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ABSTRACT 

Reliability and safety requirements 
of multi-story buildings are critical 

to detection and identification of 
locations and magnitudes of local 

damages of building structures 
In both construction and in-use 

phases, particularly when subject 
to earthquake excitation. This paper 

is to present technological solu
tions and basic theory for structural 

health monitoring and performance 
evaluation of multi-story build

ing structures, which are featured 
by high degrees of freedom and 

complex behaviors. Also the paper 
will provide relevant comments and 
suggestions on the practical applica

tion of the monitoring and evalua
tion method for existing multi-story 

buildings in Vietnam. 
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I.Gidri thieu 
Cung vdi sp t ing trUdng nhanh 

ve kinh te, qua trinh do thj hoi d 
nudc ta dang dien ra manh me keo 
theo nhu eau xiy dpng cic edng 
trinh nha eao tang ngay cing gia 
t ing ea ve sd lUpng va qui md ket 
eau. Yeu eau d i t ra cho cdng trinh 
nha cao tang la eic ciu kien ket ciu 
eua edng trinh deu phii dupe thiet 
ke dam bio cd du khi ning chju 
lpc, cd cudng dp v i dp edng dugc 
phan bd hpp ly trong toan bd cdng 
trinh de tr inh giy ra co ehe phi hoai 
cue bd, die biet khi ed t ie ddng cua 
ddng di t . 

Tuy nhien, viee thiet ke cie edng 
trinh nha hien nay d Viet Nam van 
dupe tie'n hanh dpa tren ket qu i 
phan tich tinh to in ket eau theo md 
hinh v i t lieu lam viee d in hdi tuyen 
tinh. Vdi qui trinh thiet ke nhU vay 
thi rat khd ed the d im bio dupc co 
ehe ph i hoai cue bp la khdng hinh 
thinh, bien dang deo chi xuat hien 
d vj tri eho phep v i dp tin cay, dp 
an toan cua he ket eau cdng trinh 
dupe thiet ke la thoi min khi ed t ic 
dpng cua dpng di t . Ngoai han ehe 
ve md hinh tinh to in ket eau neu 
tren thi viee cUdng dp vat lieu thpe 
te bien ddi khic so vdi tinh to in 
ban d iu, tai trpng t ic dung thay ddi 
theo thdi gian, eic cau kien ket eau 
dupe thie't ke gidng nhau d mdt sd 
t ing lien ke, nhdng sai sdt trong qu i 
trinh thi cdng,... deu cd the lam tang 
them mdc dp t i p trung bie'n dang 
deo, t ing them kha ning l im viee 

khdng ddng deu gida eie ciu kien 
ke't eau va kha nang hinh thanh eo 
ehe phi hoai cue bd cho ket cau nhi 
eao t ing. 

Ke't qua khio sit nguyen nhan 
giy sup do cic cdng trinh nha eao 
tang trong eie t r in ddng d i t d 
Nhit Bin va My eho thay phan Idn 
hien tupng bat dau td sU ph i hoai 
cue bd d mpt vai eau kien ket cau v i 
sau dd dan den sU ph i hoai to in bd 
[1]. Nguyen nhin cdng trinh bi ph i 
hoai cue bd cang th iy rd ddi vdi eac 
cdng trinh x iy dpng cich day hing 
chue nam; hoac nhdng cdng trinh 
dupe thie't ke ket c iu dpa tren g i i 
thuyet coi v i t lieu lam viee dan hdi 
tuyen tinh nhuthpete van i p dung 
d Viet Nam. Odi vdi edng trinh khi 
chju dpng dat, vat lieu ket c iu (vi 
dp be tdng cdt thep) se lam viec d 
dieu kien phi tuye'n, va neu t i i trpng 
t ie dung Idn den mdt g i i trj nao do 
thi ket eau chuyen sang trang th i i 
chiy deo. Trong trUdng hpp neu ke't 
eau cdng trinh dupe thie't ke hop ly 
(ve eudng dp, dp edng, kh i nang 
bie'n dang deo va kha nang hap thu 
nang lupng) thi eac vung vat lieu 
ke't c iu cho phep chiy deo (d 2 dau 
dim) se phan bd deu tren toan bd 
edng trinh, nghTa l i cic c iu kien ke't 
c iu do eung ddng deu dat de'n khi 
nang chju lpc theo nhuthietke ban 
d iu eua chdng trUdc khi cdng trinh 
ed the hu hai hoin toan. Khi dd 
khi ning chju lpc cua toan he ke't 
eau dugc xem la dat hieu qua cao 
nhit vdi dp tin eiy va dp an toan 
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Hinh 3. Ket qua xil ly so lieu sau khi thu nhan thong tin tir may phan tich so. 

ddng deu cho mpi c iu kien ke't cau. 
NgUpe lai, neu ke't cau dupe thiet 
ke khdng hpp ly thi cie vung chiy 
deo se ehi tap trung d mdt sd vj tri 
nao dd va ed the xui't hien ngay ca 
d nhdng vj tri khdng eho phep hinh 
thanh khdp deo (d edt). Hien tUpng 
nay dan den ban d iu chi cd mdt sd 
eau kien ket eau ph i hoai cue bp 
v i keo theo toan bd edng trinh sup 
do. Trong khi dd, cie eau kien ke't 
c iu cdn lai van dam bio khi nang 
chju lUe hoac chi chju lUe khi nhd 
so vdi khi nang chju lUe thie't ke 
eua chung. Ndi cich khie, dp tin 
ciy va dp an to in eua eie ciu kien 
ke't eau la khdng ddng deu dan den 
dp tin eay v i dp an toan eua toan 
he ke't cau la khdng d im bio theo 
yeu eau thiet ke ehung giy ra hieu 
qu i kinh te eua edng trinh thap 
v i cd the nguy hai den tinh mang 
ngUdi sddung. 

Nhu vay, gi i i phip cdng nghe 
nao cin phii sd dung de phit hien 
va dinh g i i nhdng sai sdt hoac 
nhdng diem xung yeu cue bd de cd 
the dUa ra bien phip khae phuc hpp 
ly nham d im bao cdng trinh khdng 
bi ph i hoai cue bd dan de'n sU pha 
huy hoin to in cua edng trinh? Bai 
viet nay se gidi thieu phuong phip 
theo ddi va dinh gi i khi ning chiu 
lpc eua ket ciu dUpc dng dung hieu 
qu i cho cdng trinh nhi eao tang 
nham han che nhdng rui ro giy ra sp 
pha hoai eua cdng trinh, die biet khi 
cd xem xet den t ic ddng eua ddng 
dit . Qui trinh theo ddi v i dinh gii 
gdm nhdng bUde ehinh sau (Hinh 
1): i) Bd tri va djnh vj he thdng thiet 
bj do cim bie'n; ii) Thu nhin va xd ly 
tin hieu dd lieu; iii) Tie'n hanh phin 
tich nhin dang ke't ciu va phit hien 
nhdng hU hdng cd the xi'y ra; va iv) 
Oinh g i i dp tin ciy va an toin cua 
edng trinh. Cdng nghe theo ddi niy 
cho phep viee dng dung r i t linh 
hoat do thie't bi do cim bie'n cd the 
dugc lap dat d mpi vj tri cin do, ddng 
thdi ed the thpe hien viee thu nhin 
v i xd ly thdng tin mdt l in hoac lien 
tue trong sudt thdi gian theo ddi tuy 
theo tdng mue dich khie nhau. 

72 ^EJniliiSi.1 . 11.2009 



2. He thong thiet bi do cam bien 
Thie't bj do cim bien sensor d i 

dupe nghien cdu v i phit trien manh 
td nhdng n im 1960 tai Silicon Valley 
- My. Nhdng loai thie't bi do cim bie'n 
dupe sd dung phd bie'n hien nay l i 
fiber sensor, elasto-magnetie sen
sor. Fiber Bragg Grating (FBG) sen
sor, Polivinylidene Fluoride (PVDF), 
lead zineonate tsensor (PZT), shape 
memory alloy (SMA) sensor, carbon 
fiber reinforced polymer (CFRP) sen
sor, va cement-based sensor. Mdt sd 
loai thiet bj do cim bie'n nhu PZT v i 
PVDF eho phep khdng can sd dung 
ning lUpng khi do do chung ed tinh 
nang ap dien hpc (piezoelectric). 
Vdi die tinh nay thi chung dupe 
sd dung phu hpp ddi vdi he thdng 
mang do khdng diy v i yeu cau hieu 
qui ning lupng eao. 

Ngoii ra cdn cd nhdng loai thie't 
bj do cim bie'n gdm ei thie't bj xd ly 
tin hieu, tinh toin va thie't bj truyen 
dd lieu khdng day ed kich thudc kha 
nhd; dupe gpi l i thie't bj do cim bie'n 
thdng minh hoac l i Mote. Loai thie't 
bj niy dugc ehe tao d mdt sd nhi 
may nhU Shinkawa Sensor Technol
ogies, Dust Networks, Moteiv, Cross
bow, Mierosense,... 

Cie thie't bj do cim bie'n can 
dupe bd tri lap d i t d mpt sd vj tri 
theo mat bang v i chieu eao eua 
edng trinh nha (Hinh 2). Viec Ipa 
chpn va bd tri vj tri lap d i t cie thie't 
bj do sd lieu can phai d im bio 
nhdng yeu ciu sau: 

- Lim viec dn djnh trong pham vj 
tan sd rung ddng; 

- Cd dp nhay cao trong pham vi 
tan sd tuye'n tinh; 

- Cd khdi lupng han che; 
- Oim bio ed djnh d vj tri chac 

chin khi gia tdc dat cpc dai (d vj tri 
v i t lieu ke't eau van l im viee trong 
gidi han dan hdi tuye'n tinh khi rung 
ddng); 

- Oim bio dp ehinh xic cua gia 
toed diem can do. 

3. Thu nhan va xiif ly tin hieu 
Qua trinh thu nhin va xd ly tin 

hieu bao gdm cdng viec thu nhin 
cic tin hieu tUong tp va chuyen 
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Hinh 4. Phi/flng phap nhan dang tifng phan ket cau 
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Hinh 5. Cac phuong phap nhan dang tifng phan ket cau (a) Khong chong len nhau; (b) Co chong len 

nhau; (c) Tang dan 
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Hinh 6. Mo hinh he ket cau 10 bac tif do duac khao sat 

k. m . 
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/\/W^-# 
kio rn,o 

doi ehung sang dang sd de xd ly 
ke't qui theo tdng mue dich khic 
nhau, chang han thdng qua viec sd 
dung miy phan tich sd National In
struments (NI) data logger cung vdi 
phan mem LabView (www.ni.eom). 

He thdng thiet bj do cim bien 

cung cap nhdng ket qu i dd lieu do 
dae td thpe te ve dao ddng (gia toe, 
van tdc v i ehuyen vi) cua he ket ciu 
khio sit khi chju cic ngoai Ipc t ie 
ddng. Tie'p theo eie dd lieu do dac 
do cin dugc xd ly de dinh gia cae 
die trung co ban cua ban th in he 
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ke't cau edng tr inh, chang han dp 

edng, tan sd dao dpng rieng,... NhU 

vay, qua tr inh n h i n dang ke't c i u va 

p h i t hien hU hdng la mpt q u i tr inh 

thpe hien p h i n tich ngUpe. 

Vi dp xet phuong tr inh cO b i n ve 

can bang ddng lUc cua he ke't cau 

mdt b ie t p do: mx -i- ex -i- kx = F. Odi 

vdi qua tr inh p h i n tich ket eau (qu i 

tr inh p h i n tich thu in ) thi muc tieu 

la danh g i i ehuyen vi x, van tdc va 

gia tdc eua he ke't eau vdi g i i tfeiet 

d i bie't>cic thdng sd ve khdi lUpng 

m, he sd c i n nhdt e, dp cdng k va 

ngoai lpc t i e dung F. Con ddi vdi 

q u i tr inh n h i n dang ket eau (qu i 

tr inh p h i n tich ngUpe) thi mue tieu 

la t im ra dupc nhdng thdng sd m, 

k v i c cua he ke't c i u t d nhdng sd 

lieu thUc te do dac la gia tdc , van 

tdc v i ehuyen vi x eua he kgt eau 

v i Rgoai lpc t i e dung F. Nhu vay 

q u i trinh p h i n tich ngUpe de n h i n 

dang ke't eau thpe ch i t lien quan 

den eong nghe do c i m bien va ky 

t h u i t xd ly phep t inh ddi vdi c ie sd 

lieu thpe te do dupe bao gdm eie 

dd lieu dau vao va dau ra, d i e biet 

ddi vdi nhdng he ke't cau nha nhieu 

tang ed sd b ie tU do r i t Idn v i ed 

nhieu thdng sd ehUa biet. 

Dd lieu do (gia tdc, van tdc, 

ehuyen vj) ed the dugc xi! ly va bieu 

dien theo true t i n sd hoac true thdi 

gian sddung ky t h u i t bien ddi ehudi 

Fu-r i -e (Fast Fourier Transform) 

(Hinh 3). Van de can luu y trong q u i 

trinh thu n h i n d d lieu la ph i i loai bd 

hoac Ipc dupe nhieu ngay e i khi d d 

lieu dupe truyen t d m i y p h i n tich 

sd (data logger) de'n bp p h i n phan 

mem xd ly sd lieu (processing plat

form). 

4. Nhan dang l<et cau va phat 

hien nhufng huhong 

Trong nhdng nam g i n d iy , v i n 

de nhan dang ke't c i u va p h i t hien 

nhdng hU hdng d i dupe eic nha 

nghien edu quan t i m va p h i t trien 

d i n g ke c i ve nghien cdu ly thuye't 

v i thpe nghiem. Mdt sd phuong 

phap n h i n dang ke't eau da dugc 

x i y dung dpa tren eo sd phan tich 

ngUpe. Tuy nhien, h i u het c i c 

phuong phap deu ed chung han ehe la chi cd the i p dung hieu q u i eho 

nhdng trUdng hpp he ket eau ed qui md nhd, it bac tU do. Trong trUdng 

hpp, he ke't c i u cd qui md Idn vdi nhieu b i c t u do nhU ket cau n h i cao t i ng 

thi viec i p dung chung se gap phai khd khan ve v i n de xd ly sd lieu, vi sd 

lupng eie thong sd ehUa biet la r i t Idn v i thieu thdng sd da biet trong bai 

t o i n p h i n tich ngUpc. Oay la mpt t h i c h thdc Idn ddi vdi e ic nha nghien cdu 

hien nay. 

Oe g i i m bdt khdi lUpng t inh t o i n , gan d i y phuong phap n h i n dang ket 

c i u dpa tren co sd he ke't c i u cd nhieu b i c t u do dupe p h i n chia t h i n h mdt 

sd p h i n nhd cd sd b i c tUdo it hon da dUpc p h i t trien ddi vdi n h i nhieu tang 

v i dupe gpi l i n h i n dang tdng phan ke't cau (sub-structural identification) 

[2]. Phuong phap n i y cho ke't q u i tdng thdi gian t inh t o i n lap yeu eau khi 

t inh rieng eho tdng phan ke't cau nhd se it hon nhieu so vdi khi g i i i chung 

cho t o i n he ke't eau. 

Hinh 4 md t i viee p h i n chia he ket c i u theo phuong p h i p nh in dang 

tdng phan ket c i u . Cae phuong tr inh c i n bang dao ddng eho toan bd he ket 

c i u dugc viet nhu sau: 
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trong dd M, C, K, P, u tUOng dng la c ic p h i n t d ma tran khdi lUpng, c in 

nhdt, dp cdng, ngoai lpc va chuyen vj cua he ke't c i u k h i o s i t ; phu ehu r chi 

sd lupng b i c t p do ben trong eua phan ke't c i u nhU d Hinh 4(b); phu ehu f 

va g chi sd lupng bac tUdo d vung tie'p g i i p gida c ie p h i n ket c i u ve 2 phia 

cd ky hieu la F v i G. Oe t h u i n tien trong t inh t o i n , phu chu j dugc sddung 

ehung eho t i t e i cae b i c tU do d ben trong (bao gdm c i f v i g). Odi vdi phan 

ke't eau dUpc xem xet thi phuong tr inh c i n bang dao dpng cd the dugc t i ch 

tU he c ic phuong tr inh tren nhU sau: 
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Neu ta coi e ie lUe t i e dung d cac vung tiep g i i p l i thdng sd dau v i o 

(input) thi phuong tr inh c i n bang d tren t rd t h i n h : 

M,u, (t) + C,u, (t) -H K,u, (t) = P, (t) - M,̂ Uj (t) - C,.Uj (t) - K ĵU, (t) (3) 

Phuong p h i p n h i n dang tdng p h i n ke't c i u dugc chia t h i n h 2 loai tuy 

theo viee p h i n chia he ke't eau: phuong phap p h i n chia khdng chdng len 

nhau (Hinh 5a) v i phuong p h i p p h i n chia ed ehdng len nhau (Hinh 5b), 
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Bing 1. Ket qu i sai sd (%) 

Op cdng 

K, 
K2 

K3 

K4 

Ks 

K6 

ky 

kg 

kg 

kio 

Mean 

Max. 

Phuong phap n h i n dang 
true t iep toan he ke't cau 

-1-28.6 

-21.4 

-1-7.1 

-H25.3 

-21.4 

-1-7.1 

-H21.4 

-23.8 

0.0 

0.0 

15.6 

28.6 

Phuong phap n h i n dang 
tdng p h i n ke't c i u 

-1-7.1 

-7.1 

-2.4 

-1-4.8 

-4.8 

H-2.4 

-1-2.4 

-h4.8 

-2.4 

-2.4 

4.1 

7.1 

trong do S. chi ra phan ket cau thd i. 
Mdi phuong phip deu ed nhdng Uu 
diem rieng. PhUOng phip phin chia 
khdng ehdng len nhau eho ket qu i 
tinh toin ed dp chinh xic eao hon, 
trong khi phuong phip phin chia 
cd chdng len nhau cho phep gi im 
bdt sd lupng diem cin phii do. 

Khi sd lupng diem d i t eie thiet bj 
do cim bie'n bj han che, ed the tien 
hanh bd tri d cic vj tri do cho phu 
hpp vdi die diem cua tdng phan ke't 
eau dupe khio sit. Ngoai ra, ed the 
sd dung gii i phip t ing dan kich ed 
cua phan ket eau khio sit de'n khi 
bao gdm eie diem ed sd lieu do. Cie 
thdng sd ke't ciu dUpc xic djnh d 
giai doan trUde d phan ke't ciu nhd 
hon trUde dd deu dupe coi la thdng 
sd da bie't khi phin tich ddi vdi phin 
ket eau tie'p theo. PhUOng phip xic 
djnh nhu vay dupe gpi la phuong 
phip nhin dang tdng phan ke't eau 
t ing dan (progressive identifica
tion method) nhU md t i d Hinh 5e. 
Trong phuong phip phin tich nay, 
phin ke't ciu d tren dinh mi i dUpc 
Ipa chpn l i phin ke't ciu thU nhat, ky 
hieu l i Ŝ  va dupe sd dung eho toan 
bp qui trinh nhin dang he ke't eau. 
Sau khi nhdng thdng sd ket ciu cua 
phan Ŝ  dugc xic djnh thi tie'p tue 
tinh to in eho phan ke't ciu tiep theo 
d phia dudi, ky hieu la Ŝ , bao gdm c i 
phan ket eau S, dupe xem xet trudc 
dd. Cic thdng sd da dUpc xic dinh 
cho phan S, dugc coi la da biet khi 

xic djnh eic thdng sd eua phan Ŝ . 
Qui trinh tinh to in nhU vay ed tie'p 
dien den khi toan bd eae thdng sd 
can thiet eua to in he ke't eau dugc 
xic djnh. 

Hinh 6 la vi du mpt he ke't ciu 
gdm 10 bie tu do dugc khio sit, 
trong dd khdi lUpng m̂  = 600 kg, m^ 
= ... = m3 = 400kg, m^=.. . = m,„ = 
300 kg; dp cdng k, = 700 kN/m, k̂  = 
k3 = 650 kN/m, k, = k̂  = 600 kN/m, 
k̂  = k̂  = kg = 400 kN/m, k, = k,„ = 
300 kN/m. Anh hudng cua cin nhdt 
dupc gi i thiet la 5% eho 2 dang dao 
ddng diu tien, va he sd cin nhcJt 
dupe coi l i 2 thdng sd ehua bie't va 
cin phii tim. Gii tri khdi d iu eua 2 
thdng sd niy dupe coi bang 0. Gii 
sd eie thiet bj do cim bie'n dugc 
gan d phin thd 3, 6 v i 9 eua he ke't 
cau khio sat va eho bie't ke't qu i dao 
ddng ngau nhien zero-mean Gauss
ian white noise t ic dung d cic phin 
dd. Qng xd dao ddng eua he ket eau 
duoc xic djnh theo phuong phip sd 
Newmark vdi khoing thdi gian l i 2 
giay v i bUde thdi gian l i 0,002 giiy. 
Phuong phip Genetic Algorithm 
dupe sd dpng de tim kiem va gidi 
han trong pham vi td 1/2 de'n hai lan 
gi i trj ehinh xic den 6-bit cho tdng 
thdng sd; do vay mdc dp ehinh xic 
dat de'n 1/26' x 1,5 = 2%. Bing 1 l i 
ke't qu i sai sd (%) ve dp edng khi 
nhin dang ddi vdi he ket eau ed 10 
bic tu do dupc khio sit va ket qui 
da chi ra mdc do chinh xic kha cao 

eua phuong phip nhin dang tdng 
phan ke't ciu. 

Budc quan trpng tiep theo trong 
qu i trinh nhin dang ke't cau l i d inh 
g i i va phit hien ra nhdng die trUng 
lien quan de'n mdc dp ph i hoai eua 
ket eau cdng trinh dUdi eie t ie ddng. 
Cd the xiy ra 2 trUdng hpp sau: 

(i) Hu hdng dupe phat hien va 
dinh g i i khi khdng ed ke't qu i do 
cua he ke't ciu ban dau ehUa bj hU 
hdng; chang han khi cdng trinh bj 
hu hai sau cie tr in dpng d i t x iy ra, 
nhUng trUde do lai ehUa tie'n hanh 
theo ddi v i do dd lieu. Trong trUdng 
hpp nay ket qu i nhin dang cin 
dupe so sinh vdi ke't qu i phin tich 
ly thuye't md phdng ddi vdi md hinh 
ke't eau ehUa hu hdng. Ket qu i nhin 
dang se ed sai sd khi Idn do md hinh 
hoi ket cau ed dp sai lech Idn so vdi 
thpe te lam viee eua ke't eau, die biet 
khi md phdng eho eie ket eau edng 
trinh cu sau nhieu nam sd dung. 

(ii) HU hdng dupe phi t hien 
bang cich sd dung eic ke't qu i do 
ngay trUde do khi he ket eau ehUa bj 
hu hdng. Trong trudng hpp nay can 
tie'n hinh theo ddi va do lien tuc eic 
die trUng eua ke't c iu; td do cd the 
nhin bie't va phi t hien ra nhdng sai 
sdt va nhdng vj tri xung yeu cue bd 
dan den hU hai cdng trinh. Chang 
han khi dp edng cua ket eau cdng 
trinh bj gi im dot dot se xuit hien tin 
hieu thdng bao de nhin biet vi tri va 
mdc dp cau kien bi hu hdng. Ket qua 
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nhin dang nen dupc bieu dien theo 
true thdi gian la tdt hon theo true 
t in sd, vi cd the eho thay rd sp thay 
ddi cac die trUng eua ket ciu cdng 
trinh trong qu i trinh lam viee. 

5. Ket luan 
Bai viet d i gidi thieu tdng quan 

ve edng nghe theo ddi va phuong 
phip dinh gi i khi ning chju lpc 
theo each khdng phi huy eho ke't 
ciu nhi cao tang. Cdng nghe niy 
dupe sd dung r i t hieu qu i de phat 
hien nhdng vj tri ket eau xung yeu 
cue bd va dinh g i i khi ning chju 
lpc tdng the cho cic cdng trinh nhi 
cao t ing, die biet khi chju t ie ddng 
cua ddng dit . Odng thdi edng nghe 
niy cdn dUpe dng dung de theo 
ddi v i dinh g i i mdc dp suy giim 
chit lupng cdng trinh trong sudt 
thdi gian sd dung do chju cic t ic 
ddng lau dai va eie t ie ddng t ing 
theo thdi gian. Odi vdi qui trinh thi 
cdng xiy dpng, eong viee theo ddi 
va dinh gi i bing cdng nghe niy se 
giup eho viee phit hien kip thdi cic 
sai sdt de dam bio tdt chat lupng 
cong trinh. Do vay, viee i p dpng 
cong nghe theo doi v i dinh gi i khi 
ning chju lpc cua ke't ciu se trp giup 
cho viec dUa ra cic gi i i phip khae 
phuc hdu hieu nham tang do tin 
eiy va dp an toan chiu lpc cho toin 
he ke't eau cdng trinh, tr inh dugc 
nhdng tdn th i t ve kinh te v i tinh 
mang eon ngUdi. • 
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VOTRAU LAM NGUYEN UEU 
XAY DUNG SACH - ^ 

Sd dung vd tr iu lam nguyen lieu phit dien khdng nhdng khdng giy d 
nhiem, m i lupng tro thu dupe sau khi dot lai cd gi i trj khdng nhd.Tap 
doan Torftech eua Anh cho biet, sau khi dot mdi tan vd trau se tao ra 

180kg tro, ed gia tri l i 100 USD, cd the sd dung lam phu gia cho xi mang v i 
cd the thay the true tiep SiO^ trong xi mang. 

Ouong nhien, cic nhi khoa hpe td l iu da phat hien ra vd trau cd gi i trj 
khi sd dung lam nguyen lieu xiy dUng. Trong tri'u cd chda him lUpng SiO^ 
rat nhieu, ma day lai la thanh phan chinh trong xi mang, nhung con ngudi 
mudn t in dung tro thu dUpc sau khi dot vd tri'u lam nguyen lieu thay the xi 
ming, thi phuong phap nay se tao ra ham lUpng Carbon trong tro vd trau 
rat cao, khdng the thay the thanh phin xi ming. 

Mdi diy, theo tin td Discovery, dUdi sp hd trp cua cac quy khoa hpc xa 
hdi, cie nhi khoa hpc My d i phat hien mdt phuong phap gia cdng vd triu 
mdi, cd the ddng thdi sd dung tro vd trau lam thinh phan trong xi ming, 
thue diy sU phit trien nguyen lieu xiy dUng sach. 

Rajan Vempati - Tdng giim ddc tap doan CHK bang Texas My eho biet, 
hien tai hp d i hpp t ic vdi mdt nhdm nghien cdu va tim ra mdt phuong phip 
gin nhu khdng cdn Carbon trong thanh phan tro vd trau. PhUOng phip mdi 
niy la cho vd trau vio Id ddt, dot d nhiet dp 800°C, cudi cung chi cdn lai 
nhdng hat Si02 cd dp tinh khiet cao.Tai hdi nghj hda chit sach va cdng trinh 
dupe td chdc tai phin hieu trUdng Oai hpc Maryland Park, Vempati cung vdi 
nhdm nghien edu cua dng d i gidi thieu ve ket qui nghien cdu cua hp. 

Vempati cho biet:"Cho du trong qua trinh dot cdng se tao ra CO ,̂ nhung 
nhin chung van la Carbon trung hda, bdi lUpng Carbon se bj triet tieu bdi 
sin pha'm Ida mdi hang nam se hap thu chung." 

Tren thuc te, viec sd dung be tdng va tieu hao dat ra van de khd khan 
khi giy ra sU bien ddi khi hiu. Moi tan xi mang dung de san xua't be tdng, 
thi phii x i ra khdng trung mdt tan CO .̂ Ma trong pham vi toin the gidi, viec 
sin xuat xi mang chiem 5% lUpng thai khi Carbon trong tat c i nhdng hoat 
ddng cua con ngudi. 

Ong Jan OIek thupc trudng Oai hpc Purdue My cho bie't: "Sd dT tro vd 
tri'u chUa the lam thanh phan chinh trong xi mang l i bdi vl ham lUpng Car
bon qua eao. Neu cd the giii quyet van de nay, thi tro vd trau se trd thanh 
nguyen lieu tdt cua be tdng, td do cd the giam bdt di lupng Carbon thi i ra 
td nganh be tdng." 

Ket qui nghien cdu cho thay, trong be tdng neu them tro vd tr iu se 
cdng chac hon va cd khi nang chdng xim thpe cao hon. Nhdm nghien cdu 
dudoin, viec sda chda cae ngdi nha cao tang, tru cau hay bi t ky cdng trinh 
nao gan bien hay tren nUdc, neu nhu sd dung tro vd trau thay the 20% xi 
mang, thi se mang lai hieu qua rat cao cho be tdng. 

Nhdm nghien cdu cua Vempati hien dang tien hanh mdt thi nghiem, 
neu nhu cd the chdng minh phuong phip dot vd trau d nhiet do cao cd hieu 
qui, hp se huy ddng ngudn vdn bat dau xiy dpng Id cd Idn, va dp kien se 
san xuat tro vd trau vdi sin lUpng 15.000 tan/nim. 

Nhdm nghien cdu cdn cho bie't them, neu viec sin xuat tro vd trau di vao 
dn djnh, tan dpng t i t ca ngudn vd trau d My thi cd the thu dupc lUpng tro 
vd trau la 2.1 trieu tan/nam.Tren thpe te, ddi vdi nhdng qudc gia dang phit 
trien tieu thu Ida gao va be tdng rat Idn nhuTrung Qudc, An Op... tiem nang 
phit trien cua tro vd trau la rat Idn. ^ 
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