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TOM TAT

Gia cuang san be tang cét thep (BTCT) béng vat liéu tdng hop dan bé
mit FRP (Fiber Reinforced Polymer) duge sir dung phd bign hign
nay. Tuy nhién, do chua co tieu chudn thigt ke, thi cang va nghiem
thu, day |a rao can lén trong viec ap dung vat ligu do vao thuc tién
tai Viet Nam. Bai thyc té, img xir cia ket céu sau khi gia cuang rét
phirc tap va phu thugc vao nhiéu yéu td. Rat kha kiém soét trang théi
pha hiy cia ket céu sau gia cuang, dac bigt 13 trang thai pha hoai
gion do pha hoai lap keo dinh bam hodc bac tach lap bé tang bao ve.
Do dd, viec nghién citu ng i ciia ket céu san BTCT sau khi duge gia
cuing vé ca phuong dign Iy thuyt an thue nghiém 13 rét cén thist.
Trong bai bao nay, ket qué phan tich ma hinh sd lam ré ing x{r cia
san BICT duoe gia cuang béng vat ligu tdng hop FRP thang qua phén
tich chi tiét vé ing suft, bign dang va chuyén vi trong san. Cu thé,
khi tang bé day tdm gia cuamg, img sudt, bign dang va chuyén vi ciia
san BICT giam xuding, mic da gidm |an luot 13 ong sudt tir 46.70%
den 74.78%, bién dang tr 40.09% dén 73.06% va chuyén vi tur
14.32% dén 27.1%. Khi tang cép tai trong, ing suft, bign dang va
chuyén vi cia san BICT tang len, mirc di tang [an lugt 13 dng suét tor
13.36% dén a8.27%; bién dang tir 14.47% dén 97.89% va chuyén vi
tir 11.93% den 47.70%.

Tir khéa: Gia cuing; FRP; san bé tdng cdt thép; ing xir cor hoc.

ABSTRACT

The reinforced concrete (RC) slab strengthened with FRP sheets has
been popular. The lack of design standards is a significant barrier for the
extensive use of FRP for RC in Vietnam. The behavior of the structure
depends on many factors. t is difficult to control the failure state of the
structure after strengthening, especially brittle failure state due to
destruction of the adhesive layer or removal of the protective concrete
layer. It is necessary to study the behavior of reinforced concrete slab
structure after being strengthened both theoretically and experimentally.
In this paper. the results of numerical model analysis clarify the behavior
of reinforced concrete slab with FRP slabs based on the analysis of
stress, deformation and displacement of the slab. In detail, as increasing
the thickness of the FRP sheets, the bending stress, deformation and
displacement of the reinforced concrete floor decreased, the reduction of
the bending stress from 46.70% to 74.78%, deformation from 45.09% to
73 56% and displacement from 14.32% to 271%, respectively. As
increasing the load level of the slabs.the bending stress, deformation and
displacement of the reinforced concrete floor increased, the the increase
of the bending stress froml3.36% to 98.27%; deformation from 14.47%
to a7.89% and displacement from 11.93% to 47.70%, respectively.

Key words: Strengthening, FRP; reinforced concrete slab; mechanical
behaviar.

1. GIGI THIEU CHUNG

Ké&t ciu san BTCT dugc st dung phé bién trong cac céng trinh
xay dung. Sau mot thdi gian khai thac va s&f dung kha ndng chju
lyc cta san bi suy gidm do nhiéu nguyén nhan nhu tac dong cla
moi trudng, su thay ddi vé cong nang sir dung nhu nang chiéu cao,
md réng mat bang, lap dat thém thiét bi lam gia tang tai trong tac
dung 1én san. D€ dam bao an toan va nang cao hiéu qua st dung
thay vi xdy méi phuong phép gia cudng dugc ap dung va ngay
cang cap thiét véi nhiéu cong trinh hién nay.

C6 nhiéu phuong phép gia cudng két cau céng trinh san BTCT
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duoc tng dung thuc t€ & nudc ta nhu: phuong phap st dung loai vat
liéu soi tdng hop dan bé mat FRP (Fiber-Reinforced Polymer), phuong
phap mé rong tiét dién, phuong phap dung dan ban thép hoic
phuong phdp dung cép dy Ung luc cang ngoai. So sanh véi cac
phuong phap gia cudng truyén théng, phuong phap sit dung vat liéu
téng hgp dan bé mit FRP dé gia cudng san BTCT ¢6 nhiéu uu diém
nhu: thi cong nhanh chéng; viia tang cudng kha nang chiu luc ctia san
vlia bdo vé BTCT; khong can phai dap pha két cau; khong can st dung
c6p pha; ddm bao gilr nguyén hinh dang két ciu ci; khong ding hoat
déng khi thi cong; cach dién, chiu nhiét tot, bén theo thdi gian.
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Nham tang cudng suc khang uén cta san BTCT, vat liéu FRP
dan bé mat chiu kéo san BTCT ngay cang dugc st dung nhiéu tai
Viét Nam. Tuy nhién, ing x{ ctia két cau sau khi dugc gia cudng rat
phtc tap do su phan phéi lai néi luc khi chiu tai cta két cau va phu
thudc vao trang thai lam viéc truéc do cla két cau. Su c6 mat cla
tdm gia cudng lam thay d8i trang thai pha hoai clia tdm uén, dac
biét su pha hly cé thé xuat hién do su khéng dinh bam giiia ban
bé téng va vat liéu dan bé mat FRP hay do sy bong bat clia I6p bé
tong bdo vé...

Cac nghién ctu ly thuyét va thuc nghiém trudc day vé hiéu qua
giai phap gia cudng két cdu san véi cac tam composite da dugc
thuc hién. Theo nghién ctu ctia Sheikh [1] chi ra tdm vat liéu sgi
carbon va sgi thay tinh tang cudng dang ké (khoang 150%) vé do
bén uén. Theo Ayman S. Mosallam va Khalid M. Mosalam [2] viéc st
dung tdm FRP dan dén tang dang ké kha nang chiu tai clia két cau
san (Ién dén 500%) so véi san khong gia cudng va 200% déi véi san
dugc gia cudng bang tam thép.

Tac gid Ola Enochsson [3] d& nghién ciu thuc nghiém gia
cudng tdm CFRP véi cac tdm san cé va khéng co 16 ma. Két qua chi
ra rang, d6i véi CFRP tdm tang cudng, kha nang chiu tai tang lén tu
24% dén 125% so vGi ban san c6 16 ma, va tir 22% dén 110% so vai
san khong 16 mé.

Theo két qua nghién ctru clia Fahmy A. Fathelbab [4], viéc st
dung cac tam CFRP gan vao chiéu dai ban san lam tang kha nang
chiu tai cudi cling tir 79.8% dén 107.7% tly thudc vao s6 lugng cac
tdm st dung. Bén canh d6 dé déo san tang lén dang ké va cho thdy
rang c6 sy ma rong cla cla cac vét nut cho dén khi bi pha hoai.

Nhom tac gid Wissam D. Salman [5] d& nghién cdu thuc
nghiém ting x uén cta san BTCT mét phuong c6 16 m& bang cach
st dung tdm CFRP tang cudng. Kich thudc, hinh dang cua 16 ma,
chiéu dai va chiéu rong cta tdm CFRP la cac théng s6 chinh dugc
xem xét. Ung xif cGla cdc mau thi nghiém duogc danh gia bang su
hinh thanh vét nit, mé hinh vét nat, d6 véng, tai trong cudi cling
va mé hinh pha hoai. Nghién ctu chi ra rang viéc gia cudng san
bang tdm CFRP lam tang kha nang chiu tai cudi cung tir 24% dén
92%; giam dé vong san khodng 47% dén 62%; giam bién dang nén
bé tdng 30% dén 56%; tang tai trong gay xuat hién vét nut khoang
74% dén 88% va giam chiéu rong vét nit khoang 86 dén 95% so
véi 6 san mét phuong khong gia cudng.

Theo nghién ctu ctia Nguyén Thanh Céng [6], két qua chi ra
stc chiu tai cha két cdu ban dugc gia cudng bing Iop vat liéu
composite dugc tang lén khoang 200%. Két qua thi nghiém cho
thay toan bé céc ban dugc gia cudng bi pha hoai do su bong bat
cla Iép gia cudng tai vi tri c6 mé men va luc cat tuong déi lon.

Nghién clu vé ing xt cla két cdu sau khi gia cudng van con
nhiéu théach thuc, dac biét la vé cac trang thai pha hay cta két ciu
mdi thuong dét ngot (pha hoai gion do phd hoai I16p keo dinh bam
hodc boc tach 16p bé tdng bao vé) nén viéc ki€ém soat Ung xi clia
két cau van con kho khan. Cho t6i nay, chi co rat it nghién ctu lién
quan dén van dé nay. Viéc xac dinh dugc tng xtr nay moét cach day
d0 van con la bai toan kho.

Trong bai bao nay, tac gid nghién ctu vé tng xu ca san BTCT
dugc gia cudng bang vat vat liéu dan bé mat FRP cho mot céng
trinh cu thé c6 su gia ting tai trong tadc dung. Pham vi nghién ctu
gidi han vaéi san BTCT trong cong trinh dan dung c6 thay déi cong
nang. V&i muc dich phan tich, danh gia ung x{t co hoc khac nhau
gita san khoéng gia cudng va dugc gia cuong cung su déng gop
clia tam FRP trong viéc gia tang kha nang chiu tai. T két qua phan
tich mé hinh s6 mé phéng bang phan mém Etabs 2017, cac két
qua cu thé vé (ing suat, bién dang va chuyén vi trong san BTCT sé&
dugc phan tich dé lam ré Ung xU co hoc clia ban san BTCT sau gia

cudng bang vat liéu dan bé mat FRP.

2. NOI DUNG VA PHUONG PHAP NGHIEN CUU

2.1.Vat liéu FRP

2.1.1. Giéi thiéu vé vit liéu FRP

Vat liéu FRP 1a mét dang vat liéu t6ng hap dugc ché tao tir cac
vat liéu sgi, trong d6 cd ba loai vat liéu sgi thudng dugc st dung la
sai cac bon CFRP, sgi thuy tinh GFRP va sgi aramid AFRP. B3ac tinh
cUa cac loai soi nay la c6 cudng doé chiu kéo rat cao, mé dun dan
hoi rat I6n, trong lugng nhé, kha nang ch6ng mai mon cao, cach
dién, chiu nhiét t6t, bén theo thoi gian. Vat liéu FRP dung trong
xay dung thudng cé dang tdm,dang thanh,dang cap,dang vai,
dang cudn... Trong stia chlfa va gia ¢ cong trinh xay dung thuéng
dung cac loai FRP dang tdm va dang vai.Trong s6 cac vat liéu téng
hop dung dé gia cudng két cdu bang bé tédng cbt thép thi vat liéu
tam sgi cac bon CFRP dugc st dung rong rai hon do vat liéu nay ¢
cac dac tinh t6t han so véi hai vat liéu con lai.

2.1.2. Tinh chdt co ly cia vét liéu FRP

a. Khéi luong riéng

Vat liéu FRP c6 khai lugng riéng trong khoang tir 1.2 tGi 2.1
g/cm?, nhd han thép tur 4 dén 6 lan tuy thudc vao loai cot sgi hoac
chat don (Bang 1). V&i dac diém khdi lugng riéng nho vat liéu FRP
gilp gidm gia thanh van chuyén, gidam phan tinh tai gia tang cla
két cdu va vat lieu c6 thé dé dang xr Iy va thi cong & cdng trudng.

Bdng 1. Khéi lugng riéng cua cdc logi vat liéu composite, (g/cm’) [7]

Cé6t sgi thay tinh | C6t soi cacbon | C6t soi aramid Thép

1.2+2.1 1.5+1.6 1.2+15 7.9

b. Hé s6 dén né nhiét

Hé s6 gian nd nhiét cda vat liéu FRP khac nhau theo phuong
doc va ngang tuy thudc vao loai cét sgi, loai nhua nén, cach dét va
ty |é cét sgi (Bang 3).

Bang 2. Hé s6 gidn né nhiét cta cdc loai vdt liéu composite [7]

= Hé s6 dan nd nhiét (x10%/°C)
Chiéu
GFRP CFRP AFRP
Theo chiéu doc au 6+10 -1+0 -6 +-2
Theo chiéu ngang ar 19+23 22+50 60-+-80

Ghi chu: day la cac gia tri dién hinh d6i v6i ham lugng thé tich
6t sgi thay d6i trong pham vi 0.5 t&i 0.7 [7].

c. Ddc tinh co hoc

Vat liéu téng hap FRP 1a vat liéu di hudng, cé tinh chat thay déi
theo hudng sgi. Cac tinh chat co hoc cla vt liéu phu thudc vao
cdu tao hdén hgp nhu hudng phan bé cét soi, do day, s6 lugng cac
I6p sgi gia ¢ ciing nhu khéi lugng hén hogp.

* Cudng d6 chiu kéo: Ung x{r kéo cla vat liéu nay dugc biéu
dién bang quan hé tuyén tinh gita ing suat - bién dang dén khi bi
pha hoai, va trong trudng hgp nay su pha hoai la dot ngét va gion.
Cudng do chiu kéo cua vat liéu cbt sgi composite phu thudc vao
nhiéu tham s nhu: ki€u c6t sgi, chiéu sdp xép cla cbt sgi, lugng
c6t sgi va phuong phap ciing nhu diéu kién ché tao c6t sdi.

* M6 dun dan hoéi: mé dun dan héi cta vat liéu FRP c6t sgi thay
tinh trong cac cdu kién xay dung thudng thap hon so vai thép
hodc nhém. Tuy nhién, vat liéu FRP sgi carbon néu can c6 thé dugc
ché& tao c6 mé dun dan héi tuong duong véi thép hoac nhém. Mo
dun sgi riéng, huéng sai trong cac 16p, khéi lugng sai (so véi nhua)
va do day cac I16p sé anh hudng dén gia tri mé dun dan hoi va tré
nén quan trong trong viéc lua chon vat liéu cho cac thiét ké.

CAac dac tinh ky thuat clia tdm CFRP c6 trén thi trudng téng hop
& Bang 3.

ISSN 2734-9888 |08.2023 XAYDUNG |57




NGHIEN CUU KHDA HOC

Bdng 3. Bdc tinh ky thudt cta tdm CFRP 6 trén thi trudng [8]

Mat do soi (g/m) | Do day (mm) C”""g(f/‘%;;“” kéo Mo dt‘gp‘z?” hoi D6 gian dai (%) Khé tam (cm)
200 0.111 3200~ 3400 220240 1618
230 0.127 3200~ 3400 220240 1618
300 0.167 3200+ 3400 220240 16218
400 0222 3200+ 3400 220240 1618 10,15,20,25,30,33,50,60
450 0.250 3200+ 3400 220240 1618
530 0.294 3200+ 3400 220240 1618
600 0333 3200+ 3400 220240 16-1.8

Ghi chii: Théng s6 & Bang 3 cho vat liéu CFRP nhép khdu tir Nhat Ban hodic Trung Quéc

2.2.Thong tin cong trinh
Xét coéng trinh 5 tang, két cdu khung BTCT. Chiéu day san
s=100mm. Chju tac dung cda tinh tai bao gém trong lugng ban
san BTCT gy, trong lugng cac I16p ciu tao san gs=200 daN/m?, hoat
tai s dung =600 daN/m? (tang 2, do thay d&i céng nang s
dung), cac tang con lai =200 daN/m?2. Vat liéu sir dung la bé téng
B25, c6t thép san CB300-V.

b) Mdt bang san tdng 2

Hinh 1. M6 hinh san BTCT bang phan mém phan tich két ciu Etabs v.17

2.3. Cac truong hop mé phéng

Trong nghién ctiu nay, hai mé hinh két cdu san khéng gia cuong
va 6 gia cuding dugc xem xét vdi cac dac dém cu thé nhu sau:

- Trudng hgp két cau san khéng gia cudng (KGC)

- Trudng hgp két cau san gia cudng:

+ Thay d6i chiéu day tdm FRP gia cudng lan lugt 0.165 mm;
0.33 mm; 0.66 mm; 1.02 mm

+ Gia cuding 01 I6p FRP day 0.33 mm cho san tang 2 trong dé
xét dén céc trudng hgp thay déi tai trong tac dung

Trong d6, diéu kién chiu tai co ban a t6 hgp tai trong gém tinh
tai va hoat tai phan b6 déu trén dién tich.

2.4. M6 hinh vat liéu gia cuéng FRP
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Vat liéu FRP dugc dinh nghia la vat liéu di huéng, cé mé hinh
vat liéu dugc mo ta bang dudng dac tinh quan hé Ung suat - bién
dang la tuyén tinh. Cac théng s6 vat liéu va tiét dién tam vat liéu
FRP dugc 1ay tir két qua téng hop cac dac tinh cda vat liéu FRP [7]
va dugc khai bdo nhu Bang 4.

Bdng 4. Thong s6 vat liéu FRP gia cudng [7]

1 Tén vat liéu FRP
2 Dang vat liéu Di huéng
3 |Khéilugng riéng 16 kN/m?
4 |M6 dun dan héi
E1 227527 MPa
E2 23000 MPa
E3 23000 MPa
5  |M6 dun cat
G12 6900 MPa
G13 6900 MPa
G23 4200 MPa
6  |Hé s gian nd nhiét
Al 0.0000099 1/°C
A2 0.0000099 1/°C
A3 0.0000099 1/°C
7  |Hé sé Poatxong
U12 0.3
U13 0.25
U23 0.25

2.5. Phuong phap mé phéng tiét dién san BTCT gia cudng

Tiét dién san gia cudng FRP dugc mé phdng dang layered (bao
gém 2 16p), cu thé:

Lép 1: San BTCT day 100mm

L&p 2: Tam FRP c6 bé day theo céc trudng hgp xem xét.

Bang 5. Khai bdo théng sé tiét dién san gia cudng FRP trong phdn
mém Etabs 2017

Tén | Khoang | Chiéuday |Dangmd| Vat |Tinh chat Tiét dién mo phong
I6p |cach(mm)| (mm) | phong | liéu
BTCT 0 100 Tam | B25 | Tuyén G ben
tinh
FRP | -50.165 0.33 Tém | FRP | Tuyén —_—
tinh

3. KET QUA NGHIEN CUU VA THAO LUAN

3.2. Ung suat, bién dang trong bé téng san

K&t qua phan tich (ng suat va bién dang két cau san BTCT trong
cac trudng hgp khong gia cudng va trudng hgp gia cudng véi cac gia
tri tai trong thay d8i, cac trudng hgp gia cudng vdi chiéu day tdm FRP
khac nhau thé hién & Hinh 2 va Hinh 3. D& danh gia hiéu qua clia gia
cudng vat liéu FRP, két qua so sanh (ing suat, bién dang ban san trong
cac trudng hgp mo phong dugc thé hién trén Bang 6.
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Emin - KGC Enmin- Gia curong tdm FRP day 0.33mm
Hinh 3. Ph bién dang trong san trong hai trugng hap mé phéng
Bang 6. Gid trj ting sudt, bién dang san BTCT trong cdc trudng hop tdi trong tdc dung khdc nhau
Tang xét Trudng hop tai q( daN/m?) Srmax Smin Emax Emin ASmax(%) | ASmin(%) | AEmax(%) [ AEmax(%)
Tang 2 q=900 3.36 202.67 0.000108 | 0.00012 54.84 58.27 56.52 57.89
Tang 2 q=800 3.06 184.01 0.000098 | 0.000109 41.01 43.70 42.03 43.42
Tang 2 =700 2.76 156.36 | 0.000088 | 0.000098 27.19 22.11 27.54 28.95
Tang 2 =600 2.46 146.71 0.000079 | 0.000087 13.36 14.57 14.49 14.47
Tang 2 q=500 2.17 128.05 0.000069 | 0.000076
Bdng 7. Gid trj tng sudt, bién dang trong san BTCT trong cdc trudng hop gia cudng véi chiéu day khdc nhau
Tang xét Trudng hop Smax Smin Emax Enmin ASmax(%) ASmin(%) AEmax(%) AEmax(%)
Tang 2 KGC 10.35 7.28 0.000348 0.000204
Tang 2 0.165mm 3.38 3.77 0.0001 0.000106 -67.34 -48.21 -71.26 -48.04
Tang 2 0.33mm 3.06 3.8 0.000098 0.000107 -73.91 -47.80 -71.84 -47.55
Tang 2 0.66mm 2.7 3.84 0.000095 0.000109 -73.91 -47.25 -72.70 -46.57
Tang 2 1.02mm 2.61 3.88 0.000092 0.000111 -74.78 -46.70 -73.56 -45.59
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Két qua cho thdy, ing suat va bién dang cudi cung cla san
BTCT dugc gia cudng déu nhd hon so véi trudng hop khéng gia
cudng, muic do gidm Gng suat Ién t&i 74.78%, muc do gidm bién
dang Ién t6i 73.56%. Khi tang bé day tdm gia cudng Ung suat va
bién dang cta san BTCT gidm xuéng, muc dé gidm lng suat tu
46.70% dén 74.78%, muic dé gidam bién dang tur 45.59% dén
73.56%. Dong thoi két qua phan tich cing cho thay, (ng suat va
bién dang clia ban san dugc gia cudng tang theo sy gia tdng cap
tai trong, muc tdng Uing suat tur 13.36% dén 58.27%; muc tang bién

’

dang ti 14.47% dén 57.89%.

3.3. Chuyén vi san

Xét chuyén vi thdng diing theo phuong Z cla san trong cac
trudng hgp khong gia cuong va trudng hgp gia cudng vdéi cac
gia tri tdi trong thay déi, cac trudng hdp gia cudng véi chiéu
day tdm FRP khac nhau, gia tri chuyén vi cla phan t& 1731
(thudc san tang 2) trong cac trudng hgp dugc xac dinh nhu trén
Bang 8 va Bang 9.

48 4

b) Gia cutng FRP vdi bé day 0.33mm, tdi trong g=800 dal/m?

Hinh 4. Phg chuyén vi theo phuong thang dting trong san

Chuyén vj phan tir san{mm)

14
12
5 10 \

\E g
&,
2
o

7500 | =800 | Q=700 | g=6DD | g=S00

——UZ{mm) 12529 | 11518 | 10506 | 9.435 BAS3

a) B4 thi biéu dién chuyén vi cia san theo cdp tdi trong

Chuyén vi phan tlr san{mm)

15
. \‘0—\—.
=
=
B s
=]
o
KGC 0.165mm | 0.33mm 0.56mm L.02nmm
== LI [mm] 14,118 12097 11,518 10,7843 10,292

b) D4 thi biéu dién chuyén v ciia san theo bé day tdm FRP

Hinh 5. D4 thi biéu dién chuyén vi cla san trong céc trudng hgp md phong

Bdng 8. Chuyén vi san trong cdc trudng hop tdi trong thay déi

tang tu 11.93% dén 47.70%.
Bdng 9. Chuyén vi san cdc trudng hgp khéng gia cudng va gia
cudng véi chiéu day tdm FRP khdc nhau

ngtg Phénxgt’ xem Truc:z igqhqp Uz(mm) | AUZ(%)
(daN/m?)

Tang 2 1731 g=900 -12.529 47.70

Tang 2 1731 q=800 -11.518 35.78

Tang 2 1731 g=700 -10.506 23.85

Tang 2 1731 q=600 -9.495 11.93

Téng 2 1731 q=500 -8.483

Tu két qua téng hop & Bang 8 va Bang 9, do thi biéu dién
chuyén vi cla san theo cap tai trong va bé day tdm FRP nhu sau
(hinh 5):

Két qua cho thdy, chuyén vi thdng ding cla san trong trudng
hop san dugc gia cudng FRP nho hon so véi trudng hgp khéng gia
cudng, muc giam ti 14.32% dén 27.1% tuy thudc vao do day tam
FRP st dung. Déng thai két qua phan tich cing cho thay, chuyén vi
cla san dugc gia cudng tang theo sy gia tang cdp tai trong, muc
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e | T | Gimene | e | sl
Khong gia

Tang 2 1731 cudng (KGO) | -14.118

Tang 2 1731 0.165mm -12.097 -14.32

Téng 2 1731 0.33mm -11.518 -18.42

Tang 2 1731 0.66mm -10.784 -23.62

Tang 2 1731 1.02mm -10.292 -27.10

3.4. Ung suat - bién dang trong FRP

Két qua phan tich phé ung suat va phé bién dang ctia tdm FRP
trong cac trudng hgp tai trong tac dung va chiéu day gia cudng
khac nhau dugc thé hién 1an lugt trén Hinh 6. Chi tiét két qua gia tri
Ung sudt va bién dang trong vat liéu FRP duoc thé hién trén Bang
10 vaBang 11.
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e o -  —
Smax; Smin - Gia cudng tdm FRP day 0.33mm
L
i. " -a&'.'—\_ = . “ ]
Enax; Enin- Gia cudng tdm FRP day 0.33mm
Hinh 6. Ph{ (ing sudt va bién dang trong tam FRP
Badng 10. Gid tri ing sudt, bién dang clia tdm FRP trong cdc trudng hop tdi trong
Tang xét Trudng hop tai g( daN/m?) Smax Smin Emax Emin ASmax(%) | ASmin(%) | AEmax(%) | AEmax(%)
Tang 2 q=900 351.56 201.71 0.000172 | 0.00012 54.83 58.27 54.95 57.89
Tang 2 q=800 320.44 184.01 0.000156 | 0.000109 41.13 44.38 40.54 4342
Tang 2 q=700 289.31 164.58 0.000141 | 0.000098 27.42 29.13 27.03 28.95
Tang 2 q=600 258.18 146.01 0.000126 | 0.000087 13.71 14.56 13.51 14.47
Tang 2 q=500 227.06 127.45 0.000111 | 0.000076
Bdng 11. Gid tri ing sudt va bién dang trong tdm FRP vdi chiéu day gia cudng khdc nhau
Tang xét Chiéu day tam FRP Smax Smin Emax Enmin ASmax(%) ASmin(%) AEmax(%) AEmax(%)
Tang 2 0.165mm 377.8 235.3 0.000169 0.000135
Tang 2 0.33mm 320.44 184.01 0.000156 0.000109 -15.18 -21.80 -7.69 -19.26
Tang 2 0.66mm 248.07 133.89 0.000141 0.000088 -34.34 -43.10 -16.57 -34.81
Tang 2 1.02mm 200.83 109.09 0.00013 0.000084 -46.84 -53.64 -23.08 -37.78

Két qua cho thay, ting suat va bién dang trong tdm FRP gidam
xuodng khi tang bé day tdm gia cudng, muc gidm Ung suat ti 15.18%
dén 53.64%, muc giam bién dang ti 7.69% dén 37.78% . Déng thoi két
qua phan tich ciing cho thdy, Uing suét va bién dang ctia tam FRP dugc
gia cudng tang theo su gia tang cap tai trong, muc dé tang tng suat tir
13.71% d@én 58.27%, muc d6 tang bién dang tir 13.51% dén 57.89%.

4.KETLUAN

Can cur két qua dat dugc tir nghién cdu nay, mot s6 két luan dugc
rut ra nhu sau:

Gia tri Uing sudt, bién dang va chuyén vi cudi ciing trong cau kién
dugc gia cudng FRP la nho hon so véi trudng hop khéng gia cudng, muic
do gidm Ung suat Ién tai 74.78%, muc do gidm bién dang Ién téi 73.56%.

Khi tang bé day tdm gia cudng (ing suat va bién dang cla san
BTCT gidm xuéng, muc do gidm ting suat tir 46.70% dén 74.78%, muc
dé giam bién dang tur 45.59% dén 73.56%. Bén canh do, ing suat va
bién dang clia ban san dugc gia cudng tang theo su gia tang cap tai
trong, muc tdng Ung sudt tr 13.36% dén 58.27%; muc tang bién dang
tlr 14.47% dén 57.89%

Khi tang bé day tdm gia cudng chuyén vi cia san gidm, muc gidm
tUr 14.32% dén 27.1% tuy thudc vao do day tam FRP st dung. Mat khac,
chuyén vj clia san dugc gia cudng tang theo sy gia tang cap tai trong,
muc tang tir 11.93% dén 47.70%.

Ung suét va bién dang trong tdm FRP gidm xuéng khi ting bé day
tdm gia cudng, miic gidam Ung suat tir 15.18% dén 53.64%, muc gidm
bién dang tur 7.69% dén 37.78%. Bén canh do, Uing suat va bién dang

clia tdm FRP dugc gia cudng tang theo su gia tang cap tai trong, mic
dé tang ting suat ti 13.71% dén 58.27%, muc do tang bién dang tur
13.51% dén 57.89%.

Céc két qua trén ching minh tinh hiéu qua ciia phuong phap gia
cudng nay trong viéc tang cudng kha nang chiu uén va giam dé véng
cda san BTCT.
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