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Tém tit

Trong két ciu san-dam nha bé tong cbt thép, dim bién thudng chiu tic dong xoan giy ra bdi md men am ciia
dam phu va san dugc dd béi cac dim bién nay. Trong hai tiéu chudn thiét ké hién hanh ACI 318-19 (M§) va EN
1992-1-1 (Chau Au), cdc tinh todn du béo siic khdng xoan ctia dam Ia tuong dbi khac nhau. Su khac nhau nay
gdy ra nhiing kho khin nhit dinh cho cic ky su thiét ké trong thuc hanh tinh todn. Nghién ctiu nay thuc hién so
sanh cong thiic du béo sifc khdng xodn clia hai tiéu chuén trén day, dong thdi so sanh céc két qua du bdo vai két
qua thi nghiém trén 2 miu dam thuc chiu tic dong xoan cho dén khi pha hoai hoan toan. Dua trén cac so sanh
nay, cic khuyén céo vé quy trinh tinh toan thiét ké dam bién chiu m6 men xoin sé dugc thao ludn.

Tir khod: ting xit xoin; dim bé téng cbt thép; tiéu chudn My ACI 318-19; tiéu chuin Chau Au EN 1992-1-1;
thuc nghiém.

THEORETICAL AND EXPERIMENTAL STUDIES ON THE TORSIONAL BEHAVIOUR OF REINFORCED
CONCRETE BEAMS

Abstract

In reinforced concrete (RC) building structures, negative bending moments of secondary beams and slabs may
cause the supporting edge beams to twist. In some situations, the torsional moments become critical as they lead
to failure at the beam end sections near the column faces. In the current version of two modern design codes
of practice, American standard ACI 318-19 and European standard EN 2004, there are some differences in the
expressions quantifying the torsional capacity of RC beams that may confuse practitioners and cause them to
make incorrect decision. This research aims to clarify these differences. The predictions by the codified formula
are compared with each other and with the test data of two RC beams with sectional dimensions of 150 mm
X 250 mm loaded to complete torsional failure. Based on the comparisons, recommendations on design and
detail of RC edge beams are discussed.

Keywords: torsional behaviour; reinforced concrete edge beam; ACI 318-19; EN 1992-1-1; experimental study.
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1. Giéi thiéu

Dam bién trong hé két cAu dim-san bé tong c6t thép (BTCT) thudng chiu xoin 16n giy ra do mo
men Am ctia dAm phu va san dugc d6 bdi cdc dAm bién nay. Hinh 1 trinh bay hinh anh pha hoai clia
hé dam san chiu ti trong thang ditng dang phan b déu tir hé gia tai trong c¢6 12 diém tai [1]. C6 thé
nhan thiy ring cidc dim bién déu bi xoin vao trong duéi tac dong clia san, giy ra cic vét nit xién &
than dam va su ph4 hoai bé tong chiu nén tai cic dau dam. Cac thi nghiém dam san chiu bién dang
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16n ciing cho thdy dang ph4 hoai tuong tu [2, 3]. Piéu nay giy ra cic lo ngai nhit dinh cho cic nha tu
van thiét ké két cAu khi xem xét dén stic khang xoan ctia dAm bién, dic biét 1a cic dim c6 tiét dién
mong, von c6 md men khang xoan tinh rét thap.

Hinh 1. Pha hoai xoin ctia dim bién BTCT do md men am ctia san va dim phu

Trong cac phién ban gan diy nhit ctia Tiéu chuin tinh toéan thiét ké két ciu BTCT ACI 318-19
(M) [4] va EN 1992-1-1 (Chau Au) [5], thiét ké khang xoan dudgc cho phép thuc hién ddc lap véi cac
tac dong ctia san. Tiét dién dudc tinh todn kiém tra thuong 1a tai cc vi tri c6 mo men xoan 16n nhu
tai du dim sat véi bé mit cot, hoic tai vi tri d6 dim phu. Gid tri md men xoan thiét ké c6 thé lay
truc tiép thong qua cac phan mém phan ti hitu han tuyén tinh. Dién tich c6t thép dai va cbt thép doc
yéu cau dugc tinh toan bang cic cong thiic ban thuc nghiém trong cic tiéu chuin nay. Trong mot s6
trudng hop ma sy phan phdi lai ndi luc dugc phép xay ra, thiét ké khang xoan dudc don gian héa bang
mot s6 bién phap ciu tao va tinh toan cu thé.

Mic du hai tiéu chudn nay cé nhiéu diém tuong dong vé nguyén ly thiét ké, quy trinh cling nhu
cdc cong thifc 6 mot sd su khdc biét nhit dinh. Diéu nay din dén su ling ting clia cic k¥ su thiét
ké trong qua trinh thuc hanh tinh todn. Bai bdo nay tip trung phan tich cc su khac biét ké trén, dong
thoi tién hanh so sanh cdc du b4o nay véi két qua thuc nghiém dudc tién hanh trén hai mau dAm chiu
xoan dén khi pha hoai. Dua trén céc phan tich trén day, cac khuyén cdo cu thé cho cong tic tinh toan
khéang xoan ctia dam bién sé dudc thio luan.

2. Du bao sitc khang xoan ciia dam BTCT theo hai tiéu chuéin ACI 318-19 and EN 1992-1-1

Cong thiic du bdo siic khang xoin trong hai tiéu chuan ACI 318-19 va EN 1992-1-1 déu dua trén
mot sb gia thiét chung nhu sau. Thii nhét, co ché khang xoan ctia dim BTCT dudc md ta nhu mot tiét
dién thanh thanh mong rong va bd qua cac déng gop cia 16i bé tong. Hinh 2(a) trinh bay dong dng
suit cat ¢ do md men xoan T phan bd doc theo thanh cia tiét dién réng c6 chiéu day ¢. Dong ting suét
g nay 1 hing s va dugc tinh ton theo biéu thiic sau:

q =T/ (2Ap) (1)
trong d6 A 1a dién tich tiét dién dugc gisi han bdi chu vi dong ting suit cit g.
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Sau khi cédc vét niit xién xuét hién do m6 men xoén, gia thiét thi hai dudc dua ra 1a doc theo truc
ctia dam BTCT, co ché khang luc cit gy ra do dong ting suét Vg, = ¢ - t dugc md phéng biang mo
hinh dan 4o nhu trinh bay trong Hinh 2(b). Hé dan 4o nay bao gdm c6 ba thanh t6 chinh, d6 1a (i) Cac
thanh bé tong chiu nén xién véi phuong ngang mot goc 12 6, (i) Thanh dan doc theo truc ctia dim mo
ta Ung x{t kéo/nén trong cdt doc ctia dam, va (iii) cac thanh ngang dAm md ta dng x{ kéo cla cbt dai.
Trong giai doan tinh todn niy, bé tong dudc gia thiét bi nit hoan toan doc theo cic thanh nén xién va
khong tham gia vao kha ning chiu kéo. Miit khéc, tng suét chiu kéo trong cbt dai duodc gia thiét dat
t6i ing suét chdy déo f,.

C4 hai tiéu chuan déu quan tAm t6i hai két qua du bdo chinh, d6 14 m6 men khang niit 7, trong
tinh todn trang thai giéi han thit hai, va m6 men xoan cuc han T), trong trang thai gidi han thi nhét.
Tuy nhién, nhu da trinh bay & trén day, hai tiéu chuin dua ra céc gia tri du bao clia cdc md men nay

tuong dbi khac nhau.
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(a) Mo hinh thanh thanh méng rng (b) M6 hinh dan 4o cia thanh méng
Hinh 2. Nguyén ly tinh todn stic khang xoan ctia dam BTCT [4, 5]

Cin cit trén Hinh 2(a), m6é men khang nit 7., cé thé dudc du bdo khi wing suét cit r dat dén ting
suat kéo t6i han clia vat liéu bé tong f;:
T, = 2fttAO ()

Béng 1 so sdnh cong thic tinh todn chiéu day thanh 7, dién tich Ag va tich s6 tA¢ dua trén U, va
dién tich A, clia toan bd tiét dién dam theo tiéu chudn ACI-318-19 va EN 1992-1-1. C6 thé thiy, do
su khéc biét trong céch tinh ¢ va Ay, tich sb 1A 6 trong tiéu chudn EN 1992-1-1 16n hon trong ACI
318-19 1a (4,/U).

Béng 1. So sanh biéu thiic tinh todn ¢ va Ay theo hai tiéu chuin ACI 318 va Eurocode 2

Tiéu chuin Gidtrit Gia tri Ag tAo
Eurocode 2 A, /U, Ag/2 + (Ag/Uyp)? A/QQUY) + (Ag/U,)
ACI 318 0,754,/U, 2A,/3 A3/ (2Uy)

Khi xem xét trang thai giéi han bén, lién hé giita luc cat tac dong 1én thanh dim Vg, va md men
xoan cuc han T, dudc thiét 1ap bdi cong thiic sau (tit Hinh 2(a) va 2(b)):
Ty
2A

Vside = qz = z (3)

75



Dat, P. X. / Tap chi Khoa hoc Céng nghé Xay dung

trong d6 z 12 chiéu cao tinh toan ctia dan 4o (khodng cich tif thanh canh thuong téi thanh canh ha).
Tir cong thiic (3) c6 thé théy md men khang xoan T, phu thudc vao sic khang luc cét Viige cla

thanh diam. Ciin ¢ vao md hinh dan Ao trinh bay trong Hinh 2(b), c¢6 thé thiy stic khang cat nay sé

dugc quyét dinh bdi ba trang thai pha hoai, d6 13 pha hoai nén v3 bé tong ctia thanh dan xién, pha

hoai kéo dtit ctia thanh dan doc chiu kéo, va pha hoai kéo dut clia cot dai. Dbi v6i dAm bé tong thong

thudng, cac nghién ctiu trude dy da chi ra rang trang thai pha hoai kéo diit ciia cbt dai c6 tinh quyét

dinh nhét trong ba trang thai k& trén. Theo d6 gia tri t6i han cta luc cat Vside dugc tinh toan nhu sau:

T, Asfyr

Vside = mz =

zcotf 4)

2A0Atfyt
= —CO

T, = t6 (%)

s
trong d6 A, 1a dién tich cta 1 thanh cbt dai; s 1a khodng cach c6t dai; f,, 1a cudng do chdy déo clia
cbt dai.

Piém dang luu ¥ 13 cdc cong thiic ban thuc nghiém trén diy déu dudc xay dung va kiém chiing
dua trén cic thi nghiém xoan thuan tdy ddi véi ddm BTCT [6-8]. D6i véi trang thai chiu luc dong
thdi xoan-ubn-cit, tiéu chuan ACI-318-19 va EN 1992-1-1 cho phép tinh todn dién tich cbt thép chiu
luc doc 1ap cho tiing nguyén nhan tc dung, sau d6 thuc hién cong tic dung cic dién tich ct thép nay
cho cAu kién chiu luc. Tuy nhién, trang thai chiu luc phiic tap do cic nguyén nhan ubn-xoan-cit dong
thoi ciing da dugc phan tich trong mot s6 cong trinh nghién ciu gan day [9, 10].

3. Chuong trinh thi nghiém
3.1. Thiét ké thi nghiém

Hinh 3 trinh bay so dd thi nghiém dam BTCT chiu xoan. Miu dugc thiét ké dang hinh chtt U véi
dam A dudc neo vio san cdng tdc ctia phong thi nghiém, dim B dudc dung d€ lam canh tay don tao
mo men xoan va dim thi nghiém c6 kich thudc tiét dién 150 mm x 250 mm nbi lién hai dim A va B.
Kich thiy luc tao ti trong nén cung thiét bi do tai trong dugc dit tai ddu dAm B nhu trong hinh v&.

Hinh 3. So d6 thi nghiém dim BTCT chiu xodn

Hinh 4 trinh bay chi tiét thiét k& hai mau dam chit U véi cung tiét dién dAm thi nghiém 150 mm x
250 mm, bd tri cbt thép doc 4D10, cbt dai D6 dit & khoang cach 70 mm. Cot thép doc va cbt thép dai
¢6 mac thép tuong ung la CB400-V va CB240-T. Bang 2 trinh bay gia tri cudng d6 vat liéu st dung.
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Hinh 4. Thiét ké chi tiét cia ddm BTCT chiu xoén (s6 lugng 02 mau)

Bang 2. Cudng do vit liéu st dung

Cbt thép fy (MPa) frracture (MPa)
C6t thép doc D10 328 449
C6t thép dai D6 320 454
Vit liéu bé tong fi=17,7MPa

Chuong trinh bao gdm 02 mau thi nghiém, Miu M1-L900 va M2-L600 c6 chiéu dai dam thi
nghiém tuong tng 1a L = 900 mm va 600 mm. Diém gia ti dudc dit cach tim ctia dim thi nghiém
mot khoang la canh tay don m6 men x0an Ly, = 275 mm + 75 mm = 350 mm. Vi tri neo bu long
xubng san cong tic dugc dinh vi nhu trén Hinh 4. Tai tiét dién giao giifta dam gia tai B va dam thi
nghiém, mau thi nghiém dugc dit trén mot qué cau thép dudng kinh 20 mm véi muc dich dé canh tay
don xoan c6 thé xoay tu do ma khong bi can tré. Kich thiy luc ting dan gid tri Iuc P cho dén khi mau
bi phd hoai hoan toan.

Hai thong s6 do dac chinh, dé 1a gia tri luc tic dung P dudc do bang thiét bi do luc (loadcell)
dit ngay tai diém gia tai, va chuyén vi ctia diém dit Iuc duge do bang cam bién LVDT c6 chu trinh
chuyén vi 50 mm.

Cac mau thi nghiém dudc gia tai v6i mdi budc ting tii trong 1a 500 N cho dén khi mau pha hoai
hoan toan. Cac budc ting tai trong dudc thuc hién cich nhau 5 phiit d€ thuc hién cic do dac dit lidu
bing 01 Datalogger 30 kénh, ddng thdi quan sat hién tugng thi nghiém va vé cac so d6 vét niit. Hinh 5
trinh bay trang thai phd hoai sau khi két thic thi nghiém ctia mau M2-1.900.
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(a) M1-L900 (b) M2-L600

Hinh 5. Trang thdi pha hoai ctia mau thi nghiém

3.2. Két qud thi nghiém

Hinh 6(a) trinh bay dudng quan hé tai trong P va chuyén vi thang ding tai vi tri dit tai trong
ctia hai mau thi nghiém. Hinh 6(b) trinh bay dutng quan hé giita md men gy xoan (T. = P - Ly,.).
Géc xoian la thuong sb gitta chuyén vi thang va chiéu dai canh tay don giy xoan L. Pbi v6i mau
M1-L900, vét niit du tién xuit hién & ca hai bén hong ctia dam thi nghiém khi luc nén dat 12000 N.
Chuyén vi tai diém gia tai tuong dng vdi vét niit dau tién 1 khodng 2 mm. Khi tiép tuc ting tii trong,
s6 lugng vét niit nhiéu thém vé phia dim gia tdi (Dam B) va bé rong vét niit ciing ting theo. Tat ca
cc vét nit nay déu nghiéng so v6i phuong ngang mot géc khoing 45 do. Khi tai trong dat t6i gia tri
13700 N (T. = 4780 Nm) tuong ting v6i chuyén vi tai diém dit luc 1a 2,6 mm, dudng quan hé luc —
chuyén vi c6 xu hudng di ngang khi Ivc tic dung c6 xu hudng it thay d6i theo gid tri ting clia chuyén
vi. Khi chuyén vi 16n hon gid tri 5 mm, tdi trong tic dung c6 xu huéng tiép tuc ting dén khoang
20490 N (T = 7170 Nm) tai thoi diém chuyén vi ctia diém dit Iuc 12 22,9 mm. Tiép sau d6, tii trong
¢6 xu hudng giam dan cho dén khi miu bi pha hoai hoan toan. O trang thai pha hoai cudi cing, da
phan céc vét niit nghiéng 45 do c6 xu hudng ndi tiép nhau trén bé mit ctia dim thi nghiém va tao
thanh hinh xoan 6¢ nhu da dugc thay trong Hinh 5.
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Hinh 6. Quan hé tai trong-chuyén vi clia cic mau thi nghiém
Ung xt ctia mau M2-L600 tuong d6i gidng véi ting xi ctia M1-L900 vé su phat trién vét niit, dang
pha hoai va céc gid tri md men gdy nit va mo men xoan cuc han. Piém khac biét duy nhit la gia tri
chuyén vi khi tdi trong dat t6i gid tri gdy nit nhu da dudc trinh bay trén Hinh 6. Theo quan sat tai
hién truong, do vénh chuyén vi nay nhiéu kha ning giy ra bdi gdi tua bing con ké bé tong bi xé dich
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trong pham vi gia tai nay. Tuy nhién, sau khi tai trong vugt qua gia tri gy ntt, dudng cong tai trong —
chuyén vi trd lai dang cd ban ctia mau M1-L.900.

Bang 3. Tong hop két qua thi nghiém

Tai thoi di€ém gay niit Tai thdi diém pha hoai
P cr. (N) Mcr. (Nm) P ult. (N) Mult. (Nm)
M1-L900 13700 4795 20490 7170
M2-L600 12800 4480 19080 6680

4. So sanh giita két qua thuc nghiém va két qua 1y thuyét theo tiéu chuin ACI 318-19 va EN
1992-1-1

Bang 4 va 5 trinh bay céc két qua tinh todn md men xoin gy nit 7, va mo men xoan cuc han T,
theo hai tiéu chuan ACI 318-19 va EN 1992-1-1. Péi véi mo men gy nit, gia tri cudng do chiu kéo
clia bé tong f; dugc 14y bing 1,4 MPa (f; = 0,33 - sqrt(f,)). Pay la gia tri d& xut bi tiéu chuan ACI
318-19. Bi v6i md men xoan cuc han T, géc nghiéng ctia vét niit do xoan dudc 14y bang 45°, 1a gia
tri phtt hop v6i ca hai tiéu chuin, dong thdi ciing 1 géc nghiéng quan sat dudgc trén miu thi nghiém.
Dong thai, gia tri Ag = 0,85A,, trong d6 A,y, 14 dién tich phan chu vi bé tong dudc gisi han bdi cot
thép dai. Nhu trong Bang 4 va 5, ¢6 thé nhan thiy 1a gia tri tinh toan theo hai tiéu chuin khong chénh
nhau nhiéu. Péi véi mé men gay nit T,,, két qua tinh theo EN 1992-1-1 16n hon theo ACI 318-19
khoang 1,1 1an. Trong khi d6, gia tri md men xoan cuc han du bdo bdi tiéu chuan ACI 318-19 lai 16n
hon gid tri ctia EN 1992-1-1 khoang 1,21 1an.

Bang 4. Tinh todn mé men xoin giy nit T, ctia dim thi nghiém theo ACI 318-19 va EN 1992-1-1

Tiéu chuén A, (mm?) U, (mm) tAp (mm?) f, (MPa) T, (Nm)
ACI 318-19 878906 2461
Eurocode 2 37500 800 981903 1.4 2749

Bang 5. Tinh todn mo men xoan cuc han T, ctia dAm thi nghiém ACI 318-19 va EN 1992-1-1

Tiéu chuin Ao (mmz) A, (mmz) Jfye (MPa) s (mm) cotd T, (Nm)

ACI 318-19 25415,2 6354,2
Eurocode 2 20947,5 28,23 320 70 1 5237,1

Bang 6. So sanh giita két qua thuc nghiém va tinh todn ly thuyét theo hai tiéu chuin

Mau thi M6 men xoin gy nit T, M5 men xoan cuc han T,

nghi¢ém Thinghiém TN TN/T. acty TN/Ter@n1992-1-y TN Nm) TN/Teracy TN/Ter BN 1992-1-1)
M1-L.900 4795 1,71 1,53 7170 1,16 1,40
M2-L600 4480 1,55 1,39 6680 1,05 1,27
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Bang 6 so sanh giita két qué thi nghiém ctia hai mau dam véi két qua ly thuyét dudc tinh todn theo
ACI 318-19 va EN 1992-1-1. Nhin chung, c4 hai tiéu chuin c6 két qua du bdo thip hon két qué thuc
nghiém, diic biét 12 gid tri md men gay niit T,,. Theo d6, gid tri tinh todn theo 1y thuyét ctia md men
gdy niit 16n hon so véi két qua thuc nghiém tir 1,39 1an dén 1,71 1an. Trong khi d6, gia tri du bdo clia
mo men xoan cuc han T, c6 d6 chénh so véi két qua thuc nghiém thap hon, tir 1,05 1an dén 1,4 1an.

5. Két luan

Trong két cdu san-dAm nha bé tong cbt thép, dim bién thudng chiu tic dong xoan giy ra bdi mo
men 4m ctia dam phu va san dugc dd bdi cac dam bién nay. Hién nay tinh toan khang xoin cho dam
bién thudng dugc thuc hién theo hai tiéu chuin hién hanh ACI 318-19 (My) va EN 1992-1-1 (Chau
Au). Tuy nhién cdc cong thiic va cac chi din thuc hién tinh toan clia hai tiéu chudn 1a tuong d6i khac
nhau, diéu nay giy ra mot s6 khé khin nhit dinh cho cic k§ su thuc hanh.

Nghién citu nay da chi ra rang mic du c¢6 su khac nhau nhu da néi & trén, tinh toan khang xoan
clia hai tiéu chudn nay déu dudc dua trén hai gia thiét tinh todn chung, d6 12 mé hinh thanh thanh
mong rong cho tinh toan md men xoin giy ntt 7., vi md hinh dan 4o dbi véi stic khang xoin cuc han
T,. Quan trong hon 12 cong thiic du bdo & trong c4 hai tiéu chuin déu cho két qua thién vé an toan,
dic biét 1a mo men xoan gy niit T.,. Khuyén nghi clia nghién cttu nay 1a su 4p dung quy trinh tinh
toan ctia tiéu chuin ACI 318-19 vao thuc hanh tinh todn thiét ké vi su tudng minh va kha ning du bao
tuong dbi st so v6i két qua thuc nghiém ciia cac cong thidc trong tiéu chuin.
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