KET CAU - CONG NGHE XAY DUNG

THEO DOI DQ VONG CUA BAN SAN BE TONG COT SQ'I THUY TINH
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Tém t4t: Bai bao nay gi6i thiéu két qué thuc
nghiém tdm san bé téng cét G-FRP chju téi trong
trong thoi gian 90 ngay tai phong thi nghiém
(LAS162)- Trwong BDH Xay dung Mién Trung. Hai
tdm san bé téng cét soi thdy tinh (G-FRP) kich
thuoe 60 x 650 % 2200mm (day x rong x dai) duwoc
ché tao va dwoc gia tai v6i cdp dé tai trong khéc
nhau: mét san quan sat thdy chwa bi ni#t, san con
lai bi ntt dudi tac dung cla tai trong. Sau doé cap tai
trong duwoc gilr khéng déi trong 90 ngay dé do dé
vdng theo thoi gian. Cac két quad do téi trong-dd
vong tai gitka nhip san chi ra rang sw phat trién do
vong dai han cda san chwa nit nhanh hon so voi
san bj nut. Dw bédo dé vdng toan phén theo tiéu
chuén ACI 440 Ién hon so véi két qué thuc nghiém.

Tur khoa: thanh G-FRP, tdm san, chju tai trong,
ter bién, tai trong-dé vong.

Abstract: This paper presents the experimental
results on concrete slabs reinforced with glass fibre-
reinforced polymer bars (G-FRP bars) under
sustained load within 90days in the LAS162 lab-
Mientrung university of civil engineering. Two
concrete slabs reinforced with G-FRP bars of
60x 650 x 2200mm were made and being loaded
under different loading levels: one slab without
observed cracks, one slab with cracking under the
sustained load. Then, the load levels were remained
constant for 90 days to measure time-dependent
deflections. The measured results of load-deflection
at midspan show that the development of long-term
deflection on the un-cracked concrete slab was
faster than that of the cracked concrete slab. The
prediction of total long-term deflections based on
ACI 440 were greater than the deflections obtained
from the experiments.
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1. Giéi thiéu
Thanh cét soi thly tinh (G-FRP) dwoc st dung

ngay cang nhiéu dé thay thé cbt thép thanh truyén
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théng trong két ciu bé tdng, dac biét trong moi
trwdng bi xam thwe hay méi trwong co tir tinh. Mac
du cé cwdng dd chju kéo cao nhwng do c6 mé dun
dan héi thdp hon cét thép thwong nhiéu nén khi
thiét ké két cdu bé téng cbt soi thly tinh nguoi ta
quan tdm nhiéu téi trang thai s& dung binh thwéong
(TTGH the 2), trong d6 d6 véng la van dé quan
trong hon ca.

Trong nhiéu ndm qua, nhiéu tac gia trén thé gioi
da tién hanh nghién clru sy lam viéc cla dam cét
G-FRP dwéi tac dung dai han cla tai trong [1], [3]
trong diéu kién khi hau phong thi nghiém. Cac két
quéa chi ra rang dudi cung diéu kién (tai trong, tiét
dién ngang, cdp d6 bén chiu nén cla bé tong va
dién tich cét thép) bién dang tirc thei ctia két cau bé
téng cbét G-FRP I&n hon so v&i két ciu bé tong cot
thép thworng. V& mét ly thuyét, tiét dién cét G-FRP
cO dién tich bé tdng vung kéo |&n hon, trong khi
dién tich bé tdng ving nén nhé hon dan dén téc do
tang bién dang dai han nhé hon so v&i tiét dién bé
téng cbt thép thworng. Do d6 tiéu chudn ACI 440.1R-
06 [4] d& nghi mot hé s6 nhan bang 0,6 dé tinh dén
diéu nay. Tuy vay, cac két qua thuc nghiém [1], [3]
va ngay ca ACI 440.1R-06 [4] cling dé nghi can phai
nghién ciru thém nira vé ng x& dai han cla clu
kién c6t G-FRP chiu udn dé& lam chinh xac hon hé
s6 nhan nay. Ciing can lwu y rang két qua thuc
nghiém trong [1] trén nhitng dam bé téng cbt thép
va cbt G-FRP chiu tai trong Ién hon mé men gay
nit 1,5 va 3,0 1an chi ra rdng d6 véng dai han trén
dam cbt G-FRP I&6n hon dam bé téng cét thép cung
diéu kien 1,7 1an. C. Mias va cong sw [3] tién hanh
thi nghiém trén 20 dam bé tong cét G-FRP trong
thoi gian 700 ngay da két luan rang 90% do véng
toan phan cla dam dat dwoc sau 90 ngay gia tai.
Ham lwong cét G-FRP cang cao, cuéng do bé téng
cang thap thi ty 1& gitta do vng toan phan va do
vOng ttre thoi cang tang.

Tai Viét Nam, trong vai nam tré lai day, mot sb
nha nghién ciu ciing da céng bb két qua thuc
nghiém trén mot sd tap chi va hdi nghi khoa hoc
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chuyén nganh [6], [8]. Tuy nhién, cac két qua chi
yéu lién quan dén xac dinh kha nang chiu lyc va do
vong tlre thoi clia dam bé téng cdt G-FRP. M6t cach
dé han ché trwong hop pha hoai don va khéng ché
dé vong tire thei ctia dam la st dung két hop cot G-
FRP v&i cbt thép thweng [7], [9].

Bai b&o nay gidi thiéu két qua nghién ciru thuc
nghiém vé d6 véng cta ban san bé téng cét G-FRP
chiu tai trong trong th&i gian 90 ngay trong diéu kién
khi hau tw nhién tai thanh phé Tuy Hoa, tinh Phu
Yén. Cac két qua vé do vbng toan phan trén hai ban
san dwgc do mdi ngay sau khi gia tai dwoe binh

luan. Vi diéu kién khi hau la tw nhién (khéng khéng
ché d6 4m va nhiét d méi trwdng) nén cac két qua
thi nghiém sé phan anh cac gia tri nhw ngoai hién
trong.
2. Chwong trinh thi nghiém
2.1 Mu thi nghiém

Hai tAm san bé tong cét G-FRP ky hiéu la M2-
GFRP va M4-GFRP (sau day goi tat la M2 va M4).
Trong d6 san M2-GFRP chju tai trong nhé hon tai
gay nit, san M4-GFRP chju téi trong I&n hon tai
gay niet. Hinh 1 thé hién kich thwdc tm san, so dd
chiu tai va chi tiét cét GFRP clia hai san.

I

1,=2000

4

650

1,=2200 L

Hinh 1. Kich thuée san va b tri cét GFRP cho san

San M2, M4 c6 cbt chju lwvc G-FRP dwéng kinh

6, khoang cach glra cac cdt doc chiu lwc la

150mm, cét clu tao theo phwong vudng goc la
$6a250.

2.2 Vat liéu str dung

Bé tong ché tao san cé cip dd bén chiu nén
B20, 3 mAu lap phwong kich thuwéc
(15x15x15)cm dwoc duc va duwdng hd trong 28
ngay. K&t qua nén cac mau bé tong dwoc trinh bay
trong bang 1.

Bang 1. Két qua thi nghiém nén mau bé tong 28 ngay tudi

Cwong do

Ki higu Kich thuoc Tai trong pha Cwong do trung binh Currng d9 qui
mau mau (cm) hoai P(KN) R, (MPa) R, (MPa) aséi f.(MPa)
1 15x15x15 669,4 29,7
2 15x15x15 664 29,5 29,4 24,5
3 15x15x15 653 29,0
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Bang 2. P4c tinh co hoc clia cét G-FRP

M6 dun dan hoi

MU ¢ (mm) danh Cu"bmg do chiu | Bien dang kéo dut ,
nghia kéo (MPa) (%) kéo (GPa)
1 6 1024,7 1,70 45
2 6 1060,1 1,72 45
3 6 1042,4 1,70 45

C6t G-FRP c6 dac tinh co hoc dwoc cho trong
bang 2. Ham lwong cbt G-FRP p, =0,48% Ion
hon ham lwong cbt can bang xac dinh theo ACI
440.1R-06 [4] py, =0,29%, do vay san dwgc coi
14 c6 ham lwong cbt G-FRP cao.

2.3 Trinh twthinghiém
Hai canh ngén ddi dién nhau cla tAm san duwoc
ké 1én hai twong gach day 200mm nhw trén hinh

a. b.

2a. Tai trong dwoc gia tang theo tirng clp bang
céach trat tlr tlr cét kho (sau khi can cn than) vao
hoc gd. Cat dwoc gat phang déu trén mat ban va
xem nhuw tai trong phan bd déu. D6 véng tai chinh
gitra nhip ban dwoc do bang ddng hd do chuyén vi
véi do chinh xac 0,01mm trong subt thoi gian thi

nghiém.

Hinh 2. Ldp dat héc gb chira cét (a); ddng hé do dé vong tai giika nhip (b) va gia tai cat theo tirng cép tai trong (c)

Cép tai trong dwoc chia c&n clr vao md men gay nit M

440.1R-06 [4]:

"y, h

dwoc tinh toan dwa trén tiéu chuin ACI

cr?

()

trong d6: | la m6 men quén tinh cla tiét dién nguyén; f, 1a mo dun pha hay, f, =O,62\/fT(MPa) ; hila

chiéu cao tiét dién.
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Twr d6 ta tinh dwoc tai trong phan bb gay nit g, =2,4N / mm. Bang 3 cho biét gia tri tai trong ¢, dai
han tac dung 1én ban M2 va M4 trong th&i gian 90 ngay.

Bang 3. Cép tai dai han cho hai san

Tén san Ghi cha
qcr (N/ mm) ql (N/ mm) ql /qcr
M2 2,4 1,92 0,8 Chuwa nirt
M4 2,4 3,08 1,28 Pa nirt

Hinh 3 thé hién sy bién thién nhiét d6 va d6 4m theo tirng ngay tai thoi diém do cb dinh trong thei gian

thi nghiém.
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Hinh 3. Sw thay déi nhiét do (a), d6 &m méi truong (b) trong thoi gian thi nghiém

Nhiét do thdp nhat do dwoc trong thoi gian thi
nghiém la 9°C va cao nhat 1a 29°C . Do &dm thép
nhéat 1a 42% , cao nhat la 93%.

3. Két qua va mét sé nhan xét
3.1 San M2

Két qua so sanh gilra tinh toan ly thuyét theo
ACIl 440.1R-06 [4] va thwc nghiém cho san M2
duwoc thé hién trén hinh 4.

b6 vong tre thoi dwoc tinh toan theo tiét dién
nguyén | cho gid tri A, =1,45mm, gap gan
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1,671an gia tr
A g, =0,87mm). ’
D6 vdng tai thoi diém 90 ngay gia tai theo ly
thuyét A, .., =2,23mm trong khi két qua do thuc
t& A g, =2,01lmm, chénh léch nhau 1,11 lan. Ty
& d6 ving toan phan va d6 vong tirc thoi theo két
qué thwc nghiém dat 2,31 1an sau 90 ngay. T
hinh 4 c6 thé thay réng téc do phat trién dd véng
theo thwe nghiém nhanh hon tir tinh toan ly thuyét
(dwong xu hwéng thwe nghiém déc hon). Do vay
sau khodang thoi gian t >90ngay, cé thé gia tri do

thwc nghiém do dwoc (
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vong dai han tir thwc nghiém twong déng voi két
qué tir tinh toan ly thuyét. Cac gia tri do dwoc tw
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thyc nghiém bién déng la do mot sé nhan té tac
dong nhw sy thay dbi d6 4m va nhiét d6 mai truong.

e ACI440.1R-06
+ Thwe nghiém M2
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Hinh 4. Quan hé dé vdng - thoi gian cua san M2 trong thoi gian 90 ngay chju tai

3.2 San M4

ACI 440.1R-06 [4] dé nghi cong thirc xac dinh
mé men quan tinh hiéu qua cla cAu kién chju uén
cbt G-FRP nhuv sau:

3 3
MCI’ MCI’
Ie:(M j ﬂdlg+ 1_{|\/Iaj Icrglg (2)

a

trong d6: M, - mé men I&n nhét do tai trong

tiéu chuén gay ra;

28

24 -

Do vong -mm

12 + i kAR

20 p—— L

B, =(P1y<1,0 1a he sb suy giam do cing
S ptb
khi str dung c6t G-FRP;
|, - mé men quan tinh cla tiét dién nit da quy
dbi.
Tl (2) cho phép xac dinh do vong tic thdi clia
san theo cong thirc (3).

_5M,12 -
AT 48E
bo vong theo thoi gian
A pet =Aiaci 70,6054 4)
o wmene ™’ o ACI440.1R-06

« Thyc nghiém M4
+ ACI440.1R-03
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Hinh 5. Quan hé d¢ vdng-thdi gian cda san M4 trong thoi gian 90 ngay chju tai

AC| 440.1R-03 [11] d& nghi s dung hé sb
E 3 .
B, :0,5(|?f +1) cho cot G-FRP, voi E; va E; lan

S
lvgt Ia m6 dun dan hoi clia cot G-FRP va cét thép.
Vé&i sb lidu thi nghiém, dé thay gia tri B, tinh duoc
tr ACI 440.1R-03 |&n hon gia tri tinh dwgc tr ACI
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440.1R-06. Do vay mdé men quan tinh hiéu qua
trong ACI 440.1R-03 I&n hon so voi gia tri tinh
dwoc theo ACI 440.1R-06. Hinh 5 thé hién méi quan
hé d6 véng-thoi gian cho san M4 tir két qua thuc
nghiém va két qua dy béo theo ACI 440.1R-03 va
ACI 440.1R-06. T hinh vé& c6 thé thdy d6 véng san
tinh toan theo céac tiéu chuan ACI 440 déu Ién hon
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gia tri do dwoc twr thi nghiém, dac biét tiéu ghuén
ACI 440.1R-06 cho gia tri d6 vong qua I&n. Két qua
nay cling dwoc ghi nhan trong nghién ctu cla C.
Mias va cong sv [3], Shawn P. Gross va cong sw
[12]. B6 vbng san do dwgc tang gan nhw tuyén tinh
theo thoi gian trong 90 ngay chiju tai trong. Ty 1& d6
vOng toan phan va dd véng tirc thoi sau 90 ngay do
duwoc la 1,88 1an. Ty 1& nay nhé hon so véi ty 1& do
dwoc trén san chwa nit M2.

4. Két luan

Bai bao da gidi thiéu két qua nghién cliru thyc
nghiém do véng cla hai ban san cét G-FRP chju tai
trong trong théi gian 90 ngay trong diéu kién khi hau
tw nhién. Cac san chju cac murc tai trong khac nhau:
nhé hon va I&n hon tai trong gay nit. Cac két qua
thi nghiém dwoc so sanh voi tiéu chudn ACI 440
[4,11]. Két qua thi nghiém trong bai bao cho théy:

- Sw phat trién d6 véng dai han cta san chwa bj
nt nhanh hon so v&i san bi nit;

- Tiéu chuén ACI 440 dy bao do vong lén hon
dang ké so v&i do vong do duoc trong thi nghiém
déi véi san lam viéc mdt phwong bi nit khi chiu tai;

- Trong trwdng hop san chua bi nit, tiéu chuén
ACI 440 dy bao dd vong toan phan kha phu hop
v&i két qua thuc nghiém.

Vi vay dé c6 thé sir dung bé téng cbt G-FRP
cho céc céng trinh xay dwng, can nhiéu chwong
trinh thi nghiém quy mé hon dé hiéu rd &ng x va
dod bén lau cla loai két cAu nay trong diéu kién Viét
Nam.

TAI LIEU THAM KHAO

[1] Tara Hall and Amin Ghali.,, (2000),
deflection prediction of concrete members reinforced

“Long-term

with glass fibre reinforced polymer bars”. Can. J. Civ.
Eng. 27: 890-898 (2000).

[2] Yeonho Park, Young Hoon Kim, and Swoo-Heon
Lee., (2014), “Long-Term Flexural Behaviors of GFRP
Reinforced Concrete Beams Exposed to Accelerated
Aging Exposure Conditions”. Polymers 2014, 6, 1773-
1793; doi: 10.3390/polym6061773.

[3] C. Mias, LI Torres, A. Turon, I.A. Sharaky., (2013),
“Effect of material properties on long-term deflections
of GFRP reinforced concrete beams”. Construction
and Building Materials 41 (2013) 99-108.

[4] ACI Committee 440 (2006). Guide for the design and
construction of
FRP bars (ACI

concrete

reinforced  with 440.1R-06).

Tap chi KHCN Xay dung - sé 1,2/2018

Farmington Hills: American

Concrete Institute.

[5] Al-Salloum YA, Almusallam TH., (2007), “Creep effect on
the behavior of concrete beams reinforced with GFRP
bars subjected to different environments”. Construction
and Building Materials 21 (2007) 1510-1519.

[6] Nguyén Hung Phong., (2014), “Nghién ciru thwc
nghiém sw lam viéc cta dam bé tong cé cbt Polyme

sgi thdy tinh ham lwong thap”. Tap chi X4y dung, sé
9-2014.

[7] Cheng Por Eng., (2016), “Tinh toan thiét k& dam ciu
chir | bé tong cwdng dd cao cbét GFRP riéng 1& va
GFRP két hop voi cbt thép”. Tap chi Cdu dudng Viét
Nam, sé thang 12 Nam 2016.

[8] Nguyén Hiép Ddng, B8 Truwdng Giang va Pham Phu
Tinh., (2015), “Tinh toan kha nang chiu lwc clia dam
bang bé t6ng cbt thay tinh (GFRP) theo tiéu chuan
ACI 440-06". Tuyén tap céng trinh héi nghi khoa hoc
toan qudc Co hoc vét rén bién dang lan thee Xl tap 1,
Pa Néng.

[9] Ahmed El Refai, Farid Abed, Abdullah Al-Rahmani.,
(2015), “Structural performance and serviceability of
concrete beams reinforced with hybrid (GFRP and
steel) bars”. Construction and Building Materials 96
(2015) 518-529.

[10] S. EI-Gamal, B. AbdulRahman, & B. Benmokrane.,
(2010), “Deflection Behaviour of Concrete Beams
Reinforced with Different Types of GFRP Bars”. CICE
2010- The 5th International Conference on FRP
Composites in Civil Engineering. September 27-29,
2010, Beijing, China.

[11] ACI Committee 440. Guide for the design and

construction of concrete
reinforced with FRP bars (AClI 440.1R-03).
Farmington Hills: American

Concrete Institute; 2003.

[12] Shawn P. Gross, Joseph Robert Yost, and George J.
(2003),
and High Strength Concrete

Kevgas., “Time-Dependent Behavior of

Normal Beams

Reinforced with GFRP Bars under Sustained Loads”.
High Perform Mater Bridges ASCE 451-462.

Ngay nhén bai:25/01/2018.

Ngay nhén bai stra Ian cui:14/03/2018.

15



