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Tém tit

Co ché truyén luc trugt doc ctia dam lién hop c6 tiét dién dam thép rdng va chiéu cao nhd véi cac hinh dang
khac nhau ctia ch6t bé tong chiu cit ndm chim trong ban san bé tong 1a khic biét so véi chét thép c6 mii chiu
cit. Trong bai bao nay, siic khang trudt doc ctia chbt bé tong trong dam lién hop réng c6 chidu cao thip sé dudc
xem xét. Stic khang trugt doc theo 1y thuyét cho chét bé tong chiu cat dugc xic dinh dua theo tiéu chuin EN
1992-1-1 va EN 1994-1-1. Thi nghiém ddy ctia bén miu véi chét bé tong c6 hinh dang tron va hinh thang sé
dugc thuc hién va két qua thi nghiém sé dudc so sanh vdi gid tri khang trugt doc theo cong thiic ly thuyét. Tt
c4 bdn mau thit duge nhiing dau dé€ dam bao khong c6 luc dinh két giita phan bé tong va thép két ciu. Su pha
hoai ctia mau thii va két qua thi nghiém cho thiy ring stic khang trugt doc ctia chbt bé tong trong dim lién hop
rong c6 chidu cao nhod khong chi phu thudce vao siic khang cit ctia chdt bé tong.

Tir khod: dam lién hop c6 chiéu cao nho; chét bé tong tron chiu cat; chdt bé tong hinh thang chiu cit; stic khang
trudt doc; hé két ciu dam san c6 chiéu cao nhd.

LONGITUDINAL SHEAR RESISTANCE OF CONCRETE DOWELS IN SHALLOW-HOLLOW COMPOS-
ITE BEAM BY PUSH-OUT TEST

Abstract

The shear transferring mechanisms of steel-concrete shallow-hollow composite beams with various-shaped
concrete dowels embedded in concrete slab are different from steel headed-shear studs. In this article, the
longitudinal shear resistance of concrete dowel connectors in shallow-hollow composite beams are investigated.
The longitudinal shear resistance in theory for concrete dowel connectors applied in this study was based on EN
1992-1-1 and EN 1994-1-1. Push-out tests of four specimens with circle and trapezoidal shaped dowels were
conducted, and the test results were compared with shear resistance by theory formula. All of four steel beams
were applied with greased to prevent the bond between concrete and steel part. The failure of specimens and
the push-out test results were proved that the behavior of concrete dowel in shallow-hollow composite beams
was not under pure shear stress.

Keywords: shallow-hollow composite beam; circle concrete dowel connectors; trapezoidal concrete dowel con-
nectors; longitudinal shear resistance; shallow floor structure.
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1. Gidi thiéu
Két ciu lién hop thép-bé tong (LHT-BT) dugc dp dung 1an dau vao cong trinh cau vao nim 1894,
Cho dén tan nim 1954, dang két cAu nay mdi bat dau dudgc dp dung rong rai trong cic cong trinh
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nha khi ngudi ta nhan thiy chét c6 mii chiu cat dong vai tro rit quan trong trong viéc ting kha ning
lién két gitta bé tong va thép. Hai loai vat liéu nay khi két hop dé lam viéc dong thoi chiing c¢6 uu
diém nhu: gidm dudc tac dong An mon clia moi trudng, ting kha chdéng chdy va kha ning chiu luc clia
cAu kién, do ciing 16n, rit ngan dudc thdi gian thi cong [1]... Tuy nhién, khi dp dung céu kién dam
LHT-BT van con nhugc diém nhu: mic do6 chiu ltta kém, chiéu cao hé két cAu dam san 16n, ting chi
phi do st dung chét 6 mii chiu cit. Do vady mot sd gidi phap dam san c¢é chidu cao nhd da duge dé
xuat nhu Slimflor, Slimdek Asymmetric Slimflor [2], DeltaBeam [3], Ultra Shallow Floor [4]. Phan
16n loai dam lién hgp mdi nay déu c6 phan thép két cu nam chim mot phin hoidc hoan toan trong ban
san bé tong v6i muc dich ting kha ning chiu lira, gidm chiéu cao hé két cAu dim san va tin dung ma
st gitta thép két cAu va bé tong hoic phan bé tong di qua cic 16 md & ban bung nhu 12 cic chét chiu
trugt doc (Hinh 1).

Hinh 1. Giai phap dam c6 chiéu cao nhd: (a) Asymmetric Slimflor Beam va (b) DeltaBeam

Mot trong nhiing dic di€ém quan trong ctia dam LHT-BT 12 x4c dinh miic do lién két chiu truct.
Peltonen va Leskeli di chi ra mic do6 chiu truct clia cdc chdt bé tong tru tron trong dim c6 chiéu cao
nho (DeltaBeam) v6i ban san bé tong dic sin [5]. Ahn va cs. da thi nghiém c6 k€ dén anh hudng ctia
viéc bb tri suon, chét va cip bén bé tong dé xac dinh stic khang truct doc ctia chdt bé tong trong dim
ciu LHT-BT [6]. Huo va D’Mello da thuc hién hang loat cic thi nghiém d4y véi cdc mau thi nghiém
c6 loai bé tong, dudng kinh va dic diém cia chdt bé tong khic nhau qua d6 cong bd cong thic dé xac
dinh sic khang trugt doc trong dam c6 chiéu cao nhé [7]. Co ché 1am viéc, stic khang trugt doc va su
phé hoai cia ch6t bé tong ¢ hodc khong cé gia cuvng bang cbt thép ciing da dude nghién ciiu bang
phuong phap mo phéng s6 [8, 9]. O Viét Nam, gan day da c6 nghién ciiu v& ddm LHT-BT c6 chiéu
cao nhé nhu dam lién hop c6 tiét dién dam thép hop réng [10], tuy nhién nghién ctiu méi chi xac dinh
stic khang trugt doc theo 1y thuyét dé cap trong EN 1992-1-1. Trong dim LHT-BT c6 chiéu cao nh
v6i dam thép c6 tiét dién rong, siic khang trudt doc clia chdt bé tong tru tron khong cé cbt thép gia
cuong da dudc xac dinh thong qua thi nghiém [11].

Bai bdo trinh bay thi nghiém x4c dinh stic khang trugt doc ctia chét bé tong qua 16 md hinh thang
& bung dam LHT-BT c¢6 chiéu cao nhd véi dam thép c6 tiét dién réng. Viéc bd tri cdt thép gia cudng
va ma sat gitta bé tong véi dam thép chua dé cip dén trong bai bdo nay.

2. Sitc khang truet doc ctia chét bé tong theo EN 1992-1-1

Miic d6 lién két trong dim LHT-BT phu thudc vao stic khang trugt doc ctia chdt bé tong di qua
16 m3 nam chim trong ban san bé tong. Dudi tac dung cia luc trugt doc cc chdt bé tong nay cé thé
xay ra xu huéng pha hoai: (a) chiu cit véi luc cit do thanh 16 ctia ban bung tac dung 1én than chét; (b)
chiu nén tai vi tri tiét dién thanh 16 ép ctia ban bung 1én chdt bé tdong va chiu kéo trén toan bo tiét dién
16 md (Hinh 2).
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Hinh 2. Xu huéng chiu luc ctia chdt bé tdng duéi tic dung luc trugt doc

2.1. Sitc khdng truot doc do luc cdt ngang thdan chot
Stic khang cit ctia cAu kién bé tdng khong bb tri cbt thép dudc dé cap tai muc 6.2.2 Tiéu chuin
EN 1992-1-1 [12], thién vé an toan c6 thé x4c dinh theo cong thc:
VS = (Vimin + 0.15 - ) - (byy - d) (N) )

trong d6 b,, 12 bé rong nho nhéit cia tiét dién trong viing chiu kéo (mm); d 1a chiéu cao tiét dién chiu
cat (mm); f. 1a cudng do chiu nén tiéu chuén ciia bé tdng mau tru (MPa)

oep <0,2- feq (MPa)

Vinin = 0,035 - k3% \[fui 2)
k= min(l + +/200/d;2, o)

Theo ly thuyét tinh toan ddm LHT-BT, toan bo viing bé tong chiu nén nam trong bé rong hiéu qua
sé dat dén stic khang nén c6 gia tri 0,85 f;4. Do vdly, trong cong thic (2), gid tri o, dugc 14y 12 0,2 £+
Qua cong thiic trén nhan thiy stic khang trugt doc ctia ch6t bé tong khi chiu luc cit ngang ty 1& thuin
v6i cip do bén ctia bé tong va kich thuée 16 mé & ban bung dam thép.

Khéo sat trudng hop 16 mé & ban bung dim LHT-BT c6 chiéu cao nhé véi hinh dang 16 tron
D = 70 mm va hinh thang c6 kich thuéc 12 90 x 50 X 70 mm, cip bén bé tong C25/30, stic khang truct
doc ctia mot chdt do ing suit cat dudc trinh bay & Bang 1.

Bang 1. Stic khang trugt doc ctia mot chdt do ting suit cat

Loai 16 Dién tich 16 A, (mm?) Cp bén bé tong k vimin (MPa) vgd,(, (MPa)
Tron D = 70 mm 3848,5 C25/30 20 0,49 3,83
Hinh thang 90 x 50 X 70 mm 4900,0 2,0 0,49 4,88
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2.2. Siic khdng truot doc do lyc nén va kéo doc truc thdan chot
Sttc khang truct doc ctia chbt bé tong khong bd tri ¢t thép sé xdc dinh bing tdng thanh phan do

. . . C s . . T 5 A LA LA
stic khang nén V- va siic khang kéo V,, ~cua chot bé tong.

CT _ y,C T
VRd,c - VRd,c + VRd,c

c

VI = Ap foms AST =10 R AL = (b1/2 + 02/2) - T

Ve =Ac fus AS =1, - R-(120/180); Al = 1,, - \/(hTr)z +(b1/2 = by/2)? 3)

trong d6 A, 12 dién tich phan chét bé tong chiu nén (mm?); Ay, 1a dién tich phin chdt bé tong chiu kéo
(mm?); 1,, 1a chiéu day ban bung dAm thép (mm); R 13 ban kinh 16 tron (mm); by, by va RT" 1an lugt 1a
ddy 16n, ddy nhé va chiéu cao ctia 16 md hinh thang (mm); f.,, 1a cudng do chiu nén tiéu chuin ctia bé
tong mau 1ap phuong (MPa); f.,, la cudng do chiu kéo trung binh (MPa).

Qua cong thiic (3) nhan théy siic khang trugt doc ctia chdt bé tong ty 1é thuan dién tich tiép xic
gitta ban bung thép vé6i chdt bé tong, dién tich 16 md ctia ban bung dam thép va véi cap do bén clia
bé tong. Khio sat tuong tu véi chiéu day clia ban bung #,, = 4 mm, ta c6 stic khang trugt doc ctia mot
chdt do ting suat nén va ting suit kéo trong chdt dudc trinh bay & Bang 2.

Bang 2. Stic khang trudt doc ctia mot chét do ing suit nén va kéo

Loai 15 A, (mm®) A, (mm®) Clpbénbétong Vi (MPa) V! (MPa)
Tron D = 70 mm 3848,5 293,2 ©25/30 8,80 10,01
Hinh thang 90 x 50 x 70 mm  4900,0 291,2 8,74 12,74

3. Sitc khang truet doc ctia chét theo thi nghiém diy
3.1. Mdu thi nghiém

Muc dich ciia thi nghiém ddy 1a x4c dinh stic khang cit ctia chdt bé tong, do vdy mau thi nghiém
gdm dam thép rdng c6 16 md & ban bung va san bé tdng. C6 3 16 mé véi hinh dang tron va hinh thang
dugc bd tri & hai bén bung dim thép dé€ nhoi bé tong vao phia trong dam thép, khi bé tong dong cling
sé tao thanh cdc chdt bé tong. DE loai bé hoan toan thanh phan ma sat dAm thép dugc nhing dau
trudc khi d6 bé tong. Hinh dang ciing nhu kich thudc ctia dAm thép va mau thi nghiém dugc thé hién
& Hinh 3.

Thép két cAu st dung ché tao mau thi nghiém 13 loai SS400 theo EN 1993-1-1 [13], dic trung
co hoc f, = 245 MPa; f, = 400 MPa. Bé tong c6 cAp bén C25/30 theo quy dinh EN 1992-1-1 [12].
Thi nghiém nén ki€m tra cudng do bé tong dudc thuc hién trén mau thi nghiém 14ap phuong, dudc
diic trong qud trinh d6 bé tong cac mau thi nghiém. Cudng dd chiu nén trung binh clia 3 mau bé tdong
§ tudi 28 ngay f., = 33,4 MPa. Tat cd 4 mau dudc dd bé tong, bdo dudng va tién hanh thi nghiém
tai LAS-125, Pai hoc Xy dung. Mu vdi 16 md tron va hinh thang 1an lugt dudc ky hiéu 12 WCOI,
WCO2 va WTO1, WTO2.
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Hinh 3. Hinh dang v kich thudc ché tao ctia mau thir

3.2. So do bé tri thi nghiém va bo tri dung cu do

Mau dudc cb dinh trong hé gia dd; kich thiy Iuc 50T dugc st dung d€ gia tai. Gid tri clia tai trong
P dudc kiém sodt bang dung cu do luc dién i (Ioadcell). P& do dich chuyén giita thép két ciu va bé
tong, 4 dau do chuyén vi dién tif (Linear Variable Differential Transformer) 1an lugt ky hidu 1a L1, L2,
L3 va L4 da dugc bd tri. Dung cu do luc dién tif va 4 dau do ducc két nbi véi thiét bi thu nhan va xi
ly dit liéu cho phép ghi nhan tu dong dong thdi cic gia tri do v6i khodng thai gian 12 1 gidy (Hinh 4).

3.3. Két qud thi nghiém

Sau khi thyc hién thi nghiém 4 mau, mot s6 hinh dnh mau ¢6 16 tron va 16 hinh thang bi ph4 hoai
dudc minh hoa & Hinh 5. Gia tri luc nén téi han va do trugt clia cac mau thi nghiém ddy dudc trinh
bay trong Bang 3.

Pudng cong luc nén t6i han va trugt doc dudc vé dua trén két qua ctia thiét bi thu nhan va xd ly
dit liéu. Pudng cong minh hoa ting xi ctia cdc chdt bé tong dudi tac dung ctia luc trugt doc trong ban
san dugc thé hién & Hinh 6.
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Hinh 5. Hinh 4nh miu bi pha hoai

Béng 3. Gi4 tri luc nén t6i han va do trugt clia cdc miu

Ky hiéumdu  Luc nén t6i han P (kN)  Truot doc tdi da s (um) Do cing K (kN/mm)

WCO-1 176,6 805 2194
WCO-2 141,3 665 212,5
WTO-1 1159 445 260,5
WTO-2 139,9 725 193,0
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Hinh 6. Dudng cong tai trong va trugdt doc clia cdc mau

3.4. Phdn tich két qud thi nghiém

Mau thi nghiém WTO-1 c6 gid tri luc t6i han va gid tri trudt doc nhd nhit so v6i cdc mau thi
nghiém khac; hang chét bé tong thi 3 va ctia mau bi phd hoai khéc véi hai hang chét 1 va 2 (Hinh 5);
gia tri trugt doc tai cic cip dau do L1-L2 va L3-L4 ctia mAu thi nghiém ndy cho gid tri khong dbi
xting do vay c6 thé két luan 1a nguyén nhan gay ra 1a do tai trong dit khong ding tam.

Bang 4 trinh bay so sanh gid tri stic khang trudt doc trén 1y thuyét theo cong thic (1) va (3) véi
tong sb 6 mit cit qua chét va theo thi nghiém véi cudng do nén thuc té ctia bé tong f., = 33,4 MPa.
Stic khang trugt doc ctia chét theo siic khang cit theo ly thuyét ctia chot bé tong qua 16 tron 12 24,91 kN
va qua 16 hinh thang 12 31,72 kN nhd so vdi két qua clia thi nghiém day. Stic khang trudt doc ctia chot
tinh todn theo siic khang nén va kéo cho két qua kha gan véi gia tri luc t6i han theo thi nghiém. Qua
két qua so sanh va hinh 4nh ph4 hoai ctia chdt, nhan thiy su 1am viéc ctia chét 1a phan bé tong tiép xiic
véi thanh bung sé chiu nén theo hudng trudt doc, va phan con lai ctia chét sé chiu kéo theo phuong
vuong goc.

Bang 4. So sanh gid tri sic khang trugt doc theo ly thuyét va thi nghiém

Ky hiéu méu Ve (kN) VT (kN) P,, (kKN)
WCO-1
WO 24,91 (15,7%) 118,8 (74,7%) 159,0 (100%)
WTO-1
WTO2 31,72 (24,8%) 134,8 (105,4%) 127,9 (100%)

Pha hoai ctia cic mau déu 1 phd hoai dot ngot véi gid tri truct doc kha nho (< 0,8 mm). Su phd
hoai ctia cdc chét chiu cat 1a phd hoai don véi gia tri trudt doc nhé hon rit nhiéu gid tri yéu cau la
6 mm [14] d€ coi 1a chét c6 su lam viée déo.



biic, H. N, va cs. / Tap chi Khoa hoc Céng ngh¢ Xay dung

4. Két luan

Su 1am viéc ctia chdt bé tong chiu trugt doc trong ddm LHT-BT c6 tiét dién dam thép rdng chiéu

cao nhé khic hoan toan véi su 1am viéc ctia chdt chiu cit truyén théng. Két qua thi nghiém ddy cho
thiy chét bé tong c6 su pha hoai don dudi su tic dung ctia luc trugt doc. Chét c6 xu huéng chiu nén
tai ving tiép xidc v6i ban bung dim va chiu kéo tai mit cit ngang cia tiét dién chét. Siic khang chiu
trugt doc ctia chdt phu thudce vao hinh dang 16 mé, cip bén bé tong, chiéu day ban bung dim thép.
Trong thuc té, khi chét 1am viéc trong hé dam san lién hop chiu udn, sic khing truct doc ciia chot sé
con bi 4nh hudng do vi tri clia truc trung hoa déo. Tir két qué nay, cac thi nghiém tiép theo cin dudc
chuén bi ding phuong phap dé dua ra dugc cong thiic xac dinh stic khang trugt doc ctia chdt bé tong
ctia ddm LHT-BT c6 dim thép nam chim mdt phan trong ban san.
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