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Tém tit

Tir bién va chiing ting sut 13 hai dic trung co hoc ciia bé tong, xay ra dong thai khi bé tong chiu tic dung ctia
tai trong dai han. Pay 1a cdc dic trung co hoc 4nh hudng chinh dén ng xi dai han ctia két cAu bé tong cdt thép
(BTCT) néi chung va két ciu dim BTCT chiu ubn néi riéng. Noi dung bai bdo trinh bay xay dung mo hinh thi
nghiém nhiam xac dinh dudc chling ng suit ctia bé tong cho trudng hop két cAu ddm BTCT chiu uén. M hinh
thi nghiém dugc xay dung 12 cd s& cho viéc nghién ctiu dic trung co hoc clia bé tong, von con rat han ché do
kho khan trong cong tac thuc nghiém.

Tir khod: tli bién; chiing dng sut; bién dang co ngét; dam BTCT.

PROTOTYPE AN EXPERIMENTAL MODEL TO DETERMINE THE CONCRETE STRESS RELAXATION
IN REINFORCED CONCRETE BEAM

Abstract

Creep and stress relaxation are two mechanical characteristics of concrete, occurring simultaneously when
concrete is subjected to long-term load. These are the mechanical characteristics that mainly affect the long-
term behavior of reinforced concrete structures in general and bending reinforced concrete beam in particular.
The paper presents the experimental model to determine the concrete stress relaxation in reinforced concrete
beam. The experimental model is built as a basis for studying the mechanical characteristics of concrete, which
is still very limited due to difficulties in experimental.

Keywords: creep; stressrelaxation; shrinkage deformation; reinforced concrete beam.
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1. M6 dau

Su lam viéc ctia két cdu cong trinh Bé tong cbt thép (BTCT) phu thudc rat nhidu yéu t6 khac nhau
nhu dic trung co 1y clia vat liéu ché tao, tai trong tic dung, diéu kién tu nhién mdi trudng noi cong
trinh 1am viéc... trong d6, dic trung co hoc ciia bé tong c6 anh hudng 16n dén dng xi ctia két cAu nay.
Theo nhiéu nghién cifu clia cic tdc gia trén thé gidi, bién dang tif bién ctia bé tong (Hinh 1) 12 yéu tb
anh hudng chinh dén ing x dai han ctia két ciu BTCT nhu l1am ting dd vong ctia két ciu theo thoi
gian. Su 1am viéc dai han ctia két cAu cong trinh BTCT con lién quan truc tiép dén tinh chit co hoc
“chling dng suét” (Stress Relaxation) ctia bé tong (Hinh 2). Chuing ing suit 12 su suy gidm tng suét
trong két cAu bé tong khi bién dang dudc duy tri theo thdi gian ma trudng hop dic biét 1a bién dang
khong d6i. C6 thé thiy, tir bién va chung ting suit xdy ra dong thdoi khi két cAu BTCT lam viéc dai
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han. Tt bién va chling ting suét 13 hai mit ctia mot tinh chit ctia bé tong. Tinh chit d6 din dén sy phan
phdi lai ndi luc trong két cau bé tong va bé tong cot thép.
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Hinh 1. Bién dang tif bién ctia bé tong Hinh 2. Chung ting suét trong két cAu bé tong

Nghién cifu vé bién dang dai han ctia bé tdng néi chung va bién dang tir bién 14 mot ndi dung
nghién cifu nhan dudc nhiéu su quan tim. Thong thudng, bién dang ti bién clia bé tong dugc biéu
dién qua hé sb ti bién va da dudc chi din trong nhiéu tiéu chuin tinh toan hién hanh nhu tiéu chuin
ACI 318-14 [1], Eurocode 2:2004 [2], TCVN 5574:2018 [3]... Ngudc lai nhitng nghién ctiu vé chung
ting suit trong két ciu bé tong con kha han ché. C6 nhiéu nguyén nhian khic nhau nhu anh huéng ctia
chiing ting suét 12 nho, chiing ing suat dudc ké dén thong qua hé sb gia ctia nha khoa hoc Trost [4, 5]
va Bazant [6]. Nhung chii yéu 13 do khé khiin vé thuc nghiém d€ xac dinh dic trung co hoc nay.

Trén két cAu cong trinh thuc té c6 thé ké dén mot trudng hop dién hinh ma anh hudng cda chiing
ting suét 1a can xem xét, d6 1a khi tinh toan dim méng BTCT c6 tinh dén chénh 1éch ldn gitia cic dai
méng. Su chénh léch lin nay giy ra mot bién dang dai han 1én dim méng va gy ra anh hudng ding
ké dén su thay ddi ting suit trong dAm do hién tugng chiing ting suét [7].

Noi dung cda bai bao trinh bay nghién ctu xay dung mo hinh va quy trinh thi nghiém xac dinh
dic trung chling ting suit ctia bé tong trén két ciu dam BTCT lam viéc chiu udn. Co s& ctia nghién
cifu 12 tao ra mot bién dang cudng bic dudc duy tri khong d6i trén két ciu thi nghiém va khao st su
thay d6i ing suét trong bé tong. Nghién ctu dugc thuc hién tai Phong thi nghiém va kiém dinh cong
trinh, trudng Pai hoc Xay dung.

2. Xay dung mo hinh thi nghiém do chung ng suét cha bé tong trén két ciu dim BTCT lam
viéc chiu uon

2.1. Co sé thiét ldp mo hinh thi nghiém

Xét mo hinh thi nghiém gdm hai dim BTCT c6 cung kich thudc hinh hoc, ciu tao cbt thép va vat
liéu ché tao nhu trén Hinh 3. O hai dau tu do ctia hai dam dudgc lién két bing hai thanh thép tron tron
c6 cung tiét dién S . Vai tro ctia hai thanh thép nay sé dugc dé cap & muc sau.

Khoang cdch ban dau giita hai dAm 13 A¢ nhu ky hiéu trén Hinh 3 (kho4ng c4ch ban dau giita hai
thanh cbt thép 1a [ = Ag + h, v6i h 1a chiéu cao ctia tiét dién dam BTCT). Tao ra mot chuyén vi cudng
bic tai ving tiét dién gitta hai dAm sao cho khodng cich tai vi tri hai diém A; va Ay 12 A((A; > Ay),
khi d6 trong hai thanh thép tiét dién S o sé xuat hién luc kéo F;.
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Ving chiu chuyén vi cuéng birc

Dam BTCT

Hinh 3. Co s thiét 1ap mo hinh thi nghiém do ching dng suét trong dam BTCT

Néu giit nguyén chuyén vi A; khong thay ddi theo thdi gian thi lic nay so dd lam viéc cda hai
dam thi nghiém c6 thé dudc quy ddi thanh s6 d6 dAm mot dau lién két ngam va mot dau lién két khép.
Trong d6, dau lién két ngam tai vung tiét dién gitta dAm (ving gach chéo trén Hinh 3), dau lién khép
tai vi tri thanh thép lién két. Bing cich nay, tlf so d6 thi nghiém gdm hai dim BTCT nhu & Hinh 3 ¢6
thé tao thanh so d6 thi nghiém gdm 4 dam c6 lién két ngdm - khép nhu minh hoa trong Hinh 4. D6i
v6i mbi dim, phan luc tai gbi tua c6 lién két khdp sé dudc xac dinh bang véi luc cing F; trong thanh
thép lién két do chuyén vi (A; — Ag) tao ra. Viéc duy tri gid tri chuyén vi nay khong thay ddi theo
thoi gian sé tao ra tic dung dai han 1én cdc két ciu dam BTCT, giy ra hién tugng tlf bién va chiing
ting suit ctia bé tong. Tinh chit niy, cling véi ban than su chiing ting suit trong thanh thép lién két,
s& khién cho luc F; suy gidm theo thdi gian. Néu xdc dinh dugc su suy gidm gia tri F; theo thdi gian
c6 thé x4c dinh dugc sy thay ddi ting suét (kéo, nén) trong tiét dién bé tong & ving gbi tya ngam dua
trén cc cong thifc tinh toan két cAu BTCT. Pay 1a co s& dé xac dinh dic trung chliing ting sut ctia vt
liéu nay.

2.2. Mo hinh thi nghiém

M5 hinh thi nghiém x4y dung dudc thé hién trén Hinh 4, trén md hinh thi nghiém sé c6 4 cau kién
dam BTCT ciing chiing loai dudc thi nghiém tai mot thoi diém.

Ving chiu chuyén vi cudng bic
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Hinh 4. M5 hinh thi nghiém chiing ting sut ddm BTCT

Dé tao dudc chuyén vi cudng biic tai vi tri gitta clia hai dim, trong nghién cifu nay da thiét ké
ché tao mot hé khung thép c6 thé trudt doc theo phuong tao chuyén vi cudng biic va hé phai du ciing
d€ chiu tai trong giy ra chuyén vi nay. Hé khung nay dugc gia cong cuing qua trinh ché tao cic dAm
BTCT. Pay ciing 12 vi tri dit kich thiy luc gia tai tao chuyén vi cudng biic ctia dam. Chi tiét hé khung
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thép dudc thé hién trén Hinh 5, cAu tao hé khung 13 cic thép hinh U va thép tim ¢ dudgc lién két han
v6i nhau tao thanh hop ciing ma chi tiét s6 1 (gia cong lién véi dAm s6 1) va chi tiét s6 2 (gia cong
lién v6i dAm s6 2) c6 thé truct trén nhau dé dang.
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Hinh 5. C4u tao hé khung trugt tao chuyén vi cudng biic

Sau khi dit kich thiy Iuc vao giita khung thép gia tii tao chuyén vi cudng bic trén dam, hai ném
thép sé dugc lap dit vao hai dau ctia khung chi tiét s6 1 trén dam 1 dé€ khoa cing chuyén vi ctia hé
khung trugt, giai phong kich thiy luc va khi d6 chi tiét s6 1 ciing ném thép sé chiu toan bo tai trong
tac dung vao hé dim, chi tiét s6 2 c6 tic dung chdng xoay cho toan bd khung thép, mo ta trén Hinh 6.
Hai thanh thép S khi d6 chiu tdc dung ctia 1/2 tai trong tac dung vio hé khung trudt, do d6 can dudc
chon tiét dién phit hop sao cho thanh lam viéc trong giai doan dan hoi.
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Tién hanh treo hé dim nam ngang (chiéu cao tiét dién dim nam song song véi mit dat), nham
muc dich khii thanh phan trong Iugng ban than ctia dim trong tinh toan khi tao tai trong tac dung vao
hé dim. D€ treo hé dam theo phuong nam ngang, st dung hé khung thép va céc 10 xo dan hoi lién két
dam véi hé khung treo. Cac 10 xo st dung cung chiing loai, dudgc b tri déu 280 mm theo chiéu dai
dam, ddm bao phan bb déu luc treo 1én dAm nhu Hinh 7.
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Hinh 7. So d6 hé quang treo khti trong lugng ban than dim

B6 tri dung cu, thiét bi do:

Trong thi nghiém nay, cac dung cu va thiét bi do sau dugc st dung [8]:

- Po lyc: St dung kich thiy luc két hop véi tram bom dau tic dung 1én hai dim thi nghiém dé€ tao
ra chuyén vi ban dau. Gi4 tri clia luc tic dung dudc kiém sodt thong qua dung cu do luc dién ti Load
Cell. Gi4 tri ctia luc tdc dung 1én cdc miu dam dudc x4c dinh dii d€ gay ra vét niit trén cdc dAm va bé
rong vét nit khong vuot qua 0,2 mm.

- Po chuyén vi trén cic dim: Chuyén vi clia cdc dam duéi tic dung cia ti trong thi nghiém giy ra
dudc do bang cac Indicator cd hoc. Pbi véi mdi dam, st dung 3 Indicator bd tri tai tiét dién giita dam
va tai hai vi tri thanh thép lién két & hai dau dam (ky hiéu I; dén I). Céc Indicator c6 hé sé khuéch
dai k = 100 (tuong tng gid tri 1 vach do bang 0,01 mm), cic Indicator nay con dudc sit dung dé theo
ddi chuyén vi theo thdi gian clia cic dam thi nghiém do céc bién dang dai han ctia bé tong, ching ng
suit ctia thanh thép lién két va clia bé tong gay ra.

- Do bién dang trén thanh thép lién két: St dung hai Indicator co hoc két hop thanh chéng (ky
hiéu T va T), v6i cic dic chung nhu: hé s6 khuéch dai k = 1000, chiéu dai chuin do Lo = 240 mm,
gia tri bién dang do dugc tuong ting véi sb doc ctia mot vach do 1a 4,167 x 107°. Bén canh d6 b tri
hai Strain gauge dién trg tai tiét dién gilia clia hai thanh thép dé€ do bién dang clia thanh thép trong
qua trinh gia tai ban dau.
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- Po bién dang bé tong ving tiét dién ngam: Bién dang ctia bé tdong ving chiu kéo va chiu nén
dugc xdc dinh bang céc Indicator co hoc két hop vé6i thanh chdng nhu trén Hinh 8 (ky hiéu 73 dén
To), V6i cdc dic trung nhu: hé sb khuéch dai ctia dung cu do k = 100, chiéu dai chuin do Ly = 300
mm, gid tri bién dang do dudc tuong tng véi sd doc ctia mdt vach do 12 0,333 x 107°. Viéc do dac
dugc tién hanh tai 4 vang tiét dién. Dua trén cic s6 liéu do dudc cho phép xdc dinh su thay ddi bién
dang ctia bé tong tai cdc viing khao sat, 1 cd so dé x4c dinh dic trung chuing ting suét ctia bé tong.
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Hinh 8. So dd bb tri thiét bi do

Cic s6 doc trén dung cu do chuyén vi, do bién dang trén bé tong va trén thanh thép lién két dugc
ghi nhan theo thdi gian va ciing mot thdi diém trong sudt qu4 trinh tién hanh thi nghiém. Véi viéc st
dung cic dung cu do co hoc nhu da trinh bay cho phép loai bd dugc anh hudng cia diéu kién moi
truong (nhiét do, do 4m) dén két qua do.

2.3. Quy trinh thi nghiém

Gia cong hé dam va hé khung truct thép tao chuyén vi cudng biic theo diing ban vé thiét ké, hé
khung dudc diic ciing vé6i qud trinh dic cdc mau dam. Khi bé tong di 28 ngay tudi va da dat cudng do
thiét k&, tién hanh 1ap dung hé dim nam ngang va ghép hai khung trugt tao chuyén vi cudng biic vao
nhau. D€ tao cho hé dim niam ngang st dung hé chan kich c6 thé thay ddi dudc cao do va thudc nivo
dé can bang. Cac 10 xo treo dam dudc méc trude vao khung treo va diéu chinh cic méc theo cling mot
cao do, hé khung treo dudc dua vao vi tri dit dam va tién hanh méc cac 16 xo vao dam sau khi da dudgc
can chinh thing bang, Hinh 9. Tién hanh giai phong cac chan d5 dam ban dau ra khdi hé dam va tién
hanh cin chinh lai mot 1in nita cao dd dam bang cach vi chinh cdc 6¢ vin tai cac ddu moéc 1o xo, st
dung thudc thing bang nivo trong sudt qua trinh 1ap dung.

Lip dit cic thiét bi dung cu do vao ding vi tri va tién hanh hiéu chuan lai cic dung cu nay trudc
khi tién hanh gia tai.

Tién hanh gia ti tht, khdo sat sy lam viéc ctia cic thiét bi do. Gia tri tai trong thit dudc 14y bang
30% Py tinh todn clia cAu kién dam dé€ ddm bao dAm khong bi niit khi gia tai thi.
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(a) Ghép khung trugt hé dim (b) Treo hé dam lén khung treo

Hinh 9. Lap dung hé dim thi nghiém

Tién hanh gia tai dén tai trong thi nghiém (tinh todn khong gay pha hity dim va khdng ché bé rong
vét nit xuét hién khong vuct qua 0,2 mm bing kinh soi vét nit quang hoc chuyén dung), khéa ciing
cdc ném thép bang cac thanh chin va giai phéng hé kich thiy luc.

D€ chdng xoay theo phuong ngang ctia hé dim & vi tri giita khung tao lién két ngam, bd tri cic
thanh chin sao cho vira tiép xiic bé mit khung, ddm bdo hé khung va dim van truct doc theo trong
lugng ban than, Hinh 10.

Hinh 10. Chi tiét thanh chin chéng xoay ngang hé dim

Thu thap s6 liéu dinh ky theo thdi gian, tinh todn va xit 1y s6 liéu, viét bao cdo két qua thu dudc.

3. Kiém chiing thure nghiém mé hinh thi nghiém dé xuit
3.1. Mdu thi nghiém

Nghién ctfu thuc nghiém trén cdc mau dam cong xon BTCT cbt don, vé6i cdc thong sb tinh toan
nhu sau: Nhip tinh toan / = 800 mm, kich thudc tiét dién bx s = 100 x 150 mm, cbt thép don b tri tai
vung kéo 2¢12 véi Két qua thi nghiém (A = 226,08 mmz; R =370,0 MPa; E; = 216000 MPa), chiéu
day 16p bé tong bao vé a = 15 mm, bé tong ché tao dam c6 cip do bén B25 véi két qua thi nghiém
(R, = 28,5 MPa; Ry, 5y = 1,69 MPa; E, = 33850 MPa) [9-11].
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Hinh 11. Mt cit tiét dién dam thi nghiém

Céc miu dam va hé khung treo dudc gia cong ché tao tai phong thi nghiém [12].

e

(a) Pic cdc miu dam (b) Gia cong hé khung treo dim
Hinh 12. Hinh 4nh gia cong ché tao miu dAm va hé khung treo

Tir cic thong s6 ché tao dim, theo TCVN 5574:2018 ¢6 thé tinh toan dudc mo men khang nit clia
dam 12 M,,. = 1704841 Nmm (tuong duong tai trong gy niit dim P, = 2131 N), md men 16n nhit
13 Mo = 10065107 Nmm (tuong duong tii trong pha hily dam P,y = 12580 N), [13].

Dua trén cic gia tri tinh toan néu trén va nguyén tac tac dung tai trong trinh bay & muc 2.3, gia
tri tai trong do kich thiy luc tao ra dugc Iya chon sao cho luc kéo trong hai thanh thép lién két F| =
5000 N (tuong ting v6i 40% Ppax). Nhu vy, tai trong tac dung 1én dAm & dau kich thiy luc sé c6 gid
tri bang 2F; = 10000 N.

Ddi vdi tiét dién ngang S clia 2 thanh thép lién két cic dam, trén co s& luc cing F nhu trén, lua
chon thanh thép tron tron cé dudng kinh ¢6 (nhém thép CB240-T). Khi d6 ting suit kéo trong thanh
thép do Iuc F; gy ra vin ddm bao cho thanh thép 1am viéc trong giai doan dan hoi.

Cic cong tac gia cong mau dam BTCT va cac hé khung thép, 1ap dit va bb tri cc thiét bi do, gia
tai tao chuyén vi cudng biic trén dam dugc thuc hién ding theo Muc 2.

3.2. Phdn tich va ddnh gid sy lam viéc ciia mé hinh thi nghiém

Céc két qua thu dugc sau khi tién hanh gia tdi trén mo hinh thi nghiém trong khoang thoi gian 100
ngiy dau dudc biéu dién qua cic biéu d6 quan hé sau:
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Hinh 13. Biéu d6 quan hé chuyén vi giita dim - thai gian (tai cac vi tri do I, va Is)

Trén biéu d6 Hinh 13 trinh bay mdi quan hé ctia chuyén vi theo thdi gian tai vi tri gbi tua ngdm
ctia cac dam thi nghiém (sau khi da cb dinh chyén vi cudng biic). Két qua thu dudc dua trén sb liéu
do tir cdc Indicator I, va Is. Két qua cho thiy hau nhu gid tri chuyén vi cudng biic tao ra dudc duy tri
khong ddi trong sudt thdi gian theo doi.

Hinh 14 biéu dién sy thay ddi theo thdi gian clia cac chuyén vi tai dau cac dam. Két qua cho thiy
cdc chuyén vi tai cdc dau dAm c6 xu hudng ting 1én theo thdi gian. Su thay ddi clia cic gia tri chuyén
vi nay lién quan dén cic bién dang tir bién ctia bé tong trén cidc dam va bién dang ti bién ctia thanh
thép lién két. V6i su gia ting clia cc gid tri chuyén vi dau cac dim c6 thé thly v6i mo hinh thi nghiém
nay, anh hudng ctia bién dang tir bién ctia bé tong 1a ddng ké hon so véi clia thanh thép lién két.
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Hinh 14. Biéu d6 quan hé chuyén vi dau dim - thdi gian (tai cac vi tri do Iy, I3, Iy, Iy)

Hinh 15 trinh bay su thay ddi theo thdi gian ctia ting suat nén ctia bé tong tai cdc vi tri khao sat
(x4c dinh ti sd liéu do trén cic dung cu do dang Ty, Tg, T7, To). Két qua thu dudc cho thiy, c6 su
thay d6i dang ké ding suit nén ké tir sau 50 ngay khao sat. Su gia ting clia Ung suit nén ciing phu
hop véi su gia ting chuyén vi & vi tri ddu dim (trinh bay & Hinh 14). Ngudc véi su gia ting clia tng
suat viing nén 1a sy suy giam cta dng suit viing kéo (Hinh 16), thong qua s do trén cic dung cu do
T3,Ts, Ts, T1o. Su suy giam ciling xay ra chii yéu sau khoang thdi gian 50 ngay. Két qua nay cho thiy
su chung ting suit x4y ra trén bé tong dudi tac dung dai han cda tai trong. Trong d6 anh hudng cta
bién dang tir bién clia bé tong, clia bién dang tir bién clia thanh thép lién két 12 nguyén nhéan clia su
suy giam tng suit kéo néu trén.
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Hinh 15. Biéu d6 quan hé bién dang bé tong ving nén - thdi gian (tai cac vi tri do Ty, Ty, T7, To)
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Hinh 16. Biéu d6 quan hé bién dang bé tong viing kéo - thdi gian (tai céc vi tri do T3, Ts, T, T10)

Hinh 17 trinh bay su suy giam ting suét kéo trong cdc thanh thép lién két ¢6 theo thdi gian. Su
suy giam nay 1a do bién dang tif bién clia thanh thép va bé tong giy ra.
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Hinh 17. Biéu d6 quan hé ting suit trong thanh thép D6 - thai gian (tai cic vi tri do T va T)
Cic két qua thi nghiém dudc trinh bay trén cac Hinh 13 dén Hinh 17 1a cic két qua khio sat mébi
quan hé gifta cic thong sb khao sat theo thdi gian (trong khodng 100 ngay tit khi tién hanh thi nghiém).

V& miit dinh tinh, cic két qua thu dudc phan 4nh dugc dnh hudng clia cic dic trung dai han ctia bé
tong dén ng xi dai han ctia dim BTCT.
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4. Két luan va kién nghi

Bai bao da trinh bay xay dung mdt mo hinh thi nghiém nhim xic dinh dic trung chiing ing suét
ctia bé tong trén két cAu dam BTCT khi chiu tidc dong dai han. Dua trén co s3 cdc s6 liéu do dac thu
dugc c6 thé nhan thiy, mo hinh thi nghiém va c4c dung cu thiét bi do bd tri da ddp ing dudc cic muc
tiéu dé ra nhu: (1) tao ra co ciu khéng ché chuyén vi cudng biic ctia két ciu dam BTCT khong ddi
theo thdi gian, (2) x4c dinh dudc cic dic trung ng xi dai han cta két cAu bé tong dam BTCT nhu
chuyén vi dai han, (3) x4c dinh dudc dic trung chung dng suit trén bé tong thong qua sy suy giam
bién dang viing kéo va nén clia bé tong.

Dua trén cd sd mo hinh thi nghiém x4c dinh chiing ing suit da dudc thiét 1ap, nhitng nghién cifu
vé ting xt dai han ctia ddm BTCT do cic dic trung dai han ctia bé tong nhu bién dang tit bién, chiing
ting suat da dudc tién hanh. Nhiing két qui thu dudc clia nghién cifu nay sé dudc trinh bay trong noi
dung bai bdo tiép theo.

5. Loi cam on

Nhém tac gia xin chan thanh cdm on Phong thi nghiém va kiém dinh cong trinh — Trudng Pai
Hoc Xay dung da hd tr¢ phan thuc nghiém gia cong va thi nghiém miu. Cam on Bd mon Cong trinh
Bé tong cot thép da tao diéu kién cho tdc gia hoan thién bai bio nay. Cam on TS. Nguyén Ngoc Tan,
B6 mon Thi nghiém va kiém dinh cong trinh da gui tai liéu tham khdo cho bai bdo [14].

Tai liéu tham khao

[1] ACI Commiue 318 (2014). Building code requirements for structural concrete. American Concrete
Institute.
[2] EN1992-1-1:2004. Design of concrete structures - Part 1-1: General rules and rules for buildings. Euro-
pean Committee for Standardisation, Brussels, Belgium.
[3] TCVN 5574:2018. Két cdu bé tong va bé tong cot thép — Tiéu chudn thiét ké. Bo Xay dung.
[4] Trost, H., Cordes, H., Abele, G. (1978). Kriech — und Relaxation — versuche an sehr altem Beton, volume
295. Deutscher Ausschub fur Stahlbeton.
[5] Trost, H. (1991). Creep, relaxation and shrinkage of structural concrete.
[6] Bazant, Z. P. (1972). Prediction of concrete creep effects using age — Adjusted effective modulus method.
[7] Phong, N. T. (2011). Bai gidng Iy thuyét dan hoi nhét va tir bién ciia bé tong.
[8] Thdo, V. V. (2008). Bai gidng cao hoc - Phuong phdp Nghién citu thic nghiém két cdu xdy dung.
[9] TCVN 3118:1993. Bé téng ndng - Phuong phdp xdc dinh cuong dé nén. Bo Xay dung.
[10] TCVN 5726:1993. Bé tong ning — Phuong phdp xdc dinh cuong dé lang tru va mé dun dan hoi khi nén
tinh. BO Xy dung.
[11] ASTM C512-87 (1987). Standard test method for creep of concrete in compression.
[12] TCVN 3105:1993. Hén hop bé tong va bé tong néng - Ldy mdu, ché tao va bdo dudng mdu thit. BO Xay
dung.
[13] Minh, P. Q., cs. (2013). Két cdu Bé tong cot thép. Phdn cdu kién co bdn. Nha xuét ban Khoa hoc Ky thuit.
[14] Quang, N. V., Tan, N. N. (2019). Nghién ctu 1y thuyét va thuc nghiém mot s6 phuong phap du bao mo
men hinh thanh khe niit ctia dim bé tong cbt thép. Tap chi Khoa hoc Cong nghé Xdy dung (KHCNXD)-
DHXD, 13(2V):21-31.

11


https://doi.org/10.31814/stce.nuce2019-13(2v)-03
https://doi.org/10.31814/stce.nuce2019-13(2v)-03

	1 Mở đầu
	2 Xây dựng mô hình thí nghiệm đo chùng ứng suất của bê tông trên kết cấu dầm BTCT làm việc chịu uốn
	2.1 Cơ sở thiết lập mô hình thí nghiệm
	2.2 Mô hình thí nghiệm
	2.3 Quy trình thí nghiệm

	3 Kiểm chứng thực nghiệm mô hình thí nghiệm đề xuất
	3.1 Mẫu thí nghiệm
	3.2 Phân tích và đánh giá sự làm việc của mô hình thí nghiệm

	4 Kết luận và kiến nghị
	5 Lời cảm ơn

