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N H Q N G V A N OE VE NUt BE TONG COT THEP 

N
han Hdi thao " N u i va k iem djnh vet ndx 
t rong kdt cdu be tong c6t thep cong t r inh 
xay d y n g " do Sd Xay dyng TP. Hd Chf Minh, 

Tap chi Sai Gon Ddu tu va Xdy dyng va Cdng ty Co 
phdn Kiem djnh Xay dyng Sai Gon (SCQC) to chdc, 
vdi tu each la ngudi cd lidn quan tdi khoa hpe l<y 
thuat xdy dung, chung tdi xin phat bieu mot s6 y kidn 
trao doi sau: 

1) NUt bd tdng edl thep (BTCT) la hidn tu-dng 
th t rdng gap, co the bo qua nhiflig cung rat nguy 
hiem, cdn phdn tfeh, ddnh gia nguydn nhdn yd mire 
dp anh hucmg ddn chdt luong cdng trinh, nhdt la ddi 
vdi kdt cdu BTCT img lye trude. 

Nguyen nhdn chung eo the ndi nUt la do co ngdt 
gay ra va dae biet la do co ngdt deo (Plastic 
Srinkage) bj can t r d bdi ham lu-dng thep t rong be 
tdng qud cao hoac thanh phdn cot l ieu (da, soi) 
t rong cdp phoi be tong qua be. 

2) Qua cac cdng trinh dd bj sy cd nirt gdn day 
nhu Hdm sdng Sai Gon (TR HCM), Thaco cdng 
nghidp (Da Ndng), tru edu VTnh Tuy (Ha Noi) hoae xa 
hon nhu Be tao cdn (Cdng trinh Nha may nLTdc Thii 
Dire, TP. HCM), 16 phan dng hat nhdn (Da Lat).,. 
Chung tdi dd rut ra dddc 7 vdn dd mang tinh khoa 
hpc ky thudt xay dyng, mong duoc chia se vdi Hdi 
thao nhu sau: 

Vdn dd 1 : Cdng trinh Hdm qua sdng Sai Gdn, 
thudc dy an Dai to Ddng Tay bj nirt khi do be long, 
nhung tru'dc khi cang cap img luc trudc ndu khdng 
xd ly ndt de trd vd dp cimg ban dau thi khong du 
kha nang truydn l ye de tao t idn dp. Tuong ty nhu 
dThaeo Da Ndng, do t idn ap bj danh mdt ndn budc 
phdi ha tai t rong chuan theo thidt kd ban dau. Tien 
ap la " tai s a n " quy bau vd ehdt lucmg cdng trinh 
khong dupc bao dam do trinh ty thi cdng bj sai Idch, 
ndn da lam tang bidn dang eiia kdt cdu cdng trinh. 

Vdn dd 2: Nhan dang co ngdt deo la khi trang 
thai nUt xdy ra rdt sdm sau dd be tdng 1 ngdy nhu d 
be tao cdn Cdng trinh Nha may nude Thu D(lc vi sy 
can trd co ngdt. Nhu vay, t hd i gian xay ra ni?t Id 
thifdc do mdc dd cdn khdng ehd cua lUdng cdt thep 
trpng be long va kich thudc cua cdt lieu thd trong 
cap phdi be tdng. 0 tru cdu VTnh Tuy, sau 5 nam mcfl 
nift, la do co ngdt thudng, khdng phai ldi ciia thidt kd 
md la do cap phdi cua be tong khdng dupc thd 
nghiem, kiem ehung. 

V a n d e 3: Cd the xem co ngdt la nguydn nhan 
kha pho bidn ndn vide sudung vat lidu (thep va cdp 
phdi be tdng) trong_ kdt cdu BTCT rdt ddng dupc 
quan tdm khi thidt kd vd thi cdng be tdng. 

G S . T S . N G U Y E N V A N D A T 
Hoi KHKT Xay d iJng TR H 6 C h i M i n h 

Vdn de 4 : Hau nhu mpi trang thai nirt ddu dupc 
xd ly theo Injection (bcrni) vdi sikadur 751 hoacvcn 
MBT Low Vieosity cua Singopore, dupe sdn xudt d 
Binh Ducmg. Vdi dp sudt bdm 5 - 6 atm thi MBT se 
len Idi khdp bd tong, vdi d i^mg nut 0,1 mm. Day la 
phuong phdp qudc td da dUde dung 6 Viet Nam tif 
hc^ 20 nam trude. Hdm sdng Sdi Gon eung dupc xir 
ly theo phuong phdp tren. Ddy la bien phdp xif ly nirt 
cd hieu qud, ndn duoe dp dung. 

Vdn d§ 5: Loai vdt nirt khd nguy hiem^ xdy ra khi 
dp dung d cpc 6ng BTCT dng lue trtrdc. Cf dd cd nijft 
do luc vdng va nirt theo kinh tuydn. Ndu dope dng bi 
nirt thi kha nguy hiem vi epe se bj g iam kha nang 
t ruydn l i /c tii tdi ciia cdng trinh xudng ndn cpc ma 
mdt phdn tdi dd bj luu lai d cdt ± 0,00, ehd khi ed gi6 
bao tdc dpng gay ra lye trudt Idn cpng tae dung v6i 
tai ndi trdn va sy ed edng trinh se xay ra. Ndi chung 
nut thudng Id do eo ngdt, nirt dpe thudng Id do cpc b\ 
tdc dung gud tdi. 

Vdn de 6: Vdt nirt ed the h inh thanh do nguydn 
nhdn ndy nhung phat t r ien vdt nUt lai do nguydn 
nhdn khde. Trudng hop ndy dd xdy ra d mat du6ng 
bang Tan Son Nhdt, hinh thanh nift do nhidt do 
nhung phdt trien do kdt cdu dudng thay d6i. Cung 
nhu vdy, d be tao edn (Nhd may nLfdc Thi i DUc), nui 
hinh thdnh do co ngdt deo nhung phdt t r i l n do k§t 
cdu be cd tai tdc dung khi nude dd vdo ddy be. Vi 
vdy, khdng nhOmg chi phdn tich hien trang nirt m^ 
phai xem xet thdi diem xudt hidn ndt. 

Vdn dd 7: Nirt Idm cho kdt cdu BTCT khdng cdn 
la moi t ru 'dng l ien tuc nen khdng the do bdng sieu 
dm ngoai 60 cm, tirc rdt khd kiem tra chdt lupng be 
tong d cdng trinh. ehLra ndi ddn phai lap chuan 
ehuyen doi (v, R). 

3) Xin phep dUdc gidi thieu Tieu chuan ed s6 
TCCS 01:2013/HXD.HCM "Sde ehju tai cpc ma sat 
bd tdng cdt thep" do Hdi bidn soan va cdng bd thang 
12/2013. Hidn cd p i cdng trinh d d qudn 2, TR HCM 
va eong trinh 20 tdng d Binh Dudng da dp dung Tieu 
chuan cd sd trdn vd da dupc tham tra dat ket qud 1̂  
gidm dupe 2 0 % chidu dai epc. Hdi sdn sdng truy§n 
dat kinh nghidm dp dung tieu chuan ed sd nay cho 
quy vj cd quan tdm. 

Xin chan thanh cam on eac ban ddng nghidp da 
Idng nghe. Kinh chue Quy vj ludn ddi ddo sUc khoe, 
hanh phuc trong cudc sdng rieng vd thdnh cdng 
trong mpi cdng tdc. 

Xin cam on Ban to chdc da eho Hpi dupe phat 
bieu y kidn. Chue Hdi thao hdm nay thdnh cdng t6t 
dep.P 
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DIEN PAN KHOA HOC CONG NGHE 

CAM BIEN DO BIEN DANG VA CAC UfNG DUNG CUA NO 
TRONG QUAN TRAC CONG TRJNH XAY DI/NG 

STRAIN GAGES AND ITS APPLICATIONS IN MEASUREMENT OF INFRASTRUCTURAL ENGINEERING 

TS. PHAM HOANG KIEN 
Khoa Cdng trinh, TrtTdng Dai hpc Giao thdng VSn tai 

f Cling vdi vific phan tich tinh toan ket ck, cong tdc quan trie cdng trinh xSy di/ng trUdc khi thi cdng, trong gia doan 
thi cdng vS cS trong giai doan khai thSc dang nĝ y cdng trd nen quan trong. CSc so ligu quan trie giiip chiing ta ddnh gia 
di/dc tinh trang ciJa ket cau, di/a ra di/dc cdc gi^ phdp trSn cd sd xet dgn si/ hdi hoa giij'a tinh kinh t̂  vd tinh an todn. Bdi 
vî t ndy gidi thigu v^ nhiJng nguydn ly cd ban cua cdm bidn do bî n dang Strain Gages vd mOt s6 Ong dgng cua nd ti-ong 
quan trSc cdng trinh xdy diAig. 

1. NhCPng nguyen ly ca ban cua cam bidn do 
bl^n dang Strain Gages 

Cdm bidn do bidn dang Strain Gages lpi dung 
mdt ddc tinh chung cua vdt lidu thdp Id didn trd ciia 
chung se thay d6l khi vat Hdu bj bidn d^ng. Gid trj cua 
didn trd ty Id nghjch vcfi didn ti'ch mat cat vd ty Id thuan 
v6l chidu ddi cua vdt lidu thdp. Khi mdt doan day thdp 
bj kdo, didn tich mat cdt se nhd di vd chidu ddi day 
thdp se tang len, vd nhu vdy gid tri didn trd se tdng 
Idn. Ngupc lai, khi day thdp chiu dng sudt ndn, gid tri 
didn trd se nhd di. Tijy theo lo^i vdt lidu thep md bidn 
d^ng phat sinh trong nd se ty Id vdi sythay doi ciia gid 
tri di^n trd vdi mpt hdng sd nhdt cfinh. Ndu ddy thdp 
(Strain Gages) dupc gdn chat vdo kdt cdu, nd sd bidn 
dgng ciJng vdi kdt cdu, vd nhu vdy ndu do dude sy 
bidn d6\ ciia gid tri dien trd ciia ddy thdp chiing ta se 
xdc dinh dupe bidn dang eiia kdt edu. 

Lilfek̂ Q 

Hinh 1. Nguyin ly cd bin cOa dm bien do bien dang 

Sau khi xdc djnh dupc bidn dang ed the ti'nh todn 
dng sudt phdt sinh trong kdt edu thdng qua md dun 
ddn hdi. De ddm bdo xdc djnh dudC ehi'nh xdc bidn 
dang ciia kdt cku thdng thudng ngudi ta dung mdt loai 
keo chuyen dung de gdn chat cam bidn do bidn dang 

vao ket edu. D$ eo the do duoc mpt edeh ehfnh xdc sy 
bidn doi ciia gid tri d\en trd ciia cdm bidn do bidn dang 
ngudi ta dung mach cdu (Bridge circuit) di chuyin sy 
bidn doi eiia gia trj t^en trd sang sy bien doi cua didn 
dp. Vi didn dp thay doi rdt nhd (thudng chi d muic fiV) 
ndn ngud̂  ta se khudeh dai tin hidu len 5,000 ddn 
10,000 ldn de cd the doc dudc bdng cdc thidt bi hien 
thj. 

Cdm bidn do 
bidn dang cd thi 
dimg ea trong 
trudng hpp do 
tTnh vd do ddng. 
Trong nganh 
cdng nghidp dtd 
ngudi ta vdn 
diing edm bidn 
do bidn dang 
ndy trong cdc 

thf nghidm di xae dinh Ung sudt gdy ra boi ly: xung 
kfeh (vdi tdn sd len tdi vai trdm kHz) gdy ra khi xe bj 
va cham. De cd the nhdn tfn hidu ra td cdm bidn do 
bidn dang cdn lya chpn vd bd tri cac thidt bj thu du" lieu 
mpt cdch thi'ch hpp. Thdng thudng cd thi si> dung mpt 
trong hai sd dd bd tn thidt bj thu dd lidu nhu d Hinh 3. 

Hinh 2. Mach ciu (Bridge circuit) 

Hinh 3. Bd tri thiit bj thu difiiiu 

De hieu diing cae gia trj do vd sd dyng dung cam 
bidn do bidn dang trong eae phep do chung ta cdn 
ndm dupe mdi quan he giCra gid trj bidn dang (dai 
ludng mudn do) va tin hidu dien ap ddu ra (Hinh 4). 
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CAM BIEN DO BIJN DANG VA CAC UfNG DUNG... 

Thdng thudng cam bien do bidn dang se duoc gan 
vao mpt mach didn dupc gpi la Wheastone Bridge, 
nhd do ma cd the phat hidn dupe tin hidu ngay cd khi 
CO mpt sy bien ddi rdt nhd trong gia trj dien trd ciia 
cam bidn. Gia sir gia trj ban ddu ciia dien trd ciia cam 
bidn !a R(£3) va su thay ddi ciia gid trj didn trd Id 
AR(Q). Bi ln dang e cd the dupc tfnh theo cong thifc 
sau: 

R 
Ke (1) 

Trong do K dupc gpi la hd sd cam bien (gage fac
tor). He s6 K bieu thj dp nhay cua cam bidn do bien 
dang. Tuy theo loai cam bidn va cac hang san xudt ma 
he sd K cd the cd nhung gf trj khac nhau. 

Gia sir dp kfch dien ap ciia mach cdu co gia tri la 
E. Didn dp ddu ra e(V) cd the ducc tinh toan theo cdng 
thUc sau: 

R 4 
£ E 

Mach cau (Bridge circuit) 

RI = R2 = R3 = R4. or 

Hinh 4. Cam biin do bidn dang va 
dien ^p dau ra 

(2) 

Gan day, cac 
earn bidn ty bu 
nhiet (self-tem-
p e r a t u r e - c o m -
p e n s a t i 0 n 
gages) dang 
dupc dimg ngay 
cang pho bidn. 
Khi cam bidn 
dupc gdn chat 
vdo kdt cdu, 
ngoai nhUng 
bidn dang phat 

sinh do tdi trpng tac dung len k i t cdu (nhung bidn 
dang ma chung ta mudn do) con phat sinh ca nhung 
bidn dang do su thay ddi ciia nhiet dp (nhG^g bidn 
d^ng khdng mong muon). Khi nhiet dd mdi trudng thay 
ddi, gia trj dien trd cua cam bidn se thay doi, Ngoai ra 
cdn mdt nguyen nhan nua cung ddn ddn sy thay ddi 
ciia gia trj didn trd ciia cam bidn la do sy khac nhau 
trong he sd gian nd nhiet giua vat lieu cua kdt cdu va 
vdt lieu lam cam bidn, Tuy nhidn bang viec lua chpn 
cau triic va vat lieu lam cam bidn mpt each thfeh hpp 
CO thd giam thieu tdi da anh hudng ciia nhidt do. 
NhUng cam bidn nhu vay dupc gpi la cam bidn tu bu 

% 

5 2 0 ^ 
C -40 i-

nhidt. Hinh 5 md ta ddc tfnh ty bu nhidt cua cam bidn 
ciia hang KYOWA, Nhat Ban. Vdi vide sd dung cSm 
bidn ty bu nhidt, bidn dang do dnh hudng ciia nhidt (3$ 
dupc giam xudng dudi ±1.8 j im/ m^C. Trong pham vi 
nhidt dp thdng thudng eiia kdt cdu (td 20"C ddn 40'^), 
gid trj ndy tham chf con dupc giam xudng dirdi ±1.0 
| im/ m''C. 

Vide dung cam bidn ty bu nhidt se giup trdnh duoc 
anh hudng ciia nhiet dp tai ddu ra eiia cam bidn. Tuy 
nhidn, trong mdt so trudng hop day ndi giOa cam biln 
(strain gage) vd mach edu (bndge circuit) cung se chju 
dnh hudng ciia sy thay ddi nhidt dp. Vdi lo£ii cdm biln 
hai ddy (1-gage 2-wire system) nhutrong Hinh 6, di|n 
trd cua cac day ndi (r, vd rs) sd dude cpng ddn vdo 
didn trd cua earn bidn. Khi ddy ndi ngdn, didn trd ciia 
chung se khdng gay ra cdc vdn dd lidn quan ddn nhiet 
dp. Tuy nhidn khi day ndi dai chung se gay anh hudnq 
bat Ipi ddn kdt qua do. Vf du, vdi day noi co didn tfeh 
mat cat ngang Id 0.3 mm^ vd dien trd la 0.062 Q/m, 
chidu ddi day Id 10m (tdng chidu ddi ciia hai doan r, 
va Tg la 20m), khi nhidt dp tdng ldn f C sd lam phdt 
sinh trong kdt qua do mpt gia trj bidn dang id 20x10 . 

Rg 

Hinh 6, Cam biin hai day (1-gage 2-wire system) 

ra 

Hinh 7. Cam biin ba day (1-gage 3-wire system) 

Loai cam bidn 3 ddy (Hinh 7) dd dude phat trien dl 
tridt tieu nhijng anh hudng nhidt dp khdng mong muln 
ciia day ddn. Loai cdm bidn nay se cd 3 ddy ndi ti^ 

Hinh 5. Bac tinh tubu nhiet ciia cam biin cua hang KYOWA, Nhat Ban 
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CAM BIEN BO BIEN DANG VA CAC UfNG DUNG... 

cdm bidn tdi maeh cdu. Trong cam bidn 3 ddy, didn trd 
ciia day ddn r, se dupc tfnh vdo vdi dien trd cua cam 
biln Rg, edn didn trd cua ddy ddn r̂  sd dupc tinh vao 
vdi di$n trd R2. Didu dd cd nghTa Id r, vd r^ duoc bd tri 
t^i hai phfa kd sat nhau eiia mach edu, va nhuvdy dnh 
hudng eua ede gid tri didn trd r, vd r^ se triet tidu ldn 
nhau. Didn trd eda ddy ddn rg dupc ndi ra phia ngoai 
ciia mach cdu. Nd hdu nhu se khdng gdy ra dnh 
hudng dang k l ndo ddn kdt qua do. 

2. ifng dung cua cam biln do bidn dang trong 
quan trie cong trinh xay di/ng 

Trdn ed sd cdm bidn do bidn dang da dupe gidi 
thî u d phdn 1, ngudi ta ngudi ta dd dng dung vd phdt 
triln no thanh nhidu cdc thidt bj cam bidn khde nhau 
(cdm bidn do tdi trpng, ehuyen vi, gia tdc, dp nghidng, 
dO md rdng vdt nUt, do dp lye ddt, ap lye nude Id 
r6ng...). Trong phdn 2 sd gidi thidu mdt sd nhung img 
dyng cua cdc thilt bj cdm bidn nay trong quan trdc 
cdng trinh xdy dyng. 

2.1. Quan trac khi thi cong hi dio va he vang 
ch6ng 

Trong qud trinh thi edng hd ddo va he vdng chdng 
cd the tidn hanh quan trac mdt cdch tdng hpp nhufng 
n$i dung sau: 

• Quan trdc qudn ly an todn ciia he tudng chdn 
- Quan trdc tr^ng thdi eua tudng chdn (do dp 

nghidng, dp \uc ddt, dp lye nude Id rdng, img sudt 
trong cdt thdp) 

- Quan trac hidn tupng bDng ndn (do dp lun theo 
ti^g Idp ddt) 

- Quan trde phan lye trong cae thanh chdng (do 
biln d^ng, do tai trpng) 

- Quan trac luc cdng trong eae neo ddt 
Quan trde sy djch chuyen eua cac kdt cdu 

xung quanh 
- Quan trde dp lun eiia ede edng trinh xung quanh. 
- Quan trdc sy djch chuyen eiia kdt cdu (quan trde 

d$ nghidng) 

Hinh 9. VI du vh quan trie khi thi cdng hd d^o vi he vang chdng 

2.2. Quan trac kit cau nin dat dip 
De quan trde sy djeh chuyin eua ndn ddt cd thi 

tiln hdnh do nhiJng ndi dung sau: 
Dp lun eua ndn hidn tai hoae dp lun eua tdng 

Idp ddt 
• Su thay ddi eiia dp lye nude Id rdng 
• Sythay ddi eiia myc nude ngdm 
• Sy dich ehuyen eua ndn ddt (bang cdc thidt bj do 

dp nghidng dupc chdn hoac gdn vao ndn ddt) 
• Sythay doi cua dp lye ddt 

ismmm 
•Soddthrftbiqtanbic 

- ThAbKlDlplvc 
n u ^ Dfony 

ThAtHdod&ngNIng 
~ . -" IronBlildKMn 

Hinh 10. Vi du vd quan trie kit ciu nen dit dip 

2.3. Quan trie ham va cong trinh ngim 
• Hdm khien ddo (Shield Tunnel): Kdt edu hdm ndy 

thfeh hop v& nhung ncrt ed dja ehdt ydu vd cd myc 
nude ngdm cao, thudng dupe dp dung de thi cdng 
hdm trong thdnh phd. Di dam bdo tinh an todn trong 
thi cdng cdn quan trde ddng thai eua ban than kit edu 
hdm cung nhu eua cdc cdng trinh xung quanh. 

- Quan trde bidn dang, ehuyen vj 
- Quan trde cdc ddt ham 
- Hdm NATM (NATM Tunnel): quan trdc ddi vdi 

dang kit edu hdm ndy d l dam bdo nhijfng mue di'eh 
sau: 

- Ndm dupe Ung xd eua ndn ddt xung quanh 
- Xdc nhdn dupc hidu qua cua he thanh chdng 
- Xdc nhan tfnh an todn cua kit cdu 
- Cdng trinh ngdm: mdt vf du vd quan trde edng 
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CAM BIEN 00 BllN DANG VA CAC UfNG DUNG... 

t r i n h n g d m d u p c t h e h i e n t r o n g H i n h 11 

Multistage Bedrock Displacement Transducer Hollowed Load Cell 

Hinh 11 Quan trSc him ngim cua nha may phat dien 

2.4. Quan trie siJt truot 
6 Viet Nam cung nhu d nhidu nude khac trdn thd 

gidi, syt trupt la mot tai hpa thidn nhien gay ra nhidu 
tdn thdt vd ngudi va tai san ciia xa hpi. Viec quan trac 
syt Irupt se giup giam thieu nhung tai hoa thien nhien 
nay. Ddi vdi vide quan t r ie sut trupt, thdng thudng 
ngudi ta do luong mua, muc nude ngam, sy djch 
chuyen (dp nghidng) cua cac Idp dat, ap lUc nUdc Id 
rdng.,. Vj trf tidn hanh quan trdc sut trupt thudng d 
nhUng noi khdng the cung cap ngudn didn mpt each 
thudng xuyen, do vay ngudi ta da nghidn cUu nhung 
thidt b\. bd thu va luu du lieu chay bSng pin hoac nang 
lupng mat trdi (Hinh 13). Vide truyen du lieu cung cd 
the dupc lidn hanh thdng qua cac thidt bj ve tinh. 

2.5. Quan trie dap 
Lien quan den van de an toan va kmh te kh xay 

Hinh 12 Vi du vi quan trac sut tnfdt 

dyng, van hanh dap, chung ta thudng phai ddi mdtvi 
nhijng vdn dd sau: 

• Tfnh chdt cd hpc khdng ehde chdn va tfnh khom 
dong deu cua vat lieu lam dap 

• Cac van de cd nguyen nhan td xay dLftig 
• Cac van de lien quan den dieu kidn thiiy van • 
• l ing xutheo thdi gian vdi dong dat , , . 
Vide quan trac dap se cung cap cac sd lieu de co 

the dua ra cac giai phap giai quyet nhung van de nay 
tren cc sd xet ddn sy hai hoa giua tfnh kmh t l va tinh 
an toan. 

1 

Hinh 14- Vidu vi quan trie dap Rocktill 

2.6. Quan trie trong dudng sit 
Do van chuyen so lupng ngudi Idn ndn vdn d l dSm 

bao an toan trong van hanh tdu dudng sdt la mfit 
nhidm vy quan trpng, Mdt sai Idm nhdt thcrt hoac mdt 
bdt thudng nao dd co the cudp di eude sdng eiia rdt 
nhidu ngudi. Trdn thd gicrt co nhung he thdng dudng 
sdt (VI du nhu tau Shinkansen ciia Nhdt Ban) diroc 
van hanh rdt chinh xac va an toan. De Idm dupe i j l u 
ndy ddi hdi phdi cd sy quan trdc de ludn kiem tra va 
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CAM BIEN BO BlJN DANG VA CAC UfNG DUNG-

giam sdt sy hoat ddng eua he thdng. Mdt sd vf du vd 
quan trde trong dudng sdt duoc the hidn d cdc Hinh 15 
va 16. 

Hinh 16. Cam bien do tai trong true va tai trong ngang 

2.7. Quan trac trong giao thong dudng bp 
(kiem soat tii trgng xe) 

Khdng ehl rieng dVidt Nam md ddi vdi rdt nhidu 
nude trdn thd gidi, vide kilm sodt xe qud tai, bao vd 
kit edu ha tdng Id mdt nhidm vu quan trpng. Dd lam 
dupc didu ndy cd the sir dung tram can ILTU ddng (Hinh 
17) hoac hd thdng cdn ddng WiM (Weigh-in-motion). 
WIM Id hd thdng edn tdi trpng xe duoe ddt ed (̂ nh d 
trdn mat dudng (Hinh 18). No eho phep xac dLTpc tdi 
trpng mdt cdch ty ddng khi xe luu thdng qua he thdng 

Hinh M.Thi nghiSm ban wng 

Hinh 20. Th(nghi$m ban ning 

Hinh 17. Can luu ddng kiem soit tii trong xe (Xem tiep frang 77) 
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PHAN TICH UfNG Xl]f CUA MO HJNH 3-D TAU CAO T6C. . . 

ddt nen cang ldn thi cdng d l xudt hien mdt tuohg tdc 

khi tdu chuy in dpng vol van tdc cang Icfn. Tuy nhien, 

khi tdu chuyen dpng vd^ vdn t i e nhd vd cd su khac 

nhau dp CLfng ddt nen eua hai ray thi hidn tuong nay 

bdnh xe vdn cd the xdy ra. 

Cde k i t qua nghien cijfu thu dupc Id tdi lidu tham 

khao hiJu fch cho cdng tdc th i l t k l va bao du©rig 

dudng ray nhdm trdnh xdy ra ede tai nan ddng t i le 

tren he th ing tdu eao t i e hien nay.!^ 

9' L6I CAM dN 
NghiSn c i iu nay du^ft: tai t ro b6S Quy phdt t r ien khoa 

hoc va cong nghg qudc g ia (NAFOSTED) t rong d l tai 

ma so 107.02-2013.27. 
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CAM BIEN DO BIEN 

VA CAC UfNG DUNG 

DANG 

(hBp theo trang 

Hinh 21 . Thi nghiem ham gio 

md khdng edn phdi dung xe (tde dp xe chay cd the tCr 

0.02 d i n 80 km/h). He th ing gdm ban thdp ddt tren 

mat ducffig, phfa dudi bdn thep cd gdn ede edm b i ln 

xdc djnh tdi trpng vd cde thanh edm (bar sensor) b i ln 

de giup nhdn dang eae true va ddnh gid t i e dp xe. 

2.8. fJng dung thiet bi quan trie trong cac 

phong nghien cifu cua cac tnfdng dai hgc va vien 

nghien cdu 

Mpt sd v i du v l Ung dyng th i l t bj quan trac trong 

cdc thi nghidm ban rung, thi nghiem gid ddng (vdi 

tudng phdn luc), thi nghiem hdm gid dupc minh hoa 

trong cdc Hinh 19 - Hinh 21 . • 
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