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TOM TAT

Phuong phap ting cudng kha niang chiu udn cta két cau san bé tong cbt thép sir dung vit li¢u
tam sgi FRP (Fiber Reinforced Polymer) dan ngoai di tré nén phd bién, vi nhimg uu diém ctia chung
mang lai nhu cudong dd chiu kéo cao, trong lugng nhe, cach dién, cdch nhiét tot bén theo thoi gian. Bai
bao trinh bay quy trinh thiét ké ting cuong kha nang chiu udn cua san bé tong cét thép gia cuong bing
tam sgi FRP dan ngoai dé dam bao yéu cau khai thac va khao sat hiéu qué ting cuong tuong wng voi
cac clp cuong do chiu nén cia bé tong theo huong dan ACI 440. 2R-17. Két qua tinh toan theo trinh tu
dé nghi giup chon va kiém tra dugc dién tich tim FRP tang cuong can thiét. Ngoai ra, két qua tinh toan
chi ra rang mirc d¢ ting cudng kha ning chiu ubn cta san ty 1¢ thuan voi cudng do chiu nén cua bé
téng, twong Gmg voi cuong do bé tong tang tir 11,5 MPa dén 19,5 MPa, sirc khang udn tinh toan ting tir
91% dén 144%. Pong thoi, két qua ciing cho théy rang sy pha hoai ctia san bé tong c6t thép xay ra do
mét dinh bam gitra 16p FRP gia cudong khoi bé mat cdu kién 1a chii yéu.
Tir khéa: Gia cuong, FRP, San bé tong c6t thép, Kha ning chiu uén, Huéng dan ACI 440.2R-17

STUDY ON THE FLEXURAL STRENGTHENING DESIGN OF
REINFORCED CONCRETE SLABS USING EXTERNALLY BONDED
FIBER REINFORCED POLYMER LAMINATES
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ABSTRACT

The method of the flexural strengthening of reinforced concrete slabs using the externally bonded
FRP (fiber reinforced polymer) laminates has become popular because of their advantages as high
tensile strength, large modulus of elasticity, lightweight, high abrasion resistance, electrical insulation,
good heat resistance and durable over the time. The paper presented the design procedure for the flexural
strengthening of reinforced concrete slabs with FRP laminates to ensure the mining requirements and
investigation of the reinforcement efficiency corresponding to the compressive strength levels of
concrete based on ACI 440.2R-17. Calculation results in the suggested sequence helped select and check
the required reinforcement FRP areas. In addition, the calculation results showed that the degree of
increased flexural strengthening of the slabs was proportional to the compressive strength of the
concrete, corresponding to the concrete strength increased from 11,5 MPa to 19,5 MPa, flexural
strengthening increases from 91% to 144%. Moreover, the damage to the reinforced concrete slabs was
caused by the debonding between the FRP and the surface of the structures.
Keywords: Strengthening, FRP, Reinforced concrete slab, Flexural strength, ACI 440.2R-17
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1. MO DAU

Két ciu san bé tong cdt thép (BTCT)
dugc sir dung chu yéu trong cac cong trinh
xay dung. Sau mdt thoi gian khai thac va st
dung do su suy thoai cua vat li¢u bé tong va
cbt thép 1am giam kha ning chju luc cua
san. Ngoai ra, mot s6 hé san BTCT do su
thay doi vé cong ning st dung nhu ning
thém chiéu cao, thém t?mg, mo rong mat
bang 1am gia ting vé tai trong tac dung 1én
san nén can thiét phai gia cuong dé dam bao
kha nang chiu tai trong.

Tir trude dén nay, co nhiéu phuong
phap gia cudng két ciu san BTCT duoc Gng
dung thyc t& & nudc ta nhu: Phuong phap
mo rong tiét dién, phuong phap ding ban
thép gia cudng (dan ban thép), phuong phéap
dung cap du ung lyc cang ngoai hodc st
dung loai vat liéu s¢i tong hop (composite)
cuong d6 cao FRP (Fiber-Reinforced
Polymer). So sanh vi cac phwong phap gia
cuorng truyén thong, phuong phap su dung
tdm composite dinh bAm ngoal dé gia cuong
san BTCT c6 nhiéu wu diém nhu: Thi cong
nhanh chéng; tdm compostite vira ting
cuong kha nang chiu lyc cta san vira bao Vé
BTCT; khong can phal dap pha két cau,
khéng can str dung cop pha dam bao gitlr
nguyén hinh dang két cdu cii, khong dung
hoat dong khi thi cong, cach di¢n, chiu nhiét
tbt, bén theo thoi gian.

Céc nghién c1'ru ly thuyét va thuc
nghiém truorc day vé hiéu qua giai phap gia
cuong két cdu san vdi cac tim composite da
duoc thuyc hién. Theo Meier va Kaiser
(1991); Ritchie va cs. (1991); Sharif va cs.
(1994) st dung tam FRP lién két vao mit
kéo ctia cAu kién BTCT chiu uén véi cac soi
FRP dugc phan b theo hudng doc cia cdu
kién s& lam gia tang kha nang chiu udn cta
tiét dién tir 10 dén 160% da duoc ghi nhén.

Nghién ctru ctia Sheikh (2002) chi ra
tAm vat li¢u soi carbon va sgi thuy ting
cuong dang ké (khoang 150%) vé do bén
ubn. Theo nghién ciru ciia Ayman va cs.
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(2003), viéc sir dung tim FRP lam ting
dang ké kha ning chiu tai cua két ciu san
1én dén 500% so v&i san khong gia cuong
va 200% db6i voi san duoc gia cuong bang
tam thép.

Esfahani va cs. (2007) da khao sat
g xtr udn ciia dim bé tong cdt thép duoc
gia cuong bang cich sir dung tim CFRP.
Két qua cho thay do bén udn cia dim ting
1én so voi mau dbi chung 1a 100%.

Ola Enochsson va cs. (2007) da
nghién ctu thyc nghiém gia cuong tim
CFRP v6i cac tim san c6 va khong co 18
mo. Két qua chi ra rang, d6i véi CFRP tim
tang cuong, kha nang chiu tai tang 1én tu 24
dén 125% so voi ban san ¢6 16 md, va tir 22
dén 110% so v&i san khong 16 mo.

Nghién ctru cia Mukherjee va cs.
(2009) chi ra rang tai trong cudi cing ting
hon 100% khi gia cudng dim bang tdm soi
carbon. Theo két qua nghién ctru cua Fahmy
va cs. (2014), viéc sir dung cac tim CFRP
gan vao chiéu dai ban san lam ting kha ning
chiu tai cudi cung tir 79,8% dén 107,7% tiy
thudc vao sd lugng cac tAm st dung. Bén
canh d6 do déo san ting 1én dang ké va cho
thdy ring c6 su mé rong cua ciia cac vét nut
cho dén khi bi pha hoai.

Wissam (2015) da nghién ctru thuc
nghiém tmg xir uén cia san BTCT mot
phuong 6 16 mé 4p bang cach sir dung tim
CFRP tang cuong. Kich thuéce, hinh dang
cta 18 mé, chiéu dai va chiéu rong cla tAm
CFRP 14 céc thong s6 chinh dugc xem xét.
Nghién ctru chi ra ring viéc gia cuong san
bang tim CFRP lam ting kha nang chiu tai
cudi cung khoang 110,17%, giam d6 vong
san khoang 72,66%, giam bién dang nén bé
tong khoang 55,57%, ting tai trong gy xuét
hién vét nirt khoang 295,65% va giam chiéu
rong vét nit khoang 100%.

Tai Viét Nam, vat liéu FRP méi duoc
biét dén trong khoang 10 nim gan day.
Cong nghé nay duoc ap dung dac bict trong
vi¢c sua chita va gia cudng cac cong trinh
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bang bé tong, khi ma cac g1a1 phap truyén
thong t6 ra khong hiéu qua vé tinh kha thi
va chi phi. Vat liéu FRP dugc sir dung dé
gla cd, tang kha ning chiu lyc ctia h¢ thong
ciu giao thong, ban san, dim, cot va Vach
cimg. Ciing di c¢6 nhiu nghién ctru vé ca
thyc nghiém 14n 1y thuyét vé viéc gia cudng
cac cAu kién riéng 1é bé tong cdt thép bang
tam FRP duoc thuc hién.

Theo Hoang Phuong Hoa va Nguyén
Dinh Khanh (2011) khi sir dung cac tim
CERP gia cuong ubn, kha ning chiu udn
ctia dim ting 36,07%. Theo nghién ctru cua
Nguyén Huu Tuan va cs. (2015) da phan
tich mot sd yeu t6 anh hu:orng téi hiéu qua
gla cuong ddm BTCT bang tdm chét déo c6
cot soi ¢ xét toi anh huong cia diéu kién
moi trudng, anh hudng cia chit lugng bé
tong bé mit, Gmg sudt trong bé tong ving
chiu nén. Két qua nghién ctru cho thay, diéu
kién moéi trudng co tac dong dang ké t6i
hi¢éu qua gia cuong, dac biét 1a khi st dung
loai soi thuy tinh va soi aramid. Bén canh
d6, hiéu qua gia cuong phu thudc rit 16n vao
dac tinh co hoc cua vat li¢u gia cudng va
chét luong bé tong bé mit cua cau kién duoc
gia cuong.

Theo nghién ciru cua Nguyén Chi
Thanh va cs. (2017), két qua chi ra stc chiu
tai ciia két ciu ban dugc gia cuong bang 16p
vat li¢u composite dugc tang 1&€n khoang
200%. Két qua thi nghiém cho thiy toan bo
cac ban dugc gia cuong bi pha hoai do sy
bong bat cuia 16p gia cuong tai vi tri c6 mo
men va luc cét trong dbi 16n.

Nhu vy, c6 thé thiy phuong phap
gia cuong két cau BTCT bang tim soi FRP
dan ngoai nhén dugc nhiéu sy quan tdm cua
c4c nha nghién ctru, trong tét ca linh vuc cua
xay dung nhu: dan dung, giao thong, thuy
lgi. Tuy nhién, hi¢n nay tai Viét Nam chua
xdy dung dugc tiéu chuin thiét ké két cdu
bé tong dugc gia cuong FRP. Bén canh do,
vi€c nghién ctu ing dung vat li¢u FRP dé
gia cuong san BTCT tai Viét Nam dang méi
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bét dau nén can duoc tiép tuc nghién ctru vé
ca phuong dién 1y thuyét va thuc nghiém.
Trong bai bao nay, tac gia trinh bay quy
trinh thiét ké tang cuong kha nang chiu uon
ctia san bé tong ¢t thép dé dam bao yéu cau
khai thac va khao sat hi¢u qua tang cudng
turong (mg v6i cac cAp cudng do chiu nén
cua bé tong. Pham vi nghién cuu gidi han
voi san BTCT trong cong trinh dan dung c6
thay ddi cong ning, st dung phuong phap
tinh toan theo Huéng dan ACI 440.2R-17.
2. NOI DUNG VA PHUONG PHAP
NGHIEN CUU

Dé thuc hién noi dung nay, mot s6
phuong phap nghién ciru 1y thuyét duoc tac
gia st dung, cu thé 1a phuong phap phan
tich va téng hop 1y thuyét va phuong phép
mo hinh héa. Co sé 1y thuyét dé thyc hién
nghién ctru 13 phuong phap thiét ké kha
nang chiu lyc cho céu kién BTCT theo ACI
440.2R-17. Bén canh do tac gia sir dung
phuong phap mé hinh hoa bang phin mém
Etabs v17 d¢ phan tich ndi lyc cho cong
trinh.
2.1. Vit liéu FRP
2.1.1. Gidi thi¢u vé vt liéu FRP

Vat liéu FRP (Fiber Reinforced
Polymer) 1la mot dang vat liéu composite
duoc ché tao tir cac vat liéu soi, trong do co
ba loai vat liéu soi thuong dugc st dung la
soi carbon CFRP, soi thuy tinh GFRP va s¢i
aramid AFRP. Pac tinh cua céc loai sgi nay
la ¢6 cuong d6 chiu kéo rt cao, md dun dan
hoi rat l6n, trong lugng nhd, kha nang
chéng mai mon cao, cach dién, chiu nhiét
t6t, bén theo thoi gian. Cac dang FRP dung
trong xday dung thuong co cac dang nhu:
FRP dang tim, FRP dang thanh, FRP dang
cap, FRP dang vai, dang cudn... Trong stra
chira va gia c¢b cong trinh xay dung thuong
ding cac loai FRP dang tAm va dang vai.
Trong s6 cac vt liéu composite dung dé gia
cuong két ciu bang bé tong cdt thép thi vat
liéu tAm s¢i cac bon (CFRP) dugc st dung
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rong rdi do no6 cac dac tinh tdt hon so vai
cac vat liéu cot so1 khac.
2.1.2 Céu triic vt liéu FRP

Thanh phan ciu tao co ban cua vt
liéu FRP g6m nhua nén, cbt so1, 16p 4o bao
vé. P bén, muc ting kha ning chiu luc
cling nhu hi¢u qua gia cuong phu thude vao
c4c thanh phan cAu tao va cach gia cb, bd tri
vat liéu.

2.1.3. Tinh chit co Iy cua vat liéu FRP

a. Khéi heong riéng: Vat liu FRP ¢6 khoi
lwong riéng nhé hon thép tir 4 &én 6 lan tuy
thudc vao loai cdt so1 hoac chét don (Bang
1). Viéc giam khdi luong riéng gitp giam
gi4 thanh vén chuyén, giam phan tinh tai gia
tang cua két ciu va co thé dé dang xur 1y vt
ligu 6 cong truong.

Bing 1. Khdi luong riéng cia cac loai vat liéu composite, (g/cm?)

Thép Cot soi thuy tinh Cot soi cac bon Cot soi aramid

7,9 1,2-2,1

1,5-1,6

1,2-1,5

b. Hé s6 dan no nhiét: He sb dan nd nhiét
cua vat li€éu FRP chiu lwc moi chi€u khac
nhau theo phuong doc va ngang tiy thudc

vao kiéu loai cot soi, cach dét, loai nhyra nén
va ty 1€ cot soi (Bang 2).

Bdng 2. H¢ sb ddn nd nhiét cua cac loai vat liéu composite*

Hé sb dan nd nhiét (x10/°C)

Chiéu GFRP CFRP AFRP
Theo chiéu doc ar 6+10 -1+0 -6+ -2
Theo chi€u ngang ar 19 +23 22 -50 60 + 80

*Pay la cac gid tri dién hinh doi v6i ham leong thé tich cot soi thay doi trong pham vi 0,5 t6i 0,7

c. Dac tinh co hoc:

* Cuong do chiu kéo: Ung xir kéo cua
vt lidu nay duoc biéu dién bang quan hé tmg
suét - bién dang dan hoi tuyén tinh dén khi bi
pha hoai, va trong truong hop nay sy pha
hoai 1a dot ngdt va gion. Cac tham s6 nhu:
kiéu cbt soi, chiéu sép Xép ctia c6t soi, luong
cdt soi va phuong phép ciing nhu diéu kién
ché tao cdt soi anh hudng téi dac tinh chiu
kéo cua vat li€u nay.

* M6 dun dan héi: Cac md dun dan
hdi cua vat liéu FRP c¢bt soi thuy tinh trong

cac cAu kién xay dung thuong thap hon so
véi thép hodc nhom. Tuy nhién, vat ligu
FRP soi carbon néu can co thé duoc thiét ké
dé cung cip cac dic tinh md dun dan hdi
tuong duong véi thép hodc nhom. M6 dun
soi riéng, huéng soi trong cac 16p, khbi
lugng soi (so voi nhya) va do day cac 16p s€
anh huong dén gia tri mo dun dan hoi va tro
nén quan trong trong viéc lya chon vat liéu
cho céc thiét ké.

Céc dic tinh k¥ thuat ciia tim CFRP
c6 trén thi trudng tong hop & Bang 3.

Bdng 3. Dac tinh ky thuét ctia tim CFRP ¢ trén thi truong
(Cong ty Tu van Xay dung VNT Viét Nam)

Mat do soi bo day Cuong do chiukéo Mo dun dan hdi Do gian dai Khd thm
(g/m?) (mm) (MPa) (GPa) (%) (cm)

200 0,111 3200 - 3400 220 - 240 1,6-1,8

230 0,127 3200 - 3400 220 - 240 1,6-1,8 10. 15
300 0,167 3200 - 3400 220 - 240 1,6-1,8 20’ 25’
400 0,222 3200 - 3400 220 - 240 1,6-1,8 30’ 33’
450 0,250 3200 - 3400 220 - 240 1,6 -1,8 50’ 60’
530 0,294 3200 - 3400 220 - 240 1,6 -1,8 ’
600 0,333 3200 - 3400 220 - 240 1,6 -1,8

Thong 56 0 Bdng 3 cho vat ligu CFRP nhap khéu tir Nhdt Ban hodc Trung Quéc
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2.2. Kha niing chiu udn ciia ciu kién san
bé tong cot thép gia co bang FRP
2.2.1. Gid thuyét tinh todn

Dé tinh toan gia cuong san bang tim
FRP mot s6 gia thict sau dugc sir dung:

- Viée tinh toén thiét ké da trén kich
thudce, su sap xép cua cot thép bén trong, va
cac dac tinh vét liéu ctia cac thanh phan hién
co.

- Céc bién dang trong cdt thép va bé
tong 1a ty 1€ thuan véi khodng cach tir truc
trung hoa. Tiet dién luén phang khi chiu tai.

- Khéng c6 sy truot tuong ddi giita
vat liéu tam FRP va bé tong.

- Vat lidu gia ¢ FRP c6 mé hinh
quan hé irng suat - bién dang la tuyén tinh.

- B qua bién dang cit trong 16p dinh
bam vi 16p dinh rat méng voi va su thay doi
vé do day 1a nho.

- Khéng tinh dén kha ning chiu kéo
cua bé tong.

- Gi4 tri bién dang pha hoai 16n nhat
cua bé tong 1a 0,003.

2.2.2. Nguyén ly tinh todan

Vige tinh toan thiét ké gia cuong kha
nang chiu udn cua ket cau bé tong dya trén gia
thict vat liéu FRP dan bén ngoai bé mat chiu kéo
cua tiét dién s€ tham gia chiu kéo cung v6i cot
thép chiu kéo cﬁg tiét diél}, do d6 nang cao duogc
kha nang chiu un cua tiét dién duoc gia cuong
FRP (Hinh 1). Véi san bé tong cot thép, tict dién
tinh toan dugc xem nhu cat mét dai ban rong
b=1m, c6 chi€u cao bang chicu cao san.

Hinh 1. Bién dang va sy phan bd tmg suét cho
tiét dién san hinh chir nhat ¢ trang thai chiu uon

Cuong d6 chiu udn cua tiét dién phu
thugc vao mo hinh pha hoai. Cau kién duoc
gia cuong bang 16p vat li¢u cot soi tong hop
FRP c6 thé pha hoai theo 5 truong hop:

- Su phé hoai cua bé tong trong vung
nén trude khi cot thép chiu kéo bi chay,

- Su chay déo cua thép trong ving
chiu kéo ngay sau khi xay ra sy pha hoai cta
tam gia cuong,

- Sy chay déo cua thép trong vung
chiu kéo sau khi c6 su phé hoai ctia bé tong
vung chiu nén (pha hoai dong thoi),

- Su boc tach do luc cit hodc luc kéo
tac dong 1€n 16p bé tong bao veE,

- Sy boc tach cua 16p vat licu gia
cuong khéi bé mat bé tong.

Khi tinh toan gia cuong, trudc tién can
xac dinh mo6 hinh pha hoai cta cau ki¢n, do
la co s& dé tinh (ng suat, bién dang trong moi
loai vat licu. Khi thiét ké gia cuong san can
tinh toan sao cho san & trang thai pha hoai
dong thoi 1a hop 1y nhat, tic 1a lac d6 ca bé
tong chiu nén, cot thép kéo va tam FRP bi pha
hoai cung lac.

2.2.4. Hé s6 triét giam méi truong va diéu
kién lam viéc

Bing 4. Hé s6 triét giam do yéu t& méi trudng cho cac hé théng FRP khac nhau

H¢ s6 chiét giam do

biéu kién ti€p xtc Dang sg1 yéu 6 méi trudng Cg

) CFRP 0,95
Tiep xuc trong GFRP 0,75
AFRP 0,85

Qéu kién lam viéc bén ngoai mdi trudng (cu, gll::g 8’22
cau tau, va nha dé xe khoéng co ctra) AFRP 0’7 5
Chu kién 1am viéc & moi truong xam thuc (nha (C}ig g’gg
may hoéa hoc va nha may xu Iy nudc thai) AFRP 0’7 0
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2.2.5. Quy trinh tinh todn thiét ké kha ning
chiu lyc cua san BTCT gia c6 bcing FRP
theo ACI 440.2R-17
Bing 5. Quy trinh tinh toan thiét ké kha ning chiu luc cia san BTCT gia c6 bing FRP

Stt . Quy trinh tinh toan
Kiém tra dicu kién tinh toan tang cudng suc khang uon
Buée 1 ((pMn)existing = (1’:1MDL + 0'75MLL)new (1)
Trong do, (OMp)existing- Stc khdang uon hién hitu ((kNm); My.: m6 men tinh toan do hoat
tai gdy ra (kNm) va Mp, : momen tinh toan do tinh tdi gay ra (kNm)
Xac dinh cac dac trung cua vat liéu FRP st dung theo diéu kién tiép xic vdi moi truong
- Cuong d6 chiu kéo gidi han: fg, = Cgff, )
. - Bién dang kéo gidi han: g;, = Cgep, 3)
BUGC2 M6 dun dan hdi (Er). , ,
Trong do, Cg: hé so triét giam méi truong ldy theo bang 4; f7,: cuong do chiu kéo thiét
ké ciia FRP (MPa); Efy” bién dang pha hogi cuc han cua FRP (mm/mm).
Tinh toan so by cac dic trung cua vat li¢u bé tong, cbt thép, tam FRP (E., Bi, As, Ay)
a. Dac tinh cua bé tong:
- Hé s6 khéi ing suat (tir ACT 318-05) : By =1,05— 0,05% 4)
Budc3 - Mo dun dan hdi E.: E,. = 4700,/f) 5)
Trong do, f"c: cwong do chiu nén tinh todn cua bé tong mau nén hinh tru (MPa)
b. Bdc tinh ciia cot thép: Dién tich cta cbt thép: A (mmz)
¢. Ddc tinh cua FRP: Dién tich cua vat li¢u FRP gia c¢0 bén ngoai : Ar= ntiwr (6)
Chon trudc so 16p n, bé day trva bé rong FRP wr gia cuong trén dai ban bé rong Im
Tinh toan bién d:c,mg ban dau tai mat dudi cla san, &b
Bién dang ban dau cua san dugc tinh toan véi gia thiét khi cau kién bi mut tai thoi diém
thi cong FRP va tai tic dung tai thoi diém nay 1a tinh tai: Epi = M
(7
Véi: k= \/ [psns + anf( )] + (psns + anf) — (psns + psnys) (3
Bu6c4  Momen quan tinh mt cat tinh d6i L: I, = b(kd) + ngAg(d — kd)?
)
5 o T Y T P A 13
nS_EC ( )'n’f_EC 'pS_bd 'pf_bdf ( )
Trong d6, b: chiéu réng tiét dién (mm); d: chidu cao hivu hiéu cia c6t thép (mm); dy: chiéu
cao hitu hiéu cla vét liéu FRP (mm); k: ty sé giita chiéu cao truc trung hoa vdi chiéu cao
hitu hiéu cla c6t thép xét trén mdt cat da nwt; Es: mé dun dan hoi cua thép (MPa).
Xép dinh bién dang ma sy boc tach FRP cé thé x4y ra, &fd o
Bién dang do boc tach cua FRP dugc tinh toan ing véi mo hinh pha hoai mat két dinh
. FRP:
Budc 5 7
&rq = 0,42 e < 0,9¢5, (14)
nEgty
Thoa min: Phé hoai do mit dinh bAm FRP. Khong théa mén: Pha hoai do dut tam FRP
Budc 6 Gia dinh chiéu cao truc trung hoa o trang t}}éi gidi han cyc han, ¢ = 0,2d
Gia tri cta ¢ s€ dugc diéu chinh sau khi kiém tra di€u kién can bang
Tinh toan bién dang hiru hi¢u cia vt liéu FRP, &f
dr—c
Bude 7 Efe = Ecy ( fc ) —&p Efd (15)

Trong do, &.: bién dang doc truc t6i da ciia bé téng ldy bang 0,003 (mm/mm)
- Thoa man: Pha hoai do nén bé tong
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- Khong thoa méan: Phé hoai do mat dinh bam— Lay &= &g
Bién dang pha hoai ctia bé tong . c6 thé nhé hon 0,003 va c6 thé dugc tinh bang cach sir

dung tinh chat tam giac dong dang: & = (&re + &pi) (d = C)
p=
(16)
Buéc 8  Tinh toan bién dang ctia cdt thép: & = (gre + €p1) (;_CC> (17)
-
Tinh toan tmg suat ctia cot thép (f) va tmg suat co hiéu trong tim FRP (fr.)
Budc 9 fs=Eses < f, (18) ; fre = Erére (19)
Néu f,> f, > Ly f,=1f, Trong do, [y : gioi han chay cua thép (MPa)
Thiét 1ap phuong trinh can bang va tinh chiéu cao vung nén (c)
Céc hé s6 khoi ung syét B1, a1 dugc hiéu chinh dya trén quan h¢ dang dudng cong
parabol ing suat - bién dang cua bé tong, theo Vién bé tong Hoa Ky
r_ I o2 ’
R Q0); =2 (21); el ==2 (22)
Buéc 10 e 3hec Acfubhcf ¢
Chiéu cao ving nén tinh toan c : = Tﬁff (23)
1/c 1b
Trong do, & - bién dang 16i da ciia bé téng khéng gia cuong ldy bang 0,002 (mm/mm)
Kiém tra hoi tu ciia chiéu cao viing nén tinh toan véi chidu cao truc trung hoa gia dinh ban
dau (Budc 6) — Néu dat, ¢ gia dinh chinh 13 chiéu cao viing nén (lic nay bé qua budc 11)
Buge 11 Thay dbi (c), tinh 1ap lai tir bude 7 dén bude 10 dé dat duoc diéu kién can bang — Gia tri
¢ cudi cung
Tinh toan stc khang uon thanh phan
+ Strc khang uén do thép déng gop: My = Af, (d —22) (24)
Budc 12 ] 2 ﬁ c
+ Strc khang uon do FRP dong gop: Myp = YrAsfre(ds — = (25)
Hé s6 giam strc khang ubn ve= 0,85, dugc ap dung cho sy dong gdp cua hé théng FRP.
Tinh toan strc khang u6n tinh toan cua tiet dién (M)
+ Strc khang uon danh dinh cua tiét dién (M,):
B ﬁ
My = My + My = Aof, (d = B5) 4 A fro(dy — 25 (26)
+ Strc khang u6n tinh toan M, dugc tinh toan sir dung phuong trmh
B B
My = oMy, = p(Mys + Mup) = Ay (d =29+ ppd fro(d - 29)  @7)
Hé s6 giam cuong do ¢ dugc tinh:
0,90 v&i e, = 0,005
Buéc 13 0.25(e¢—&sy) . .
¢ =4{065+ W_%yy v6i 5y < & < 0.005
0,65 v0i &; < &,
(28)
Trong do, & : Bien dang cua cot thép doc tai gioi han chay (mm/mm); &y : Bién dang cua
kéo cue han cua cot thép tai cwong do danh nghia (mm/mm)
+ Kiém tra diéu kién chiu tai: M, > M,,
Trong do, M,: gia tri mo men do tdi trong gay ra (kNm)
+ Muc dd gia ting strc khdng uon: %AM = [M; - (¢Mn)existing] 1 00%/(GMn )existing
3. KET QUA VA THAO LUAN tac dung cua tinh tai bao gdm trong luong
3.1. Thiét ké gia cwong san BTCT bang ban than gy, trong lugng cac 10p cau tao san
tAm FRP dan bé miit g~200 daN/m? hoat tai st dung q;=200
3.1.1. Thong tin mo hinh cong trinh daN/m?. Vit ligu sir dung 14 bé tong B25, cdt
Xét cong trinh 5 tang, két cAu khung thép san nhom CI. Kich thude tiét dién dam,

BTCT. Chon mat béng san BTCT téng 2dé cOt dugc chon nhu Hinh 2.
tinh toan, chiéu day san h=100mm. Chiju
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Trong phan ndy, san BTCT dugc
phén tich theo hai truong hop khac nhau:

+ Trong truong hop 1: San BTCT véi
tai trong nhu trén dugc thiét ké du diéu kién
chiu Ivc.

+ Trong trudng hop 2: San véi tai
trong dugc ting cuong (thay ddi cong ning
st dung), hoat tai tdc dung madi q:=600
daN/m> luc nay céu kién san duoc thiét ké
trong truong hop mot khong con du kha
ning chiu lyc. Thiét ké gia cudng bang vat
liéu FRP cho san.

a0 o 8 50 oo 8

@ D20X50 D20X50 020X30 D20X50 D20X50
8 8 § 8 8 5
2 w0 B a0 B sm w0 8 o 8

@ D20X50 D20X50 D20X30 D20X50 D20X50
o B o 5 w0 B oo B

@ 020X50 D20X50 020X30 020X50 D20X50

a) Mé hinh két cau cong trinh trén phian mém
Etabs 2017 )
b) Mat bang san tang 2
Hinh 2. So d6 két cau st dung trong phan tich
3.1.2. Tinh toan noi luc

Noi luc dé tinh toan thép san dugc léy
tir két qua mo men ciia to hop tai trong tinh
tai + hoat tai. Tién hanh chia dai strip dé lay
noi lyc tinh toan, két qua nhu sau:

http://tapchi.huaf.edu.vn

® ® 60660 O 6

s

a) Truong hop 1 (Mrr+uz)
b) Truong hop 2 (Mrr+u1)

@ O) © © O] (&

¢) Truong hop 2 (M.1.17+0.750T)

d) Truong hop 2 (Mr1)

Hinh 3. M6 men san BTCT bang phin mém
phan tich két cau Etabs v.17
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Bdng 6. M6 men trong san (TH1)

Céu kién san _ Trudng hop tai trong/ t6 hop tii trong  Mmax (KNm)

Tang 2 TT+HT 6,64

Tir cac thong sb ndi luc trudng hop 1,
tac gia chon, bd tri thép va tién hanh kiém

tra kha nang chiu luc cua san theo TCVN
5574-2018, két qua nhu Bang 7.

Bing 7. Két qua tinh todn thép san (TH1)

San Thép

Ham luong

[Mg] (kNm)  Kiém tra

S1 $10al150 0,65 %

9,91 Pat

Ttr m6 hinh phan tich truong hop 2
(tai trong tang thém), két qua noi lyc dugce
tong hop nhur sau:

Bdng 8. M6 men trong san (truong hop 2)

Céu kién san _ Trudng hop tai trong/ t6 hop tai trong M (KNm)
TT+HT 10,94
Tang 2 1,1TT+0,75HT 9,78
4,53

Nhu vay san khong con du khé nang
chiu lyc can phai dugc gia cuong.
3.1.3. Thiét ké gia cwong san BTCT bang
vat lieu FRP
a. Théng s6 bai todn:

O san S1 BTCT c¢6 kich thuée Iix 1,

= 6m x 6m. Bé tong, thép va tinh chat vat
D20X50

D20X50
<2
D20X50
6000

D20X50
6000 [

lidu gia cd ciing nhu chi tiét cia mat cat
ngang cla san dugc thé hién trong Bang 9
va Hinh 4. Sir dung vt liéu FRP dan bé mat,
diéu kién lam viéc tiép xtic kin. Thiét ké gia
cuong tam FRP dé san c6 thé chiu duge
Minax=10,94 kNm.

@ 910 #10
a150 a150
| | N

S VAN

1
6000

Hinh 4. Mit bang va mat cit san gia cuong
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Bing 9. Thong s san va vt liéu dugc sir dung

STT Thong sd Sb liéu Pon vi
Kich thuéec, 6000 mm
Kich thuéec, I» 6000 mm
chiéu day san, &, 100 mm
Chiéu cao ving nén, d 80 mm
Cuong d6 nén BT B20, . 18,85 N/mm?
Thong b san va vatlieu  Gidi han Chéiy‘cﬁa thép nhom CI, £, 247,5 N/mm?
M6 dun dan hoi cua thép, E 210000 N/mm?
Cét thép chiu kéo, 4, $10a150 5,23 cm?
M6 men tinh toan gidi han khong gia cuong
(Strc khang udn tinh toan két ciu hién 9,91 kNm

huu) (¢Mn)exlstlng
Momen gidi han tang cuong do tinh tai va

Théng sb hoat tai m&i gy ra, (7. Mpy+0.75M)wen 9,78 KNm
ndi luc Mo men tinh toan gia cuong, M, 10,94 kNm
Mo men tinh toan do tinh tai gay ra, Mp; 4,53 kNm
Chiéu day mdi tAm, ¢ 0,33 mm
bic tinh FRP donhasan Cuong do kéo dut, f*, 3792 N/mm?
Xuét cung cap Bién dang khi kéo dut, &%, 0,0167 mm/mm
Mo dun dan hoi, E; 227527 N/mm?

b. Quy trinh va két qua tinh todn

Bing 10. Quy trinh va két qua tinh toan

STT Quy trinh va két qua
Kiém tra diéu kién tinh toan tang cuong suc khang ubn
Budc 1 (OM,y) existing = 9,91 kKNm > (1,1Mpr+0,75MrL)= 9,78 kNm — Thda man diéu kién gia cuong
bing FRP
. Xéac dinh cac dac trung cua vat liéu FRP st dung theo diéu kién tiép xuc véi moi trudng
BUOC2 =095 f;, = 36024 &7, = 0,01587 mm/mm; Er=227527 N/mm?
Tinh toan so by cac dic trung cua vat li¢u bé tong, cot thép, tam FRP
- B1=0,913; E, = 20406 N/mm?; A== 523 mm?>
Vit liéu FRP: Chon 01 16p, chon ty 1& bé rong gia ¢ 1a 40%—> bé rong bd tri tim FRP trén 1m
bé rong san wr= 2*200mm nhu hinh v€. Dién tich cua vat liéu FRP gia cd: A =132 mm?
Budc 3 ’ ‘ ELSJ
150 L 200 L 300 L 200 L 150
’ ’ 1000 ’ ’
Hinh 5. B6 tri tim FRP gia cudng trén 1m san
Tinh toan bién dang ban dau tai mat dudi cua san, €y
Budce 4 Két qua: ne=10,291; nf=11,150; ps= 0,007; pr= 0,002; k = 0,348; I.,= 21832432 mm*; gp,i=
0,00073mm/mm
Xac dinh bién dang ma su boc tach FRP cé thé xay ra, e
Budc5  Két qua: £=0,0065 < 0,9*0,01587=0,0143 mm/mm — M5 hinh ph4 hoai 1a do mat két dinh
thm FRP.
Budc 6 Gia dinh chiéu cao tryc trung hoa ¢ trang thai gidi han cuc han (c): ¢=0,2d =16 mm
Tinh toan bién dang hitu hiéu cua vat liéu FRP, €= 0,01502 mm/mm > &g = 0,0065 mm/mm
Budc 7 — M5 hinh pha hoai 14 do mét két dinh tim FRP. Liy &g = &x = 0,0065 mm/mm
Bién dang pha hoai cuia bé tong &.: &~ 0,00138 mm/mm
Buéce 8 Tinh toan bién dang ciia cdt thép: £=0,00551 mm/mm
Buéce 9 Tinh toan g suat cta cot thép (f) va tmg suat co hiéu trong tim FRP (fr)

Két qua: f=1157 N/mm?> £,=247,5 N/mm>. Lay £,=247,5 N/mm?; f;.= 1478N/mm?
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Budce 10

Thiét lap phuong trinh can bang va tinh chiéu cao ving nén (c)

dat

Két qua: B1= 0,736; o = 0,844; &’ = 0,0016; ¢ =27,74 mm. Kiém tra diéu kién héi ty c: Chua

Bude 11

Thay doi (c), tinh 13p lai tir budc 6 dén budc 9 dé dat duge dicu kién can bang — Gid trj ¢

cuoi cung

Chon lai ¢ = 23,1 mm, tinh lai cac gia tri: &= 0,00925 mm/mm > g = 0,0065 mm/mm

Lay £,=247,5 N/mm? f=1478 N/mm>

— Pha hoai do mat dinh bam, 1dy &g = &t = 0,0065 mm/mm
g~ 0,00217 mm/mm; &= 0,00535 mm/mm; f;=1123 N/mm?> £,=247,5 N/mm?

B1=0.809; 0,1=0,921; &’=0,0016; c = 23,1 mm
Nhu vay gié tri ¢ d8 hi ty. Vay chiéu cao vung nén ¢ = 23,1 mm

Budce 12

Tinh toan strc khang uén thanh phin: M, = 9,15 kNm; M, ; = 17,69 kNm

Budce 13

Tinh toan strc khang udn tinh toan cua tiét dién (M,).

M;= 24,18 kNm; M,= 21,8 kNm

M;> M, — Két luan: Tiét dién duoc gia cuong c6 kha nang chiu dugc tai trong mai

+ Mirc d¢ gia ting strc khang udn: %AM ~120%

Nhu vay, tir két qua tinh toan gia
cuong cho thiy, kha ning chiu udn cia cu
kién san BTCT ting 1én dang ké, t6i 120%.

Tién hanh thiét ké gia cuong FRP cho
san BTCT v6i cac cap do bén bé tong khac
nhau, dugc két qua nhur Bang 11 va do thi
Hinh 6.

Bing 11. Muc tang stc khang udn cua san BTCT véi cac cip do bén bé tong khac nhau

Cap dobén  Sirc khanguén  Strc khang udn tinh Mtrc tdng stic Dane pha hoai
bétong  hiénhiru (kNm)  toan (M) kNm  khang udn (AM) % ang phia hog
B20 9.8 18,71 91 Mat két dinh tam FRP
B25 9,91 21,76 120 Mat két dinh tm FRP
B30 9,98 23,20 133 Mat két dinh tim FRP
B35 10,02 24,40 144 Mt két dinh tm FRP
200
~ 150 120 133 e
s 91
S 100
< 50
0
B20 B30 B35
Cép d6 bén bé tong

Hinh 6. Biéu d6 muc tang strc khang ubn tuong ung véi cAp d6 bén bé tong

Tir két qua Bang 11 va d6 thi Hinh 6,
ta thdy rang muc do ting cuong kha ning
chiu ubn cua san ty 1¢ thuan véi cuong do
chiu nén cta bé tong, tuong ung voi cuong
d6 bé tong tang tir 11,5 MPa dén 19,5 MPa,
strc khang udn tinh toan ting tir 91% dén
144%. Dong thoi, két qua ciing cho thiy
rang sy pha hoai cta san bé tong cdt thép
xay ra do mat dinh bam giira 16p FRP gia
cuong khoi bé mit cau kién 1a chi yéu. Két

2340

qua nay hoan toan phu hop véi cac nghién
ctru vé 1y thuyét 1an thuc nghiém trude do,
n6 gop phan khing dinh thém hiéu qua cua
phuong phép gia cudng nay.
4. KET LUAN

Phuong phap gia cudng bing tim
FRP dan ngoai 1am tang kha nang chiu luc
ctia san BTCT mét cach dang ké. Két qua
chi ra rang, mirc d¢ ting cudng kha ning
chiu uén cia san ty 1 thuan véi cudng do
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chiu nén cta bé tong, tuong ung voi cuong
do bé tong tang tir 11,5 MPa dén 19,5 MPa,
strc khang udn tinh toan ting tir 91% dén
144%. Mtrc d6 ting kha nang chiu uén phu
thudc vao cac déc trung va tinh chit co hoc
ctia vat liéu cAu thanh (bé tong, cdt thép Va
tam FRP) bé rong bd tri gia cuong, va sb
luong tdm (bé day) FRP duoc sir dung dé
gia cuong.

Két cau san bé tong cdt thép thuong
c6 chiéu cao mit cit nho. Khi c¢6 su tham
gia cua 16p vt liéu gia cuong FRP & bé mit
chiu kéo cua cau kién, chi€u cao vung chiu
nén dugc tang lén kéo theo vung chiu kéo
giam di. Do do, sy pha hoai do mat dinh
bam giita 16p gia cudong khoi bé mit cu
kién 1a chi yéu.
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