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NGHIEN CUU, cHE’ TAO VA MO PHONG MAY TAO SONG
HAI CHIEU TRONG PHONG THI NGHIEM

Nguyén Céng Thanh'*, Ha Binh Phwong’, Tran Céng Triéu®

Tém tat: May tao séng hai chiéu trong phong thi nghiém thuéng str dung kiéu ban 1é hodc kiéu piston. Véi cac
may tao séng hién dai, co thé st dung céc céng cu diéu khién tu déng dé tinh toan, tao ra cac con séng can thiét
phuc vu cac muc dich khéc nhau. Bai bao nay trinh bay nguyén ly van hanh, thiét ké, ché tao va lap dat may tao
s6ng kiéu Piston trong phéng thi nghiém. Bén canh do, mé phéng sé sé duoc ap dung dé mé phéng chuyén déng
déng clia mat nwée khi van hanh may tao song hai chiéu kiéu piston. Két qua thi nghiém mé hinh, mé phéng s va
cong thire ly thuyét sé duoc str dung dé kiém dinh két qua tao séng ctia may tao séng giira cac phuong phép ké
trén. Két qua da chi ra rdng sai sé giira céc phuong phap trén ndm trong pham vi 7%. Trén cé sé so sénh nay, c6
thé thay rang viéc két hop phuong phap moé phdng sé va thi nghiém moé hinh trong viéc nghién ciru tac dong cia
séng t6i céng trinh trong phong thi nghiém ciing nhur trong thiét ké, xay dung cong trinh Ia pht hop va cd thé ap
dung trong cac giai doan tinh toan khac nhau.

Tirkhoa: May tao séng; mang séng; mé phéng s6; mé hinh Vof; phuong trinh Reynolds; mé hinh luéi déng.
Summary: 2-D wave makers often use piston and flap types in laboratories. With regard to modern makers, an
automatic control system could calculate and create a necessary wave that can be applied for multi purpose such
as river, harbor or ocean engineering. This paper presents the principle operation, design, fabrication of 2-D
wave maker with Piston type. The experimental data, numerical modelling and theretical fomular would be used
to assess the wave parameters that obtain the 2-D wave maker operation. The result shows that the differences
between each method are in 7%. Based on these comparisons, the numerical method and experimental study
could be combined to estimate the wave impact on hydraulic structure in laboratory or design process.

Keywords: Wave maker; wave flume; numerical modelling; Vof model;, Reynolds average equations; dynamic
mesh modelling.
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(® 1.patvanad

Trong thuc t&, d& nghién ctru anh hudng clia sdng (co thé do gio, do bdo hodc do sty chuyén déng clia véat
thé tao ra) déi v&ri cong trinh ven bé hay ngoai khoi 1a khéng hé dé& dang do déc diém tw nhién cling nhw diéu kién
hinh thanh séng. Do vay, viéc tao song bédng may tao séng trong phong thi nghiém cé y nghta quan trong trong
ITnh vire k§ thuat b bién va dai dwong. Ngay nay, hau hét nhirng thir nghiém trong phong thi nghiém lién quan
dén cac cong trinh ven bey, ngoai khoi hay nghién ctru dang bé bién cling nhw cac hién twong lién quan déu ding
dén bé song. Dwéi tac dung clia may tao song, cac con song sé hinh thanh trong bé séng va tac dong lén dbi
twong dwoc nghién clru nhw dé, ké bién, cang bién, gian khoan, tau thuyén... Dé tao séng trong bé séng hay
mang séng, co nhiéu phwong phap dé thwe hién. Nguyén ly chung déu dwa vao sw chuyén dong tuan hoan hoac
khéng tuan hoan (cé chu ky hodc khéng c6 chu ky) clia mét vat thé nhw tAm chén tac dung vao nwéc tinh chiva
trong bé. Dwai si chuyén dong nay, cac phan tlr nwéc trong bé sé dao ddng va hinh thanh nén cac con séng.

Trong thuc t&, mot sé phwong phap thudng dugc dung dé tao séng trong cac mang song hay bé song
gdm nhirng kiéu chinh sau: May tao séng kiéu Piston (Hinh 1.a); M4y tao séng kiéu Ban |1& (Hinh 1.b); May tao
song kiéu str dung ap suat khong khi (Hinh 1.c); May tao séng kiéu ném treot (Hinh 1.d).

'TS, Khoa X4y dung Céng trinh thuy, Trirding Pai hoc Xay dung.
*ThS, Khoa Xéy dung Céng trinh thuy, Triong Pai hoc Xay dung.
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(a) May tao séng kiéu Piston (b) May tao séng kiéu ban 1é
May quat gio Hwéng chuyén déng
cta ném trwot
N . N
——  —m——
(c) May tao séng str dung 4p suét khéng khi (d) Méy tao séng kiéu ném truot

Hinh 1. Mot s6 phuong phép tao séng trong phong thi nghiém

Céc théng sb clia song nhw chidu cao séng, chu ky séng... s& dwoc suy ra tir cac ly thuyét séng voi
nhirng gia thiét khac nhau (ng v&i cac so dd may tao séng khac nhau. Viéc nghién ctru vé co sé ly thuyét va ché
tao may tao séng da dwgc nghién ctru tr [au va da c6 nhirng thanh twu to Ién nhw & Ha Lan, My, Anh, Phap [1-3].
Nhin chung, viéc dau tw nhirng trang thiét bj trén nhdm muc dich nghién ctru khoa hoc va dao tao phai cé kinh phi
I&¥n va khdng phi hop véi diéu kién thue t& clia nhivng treéng dai hoc tai Viet Nam. O Viét Nam ciing da co mot sb
don vi dwgc nha nudc dau tu trang bi nhivng hé théng mang, bé va thiét bj tao song dé nghién ctru cac van dé lién
quan dén ky thuatbé bién, cong trinh ven beor... nhw Vién Khoa hoc thiy lgi Viét Nam, Trwérng Pai hoc Thay lgi. ..

Bai bao nay sé trinh bay co' s& ly thuyét, nguyén ly ché tao va thiét ké thi cong may tao séng hai chiéu kiéu
piston trong phong thi nghiém tai Viét Nam (cu thé 1a Phong thi nghiém Céng trinh thiy, Trwéng Dai hoc Xay
Dung) phuc vu trong cong tac dao tao va nghién ctru khoa hoc nhdm giam thiéu chi phi mua sdm trang thiét bj,
tan dung dugc ngudn luc sén co. D& dam bao do tin cay clia may tao séng, phan mém Ansys/Fluent dwoc st
dung dé& mé phdng chuyén dong ctia mat nwée khi van hanh may tao séng trong mang song. Két qua thi nghiém,
cu thé la chiéu cao séng va bwdc séng, dwoc so sanh véi cac két quéa tinh toan Iy thuyét cling nhw két qué mo
phdéng s nham danh gia mirc d6 chinh xac ciing nhw d6 tin cay cda thiét bi dwoc ché tao.

@ 2.Nguyén ly van hanh may tao séng

V& nguyén ly, dé tao séng c6 bién dd nhé trong phong thi nghiém, may tao song thwong hoat dong dudi
dang dang ban & hoac piston (Hinh 2). Sy dich chuyén ctia tAm chén c6 dang (x) = Asin (ot + 0) trong d6 A= S/2 &
bién dd, o la thn sé va 0 la d6 léch pha; dong lwgng clia tAm chén sé dwoc truyén cho nwéc & trong mang song,
tao nén sy dich chuyén va dao déng clia chéat 16ng va hinh thanh nén cac con séng véi cac théng sb dac trung
nhw chiéu cao séng, bwdcsong...

Dé thiétlap dwoc phwong trinh lién quan gitra S(x) va chiéu cao séng, mét sb gia thiét dwoc st dung nhuw
sau: Dong chétldng khong nén duoc va khdng xody. Phan nuéc bi dich chuyén béi may tao séng thi bang véi thé
tich phan dinh séng; TAm chan chuyén déng véi bién do nhé va soéng c6 dé cao nhd; Séng lan truyén theo hudng
x+ravé cwc. Ta ¢ thé dat dwgc sw twong dwong bang cach dung vat hdp thu séng & dAu kia ctia bé.
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(a) Nguyén ly van hanh may tao séng kiéu Piston (b) Nguyén Iy van hanh méy tao séng kiéu Piston
Hinh 2. So d6 nguyén ly van hanh may tao séng

Phwong trinh Laplace thwéng dwoc (ing dung dé mo ta sw chuyén dong cla chat [dng khéng xoay va
khéng nén dwoc voi thé van tée ¢ théa man diéu kién
2 2
trong do @:u '%:u :
x? aZ z?
Phwong trinh (1) dwgce giai bang phwong phap tach bién cling véi mét sé diéu kién bién nhw bién déng
hoc, déng lwc hoc v& mat thoang, bién thanh ran. .. [1], quan hé gitra d6 dich chuyén S(x) va chiéu cao séng nhan

dwoc cho haitrwdng hop sau:
V&i tredng hop may tao song kiéu piston
H _ 2lcosh(2k,h)-1)
'S sinh(2k k) + 2k
Véitrwdng hop may tao séng kidu ban 1&
H_, sinh(kph)_ (k h)sinh(k ) - coshlk, k)+1
S k,h sinh(2k 7 )+ 2k b
trong do H la chiéu cao song; k. la sb song (k,=2mn/L);hla chiéu sau mwe nwée trong mang song; L 1a budc song;
g la giatoctrong trwéng; k, dwgc xac dinh theo cong thire:
6’ =gk, tanhk h (4)

3)

k., dugc xac dinh bang phwong phap thir dan khi biét o; véi o 1a tan s6 song, tring véi tan sb chuyén dong
ctia tdm chén.

Nhu vay, can ctr do dich chuyén cia tAm chéan S(x) ctia may tao song, cac théng sé clia con séng can thi
nghiém sé duwoc suy ra; hodc nguoc lai khi biét dwoc théng sé séng can tao, sé biét dwoc dd dich chuyén clia tAm
chan S(x) theo cac phuwong trinh (2)+(4).

@  3.Thiétké ché tao mang va may tao séng hai chiéu kiéu Piston

3.1 Mang tao séng hai chiéu

Mang tao song dwec xay dwng tai Phong thi nghiém Coéng trinh thiy, Trid'ng Bai hoc Xay dwng va duoc
thé hién trong Hinh 3. Mang séng dwoc thiét ké co chiéu dai 30m, sau 1,2m varong 1,4m. Day mang dwoc do bé
tong, xung quanh xay twéng day 25cm. Doc theo tweng bé tri 2 6 kich thwae 2,5 x 2,5m bang tAm mica day 7mm,
trén tAm mica c6 thuéc chia cm dé quan sat budc séng va chidu cao séng. Thiét ké clia mang séng dwoc phac
thao nhw Hinh 3. Mét may bom nwéc duwoc bb tri & d&u mang dé cung cap nwéec cho mang, cudi mang bé tri 6ng
thao can co dwdng kinh D=60mm.

3.2 Thiét ké bé phéan hap thu séng

Trong mot mang séng, bd phan hap thu séng cé vai trd quan trong trong viéc loai bd sw nhiéu xa clia séng
phan xa (séng hdi), han ché tdi da &nh hwéng téi séng tién, gay nhiéu loan téi sw hinh thanh cia con séng mong
mubn. Nguyén ly ché tao bé phan hap thu séng |a s dung céc loai vat liéu cé dd réng |én nhuw cat, sdi, da... tao
thanh mai déc co hé sé mai déc trong khoang 1:3 dén 1:5 [4] sé tdng hiéu qua trong viéc hap thu song toi. Trén co
s& nay, bd phan hap thu séng cla mang song dwoc thiét ké vei hé sé mai doc 1:4 va bang hdn hop vat liéu da 4x6
va 10x15 cm. Qua qua trinh thi nghiém chay thir cho thay bd phan hap thu séng nhuw thiét ké lam viéc hiéu qua.
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3.3 Thiét ké may tao séng kiéu piston

MGt may tao song dat & dau mang co thé tao séng déu hoac song khong déu. TAm chan bang kim loai co
kich thuac 1,35x1,0m dwoc dan dong bang hé thdng xy lanh thay e véi ddng co dién co cong suat 7,5 kW. Hanh
trinh (S(x)) di-vé ctia xy lanh s& lam tAm kim loai dich chuy&n mét hanh trinh twong ¢ng. TAm kim loai dich chuyén
sé& day khéi nwére di va tao ra séng. Hanh trinh clia xy lanh dwoc thay déi tiy thudc vao thong sb co ban clia con
song can thi nghiém. Png véi mdi hanh trinh sé xac dinh bién dd, tan s6 chuyén dong cla xy lanh. Theo thiét ké
hién nay, hanhtrinh Ion nhatctia xy lanh S, = 30 (cm).

Vi tri bd phan
hép thu séng

Hinh 3. Xay dung va ché tao Méang séng va may tao séng

( @ 4.Kiémchirng théng sé song dwerc tao béi may tao séng

4.1 M6 hinh thi nghiém

Thi nghiém dwoc tién hanh va&i hai tréng hop véi hanh trinh cia tAm chan lan lwot 1a 30cm va 15cm voi
phwong trinh chuyén déng va chiéu sau mwe nwéc trong mang cu thé nhu sau:

Truwdnghop 1:S1=15sin(2.618-1/2) (cm), h=65 (cm);

Truwdng hop 2:S2=5.5sin(4.5--1/2) (cm), h = 58 (cm);

Sau khi chuyén déng clia mét nwdc trong mang dat trang thai &n dinh, tién hanh do chiéu cao song va
bwée séng bang phwong phap chup dnh va do dac dwa trén hinh anh thu duoc véi sw tro gitip cia phan mém dd
hoa Photoshop [9]. K&t qua do dac chiéu cao song va bwdc song thé hién trong Bang 1.

4.2 Tinh toan Iy thuyét

Can ctrvao phwong trinh (2)+(4) cling véi s tro gidp ctia phan mém Matlab, cac théng s song nhuw chiéu
cao song, bwdc song dwoc xac dinh theo 2 trieéng hop thi nghiém S1 va S2. Két qua tinh toan dwoc thé hién
trongBang 1.

Bang 1. So sénh chiéu cao séng (H) va budc séng (L) gitra ly thuyét va thi nghiém

Phwong phap _ TH1: S'1=155in(2.61§t-m‘2,) _ Th2: '31 =5.55in(4.5t_-n!2)'
tinh Chieu cao séng H Bwéc song L Chiéu cao s6ng H Bwéc song L
_ (m) (m) (m) (m)
Ly thuyét [1,2,9] 0.218 5.59 0.142 2.68
Mé phéng sbé 0.233/6,82% 5.53/1,33% 0.135/4,67% 2.75/2,8%
Thi nghiém 0.22/0,92% 5.3/5,19% 0.15/5,63% 2.5/6,72%

Ky hiéu a/b trong bang dwoc gidi thich nhw sau: a 1a gia tri tinh toan vé chiéu cao séng, buéc séng, b la sai
sb duoc tinh toan theo cong thirc

|X.‘b - Xex nu

g(%)="———=m1

th . 3

trong dé X,, 1a gia tri (bwéc séng, chiéu cao séng) xac dinh tir ly thuyét, X
nghiém (hod&c mé phoéng sb).

100% (5)

o 1@ gid tri 1an Lot xac dinh tir thi

Can ctr vao két qua trong Bang 1, co thé nhan thay ring sai sd gitra 2 phwong phap trén vé chiéu cao
s6ng va budc song la khong dang ké. Sai sé 1n nhéat chi dat gia tri 5.63% vé gia tri chiéu cao song. Trong thuc té,
két qua thi nghiém ciing khéng hoan toan dat dé chinh xac tuyét dbi do sai sb trong do dac, trong ché tao may tao
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song. Ngoai ra, mang song con thiéu bd phan hap thu song & phia sau may tao séng, diéu nay gay ra lwc phan xa
va lwe can |&n ban tao séng, anh hwéng dén hanh trinh thuc t& cia tAm chén. Mat khac, phwong phép ly thuyét
coi dong chay |a Iy twéng, khéng xody va khéng xét dén tinh nhét clia chat 16ng, bé qua ma sat ciing nhw stic
céng mat ngoai clia nwéc. Nhirng gia thiét trén khéng phan anh dung tinh chét thuc té cla chét 16ng dwoc st
dung trong thi nghiém. Két qua trén cho thay viéc ché tao may tao song va mang song la dam bao yéu cau va co
thé dung dé giang day va nghién ctru tac dong clia séng véi cong trinh thiy loi néi chung.
@ 5.0ngdung phwong phap sé mé phéng séng trong mang séng

5.1 Téng quan vé Ansys/Fluent

Cung véi s phat trién clia cong ngh& may tinh ciing nhw nhivng thanh céng trong nghién ctru vé co hoc
chat 16ng, viéc giai cac bai toan dong lwe hoc chat 16ng bang phwong phap sb da va dang ngay cang phat trién.
Phwong phap nay thwéng dwoc sir dung véi thuat ngte CFD (Computational fluid dynamics). Trong linh viec cong
trinh ven bér ndi riéng hay céng trinh céng, bién néi chung, CFD da va dang dwoc ap dung réng rai trong viéc tinh
toan mé phéng twong tac gitka séng va cong trinh nhw dé, ke, bén cang... Ngoai ra, viéc mé phéng hinh thanh
song do cac hién twong nhw trwot dat, sw di chuyén clia tau thuyén ciing da dwoc nghién cteu va phat trién trong
nhirng ndm gan day [5-7]. Mot sé phan mém CFD thwéng dwoc ng dung rong rai trong linh vee nay nhw
Ansys/Fluent, Flow-3D, Telemac 3D, Star-CD... Trong bai bao nay, phdn mé&m Ansys/Fluent dwoc ap dung d& mé
phdng chuyén déng tAm chan ctia may tao séng kiéu piston. Md hinh dong chay VOF (Volume of fluid) sé dwoc ap
dung két hop vai hé phrong trinh Reynolds va mé hinh lwdi dong dé xac dinh duwdng mét nwac trong mang song
[8]. Can ctr vao két qua md phéng, cac théng sé song nhu chiéu cao séng, budc song sé duoc xac dinh.

a) So'dé tinh va diéu kién bién

Kich thwé'c mang song thuwe hién trong mé phéng dwoc |4y theo kich thwde clia mang da dwoc xay dwng
va ché tao trong phang thi nghiém, cuth& L, =30m, Chiéu cao mangH,, = 1.2m. So d6 tinh todn va diéu kién bién
dwocthé hién trong Hinh 4.

Diéu kién bién cu thé nhw sau, X, Bi&n md phdng chuyén dong ctia tAm chén ; X : Biénthanhran; Y,
Bién thanh ran (day mang); Y,...: Bién ap suét khi quyén. S chuyén déng clia may tao séng tai cac mue nwéc tinh
toan khac nhau sé dwoc thiét 1ap thanh diéu kién ban diu clia bai toan. Bai toan dwoec thiét |ap dwdi dang dong
khong én dinh, mé hinh dong chay réi (Turbulence flow model) két ho'p véi mé hinh lwdi ddng (Dynamic mesh).

Mure nuée ban dau trong méang

Hinh 4. So dé tinh toan va diéu kién bién
b) Cac trirong hop tinh toan
Mé phéong duwgc thwe hién cho 2
trwong hop dich chuyén clia tAm chan twong
rng v&i hai mwe nwéc h trong mang giéng
nhw da trinh bay trong muc 4.1. Két qua cla
md phéng sb ciing sé dwoc so sanh véi két
ua tinh toan ly thuyét va thi nghiém theo nhuw e o
E‘mng i o (a) Bién di muc nuéc TH1-t=20(s)
¢) So hoa két qua mé phdng sé
Dwa vao cac diéu kién bién cling nhw
mot sé thiét 1ap co ban cho mé hinh, két qua
mé phang trong md hinh duwdi sw dich chuyén
cuia tAm chéan dwoc biéu dién trong Hinh 5. V&
chi tiét két qua mé phong sd (chiéu cao song,
bwéc song) dwoc trinh bay trong Bang 1.
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~ (b) Bién déi muc nuéc TH2-t=20s ,
Hinh 5. Két qua dién bién muc nudce trong méng tai thoi diém t=20s
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d) Két qua mé phéng sé

Két qua chiéu cao song va bwéc song bang phwong phap mé phéng sé dwoc trinh bay trong Bang 1. Tl
Bang 1 thay rang sai s6 gitra thi nghiém va mé phéng sb la khong dang ké. Sai s6 Ién nhét chi dat gia tri =7% vé
gia tri chiéu cao séng. Néu so sanh twong quan gitka két qua ly thuyét va két qua mé phéng sé thi nhan thay sw
sai khac gitra hai phwong phap trong khodng 7~10%. Sy sai khac nay 1a do phuong phap Iy thuyét coi dong chay
la Iy twéng, khoéng xoay va khéng xét dén tinh nhét clia chat Iéng, bé qua ma sat cling nhw stec cdng mét ngoai
cta nwée. Nguoce lai, trong phrong phap sb da co xét dén tinh nhét clia chét 1dng, cu thé 1a mé hinh déng chay
rdi (k- £ turbulence model). Ngoai ra, d6 nham ctia thanh bén ciing nhw day long dan cling da dwoc ké dén trong
qua trinh mé phéng. Nhw vay, co thé thay réng sai sb gilra cac phwong phap (Iy thuyét, thi nghiém va mé phéng
s6) la twong d6i nhé trong pham vi 10%. Sai s6 nay la chap nhan duoc.
C.: 6. Kétluan

Bai bao da trinh bay tém tat ly thuyét va nguyén ly co ban clia viéc tao séng trong phong thi nghiém. Trén
co sé nay, may tao séng hai chidu kiéu Piston da dworc thiét k&, ché tao va |ap dét tai Phong thi nghiém Céng trinh
thay, Trwdng Pai hoc Xay Dwng. Dé kiém chirng mirc do chinh xac clia may tao séng, phan mém Ansys/Fluent
dwoc ap dung dé moé phéng sw lam viéc cla thiét bi nay. Cac két qua vé chiéu cao séng, bwédc séng tinh toan
béng ly thuyét, thi nghiém va mé phéng sé da dwoc s dung dé so sanh va danh gia sai s6 1an nhau. Két qua chi
ra rng sai s gitra cac phwong phap nay 1a khéng dang ké, trong pham vi 7%. Diéu nay cé nghia la dé tin cay
trong két qua thi nghiém ciing nhw két qua ctia mé phéng sé & chap nhan dwoc. Do vay, c6 thé st dung nhirng
phwong phap trén trong cac giai doan nghién ctru khoa hoc, thiét ké cong trinh chiju tac dung ctia séng, dac biét
viéc (rng dung mé phéng sb trong céac trweng hop cé diéu kién bién phire tap, khé khan trong céng tac xay dung
va ché tao mé hinh ciing nhw vé& phwong phap tao séng trong phong thi nghiém. Ngoai ra, két qua clia bai bao
nay sé |a tién dé cho viéc tién t&i nghién cleu tw dong hoa qua trinh van hanh ctia may tao séng trong phong thi
nghiém dwa trén cac thong sé dau vao da biét nhw chiéu cao song, buéc séng va tan sé song.

Tailiéutham khao

1. Hughes, S.A (1993), Physical Models and Laboratory, Techniques in Coastal Engineering, World, Scientific
Publishing Co. Pte. Lid., China.

2. Steenberg C.M, Schaffer H.A (2000), “Second-Order wave generation in Laboratory basins”, Costal
Engineering, 5(3), 994-1007.

3. Henderson D.M, Patterson M.S, Segur H (2006), “On the labor.atory generation of 2-D, progressive, surface
waves of nearly permanent from deep water”, Journal of Fluid Mechanic, 559, 413-427.

4. Khalilabadl M.R, Bidokhti A.A (2012), “Design and Construction of an Optimum Wave Flume”, Journal of
Applied Fluid Mechanics, 5(3), 99-103.

5. Debashis Basu, Steve Green, Kaushik Das, Ron Janetzke, and John Stamatakos (2009), “Navier-Stokes
Simulations of Surface Waves Generated by Submarine Landslides: Effect of Slide Geometry and Turbulence”,
SPE Americas E&P Environmental & Safety Conference 2009, 1-9.

6. Kaushik Das, RonJanetzke, Debashis Basu, Steve Green, John Stamatakos (2009), “Numerical Simulations
of Tsunami Wave Generation by Submarine and Aerial Landslides Using RANS and SPH Models”, 28th
International Conference on Ocean, Offshore and Arctic Engineering, 1-14.

7. Andrew Eoghan Maguire (2011), Hydro dynamics, control and numerical modelling of absorbing wavemakers-
PhD Thesis, The University of Edinburgh, Scotland.

8. Ansys (2013), Ansys Theory Guide, Ansys software \V14.1.

9. Nguyén Héng Quan (2009), Thiét ké hé théng tao séng bién 2D, Luan van Thac si, Trwéng Dai hoc Quéc gia
Thanh phé Hé Chi Minh, Viét Nam.

TAP CHi KHOA HOC CONG NGHE XAYDU'NG —018?2?7




	DHXD so 32 phan 2_ trang 54
	DHXD so 32 phan 2_ trang 55
	DHXD so 32 phan 2_ trang 56
	DHXD so 32 phan 2_ trang 57
	DHXD so 32 phan 2_ trang 58
	DHXD so 32 phan 2_ trang 59

