ldp thém céc thiét bi gidm chin & dau day. Két
qua phén tich luc cang cap bing phuong phép dao
dong & bang 2 cling chi ra do chénh léch 16n nhat so
voi két qua do luc cing bang phuong phép do truc
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Hinh 5: Tdng thé cau Bén Rimg va do dao déng day cap ngoai ngay 25/04/2025
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Thanh ph6 Uang Bi, Viét Nam
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Hinh 6: Biéu d6 gia téc va biéu do tan s6 cla mot sd day cap ngoai cau Bén Riing

tiép. Van dé nay da dugc Soojin Cho va cac cong su
[1] dé nghi diéu chinh cho trudng hgp c6 thiét bi
gidm chdn ma sat bang cong thic:

Ll=1¢-d (18)

Trong d6: L1 - chiéu dai c6 hiéu ctia day cap; €
- chiéu dai toan bo ctia day cap va d 1a duong kinh
clia cap.

Hoang Ha va cong su cling da cong bé mot qua
tuong tu trong quan trac sy thay déi cua luc cing

trong cap day vang cua cau Binh (Viét Nam) véi
viéc xét dén chiéu dai dao dong thuc té cua cap khi
c6 lap thiét bi gidm chan bing thuy luc 6 2 dau neo
cap [7]. Nhu vay, can quan tam téi ciu tao thuc té
cuia cac cap ngoai trong cac cau Extradosed thuong
sti dung dang neo yén ngua d€ giti hé cap trén dinh
thap (hinh 7) va do chiéu dai khong 16n nén thuong
khong can st dung thiét bi giam chén cho cap [8].
Vi céu tao neo kiéu yén ngua nhu trén, thuc té cap
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Bang 2: Két qua tinh luc cang cap bang phuang phap dao ddong theo chiéu dai day cap theo Iy thuyét () va xét chiéu dai cap lam viéc thucté (£1)

(1a/C22b 69,186 3,457 70914 2,090/2,075  3289/3109 2918/2955  -11.3/-495  3150/3105 -4,22/-013
Q2a/Q21b 65129 3,409 66,833 2,243/2,228  3290/3130 3057/3016  -7,08/-363  3219/3176 +1.01/+1,48
(3a/C20b 61074 3384 62,766  2,396/2381  3294/3152 3064/3026  -699/-401  3236/3196 -1,76/+1,40
(4a/C19b 57,022 3340 58,692 2,609/2,549  3299/3175 3168/3024  -397/-476  3356/3204 +1.74/+091
(5a/C18b 52,799 3,266 54427 2823/2,745  3306/3198 3164/2992  -4,28/-544  3363/3179 +1,73/-0,58
(6a/C17b 48930 3,224 50542 2,960/2,945  2720/2645 2436/2411  -104/-884  2599/2573 -4,45/-2,72
(7a/C16b 44893 3,184 40,485  3,274/3,204  2726/2662 2512/2406  -7:85/-961  2693/2579 -1,20/-3,11
(8a/C15b 40863 3,146 8436 35793497 273112678 2473/2361  944/-118  2667/2546 -2,34/-4,92
(9a/C14b 37313 303 38,805  3,845/3,861  2735/2690 2374/2394  -13,2/-110  2660/2682 -2,73/-0,30
(10a/C13b 33,769 3,066 35302 4273/4364  2738/2701 2393/249%  -12,6/-159  2615/2727 -4,48/4+0.96
(11a/C12b 30236 3,030 31,751 4791/4944 27417271 2403/2559  -123/-561  2636/2807 -3,83/43,54

(23a/C44b 69,186 3,457 70914 2,106/2,075  3101/3110 2998/2910  -332/-642  3150/3058 +1,58/-1,67
Q4a/C43b 65129 3,409 06,833 2,274/2243  3158/3120 3142/3057  +045/-201  3308/3219 +4,75/+3,17
5a/C42b 61074 3384 62,766  2336/2365  3141/3141 3027/3103  -3,62/-1.21  3197/3277 +1,78/+4,34
Q6a/t41b 57,022 3340 58,692 2,525/2579  3160/3163 2962/3090  -6,27/-118  3138/3273 -0,70/+3,59
Q7a/C40b 52,799 3,266 54427 2,808/2,792  3185/3185 3130/3094  +1.73/-283  3326/3288 +4,43/+3,23
(28a/G3% 48930 3,224 50542 2976/2,945  2648/2634 24542403 -2,26/-877  2618/2564 -1,13/-2,66
(292/38b 44,893 3,184 46,485  3,265/3,189  2650/2651 249172376 -6,02/-104  2670/2548 0,79/-3,90
(30a/37b 40863 3,146 42436 35253501 2666/2666 2395/2362  -102/-11,4  2582/2547 -3,15/-4,45
G1a/Geb 37313 3,103 38865 3,906/3,876  2687/2678 24512413 -8,78/-102  2659/2618 -1.04/-2.24
(32a/(35h 33769 3,066 35302 4,410/4349  2689/2690 2549/2479  -520/-784  2786/2709 +3,60/-0,71
(33a/G34b 30236 3,030 31,751 4,990/4974  2738/2730 2606/2590  -2,58/-415  2874/2856 +4,97/+4.63

(45a/Ceoh 69,186 3,457 70914 212172075 3110/3289 3005/2916  -3,38/-113  3157/3164 -1,51/-3,81
(46a/C65h 65129 3,409 66,833 22742212 3130/3290 3072/2973  -1,85/-9,64  3235/3131 +3,34/-4,83
(47a/C64b 61074 3384 62,766  2,411/2365  3152/3294 310172984  -1,62/-941  3276/3152 +3,91/-4,31
(48a/C63b 57,022 3340 58692  2,625/2,594  3175/3299 306173132 -359/-051  3243/3423 +2,15/+3,76
(49/C62b 52799 3,266 54427  2,853/2,808  3199/3306 3056/3131  -447/-529  3247/3327 +1,50/+0,63
(50a/C6Th 48930 3,224 50542 2976/2899  2645/2718 2562/2432  -3,13/-105  2722/2583 +0,15/+4,96
(51a/C60b 44893 3,184 46,485  3,250/3,189  2662/2726 2383/2463  -105/9,65  2555/2640 -4,02/-3,13
(52a/(5% 40863 3,146 4436 3586/3479 26782731 241172509 997/-813  2600/2705 -291/-0,95
(53a/(58b 37313 3,103 38,865  3.999/3,906  2690/2735 2569/2451  -450/-104  2787/2659 +3,61/-2,78
(54a/C57b 33769 3,066 35302 4364/4334  2701/2738 2496/2462  -759/-10,1  2728/2690 -1,00/-1,75
(55a/(56b 30236 3,030 31,751 4929/4868  2711/2742 2543/2480  -7,12/-956  2804/2735 +2,42/-0,26

c6 thé dao dong tu do trén mot chiéu dai Ién hon e, =€+05¢ (19)
so v6i md hinh tinh toan ly thuyét da dugc chon Trong do: €, - chiéu dai diéu chinh pht hop véi
la khoang cach tili neo trén dim dén diém giao cic  cdu tao thuc té€ ctia cap; € - chiéu dai cap theo ly
truc thap véi tim thang dling cua thap. thuyét; €, - chiéu dai cia doan cdp trén yén ngya.

Yéu t6 nay co thé xem xét bang viéc 14y chiéu dai Két qua tinh toan va so sanh luc cang ctia 66 cap
tinh toan ctia cap theo cong thiic sau: ngoai ctia cau Bén Ruing theo luc cing thuc té (T0),
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CUT NO! YEN NGUA

Hinh 7: Cau tao dung cap ngoai tai vi tri yén ngua trén thap ¢ cau
Bén Rimg.

luc cing xac dinh bing phuong phap dao dong su
dung chiéu dai ly thuyét (€) va luc cang xac dinh
bang phuong phap dao dong st dung chiéu dai diéu
chinh theo thuc t€ (£tt).

5. Két luan:

- Phuong phap xac dinh lyc cang trong cap
ngoai cua cic ciu Extradosed c6 uu diém la don
gian, nhanh va dat d¢ chinh xac thoa dang, c6 thé
ap dung thuén lgi d€ danh gia luc cang trong cac
cap trong ca giai doan thi cong va trong suét qua
trinh khai thac cong trinh.

- Cac cap ngoai cua cau Extradosed ctia cau Bén
Ruing ¢6 chiéu dai nho va d6 manh l6n nén phu
hgp st dung cong thtic (4) do Zui va cac cong su
dé xuat.

- V6i viéc phan tich va dua vao cach xac dinh
chiéu dai chiu dao dong thuc té ctia cac cap ngoai
pht hop véi cau tao thuc té€ da cho phép giam sai s6
16n nhat ctia két qua do luc cang tii -13,20% xudng
con +4,96%, lam tang do chinh xac ctia phuong
phép xdc dinh luc cang cap v6i mic do dang ké

- Nghién ctiu nay ciing cho thdy su can thiét
xac dinh chinh xac tham s6 thuc té ctia cac day cap

vang va st dung s6 liéu luu trii lyc cang ban dau
(T0) khi xac dinh luc cing cap bang phuong phap
dao dong trong cong tac thii tai cdc cong trinh cdu
Extrdosed trén thuc t€.11
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