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TOM TAT

Trong cong tac kiém tra, tham dinh két cau
cau ddy ving, xdc dinh lyc cang cdp luén la mét
trong nhaing yéu cau trieoc tién. Lirc cing cdp cé
thé duwoc xdc dinh gian tiép thong qua moi quan
hé véi tan sé tir nhién cua cap. Trong bai béo
nay, tir phuwong trinh tiém cdn sé buéc séng, cong
thirc thuee hanh dé xdc dinh lue cdng cdp véi anh

hong dong thoi cia dé ching va dé cimg chong
uon dua vao phirong phdp binh phirong cuec tiéu
da duoc dé xudt. Tinh hiéu qud va do chinh xéac
cua cong thire dwroc kiém chitng doi véi truwong
hop cau déy ving Nguyén Van Tréi — Tran Thi
Ly ¢ Pa Nang, si dung bé di liéu do dao dong
cap tai hién truong.

Tir khéa: Cap cau, liec cing cdp, dé ching, dé cing chong uon, tan sé do

1. TONG QUAN

Cung vai su phét trién vuot bac caa co sé ha
tang Viét Nam nhimg nim gan day, ngay cang co
nhiéu cong trinh cAu vuot nhip 16n véi chi phi dau
tu cao, két ciu hién dai va phuc tap duoc xay
dung, nhu ciu day ving My Thuan, Can Tho,
Nguyén Vin Trdi - Tran Thi Ly... Trong nhiing
cong trinh nay, cap 1a mot trong nhing thanh phan
chiu luc trong yéu, va do d6 viéc hiéu rd tng xu
dong luc hoc cia cap, ma trude tién la xac dinh
chinh xac luc cing trong cap tré nén hét stc can
thiét. Luc cing trong cap cau c6 thé duoc doc truc
tiép tir cac dau do luc (load cells) hay tién hanh thi
nghiém kéo tha sir dung kich thuy luc (lift-off test),
tuy nhién chi phi danh cho hai phuong phap nay

rat cao. Do vay, cic phuong phap gian tiép xac
dinh lyc cang bang cach do dao dong cap thuong
dugc sir dung phé bién hon. Trong cac phuong
phap gian tiép, dao dong cua cép do tai st dung
hoic kich hoat bang strc ngudi dugc ghi nhan, tir
d6 c6 tan sé tu nhién cua cap; va luc cing cap s&
tinh duoc tir quan hé gitra luc cang va tin s6. Quan
hé don gian nhét dé tinh toén luc cing cap duoc
Irvine va Caughey (1974) xay dung tir ly thuyét
day cang (taut string), nghia 1a bé qua anh huéng
cua nhiéu yéu té ma dang ké nhat 1a d6 ching va
d6 cing chéng udn cua cép. Trong thuc té, luc
cang cap xac dinh tr quan hé don gian thuong
khong du do chinh xac, dac biét ddi véi cap co
chiéu dai lon.
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Hinh 1. M6 hinh cap cang

Nhiéu nghién ctru da duoc tién hanh cho dén
nay nham lwong dinh chinh xac va thuan tién luc
cing trong cap tir cac tan sé do duoc, trong d6 noi
bat 1a cong thirc ciia Zui va cong su (1996) di van
con nhiing han ché khi &p dung cho cép dai véi do
chung 16n. T&c gia bai bdo nay trong nhitng naim
2005 - 2008 da khao sat phuong trinh dao dong
tuong tng véi md hinh tong quét nhat c6 ké dén
d6 chung va do cang chdng uén cua cap, vatimra
dugc dang tiém can cia phuong trinh déc trung tan
s6 [3-4]. Tir dang tiém can nay, phwong phap d6
thi c6 thé duoc sir dung dé noi suy ra lyc cang cap
tir cAC gia tri tan s6 dao dong cap do duoc [5].
Trong thuc té, nhu cau vé mét cong thac phé quét,
d& &p dung va c6 do chinh xac cao dé xac dinh luc
cang cap tir tan sé van 1a bac thiét. Do vay, bai
bao nay trinh bay cac budc dé xuat mot cong thuc
thuc hanh, bat dau tir mdi quan hé giira lyc cang
va tan s6 dao dong co ban, va sau d6 hiéu chinh dé
tang do chinh xéac bang cach &p dung phuong phap
binh phuong cuc tiéu. Tinh chinh xac cua cong
thirc thuc hanh nay s& dugc kiém ching théng qua
viéc xac dinh luc cang cap cua cau Nguyén Vin
Trdi — Tran Thi Ly & Viét Nam tir bo dit ligu do
dao dong tai hién truong.

2. PHUONG TRINH DAO PONG TONG
QUAT

Mot cap cang cua cau day ving co thé dugc
mo ta nhu Hinh 1, theo d6, cap cing theo phuong
nghiéng mét goéc 6 (0 <6 < x/2) dudi tac dung cua
luc cang T. Hinh chiéu luc cing cap theo phuong
OA 12 H va theo phuong ngang 1a Tr. Cép c6 khi
lwong trén mot don vi chiéu dai 1a m, chiéu dai cap
theo phuong OA 14 L, mé dun dan hdi cua vat liéu
14 E, md men quén tinh tiét dién ngang 1a I, va do
ching & gitra nhip theo phwong thing dung 12 s.
Do cang chdng udn cia cap xac dinh bai tich sb
El. Phuong trinh dao dong cua céap theo phuong
y tir Iy thuyét dong luc hoc cap 1a [2]:

uxD ) Iy MY
H p¥ -m o % El v =0
1)

trong do, v(x, t) = chuyén vj theo phwong y cua
C&p tai vi tri ¢ toa d6 x & thoi diém t; Vi luc

+h®

cang du 16n, duong bién dang cua cap dudi tac
dung cua trong luong ban than biéu dién boi
duong parabol [1]:

X X
=4d=|1- = 2
y(x) L( Lj )
v6i d = W = d6 ching cap & gitta nhip

theo phuwong vuéng goc véi OAvVa g = gia toc
trong trudng. Thanh phan h(t) 1a do gia ting luc
cang sinh ra khi cap dao dong. D9 gia tang nay
dugc xac dinh tir diéu kién tuong thich dan hoi va
hinh hoc ciia mét phan tb cap nhu sau [1]:

hL,  8d |
e F!v(x,t)dx (3)

Phuong trinh (1) tuong Gng véi mé hinh tong
quat nhat - ¢6 ké dén do chung va do cting chdng
uén cua cap. TAc gia bai bao nay vao nam 2008
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d4 tién hanh giai phuong trinh khi nghién ctu
dong luc hoc cua hé cap c6 gian bo giam dao dong
(dampers) [4]. Tt phwong trinh (1), phwong trinh
dic trung (characteristic equation) theo sé budc

séng B, = 2x f ‘{ m , Vai f, = tan s6 cua dang

dao dong thtr n, c6 thé tim duoc. Dang tiém can
cua cic phuong trinh ddc trung nay 1a [4]:

tan( j JepB, L 4)

n=24,6,...
Xng);

(]
tan(&j = 2 24

(cac dang dao dong phan dbi

2
20 g LlBek (A BakY
o 2 2 2
()
n=1,3,5,... (chc dang dao dong dbi xung).
N N El
Trong phuong trinh (4) va (5), ¢ = e

la tham s6 d6 cung chdng udn cua cap [3], va

2= (ﬁ EAL 15 tham sé d6 chiing cap [1].
L ) HL

Déi v6i cap & cac cong trinh cau nhip 1on, gié tri
cua [1? thuong dudi 3 [9], trong khi gid tri [1 gia
tri thwong ghi nhan trong khoang 2.50110° — 10
3.

3. THIET LAP CONG THUC XAC PINH
LUC CANG CAP

Khi tién hanh ghi nhan dao dong cép ciing nhur
tinh to&n cac gia tri tan s6 dao dong riéng, c6 nhiéu
nguyén nhan (nhiéu tin hiéu, d6 phan giai cua thiét
bi do...) gdy nén sai sb, va vi vay, kho xac dinh
dugc lyc cang (duy nhat) chinh xac tir cac tan sé
do. Phwong phap trung binh c6 thé duoc st dung
dé bu trir mot phan cac sai s6 nay. Casa (1994) da
dé nghi dai luong tan sé co ban hiéu chinh f

dinh nghia nhu sau:

N
C-NEt ®
Trong do, fi = tan s6 tw nhién do duoc cua dang
daodong thri (i=1,2, ..., N), va N = tong s6 dang
dao dong can sir dung dé tinh toén lyc cang cap.
Déi vai cap dai (46 chung 16n), N can dwoc chon
dua 16n dé tang do chinh xéc cua luc cang. Tir day
s6 budc song co ban, xac dinh tir tan sé co ban

hiéu chinh, 14 8,, = 27 f;,/%.

Trong c&c nghién ctru gan day, mot s6 dang
quan hé thuc nghiém giita luc cang va tan s tu
nhién dd dwoc dé nghi. Tuy nhién, Ren va cong
su (2005) chi ké dén anh hwong cia do chang,
trong khi Yu va cong su (2014) thi chi nghién ctu
anh huéng cua do cang chdng udn. Tong hop két
qua tir hai nghién ctru nay, tac gia dé nghi xap xi
nghiém foi cua phuong trinh (5), ké dén anh
hudng dong thoi cua d6 ching va do cing chong
udn cua cép, cd thé biéu dién dudi dang:

L 1
(ﬂ:rl j "1 "
——b'\e
aA
1+ .
T

véi a’va b” = cac hé s diéu chinh. Chiy
rang tmg véi cac gia tri cho trude cia tham sb [12
va [, 4n sb Por c6 thé duogc giai chinh xac tir
phuong trinh (5) bang cac phwong phap sb lap,
nhu 13 phuwong phap Newton-Raphson. Bing
cach so sanh 16i giai chinh xac véi gia tri twong
{mg ctia nghiém x4p xi tir biéu thie (7) va str
dung giai thuat binh phuong cuc tiéu, cic hé sb
diéu chinh a" va b" c6 thé dugc xac dinh.
Trong pham vi bién thién 0 < A2 < 47% va

10° <& <5x10*, két qua tim duoc 1a a* =
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0,6268 va b" = 4 nhu trinh bay trong Hinh 2 véi
hé s6 twong quan R2= 0,975, nghia 12 murc do tin
cay hon 97%. Tircac giatri @ va b” vira xac
dinh ndy, sau khi bién d6i biéu thirc (7), s& nhan
duoc cong thire xac dinh lyc cang cap ap dung
cho dang dao dong dau tién c6 ké dén anh hudng
cta do chiing cép d va do cimg chéng uén El 1a:

[

(Hé s0 trong quan)
30
5 20 25

22

— 10 1

5

. Mt phing nghiém sé budc song co ban tir 16
giai s6 chinh xac ctia phwong trinh (5)

D Mt phing nghiém s budc song co ban tir 16
giai xép xi cta phuong trinh (7)

Hinh 2. So sanh nghiém x4p xi va nghiém chinh
Xac
4. THI DU XAC PINH LUC CANG CAP
CUA CAU NGUYEN VAN TROI — TRAN
THILY

Tinh chinh x4c cua cong thirc dé nghi & trén
s& dugc kiém chung bang viée xac dinh lyc cing
c&p cua cau ba mit phang day vang Nguyén Vin
Trdi — Tran Thi Ly vuot song Han (Pa Nang), sir
dung bo dit liéu do dao déng cap tai hién truong.
Nhip chinh cau dai 230m, mat cau rong 34.5m va
tru thap cao 134m. Hé théng cap cing cua cau
bao gom 63 cap véi chidu dai cap thay doi tir 64
m dén 265 m. Trong mdi tiét dién cap bao gom
nhiéu b6 cap don duoc dit song song vai nhau va
dat trong dng HDPE. Khi xac dinh m6 men quén
tinh | cua cép, can xét dén gia tri o rong (void
ratio) do nhiing b6 cap don khong lip ddy mat

— R:=0.9749

H
H=— 1o 4/sH
0,6268% Je
=
& (8)
O day, H, = 4mf*L* = lyc cing cap dugC Xac

dinh ¢ dang dao dong dau tién theo ly thuyét day
cang.

cit ngang caa 6ng HDPE [10]. Bén cép sb hiéu
301, 302, 320 va 333 duoc lea chon cho viéc
kiém ching, véi vi tri nhu trong Hinh 3 va cac
dac trung co hoc mo ta trong Bang 1.

Hinh 3. Ciu Nguy&n Vin Trdi - Trin Thi Ly & thanh
phd Pa Néng
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Bang 1. Dic trung co hoc cua cap

Séhiegu Sébécap  Pudng Khoi Tiét dién Hé sb 1 E L 0
cép don kinhdéng  lwong cép réng cia
HDPE cap
(mm) (kg/m) (mm?) (m*) (GPa) (m) )
301 95 250 129,5 14250 0,625 7,184E-05 264,1 26,8
302 88 230 119,9 13200 0,590 5,633E-05 257,6 27,1
200
320 60 190 81,7 9000 0,590 2,621E-05 1429 35,6
333 47 180 64,6 7050 0,642 1,843E-05 64,4 57,6
Bang 2. Tan s ty nhién cua sdu dang dao dong dau tién
Téncap f1 f2 fs fa fs fs
(Hz) (Hz) (Hz) (Hz) (Hz) (Hz)
301 0,4692 0,9193 1,377 1,835 2,3 2,762
302 0,4959 0,9727 1,45 1,942 2,434 2,911
320 1,007 2,014 3,014 4,036 5,066 6,042
333 1,938 3,891 5,875 7,843 9,781 11,78

V6i bo két qua thi nghiém do dao dong cap cau
vao nam 2013, do nhém nghién ctru thude truong
Pai hoc Giao Thong Van Tai cung cap, tac gia da
tién hanh xtr Iy s6 liéu doc lap dé xac dinh tan sé
tu nhién cua 6 dang dao dong cua cap va trinh bay
trong Bang 2.

Pé kiém chung, luc cang cap lan luot dugc
tinh toan theo cong thirc (8) va theo cdng thirc cia

Zui va cong su, 1996. Két qua tinh toan lyc cing
dugc trinh bay trong Bang 3. Két qua cho thay
trong truong hop cap cd chiéu dai ngin va trung
binh (d6 chung nho), luc cang theo cong thirc do
tac gia dé nghi cho két qua tuong duong so voi
cong thirc cua Zui va cong sy. Tuy nhién, ddi voi
cap dai (do chung I6n), luc cang theo cong thirc dé
nghi cho két qua tét hon so véi hre cing theo cong
thiec cua Zui va cong su.

Bang 3. Két qua xac dinh lyc cang cap

Tén f D 212 £ H theo H theo cong thirc Sai khac
cap cong thirc (8) Zui & cdng suw (1996)

(H2) (m) (kN) (kN) (%)
301 0,461 1,287 0,563 2,680E-05 7260 7776 6,64
302 0,487 1,150 0,446 2,249E-05 7200 7663 6,04
320 1,008 0,245 0,050 3,783E-05 6594 6586 0,12
333 1,954 0,043 0,010 2,177E-04 3842 3755 2,32
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5. KET LUAN

Cong thuc thuc hanh xac dinh luc cang cap tir
c4c tan s do duoc dé nghi trong truong hop cap
chiu anh huéng dong thoi cia do chung va do
cung chéng uén. Cong thirc nay duoc thiét lap tir
nghiém x4p xi ban dau va diéu chinh dé tring khép

v6i nghiém chinh xac bang phwong phap binh
phuong téi thiéu. Tinh chinh xac cia cong thic
nay da duoc kiém chang véi dix liéu thuc té cua
cau Nguyén Van Trdi — Tran Thi Ly & Pa Néng.
Cong thuc thuc hanh nay mang tinh phé quat cao
va c6 hinh thirc don gian, do d6 viéc ap dung tinh
toan trong thuc té rat dé dang, tién loi.

Design Formulas for Cable Tension iIn
Cable-stayed Bridges Considering Sag and

Bending Rigidity

e Hoang Nam

Ho Chi Minh City University of Technology, VNU-HCM

ABSTRACT

Estimating cable tension in cable-stayed
bridges or in external tendons is essential for
regular inspection and assessment of those
structures. Vibration measurements provide a
solution, however, may not be accurate in cases
parameters such as amount of sag and bending
rigidity of cable are significant. In this study, the
characteristic equation for vibration of the most
general case of a cable, where both the sag and

flexure in the cable are taken into account, is
analytically derived. After that by considering
proper simplifying assumptions of small flexural
rigidity parameter, asymptotic forms of that
equation are obtained. It renders a practically
applicable procedure to estimate cable tension
using measured natural frequencies. The
developed procedure is verified by realistic data
of a cable stayed bridge in Vietnam.

Keywords: cables, tension, sag, flexure, natural frequency
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