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Tom tit:

Vit liéu carbon fiber-reinforced polymer (CFRP) 1a mgt vat liéu méi trong linh vue xay dung. Vit liéu nay cé nhleu
wu diém vurgt trdi so voi cac vat li€u xay dung thong thwong khac nhu: trong lwgng rleng rat nhe, cwong do rit cao
nén hiéu qua gia cwong 1én; thi cong dé dang va nhanh chong; khong phai duc déo két ciu; dac biét kich thwéc rat
nhé gon nén khong lam thay ddi kién triic ban diu ciia cong trinh. CFRP bat dau dwogce ap dung trong linh vue xay
dung ¢ cAc nwrde tién tién tir nhirng nim 1980, nhung con kha méi mé 6 Viét Nam. Bai bao nay trinh bay cac dic tinh
k¥ thuit, quy trinh cong nghe thi cong, co sé thiét ké gia cwong bang CFRP. Tir d6, ing dung dé thiét ké gia cuong
kha nang chiu udn va chiu cit cho m{t cong trinh nha cao tang bang bé tong cbt thép cu the Qua nhirng phan tich
va danh gia cu thé cho thay, vét ligu CFRP hoan toan c6 thé irng dung tot trong xay dung, rit phit hop cho viée gia
cuong két cau bé tong 6t thép. Bai bao Ia tai liu tham khio hiru ich cho cic nha nghién ctru ciing nhw cac k¥ sw
quan tim dén vi¢c Gimg dung vat li¢u CFRP trong gia cwomg két ciu bé tong cot thép.

Tir khéa: bé tong cot thép, carbon fiber-reinforced polymer, khé ning chiu cit, kha ning chiu uén.
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Abstract:

Carbon fiber-reinforced polymer (CFRP) is a new material in the field of construction. This material has many
outstanding advantages compared to conventional construction materials, such as: very lightweight, extremely high
strength, resulting in high reinforcement efficiency; easy and fast installation; no need for drilling the structure;
especially its compact size, which ensures it does not alter the original architectural dimensions of the structure.
CFRP has been applied in the construction industry in advanced countries since the 1980s, but it is still relatively
new in Vietnam. This article presents the technical characteristics, construction process, reinforcement design
principles, and then applies them to design reinforcement for bending and shear capacity in a specific reinforced
concrete high-rise building project. Through detailed analysis and evaluation, it can be concluded that CFRP can be
effectively applied in construction and is highly suitable for reinforcing concrete structures. This article is expected
to be a valuable reference for researchers and engineers interested in applying CFRP materials to reinforce concrete
structures.
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1. it van de

Vit li¢u polymer ¢bt soi carbon (CFRP) la mot vat liéu
mdi trong xay dyng. N6 bit diu duge ap dung trong xiy
dung vao khoang nhiing nam 1980 ¢ Hoa Ky, Nhat Ban
va chau Au. Tam CFRP c6 rat nhidu wu diém so v6i nhiing
vat lidu xay dung thong thuong khéac [1]. Cac uu diém ndi
bat c6 thé ké ra nhu trong lugng riéng rat nhe (khoang 1/4
s0 v6i thép); cuong do rit cao nén hiéu qua gia cuong 16n
(gap 5 dén 10 1an so v&i cot thép thuong); thi cong dé dang,
nhanh chéng va khong mat thoi gian chd bé tong dong ciig
(sau khi thi cong khoang 24 gid co thé bét déu cho khai thac
cong trinh trd lai); khong phai duc déo két céu hién tai nén
rit an toan va ton it nhan cong; va dic biét kich thudc rat
nho gon (chi day tir 0,5 dén 2 mm) nén khong lam thay doi
kich thudc kién triic ban dau cta cong trinh.

Trén thé gi61, ngay tur khi vat liéu CFRP xuét hién, da rat
dugc quan tim nghién ctru dé tng dung trong thuc té xay
dung, dac biét 1a img dung trong viéc tang cuong kha nang
chiu luc cua két céu bé tong bt thép [2-8]. Nhirng nghién
clru ndy xem xét nhiéu van de lién quan, nhu hoan thién quy
trinh cong nghé thi cong tim CFRP; danh gia hiéu qua gia
cuong bang tim CFRP trong viéc ning cao kha ning chiu
udn, chiu cét, chiu nén doc truc va chiu nén udn déng thoi
ctia nhitng c4u kién bé tong cdt thép. Trong nghién ciru ciia
E. Ahmed va cs (2011) [2], mdt nghién ctru thuc nghiém
duoc thuc hién dé khao sat anh huong cua ) l6p CFRP,
dugc dan & mat day dam bé tong cdt thép thuong. Khao sat
cia M. Panjehpour va cs (2016) [3] khao sat cuong dd nén
ctia cc mau bé tong hinh try tron khi né duoc ting cuong
boi cac tim CFRP quan ngang thin miu. Nghién ciru cia
H.S.A. Nimry va cs (2019) [5] xem xét danh gia biéu dd
tuong tic M-P cta nhing cot bé tong cbt thép sau khi duge
tang cuong bang nhimg tim CFRP quéan xung quanh. L. Jin
va cs (2022) [7] da 1am nghién ctru thuc nghiém dé khao sat
anh huong cua viée gia cuong chéng cit kiéu chit U bang
cong nghé CFRP dén viéc ting cuong kha nang chéng cat
ctia dim bé tong cdt thép.

O Viét Nam, vat liéu CFRP bt dau duoc nghién ciru
va str dung trong thyc té xay dung vao khoang nhitng nim
2000, mudn hon so véi cac nudc phat trién khoang 20 nam.
Vit liéu nay da bit dau duoc Gmg dung trong xay dung &
Viét Nam, dac biét trong viéc thiét ké gia cuong kha nang
chiu Iyc cta két cdu bé tong cdt thép. Cung véi su phat
trién nhanh cta két ciu bé tong cdt thép trong xay dung
O Viét Nam, cac nghién ciru vé vat liéu CFRP cling da va
dang duoc quan tAm nhiéu [9-15]. Hién nay, vat liéu polyme
c¢dt soi carbon van chua duoc san xuét & Viét Nam va cac
nghién ctru trong nudc chu yéu mang tinh chat gidi thiéu
dic tinh san pham, quy trinh céng nghé thi cong va phan
tich kha nang ap dung né & Viét Nam. Cac phan tich vé viéc
thiét ké tang cudng két cau bé tong cdt thép bang cong nghé
CFRP va cic nghién ctru thyc nghiém ciing bat dau duogc
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quan tdm nghién ctru. Trong nghién ctru ctia H.V. Quan
(2014) [8], vat ligu CFRP da dugc phan tich, danh gia va
ap dung ting cudng cic tru cau cii bang bé tong cbt thép
& Viét Nam. Céac phuong phap ting cudng cot bé tong cot
thép, bao gdm phuong phap tang tiét dién (d6 thém bé tong
bt thép), phuong phép 6p thém thép hinh va phuong phap
dan tim CFRP, da dugc so sanh va danh gia trong nghién
ctru cua T.V. Phan va cs (2017) [10]. N.T. Hieu va cs (2019)
[11] d3 thuc hién nghién ctru thuc nghiém dé khao sat hiéu
qua cuia vat liéu CFRP dén kha niang chiu udn ctia dam bé
tong cot thép. D.S. Dan va cs (2021) [12] da thuc hién mot
nghién ctru thyc nghiém dé khao sat cuong do chiu nén cia
bé tong khi dugc kiém ché sy nd ngang bang tim CFRP.
Trong nghién ctru cua N.C. Cong va cs (2022) [14], mot sb
phuong phap ting cuong két cau bé tong cot thép da duoc
gidi thi€u, trong d6 phuong phéap dung vat licu CFRP dugc
déanh gia cao.

Vi nhidu 1y do ma cac cong trinh bé tong cbt thép can
phai duoc ting cudng kha ning chiu luc dé dam bao kha
nang khai thac an toan. Cac 1y do d6 c6 thé dugc chia thanh
ba giai doan: 1) thiét ké: tinh toan thiéu cdt thép, tinh toan
thiéu tai trong; 2) thi cong: vat liu dau vao kém chat lugng,
dat thiéu va dat sai vi tri cdt thép; va 3) khai thac: xay ra
hoa hoan trong qua trinh khai thac lam giam chit luong cua
bé tong, yéu ciu ting tai trong khai thac cua cong trinh. Vi
vdy, viéc nghién ciru cac phuong phap tang cudng két cau
bé tong ¢t thép 1a hét strc can thiét. Muc tiéu ciia nghién
ciru nay 1a trinh bay céc dac tinh k¥ thuat, quy trinh cong
nghe thi cong, co so thiét ké va ung dung vao thiét ké chong
udn va chong cit bang vat liéu CFRP cho mt cong trinh
nha cao ting bang bé tong cdt thép cu thé. Bai bao nay dugc
hy vong s& 14 tai liéu tham khao tét cho céc ky su ciing nhu
céc chuyén gia quan tim dén viéc ing dung vat lieu CFRP
trong viéc ting cudng két cau bé tong cdt thép ¢ Viét Nam.

2. Vat liéu polymer cot s¢i carbon va quy trinh thi cong
2.1. Vit ligu

Vit liéu polymer ¢bt soi carbon 1a mot loai vat liéu téng
hop duge ciu thanh tir chat két dinh 1a keo epoxy va vai soi
carbon cudng do cao. Hién nay, & Viét Nam van chua ty san
xuét duoc ca hai vat liéu thanh phﬁn nay, ma phai dat mua
tlr cac nude tién tién nhu Hoa Ky, Nhat Ban va chau Au.
Hién nay, c6 nhiéu nha cung cip san pham CFRP ¢ nudc
ta nhu Tyfo, Mitsubishi, Horse, Maedakosen, QuakeWrap
va Toray. Theo cataloge cta cac nha cung cdp nay, vai soi
carbon cuong do cao thuong ¢ 4 loai chiéu day khac nhau,
tir day dén mong nhu sau: 0,333 mm (600 g/m?); 0,222 mm
(400 g/m?); 0,167 mm (300 g/m?); 0,111 mm (200 g/m?).
Trong bai bao nay, nhém nghién ctru dung vat li¢u ciia Hang
Toray (Nhat Ban), mot hang 14u nim va uy tin dé gi6i thiéu
chi tiét. Dic tinh ky thuat cua vai sgi carbon cuong do cao
va keo epoxy di kém, theo Hang Toray (Nhat Ban) duoc
trinh bay chi tiét trong cac bang 1 va 2.
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Bang 1. Dac tinh ky thuat cua vai seoi carbon cwong do cao.

o Cumgdy ~ Médum o pjdandai
Tén sin chiu kéo dan bo day h
z fa Aot s Iwgng (g/ trong  kéo cuc han

pham toi thieu hoi kéo (mm) ) @m) (%)

(MPa) (GPa) R
UT70-20G  >3400 230 0,111 200 1,8 2,0
UT70-30G  >3400 230 0,167 300 1.8 2,0
UT70-40G  >3400 230 0222 400 1.8 2,0
UT70-60G ~ >3400 230 0333 600 1.8 2,0

Bang 2. Dac tinh ky thuat cua keo epoxy di kem.

Théng s6 ky thuat Phuongphip _Ténsin phim

thi nghiém Keo AUP40S Keo AURS0S
Cong dung Lam keo lot Lam keo tim
Cuong d9 bam dinh (MPa) JIS K5600 >2,0 >2,0
Cuomg d9 chiu kéo (MPa) JISK7161 - >3,0
Cuomg d§ chiu cit (MPa) JIS K6850 : >10
Ty trong JNSK7112 1,20£0,1 1,70+0,1
D nhét hon hop (MPa.s) NSK7117 1200600 <10000
Mau hdn hop Mau vang Mau xanh

TAm vai soi carbon cuong do cao thuong duoc san Xuét
thanh tirng cudn co chiéu rong 1a 0,5 va chiéu dai tir 50 m
dén 100 m nhu hinh 1A. Keo epoxy thudng 1a keo hai thanh
ph?m AvaB, véi ty 1€ tron 1a A:B=2:1 va thuong dugc dung
trong thung kin nhu hinh 1B duéi day.

Hinh 1. San pham vai s¢i carbon cwong do cao (A) va keo epoxy

cta Hang Toray (B).
2.2. Quy trinh cong nghé thi cong vt liéu

Dé cho tim CFRP bam chic vao bé mit bé tong két céu,
dam bao su lam viéc déng bo gitta cac vat li¢u, can tudn
thi quy trinh cong nghé thi cong nghiém ngét. Theo kinh
nghiém di thi cong thyuc té & Viét Nam va hudng dan cia
hang phan phdi san phdm CFRP [1], quy trinh thi cong vat
lidu CFRP thudng bao gdm 6 giai doan nhu hinh 2. Chi tiét
cac giai doan thi cong va cac cht y trong qua trinh thi cong
cu thé nhu sau:
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Giai doan 1: Chuan bi Giai doan 2: Quét I6p Giai doan 3: Quét I&p
keo tdm I&n trén 16p

keo 16t theo quy dinh

bé mat bé tong két cAu keo It [én bé mat vira
chuén bj theo quy dinh

trwée khi dan soi

Giai doan 4: Dan |6p  Giai doan 5: Quét I6p Giai doan 6: Kidm tra
vai sgi carbon cwong  keo tAm Ién bé mét vai va hoan thién bé mat

dd cao lén trén s@i theo quy dinh
> 6 —lj

Hinh 2. Quy trinh céng nghé thi cong vat liéu CFRP.

Giai doan 1: Viéc chudn bi bé mat bé tong két cau trude
khi dan soi 1a dac biét quan trong; n6é dam bdo sy dinh bam
chéc chin gilia bé mat bé tong két cAu hién tai va tim CFRP
gia cuong thém. Trong budc nay, bé mat bé tong két cau
hién tai cdn dugc mai phang dé loai bé bui ban va 16p bé
tong kém chét luong ¢ bé mat két cau hién tai. Néu bé mat
bé tong két cAu hién tai co cac khuyét tat, nhu co vét nit, rd
hodc kém chét luong thi ching ta phai bom keo khong co
ngét 1ap day vét nit, duc bo chd bé tong kém chit lugng va
tram va lai bang vira bé tong dong ctng nhanh va khong co
ngot trude khi mai phang. Trong budc ndy, viée cit vai soi
carbon cuong dd cao theo hd so thiét ké, viéc can do keo va
viéc pha tron keo theo thiét ké cling dugc thyc hién.

Giai doan 2: L6p keo 16t c¢6 kha ning tham thau rat cao
nén s& thAm thiu sdu vao bé mat bé tong, tao thanh vo )
cac dau neo nho, neo chic vao két ciu bé tong hién tai. Lop
nay s& dam bao sy dinh bam tdt gitra tim CFRP va bé tong
két cau hién tai.

Giai doan 3: Sau khi thi cong 16p keo 16t khoang 30 dén
60 phut ching ta méi thi cong 16p keo tam (doi cho 16p keo
16t dong cimg mot phan).

Giai doan 4: Sau khi thi cong 16p keo tim & giai doan
3 (16p keo tam dudi) thi chiing ta can tién hanh dan vai soi
carbon cudng do cao ngay dé cho keo tdm co thé dé dang
tham thau déu vao 16p vai soi vira dugc dan.

Giai doan 5: Quét tiép 16p keo tam tiép theo (16p keo
tam trén) 1én bé mit vai soi vira duoc dan. Luong 16p keo
tam dudi va trén tuy thudc vao chiéu day 16p soi carbon
duogc dan. Chiéu day 16p vai soi carbon dugc dan cang 16n
thi lvong keo tim cang nhiéu.



Giai doan 6: Sau khi 16p keo tam da ngdm déu vao 16p
vai sgi carbon va dong cing lai s€ tao thanh tam CFRP dinh
bam chic chin véi bé mit bé tong két cau hién tai thong qua
16p keo lot. Bé& mat két cau sau khi duoc tang cuong béng
tam CFRP c6 thé dugc hoan thién bang nhidu cach nhu quét
son, trat vira hoac 6p gach.

3. Co sd tinh toan thiét ké

Ph?m nay s€ trinh bay co' s¢ thiét ké tang cudng kha nang
chiu ubn va chiu cit cho ciu kién dam bé tong cbt thep
bing cong nghé CFRP. Viéc thiét ké ting cuong két céu
bé tong cbt thép bang cong nghé CFRP ¢ thé tham khao
ACI 440.2R-2017 [4] va ACI 318M-2019 [15]. Theo 4o,
céu kién bé tong cdt thép dugc tang cudong phai thoa min
nhimng quy dinh cu thé nhu dugc trinh bay dudi day.

Pau tién, két ciu bé tong cdt thép hién tai mudn duogc
tang cuong bang vat liéu CFRP phai dugc kiém tra kha ning
chiu lyc ban dau (khi chwa duogc ting cudng bang vat liéu
CFRP). Stic khang cua két cau hién tai phai du 1on dé co thé
chiu dugc mot phan tai trong méi nhu cong thirc (1) dudi
day. Trong do, dai luong (¢R")Lmn& 1a strc khang cua két cAu
hién tai khi chua duoc tang cuong bang vat liéu CFRP; S,,
va S, 1ahi¢u img cua Kkét cau do tinh tai moi va hoat tai morl
tuorng mg gay ra trén két ciu sau khi da duoc gia cuong
bang vat liéu CFRP. Quy dinh nay nham dam bao cho két
cau van an toan ngay ca khi 16p vat liéu CFRP bi bong bét,
mat dinh bam v6i bé mat bé tong két ciu hién tai hodc bi
pha hoai do cdc ly do khac ngoai tai trong. Nhu vy, néu tai
trong mai 1 quéa 16n so véi strc khang cia két cau hién tai
thi phuong 4n gia cudong bang cong nghé CFRP s& khong
kha thi. Khi d6, chiing ta phai giam d6 16n cua tai trong méi
hodc chon giai phap tang cuong khac.

((I)Rn )existing 2 (1’ 1SDL + O’ 75SLL )new (1)

Cau kién bé tong cdt thép sau khi dugc tang cuong kha
nang chiu uén bang céng nghé CFRP thi sirc khang udn ciia
no phai thoa man cong thuce (2) dudi day.

oM, =M, )

trong do, M, 1a moé men u6n da nhan hé s tai trong tac dung
Ién cau klen do tai trong moi gdy ra; ¢ la hé s6 sirc khang
udn (tra tiéu chuan); M, 1a stre khang udn danh dinh cia cau
kién sau khi da duoc gia cuong bing vat liéu CFRP. Pé xac
dinh stc khang uén danh dinh cua céu kién da dugc tang
cuong CFRP, ching ta can xac dinh so do ng sudt - bién
dang ctia mit cit ngang cau kién khi chiu uon o trang thai
gioi han cuong do. Vi dy, véi dam bé tong cot thep, | tiét dién
hinh chir nhat, dat cbt thép don, thi so dd ung suat - bién
dang khi tiét dién chiu udn & trang thai gi6i han cuong do
nhu hinh 3. Trong dé, A, 1a hé s6 quy do6i tur khdi tmg sudt
nén thyc té (dang parabol) thanh khdi ung suét nén hinh chi
nhat twong duong (tra tiéu chuén).
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b
2y e 085f, |
o (UL(—‘ al?2
W78 S S = = N
h TTH | d|d M, a=c. (d-a/2) | o
o %S o |—- &s As < < fe-As=Fe
Af L%)‘gbe fre /At = Fr
Mat cat ngang So db bién dang So db ¢ng suat

Hinh 3. So dd (rng suét - bién dang khi tiét dién chiu uén & trang
thai gi&i han cwong do.

Tir so dd Gmg sudt - bién dang, chung ta c6 thé xac dinh
duogc chiéu cao vung bé tong chiu nen, bién dang cua ct
thép chiu keo va blen dang c6 cua 16p vét liéu CFRP. Tu
so d6 ung suét, viét phuong trinh cén béng md men udn, ta
s€ tinh dugc suc khang uon danh dinh ctua tiét dién sau khi
da duoc tang cuong bang vat liéu CFRP nhu cong thirc (3)
duoi day.

M,=A4f(d-a2)+vy A f,d, —a/2) (3)

trong do: A 1a dién tich ¢dt thép doc chiu kéo; f la ung
suat trong cbt thép doc chiu kéo ¢ trang thai glOl han; d
la khoang cach tir trong tdm cdt thép chiu kéo ti thé
bé tong chiu nén ngoai cung; a la chiéu cao khdi ung
suat nén hinh chit nhat twvong duong; A, dién tich cua
l6p vat licu CFRP gia cuong; vy, la hé sO triét giam suc
khang ubn bd sung cho 16p vt liéu CFRP, duoc dé xuat
bang 0,85; f, la img sudt c6 hiéu cua 16p vat licu CFRP
O trang thal glorl han; d_la khoang cich tir trong tdm cua
16p vat lieu CFRP dén tho bé tong chiu nén ngoai cung.

Céu kién bé tong cbt thép sau khi dugc gia cuong kha
nang chiu cat bang vat liéu CFRP thi suc khang cat ctia n6
phai thoa man cong thtc (4) dudi day.

OV, =0V, +V. +V,)2V, 4)

trong do: V 1a lyc cat da co hé sb tai trong tac dung lén chu
kién do tai trong moi gdy ra; ¢ 1 hé s6 stc khang cit (tra
tiéu chuan); va V. la kha nang chiu cit danh dinh cua ciu
kién sau khi da du’orc gia cuong bang vat lieu CFRP; no
bao gom stc khang cit ctia phan bé tong ¥, stre khang cit
ctia phan cot thép dai V. va stc khang cit cla 16p vat liéu
CFRP V. Kha nang chiu chit cua phan bé tong va cot thép dai
duoc t1nh toan nhu d01 v6i ciu kién bé tong cdt thép thong
thuong. Stre khang cit do vat liéu CFRP dong gop dugc xac
dinh theo cong thuc (5) duoi day.

Ay fr(sino+cosa)d,, (5)

Vf = .
A

trong d6: 4, la dién tich cua 16p CFRP trong pham vi s,
(budc bo tri cac 16p CFRP chong cat); o la goc nghiéng
cua 16p CFRP so v6i phuong nam ngang (thuong dan thang
ding dé de thi cong, nén 0=90°); d, 1a khoang cach tir trong
tam cua cot thép chiu kéo dén diém cao nhét cta 16p CFRP;

/. 1atng suat c6 hiéu trong 16p CFRP gia cuong 6 trang thai
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gidi han cuong do; no tuy thude vao kiéu ting cudng chéng
cit. C6 3 kiéu gia cuong chdng cat bang vat liéu CFRP 1a
kiéu dan kin, kiéu dan ba mat (chir U) va kiéu dan hai mat,
nhu hinh 4. Trong do6, kiéu dan chir U duoc lua chon phé
bién hon ca do phu hop véi thyc té thi cong.

3. Tang cwong hai mat
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1. Tang cvong kin 2. Tang cwdng ba mat

Hinh 4. Ba kiéu gia cwong chéng cét bing vat liéu polymer cét
soi carbon.

4. Két gua ing dung thiét ké gia cuong chong uén va cat
béng vat liéu polymer cot soi carhon

Phan nay sé& thé hién mot vi du cu thé vé viée thiét ké
gia cuong chdng udn va cit bang vat liéu CFRP. Cong trinh
phai thiét ké gia cudng 13 mot toa nha bang bé tong cdt thép,
cao 7 tang cua Tap doan Viettel (hinh 5). Theo thiét ban dau,
tir ting 1 dén tang 4 duoc thiét ké 1a san chira cac thiét bi
vién thong, ¢6 hoat tai tiéu chudn 1a 600 kg/m?; tir ting 5 dén
tﬁng 7 duogc thiét ké 1a san van phong lam viéc, c6 hoat tai
tiéu chudn 1a 200 kg/m> Sau thoi gian khai thac khoang 10
nam, tap doan Viettel mudn chuyén chuyén ddi cong ning
lam viéc cua tﬁng 5 va 6 thanh san chura cac thiét bi vién
thong nhu tang 1 dén tang 4. Nghia 14, hoan tai san tir ting 5
dén tang 6 dugc thay doi tir 200 kg/m? 1én thanh 600 kg/m2,
nén hé két cdu dim san tang 5 va 6 phai duoc thiét ké gia
cuong. Vi vat liéu CFRP c6 nhiéu tinh ning tot nhu da mo
ta ¢ trén, ddc biét 1a vu diém khong lam thay doi kich thuée
kién trac ban du cia cong trinh, nén phuong 4n ting cudng
b?mg vat liéu CFRP da duoc lua chon.

Hinh 5. Hinh anh coéng trinh Viettel dworc gia cwéng bing cong
nghé vat liéu polymer cét s carbon.

‘ LHOAHOC  JIRppe

Dé phan tich noi luc trong két cau cong trinh, phin mém
phan tich phan tir hitu han ETABS, Version 17, duoc dung
cho viéc phan tich. Dé don gian cho viéc tinh toan, chi nhiing
céu kién két cau (bao gdm cot, dim, san va phan tuong bang
bé tong cdt thép) duge mé hinh hoa; nhimg phan tir phi két
ciu (nhu tuong gach, vach kinh, gach lat nén) duoc coi nhu
tinh tai 1én két cdu cong trinh. Khi mé hinh ho két cau cong
trinh, nhitng cau kién bé tong cdt thép duoc gia thiét nhu
nhiing cau kién bé tong khong cdt thép va bé tong 1a vat liu
dan hoi tuyén tinh.

Két qua tinh toan thiét ké cho thay, cac dam chinh (cac
dam dit truc tiép 1én cac cot) phai duoc gia cuong kha néng
chiu mé men &m (céng thé trén) 6 khu vue gan goi, mé men
dwong (cang th6 dudi) ¢ doan gan gitta nhip va luc cit ¢
doan gén goi; cac dam phu (cac dam dat 1én cac dam chinh)
chi can phai gia cuong kha nang chiu mé men duong; cac
ban san chi can phai gia cuong kha nang chiu m6 men 4m tai
khu vuc gan gbi (g01 1a cac dam chinh) theo «ca hai phuong
x va y. Hinh 6 12 két qua phan tich mé men udn tac dung 1én
moét 6 san dién hinh _quanh truc y. Nhu c6 thé thay tir hinh
6, gia tri mé men udn duong tai gitra nhip san 1a kha nho,
khong can phai gia cudng, nhung gid tri m6 men udn am
tai gbi 1a kha 16n, can phai gia cudng thém bang tim CFRP.
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Hinh 6. Két qua phan tich mé men uén tac dung lén mét 6 san
dién hinh.

Hinh 7 14 ban v& thiét ké gia cuong bang cong nghé CFRP
dién hinh cho hé ddm san ting 6 ctia cong trinh Viettel. Cac
ban v& thiét ké dién hinh nay duya trén kinh nghiém thi cong
thuc té, dam bao cho qud trinh thi cong dugc thuan tién va
chiéu dai dinh bam giira tim CFRP va bé mit bé tong hién
tai la da 16n.
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Hinh 7. Ban vé thiét ké gia cwdng dién hinh cho hé dam san tang 6.

5. Két luan

Tu nhitng thao ludn trén, mot vai két luan duoc rit ra tu
nghién cru nay nhu sau:

- Vat liéu CFRP 1a mot vat lidu xdy dung méi c6 nhiéu
tinh nang tot va rat phu hop cho viéc tang cuong két cau bé
tong cot thép.

- C6 nhiéu Iy do ma cac cong trinh bé tong ¢t thép can
phai duoc ting cudng kha niang chiu lyc dé dam bao khai
thac dugc an toan. Céc ly do d6 c¢6 thé chia thanh ba giai
doan: 1) giai doan thiét ké; 2) giai doan thi cong; va 3) giai
doan khai thac.

- Pé cho tAm CFRP c6 thé bam dinh chéc chin véi bé
mat bé tong két cdu can gia cuong, dam bao sy lam viéc
ddng thoi giita bé tong két cAu hién tai va tim CFRP ting
cudng thém, thi mot quy trinh thi cong chi tiét can phai
dugc tuan thu nghiém ngat.

- Strc khang ctia két cdu bé tong cbt thép hién tai phai da
16n dé c6 thé chiu duge mot ph?m tai trong méi tang thém
theo quy dinh. Néu tai trong méi qua 16n so véi stc khang
ctia két cAu hién tai thi phuong an gia cuong bing cong nghé
CFRP s& khong kha thi. Khi d6 chung ta phai nghién ctu
giam d¢ 16n cua tai trong mdi hoac chon giai phap khac.

- Pé dé dang cho viéc phan tich noi luc trong két cdu can
tang cuong, chung ta ¢ thé gia thiét cac cau kién bé tong
bt thép 1a cac cdu kién bé tong khong cbt thép va bé tong 1a
vat liéu dan hoi tuyén tinh.

- Dé dam bao du chiéu dai dinh bam giira bé mat bé tong
va thim CFRP va thuan tién cho qua trinh thi cong, cac ban
v& thiét ké gia cudong dién hinh theo kinh nghiém thyc té ¢
trén can duoc tham khao. Cht y, pham vi gia cudng md men
dwong can 16n hon 0,6 lan chiéu dai nhip tinh ton, pham
vi gia cudng md men 4m can 16n hon 0,3 1an chiéu dai nhip
tinh toan vé mdi phia tinh tir tim gdi (tim cot).
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3. Gia curdng ban san chin md men 4m tai khu virc gén gbi
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