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HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
AR ERNCES Mo VA TAI NGUYEN VOI PHAT TRIEN BEN VI’NG (ERSD 2018)

NATURAL RESOURCES FOR
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Nghién ctru xac dinh cac thong so vat li¢u va ing xtr ctia két cau
dua trén két qua do tai hién truong

Ding Vin Phi'”*, Pinh Hai Nam!, Tang Vin Lam?
! Triong Pai hoc M6 - Dia chat
’National Research Moscow State University of Civil Engineering, d. 26, Yaroslavskoe Shosse, Moscow,
129337, Russian Federation.

TOM TAT

Trong qua trinh tinh toan va thiét ké két cau, viéc sir dung cac mo hinh don gian dé mo hinh hoa tmg xur
cua ket cau 1a v6 cling can thiét. Trén thuc té, cic cong trinh nha cao tang thuong sir dung mé hinh dam
chiu cit (lién tyc hodc roi rac) dé don gian hoa viéc xac dinh cac thong so dong luc hoc: tan sd, bién do
dao dong. Trong bai bao nay, tac gia dé cap dén dim lién tuc chiu cit dé dai dién cho két cdu cao tang.
Théng qua viée nghién ctru Iy thuyét dong luc hoc va xir Iy s6 liéu do thuc nghiém trén mot birc twdng dat
don gian, co6 thé xac dinh duoc do tin cdy ctia md hinh don gian déng thoi uée luwgng dugce cac dac trung
vat ly thuc té cua vat liéu (khéi luong riéng, moé dun dan h@)i).

Tuwr khoa: Thong sb vat liéu; ung Xu cua két cAu; do hién truong.

1. Pt van dé

Tinh toan két ciu 1a qua trinh xac dinh trang thai ing suét, bién dang, chu ky va tan sb giao dong, v.v.
cua tirng bo phan cho dén tung cAu kién chiu lyc cta cong trinh dudi tac dung cua cac loai téi trong. Theo
(Lé Thanh Huén, 2007; Nguyén Pai Minh, 2010) d6i v6i két ciu nha ctra hodc két cdu dang twong chén
khi xac dinh dédc trung dong hoc cta cong trinh ta c6 thé gia thiét cac két clu nay lam viéc nhu mdt thanh
consol ¢6 lién két mot dau ngam, mot diu ty do. Tir d6, dua hé két cAu cia cong trinh vé dang mét bac tu
do hodc hé nhiéu bac ty do (tuy thudc vao sy phan bd khéi luong cta hé doc theo chiéu dai cta két céu)
dé khao sat.

Théng s6 dong hoc (tan s, dang dao dong riéng, v.v.) la mét trong cac thong sb rat quan trong trong
viéc nghién ctru, tinh toan thiét ké khang chan cua cong trinh. Dé xac dinh dugc cac thong sO nay, thong
thuong nguoi k§ su hién nay phai mé hinh toan bo cong trinh vao phan mém, sau d6 gidi bai toan dao
dong riéng dé xdc dinh duoc cac tan sb dao dong riéng ctia cong trinh. Khdi lugng tinh toan va sy chinh
xac phu thudc rit nhidu vao quy mé cong trinh, sy chia nho cac phan tir va ca kha ning tinh toan ctia may
tinh. Poi khi cong viéc nay doi hoi rat nhiéu cong stc, tai nguyén va thoi gian.

Viée st dung cac m6 hinh don gian s& giip cac k§ su ndm bat dugc ung Xu tong quét cua cong trinh,
qua do6 xac dinh duoc cac théng sb dong hoc cua cong trinh, gitip cho viée thiét ké so bo, didu chinh két
chu mot cach nhanh va hiéu qua.

MO hinh don gian pho bién nhat dugc sir dung hién nay 1a mé hinh ddm chiju cat (lién tyc hodc roi rac).
M5 hinh roi1 rac yéu cau giai quyet bai toan ma trén v6i kich thude phu thuge vao so tng cla cong trinh.
Trong khi m6 hinh lién tuc c6 nhiéu vu diém: cac thong s6 diu vao théng nhét cho toan bo chiéu cao két
cau (dya trén gia thiét vat liéu ddng nhat, déng hudng), phuong trinh chuyén dong & dang vi phén bac 2,
két qua tan s6 dao dong riéng don gian, pht hop vdi cac loai két cdu dang khung phd b1en

Trong bai bao nay, nhom tac gia trinh bay 1y thuyét dong hoc ctia dam lién tuc chju cat - mé hinh dim
Timoshenko (Mehdi Modares va nnk, 2010), qua d6 xac dinh dugc mdi lién hé giira cac thong s6 vat lidu
va thong s6 dong hoc ciia cong trinh. Nho sy trg gitp cua thiét bi do dao dong hién trudng, ta co thé xac
dinh duoc tan s6 dao dong riéng ciia két cdu va qua do kiém nghiém lai cac thong s6 dau vao ciia bai toan.
Két qua c¢6 ¥ nghia thuc tién trong viée tinh toan, kiém dinh cc cong trinh c6 didu kién thi nghiém phirc
tap nhu cac cong trinh céi tao, stra chita va khoi phuc két cAu; nhim muc dich danh giad duge kha ning
chiu luc cua két ciu va tudi tho cua cong trinh.

2. Co s6 Iy thuyét va phwong phap nghién ciu

2.1. Pjng lwc hoc ciia mé hinh dim lién tuc chiu cit

* Tac gia lién hé
Email: dangvanphi@khoaxaydung.edu.vn
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Tén s6 dao dong riéng thir n cua dim lién tuc chju cit mot dau ngam, mot dau ty do Hinh 1

P(x,t)

Hinh 1. Dam lién tuc chiu lyc phan bd mot diu ngam, mot dau tu do.

Dé nghién ctru trang thai Ung suat tai mot diém, ta tach riéng ra mot hinh hop kich thudc v cung bé
(goi 12 phan td) bao quanh diém d6. Céc canh cta phén t6 13 v6 cling bé nén ta cé thé coi phan t6 1a diém
dang xét va ting sudt trén cac mit phan td dwoc xem la ting suét trén cac mit cat di qua diém do. Piéu nay
hoan toan phi hop, vi néu cho kich thudc cta phan t& giam dén 0 thi phan té s& thu vé mot diém. Mat
khac, vi d3 thira nhan vét lidu ddng chét va ding huéng nén phan t6 tach ra & bat ky diém nao van co diy
du tinh chit cua toan bd vat thé dan hdi. Khao st trang thai ing sudt phing cua phan t6 (Hinh 2.) cia
dim chiu cit. Ung suét cét va luc cét 1an lugt dugc xac dinh theo cong thirc (2) va (3) (Mehdi Modares va
nnk, 2010).

Plx.t)dx

‘ VO (xt)

Vixt)

Fulxt)

m(x)

Hinh 2. Trang thdi irng sudt phdng ciia phdn 16 ciia dam khi chiu cdt
Xét trang thai tmg suit phing theo phuong ngang truc ciia mot phan t6 v6 cling bé c6 chidu dai dx. Do
dam chi xét trang thai chiu cit nén ngoai luc cit cua hai tiét dién ¢ hai bén, phan t6 con chiu thém tai
trong ngang do ngoai luc va dong luc do chuyén vi ngang clia dam.
Khi & trang thai cin bang, ta co:
5\"()( t) g u(x t)

VixtH+ dx-V(x t+P(x ) dx-mix) 1
Trong do:

P(x,1) - tai trong phan bd tac dung 1én dam

m (x) - khéi lugng trén mét don vi dai

V(x,t) - ing sudt cit tai tiét dién co toa do x (theo truc ciia dam).

u(x,t) - chuyén vi tai tiét dién c6 toa do x (theo truc ciia dim).

¢ - thoi gian

x - toa d6 theo phuong ngang (theo truc ciia dam)
Ung suit cit duoc xac dinh theo cong thirc

Vixt= G-%sm[xt) ()

Vi Ay 14 tiét dién ngang chiu ct hlf;u dung cta dam. i
Tu phuong trinh (1) va (2) ta c6 phuong trinh vi phan cta chuyén dong la: Phuong trinh vi phén ting
phan lién hé gitra cac dai lugng phu thudc vao khong gian va thoi gian

8. dulx.t) & u(x t)
.—{ 4 = ) +P(xtl=ml(x) 3)
Truong hop dao dong tu do P(x,¢) = 0, phuong trinh (3) tr¢ thanh (4):
8. dulx.t)  Fulxt)
—(ea ™ )=m(.‘:] — 4)
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Gia thié,t dao dong c6 dang ham harmonic: #(x,7)=gx) "™, trong d6 g(x) 14 chuyén vi ngang cta dam, @

1a van toc goc cua dao dong. Phuong trinh (4) tré thanh:

6 do(x)
G/

oxX
Str dung diu kién bién cua dim mot dau ngam, mot dau ty do: @(0) = @'(L) =0, ta xac dinh dugc
nghiém cua phuong trinh (5) cho ta két qua cua tan so goc va chu ky twong tng voi dao dong riéng thir n
cua dam theo cong thuc (6) va (7).

]=m():}{c3 o(x) %)

=
¥ o As

=Gal)y o (©)
2ol [ea, @
" 4H J m

Trong do:
G= L - module chiu cét;

E - module dan hoi;
¥ - hé s6 poisson (h¢ s6 no ngang);
m - khéi luong riéng theo chiéu dai ciia dam lién tyc;
H - chiéu cao dim.
Dua vao cac déc trung hinh hoc, vit li¢u cua dim va céc phuong trinh tur (1) dén (7) xéc dinh dugc tn
s6 dao dong cua dam va nguoc lai.

2.2. Qua trinh thi nghiém va phén tich mé phong

"Phuong phap do hién truong la mot trong cac phuong phap thi nghiém khong pha hoai pho bién trén
thé gidi. Phuorng phap dua trén nguyén Iy do chuyén vi cua mot diém theo thoi gian thyc. Chuyén vi cua
két céu co thé duoc sinh ra do ngoai luc tic dong truc tiép hodc gian tiép thong qua cac vat trung gian.
Ngoai luc tic dong truc tiép 1én két cAu thuong gdy ra song dao dong dot ngdt c6 kha nang dnh huong
dén sy lam viée cua két cdu va kha néng do cua thiét bi. Nén trong thuc t&, phuong phép do thong qua cac
tac dong gian tiép (song dao dong truyén tir xe cd, ngudi di lai xung quanh truyén qua dat dén két cdu
nghién ctru, gio, v.v.) thuong duge sur dung nhiéu hon.

Trong nghién ctru ndy, déi tuong d6 1a mot Tuong dét xay trén khéi bé tong v6i gia thiét mot diu
ngam ¢ dudi va déu trén tu do, dit duoc dip, dim theo timg 16p do d6 c6 thé coi 1a ¢6 chuyén vi ngang,
phing trong qua trinh dao dong, tuorng dugc gia thiét 1a tuong lién tyc (Hinh 3a).

Thiét bi do 1a sensor Tromino c6 kha ning do chuyen vi va vén tc theo thoi gian thuc véi do chinh
Xac cao. B) tri 3 sensor trén dinh va 1 sensor dudi dé bétong.

Str dung sensor Tromino (Hinh 3b) dé do chuyén vi va van tbc theo thoi gian thyc. Cac vi tri dat diém
do 1an luot 1a 70, 71, 75 va 76.

I
.
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Hinh 3. a -Mé hinh thi nghiém twong dat, b - Thiét b sensor Tromino (Manual Tromino 3G, 2017)
Phuong phap do (Ambient noise): Khong tac dong tryc tiép vao miu do ma st dung céc sensor do
chuyén vi cta tuong tai vi tri do dudi cac tdic dong bén ngoai (tai trong do nguoi di lai, xe cd di lai & xa
tao ra song dao dong truyén qua dat téi tuong, tai trong gio, tai trong dong dt, v.v.) nhiing tac dong nay
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khong truc tiép va co gia tri rat nho. Két qua do duoc thé hién trén Hinh 4 va Hinh 5.

Két qua do duogc thé hién dua trén bién d6i cta vén téc diu do theo thoi gian. Str dung bién dbi
Fourrier, ta ¢6 thé x4c dinh dugc gia tri bién d¢ theo tan sd.
3. Két qua va thio luin

Xuly s lidu: S6 lidu do theo thoi gian dugc bién ddi Fourrier cong thire (8) thanh tin hi¢u theo tan sb:

fi=F (F) (1= ,L_ ,[: F(w)e'™ da: (3)

Tur biéu dd theo tAn sb co thé xac dinh duoc cac diém ma tai d6 bién do cua sb lidu tang vot, tirc 1a xay
ra cong huong do tring véi tin s6 dao dong riéng ciia cong trinh. Tir d6, ta xac dinh duge gia tri tin sb
dao ddng riéng cua cong trinh. Van tdc chuyén vi theo phwong Bic Nam (NS) cia cac diém do duge thé
hién qua Hinh 4, bién dbi Fourier cua cac so liéu do theo phuong NS va phuong Dong Tay (EW) két qua
cho thdy cac dinh (pick) ciia bién d¢ g véi cac tan sé clia cac dang dao dong trén Hinh 4 va Hinh 5.

Quan sat dd thi & Hink 4 ta c6 thé théy rd sy tuong dé)ng cua do thi sensor 71, 75 va 76 dat trén dinh
cua tuong, diéu do thé hién su théng nhét vé két qua phan tich. Sy khac biét cua sensor 70 so vdi cac
sensor khéc 1a do vi tri sensor 70 dat dudi nén va chiu tac dong 16n cta tuong tac giita két cdu tuong va
nén dét, ddy chinh la tic dong bén ngoai giy ra cac chuyén vi do dwoc tai vi tri trén dinh cia twong dét.

Dua vao sy xuit hién cua cac dinh bién do trén cac sensor theo cac phuong khac nhau, ta c6 thé dinh
hinh dugc cac dang dao dong. Tur do xac dinh duogc gia tri tan s dao dong riéng cua cong trinh. Két qua
dugc thé hién trong cac bang tir Bang I dén Bdng 4.

Bang 1. Tan s6 dao ddng ciia twong dit theo cdc phwong

Mode Phuong NS Phuong Xodn Phuong EW
(Hz) (Hz) (Hz)
1 3,867 11 14,437
2 21,765 33,73
Sensor TENS Sensor TINS
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Hinh 4. Bién dé-tan sé dao dong cua tuong dat twong ung voi cdc diém do
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_ Hinh 5. Bién dg-tan toc-thoi gian ciia tiong ddt twong img véi cdc diém do
Str dung két qua do dugc theo cac phuong va cac phuong trinh tu (1) dén (7), ta xac dinh dugc cac
théng s6 vat liu cia tudng: Module dan hoi E=498 MPa, khoi lugng riéng p=1890 Kg/m?, hé s6 poisson
v=0,22.
) Dé kiém nghiém lai gia tri tinh toan bang phuong phap do thuc té tai hién truong, ta mé hinh sb tuong
dat bang phan mém COMSOL. Két qua dugc the hién trén Hinh 6.

P

o ) \n_.- 5'5.0-&6'&
fi = 3,695 (Hz) f,= 3,695 (Hz) f3= 14,437 (Hz)
Hinh 6. Dang dao dong Mode 1, Mode 2 va Mode 3 cua tuwong

Bdng 2. Két qua tan sé theo gidi tich, mé hinh s6 va mé hinh thuc ciia twong theo phwong NS.

Mode Tan so theo phuong NS
Két qua do duoc Két qua tinh toan theo giai tich Két qua tinh toan theo M6 hinh so
bang thiét bi Tromino
f fi Chénh léch fi Chénh léch
(Hz) (Hz) (%) (Hz) (%)
1 3,867 3,695 3,63 3,732 2,65
2 21,765 21,734 0,14 21,49 1,26
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Bdng 3. Két qua tan sé theo gidi tich, mé hinh sé va mé hinh thuc ciia twong theo phwong Xodn

Mode Tén s6 theo phuong Xodn

Két qua do duoc K&t qua tinh toan theo giai tich

Két qua tinh toan theo M6 hinh so
bang thiét bi Tromino

fi fi Chénh léch fi Chénh léch
(Hz) (Hz) (%0) (Hz) (%)
1 11 9,447 11,71 11,49 7,38
2 33,73 28,342 15,98 36,458 8,09

Bdng 4. Két qua tan sé theo gidi tich, mé hinh sé va mé hinh thuc ciia twong theo phwong EW

Mode Tan s0 theo phuong EW

Két qua do duoc Két qua tinh toan theo giai tich
trén mo hinh thuc

Két qua tinh toan theo M6 hinh so

f, f, Chénh léch f] Chénh léch
(Hz) (Hz) (%) (Hz) (%)
1 14,4 14,437 0,09 14,023 2,96

4. Két luan

Khao sat mot birc tudng béng dét dugc xay trén bé bé tong, str dl_mg bdn thiét bi do (ba vi tri dat trén
dinh va mot vi tri dat dudi bé bé tong). Xur ly bién déi Fourier cho cac két qua do ta xac dinh dugc tin s6
tai mdi diém do twong ung. Tir d6, xac dinh duge tan s6 dao  dong riéng cua tudng g voi cdc phuorng
khac nhau; ddi voi phuong NS va EW thi sai s6 dbi voi tan s6 nho hon 5%; dbi véi phuong Xoén thi sai
s6 nho nhat 1a 7,38% va 16n nhét 1a 15,98%. Sir dung 1y thuyét mo hinh dim Timoshenko, ta xéc dinh
duoc thong s6 vat liéu cua két cdu v6i module dan hdi E=498 MPa, khéi lugng riéng p=1890 Kg/m?, hé
s6 poisson v=0,22.

Tir két qua nghién ctru cho thiy trong thyc té tinh toan, khao sat va phan tich cong trinh, ta hoan toan
¢c6 thé x4c dinh duogc cac thong sb dic trung vat li¢u cla két ciu dua vao cac gia tri chu ky va tan s coa
cong trinh théng qua két qua do ngoai hién truong.
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ABSTRACT
The study determined the parameters of material and behavior of

structures based on field measurement results
Phi Van Dang'*, Dinh Hai Nam!, Tang Van Lam?
'Hanoi University of Mining and Geology, 18 Vien Quarter, Duc Thang Ward, Bac Tu Liem District,
Ha Noi, Vietnam.
’National Research Moscow State University of Civil Engineering, d. 26, Yaroslavskoe Shosse, Moscow,
129337, Russian Federation.

Abstract: In calculating the design process and structure, it is necessary to use simple models to model
the behavior of structures. In fact, high rise buildings often use shear (continuous or discrete) beam
models to simplify the determination of dynamic parameters: frequency, amplitude, and vibration. In this
paper, the author refers to continuous shear beams to represent the high-rise structure. Through the study
of dynamics and process data measured experimentally on a wall of earth simple, can determine the
reliability of the simplified model and estimate the physical characteristics make of material fact (material
density, modulus of elasticity).

Keywords: parameters, structural behavior, field measurements.
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