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Phan tich anh hwéng caa dé cirng nén
méng dén rng x&r déng lwc hoc cua tru
cau

Phung Tang Nghi*, D6 V&n Nguyén, Vi Tran Linh

Trwdng Pai hoc Cong nghé Giao thdng van tai, 54 Triéu Khic Thanh
Xuan, Ha N6i 100000

Toém tat: Danh gia trang thai 1am viéc cda tru cau la cong viéc quan trong,
cong viéc nay gilp sém phat hién ra nhirng bat thweng cda tru cling nhw
hé thdng cac két cau lién két véi tru tr d6 dé xuat cac gidi phap kip thoi.
Trong qua trinh danh gia, viéc lwa chon cac tham sé nhay véi cac thay
ddi trong két cAu la rat quan trong. Trong bai b&o nay tap trung di phan
tich &anh hwéng ctia dd clrng nén mong dén rng xt déng lwc hoc cda tru
cau. Théng qua md phdng bang phwong phap phan t& hitu han (PTHH)
bai bao ciing chi ra dwgc nhirng thay ddi rd rét ctia tan sé dao dong than
tru khi d& ctrng nén moéng cau thay ddi. Két qua nay giup ich cho viéc
chan doan nén méng cu va tru ciu sau nay.

Tt khéa: Tru cau; Ung x& dong lwc hoc; Bd cirng nén moéng; Phwong
phap PTHH.

1. Gi¢i thiéu

C6ng trinh cau sau moét thdi gian khai thac
khéng tranh dwoc nhirng tac dong bét loi khong
lwdng trwdc dwoc nhw x6i cuc b, tau thuyén va xo
hay chiu tai trong qua tai trong khai thac. Truwéc
nhirng tac dong bat thuwerng dbi voi két cu cong
trinh, viéc danh gia lai hién trang cong trinh dé dwa
ra cac giai phap la rat can thiét. Trong cac phwong
phap danh gia, phuwong phap danh gia khéng pha
hdy thu hat dwoc nhidu sw quan tdm cla cac nha
khoa hoc trén thé gi¢i hon ca, nhw thé hién trong
nghién cru ctia Christiane Maierhofer va cac cong
sy [1]. Trong tai liéu nay gan nhw toan bd cac
phuwong phap khéng pha hidy dwoc C. Maierhofer
va cong sw trinh bay mét cach twong dbi tbng
quan. Trong nhom cac phuwong phap khdong pha
hdy thi phwong phap danh gia dua trén két qua
dao dong dwoc quan tdm hon ca nhw thé hién
trong tai liéu cta Larry D. Olson [2]. Trong tai liéu
nay thé hién tdng quan céc ky thuat danh gia két
clu bén dudi dua trén két qua dao dong.

DPanh gia diéu kién lam viéc thyc té cua tru
cau gan day da thu hat dwoc nhiéu sy quan tam
ctia cac nha khoa hoc trén thé gi¢i. Trong bai béo
clia minh Qiang Mao va cdng s [3] trinh bay tinh
kha thi ctia viéc tan dung céac ky thuat nhan dang
két cAu d& mo ta cac két cAu bén dwéi va nén méng
cau. M6t cay cau ba nhip gian don dwoc dat tai
Mossy, West Virginia, Hoa Ky, dwoc st dung lam
trwdng hop nghién clru. Phén tich modal va cac ky
thuat cap nhat mé hinh phan t& hivu han duwoc st
dung dé diéu tra va wéc tinh d6 khdng dam béo va
diéu kién cutia két cAu. Md hinh phan t& hiru han
dwoc cap nhat cho két ciu nay cung cép thong tin
c6 gia tri d& danh gia diéu kién ciu va chirng minh
cach nhan dang két ciu la mét cong cu hiru hiéu
cho trwong hop dwoc xem xét. M6t nghién ctru
trinh bay rd hon vé ky thuat danh gia tru cau dwoc
Masahiro SHINODA va cac céng sw [4] trinh bay
trong bai bao cua minh. Trong bai bao mé ta danh
gia khéng pha hay théng thuéng clia cac két cau
bén dwdi cdu dwdng sat bang thir nghiém bo gb.
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Bang th&r nghiém bd gd, tAn sb tw nhién cla két
céu phan duéi cau cé thé dwoc do véi do chinh
xac cao va dwoc ap dung cho nhiéu cong trinh két
clu bén dwdi cdu dwong sat & Nhat Ban. Ciing
nghién ctru thdng qua phwong phap kich thich dao
dong bang bd gd J.W. Zhan va cong sw [5] da tién
hanh do dao ddng cda than tru va nén méng, do
cng than tru, d6 cing gdi cau va do cirng dudi
dat dwoc sir dung lam tham sé diéu kién. Sy nhay
cla cac phan (rng theo chiéu doc dwéi tac dong
cla lwc xung da dwoc phan tich. Tiéu chi dam bao
chi sé hw héng (SAC) dwa trén ham phan trng tan
s6 (FRF) dwoc str dung dé danh gia hw héng cé
ton tai hay khéng va dé xac dinh mirc dd hw héng
toan ciu. V&i cac phan (rng tac doéng theo chiéu
doc da dwoc thir nghiém va cac tham sd modal 1am
muc tiéu, cac tham sb gbi cau, tham sé dé cirng va
cac tham sb dwéi mat dat dwoc 1ay bang phuong
phap cap nhat mé hinh phan t& hru han. Do dé,
cac trang thai lam viéc cta cac két cau bén dudi
cau c6 thé dwoc danh gia.

Trong thoi gian khai thac tru ciu khéng tranh
bi x6i, d& danh gia nhanh tinh trang xéi dwéi chan
tru nhiéu tac gid da dung phwong phap phan tich
dao déng tru d& danh gia. Trong nghién clru cla
Ko, Y. Y va cac cbéng s [6] nhém nghién clru da

Tru cau

/

Khéng x0i
(a)

Hinh 1. Minh hoa cac trwong hop co xbi va khéng xéi [7]: (a) khéng x6i; (b) xbi cuc bd; (c) x6i chung

2. Co s& ly thuyét

Tru cau trong giai doan khai thac lam viéc c6
thé don gidn hoéa coi nh mét dam cé mot dau lién
két dan hdi véi bé méng va cé dau tw do lién két
dan héi vai két cau nhip thong qua gbi cau. Tw viéc
don gian héa so d6 lam viéc, theo ly thuyét cha
Rayleigh [8], tAn sb dao dong cla két cAu co thé

X6i cuc bd

Phung & nnk

danh gia x6i tru cau théng qua do dao ddng than
tru. Trong nghién ctru nay két hop do dac ngoai
hién trwong va mé phong sé dé kiém tra két qua.
Gan day hon, Kasun D. Kariyawasam va cong sw
[7] cling st dung két qua do tan sb dao dong clia
cau dé danh gia tinh trang xaéi ca tru cau, két qua
do ciling cho thay tan sb dao déng rat nhay dé danh
gia tinh trang x6i cla tru cau.

Thong qua cac nghién cru trén cho thay viéc
st dung két qua do dao ddng than tru dé danh gia
tinh trang cta than tru va nén mong bén dudi la xu
hwéng nghién ciru trén thé gi¢i. Qua nghién ctu
cho thay viéc tim ra dwoc tham sé anh hwéng
chinh dén céc két qua do 1a cong viéc hét strc can
thiét gitp cac nha nghién ctru tranh dwoc cac sai
lam khi danh gia. V&i cac diéu kién da néu nhw trén
viéc bai bao di tién hanh phan tich mét tham sé anh
hwéng Ién dén sw 1am viéc cla tru ciu dé la do
clrng cGia nén mong cau. Muc dich nghién ctru 1a
tim ra mdi quan hé gitra d6 clrng nén moéng véi dao
déng cla tru qua dé phuc vu bai toan chan doan
sau nay va pham vi nghién ctru & day 1a dbi vai tru
cau dam gian don. Phan tich cla bai béao gép phan
khéng chi danh gia sw lam viéc cta tru cau con co
thé danh gia nguoc tinh trang cla nén moéng cau
bén dudi.

X6i chung

(©)

biéu dién dwéi dang “céng thire (1)”.
o=% (1)

2

m’ = LL m(x)l,//(x)2 dx + > my(x)
+2Jil//'(xi )

(2)
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K = fOLk(x)g/(x)zdx + jOL EI(x)y "(x)2dx

+> K (x)*

Trong d6 k" 1a do cirng suy réng va m* 1a khi
lwong suy réng phu thudc vao két cdu va ham dang
Iwa chon trong hé toa dé suy rong.

()

W(X): ham dang mode dao déng twong rng.
m(x): khéi lwgng trén mét don vi chiéu dai

mi: cac khdi lwong chat thém tai vi tri x;

Ji: cdc md men quan tinh khéi lwgng chat thém tai
Vi tri X

k(x): d6 ctrng nén dan héi trén mot don vi chiéu dai
El(x): 6 ctrng chéng ubn cia dam

ki: d6 ctrng gbi dan hoéi tai vi tri x;

xi: Vi tri khdi lwong chat thém, mé men quan tinh
khéi lwong chét thém (gbi dan hoi)

v (x) : dao ham bac hai theo bién x ctia ham dang.
Tw phwong trinh trén cho thay két qua dao
déng cua try sé anh chiu anh hwéng Ion tr do
clng cla cac lién két dan héi véi try, trong trudng
hop nay dé la cac gbi cau va dd cirng cta nén
mong (cac gia tri ki trong coéng thirc 3). Dé thé hién
mot cach twdrng minh bai bao di tién hanh phan tich
trén bang phwong phap phan t& hiru han.
3. S6 liéu dwa vao phan tich
Pé thay rd dwoc cac tham sb chinh anh
hwéng dén dao dong cua tru cau, bai bao tién hanh

Phung & nnk

phan tich dao dong mot hé két cAu nhw sau: Cau
dam gian don, mat cit ngang cau dwoc cAu tao béi
ba dam chi¥ | dai 33m dat cach nhau 2.4m; mot dau
dam bé tri gbi cb dinh (tru 1), modt dau dam b tri
gdi di dong (tru 2). Tru c6 cAu tao la tru 2 than cot
BTCT, dwdng kinh 1m, dat cach nhau 2.4m; xa mi
c6 kich thwéc méat cét ngang la 1.5x1m.

Két cAu trén dwoc phan tich dao dong véi 2
trwong hop khac nhau (trwdng hop thé nhat thay
déi 6 cirng gbi cau cac phwong-trlr phwong doc
cau, trwong hop thi hai thay déi do cirng phwong
chuyén vj ctia gbi cAu-phwong doc cau).

DPé thé hién hién twong x6i xay ra tai nén
méng, trong nghién clu nay gid thiét chan tru
ngam véi dat cé dd cing thay dbi
100,000,000kN/m dén 100,000 kN/m theo céc
phwong chuyén vi Dx va Dy; d6 cirng xoay gia thiét
thay ddi t 100,000,000kN.m/rad dé&n 100,000
kN.m/rad, déi véi truc Dx va Dy. Cac gia tri dd cirng
theo phwong thang ding.

Ma tran d6 cirng ctia nén mong, gbi cau, dam
cau dwoc chwong trinh phan t& hivu han tw dong
tinh toan cho mé hinh két cAu cdu dam gian don
c6 xét dén tru va dé cirng ctia nén moéng.

Két qua phan tich tan sé dao dong (Hz) duoc
thé hién thdng qua cac Bang 1 va hinh minh hoa
dui day.

Bang 1. Két qua cac tan sb dao ddng khi dd cirng nén méng thay dbi

PO CUNG CUA NEN MONG

Mode K=10"5 K=5*10"5 K=10"6 K=5*10"6 K=10"7 K=5*10"7 K=10"8

1 0.153449 0.228922 0.247126 0.265008 0.267509  0.269559 0.247172

0.413881 0.530190 0.564168 0.600003 0.605219  0.609531 0.610045
3 0.430213 0.661681 0.721009 0.780699 0.789160 0.796113 0.721223
4 0.630423 0.794033 0.843039 0.895128 0.902738  0.909035 0.909626
5 2438171 2.485053 2.500731 2.518254 2.520888 2.523081 2.523331
6 2.602437 2.603987 2.604302 2.604590 2.604629 2.604661 2.604311
7 3.514496  3.949164 3.950087 3.950971  3.951093 3.951193 3.951120
8 3.944976  4.201791 4.407081 4.429779  4.432867  4.435381 4.425563
9 4179804 4.382954 4.476250 4.820027 4.875444  4.922386 4.493516
10 4.273577 4.910063 5.210852 5.597217 5.660473  5.714260 5.234380
11 4903540 5.690457 6.010182 6.415075 6.480392 6.535639 6.103376
12 4939782 5.776785 6.113072 6.525484  6.592045  6.648442 6.159577
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Hinh 2. Dang mode dao dong thir nhét va thr hai- dao déng tru

f

T
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Hinh 3. Cac dang mode dao déng thé» ndm va thir sdu-dao déng dam

4. Két qua phan tich va thao luan
4.1. Trwong hop phan tich dao dong cua tru

Két qua phan tich tr md hinh PTHH thu dwoc
két qua nhw hinh 4, hinh 5.

Trén co s& cac sb liéu trén tién hanh vé cac
biéu d& quan hé gitra tAn sbé dao déng cua tru voi
dd cing ctia nén moéng.

Tw két qua phan tich trén cho thay tan sb dao
dong cua tru bé tri gbi cb dinh, va gbi di dong déu
c6 xu hwéng thay dbi tan sé khi thay dbi do cirng
clia nén méng. Qua phan tich trén cé thé rit ra
dwoc kinh nghiém, khi bé tri thiét bi do dac tai tru
bd tri gbi di ddng hay bd tri thiét bj do tai tru c6 bd
tri gbi cb dinh déu c6 thé danh gia dwoc do suy
gidm do6 cing cGa nén mong.

Dé thay ré hon anh hudng cla do cirng nén
mong téi dao déng clia dam cau, bai béo di phan
tich trwong hop the hai
4.2. Treng hop phan tich dao déng cta dam
cau

Pé thay ré hon anh hwéng clta do cirng cla
nén véi tru, bai bao c6 phan tich thém anh hwéng
clia d6 cing nén véi dao déng cla dam.

Trwéng hop thir hai sé thiét lap mbi quan hé
cta dd cirng nén moéng véi dao déng ctia dam.

Tw céc két qua phan tich bang phuong phap
phan t& hiru han vé dwoc biéu dd quan hé gitra tAn
sb dao dodng va dd cirng nén moéng nhw cac hinh
4,5,6,7.

T hinh 6 va hinh 7 trén cho thay tn sé dao
dong cta dam thay ddi rd rét khi d6 cirng cia nén
maéng suy gidm, qua do co thé str dung két qua dao
dong dam dé danh gia tinh trang lam viéc cta nén
méng cau.

Biéu d6 thay d6i tin sé dang mode 1

0.300

Tan sd (Hz)
S

0.100
0.000
100000 1000000 10000000 100000000
D clrng nén (kN/m)

Hinh 4. Biéu db quan hé gitra tan sé dao dong tru
1 v&i d6 cirng nén mong
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Biéu d6 thay doi tan sé dang mode 3
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<
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0.000
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Hinh 5. Biéu d quan hé tan sé dao déng tru 2 véi
doé clrng nén mong

Bi€u d® thay d6i tan s6 dang mode 5

2.550
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[ | =
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2.400
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Hinh 6. Biéu d6 quan hé gitra tan sé dao dong
ngang dam va dé ctrng nén moéng

Biéu d6 thay ddi tan s6 dang mode 6

2.605
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I 2604
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100000 1000000 10000000 100000000
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Hinh 7. Biéu d6 quan hé gitra tAn s dao dong
udn dam va doé cirng nén mong
4. Két luan
Bai bao da di tién hanh phan tich anh huéng
ctia d6 cirng nén mong cau dén tan s dao doéng
ctia cong trinh cau gém két ciu nhip, tru cau bd tri
g6i cb dinh va tru cau bb tri gbi di dong. Trong thuc

Phung & nnk

t& do dac dao ddng tru cau thuweng thu dwoc tan
s6 dao déng dau tién cla tru cau do doé két qua
bwéc dau chi ra anh hwéng cla sy thay dbi do
cting cla gbi cau dén tirng bd phan trong cong
trinh ciu. Két qua gop phan trong cong tac do dac
phuc vu bai toan chan doan cau ciing nhuw trong
cac bai toan cap nhat mo hinh sau nay.

Qua phan tich v&i cac gia thiét trén cling thay
rd anh hwéng cda hién twong x6i nén méng sé anh
hwéng Ién dén két qua do dao ddng cuia tru ciu va
dam cau, tr d6 dé ra cac thuat toan gop phan chan
doan hién twong x6i md tru cau sau nay.
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