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Tém tit

Trong thi cong két ciu bé tong c6t thép (BTCT) toan khdi nha cao tang, quy trinh ky thuit chdng/chbng lai hé
van khuon va hé két cAu déng vai trd rit quan trong, c6 tinh quyét dinh dén an toan va chit lugng cong trinh,
tién do va chi phi tdng thé ctia du 4n. Hién nay chiing ta dang thiéu cic huéng dan ky thuat vé van dé nay, nén
trong thuc té thi cong xay dung thi quy trinh ny phu thudc rit nhiéu vao kinh nghiém, trinh d6 chuyén mon
ctia can bo thiét ké bién phap va can bo ky thuat hién trudng. Dua trén cic tiéu chuin ky thuit trong nudc lién
quan va Tiéu chuin ACI 347.2R-05, nghién ctiu nay phan tich phan bd tai trong thi cong phit hop véi qud trinh
phat trién cudng do ctia két ciu BTCT dé dé xuét gidi phap quy trinh k§ thuat chdng/chdng lai hé van khuon va
hé két cAu trong thi cong nha cao tang; trong d6 c6 chi o thdi gian hop ly thdo va chdng lai cho céc két cAu san,
dam phia dudi. Bai bdo ciing trinh bay két qua kiém tra tinh hop 1y, ddm bao an toan, chit lugng cong trinh, rit
ngan tién do va tiét kiém chi phi thi cong ctia gidi phdp thong qua vi du tinh toan.

Tir khod: két cAu BTCT toan khoi; thi cong nha cao ting; quy trinh chéng/chéng lai; hé van khuon; ACI 347.2R-
05.

DESIGN THE SHORING/RESHORING PROCESS OF FORMWORK FOR THE CONSTRUCTION OF
CAST-IN-PLACE REINFORCED CONCRETE STRUCTURES IN HIGH-RISE BUILDINGS FOLLOWING
THE STANDARD ACI 347.2R-05

Abstract

For the construction of cast-in-place reinforced concrete structures of high-rise buildings, the shoring/reshoring
technical process of the formwork is extremely important, decisive to ensuring safety and quality of buildings,
and schedule, and cost of the construction. Presently, it lacks practical guidelines to design the process; in
fact, the shoring/reshoring process is designed based on experience and knowledge of engineers. Applying
the relevant national technical codes and the Standard ACI 347.2R-05, this study analyzes construction load
distribution and the development of freshly cast concrete strength. As a result it designed the shoring/reshoring
technical process of formwork for the two basic construction methods in which the time was proposed to
appropriately disassembling and reshoring the shores. This paper also presents the design results of an example
to demonstrate the advantages of the proposed process.

Keywords: cast-in-place reinforced concrete structures; high-rise buildings; shoring/reshoring; formwork; ACI
347.2R-05.
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1. M6 dau

Trong thi cong két cAu BTCT toan khéi nha cao tang, c6 3 cong tac chinh quyét dinh dén chét
lugng, tién do, an toan va hiéu qua kinh té 1a: Cong tac cot thép; cong tac cdp pha va cong tac bé tong.
Trong d6 cong tac cbp pha dong vai trd quan trong va chi phi cho né chiém ty trong 16n (t6i 49%) [1],
thdi gian cong tac cop pha thudng dai hon cic cong tic khac nén néu cong tac cop pha lam tot sé diy
nhanh tién do, 1am gidm chi phi, ddm bao chit lugng cong trinh, dong thdi thé hién trinh do, ning luc
t6 chiic thi cong xay dung cong trinh.

Trong thi cong BTCT nha cao tang, ban san Nhin cong,
bé tong méi dé dugc chéng dd tam thdi bdi mot hé e e i
van khudn cot chdng hodc cic cot chong lai cho bl
dén khi bé tong c6 kha niing tu chiu luc. Van dé can
luu tam 12 tai trong thi cong truyén xudng cic ban
san bén dudi thong qua hé thong cot chdéng c6 thé
VUGt qué tai trong thiét ké hoic cudng do bé tong
méi d6 thoi ky dau (tudi sém) clia cdc ban san dAm
phia duéi, din dén pha hiy cuc bd hoic toan bo hé i cone it
két cAu. Do dé, can thiét phai xem xét giai phap oGt thép 7%
giam va phan phdi tai trong thi cong xubng nhiéu
béan san 6/céc tang thip hon thong qua Vi/ET‘,C b6 sung Hinh 1. Chi phi hé vén khuon cot chéng trong thi
cac hé thong cot van khudn va hé cot chong lai [2]. cong BTCT toan khéi [1]

VAan dé dit ra 1a can gii nguyén hé van khuon
cot chéng va chdng lai tai bao nhiéu tAng san phia dudi so v6i tAng san dang tién hanh thi cong. Hon
nita, thoi gian thiao dd hé van khuon cot chdng va chdng lai cac ban san phia dudi ciing 12 mot tham
s6 thi cong rat quan trong can xem xét, tinh todn hop ly. Viéc thdo dd sém hé van khuon cot chdng va
hé cot chdng lai hodc chit tai thi cong s6m va qua miic ¢6 thé gy ra cic hu hong hodc gay khuyét tit
ctia két cAu BTCT nhu gay nt két cAu hodc gy ra do vong dai han vugt qua mic cho phép. D€ giai
quyét dudc bai toan nay, can phai phan tich tng xi va xac dinh cudng do chiu tai bé tong tudi s6m
clia cac ban san bé tong bén duéi (bao gdom ca cudng do chiu udn, chiu cat va choc thing) va su phan
b tai trong thi cong truyén 1én ching. Tuy nhién, trong & hau hét cic du 4n, quyét dinh lién quan dén
viéc thdo d& van khudn va chdng lai hodc chong diém céc ban san phia dudi thudng dudc dua ra trong
thuyét minh bién phép thi cong dua trén kinh nghiém hon 13 két qua phan tich tinh todn thiu ddo.
Hién nay & Viét Nam céc ky su hién trudng/nha thau dudc huéng dan theo cic tiéu chuin ky thuat
chinh yéu sau: TCVN 4453:1995 - Két ciu bé tong va bé tong cbt thép toan khdi - quy pham thi cong
va nghiém thu [3]; TCVN 4055:2012 Cong trinh xay dung - T6 chuc thi cong [4], TCVN 4252:2012
Quy trinh 1ap thiét k& t§ chic xay dung va thiét ké 6 chiic thi cong [5], va QCVN 18:2014 — Quy
chudn k¥ thuit an toan lao dong trong xiy dung [6]. Mot s6 tai liéu khac nhu cac huéng dan vé thiét
ké van khuon, cdc quy pham thi cdng ctia cic nganh, cic huéng din do nha sin xuit van khuon...[7].
Céc tai lidu nay cung cp cdc hudng din co ban cho cac hoat dong chung vé hé van khuon cot chong.
Dén nay, Viét Nam chua c6 bat ky quy chuin hoic tiéu chuin ky thuat nao cung cip huéng din ky
thuat thiét ké va thi cong chi tiét danh riéng cho cic hoat dong chéng/chdng lai két ciu BTCT nha cao
tang, va chiing ta cling dang thiéu c4c nghién ctiu khoa hoc vé van dé nay.

Muc tiéu ctia nghién citu hién nay gom: i) Lam 16 co s6 khoa hoc thiét ké bién phap ky thuat
chdéng/chéng lai trong thi cong két ciu bé tong cdt thép toan khdi nha cao tang theo ACI 347.2R-05
[8]; ii) Dé xuit va tinh toan ki€ém ching su ddm bao an toan, chit lugng cong trinh cda quy trinh k§
thuat chéng/chbng lai san BTCT & mdt vi du cu thé; trong d6 chi rd thdi gian hdp ly thio va chéng

Vat liéu bé
tong 24%

Nhéan cong,
thiét bj cho
cong tac bé
tong 8%

Vat liéu van
khuon 39%

Vit lidu cbt
thép

12%
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lai cho cédc ban san, dim phi hop véi téc do phat trién cudng do két ciu bé tong tudi sém. Pham vi
nghién citu: Tai trong va t& hop tai trong trong thiét ké van khuon theo cic Tiéu chuin Viét Nam;
khong tinh dén cac trudng hop c6 su tic dong clia tai trong 16n theo phuong diing, dot xuat, bt ngd
do mét an toan va rii ro trong thi cong (vi du nhu dé cin truc, roi thung dung bé tong...). Phuong
phdp nghién ctiu 12 két hop phan tich dif liéu, phan tich tdng hop, phuong phap dbi chiéu kiém chiing
(thdng qua vi du cu thé).

2. Cd s6 khoa hoc
2.1. Khdi niém chéng diém va chong lai két cdau dam san bé tong méi do
a. Chdng diém két cAu dam san bé tong méi dd
Theo TCVN 5543:1995 [3], khi thdo dd hé cot chéng van khudn & cic tAm san BTCT d6 toan
khéi ctia nha cao tang thi nén thuc hién gii lai toan bo hé van khuon & tim san ké dudi tim san sap

dd bé tong; tién hanh thdo d titng bo phan cot chéng van khudn clia tim san phia dudi nita va chong
lai cac cot chdng diém cach nhau 3 m duéi cidc dam c6 nhip 16n hon 4 m.
b. Chdng lai két cAu dam san bé tong méi d6

Theo ACI 347.2R-05 [8], chéng lai két cAu dam san bé tdng m&i dd 12 viée st dung cac cot chéng
lai dudc dit viia khit dudi ban san, dim bé tong hodc ciu kién, két cAu khéc sau khi hé van khudn va
cot chdng ban du da dudc thdo dd tai nhitng khu vuc dién tich 16n. Trude thdi diém Iap dit cot chdng
lai, c4c ban san hoic cu kién BTCT mdi d6 dudgc phép chuyén vi vong va tu ning d trong luong ban
than va tai trong thi cong. Cac cot chbng lai dugc lap dit vao ding cac vi tri clia cot chdng ban dau
(s6 lugng cot chdng lai bang s6 lugng cdt chdng ban dau).

2.2. Cdc yéu té dnh hudng va mé hinh don gidn hoa tinh todn phdn bé tdi trong thi cong
a. Céc yéu t6 anh hudng

Cic yéu t6 chinh dnh huéng dén su phan b tai trong thi cong va kha niing chiu tai cta két cau
BTCT khbi trong qu4 trinh thi cong gdm: ban chét ctia tai trong, tinh lién tuc clia san, loai san va do
cling san, toc do phat trién cudng do bé tong tudi sém ctia két cAu, loai va do ciing clia cot chdng, so
dd bb tri cot chdng, s6 luong céc ting san dudc chdng lai, va tbc do thi cong ... [9-11].
b. Mb hinh don gi4n héa tinh todn phan bb tii trong thi cong

Tai trong thi cong tac dong 1én hé van khuon hodc cdc ban san dam trong qua trinh thi cong bao
gdm tinh tii (gom tdi trong ban than két cAu khi chua dong két va ctia hé van khudn) va hoat tai (gdm
tai trong dam bé tong, tai trong di lai clia ngudi va phuong tién, tai trong gid). Thuc té, hé van khuon
con c6 thé chiu tii trong 14t, xoan do vi tri bé tong khi d8 thanh déng 16n, khong dbi xing; tai trong
luc tap trung cda thiét bi thi cong khi 13p dit, khdi dong va diing; tai trong phan bb do cic san tam
chiia vat liéu va trang thiét bi thi cong ... Thong thudng nhiing ti trong nay xay ra trén mot khu vuc
tuong d6i nho va néu khong dude kiém sodt c6 thé gy ra pha hoai cuc bo clia van khudn hoic c¢6 thé
1a két cAu BTCT. Hé van khudn dudc yéu cau dé chdng dd tt ca céc tai trong thi cong phat sinh cho
dén khi cac két cAu bé tong di cudng do chiu tai. Viéc tinh todn phan b tai trong thi cong 1én céc
két cAu bé tdng mdi d6 va hé van khudn 1a bai toan rat quan trong nham phuc vu thiét ké bién phap
thi cong; tuy nhién day ciing 14 van dé phiic tap do c6 rit nhiéu yéu t6 dnh hudng dén su phan bd tai
trong thi cong [10]. Tiéu chuin ACI 347.2R-05 thita nhan md hinh don gian héa dugc phét trién bsi
Grundy va Kabaila 1963 [12] véi cac gia thiét:
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- Céc bién dang ctia tAm bé tong dudc coi 1a dan hdi (khong ké dén su co ngét va tir bién clia bé
tong);

- C4c cot chbéng c6 dd ciing vo han so v6i cdc ban san bé tong dudc chong da;

- Phén luc ctia cdc cot chéng dudc gia dinh 1a phan bd dong déu;

- Tang thip nhit ma hé cot chdng dua Ién trén 1a nén ciing khi bat dAu trién khai thi cong céc san
phia trén;

- Tai trong tac dung dudc phin bd 1én cdc ban san tuong ting véi do cling ubn tuong dbi ciia chiing.

M5 hinh don gidn héa ban dau khong xét dén hé cot chdng lai [12]. Céc gia dinh ctia mo hinh 12
khong hoan toan ding va dé xit 1y an toan céc sai s6 do cac gia dinh ctia md hinh, Tiéu chuin ACI
347.2R-05 dé xuit 4p dung hé chdng lai & cdc ban san bé tong bén dudi.

2.3. Cdc phuong dn thi cong BTCT toan khéi dién hinh

Trong mdt qui trinh cong nghé thi cong BTCT toan khdi dién hinh cho nha cao ting, phu thudc
vao do ciing cia cdc ban san trong tinh todn két cAu, phan chia dot thi cong, thdi gian (téc do) thi
cong cho 1 tang, c6 thdo cac cdt chéng van khudn khi san tu chiu trong lugng ctia né (cho phép ban
san vong ban dau) va tién hanh chdng lai (theo ACI 347.2R-05 [8]), hoic d€ toan bo hé cot chéng van
khuodn cho dén khi bé tong san dat cudng dd cho phép mdi tién hanh thdo van khudn va codt chong
diém (theo TCVN 4453:1995 [3]). Thudng c6 hai phuong 4n thi cong BTCT toan khoi nha cao ting:

a. Phuong an 1
Khong st dung hé chong lai (thdng thudng phai gitt lai 2 — 3 tAng hé van khudn cot chdng & cic
ban san nam k& dudi tAim ban san sap d6 bé tong). Pay 1a phuong 4n thi cong theo huéng din cia

C6 tai trong thi cong

EERERERENEEE

S2

Cot chéng,
TI van khuén

Giai doan 1: DS bé tong san S2
Thi cong hé van khudn cot chdng ting 1, c6t thép dam san S2, d6 bé tong
san S2. Hé van khudn cot chéng T1 chiu toan bo tai trong thi cong va
truyén xudng nén dit (c6 1 tang van khuon cot chdng)

Co tai trong thi cong

S
EERERREENENE!

S4 .
San S3 dong ket
(du cuong do dé
T3 thi cong trén san)
S3 e
T2
S2
Cot chéng,
T1 van khu6n

Giai doan 3: D3 bé tong san S4
Cho san S3 dong két, dat cuong do nhét dinh, thi cong hé van khudn cot
chéng T3, cbt thép, d6 bé tong san S4. Hé van khudn cot chdng cic tang
T1, T2, T3 chiu tai trong thi cong (bd qua stic chju tai ctia cac san S2 va
S3). VAn giit toan bd hé cot chdng van khuon cia céc T1, T2, T3 (c6 3 tang
cot chbéng van khudn)

Co tai trong thi cong

—
IENEEREREREN!

TR
T

Giai doan 2: D bé tong san S3
Chd san S2 dong két, dat cudng do nhét dinh sé thi cong hé van khudn cot
chdng T2, cbt thép, d6 bé tong san S3. Hé cot van khudn chdng cic ting
T1, T2 chiu tai trong thi cong (bd qua stic chiu tai cia cic san S2) (c6 2
tang cot chong van khuon)

S3

San S2 dong két
(du cudng do dé
thi cong trén san)

Cot chéng,
van khudn
S2

TI

San S4 dong két, du cuong
d6 thi cong tang 4 (san S5)

T4 N
S4 \
\
\
\
T3 \ FU
s3 \ C.huyelz gian
| gido, cop pha
/ lén ting 4
T2 /
s2 !
/] i 2
Cot chong diem
T1

Giai doan 4: DS bé tong san S5
Khi bé tong san S2 dat cudng do thiét ké. Giit lai toan by hé cot chdng van
khuon T2, T3; thdo hé van khudn cot chéng T1 dé luan chuyén 1én 1ip &
T4; chéng diém (ch6ng an toan) cho san S2; tién hanh dd bé tong san S5
Itic nay tai trong thi cong phan ph6 xubng céc san S2 va S3 (khong con
truyén xudng dét) (c6 2 ting van khudn cot chéng va 1 ting chdng diém)

Hinh 2. Quy trinh thi cong BTCT khi khong diing hé cot chng lai
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TCVN 4453:1995. Quy trinh thuc hién gom 4 giai doan (Hinh 2) dudc chia chi tiét ra 7 budc thi cong
(Béng 1).
b. Phuong 4n 2

St dung hé cot chong lai. Bang 2 trinh bay quy trinh 9 budc ctia phuong an thi cong st dung cot
chdng lai theo ACI 347.2R-05. Hinh 3 thé hién 3 budc chinh thi cong mbi san dién hinh S5 (tuong
ung véi budce 7, 8a, va 8b trong Bang ?7?).

Co tai trong thi cong

& & & & & & & & & & & & & San S5 tu chiu trong luong ban than,

S5 khong c6 hoat tai thi cng
N J TS5
Cot chong .,
T4 van khuon S5 Cot chéng, vén khuén
da dugce thdo
S4 -
T4
S4
$3 13 Cot chéng lai
T3 Cit chéng lai
3 Cotchong lat
T2 7S
S2 @
T1 Tl
Budc 7: Thi cong hé van khudn cot chéng T4, ct thép, d6 bé tong san S5 Budc 8a: Thdo hé cot chéng van khudn T4
Doi bé tong san S4 dong két, dat dén cuvng dd tinh todn (c thé tu chiu Ngling thi cong, chd cho bé tong san S5 dong két, dat dén cudng do tinh
dugc trong lugng ban than); thio hé van khudn cot chéng T3 va tién hanh todn c6 thé ty chiu dugc trong lugng ban than; thio hé van khuon cot chéng
chéng lai & T3. Thi cong hé van khudn ct chdng, cbt thép, va d6 bé tong T4 (c6 2 tang cot chong lai)
san S5. Lic nay hé cot chdng T4 chiu toan bo tai trong thi cong va truyén
xudng san $4, $3, S2 qua cac hé cot chbng lai (c6 1 ting van khudn cot
chéng va 2 tang cot chong lai)
Sél} S5 m chiu trgng ll{?“g ban than, Cot chdng,van khuén chuyén Ién trén
khong c6 hogt tai thi cong san S5 dé tiép tuc thi cong tang 5
T5 T5
S5 S5
N ~T< ~T< =
> No > N- - > No /R
AN PN AN ,
-z ~l > > T4 Cot chéng lai
S4 \\ ok . S4 , e
\ Cot chong lai
) duoc chuyén
13 // lén tang 4 T3
S3 / S3
N ~T< ~T< =
S~ S~ ST /|
>< >< >/
BN P VAN P T2
S2 S2
Tl T1
Budc 8b: Chéng lai san S5 Budc 9: Thi cong san S6
Thao cot chdng lai 6 T2, van chuyén 1én chdng lai 6 T4 (c6 3 tang cot Lép xong cot chéng lai & T4, tiép tuc thi cong san S6. Quay lai nhu budc 1
chéng lai) (c6 1 tang van khudn cot chéng va 2 ting cot chong lai)

Hinh 3. Quy trinh thi cong hé van khudn (cho mot ting dién hinh) theo Phuong 4n 2 (mdt ting hé van khudn
cot chdng va hai tang cot chong lai)
Hinh 4 thé hién cdc cong trinh thi cong thuc té st dung phuong 4n 2 v6i mot tang hé van khuon
cot chéng va hai hoic ba ting chdng lai (khi ddy nhanh tién do thi cong, khi d6 sb lugng tang chéng
lai sé tang 1€n).

2.4. Quan hé giita cuong do bé tong tudi som va thoi diém thdo hé vdn khuén cot chong va hé cot
chong lai

Thoi diém thdo dJ an toan hé van khudn cot chéng va hé cot chdng lai phu thude chinh yéu vao

cudng do ciia két cAu bé tong tai thoi diém xét. Nhu vay, tién do k§ thut thdo dd - chdng lai mot cich
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(a) Mot ting van khudn cot chdng va 2 ting chdng lai (b) Mdt ting van khuon cot chéng va 3 ting chdng lai

Hinh 4. Céac cong trinh thi cong v6i phuong an 2

an toan hé van khuon cot chdng phu thudc vao tc do phat trién cudng do bé tong tudi sém, do chinh
xé4c ctia thi nghiém x4c dinh cudng do bé tong tai chd, miic dd chit tai thi cong va bién dang ma két
céu c6 thé chiu dudc.

Khi tai trong thi cong 16n hon cudng do ciia san bé tdng tudi sém, su cb phd hoai c6 thé xay ra.
Trudng hop nay phai thay d6i qui trinh va toc do thi cong da dugc dé xuét. C6 ba giai phap xi 1y co
ban: (1) gidm tai trong 1én ban san bé tong tudi sém, (2) ting mac thiét ké bé tong, va (3) st dung
phu gia déng ciing nhanh. Giai phap 1 c¢6 thé dat dugc bang cach ting s6 ting san bé tong dugc chéng
hoic chdng lai sao cho tai trong thi cong tic dung vao cdc ban san dugc gidm xudng mic c6 thé chip
nhan dugc (khong gy pha hoai két ciu bé tong). Giai phap 2 c6 thé dat dudc bang cach st dung bé
tong cudng do cao (tuy nhién taing mac bé tong c6 gidi han). Giai phap 3 st dung phu gia dong ciing
nhanh hop 1i d€ ting nhanh tdc d6 phat trién cudng do bé tong tudi sém; bao dudng, kiém sodt nhiét
do dong ran dé dat dudc cudng do bé tong tudi sém can thiét; kéo dai thai gian thi cong clia mot tang
dé bé tong tudi sém dat di cudng dd trudc khi dit tai trong thi cong, hodic két hop cac ky thuat trén.

Hinh 5 trinh bay biéu dd phat trién cudng do
cua bé tong Mac 250 (B20) dua trén dit li€u thi L. 5
nghiém mau bé tong tai Phong thi nghiém va ki€ém h
dinh xay dung LAS-XD.125 - Truong Dai hoc xay
dung. Kich thuéc miu 15 x 15 x 15 cm, méc thiét
ké M250. Phuong phdp thi nghiém theo TCVN
3118:1993 — Bé tong nang - Phuong phap xac dinh
cudng do nén [13]. Cac mau thi nghiém dugc tong
hop tif du 4n Nha & chung cu cao ting B — CT2
(Twin Tower) ta\i Lo dat CT2 Thudc Khu do thi Hinh 5. D6 thi phat trién cudng do bé tong tudi
md6i Tay Nam HoO Linh bam, Hoang Mai, Ha Noi. s6m (LAS-XD.125 trudng Pai hoc Xay dung)

97.04

3. Dé xuét quy trinh 1ip dung - thao do - chéng
lai hé van khudn c6t chong trong thi cong ket cau BTCT nha cao tang theo ACI 347.2R-05

Dua trén hudng din ctia Tiéu chuan ACI 347.2R-05 va TCVN 4453:1995, nghién ctiu da di tinh
toan phan bd cu thé tai trong thi cong tic dung 1én cdc ban san va cot chdng; tir d6 xay dung quy trinh
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thi cong (theo tién dd phu hogp véi phat trién cudng do bé tong tudi sém) lip dung — thao dd - chdng
lai hé van khuon cot chéng cho 2 phuong 4n c6 va khong st dung hé cot chdng lai.

a. Phuong 4n 1

Khong st dung hé chdng lai (theo TCVN 4453:1995, Bang 1): St dung 2 - 3 ting van khudn cot
chdng (két hop 1 tang chdng di€ém) chéng dd cic san bé tong.
b. Phuong 4n 2

Khong st dung hé chdng lai (theo ACI 347.2R-05, Bang 2): St dung 1 tang van khudn cot chdng
va 2 tang cot chong lai.

Béng 3 trinh bay danh gia Phuong an 1 va Phuong an 2.

Gia st tai trong thi cong: D la trong lugng cua san (trong lugng BTCT san); Hoat tai thi cong 1a
0,4D; Trong lugng cot chdng van khudn 1a 0,1D; (0,4D va 0,1D trong cic trudng hdp — bai todn cu
thé phai tinh todn theo tiéu chuin); Bé qua trong lugng cot chdng diém; Thiét ké thai gian thi cong 1
tang 1a: 5 ngay/tang, trong d6: thoi gian chd dé bé tong dong két di cudng do dé thi cong cac cong
viéc tiép theo 2 ngay; thoi gian lap dung hé van khuon cot chéng 1a 1 ngay; thoi gian 1ap dit cot thép
12 1 ngay; thoi gian d6 bé tong 1a 1 ngay. Ky hiéu (trong Bang 1):

Nén dit hoic san tang 1: — San BT cing (da dong két): ——— Ting chéng lai: ==
San BT méi d6 (chua dong két): Tang cot chéng van khuoén: || Il Tang chong diém:

Bang 1. Phan tich tai trong va quy trinh thi cong két cAu BTCT nha cao ting khong st dung cot chdng lai

(theo TCVN 4453:1995)
Trang Tai trr)lng thi cf;]ng t?)c dung Tai trong
iai én san theo 4c o
Giai Budc Quy trinh thi cong va phén tich téi trong thi cong [h?l tae iiuné
doan ket . P % . lén
chu Khi Phét trién  Tong khi <6t chén
bitdiu  cudngdd  két thiic ° &
Giai - Ngay 1 bt dau thi cong cdp pha, cbt thép san S2 (trong 2 ngay); S 0 0 0
doan 1: 1 Ngay 3 d6 bé tong san S2; Toan bo tai trong thi cong (1,5D)
o . A A ek PP U 1.5D
Do bé truyén xuong dat qua hé cot chong tang 1. T
tong S2 - C6 1 tang cot chdng vin khudn.
- Chd (ngiing thi cong) 2 ngay dé san S2 dong két (cusng do BT > 50 kg/cmz); 2 0 0 0
5 - Van giit hé cot chéng van khuon & tang 1; LID
Giai - Hoat ti thi cong khong con, tinh tai truyén xubng dét qua hé chéng tang 1. ol ’
doan 2: - C6 1 tang cot chdng vin khuon.
b3 be
tong N oAz Ao s N 3 0 0 0
san S3 - Ngay 6 thi cdng cop pha, cot thép san S3 (trong 2 ngay);
- Ngay 8 d6 bé tong san S3; TJ 1,5D
3 - Tii trong thi cong truyén xudng dit qua hé cot chdng cdc ting 2, ting 1
(coi san S2 chua chiu téi trong thi cong). 0 0 0
oA Ak ) A
- C6 2 tang cdt chong van khudn. I 26D
. 0 0 0
- Chd (ngling thi cong) 2 ngay sau khi d6 bé tong dé san S3 dong két;
- Van giit hé cot chéng van khuén & tang 1, ting 2; TJ 1,1D
4 - Hoat tai thi cong khong con, tinh tai truyén lén cot chong cdc tang T2, T1
va truyén xubng dat; 0 0 0
Giai - C6 2 tang cot chong véan khudn. i 22D
doan 3:
P bé 8 0 0 0
tong - Ngay 11 thi cong cdp pha, cbt thép san S4 (trong 2 ngay); 1,5D
san S4 < PRSI I
- Ngay 13 do bé tong san S4; 0 0 0
5 - Tii trong thi cong truyén xudng dit qua hé cot chdng céc ting 3,2, va 1
(coi se\m;SS, san Sg chua chui tai trong thi cong). TJ 2,6D
- C6 3 tang cot chong van khudn.
0 0 0
Tl 3,7D
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Trang Tai trong thi cong tic dung Tai trong
iai 1én san theo D sc dune
Giai Budc Quy trinh thi cong va phan tich tdi trong thi cong lhf ! tae (}u“”
doan ket . s % . lén
. cAu Khi Phét trién  Tong khi 6t chén
bitdiu cudngdd  kétthic e
0 0 0
. . P 1,ID
- Cho (ngiing thi cong) 2 ngay sau khi do bé tong dé san S4 dong ket; IE|
- Van giit hé cot chéng van khudn & cdc tang 1, tang 2, ting 3, hoat tai thi cong 53 0 0 0
khong con, toan b tinh tii trong truyén 1én cot chdng cdc tang va truyén xudng dit.
- C6 3 ting cot chéng van khuon. i) 2,2D
Giai 0 0 0
doan 4: Il 3,3D
DG bé
ong 0 +1,0D 1,0D
san §5 - Ngay 14 tién hanh thdo cdp pha, cot chong tang 1 va cho chdng diém; 0.1D
- Gia thiét do cting cdc san la nhu nhau va khong bi vong trong qud trinh thi cong; I3
- Cho phép cdc san $2,83,S4 mang trong lugng ban than né, phan bd lai tai trong 3 0 +1,1D 1,1D
thi cong Ién céc san;
- Tiép tuc thi cong san S5 vao ngay 16 (quay lai chu ky bat dau tit san 3, budc 3 nhu trén); T 0,1D
- C6 2 tang c6t chong van khuon va 1 tang chong diém. $2 — 0 +12D 12D
[
[
L 0

Gia st tai trong thi cong: D 1a trong lugng cua san (trong lugng BTCT san); Hoat tai thi cong la
0,4D; trong lugng cot chdng van khudn 14 0,1D; (0,4D va 0,1D trong cac trudng hop — bai todn cu thé
phéi tinh todn theo tiéu chuin); bé qua trong lugng cdt chdng diém; thiét ké thoi gian thi cong 1 ting
1a: 6 ngay/tng; trong d6: thoi gian chd dé bé tong dong két di cuong do tu chiu trong ludng ban than
2 ngay; thai gian thio hé van khuon cot chdng va chdng lai 1 ngay; thai gian 1ip dung hé van khuon
cot chbng 1a 1 ngay; thoi gian 1dp dit cbt thép 1a 1 ngay; thdi gian d6 bé tong 1a 1 ngay. Ky hiéu (trong
Bang 2):

Nén dit hoic san tang 1: —7 San BT ciing (da dong két): —— Tangchbng lai: ==
San BT méi d6 (chua dong két): Tang cot chéng van khuén: 10 Tang chong diém:

Bang 2. Phan tich tai trong va quy trinh thi cong két cAu BTCT nha cao ting st dung 1 tAng van khuon cot
chdng va 2 tang chdng lai (theo ACI347.2R-05)

Trang Tai trong thi cong tic dung Tai trong thi
B . C . . o thai 1én san theo D cong tic dung
Budc Quy trinh thi cong va phan tich tai trong thi cong Két - - - - 1én cot
chu Kh1 Thay doi trong qud trinh T(?ng khi chéng/cot
bat dau phat trién cuong do ket thic chéng lai
- Ngay 1 thi cong hé van khudn, cdt thép san S2 (trong 2 ngay); $2 0 0 0
1 - Ngay 3 d6 bé tong san S2; o ) 15D
- Toan b tii trong thi cong truyén xudng dit qua hé cot chéng; >
- C6 1 tang cot chdng van khuon. M
- Chd (ngiing thi cong) dé san S2 dong két va tu chiu trong lugng ban than (2 ngay), 0 +1,0D 10D
(cudng do bé tong tudi sém dudgc xdc dinh theo két qua thi nghiém);
2 N U U S S AN 0
Ngay 6 thdo cdc cot chong va lap cédc cot chong lai 6 tang 1;
Chi 1 ting chdng lai. n
- Ngay 7 thi cong hé van khuon, cbt thép san 3 (trong 2 ngay); s 0 0 0
- Ngay 9 d6 bé tong san S3; ‘ J ‘ 1.5D
3 - Ti trong thi cong san S3 truyén xudng cot chéng ting 2 va cot chdng lai o &
dudi san S2 truyén tai trong thi cong xuéng dét; - 1,0D 0 1,0D
- C6 1 tang cot chdng vin khuon va 1 ting chong lai.
11 1,5D
- Chd (ngling thi cong) d€ san S3 dong két va cho phép ty 53 0 +1,0D 1.0D
mang trong lugng ban thén (2 ngay); 0
4 - Ngay 12 théo van khuon cot chéng dudi san S3 va ldp cdc cot chong lai @ n
& ting 2 (tii trong thi cong truyén xudng dit qua hé cot chdng lai ting 2; ting 1); - 1,0D 0 1,0D
- Chi 2 tAng chéng lai. < 0
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Trang Tai trong thi cong tic dung Tai trong thi
thai 1én san theo D cong tc dung
Budc Quy trinh thi cong va phan tich téi trong thi cong % 1én cot
ket . o PN % . 7
chu Khi Thay doi trong qud trinh ~ Tong khi chéng/cot
bat dau phat trién cudng do Kkét thic chéng lai
s 0 0 0
) ) 15D
- Ngay 13 thi cong cOp pha, cot thép san S4 (trong 2 ngay); IT
- Ngay 15 d6 bé tong san S4; 3 1,0D 0 1,0D
5 - Tii trong thi cong san S4 truyén xudng van khuon cot chdng tang 3
va cdc cOt chbng lai ting 1, tang 2 va truyén xubng dat; &) 1,5D
- C6 1 tang cot chong van khudn va 2 tang chong lai. S2 1.0D 0 10D
I 1,5D
0 +1,0D 1,0D
N
. P 0
- Chd (nguing thi cong) dé san S4 dong ket va cho phép ty mang ¢
trong lugng ban than (2 ngay); $3 1,0D 0 1,0D
6 - Ngay 18 thdo cdp pha cot chéng dudi san S4 va chéng lai;
- Cho phép thdo cot chdng lai tang 1; D 0
- Chi 2 tang chong lai. 2 1.0D 0 1,0D
Tl 0
S5 0 0 0
4‘ ‘ 15D
IT:
4 S4
- Nghy 19 thi cong hé vén khuon, cbt thép san S5 (trong 2 ngay): 10D 0,5D 15D
- Ngay 21 d6 bé tong san S5; 1,0D
7 - Tii trong thi cong san S5 truyén xudng cdc san bén dudi qua cdc cot chong tang 4 . B
va hé cot chdng lai va chia cho cac san theo cudng do bé tong ctia mbi san. 1,0D 0,5D 1,5D
- C6 1 tang cot chéng van khudn va 2 tang chéng lai.
T 0,5D
S))
1,0D 0,5D 1,5D
T 0
5 0 0 0
1,1D
(8a): T
- Ngay sau khi thi cong xong san S5 chua dong két; 4 1,5D -0,13D 1,37D
- Téi trong thi cong tir san S5 truyén qua hé cot chong tang 4
va cdc cOt chéng lai ting dudi; T 0,73D
2i thi co o O i 3 c oid & 5
- Hoag [dl\[hl cong (0.4D) khong con tai S5 va duge giam déu xuong 3 1.5D -0,13D 1.37D
cho cdc san S4, S3, S2;
- Céc san S4, S3, S2 chiu trong lugng ban than va tai trong thi cong D 0,36D
do san S5 truyén xudng; )
- C6 1 tang cot chdng van khuon va 2 ting chong lai. 1,5D -0,14D 1,36D
Tl 0
8
sl 0 +1,0D 1,0D
0
T
84 -
(8b): 1,37D 0,37D 1,0D
- Sau 2 ngay, san S5 tu chiu dudc trong lugng ban than; < 0
- Ngay 24 thdo van khuon cot chdng va tién hanh chéng lai tang 4; B
- Téi trong thi cong khong con tai tit ci cdc san, cdc san ty chiu s 1,37D -0,37D 1,0D
trong lugng bén than né;
- Chi 2 ting chéng lai. o n 0
] 1,36D -0,36D 1,0D
Tl 0
s 10D 0 10D
0
i)
84 1,0D 0 1,0D
- Théo cdt chéng lai tang 2, chuyén 1én va chdng lai & tang 4 (chéng lai cho san S5); X 0
9 - Tai trong thi cong khong con, céc san ty chiu trong lugng ban than né; s
- Tiép tuc thi cong san S6 (quay trd vé budc 7); : 1,0D 0 1,0D
- Chi 2 ting chdng lai.
T2 0
82
1,0D 0 1,0D
T 0

banh gia chung:
- Vé phuong dién két cAu: Phuong 4n 1 khdng xét dén kha ning chiu tai trong ctia bé tong tudi sém;

47



Son, K. T., va cs. / Tap chi Khoa hoc Céng nghé Xay dung

- V& tién do: Phuong 4n 1 ¢6 tién do thi cong mdi san trung binh nhanh hon Phuong 4n 2 1a 1 ngay;

- V& sb luong bo van khudn cot chdng: Phuong 4n 1 yéu cau sb lugng bd van khudn cot chdng
nhiéu hon 2-3 1an so v6i Phuong 4n 2;

- V@ tan khong gian cdc san dé thi cong cic cong viéc khac: Phuong 4n 1 c6 it khong gian hon so
v6i Phuong an 2.

Nhu vay, trong thi cong két cau BTCT nha cao tang, tiiy theo ning luc ctia nha thau va yéu cau vé
tién do ctia du 4n ma nha thiu xem xét dé xuét Iua chon phuong 4n thi cong phit hgp nham dam bao
chét lugng, an toan cong trinh, tién do thi cong va chi phi cho cong tac van khuon cot chong.

Bang 3. banh gia Phuong an 1 va Phuong an 2

Phuong phép thi cong

A ) St dung cot chéng lai
Khong sit dung (ACI 347.2R-05)

cot chong lai

STT NOoi dung so sanh

(TCVN-5574)

1 tng c6t chéng van khudn
va 2 tang chong lai

Chu ki, thdi gian thi cong 1 ting

Thi cong 5 ngay/1 ting

Thi cong 6 ngay/1 tAng

S6 tang cot chdng van

2 khuon yéu ciu 3 tang cot chong van khudn 1 tang cot chong van khuon
3 S6 tang cot chong lai yéu cau Khong sit dung cot chdng lai 2 tang cot chong lai
4 Huy dong khd nang chiu Chua cho phép san chiu tai trong khi Cho phép san chiu tai trong
tai trong cua san chua théo cot chdng van khudn & mdi chu ki thi cong
5 Ta,l trong lcin n%lat 1,7D 1,5D
tac dung Ién san
6 Tai trf)ng £dn nhAat ta(j dung Ién 37D 15D
cOt chong/cot chong lai
7 Do vong cua san trong Khong cho phép vong b6 vong san < do vong cho phép

qua trinh thi cong

theo tiéu chuén

Ghi chu: gi thiét D 1a trong lugng ctia san (trong lugng BTCT san).

4. Vi du tinh toan kiém tra tinh an toan cta giai phap dé xuét vé quy trinh chdng/chong lai
hé van khuon cot chong véi phueng an sit dung 1 tang van kKhudn cét chong va 2 tang cot
chéng lai

4.1. Théng sé ddu vao

Mot 6 san diém hinh hai phuong ctia toa nha bé tong cbt thép toan khdi cao tang; kich thudc cau
kién nhu Hinh 6 v6i chiéu day san 0,12 m. Ct thép san va dam nhu Béng 4.

Trong ludng ban than san: 3 kN/m?; Trong luong van khudn: 0,098 kN/m?; Trong ludng xa gd (st
dung xa gb 2 16p, kich thudc xa gd thép hop: 10 x 10 x 1 mm: 0,012 kN/m?>. Trong ludng cot chbng
9 kG/1 cdy, trung binh 0,2 kN/m?. Hoat tai theo TCVN 4453-1995: Cong nhén va thiét bi thi cong:
2,5 kN/m?; Hoat tai do ddm: 2 kN/m?. Quy d&i tai trong nhu Bang 5.

Nghién ciiu st dung cic mau thi nghiém dudc téng hop tit du 4n Nha & chung cu cao tang B —
CT2 (Twin Tower) tai L6 dat CT2 Thuoc Khu db thi méi Tay Nam Ho Linh Pam, Hoang Mai, Ha
Noi va xay dung dugc bi€u dd phat trién cudng do ctia bé tdbng Mac 250 (B20) nhu Hinh 5. Cot thép
CB-300V ¢6 E = 2 x 10® kN/m?, F, = 3 x 10° kN/m?. Toc db thi cong nhu Bang 6.

48



Son, K. T., va cs. / Tap chi Khoa hoc Céng nghé Xay dung

D250X700
<§g>
Q
—={

o o o
g g B
> > > Q8
B & B S
I N & ~| |
a8 a8 S
HS=120 HS=120

4
®

D250X700

3280
3500

HS=120
D250X700
3540 gﬂo 3540
) 7800 )
® ®)

Hinh 6. Mit bing két cdu dién hinh

D250X400
D250X400

b
©

Bang 4. Cbt thép san, dim

Tén san C6t thép 16p trén C6t thép 16p dudi
S1, 82, 83, S4 ®10a150 ®10a200
Tén CK C6t thép gbi C6t thép nhip
DC-1 3025+3D22 3022
DC-2 3025 2022
DP-1 3022 3022

Béng 5. Tai trong quy déi

Téi trong Hésé  Taitrongtinh  Quy ddi

TT  Loaital Ten loai tdi T.(KN/m?) wugttdi todn (KN/m?)  theo D
1 Tinh tai Tai trong ban than (P,) 3 1,2 3,6 1D
2 Tai trong Van khudn + Xa gd+ cot chdng (P5) 0,31 1,1 0,34 0,09D
3 Hoat tii  Tai trong c6ng nhan bao dudng stra chita (P3) 0,75 1,3 0,975 0,27D
4 Tai trong cong nhan va thiét bi thi cong (Py) 2,5 1,3 3,25 0,9D
5 Tai trong do ddm rung (Ps) 2 1.3 2,6 0,72D

Bang 6. Toc do cic giai doan thi cong

Giai doanl Giai doan 2 Giai doan 3
SanS5  Kiéu chéng d5 Tudi BT ~ Chdng toan bo (1 ngay)  Khong chéng (3 ngay) Chéng lai (3 ngay)
San S4  Kiéu chéng d5 Tudi BT Chbng lai (7ngay) Chéng lai (9 ngay) Chéng lai (9 ngay)
San S3  Kiéu chéng d6 Tusi BT~ Chdng lai (13 ngay) Chéng lai (15 ngay) Khong chéng (15 ngay)

San S2  Kiéu chéng d5 Tudi BT ~ Khong chéng (19 ngay) Khong chéng (21 ngay) Khéng chbng (21 ngay)

M5 hinh hé van khuon cot chdng cho 3 giai doan cong tac.
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(a) Giai doan 1 (b) Giai doan 2

(c) Giai doan 3

Hinh 7. M6 hinh hé van khuén c6t chdng cho 3 giai doan thi cong

4.2. Phdn bé tdi trong thi cong

Su phan bd tii trong thi cong gilta cic tAm bé tong va hé théng chdng / chdng lai dudc danh gia
bing phuong phap don gian héa. Gia dinh kha ning nén ctia hé thdng chbéng / chdng lai khong anh
hudng dang ké dén viéc phan bd lai tai trong thi cong. Bang 7 thé hién tai trong phan bd 1én cc san

tuong ung vé6i cac Giai doan 1, 2 va 3.

Bang 7. Phan b tai trong thi cong

Giai doan 1 Giai doan 2 Giai doan 3
S4 P, P, P Py Ps P, P, P Py, Ps P P, Ps P, Ps
D - - 09D 0,72D D - - - - D 009D 027D - -
2,62D D 1,36D
S3 P P, P; P, Ps P P, P, P, Ps P P, P, P, Ps
D 0,09D 0,27D - - D - 0,27D - - D 0,09D 0,27D - -
1,36D 1,27D 1,36D
S2 P P, P; P, Ps P P, P, P, Ps P P, P, P, Ps
D 009D 0,27D - - D 0,09D 0,27D - - D 0,09D 0,27D - -
1,36D 1,36D 1,36D
S1 P, P, P, P, Ps P P, P, P, Ps P P, P, P, Ps
D 009D 0,27D - - D 0,09D 0,27D - - D 0,09D 0,27D - -
1,36D 1,36D 1,36D
4.3. Phdt trién cuong do bé tong cho cdc giai doan 1, 2 va 3
Cudng do bé tong tai cac giai doan thi cdng 1, 2, 3 dugc thé hién trong Bang 8.
Béng 8. Phat trién cudng do clia bé tong tai giai doan 1, 2, va 3
Giai doan B20 Ting Tudi BT (ngay) % R28 Rb (kN/m?) £, (kN/m?) E (kN/m?)
1 S4 5 1 32,32 3720 4850 8726400
S3 4 7 98,27 11310 14750 26532900
S2 3 13 99,75 11480 14970 26932500
S1 2 19 100 11500 15000 27000000
2,3 S4 5 3 76,28 8780 11450 20595600
S3 4 9 98,76 11360 14820 26665200
S2 3 15 100 11500 15000 27000000
S1 2 21 100 11500 15000 27000000
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4.4. Két qud tinh todn

Nghién ctiu st dung phan mém ETAB 17 va SAFE 12 d€ tinh todn ndi luc. Hinh 8 thé hién két
qua trich xut cho giai doan 1.

Hinh 8. Két qué phén tich ndi luc két ciu tai giai doan 1

a. Chuyén vi cAu kién Dam

Béng 9 thé hién do vong cho phép (mm) va vi tri do chuyén vi.

Bang 9. D6 vong dam cho phép va vi tri do chuyén vi

Ll 0 38

TT Chiéudai D9 vong cho phép Gid tri do vong

1 8200 L/250 33
2 7800 L/250 31 c. o, S
3 3500 L/200 18 Giai doan1 Giaidoan2 Giai doan 3

Két qua tinh toan: Giai doan 1: CAu kién c6 chuyén vi 16n nhit 1a dim B14 (220 x 500) tai tang 4
véi chuyén vi —9,741 mm. Giai doan 2: Ciu kién c6 chuyén vi 16n nhit 1a ddm B17 (220 x 500) tai
tang 4 v6i chuyén vi —11,856 mm. Giai doan 3: Céu kién c6 chuyén vi 16n nhit 1a dam B20 (220 x
500) tai tang 4 véi chuyén vi —8,677 mm.

b. Chuyén vi cAu kién san

Do vong cho phép ctia 6 san la: L/250 (L: nhip canh ngan). Bang 10 thé hién do vong cho phép
ctia cAu kién san (mm) va vi tri do chuyén vi.

Két qua tinh todn: Giai doan 1: O san c6 chuyén vi 16n nhét 12 6 san 8200 x 3900 tai tang 4 v6i
chuyén vi —8,221 mm. Giai doan 2: O san c6 chuyén vi 16n nhét 14 6 san 8200 x 3900 tai tang 4 véi
chuyén vi —6,202 mm. Giai doan 3: O San c6 chuyén vi 16n nhét 12 6 san 8200 x 3900 tai ting 4 véi
chuyén vi —6,973 mm. Nhu viy, moi diém kiém tra déu c6 do vong trong gidi han cho phép. Két qui
tinh toan cho thiy gidi phap quy trinh chéng/chdng lai hé van khudn trong thi cong két cu nha cao
tang theo Tiéu chuan ACI 347.2R-05 dugc dé xuét da dam bdo vé mit an toan, chat lugng cong trinh
(bién dang nho hon do vong cho phép).
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Béng 10. Do vong san cho phép va vi tri do chuyén vi

Kich thu6c Do véng cho phép  Nhip canh ngin  Gi4 tri dd vong ” ® s | @ ) u
8200 x 3900 L/250 3900 15.6 2 1 v
7800 x 3500 L/250 3500 14 Giaidoan 1  Giai doan2  Giai doan 3

5. Két luan va kién nghi

Két qua nghién cifu da cho thiy viéc thiét ké bién phap ky thuit thi cong c6 st dung hé cot chong
lai theo ACI 347.2R-05 trong thi cong két cAu bé tong cdt thép (BTCT) toan khbi nha cao tang c
tinh kha thi, ddm bao an toan, chit lugng cong trinh. Bai bao ciing cho thdy, so v6i phuong an thi
cong khong st dung hé cot chong lai (theo TCVN 4453) thi phuong an thi cong c6 st dung cac hé
cot chdng lai cdc ban san BTCT bén duéi c6 tinh hiéu qua vé mit yéu ciu cung ting vit tu vi yéu
cau lugng van khuon cot chdng it hon khoang 2-3 1an (mic du thudng tién do thi cong s& cham hon 1
ngay/1 tang).

Tir két qua nghién cifu, bai bdo c6 nhitng khuyén nghi sau:

- Bdi vi tinh todn thdi dém thdo dd hé van khudn ban dau va chdng lai cdc ban san bén dudi phu
thuoc rt 16n vao qua trinh phét trién cudng do ctia két cAu BTCT méi d6; viéc thi nghiém, do ludng
xéc dinh bi€u dd phit trién cudng do bé tong can dudc tién hanh cin than, chinh xdc. S6 lugng t6 miu
thi nghiém nén c6 loai mau: 3 ngly, 5 ngly, 7 ngly va 28 ngay dé két qua chinh xac hon.

- D€ riit ngan thoi gian thi cong cho mdi ting thi c¢6 thé ting mac bé tong hoic st dung phu gia
dong cing nhanh phil hop d€ ting nhanh cudng do bé tong tudi sém, nham gidm thdi gian chd thao
cot chdng van khuon; két hop sit dung cong nghé van khudn tién tién, chuyén ding nham rit ngin
thdi gian 1ap dit va thdo d5 cot chéng van khuon (vi du van khudn ban, bay, van khuon nhoém ...). Hon
nita, trong thiét k& kién triic va két cAu cong trinh, lua chon phuong an thiét ké hé san, cot vach phu
hop (vi du: san khong dam) dé riit ngan thai gian lap dit thio dS cot chdng van khudn.

Két qui nghién cifu gép phan ning cao nhan thic va thic ddy viéc thiét ké bién phdp thi cong hé
véan khudn cot chéng va hé cot chdng lai hop ly, hiéu qua trong thi cong két ciu BTCT toan khdi nha
cao tang thong qua tinh toan 4p dung Tiéu chuin ACI 347.2R-05.
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