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Tém tit

Vén khu6n nhdom ngay cang duoc st dung rong rai trong thi cong két cau bé tong toan khdi tai Viét Nam. Tuy nhién, hién
nay chua c6 tai liéu chi dan tinh toan va kiém tra cac bo phan trong hé van khudn nhom. Pdng thoi, cac hudng dan va
quy pham k¥ thuét lap dung va thao d& hé van khu6n nhém ciing chwa dugc ban hanh. Bai bao da nghién ciru cac dac
diém co ban cua van khu6n nhom, tir 46 dé xuat quy trinh tinh toan, kiém tra, lip dung va thao d& h¢ van khuén nhom.
Bén canh do, cic luu y can thiét khi ldp dung, thao d& van khudn nhom ciing dwoc dé cap nham gitp cac can bo thiét ké
va thi cong van khudn nhém cé thém thong tin va tai liéu tham khao.

Tir khéa: véan khudn nhom; cSp pha nhom; thi cong bé tong toan khdi; van khuon dinh hinh; hé van khuon.
Abstract

Aluminum formwork systems are increasingly being utilized in the construction of monolithic concrete structures in
Vietnam. However, there is currently a lack of documentation providing guidelines for the calculation and inspection of
components within aluminum formwork systems. Additionally, instructions and technical regulations for the assembly
and disassembly of aluminum formwork systems have not yet been issued. The article has researched the basic
characteristics of aluminum formwork systems and proposed procedures for design, check, assembly, and disassembly of
these systems. Furthermore, essential considerations for the assembly and disassembly of aluminum formwork systems
are also addressed to provide design and construction professionals with additional information and reference materials.

Keywords: aluminum formwork; aluminum shuttering; monolithic concrete construction; shaped formwork; formwork
system.

1. Giéi thi¢u chung Noi, Thanh phé H6 Chi Minh, Nha Trang, Da
Néng, v.v... Trong d6 nha cao tang bang bé tong
cdt thép (BTCT) chiém s luong dang ké do
nhiing uu diém vuot troi caa BTCT so véi cac

Hién nay, nha cao tang ngdy cang phat trién
nhiéu & céc do thi 16n & Viét Nam nhu thi d6 Ha
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loai vat li€u khéc. Viéc thi cong xay dung nha
cao tang bang BTCT, hé van khu6n déng vai trd
quan trong va quyét dinh dén chat luong bé tong,
tién do thi cong, va do vay anh huong truc tiép
dén gia thanh cua coéng trinh [1]. Van khudn
dugce st dung trong thi cong két cAu BTCT toan
khdi rat da dang vé chung loai va vat li¢u nhu:
van khuon thép, nhua, gb, gbd ép, nhom, v.v...
Trong nhitng nim gan ddy, van khuén nhom
budc dau duge sir dung trong nhing coéng trinh
nha cao tﬁng BTCT tai Viét Nam. Van khuon
nhoém c6 ngudn gbc tir mot loai van khudn co
dang tAm bang thép, va c6 mit tai My vao nhing
nam 1960. Bén nam 1970, cac chuyén gia tai My
da cho ra doi nhitg tdm van khudn véi nguyén
liéu tir hgp kim nhom dau tién trén thé gioi.
Trong qué trinh phat trién, van khuén nhom
khong ngimg duoc cai thién ca vé tinh nang 1an
hiéu suét va quy trinh san xuat dé dap tng nhu
cau sir dung. Van khuén nhom hién nay khong
chi duogc su dung rong rai ¢ cac nudc phuong
Tay, ma con thinh hanh & cic nude chau A nhu:
Héng Kong, An Do, Han Quéc, bai Loan, Thai
Lan, Viét Nam, v.v... Van khuén nhom c6 mat
tai Viét Nam khoang tor ndm 2008, do cac cong
ty Han Qudc cung cip chinh. Mot s6 cong ty
cung cip van khuén nhéom ciia Han Qudc nhu:
cong ty Kumkang Kind Viét Nam, S-Form Viét
Nam, Hyundai Aluminium Vina, GS Industry
(VGSI), v.v... Sau d6, mot s6 cong ty trong nudc
cling d3 phat trién va cung cap van khudn nhom
cho thi truong Viét Nam nhu Cong ty C6 phan
Co khi va Nhém kinh Anh Viét (TP.HCM),
Cong ty C6 phan Thuong mai va Dich vu Ngbi
sao (TP.HCM), Cong ty C6 phan Cép pha nhom
KingHing Viét Nam (TP.HCM), v.v... Bé dap
mg nhu cdu xay dung tai Viét Nam ciing nhu
cac yéu cau tir don vi thi cong, cac cong ty san
xuat khong nging cai tién thong s, kich thudc,
phu kién, tai liéu huéng dan thi cong van khuon
nhom. Mot sb cong trinh nha cao ting va siéu
cao tang d3 ap dung cong nghé van khudén nhom
trong thi cong két cau BTCT nhu: khu t6 hop

Keangnam (Ha No6i), toa nha Usilk city (Ha
Noi), du 4n Hyundai hillstate (Ha Nbi),
Landmark 81 (Thanh phd HO Chi Minh), khu
can ho ASIANA (Pa Nang), v.v...

Mot s6 nghién ctru ban ddu vé van khuén
nhom tai Vi¢t Nam ciing da chi ra dugc vu diém,
nhuoc diém ctia van khudn nhom so véi céc loai
vén khuon truyén théng nhu gd, thép. Dao Minh
Hiéu va V& Van Dan [1] da chi ra ring viéc ap
dung van khuén nhom trong thi cong xay dung
1a can thiét gitp nang cao chat lwong, an toan va
giam thoi gian thi cong (20-30)% so voi viée thi
cong bang van khuon thong thuong khac. Van
khuén nhém cling gidm chi phi thi cong, tuy
nhién viéc nay con tly thudc vao khéi luong va
su trung ldp cua céac két céu. Ngoai ra, str dung
van khudn nhom trong cac cong trinh xay dung
cling gitp giam anh huong dén méi trudng, vi
gan nhu 100% phé liéu tir van khu6n nhém déu
duogc tai st dung. Bén canh do, Bao Minh Hiéu
va Vo Van Dan [1] ciing cho rang viéc dé xuit
quy trinh thi cong ldp dung thao d& van khuon
nhom 13 can thiét, gitp cho viéc lap dung thao
dd nhanh, thuan tién ma khong can tap trung
nhiéu nhan coéng nhu cac hé van khuén thong
thuong khac. Tuy nhién, can quan 1y chit ché vé
quy trinh thi cdng nham dam bao chét luong theo
yéu cau. Twong ty, Nguyén Truong Huy [2] da
dua ra cac giai phap nham thac day viéc str dung
van khuon nhom tai Viét Nam, bao gém hoan
thién quy dinh vé van khudn nhém trong xdy
dung, cac yéu cau vé viéc thiét ké, va giai phap
trong viéc thdo d& van khudén nhom. Tac gia
Nguyén Truong Huy [2] ciing cho ring trong thi
cong nha cao ting BTCT, day chuyén thi cong
van khuén dong mot vai tro quan trong trong
viéc ddy nhanh tién d6 cong trinh, 1am giam gia
thanh xay dung, va quyét dinh chét luong cua
san phém, bao v& moi truong. Bén canh do, La
Pai Triéu [3] ciing d phan tich dugc viée sir
dung van khuon nhom dinh hinh tai Viét Nam,
tr 36 dua ra mot sd nhan xét nhu: cu tao van
khuén nhom don gian, dé thi cong, tién do
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nhanh, an toan cao va cho san pham bé tong dep,
dap tng dugc yéu cau khat khe cua thiét ké. Qua
trinh thi cong hao hut kha 16n (khoang 20%) do
d6 phai dau tur bd sung khi luan chuyén thi cong
cac cong trinh khac nhau. Gia thanh dau tu cho
van khuén nhém cao, phu thude nguén vat tu tu
cac doanh nghi¢p nudc ngoai, khong tan dung
duoc cac ngudn luc van khuon truyén thong. Téac
gia cling da néu dugc chi tiét cAu tao, cach thirc
van hanh, phan tich céc ti€u chi k¥ thuat, an toan
va kinh t& ma van khuon nhom c6 thé dép tng
duoc. Pong thoi tic gia cling néu ra cac mat han
ché dé can nhic viéc ap dung vao thi cong. Hon
thé nita, Kiéu Thé Son va cong sy [4] dua trén
cac tiéu chuan k¥ thuat lién quan trong nudc va
tiéu chuan ACI 347.2R-05 [5] d4 nghién ctru va
phan tich sy phan bd tai trong thi cong phi hop
v6i qué trinh phét trién cudng do cia két cdu
BTCT. Trén co s& d6, nhom tac gia da dé xuat
giai phap, quy trinh k¥ thuat chéng/chdng lai hé
van khudn va hé két cdu trong thi cong nha cao
tang. Trong d6 ¢o chi rd thoi gian hop 1y théo va
chéng lai cho céc két cdu san, dam phia dudi.
Bén canh cac cong trinh nghién clru & Viét
Nam, trén thé thoi cling da c6 mot s6 nghién ciru
vé van khuon nhom. Dién hinh nhu, Lee va cong
su [6] dd dé xuat mot phan mém tinh toan va
kiém tra mot sd bod phén cua van khuén nhém.
Tuy nhién, nhugc diém cia phan mém nay
khong thé kiém tra day du cac diéu kién tinh toan
cling nhu cic yéu cau khac nhau cua cac tiéu
chuan khac nhau trén thé gigi. Johnston [7] ciing
d4 dua ra cac nguyén tic chung thiét ké hé thong
van khuén theo tiéu chuan ACI 347R-94, tir d6
c6 thé ap dung dé kiém tra cho van khudn nhom.
Bajad va cong su [8] da danh gia va so sanh hiéu
qué ctia van khuon thong thudng va nhom. Két
qua nghién ctu cho rang van khuon théng
thuong phu hop cho du an nha & nho, trong khi

van khudén nhom thich hop cho nha cao tang.
Vén khuon nhom gitp tiét kiém chi phi xay dung
cong trinh va mang lai cac bé mit bé téng véi
chit luong cao ma khong can hoan thién.
Thiyagarajan va cong su [9] da nghién ctru viéc
sir dung van khuon nhém trong cac nha cao tang
tai An D6 va cho két luan rang: tong chi phi du
an va thoi gian thuc hién du an khi stir dung van
khuoén nhém sé& it hon so véi cac hé théng van
khuon thong thuong khéc. Chu ky thi cong san
s& tir 7 dén 10 ngay khi st dung van khuén
nhom, va do do6 thoi gian thi cong s& giam tu
35% dén 40% so véi thong thudng. Pong thoi,
viéc st dung van khudén nhom s€ tao ra bé mat
két cau rat bang phing, khong mat cong to trat.
Hé théng van khuon nhom khong chi c6 thé dat
tdc do thi cong nhanh hon ma con cé thé lam
giam chi phi két cau tir 20% dén 25% so véi
phuong phap thong thuong do lugng nhan cong
lao dong can it hon. Khong chi ¢6 loi ich truc
tiép, viéc sir dung c6p pha nhém con co rit nhicu
loi ich gian tiép nhu c6 thé tai ché, gitp bao vé
moi truong, tranh khai thac tai nguyén thién
nhién, va 1am giam viéc khai thac go.

Tuy nhién, cac nghién ctru chi ra & trén van
chua trinh bay chi tiét dén cac dic tinh, van dé
vé str dung, 1ap dat, thao d& van khudén nhém. Do
vay, muc tiéu cua bai bao la nghién ctru trinh bay
mot cach co hé théng clu tao, vu nhuge diém,
pham vi sir dung, trinh tu va cac luu ¥ can thiét
lap dung va thao d&, cac chi din tinh toan va
thiét ké van khudén nhom, nham giup doc gia co
mot cai nhin tong thé vé van khuon nhom va kha
nang tng dung van khuén nhom trong thi cong
nha cao téng. Bén canh d6, mot sb vi du cu thé
duoc thuc hién dé minh hoa cho qua trinh tinh
toan va kiém tra hé van khudn nhom. Tir do, rat
ra cac khuyén nghi can thiét cho can bo 1am cong
tac thiét ké va thi cong van khudn nhom.
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a. Tam khudn b. Tam khuén géc c. Chét va ném d. Dam giira
. \1\ '
Ny AN
e. Pau chdng san f. Thanh suon gia cuong g. Thanh géc trong h. Thanh géc ngoai
Ty ‘:‘].‘ \ ¢
r r ‘T&{/ < 2 7
i. Tam vach goc J. Tam khuon day dam k. Thanh giang I. Chot dai
&
“\7 y f\

A //

m. Bu-long va tim dém

Hinh 1. Cac b6 phéan cta van khuoén nhém

(1): Thanh bién; (2): Thanh goc; (3): Tam chan; (4): Dam cuoi; (5): Tam khudn mdt;
(6): Tam khuon vach; (7): Pau cét chong; (8): Tam goc twong; (9): Dam gizga.

Hinh 2. C4u tao cuia hé van khudn nhém [10]

2. Céu tao, wu nhwgc diém cita van khuén nhém  bi theo thoi gian ciing nhu sy an toan khi sir
dung. Duya trén cac thong tin tir cac nha san Xuét,
chiéu dai ctia tAm khuon thong thuong dugc san
xuit theo md dun 600mm, 900mm, 1200mm,
1500mm, hodac 1800mm. Trong khi chiéu rong
phd bién tir 200mm dén 500mm. Mit nhém cua

2.1. Nguyén Iy ciu tao vdn khuén nhém

Van khuon nhém dwoc san xuét trén day
chuyén chuyén nghiép voi k§ thuat hién dai. Mdi
bd phan dugc gia cong can trong, la‘ip dat dung vi
tri, dam bao chét lugng, tir 46 mang dén sy bén
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tam khuén c6 chiéu day théng thuong tir 4mm
dén 6mm, trong khi b khung suon cua tdm
khuén dugce t6 hop bang cac thanh la dat do day
tiéu chudn 13 2,5mm. Vé co ban, van khuon
nh6ém bao gdm mét sb thanh phan chinh sau day:

- Khung nhom: 14 phan chinh tao nén céu trac
cua van khuon, dugc lam tir hop kim nhoém voi
dic tinh nhe, bén, chéng an mon va c6 kha nang
chiu luc tdt. Khung nhoém cé thé duge thiét ké
v6i nhiéu kich thudc va hinh dang khéc nhau tiry
theo yéu cau ctia cong trinh.

- Bé mat khuén: 13 phan tiép xtc truc tiép véi
bé tong, thuong duoc lam tir nhom hodc tir mat
16p phu didc biét trén nhom dé tao ra bé mit lang
min, giap viéc thao khudn sau khi dac dé dang
hon va bé mit bé tong sau khi dic dugc phang
va dep.

- Hé thong két ndi: bao gdm cac b phan nhu
bu-16ng, 6¢ vit, khoa khuon, v.v., giup két ndi
cac tim khuon lai voi nhau, tao thanh mot khoi
khuon vimg chic. Hé thdng két ndi ciing cho
phép diéu chinh kich thudc va hinh dang cua
khudén mot cach linh hoat.

- Thanh giang va phu kién hd tro: cac thanh
giang nhom hodc thép duge sir dung dé gia cb
thém cho khuén, dic biét 1a dbi véi cac khudn co
kich thudc 16n. Ngoai ra, c6 thé c6 cac phu kién
hd tro khac nhu chan dé, gia dd, v.v., giup khuon
dtng virng trén mat dat hodc nang cao 1én.

Hinh 1 thé hién mot s6 b phan chinh cua van
khuon nhom. Co thé thiy, cau tao ctia van khudn
nhom duogc thiét ké dé dam bao tinh linh hoat, d&
dang 1ip dit va thdo d&, dong thoi giam nhe
trong luwong va tdi wu héa chi phi. Bén canh do,
diém dic biét vé ciu tao cua van khudén nhom
cho phép théo d& tdm khudén ma khong can phai
thao d& cot chdng bang cach giai phong lién két
va thao d& dam cudi va dam giira khoi dau chong
cot, sau d6 thao tAm khudén mit san. Day ciing
chinh 14 mét trong nhimg wu diém ndi bat cia
van khuén nhém.

2.2. Uu nhwoc diém ciia van khuén nhém

Duya trén thong tin ciia cac nha san xuat van
khuon nhém va mot sé nghién ctru vé van khudn
nhoém ¢ Viét Nam [1-3] va thé giéi [8,10,11], ¢6
thé thay rang van khuon nhom c6 nhitng wu diém
ndi bat nhu sau:

- Co6 trong luong nhe va it bi xam thyc boi
moi truong nhu cac loai van khuon thong thuong
khéc.

- Qua trinh thao lap van khudn nhom don gian
va dé thuc hién. Cong nhan s& nhanh choéng va
dé dang lam quen véi cong viéc, vi thé co thé tiét
kiém thoi gian thi cong.

- Kha ning tai ché cta van khuon nhém tét,
wdc tinh thu hoi duoc it nhat 20% gia tri [1];

- Chi phi bao dudng ¢ muc trung binh so vai
cac loai van khuon khac.

- Cho chét lugng bé mit bé tong dep, lam vé
sinh ciing dé dang.

- Tién d6 thi cong nhanh, chuyén dung. Sau
khi d6 bé tdng xong co thé thao d& trong vong
(48 + 72) gio ¢o thé tai sir dung trén 100 lan
[2,3]. C6 thé thao trudc duoge tim khudn san va
mot s6 bd phan, do vay giam duoc ) luong tam
khuén trong thi cong nha cao tang.

Tuy nhién, bén canh nhiing wu diém trén van
khudn nhom van con mét sé nhuge diém cu thé
nhu:

- Gi4 thanh cao, chi phi dau tu ban dau cho h¢
théng van khudn nhém khé 16n.

- Céc vi tri ctia hé théng van khuon nhom 1a
duy nhét, do vay viéc thay thé vi tri d6 khi bi hu
hong 1a kha phirc tap va ton kém.

- Qua trinh bao dudng van khuon sau khi thao
d& kha mat cong va tén kém.

Dua trén nghién ctru cac dac diém céu tao va
quéa trinh san xuét ché tao, cac tac gia dé& xuit
mot s6 ky thut quan trong nham dam bao chét
luong cua van khuon nhém nhu sau:
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- Lya chon vt liéu chat lugng cao: su dung
nhoém chit lugng cao v6i dd bén va kha ning
chéng an mon tot dé san xuét van khuon. Vat liéu
nhém can phai c6 d6 day da dé chiu duogc ap luc
cua bé tong.

- Thiét ké k¥ thuét chinh xac: thiét ké van
khudn nhom can duoge thuce hién mot cach can
than, dam bao réng n6 c6 thé chiu duoc trong
luong va ap luc cia bé tong ma khong bi bién
dang. Cac yéu té nhu kich thudc, hinh dang, va
cach thire két ndi gilta cac phan cta van khudn
phai duoc tinh toan chinh xac.

- Kiém tra chit luong trong qua trinh san
Xuat: can ¢ cac quy trinh kiém tra chat luong
nghiém ngit trong qua trinh san xuat van khuon
nhom, bao gdm viéc kiém tra d6 day, do bén, va
kha nang chiu lyc cua vat liéu.

- Bao dudng dinh ky: van khuon nhom can
dugc bao dudng dinh ky dé dam bao ludn ¢ trang
thi t6t nhat. Picu nay bao gdm viéc kiém tra sy
hao mon, bién dang va sura chita hodc thay thé cac
phan hong hoc. Sau khi ding xong, van khuén
can dugc vé sinh sach s&, rira hét vira dinh, dé ¢
khu vuce khé réo, tranh méi trudng am uot.

- Lap dat can than va an toan: qua trinh lap
dat van khuon nhdém can duoc thuc hién mét
cach can than, dam bao rang tat ca cac phan duoc
ghép nbi chit ché va dung cach dé tranh ro ri bé
tong hodc su ¢b hu hong.

- Huén luyén va tap huén cho céng nhan thi
cong: cong nhan tham gia vao viéc lap dit va
thao d& van khuén nhom can duoc huan luyén
day dil vé cac phuong phap lam viéc an toan va
hiéu qua.

Str dung cac phu ki¢n chét lugng: cac phu
kién di kém véi van khuoén nhom (nhu bu-16ng,
kep, thanh la, v.v...) ciing can phai c6 chét lugng
cao va phai phil hop voi yéu cau k¥ thuat ctia hé
théng van khuon.

Béng cach tuan thi cac k§ thuat trén, chling
ta co thé tdi da hoa d6 bén va hiéu qua cua van

khuén nhém, gop phan vao vi¢c nang cao chat
luong va do an toan cua cac cong trinh xay dung.

3. Tinh toan va kiém tra h¢ van khuén nhom

3.1. Tinh todn va kiém tra hé vin khuon dam-

by

san

CAu tao hé van khudn nhom dam san di duoc
trinh bay & phan trén. Vi tim khuon va cac bd
phan khac cia h¢ van khudén nhém nhu dam da,
cot chdng, cac chi tiét lién két, v.v..., duoc nha
san xuét ché tao sin véi cac thong s6 vé hinh hoc
va co hoc ¢6 thé xac dinh dugc. Nguoi thiét ké
chi can chon theo kich thuéc dinh hinh, va thuc
hién kiém tra theo cac diéu kién chiu luc va bién
dang. V& mat co hoc, cac bd phan ciia hé van
khuén nhom duoc kiém tra thanh 2 nhom chinh:
nhém céu kién chju ubn (tém mat, suon bén va
suon giira ca tim khudn san, tim khuon ddy
dam, tAm khuon thanh dam, V.v...), va nhom cAu
kién chiu nén (cot chéng tam khuon san, cot
chéng tim khuon day dam, v.v...). Bé don gian
va thién vé an toan, cac diéu kién kiém tra dugc
gia thiét vat liéu lam viéc trong gidi han dan hoi.
Nhom céce bo phan chiu udn s& duge kiém tra theo
diéu kién bén (img suat phap va Gmg suét tiép) va
diéu kién vong, trong khi nhdm bd phéan chiu nén
s& dugc kiém tra theo diéu kién bén va diéu kién
on dinh. C6 thé thuc hién kiém tra tim mit cia
tdm van khuon san theo cac bude nhu sau:

- Budc 1: chon tim khu6n nhom st dung
tuong tmg v6i nha san xuét.

- Budc 2: xac dinh cic dac trung hinh hoc
(kich thuéc tiét dién, chidu dai), va co hoc
(cudng d6, mo-dun dan hoi) cia tdm khudn
nhom (c6 thé thuc hién cac thi nghiém dé xac
dinh céac dac trung co hoc).

- Bude 3: kiém tra tim mit, bao gém

v Xéc dinh so do tinh cta tim khudn mat;

v’ Xéc dinh tai trong tac dung 1én tim khuon
mat;

v Xac dinh ndi lyc;
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v Kiém tra bén tAm khudén nhém mat (kiém
tra bén theo tmg suét phap va tng suét tiép);

v/ Kiém tra vong tAm khuon mit.

- Budc 4: kiém tra suon bién va sudn giira.
Trinh tu thuc hién kiém tra giéng nhu kiém tra
tam mat;

- Budc 5: kiém tra cot chéng cta tim khudn
(bao gém kiém tra bén va kiém tra 6n dinh).

Do Viét Nam chua c¢6 tiéu chuén tinh toan van
khuén nhém, vi vdy co thé sir dung tiéu chuin
ACI347R-14 (Guide to Formwork for Concrete)
[7] dé tinh toan va kiém tra.

Kiém tra tam mdt: tim mat cia tdm khudn
nhom dugc ké 1én cac suon bién va suon gitra
nhu Hinh 3, do vay c6 thé xem so dd tinh cta
tam mat c6 thé don gian xem nhu mot dam lién
tuc nhiéu nhip. Tai trong tic dung 1én tim mit
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bao gdm: trong lwong san BTCT va tim khuon,
tai trong do nguoi va dung cu thi cong, tai trong
do dam va d6 bé tong. Tam mat duge kiém tra
theo diéu kién bén va diéu kién vong [12-19].

Diéu kién kiém tra bén cho (mg suit phap va
{ing suat tiép:

MC,

0=——x|d] 1)
VS,

T= Ix_t < [T] (2)

Trong d6: M,V 1a mé men va lyc cat 16n nhat
trong dam lién tuc; Cy la khoang céch tir trong
tam dén mép bién cua vung nén, C,=t/2;tla
bé day cua tdm khudn nhom; Sy, I, 1a mé men
tinh va quan tinh cua tiét dién d6i voi truc x;
[], [7] 14 Gng sudt phap va Gmg suat tiép cho
phép, dugc xéc dinh thong qua gidi han chady va
giéi han bén khi thi nghiém vat liéu;

)

L

A

(a) Mit cit ngang tim khuon nhom

b —

iL L

B

(b) Mit cit ngang quy doi

Hinh 3. Mit cét ngang cta tim khuén nhom

Piéu kién d6 vong duoc thé hién trong
phuong trinh (3) [20].
qL*
=<
! 145E1L, ~ 71
Trong do: q |a tong tai trong tac dung Ién tam
mat; L & nhip (khoang céch gitra 2 tdm cua suon
cimg d& tam mit); E 13 md dun dan hdi cua vat
liéu nhdm; [f] la d6 vong cho phép (dua trén do
vong cho phép cua két cau);

(3)

Kiém tra swon giita va bién: so do tinh cua
sudn cung gitta va bién duoc xem nhu dam don
gian 2 gbi khép, voi mit cat ngang nhu Hinh 4.
Suodn cung gitra va bién chiu tdc dung cua tai

trong tir trén tdm mit truyén xudng va trong
lugng chinh ban than cua n6. Tur o, ndi lyc, tng
suat va do vong ciing dugc xac dinh theo cac
cong thirc cd dién cua két cau, va duoc kiém tra
theo cac déu kién bén theo tng suat phap, tng
Suat tiép va diéu kién do vong nhu tAm mit.

Hinh 4. Mit cét ngang ciia swdn clng giita
va suon cung bién



P. P. Anh Huy, P. Quang Nhit,... | Tap chi Khoa hoc & Cong nghé Pai hoc Duy Tan 02(63) (2024) 10-23 17

Kiém tra van khuén dam: tAm mit, suon bién
va gitra cta tAm khuén day dam va thanh dam
duoc kiém tra nhu cu kién chiu udn, véi so do
tinh nhu Hinh v& 5 va mit cit ngang nhu Hinh v&
6. Biém khac gitta van khuon day dam va thanh
dam 1a phuong cua luc tac dung. Trong khi véan
khuén day dam chiu cac ap luc thing dimng (do

y

trong luong cua BTCT va van khuon, hoat tai thi
cong, hoat tai do dam va d6 bé tong), thi van
khuén thanh dam chiu 4p luc ngang cia vira bé
tong va do rung dong cua viéc dam va dé bé tong.
Tur do, viéc xac dinh ndi luc, img sut, do vong
va cac diéu kién kiém tra hoan toan tuong ty.

i L
L

Hinh 5. Mit cit ngang va so d6 tinh cia van khuén dam

Kiém tra cot chong san va dam: cot chong
duoc kiém tra nhu mot cau kién chiu nén dung
tam. Tai trong tac dung 1én cot chdng bao gdm:
trong lugng BTCT va van khuon, tai trong do
ngudi va dung cuy thi cong, tai trong do dam va
d6 bé tong. Cac loai tai trong nay duoc tinh trén
m?, sau d6 cin cu trén khoang cich céac cot
chbng theo 2 phwong dé tinh toan quy doi thanh
luc tap trung tac dung tai dau cot chéng. Tu do,
kiém tra ung suét nén va diéu kién d0 manh theo
phuong trinh (4) va (5):

N

U=ZS[0] (4)

1< (4] (5)

Trong d6: N la luc nén tac dung lén cot
chéng; A 1a dién tich mat cit ngang cua cot
chéng; 1 1a ¢6 manh cua cot chdng; [a], [1] 1A
g sut va do manh cho phép (c6 thé xac dinh
{g suat va do manh cho phép théng qua cac thi
nghiém tryc tiép).
3.2. Tinh todn va kiém tra vin khuén cét, vich

Viéc tinh toan va kiém tra van khudn cho cot
hodc vach cling duogc tién hanh tuong ty van
khudn dam-san. Lic nay, tai trong tac dung 1én
tam khuon cua cot hodc vach 1a cac ap luc ngang
do vita bé tong va do dam va dd (néu c6). Ngoai

Hinh 6. Mt cét ngang swon cing ciia van
khubn dam

viéc kiém tra tim mat va suon gia cuong nhu h¢
van khuon dam-san, con phai kiém tra cac la
thép. Cac la thép nay duoc kiém tra nhu cau kién
chiu kéo diing tdm do é&p lyc cta vira, dam va do
bé tong gy ra. Hinh 7 biéu dién mat cat ngang
ctia van khudn véach va so dd tinh cta tim khuén
vach.

San tang trén

AL

Tam van khuon

San ting durdi

= Ap Iuc vira bé tong

Hinh 7. Van khuon vach va so do tinh

3.3. Vi du tinh todn va kiém tra vin khuén san

Kiém tra van khudn nhém st dung cho mét 6
san ¢ chiéu day 300mm. Kich thudc tam khudn
duoc thé hién trong Hinh 8, kich thudc thm
khudn (600mm x 1200mm); tam khudn mat
c6 bé day 4mm; mo dun dan hdi cua vat liéu
nhém E = 6,96 X 10*MPa; giéi han chay
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Oty = 210MPa; giéi han bén o,, = 225MPa
[21]. D6 vBng cho phép cua két cau la 3mm. Cot
chéng van khuon duoc st dung 14 cot chdng thép
(ma hiéu KV-2), vdi cac thong s6 dam bao chiu
lwc va 6n dinh, dugc x4c dinh tir thi nghiém nhu

dugc tham khao theo két qua thi nghiém kha
nang chiu luc cua cot chdng van khudn cua cong
trinh Khu cin ho ASIANA — Da Nang, do Cong
ty C6 phan Nghién ciru ky thuat va Ung dung
cong nghé xay dung Bach Khoa (TP.HCM) thuc

thé hién trong Bang 1 (két qua trong Bang 1  hién [21]).
600
200 200 200 y
;\‘\ lﬂ[ M ]_‘ 77‘4&#
\O
181,5 !zol 200 120! 181,5 B
Hinh 8. Kich thudc ctia tim khudn san
Bang 1. Cac thong sb ctia ¢t chdng dam bao chiu luc va 6n dinh [21]
Loai cdy | Khoang chong Két qua thi nghiém
chong (m) Chiéu cao (m) 2,5 2,7 2,9 3,1
KP-2 2,0~3,4 Stre chiu tai (kN) 45,9 39,4 37,4 29,5

Ap luc tinh toan tac dong 1én tam khudn nhém duoc xac dinh boi téng trong lugng BTCT, van
khuén, tai trong do ngudi va dung cu thi cong, duoc thé hién trong Bang 2. Dya trén cau tao ctia tim
khuon nhém, cac dac trung hinh hoc dugc tinh toan va thé hién trong Bang 3.

Bang 2. Tai trong tac dong

s Tai tron A A Tai tron
Tai trong Chicu day tiéu chuégn He 0 tinh toér?
(mm) (kN /m?) vuot tal (kN /m?)
Trong lugng BTCT 300 7,50 1,2 9,00
Trong lugng van khubn 0,50 1,1 0,55
Tai trong do ngudi va dung cu thi cong 2,50 1,3 3,25
Tai trong do dam va do bé tong 2,00 1,3 2,60
Tong 15,40
Bang 3. Dic trung hinh hoc cta tim khu6n nhom
Pac trung t A I Cy top Cy bottom Sx
hinh hoc (mm) (mm?) (mm*) (mm) (mm) (mm?3)
Giatri 4,00 4,00 5,33 2,00 2,00 2,00

Chu thich: ¢ & chiéu day cua tdém mat ; A la dién tich tiét dién ngang ciia tam mdt véi gid thiét cdt
ra 1 dai tam c6 chiéu dai Imm ; I, Ia mé men qudn tinh ciia mdt cdt ngang tam mdt doi véi truc x (x
la truc ngang di qua trong tdm ciia tiét dién tam mat); Cy topr Cy pottom la khoang cach twr trong tam
mat cat den mép bién chiu nén; S, la mo men tinh cua tiét dién doi voi truc x.

Kiém tra tam khudn nhom: dé kiém tra tim khuén nhdm, gia sir cat ra mot dai rong 1mm, ldc nay
tam khudén nhom dugce xem nhu mot dam lién tuc nhiéu nhip. Kich thudc nhip & vi du nay 1a 182mm
(chinh 14 khoang céch giira tam 2 suon d&). Noi luc trong tim khuén, mémen M va luc cit Q, duoc
lay theo gi&tri q1?/10 va 3ql/5 twong tng. Tuong ty, tng suat phap va tiép duoc xac dinh bang céng
thic 0 = MCy pmax/l, T = QSx/Lch, vadd vong I6n nhét duoc tinh theo cong thic f = ql*/145E1,.
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Két qua tinh toan o, 7, f duoc kiém tra véi [o], [7], [f] twong Gng. Trong d6 [o] = 1,304y /ny; [t] =
Oty/ (\/§ny) [5]; [f] = 3mm; trong d6 n,, 1a hé s6 an toan duogc ldy 1,65 [5]. Két qua kiém tra duoc

thé hién trong Bang 4.

Bang 4. Kiém tra tam khuén nhom theo céc diéu ki¢n

biéu kién kiém tra Kiém tra bén theo

Kiém tra bén theo 2 .
© Kiém tra d§ vong

< [O'] = 0,164—2
. m
Pat yéu cau

{rng suat phap ing suat tiép
kN kN
g = 0,0lgm T = OIOOlW f — 0,3mm
Giatri kN kN < [f] =3,0mm

< [T] = 0,164‘W

: bat yéu cau
Pat yéu cau

Kiém tra c6t chong van khudén san: cot chong
duoc kiém tra theo diéu kién bén va én dinh. Do
bén ciia cot chdng dugc kiém tra thong qua tng
suat nén cho phép [a], tuy nhién trong bai bao
nay cac cdt chéng da dugc thyc hién thi nghiém
nén (két qua thé hién trong Bang 1). Tai trong
tac dong 1én cot chong bao gdm: trong lwong ban
than ctia van khuon, trong lugng cia bé tong, tai
trong thi cong, va tai trong dao dam va d6 bé

tong, dugc thé hién trong Bang 5. Cac loai tai
trong nay duoc quy ddi thanh 1ap tap trung tac
dung 1én dau cot chong. Véi gia thiét b tri cot
chbng cach nhau 2,4m, dién truyén tai duoc xéac
dinh Agpyyenear = 1,2 X 1,2 = 1,44m?. Lyc tap
trung tac dung 1&n cot chéng 1a 15,4 x 1,44 =
22,2kN < 29,5kN. Nhu vay, cot chdng an toan
vé phuong dién chiu luc va on dinh.

Béng 5. Tai trong tac dong 1én cot chong

s Chiéu day .AGié trj; Hé sb an ,Gié tr’i
Loai tai trong (mm) tiéu chu';m t0an tinh toazn
(kN /m*) (kN/m*)
Trong luong san BTCT 300 7,50 1,2 9,00
Trong luong van khuon 0,50 1,1 0,55
Tai trong thi cong 2,50 1,3 3,25
Tai trong do dam va d6 bé tong 2,00 1,3 2,60
Tong 15,40

3.4. Vi du tinh todn kiém tra vin khuon dim

Kiém tra van khudén nhém sir dung cho mot
dam c6 kich thuée tiét dién (300 x 500)mm?,
kich thuéc tim khudn (600 x 600)mm, tim
khuén c6 bé day 4mm, cac dic trung co hoc cua
van khuon nhom nhu E, gy, 04, va cot chéng
van khuon dam giong nhu vi du trong muc 3.3.

Tuong tu vi du & muc 3.3, tai trong tac dung lén
tdm khuon day dam duoc xac dinh tir khdi luong
bé tong va van khuon, tai trong do nguoi va dung
cu thi cong, tai trong do dam va do bé tong. Két
qua tinh toan duoc thé hién trong Bang 6.

Kiém tra tam khuén nhém ddy dam: tuong tu
nhu tAm khudn ctia san, gia st cit ra mot dai rong
Imm, lic nay so d6 tinh cua tim khudn nhom
dugc xem nhu mot dam lién tyc nhiéu nhip. Kich
thude nhip & vi du nay 1a 260mm (dugc ldy bang
khoang cach giita tAm cac suon d& theo ciu tao
ciia tim khuon day dam). Noi luc trong tdm
khuén (M va Q), tmg sudt phap va tiép, do vong
16n nhét, [o], [7], [f] dugc tinh todn nhu trudng
hop kiém tra tim khu6n mit ctia san ¢ trén. Két
qua kiém tra duogc thé hién trong Bang 7.
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Bang 6. Tai trong tac dong 1én tim khudn day dam

Chieu cao | Tai trong Hast | Taitrong

Tai trong dam tiéu chuan vugt t(a)i i tinh toan

‘ (mm) | (kN/m?) | "V | (kN /m?)
Trong luong dam BTCT 500 12,50 1,2 9,00
Trong lugng van khuén 0,50 11 0,55
Tai trong do nguéi va dung cu thi cong 2,50 1,3 3,25
Tai trong do dam va do bé tong 2,00 1,3 2,60
Tong 21,40

Bang 7. Kiém tra tam khuon nhom day dam theo cac diéu kién

biéu kién kiém tra Kiém tra bén theo

Kiém tra bén th s .
ém tra bén theo Kiém tra d§ vong

< [O'] = 0,16‘4F
Dat yéu cau

{rng suat phap {ring Suat ct
kN kN
- g = 0,054F T = 0,001@ f — 1,8mm
Giatri kN kN < [f] = 3,0mm

<[] = 0,073 Dat yéu cau

Pat yéu cau

Kiém tra cét chéng tam khuodn day dam: cot
chéng dugc kiém tra theo diéu kién bén va 6n dinh.
Do bén cuia cot chong duoc kiém tra thong qua tmg
suat nén cho phép [a], tuy nhién trong bai bao nay
cac cot chong da duoc thyc hién thi nghiém nén
(xem Bang 1). Gia str dién truyén tai tir san lén cot

chong 13 Ay =1,24%0,9 = 1,12m?, va dién
truyén tai tir dam vao cot chdng A.yq = 1,24 x
0,5 = 0,62m2. Tong tai trong truyén vao cot chdng
dudi dang luc tap trung véi gid tri 1a 21,2kN <
29,5kN. Nhu vay, cot chong van khuén day dam
an toan vé chiju luc va on dinh.

Bang 8. Tai trong tac dong 1én cot chong

2 Tai tron n L Tai tron
Tai trong C};S;nc)ao tiéu cﬁuélgrl Vlljgtst(;i tinh toér%
(kN /m?) ' (kN /m?)
1. San
- Trong lugng BTCT 300 7,50 1,2 9,00
- Trong lugng van khudén 0,50 1,1 0,55
2. Dam
- Trong lugng BTCT 200 5,00 1,2 6,00
- Trong lugng van khudén 0,50 1,1 0,55
3. Tai trong thi cong
- Tai trong do ngudi va dung cu thi cong 2,50 1,3 3,25
- Téi trong do dam va d6 bé tong 2,00 1,3 2,60
Tong 21,95

4. Lap dung va thio d& van khuén nhém
4.1. Lip dung vin khuén nhém

Hién nay tai Viét Nam chua c6 tiéu chuén k¥
thuat vé viéc lép dung va thdao do van khudn

nhom. TCVN 4453:1995 (Két cdu bé tong va bé
tong cbt thép toan khodi - Quy pham thi cong va
nghiém thu) [22] chi dé cip dén cac chi dan
chung vé van khuon, da gido gd va thép. Trong
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khi, TCVN 9342:1012 [23] trinh bay quy pham
thi cong va nghiém thu van khuon trugt. Tuy
nhién, viéc lap dung va thao d& van khuén nhém
vé co ban van tuan thii cac quy dinh nhu vén
khubn gd hodc thép. Nguyén tic lip dung va
thao d& van phai dam bao "chi tiét nao lap dat
trudce thi duge thdo do sau va nguogce lai". Déng
thoi, TCVN 4453:1995 [22] ciing khuyén nghi
phai dam bao "2.5 ting cot chong", tirc dudi san
bé tong chuan bi thi cong can phai co 2 tang
chéng diy du va mot tang cho phép giit lai 50%
hé cot chdng. Dya trén cac yéu cau nay, cic tac
gia dé xuét quy trinh thi céng van khuén nhém
thue hién theo trinh tu nhu sau:

- Budc 1: Thi cong van khuén, cot chdng cho
cac két cau tﬁng 1 (cot, vach, dam-san, cau thang).
Can danh dau cac vi tri trén tim khuon dé thuan
tién cho viéc lap dung & cac tang tiép theo.

- Budc 2: Thi cong cdt thép va bé tong cho
céc két cau tang 1.

- Bu6c 3: Thao véan khudn cft, vach va tim
khuon dam-san tang 1 (chi thio tdm khuon, giit
lai cot chéng).

- Budc 4: Thi céng van khudn, cot chdng cho
cac két cau tang 2 (van khudn dugc luan chuyén
tir tang 1 18n, lip dit theo cac vi tri di danh dau).

- Bue 5: Thi cong cbt thép va bé tong cho
céc két cau tang 2.

- Bu6c 6: Thao van khuon cdt, vach va tim
khuon dam, san tang 2 (chi thao tim khuon, giir
lai cot chong).

- Budc 7: Thi cong van khuédn, c¢ot chdng cho
cac két ciu tang 3 (van khudn duoc luan chuyén
tir tang 2 1én) va thdo d& mot phan cot chdng ting
1 sao cho dam bao quy dinh theo TCVN 4453 :
1995 [22].

- Quy trinh thi cong cac tang tiép theo duoc
1ap lai tur budce 1 dén budc 7.

- Bén canh do, trén co s& nghién ctru dac diém
cAu tao cua van khudn nhom, nhom tac gia dé

xuét nhitng diém cin luu y khi lip dung hé van
khuén nhdém nhu sau:

- Kiém tra chat lugng ctia van khuon, kiém tra
lai cac mbi han, d6 cong vénh bién hinh, kiém
tra cac chi tiét lién két.

- Nén phan loai va déanh diu timg loai van
khudn dé thuan tién cho viéc van chuyén cling
nhu lip dyng.

- Can nghién ctru cu thé timg tim khuon dinh
hinh sao cho phu hop véi ting loai két cdu khéc
nhau.

- Cht ¥ van dé 6n dinh cta hé gian gido.

- Véan chuyén cac tim khudn phai nhe nhang,
tranh bién dang cac tim khuén.

- Nguyén tic 12 bd phan thao trudc khong phu
thudc vao b phan théo sau.

- Khi lap dyng phai dam bao cac kich thudc
ctia két cdu. Ddi v6i cac bd phan quan trong can
c6 nhiéu diém khéng ché dé kiém tra.

- Bé mat van khuén sau khi ghép phai kin,
khit. Phai c6 18 d€ rira sach van khuén va cac 19
nay phai dugc chén kin khi d6 bé tong.

4.2. Thao do van khuon nhom

Tai Viét Nam, viéc tinh toan thiét ké va thi
cong van khuon phai tuan thu theo [22]. Ngoai
céc yéu cau tao hinh dang, do kin va bang phang
cho két cdu, thi yéu cu rat quan trong ctia van
khuon la phai ddm bao kha nang chiu tai trong.
Doi voi van khudn cia két cau dam-san, toan bd
tai trong tai san ting dang thi céng s& truyén
xudng ting dudi trong sudt qua trinh thi cong
tang trén. Nhiing tai trong nay khong duoc tinh
dén khi thiét ké két cdu dim-san. Chinh vi vay,
dé dam béao an toan trong qua trinh thi cong, viéc
thiao d& van khuon ngoai quy dinh vé bé tong
phai dat cuong do cho phép theo [22] khi thi
cong nha cao tang can phai tuan tha theo nguyén
tic sau: (a) Gitr lai toan bo da gido va cot chong
& san ting nam lién ké duéi san sap d6 bé tong;
(b) Thao d& timg bd phan cot chéng van khudn



22 P. P. Anh Huy, P. Quang Nhit,... | Tap chi Khoa hoc & Cong nghé Pai hoc Duy Tan 02(63) (2024) 10-23

ctia san nam dudi san lién ké san sap do bé tong
(tire cach san sip d6 bé tong 1 san), va giir lai
cac cot chéng “an toan” cach nhau 3m dudi cac
dam c6 nhip 16n hon 4m. Nhu vay trong thi cong
nha cao ting dé dam bao quy dinh theo [22] thi
nha thau thi cong phai dau tu it nhét 13 2,5 ting
cot chéng van khuén (tire 2 ting day du hé thong
ot chdng - van khudn, con ting dudi cung cho
phép thao d& 50% van khuon). Mot sb loai van
khuon nhu van khuén dinh hinh thép, van khuén
g5, V.v..., do yéu cAu cAu tao nén dé thao dugc
tam khuon thi phai thio suon (xa go), cot chong
trude. Chinh vi sy bat tién ndy ma cac nha thau
thi cong thudng giit nguyén tdm khuén dam san
cung cot chdng va chi thdo d& khi dam bao ding
theo cac quy dinh. Nhu vay dién tich tim khuon
phai du cho it nhit 1a 3 tang nha, diéu ndy s& dan
dén chi phi cho van khuon s& 16n khi cong trinh
¢6 dién tich 1on.

V&i van khudén nhém, do dic diém céu tao co
thé thao duoc tim khuén ma khong can phai thao
cot chong nhu da trinh bay tai muc 2. Khi thi
cong két cau bé tong dam-san chi cAn mot san
tam khuén va 2,5 tﬁng cot chéng, chinh vi thé ma
chi phi van khuén s& giam xudng. Day l1a uu
diém 16n cta van khuoén nhém. Theo nguyén tic
thao d& van khudn, van khuo6n chi dugc thao do
khi bé tong dat dugc cuong do can thiét theo quy
dinh cua tiéu chuan, dong thoi chiu duoc tai
trong ban than va cac chi tiét lién quan trén két
cau. Tuy nhién, do cdu tao dic biét cua van
khuon nhom (c6 thé thao d& van khudn va dam
dd, chi dé lai cot chong) cho phép thao d tam
khuén va diam d& dé di chuyén 1én cac ting trén
phuc vu thi cong tang tiép theo nham rat ngan
thot gian cho thdo d& van khudn. Trong khi cot
chéng co thé dé lai toan bd hodc mot phan mién
sao an toan cho hé dam-san. Duya trén phan tich
cac dic diém cdu tao va qua trinh lap dung van
khudén nhom, céc tac gia dé xuat quy trinh théo
d& van khudn nhdm nhu sau:

Budc 1: Thao d& van khuon cia cot va vach
(dam bao sau khi bé tong dat cuong do theo tiéu
chudn quy dinh). Dau tién, tién hanh thao cay
chéng, cac chét lién két. Sau d6, thao tim vén
khuén goc, roi dén tdm khuodn giita. Tiép theo,
thdo céc ty lién két cac tim khuon 16n (néu co).
Van khuon sau khi dugc thdo d& c6 thé van
chuyén ngay 1én ting trén dé phuc vu cong tac
thi cdng cho tang tiép theo. Do dic diém cua tim
khuon nhém nhe nén viéc van chuyén cac tam
khudn c6 thé thuc hién thong qua céc 16 k¥ thuat,
thang bo hodc thang may cia cong trinh. Cac ty
duoc dat chét trong bé tong khong thé thao duoc
thi can phai cit ngay dé dam bao an toan cho
cdng nhéan thi cong.

Bude 2: Thao d& van khudn dam-san. Van
khudn ddm-san duogc thao d& tir cac vi tri cot va
tuong dén vi tri cot chéng (dam bao théo sau khi
bé tong dat cuong do yéu cau theo tiéu chuan
quy dinh). Sau khi thao d& xong, van khudn
duoc van chuyén ngay 1én tang trén dé phuc vu
thi cong tang tiép theo. Do cau tao doc lap giira
cot chéng va van khuon dam-san, nén hé théng
cot chong c6 thé dé lai dé hd tro dim-san chiu
luc. Sb luong cot chéng dé lai toan bod hay mot
phan phuy thudc vao tinh toan dé dam bao do
vong va vét nirt cho dam-san BTCT.

5. Két luan

Dua trén nghién ctru thong tin cua van khudn
nhom tir nha san xuét va cac tac gia khac nhau
tai Viét Nam va trén thé gioi, két hop voi cac két
qua thyc nghiém cac dac trung co hoc ctia h¢ van
khudén nhom sir dung tai cong trinh ASIANA
[21], bai bao da trinh bay chi tiét cac dic diém
co ban, wu va nhuge diém cta van khuon nhom.
Tir d6, phan tich dé xuét trinh ty tinh toan kiém
tra, lip dung, va thao d& hé van khuon nhom.
DPdng thoi néu ra duoc cac van dé luu ¥ khi thiét
ké va thi cong hé van khudén nhém. Céc ndi dung
nghién ciru nay da bo sung cic thong tin chwa
duoc dé cap trong céc ti€u chuan Viét Nam vé
van khuon nhém. Bén canh d6, két qua nghién
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ctru cling 1a tai li¢u tham khdo hitru ich cho cac
k¥ su thiét ké va thi cong van khudn nhém. Viée
ap dung nhitng thuc hanh chuin hoa nhu vy la
can thiét dé toi wu héa loi ich cta van khudn
nhom, dam bao su tich hop bén virng va hi¢u qua
vao nganh xy dung. Nghién ctru va phat trién
tiép theo trong linh vuc nay vé hiéu qua cua van
khuon nhom trong thi cong nha cao tang bang bé
tong cot thép sé tiép tuc gop phan vao sy tién bo
cua cong nghé va phuong phap xay dung.
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