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Chuong 1: GIOI THIEU CHUNG VA CAC PHUONG PHAP THIET KE

1.1 NQI DUNG MON HQC
1.1.1 Muc tiéu

Muc dich ciia mon hoc nay 1a phat trién mot kién thic chuyén sdu vé cong trinh BTCT
chu yéu dua trén cac phuong phap phat trién méi va p dung gan ddy & cac nudc tién tién
Au My (tiéu chuidn My ACI 318, tiéu chuan chdu Au Eurocode 8). Muyc tiéu chinh s& 14
cac hiéu biét vé ché d6 1am viéc, phan tich va thiét ké cac thanh phan, két cau, va hé
thong thudng ding trong cong trinh xay dung. 4 goai ra, phan tich dong dat va phuong
phap thiét ké chéng dong dat ciing dugc gi6i thiéu & muirc d6 khai quat trong mon hoc nay.

1.1.2  Cac chii dé thuyét trinh

Co s6 gido trinh nay 1a cac bai giang cho hoc vién cao hoc - CIE 525 Reinforced Concrete
Structures - cia Prof. Andrew Whittaker (Buffalo University, 4 Y, USA, 2001). 4 i dung
chuong 12 gi6i thiéu chuong trinh CAST tinh gian ao - Computer Aided Strut and Tie -
ctua Prof. Daniel A. Kuchma (University of Illinois at Urbana Champaign, IL, USA). a 61
dung chuong 13-15 tham khéo bai giang - CE 2434 Behavior and Design of RC Elements-
cua Prof. John Wallace (California University, CA, USA).

Céc chii dé trinh bay bao gom:

Céc phuong phap thiét ké

Vit lidu bé tong cbt thép

Phan tich momen-dd cong

Phén tich duong chay déo (vieldline analysis) ctia tAm san

Phuong phap dai (strip-method) trong phan tich tim san

Mo hinh “gian 40” (strut and tie) trong thiét ké BTCT

Ché d6 1am viéc caa BTCT chiu tai gay udn, tai doc truc, va tai gay cat

YV VV VYV V V V V

Phan tich va thiét ké cong trinh chéng dong dat

1.1.3 Tai liéu tham khao
Hoc vién cao hoc can tim tiéu chuan My ACI 318 Building Code, 2005 hay 2008
Mot s6 tai liéu tham khao hitu ich khac bao gom:
[1] MacGregor, J. G., 1997, Reinforced Concrete Mechanics and Design, 3rd Ed.,
Prentice Hall.

[2] Schaeffer, T. C., 1999, Design of Two-Way Slabs, SP 183, American Concrete
Institute, Michigan.

[3] Tjhin, T. 4 . and Kuchma, D. A., 2004, Computer Aided Strut-and-Tie, version 0.9.11,
University of Illinois at Urbana Champaign, Illinois.

[4] Priestley, M. J. 4 . and Paulay, T., 1992, Seismic Design of Reinforced Concrete and
Masonry Buildings, John Wiley.
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[5] Booth, E. and Key, D., 2006, Earthquake Design Practice for Buildings, 2™ Ed.,
Thomas Telford Ltd.

[6] ICBO, 2000, International Building Code, International Conference of Building
Officials, Whittier, CA.

[7] FEMA, 2000, Prestandard and Commentary for the Seismic Rehabilitation of
Buildings, FEMA 356, Washington, DC.

[8] BO Xay Dung, 2006, Thiét Ké Cong Trinh Chiu Péng Pat, TCXDVa 375-2006,
a XB Xay Dyng, Ha a 6.

1.1.4 Thoi gian giang day (45 tiét)

Bai giang (56 riét) | Tiéu dé

Chuong 1 Gidi thiéu chung va cac phuong phap thiét ké

(3 tiet - tuan 1)

Chuong 2. Vat ligu bé tong cot thép

(I tiét - tuan 2)

Chuong 3 Bé tong cot thép bi ép ngang (confined)

(2 tiét - tuan 2)

Chuong 4. Phan tich mémen-do cong

(3 tiet - tuan 3)

Chuong 5 Phan tich va thiét ké hé thong tAm san

(3 tiet - tuan 4)

Chuong 6 Phén tich duong chay déo cua tdm san

(3 tiét - tuan 5)

Chuong 7 Phuong phap dai trong phan tich tim san

(4 tiet- tuan 6-7)

Chuong 8 MO hinh “gian 40”: khai niém va mo hinh

(4 tiét- tuan 7-8)

Chuong 9. Mo hinh “gian 40”: nut - thanh chéng - thanh giang

(4 tiet - tuan 8-9)

Chuqng 19 Ché do lam viéc cua két cAu BTCT chiu luc udn va luc doc truc
(3 tiet - tuan 10)

Chuong 11 Ché d 1am vige cua két cau BTCT chiu lyc gy cat

(I tiet - tuan 11)

Chuong 12 Tinh to4n gian 4o bang chwong trinh CAST (Computer Aided
(3 tiét - tuan 12) Strut-and-Tie)

Chuong 13 Khai quat vé phan tich va thiét ké cong trinh chdng dong dat
(4 tiet - tuan 13)

Chuong 14 Phan tich va thiét ké khung BTCT chéng dong dat

(4 tiet - tuan 14)

Chuong 15 Phén tich va thiét ké vach cing BTCT chéng dong dat
(4 tiét - tuan 15)
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1.2 THIET KE CAC HE THONG KHUNG KET CAU CHIU LUC

1.2.1 Cac van deé can nghién ctru va han che trong thiet ke
Qua trinh thiét ke két cau bao gdm cac van dé can nghién ctru sau:

1) Cong nang va hinh ddng cong trinh

> Truy tim thong qua cac phuong an thiét ké kién tric va thiét ké két cau
o nhu cau bao ham ca khong gian tong thé va ndi dung bén trong
o cung cip do an toan cao cho ngudi thy hudng
o Su lam vi¢c thudn tién trong khong gian kém theo ctia phuong an

> Su mong mudn cua chi dau tu
o cong trinh c6 thé phat trién mo rong hon nira, ...

> 4 hu cau uyén chuyén trong thiét ké qui hoach va dé sira sang cai tao khi cho thué muén
o ¢othé gay ap luc trong viéc lya chon phuong an hé k‘é't cau chiju luc: khung chiu

md men (moment frame), véach cung, hay khung hé giang (braced frame)
2) Hiéu qua kinh té, va gia thanh xdy dung

» Céac ky vong cua chu dau tu: vi du don gia suat dau tu so vdi cac dy an khac, kha nang
hoan von...

> Dung bé tong nhe nham lam giam t6i da tai trong 1én mong trong cong trinh nha cao tang
3) Do bén viing
» Su lam viéc dai han, bado quan cong trinh...
o Dung bé tong ndng cho cong trinh bao vé
o Dung bé tong thudng (khong ding bé tong nhe) cho cac két cau chiu luc bén ngoai

> Ap dung cac 16p phu c6 kha nang thich nghi voi vét nit do bé tong bi co ngét hay ding
cac 16p phu thém dé tang thém do bén viing cua cong trinh

» Lam viéc trong moi trudng dn mon
o Son phu epoxy 1én céac thanh thép
o Dung cic hé thong chéng dn mon kiéu ca tdt (cathodic protection systems)

4) Tong thé két cau

» Bdao dam dd an toan cong cong

> Thoa man cac qui pham. tiéu chuan xdy dung qudc gia tdi thiéu, gdom ASCE-7, ACI 318,
International Building Code

> Thiét ké bao dam chiju tai binh thudng (expected loads) va ung xu deo (ductile response)
trong céc truong hop vuot tai (do tai trong luc, dong dat, no, ...)

> Thiét ké chiu moi (fatigue) trong mot sb truong hop (nhu trong thiét ké cau)

> DO cing tong thé di 16n dé kiém soat do vong ngin han va dai han trong gidi han cho
phép va dé cuc tiéu dao dong cong trinh
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a hitng gi6i han dién hinh gi gay ap luc 1én ky su thiét ké két cau ?

1) 4 gan quy xdy dung han ché tir chi dau tu

> Chi phi xay dung hé khung két cau thudng thip hon 25 % tong chi phi cta du an

2) Phi dich vu k¥ thuat két cau
> C6 thé thap bang 1 % tong chi phi ciia du an

> [t duge khuyén khich dé cach tan néu lgi nhuén cua nguoi thiét ké bi map mo

3) Chu dau tu vi/hoic kién tric su thiéu kién thirc

» s€ gay tro ngai trong cdc thao luén vé cac van dé ma qui pham da qui dinh vé tng XU clia

két cau va phuong phap thiét ké dé cai thién ché do 1am viéc cua két cau

4) Ky su thiét ké két ciu thiéu kién thirc

> 4 hiéu k¥ su thuc hanh dugc dao tao trude khi ra doi cac phuong phap thiét ké dua trén

1.2.2

chuyén vi (displacement-based design) va thiét ké dua trén hiéu suat (performance-based
design) va phan l6n tin cdy vao cac phuong phéap tuyén tinh cua phan tich két cau dugc
trinh bay trong céac ti€u chuan thuc hanh (vi du, 2000 IBC va UBC)

I't’ k¥ sur két cau 1 chuyén gia ding cac phuong phap mdi dé phan tich va danh gia két
cau, vi du trinh bay trong FEMA 273 (Huong dan-Guidelines) va FEMA 274 (Binh luan-
Commentary) va FEMA 356 (Tiéu chuan so bg-Pre-Standard)

Qui trinh thiét ké (5 buéc)

Thiét ké két cdu (bao gdm phan tich, thiét ké, thiét ké chi tiét, va danh gia két céu) 1a mot
qua trinh nhleu budc tuong tac 1an nhau, ma thiét ké phai tuan theo tat ca cac qui tac bat
budc (bao gdbm tu van veé kién trac, tu van vé quan ly xay dyng, tu van vé co-dién-nudc

M/E/P). Cac budc chit yéu cta qui trinh thiét ké thong thuong cho cong trinh nha nhu sau:

1) Xac dinh céac giéi han cta dy 4n, bao gom von, hinh dang nha va kiéu kién triic, cac
giéi han chic ning (gém budc cot, vat liéu xay dung, gioi han vé dich vu [do vong],
giéi han dao dong, do an toan, nhu cau van chuyen dung, cac nhu cau M/E/P)

2) Xac dinh cac muc tiéu vé su 1am viéc cua két cAu, ma quan trong nhat thuong 1a thoa
cac yéu cau qui dinh trong cac qui pham xay dung twong tng. Cac muc tiéu lam viéc
phtc tap co thé duoc dinh 13 trude.

3) Tinh toan tai trong dimg va ngang so bd. D& xuét cac kich thudc va cbt thép tinh thir
(trial sizes) cho cac thanh phan két cdu chiu tai trong ding va ngang so bo. Lap thiét
ké so bo (Schematic Design) va khai toan cong trinh (cost estimate).

4) Phan tich, danh gia, va thiét ké lai mot cach chi tiét hon cac kich thudc va cbt thép da
ding thir trude trong Bude 3. Chinh x4c hoa cac tai trong dung va ngang. Tiép tuc
phan tich két cau chiu tai trong dimg va ngang, danh gia kha ning chiu luc cac thanh
phan két cdu va tinh toan lai tiét dién BTCT (re-proportioning). Lap thiét ké khai trién
(Design-Development, DD) va lap lai du toan cong trinh.

5) Thiét ké cudi cing bao gom phan tich két cau chi tiét (theo kiéu k¥ ludng hon giai
doan DD), tinh toan tiét dién BTCT lan cudi va thiét ké chi tiét cac thanh phan két
cau. Lap tai liéu thi cong (Construction Documents, CD).
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Qui trinh thiét ké 5-budc ciia Construction Administration (CA, USA) bao dam rang nha
thau tuan theo cac ban vé két cau va cung cap mot chung cur kiém soat chat lugng cong

trinh ctia nha thau xay dung.

Ba giai doan trong thiét ké két cu cong trinh nha duoc goi tén la:

> Thiét Ké So Bo (SD): gom budc 1 dén bude 3 ; chiém 15% ndi dung thiét ké tong

> Thiét K& Khai Trién (DD): gdm budc 4 ; chiém 25 - 35% ndi dung thiét ké tong

> Tai Liéu Thi Cong (CD): gdm budc 5; chiém phan con lai ndi dung thiét ké tong

Trong mdt thiét ké thong thudng, phan tich két cau 1a mot M6 Hinh Pan Hoi Tuyén Tinh
(Linearly Elastic Model) cua khung nha. Viéc kiém tra thanh phan két cdu 14 theo Phuong
Phép Ung Suat Cho Phép (Allowable Stress Method), va Phuong Phap Do Bén (Strength
Method) ma ciing dugc biét véi tén goi khac 1a Phuong Phap LRED (Load and Resistance
Factor Design). Hai phuong phap nay va cac phuong phap khac dugc mo ta duoi day.

1.2.3 Cac thii tuc danh gia thanh phan két ciu
1.2.3.1 Gidi thiéu

Duéi day 1a mot gidi thidu khai quat vé cac tha tuc (procedure) duoc ding dé tinh toan
cac tiét dién BTCT cho tai trong dimg va ngang. Can céc thong tin thém, tham khao

Chuong 2 cua MacGregor [1].
1.2.3.2 Thiét Ké Ung Sudt Cho Phép (Allowable Stress Design - ASD)
Thiét K&é ASD, ma cling dugc biét 1a

Working Stress Design, da dugc dung

trong phan tich k§ thuat két ciu cach Allowable Stress Design

déy hon 1‘50 nam. Cac pht‘rong phé.p W no load factors

tinh toan vé tai trong max déu ap dung QJJ-LUJJJ-UJ-]F-LUJME :
1 I! 1

7]

LTDHTT (linearly elastic model) hay
SBVL dé tinh tng suat cta cac két

-

-

céu thép hay Ung suat trong bé tong

va cot thép cla két cau BTCT. Ung

Linear Analvsis of Cross

Section

suét trong ciu kién yéu cau phai nho

hon tng suit cho phép: f <f, ma P b s fan- US cho phép
duoc thiét 1ap san cho tung loai vat o e
liéu tuy thudc vao ki€u tac dung luc Verificaton: | /' =—= f,

khac nhau (doc truc, udn, cit, xoén).
Vi du, fu; = 0.6f, cho céc két cau thép.

Xem hinh v& so hoa phuong phéap Thiét K&é ASD & bén phai (cung cép boi J. P. Moehle)

Phuong phap ASD c6 mét s6 khiém khuyét dang ké. Trude hét, do tin cdy cua thiét ké
(hay hé s6 an toan) la khong biét. Thir hai, khong xét dén su hay thay d6i, khong cb dinh
clia tai trong, ma cu thé 1a, lam thé nao tinh chinh x4c tinh tai va hoat tai. Thir ba, img sut
trong cac thanh phan két cau cung cap thong tin rét it vé kha nang chiu tai cia cu kién

hay toan b két cdu. Trong thiét ké BTCT hién nay, U'S cho phép hiém khi dugc

dung:

ngoai trir tinh d9 vong dudi tac dung ciia tai tiéu chuan (service loads). Chung ta s& khong

dung phuong phap ASD dé tinh toan tiét dién BTCT trong gido trinh nay (CIE 525).
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1.2.3.3 Thiét Ké Sirc Bén (Strength Design - SD hay Load and Resistance Factor Design - LRFD)
Phuong phap Thiét Ké Suc Bén

(SD hay LRFD) thuong dung trong
thiét ké két cdu BTCT va ciing
duoc ding trong thiét ké két cau
thép (mic dau ASD ton tai trong
nhiéu phan thiét ké thép 6 My). O
Vi, tuong duong voi tinh tdan
BTCT theo TTGH 1. Tai tiéu
chuan dugc nhan véi hé so tai
trong dé chuyén thanh tai tinh toan
(ultimate load), & day cac hé sé tai
trong xac dinh dya trén phuong
phap thong ké ciia cac diéu kién do
luong va nhu vay phan anh céac
thay doi tang/giam hop 1y cia tai
trong tac dung (vi du, céc gia tri max) tur gia tri tai trong trung binh tinh toan. Sau do, ap
dung LTPHTT cho tai tinh toan dé tinh ndi luc cac thanh phan két ciu, vi du tinh V,,, M, .
Stre chiu tai cua cac thanh phﬁn (vi du, chiu nén, udn, cit), vi du V,, M, , dugc tinh toan
v6i gia thuyét rang tiét dién két ciu
lam viéc khong dan hdi (inelastic
behavior).

Strength Design

factored loads

W
lIJJHIJ'JHlelHE : » 3\)

£

L

Wonlmear Analvais of Cross Section

M, - momen tinh toan
M,, - momen danh nghia
¢ - HS giam siic bén

Linsar Stuctural Analvsis

v, <,
M, <M,

Venfication:

9.2 — Required strength

9.2.1 — Required strength U shall be at least equal to

Xem hinh v€ so hoa phuong phap SD
& bén trén (cung cap boi J.P. Mochle).
Chu ¥ viéc st dung khdi ung suat
khong dan hoéi, (non-linear stress
block), trong hinh v€ mac dau hinh
dang khéi U'S s& dugc don gian hoa dé
thuan tién tinh strc chiu tai cua tiét

the effects of factored loads in Eq. (9-1) through (9-7).
The effect of one or more loads not acting simulta-
neously shall be investigated.

U D +F) (9-1)

U:@D+F+T)L+H) (9-2)
L,orSorR}

dién BTCT. U=1.2D+1.6(L,or Sor A) + (1.0L or 0.8W) (9-3)

Phuong phap SD la hop 1y hon phuong

A e o U=12D+1.6W+1.0L +0.5(L,or SorR) (94
phap ASD. D¢ tin cay cua tai trong + +1.0L+0.5(L,orSorR)  (9-4)

dugc xét dén trong phuwong phap SD U=1.2D +1.0E + 1.0L + 0.25 (9-5)
be‘lng vige su d}_l‘ng cac }}6 so:tal ‘tr(,)‘r}g U=0.9D+16W+1.6H (9-6)
va cac to hop tai, xem trich dan tur tiéu

chuan ACI 318-02 ¢ hinh bén phai. U=09D + 1.0E + 1.6H (9-7)

Céc hé qua pha hoai ciing dugc xét dén

tryc tiép hon thong qua sir dung céc hé

sO giam strc bén (capacity reduction factor, ¢ < 1), qui cho cac kiéu pha hoai khong mong
mudn (vi du, ¢ =0,9 cho udn, ¢ = 0,75 cho cit). Tuy nhién chil y rang khi phan tich hé
két cu gia thiét ung xur dan hoi tuyén tinh nhung kha nang chiu luc cAu kién lai tinh theo
cuong do (cross section analysis), ma ham ¥ mot lugng mg xir khong dan hoi trong tiét
dién cau kién. <Sy phan phdi lai momen trong dam 13 mét vi du.>
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1.2.3.4 Thiét Ké Kha Nang (Capacity Design)

1)
2)

3)

4)

Thiét Ké Kha 4 ang dugc dung dé ngan can cac co ciu pha huy khong mong mudn, vi du
dam bi pha hay do cat (kiéu pha huy don) xdy ra trude khi pha huy do u6n (kiéu pha huy
deo), hay cot khung bi pha huy do udn xay ra trudc khi dam khung pha huy do u6n. Thiét
Ké Kha 4 ang duoc phat trién boi nhidu chuyén gia ky thuat & ew Zealand tur thap nién
1970 nhung phuong phap nay dugc dé xuat dau tién boi Blume, 4 ewmark, Corning, va
Sozen vao cudi thap nién 1950 (tham khao Design of Multistory Reinforced Concrete
Buildings for Earthquake Motions, xuat ban nam 1961).

Capacity Design
1. Flexural vield mode 5. Determine resulting forces
Design for flexurey 1
u

/

H - &H- {'II 'Hx

t

C AR

6. Design to avoid failures other
than selected mechanism

3. Detail for ductile response —,

e

A & eee 34 < Stic bén max
0 11— 3y < St max

L

CHFVAILFG

4. Estimate overstrength. —

Hinh v& so hoa ¢ bén trén (cung cap boi J.P. Moehle) mé ta thong tin tom lugc vé phuong
phap nay. Vi du la thiét ké cong xon BTCT khong bi pha huy do cat. Cac bude thiét ké
theo phuong phap CD nhu sau:

Chon co cu pha hity mong mu6n, ma thuong 1a pha hiy do udn trong cong trinh BTCT.
<Tai sao?>

Can d6i kich thuéc dam theo co ciu pha huy d& nghi theo phuwong phép SD hay LRFD va
bo tri thép dam cho ung xu déo.

Xéc dinh strc bén max cua tiét dién dam boi phan tich xét dén kich thudc thuc va chi tiét
cot thép da chon, ma c6 thé 16n hon do bén can thiét dé chiu dugc tai trong tinh todn-
factored loads. (Piéu nay sé dwoc cu thé hod ¢ Chuong 3). O hinh trén, sitc bén max la
M,, can ban 16n hon surc bén thiét ké theo phuwong phap SD 1a M, = ¢M,,

Xac dinh tai trong ap dung V), - applied load gay ra suc bén max M, va thiét ké cac phan

con lai cua két cau (i.e., thlet ké chdng cat cong x6n BTCT) dé stic bén chdng cat danh
nghia V,, vugt qua cac ndi luc twong thich véi tai trong ap dung tinh lai nay.
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1.2.3.5 Thiét ké déo (Plastic Design)

Thiét K& Déo don thuan 13 Thiét Ké Stc Bén str dung phan tich chay déo chir khong dung
phan tich BPHTT.

Trong Chuong 6 cua gido trinh
ndy, Thiét K& Déo s& dugc xem xét Blaetich DT
chi tiét vo1 phuong phdp duong -
chay déo (yield-line analysis) cua

factored loads
hé san BTCT. 4 guyén tic cua phan QJ-UJJ-U-UJ-LDJ-U—LLE . 16_\r)

tich chay déo 1a mot co cdu pha

huy s€ dugc dé xuat va cac khop

déo duoc thibt ké chi tiét cho dép $
Lag =l o

Lmear Shuctral Analysis

tng khong dan hoi. Xem hinh v&  |M
so hoa bén phai (cung cap boi J.P.

Moehle), suc bén két ciu oM,

dugc tinh bang phuwong phap SD, Veification | To S9Va M, :Wu12/8
sau d6 dung phuong phip CD dé T | M, =2eM,

ngin ngira cac kiéu pha hoai khong

mong mudn.

1.2.3.6 Cdc phat grién gan day trong kiém
dinh ket cau xdy dung

Thap nién 1990 xuét hién sy doi
moi dang ké trong ky thuat thuc
hanh chong dong dat. Cac phuong Forcea
phap thiét ké luc -Force based
procedure- ma hau nhu chiém vi
tri doc t6n gan 70 nam nay bat dau
nhudng chd cho cac phuong phap
thiét ké chuyén vi -Displacement
based procedure- cuia cong trinh
dén khi chay déo xup db
(collapseyielding) dugc phat trién
duya trén nguyén ly dé& xuit boi
Sozen, Moehle, va cac tac gia khac
trong hai thap nién 1970-1980. Cac ti€u chuén thiét ké chéng dong dat da thira nhan tr lau
rang cong trinh nha va cau sé& trai qua bién dang khong dan hoi dang ké. a ho kién thic
hiéu biét nay rang sy hu hong cong trinh lién quan tryc tiép dén bién dang chir khong phai
luc (xem hinh vé& so hoa bén trén ctia J. P. Moehle), cac k¥ su chuyén nganh két ciu ngay
nay c6 khuynh huéng phan tich, thiét ké, va danh gia sy lam viéc ciia BTCT duya trén cac
tinh toan chuyén vi. Thuc ra thiét ké dya trén chuyén vi (Displacement-based design -
DBD) khong thé sir dung nhu 1a mot cong cu thiét ké doc lap. Ding hon 1a phai cung cap
trudc mot do bén toi thiéu Gmg véi cac diéu kién tai trong binh thudng (service load). Tuy
nhién, DBD d4 dugc chép nhan rong réi tir 5 ndm trudc day va phuong phap nay bay gio
1a co s cua cac tai liéu hudng dan k¥ thuat FEMA 273 va 274 nham cai tao cac két ciu
cong trinh chng dong dét - seismic rehabilitation.
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