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Tém tit

Muc tiéu ciia bai bao nham danh gia anh huérng ctia 16 mo hinh tron va hinh chit nhat trén két cdu dam bé tong
ot thep (BTCT) v6i ty 18 nhip chiu cét/chiéu cao lam viéc nho 03 mau dam BTCT VO’I cung kich thudce hinh
hoc, cau tao cdt thép va cuong do bé tong duogc ché tao va tién hanh thi nghiém. 01 miu dim khong c6 16 mo
12 mau ddi ching, 02 mau dim con lai 1an lwot ¢6 mot 16 mé hinh tron va mot 16 mé hinh chit nhat trong nhip
chiu cét (hai 16 mé ¢6 cung dién tich). Ld md hinh tron ¢ duong kinh dy = 100 mm va 16 mé hinh chir nhat c6
kich thudc 80 x 120 mm. Cac mau dam duoc thi nghiem dén pha hoai theo so d6 ba diém tai, véi ty 1¢ nhip chiu
ct/chiéu cao 1am viéc a/d =1,48, nham xac dinh co ché pha hoai, dang nut xién, 4o vong va kha nang chiu cit.
Céc két qua thu duoc cho thiy 16 mé hinh tron va h1nh chit nhat, khi ndm trén duong ndi giita diém tac dung
tai trong va gbi tya, 1am giam dang ké kha nang chiu cit cua dim. Bén canh d6, mot cong thirc don glan dya
trén co s mo hinh gian 4o, dwoc d& xuit nham xéac dinh kha nang chiu cit caa dam BTCT c6 16 mo. Két qua
tinh toan theo cong thirc nay cho két qua du bao phu hop véi két qua thuc nghiém.

Tir khod: ddm; 16 m&; Iuc cit; phé hoai; mo hinh gian ao.

EXPERIMENTAL AND ANALYTICAL STUDY ON THE SHEAR BEHAVIOUR OF CONCRETE BEAMS
WITH CIRCULAR AND RECTANGULAR OPENINGS IN SHEAR SPAN

Abstract

The objective of this study is to experimentally and analytically evaluate the influence of circular and rectangu-
lar openings in reinforced concrete (RC) beams with a low shear span-to-depth ratio. Three RC beam specimens
with the same geometrical dimensions, reinforcement detailing, and concrete compressive strength were cast
and tested in the current experimental investigation. One RC beam without opening is referred to as the con-
trol specimen, whereas the other two RC beams had circular and rectangular openings in the shear span (both
openings had the same areas), respectively. The circular opening had a diameter of dy = 100 mm, and the rect-
angular opening had dimensions of 80 x 120 mm. All beam specimens were tested to failure under three-point
loading scheme, with a small shear span-to-depth ratio of a/d = 1.48, to determine their failure modes, diagonal
cracking, mid-span deflection, and ultimate shear strengths. The beams had a small shear span-to-depth ratio in
order to observe the shear behavior. The obtained test results show that the circular and rectangular openings
can significantly reduce the ultimate shear strength of RC beams if the web opening intersects the load path
between the load point and the support. Additionally, a simplified analytical model based on the Strut-and-Tie
model is proposed to predict the ultimate shear strength of RC beams with openings. The calculation results are
compared with the experimental results, showing good agreement.

Keywords: reinforced concrete beam; opening; shear; failure; strut-and-tie model.
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1. Pit vin dé

Trong céac cong trinh xay dung, hé thong duong 6ng k§ thuit (dng ciru hoa, dng cp thoat nudc,
dng thong gio, cp khi...) thuong duoc bé tri chay dudi day dam nhu minh hoa trén Hinh 1. Trong
trurong hop nay, hé duong 6ng ky thuat s& 1am giam khong gian 1am viéc ciia cong trinh. Dé khic phuc
van dé nay, c6 thé b tri duong dng ki thuat chay xuyén qua dam BTCT (Hinh 2). Vi tri duong éng
xuyén qua dam c6 thé dugc dé 1 cho tir trude khi d6 bé tong dam nhung trén thuyc té, trong phan 16n
truong hop thi cac vi tri 16 ndy duoc tao sau bang cach khoan tao 15.

Hinh 1. Hé thdng k¥ thuét chay dudi day dim

Tai cac vi tri 16 mo, tiét dién dam bi giam yéu.
Phuy thudc vao d6 16n cua 16 mo trén dam va mirc
do tac dung cua tai trong, tai vi tri 16 m& co thé
xuét hién tinh trang nat, lam giam kha niang kha
nang chiu lyc va do cling cua dam. Trén Hinh 3
minh hoa truong hop xudt hién tinh trang nut tai
vi tri 16 mé dudi tac dung cua tai trong sir dung.
Trong truong hgp nay, viée lya chon kich thude
ctia 16 ma, vi tri 16 m& va sb lugng 16 mé trén ddm
13 rang chua dugc tinh dén tir giai doan thiét ké va
chi dugc thyc hién & giai doan thi cong, khong xét
dén giai phap tang cuong 16 md dan dén tinh trang ntt nhu trén Hinh 3.

Tuy thude vao yéu cau, 16 mo trén dam co6 thé xudt hién ¢ ving udn (ving c6 mdé men udn 16n,
thuong ¢ khu vuc giira nhip ddm) hodc trong nhip chiu cit (ving c6 luc cit 16n, voi dam chiu tac dung
clia tai trong tap trung 1 khoang giita gbi twa dim va vi tri tic dung tai trong tap trung). Trong truong
hop 16 mé xuit hién trong nhip chiu cit ciia dim tuy thudc vao kich thude cua 16 mo, tinh trang nut
trén dam c6 thé xay ra theo dang nirt thong thuong (kiéu dim) va dang nirt kiéu khung, nhu trén Hinh
4.

Hinh 3. Nut tai vi trf 16 mé trén dam [1]
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Hinh 4. Hai dang pha hoai tai vi tri 16 m& trong nhip chiu cit cua dam [2]
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Nghién ctru vé anh hudng ciia 16 mé dén kha nang chiu lyc cia ddm BTCT di duoc nhiéu tac gia
quan tam, nghién ctru, tdp trung vao mot s6 van dé nhu ty 1€ nhip chiu cit/chiéu cao 1am viéc ctia dam,
dang tiét dién dam, anh hudng cua cét dai xién, anh hudng ciia cuong do bé tong, vi tri 16 mé trén
dam [1-15]. Mansur [2, 3] d4 tién hanh nghién ctru sy 1am viéc ddm BTCT c¢6 16 mé ¢ vung chiu udn
va trong nhip chiu cét (v6i ty 1¢ nhip chiu cit/chiéu cao lam viéc, ky hiéu a/d, 16n hon 2). Dya trén
két qua thu duoc cac tac gia da dé xuat duoc giai phap ciu tao cot thép cho cac vi tri 16 mé trén dam
va dé xuat mé hinh tinh toan kha ning chiu luc cia ddm BTCT c6 16 mé. Ashour va Rishi [4] di thi
nghiém 16 dam lién tuc, dang dam cao, c6 16 md hinh chit nhat nhdam nghién ctru anh hudng cua cot
dai xién va kich thudc 16 mé dén sy 1am viée ctia dam. Két qua cho thay anh huéng rd rang cua cdt
dai xién quanh vi tri 16 m& va sy suy giam kha nang chiu lyc dang ké khi 16 mé ndm trong nhip chiu
cit. Tan, va cs. [5] da tién hanh nghién ciru anh hudng cta ¢t xién trong trudng hop dim cao c6 16
mé hinh chit nhat va kién nghi sir dung mé hinh gian ao dé danh gia kha nang chiu luc cét cia dam co
16 mé. Yang, va cs. [6] d3 thi nghiém 32 dim cao c¢6 16 mé hinh chir nhat nhim nghién ctru anh hudng
ctia cudng do bé tong ché tao dam, kich thudc 16 mo va ty 1& nhip chiu cat/chiéu cao lam viéc dén kha
nang chju cit ciia dim c6 156 mé. Bén canh d6, mot sb tac gia [7—12] tap trung vao viéc nghién ciu
nhitng van dé lién quan dén 4p dung mé hinh gian ao (Strut-and-Tie Model) trong viéc tinh toan kha
ning lam viéc ciia ddm BTCT khi ¢6 16 mo.

C6 thé thdy, cac nghién ctru voi truong hop ddm BTCT c6 16 mé hinh tron, nhét 13 16 mé ¢6 ty 1¢
duong kinh 16/chidu cao lam viée cua tiét dién 16n hon 40% hodc 16 mé nam trong nhip chiu cit véi
ty 18 a/d nho hon 2 con han ché.

No6i dung cua bai bao trinh bay mot nghién ctru thyc nghi¢m danh gid sy lam viéc chiu cit cua
dam bé tong cbt thép don gian, co 16 m& ndm trong nhip chiu cit, voi ty $6 a/d < 2. Ld m¢ duoc lua
chon trong nghién ciru nay 1a dang 16 mé sau (khong duoc dinh trude tir giai doan thiét ké, khong bd
tri cdt thép ting cudng quanh 16 mo), c6 dang hinh tron va hinh chit nhét (c6 cing dién tich) va bd tri
& gitra chidu cao dam. Nghién ctru thuc nghiém dugc thuc hién tai Phong Thi nghiém va Kiém dinh
cong trinh, Truong Pai hoc Xay dung Ha Noi.

2. Tinh toan kha nang chiu cit ciia dim theo mé hinh gian do (Strut-and-Tie Model)
Xét truong hop dam BTCT c6 tiét dién ngang b x h chiu tic dung clia tai trong tap trung P tic

dung ¢ gitra nhip nhu trén Hinh 5. Kha nang chiu cit ctia dim c6 thé xac dinh dya theo phuong phap
mo hinh gian 4o (Strut- and -Tie Model- STM) dua theo chi dan trong tiéu chuan ACI 318-2019 [16].

Hinh 5. So db tinh toan kha ning chiu cit ciia dam theo mé hinh gian ao
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Str dung md hinh STM dé tinh toan kha nang chiu cat ctia dim duoc tom tit qua cac budc nhu sau:
Tinh toan cac kich thudc nut dan (A, B, C):

w,=2(h—-d); ws=08w; jd=h-0,5w,—0,5w; )
Goc nghiéng cua thanh chdng AB va CB so véi phuong nim ngang:

Hztan_l( jdL J )

Ls
a+ >

Bé rong thanh chéng chéo AB, CB ¢ chan va dinh thanh chdng duoc xac dinh theo cong thirc:
wep = Lgsing + wy;cos8; wg = Ly sin + wg cos b 3)

Cuong d6 chiu nén hi€u qua ctia bé tong, ky hiéu f.., dugc xac dinh trén co sé cuong do chiu nén
dac trung f!, theo cong thirc sau:

fe=0858,f. lay pA=08 va pP=10 4)
Kha nang chiu lyc ctia nat gian A (hay C) va ntt B dugc xé4c dinh theo cac cong thuc sau:
Vn,Al = fcest; Vn,AZ = fcewtb tan 6, Vn,A3 = fcewsbb sin 6 (5)

Vn,Bl = fceLbb; Vn,BZ = fcewsb tan 6, Vn,B3 = fcewstb sin 6 (6)

Kha ning chiu lyc nén cua thanh chéng AB va CB bang nhau va dugc xac dinh theo cac cong thirc
sau day:
Werf = min(wy; wip) (7

Vn,AB = Vn,CD = fceweffb sin @ (8)

Kha ning chiu kéo ctia thanh giang AD duoc xac dinh dua trén co s& kha ning chiu kéo cuia cot
thép doc, f;, va dién tich cot thép doc A, theo cong thirc sau:

Foap = Agfy )

Kha nang chiu cit ciia dam xéc dinh theo mo hinh STM, ky hi¢u V,,, dugc xéc dinh theo cong thirc

sau:
Vi = min(Vy, 15 Vig2; ViB3; Viats Vaa2; Vaass Vaas: Vasc: Vaap) (10)

3. Nghién ciru thwe nghiém
3.1. Mau thi nghiém va vdt liéu ché tao

03 mau ddm BTCT c6 cung kich thudce hinh hoc, cuong do bé tong va cAu tao cdt thép dugc ché
tao. Cac mau dam c6 kich thudc tiét dién ngang b x h = 150 x 250 mm, chiéu dai 850 mm. Bé tong
st dung ché tao dam co cép dd bén B30. Cot thép ché tao dam gém c6 cdt thép doc chiu kéo 216,
cbt thép dai @6. Trong s cac mau dam thi nghiém, 01 mau dam khong c¢6 16 ma, ky hiéu B-0, 1a mau
dam ddi ching, 01 mau dam c6 16 mé hinh tron, ky hiéu B-1.1, c6 dudng kinh 16 md dy = 110 mm
va 01 miu dam c6 16 m& hinh chit nhat, ky hiéu B-2.1, c¢6 kich thude 16 mé 80 x 120 mm. Kich thude
16 mé duoc liwa chon phut hop véi truong hop 16 md 16n va hai 16 mo ¢6 cing dién tich (chiéu cao 15
mé hinh tron 16n hon 16 mé hinh chit nhat). TAm cua 16 mo hinh tron va 16 mé hinh chit nhat déu nam
trén duong thang di qua gdi tya bén trai va diém tac dung tai trong.

Trén Hinh 6 trinh bay kich thudc hinh hoc va cAu tao cua cac mau dam thi nghiém.
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(b) MAu dim c6 15 m& hinh chit nhat B-1.1 (¢) MAu dim c6 16 mé hinh tron B-2.1

Hinh 6. Chi tiét kich thudc va cdu tao cac miu thi nghiém
Trén Bang 1 gi6i thiéu thanh phan cp phdi vat liéu ché tao bé tong va két qua thi nghiém nén xac
dinh cuong do chiu nén cua bé tong, thyc hién trén 03 mau thtr hinh tru Dx H = 150 X 300 mm & tudi
28 ngay. Ddi v6i cbt thép doc @16 va cbt thép dai @6, két qua thi nghiém kéo cho gidi han chay lan
luot bang 380 MPa va 330 MPa.
Bang 1. Thanh phan cip phéi vat liéu ché tao bé tong (don vi kg/m?)

Ximang PCB 30 (kg) Catvang(kg) Dadam1 x2 (kg) Nudc(kg) Cuongdo chiunén R28 (MPa)
390 680 1210 185 34,7

Vi cac thong s6 vé kich thudce hinh hoc, cu tao cot thép, cuong do chiu kéo cua cbt thép, cuong
do chiu nén cua bé tong, tinh toan dugc kha nang chiu cat cia dam theo md hinh gian 0. Tong hop
két qua tinh toan dugc trinh bay trong Bang 2.

Béng 2. Kha ning chiu cat ciia dam theo m hinh gian 4o

6(d0)  wi(mm) wy(mm) jg(mm) wg (mm) wy (mm) wepr (mm)  feo (MPa) Va1 (KN)

310 60 48 196 103 56 56 21,3 319,5
Viaz kN) Va3 (kN) Vg (KN) Vypo (kN) V,p3 (KN) Va5 (KN) V,cp (KN) Foap (KN) V, (kN)
115,8 169,5 95,8 115,8 169,5 92,2 92,2 184,8 92,2

3.2. Sodo thi nghiém va bé tri dung cu do

Céc mau dam dugc thi nghiém theo so dd dam don gian v&i nhip lam viéc [ cua dam béng 650 mm.
Dam chiu tac dung ctia mot tai trong tap trung P & gitra nhip dam. Vi so dd thi nghiém nay, ty sd
gitta nhip ddm va chiéu cao [/h bang 2,6 va ty sb giita nhip chiu cit (khoang cach tir gbi twa dén vi
tri tac dung tai trong) va chiéu cao lam viéc cua tiét dién a/d bﬁng 1,48. Thi nghiém duoc tién hanh
nham xac dinh tai trong cuc han tac dung va co ché phé hoai cia cac mau dam.
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Load Cell

Data Logger

Hinh 7. So db thi nghiém va hinh d4nh minh hoa

Tai trong tap trung dugc tao ra bang cach sir dung kich thuy luc két hop hé khung phan luc. Do
16n cua tai trong tac dung 1én dam dugc do béng dung cu do lyc dién tir (load-cell). Chuyén vi cla
dam & vi tri gitra nhip dugc do béng mot dung cu do chuyén vi dién ti (LVDT). Dung cu do lyc va do
chuyén vi duge két nbi voi mot bo thu thap, xir 1y s liéu (Datalogger TDS 530) cho phép ghi nhan tyr
dong va dong thoi cac sd liéu thi nghiém. Thi nghiém duoc tién hanh cho dén khi cac mau thir bi pha
hoai hoan toan.

4. Phan tich va danh gia két qua
4.1. Co ché phé hoai cic mau thi nghiém

Trén Hinh 8 trinh bay hinh anh phé hoai ctia cac mau dam thi nghiém. C6 thé thiy tit ca cac miu
thi nghiém déu bi pha hoai do Iyc cit. Véi mau dam ddi chimg, vét nit xién hinh thanh va phat trién
tir vi tri gbi twa dén vi tri tac dung cua tai trong. Dang pha hoai nay pht hop véi két qua nghién ctru

(a) MAu dbi chimg B-0 (b) MAu c6 15 md hinh chit nhat B-1.1

—_

(c) Mau c6 16 mé hinh tron B-2.1

Hinh 8. Hinh anh pha hoai dién hinh cta cac mau dim thi nghiém
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gan déy trinh bay trong cac nghién ctru [17, 18] v6i cac ty 1& nhip chiu cat/chiéu cao lam viéc khac
nhau. V&i hai mau dam c6 16 ma, vét nit phat trién tir vi tri géi twa va diém dat tai dén cac diém & gbc
16 m& theo quy dao song song. Day la dang nit dién hinh trong truong hop cac 16 mé trén dam 1a 16
mo 16n va phi hop véi két qua nghién ctru cia mot sd tac gia [2, 5, 6].
4.2. Quan hé tdi trong — chuyén vi ciia cdc mau dam

Trén Hinh 9 trinh bay biéu d6 quan hé tai trong va chuyén vi & giira nhip ctia cac mau dam thi
nghiém. T két qua trén biéu d6 cho thdy, dam B-0 bj pha hoai ¢ tai trong 190 kN, ddm B-1.1 va B-2.1
lan luot bi pha hoai ¢ tai trong 127 kN va 93 kN. Nhu vdy muc d6 suy giam kha nang chiu cit cua
dam c6 16 mé chir nhat va 16 mo tron so v6i dam ddi chimg 1an lugt 1a 33% va 51%. Két qua nay cho
thdy ro anh huéng dang ké cua 16 mé dén su suy giam kha ning chiu cét ciia dam.
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Hinh 9. Quan hé¢ tai trong - chuyén vi ctia 03 mAu dam thi nghiém

V6i dam ¢6 16 mé chit nhat, do chiéu cao 16 mé 80 mm nhé hon 110 mm cta dam c6 16 mé tron
nén kha nang chiu luc cao hon 27% so vdi dam c6 10 mo tron (hai 16 mé cé cung dién tich). Két qua
nay cho thay rd anh hudng cia chiéu cao 16 mé dén su suy giam kha nang chiu cat.

Ca ba mau dam déu bat dau xuat hién vét nirt xién do luc cat gay ra ¢ tai trong khoang 45 kN. Sau
khi xuat hién vét nut, d6 cing ctia cac mau dam cé 10 mé suy giam nhanh hon dang ké so voi dam
khong c6 16 mé. Pay ciing 1a di€u can luu y khi tao cac 16 mé trén dam.

4.3. Cong thirc don gidn tinh todn khd nang chiu cat cua dam co 16 mo theo mé hinh gian do

K&t qua tinh toan cho thay, kha nang chiu cét ciia dam phu thudc vao kich thudc cua thanh chong

chiu nén. Dya trén co s xac dinh bé rdng ctia thanh chong chiu nén theo moé hinh gian 4o, cong thuc

xac dinh bé rong thanh nén, ky hi¢u w?, va w{,, khi c6 10 mé cé chieu cao dy duoc dé xuat nhu sau:

wo =|1- do wg =(1- do (Lssin @ + w; cos 0) (11
s d d
W = (1 - %O)Ws, = (1 - %0) (Lp sin @ + wy cos 9) (12)

Trén Bang 3 trinh bay két qua tinh toan kha ning chiu cit ciia dam c6 16 md dua trén co s cong
thire dé xuét (11) va (12). So sanh véi két qua thuc nghiém cho thay tinh toan kha nang chiu cit cia
dam BTCT c6/khong c6 16 mé cho két qua phu hop véi sai s6 nho.
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Bang 3. So sanh két qua tinh toan kha ning chiu cét ciia cic miu dam theo mé hinh gian 4o va theo thuc nghiém

Bé rong

T‘én Chiéu cao 15 thanh chiu nén Kha ning chiu cat Kha ning chiu cat Chénh
dam  méd dp (mm) . theo tinh toan (kN)  theo thyc nghiém (kN) 1éch (%)
Wsb (mm) Wit (mm)
B-0 0 103 56 92,2 95 3,9%
B-1.1 80 66 36 59,2 63,5 7,3%
B-2.1 110 52 28 46,0 46,5 1,1%

5. Két luin

Noi dung bai bao trinh bay nghién ctru su 1am viéc ciia dam BTCT ¢6 16 mé trong nhip chiu cit,
v6i truong hop a/d = 1,48 < 2. Duya trén nhitng két qua thu dugc, c6 thé rat ra nhitg nhan xét sau:

- L& mo trong nhip chiu cit lam suy giam dang ké kha nang chiu cét va do cimg ciia dam. Vi
cung dién tich 16 ma, 16 mé hinh tron c6 chiéu cao 16 mé 16n hon chiéu cao 16 mé hinh chit nhat thi su
suy giam kha ning chiu ct ciia dim c6 16 mé hinh tron 16n hon so véi dam ¢6 16 mé hinh chir nhat.

- Co ché phé hoai ctia dam c6 16 m& 16n trong nhip chiu cit 1 pha hoai kiéu khung. Can cir dang
phé hoai nay, can luu y b tri thém c6t doc va ¢t dai & nhanh phia trén va phia dudi 16 mo.

- Pé xuat cong thirc don gian xac dinh kha ning chiu cat cia ddm BTCT c6 16 md trong nhip chiu
cit dwa trén mé hinh gian 0. Cong thirc dé xuit c6 xét dén anh hudng cua ty sé chiéu cao 16 md/chiéu
cao 1am viéc ctia dam cho két qua phu hop vai thuc nghiém.

Nhimng két qua thu duoc tir nghién citru ndy 1 co sé cho viée Iya chon giai phap 16 mé trén dam
BTCT trong thyc té xay dung. Nhitng nghién ctru tiép theo lién quan dén cac giai phap gia cuong 15
mo trén dam, nhat 13 truong hop 16 mé sau, nhu gia cudng bang tim soi composite, gia cudng bang
céch tang chiéu cao tiét dién dam s& duoc trinh bay trong cac bai bao tiép theo.
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