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NGHIEN CUU THUC NGHIEM DAM BE TONG COT THEP GIA CUONG
BOI NHIEU THANH THEP HINH CHIU UON PHANG

A - - 1
Tran Van Toan

Tém tit: Bai bdo nay gidi thiéu chwong trinh thire nghiém dé xdc dinh hanh vi va kha nang chiu
lue thue su ciia dam bé tong cot thép duoc gia cuong boi 3 thanh thép hinh chiu uén don. Pdc biét,
la qua trinh chiu lyc cua dam ké tir khi cdc vat liéu dat dén bién dang chay déo cho dén khi dut gay.
Noi dung bai bdo bao go”‘m mé ta dam thi nghiém, thiét bi, vdt liéu, so' do va quad trinh thuc nghiém.
Thi nghiém nay dwoc thuc hién tai Phong thi nghiém Co hoc két cdu cia Hoc vién Khoa hoc tng
dung Quéc gia Rennes, Phdp (INSA de Rennes). Dam thwc nghiém dwoc giiv nguyén kich thuéce
hinh hoc mdt cdt va chiéu dai, ciing nhu bé tri cot thép phia trong dam. Cdc dir lidu do dac thu
dwoc sé duoc xur Iy va phdn tich dé chi ra dién bién truyén luc co hoc khi dam chiu luc cho dén khi

bi pha huy.

Tir khoa: Thuc nghiém, dim bé tong cbt cing, thép hinh, udn don, chay déo, dit gay.

1. PAT VAN PE

Thuc té hién nay, két cAu bé tong cbt thép
dugc gia cuong boi nhiéu thanh thép hinh (Bé
tong cot cung) dugc tmg dung rat rong rai khi
xay dung cac tda nha cao tang nhu: Pearl River
Tower (China), Modern Media Center (China),
East Pacifc Center (China), Shanghai Tower
(China), One World Trade Center (USA), Willis
Tower (USA), Trump Tower Chicago (USA),
Empire State Building (USA), Bank of America
Tower (USA), Midtown Tower (Japan), Tokyo
Metropolitan Building (Japan), NTT DoCoMo
Yoyogi Building (Japan),... Dang két cdu nay
da duoc mot s tac gia trén thé gidi nghién ciru:
Trung Quéc, Nhat, My, Bi,... Nhung chua c6 chi
dan tinh toan thiét ké cho loai két cdu nay ma
cac tiéu chuan nhu Eurocode 4 (EUROCODE 4,
2005) va AISC2010 (AISC2010, 2010) mdi
dimg lai ¢ chi dan thiét ké cho viéc ting cudng
trong két cu bé tong cot thép bang mot thanh
thép hinh.Vi vy, viéc xac dinh kha nang chiu
luc thue su cta két cAu dam bé tong cbt cung
thong qua thuc nghiém 1a rat can thiét. Tur do,
chung ta s& c6 co so dé dé& xuat phuong phap
thiét ké va mo phong sy 1am viéc cia dang két
cu nay trén mo hinh sd. Trong pham vi bai
b4o ndy, ching toi s& gidi thiéu chi tiét qua

" Khoa Céng trinh, Truong Pai hoc Thiy loi.

trinh thuc nghiém dam bé téng cdt cing chiu
ubn phang.

2. MO TA THi NGHIEM

2.1. M6 ta miu dim thuc nghiém

So db tong thé vé ciu tao mau va bd tri tai
trong nhu Hinh 1. Mit cit ngang dam co6 dang
hinh chtt nhat 250x900mm vd&i 8p20mm thép
doc va 3 HEB 100 thép hinh (ngoai ra, con co
1006mm gia c6 bé tong tai vi tri dat tai) va
20¢6mm gia cd tai vi tri 2 géi tua), chiéu dai
dam 5000mm (Hinh 3, Hinh 4 va Hinh 5). Dam
duoc dat trén 2 géi tra cach nhau 2L=3750mm,
c6 tai trong dat o gitra (Hinh 2).
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Hinh 1. Mdt cdt ngang dam bé téng cot cimg
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Bang 1. Mé ta chi tiét cAc miu thi nghi¢ém

Tén Thép hinh Cot thép | Cotthép | Khoang cach | Két ndi giita thép | Khoang cach
mau P doc dai thép dai hinh va bé tong | gilta cac két noi
25 HA 50 thanh
CW | 3HEB100 | 8 HA 20 14 20 cm Nelson S3L16-75 20 cm
25 HA 34 tam
DW | 3HEB100 | 8 HA 20 14 20 cm 20x40x10 30 cm
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Hinh 2. So d6 thuwe nghiém
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Hinh 3. Bé tri chi tiét cot thép mau CW va DW

Hinh 4. Mdt cdt ngang mau CW
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Hinh 5. Mdt cdt ngang mau DW
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2.2. Ché tao miu dim thuc nghiém

Mau dim thyc nghiém duoc gia cong va
ché tao tai Phong thi nghi€ém Két ciu thudc
INSA Rennes, Phap. O day, tAt ca vat liéu su
dung, quy trinh san xuit, ciing nhu d6 bé tong,
bao dudng miu déu tuan thi cac quy pham
hién hanh vé& thi cong va nghiém thu két cu
bé tong cbt thép thuc té. Mau s& dugc bao
dudng du 28 ngay moi tién hanh thi nghiém
(Hinh 6).

2.3. Vat li¢u

Bé tong su dung dé duc dam thi nghiém 1a

C30 theo tiéu chuin Eurocode 2. O tudi 28
ngay, cuong do chiu nén cua bé tong dat f,., =
27,67 MPa (Hinh 8). Thi nghiém theo
(NFEN12390 - 32003, 2003).

Cbt thép gia cudng & day 1a loai thép co go
S500 B theo tiéu chun Eurocode 2 va S460
theo tiéu chuin Eurocode 3 (EUROCODE 3,
2005) cho thép hinh HEB 100. Céc gia tri Gng
suat chay déo (fy), ing suit 16n nhét (f,) va mo
dun dan hoi (E,) duoc xac dinh thong qua thi
nghiém (xem Bdng 3, Hinh 9 va Hinh 10). Thi
nghi¢m theo (EN100021, 2001).

Hinh 6. Cac budc ché tao mau

a) Cot thép va cac diém do bién dang cia

thép; b) D6 bé tong mau;

¢) Ly méu thi nghiém kiém tra cuong do bé
t6ng; d) Mau dam thi nghiém hoan thanh.

Bang 2. Mé ta chi tiét cAc miu thi nghi¢ém

Tudi 28 ngay O tudi thyc hién thi nghiém
Ténmau | S6lugng | Cuongdflon S6 lugng thi Cuong do 16n | SO ngay tudi
thi nghiém | nhatf,,, (MPa) nghiém nhatf.,, (MPa) (ngay)
CW 3 32,00 110
3 27,67
DW 3 32,73 165
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Hinh 7. Thi nghiém nén mau bé tong
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Hinh 8. Puong cong img sudt nén ciia bé téng

Bang 3. Két qua thi nghiém thép

Loai thép Jy (MPa) fu (MPa) S 1y E; (GPa)
¢ 20 mm 383,91 542,62 1,41 210,74
¢ 14 mm 633,26 656,34 1,04 207,46
HEB100 462,65 583,50 1,26 214,45

Véi: f, — 1a cuong do chiu kéo cua thép & gidi
han chay déo (MPa);f, — 1a cuong dd chiu kéo
16n nhét cta thép (MPa) va Eg — 1a mo dun dan
hdi cua thép.

2.4. Lip dit miu thi nghi¢ém

Dam thi nghiém duoc ché tao va lip dat dudi
dang dam chju udn don, dam duoc gitr trén 2 géi

twa boi 4 ddm c6 gin banh xe dinh hudng ludn ap
sap bé mat dim. Gbi tua, 4 tim PTFE va 4 dam
dinh huéng nay c6 nhiém vu han ché chuyén vi
theo phuong ngang, goc xoay quanh truc dam,
goc xoay quanh tryc thing dimg nhung khong han
ché chuyén vi theo phuong doc truc dim va
phuong thang dimg (Van-Toan TRAN, 2015).
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Luc tac dung Ién dam dugc dat & gitlra nhip boi 2
xi lanh thuy Iyc ¢6 kha ning gia tai dén 1500kN
(mbi xi lanh). Céc xi lanh gia tii dugc van hanh dudi
dang cung chuyén vi theo thoi gian. Toan bd hé

Po chuyén vi xoay
—»| Do truot

lP bién dang ciia bé téng (BT)
1 1 2 2

théng thi nghiém dugc dit trén hé thong gian thép
IPEA400 chia thanh 6 ludi 1250x1250mm (Hinh 11).

2.5. H¢ thong thiét bi do dac bién dang va
chuyén vi
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Hinh 12. Chi tiét vi tri de dat cac thiét bi do

Hé théng thiét bi do dac bao gém nhiéu dung
cu duoc dat ¢ cac vi tri khac nhau, ca trong va
ngoai dam. Co 4 dau do luc va 2 dau do chuyén
vi dugc gan tryc tiép trén 2 xi lanh gia tai. Dé
do bén dang udn coa dam, 5 dau do chuyén Vi
duoc gén doc theo truc dam. Dé tranh sai s6 vé
chuyén vi, 2 dau do chuyén vi duoc gin thém tai
vi tri giita dam. Pé do chuyén vi xoay ciia mit
cit ngang dam, 2 dau do goc xoay duoc dit phia
trén dam tai vi tri 2 gbi twa. Pé do chuyén vi
doc cua doc, 2 dau do chuyén vi duogc gén 0
phia cudi dam. Dé do sy trugt giita thép hinh va
bé tong xung quanh, 2 dau do chuyén vi duoc
gan trén thanh thép hinh phia trén (Hinh 12).

Pé do bién dang do kéo nén cia thép, 9 dau
do bién dang 3 chiéu dugc gin trén cac thanh
thép hinh, 22 dau do bién dang di dugc gin 1én
khung thép chiu luc (v6i 8 dau do gan trén cac
thanh thép doc va 14 dau do gan trén cac thanh
thép dai). Ngoai ra, dé do bién dang nén ctia bé
téng, 2 dau do bién dang di dugc gin trén bé

KHOA HOC KY THUAT THUY LT VA MOI TRUONG - SO 56 (3/2017)

mit bé tong phia trén dam thi nghiém. Chi tiét
vi tri dugc thé hién trén Hinh 12.

3. KET QUA THi NGHIEM

Qua trinh gia tai dé uén dam cho dén khi
dam bi pha hity, nhitng dién bién vé nut trén bé
mat bé tong s€ dugc ve€ lai dé 1am co so danh
gia su truyén lyc co hoc trong dam. Sau nita,
cac dit liéu thu dugc tir cac dau do chuyén Vi,
bién dang gin trén miu dam s& dugc xu Iy va
phan tich. Ngoai ra, cac pha nirt, mo hinh pha
huy ciling s€é dugc phéan tich.

Két qua thi nghiém chi ra rang cac miu dam
bé tong cdt ctng bi pha huy boi udn va cit. Qua
trinh pha huy dugc chia thanh 3 pha nhu sau:

Pha 1-Uébn thuan tiy: Cac vét niat do udn
(theo phwong thang dimg, bat du tir phia dudi
va phat trién dan 1én phia trén) xuat hién va phat
trién rat nhanh & vi tri gita nhip khi gia ting tai
trong & cac xi lanh (Hinh 15 va Hinh 18).

Pha 2-Uén va cdt dong thoi: Tiép tuc tang tai
thi cac vét niit do ubn ¢ giita dam tiép tuc phat

55



trién va mo rong thém, cac vét niit moi phat
trién thém vé phia 3 gbi tua. Pong thoi xuat
hién thém cac vét nirt chéo hudng tir trén diém
dat luc vé phia 2 géi tua do mé ment udn va luc
cit gay ra (Hinh 16 va Hinh 19).

Pha 3-Cat thuan tiy: Cac vét niit do udn va
cat khong phat trién thém ma chu yéu xuat
hién méi cac vét nut c6 huéng nghiéng
khoang 45° trén bé mit dam, dic biét xuit
hién nhiéu xung quanh diém dat lyc gia tai
(Hinh 17 va Hinh 20).

C6 thé thdy rang bién dang déo cua thép xay
ra du tién ¢ 16p thép chiu lyc dudi cung (thir 1)
g voi diém A va chuyén vi 13 A, sau d6 dén
bién dang déo cuia 16p thép phia trén (16p 2) ting
v6i diém B, va chuyén vi Ags hodc 1a 16p thép
hinh dudi cung (diém D va chuyén vi & Apg).
Kha nang chiu tai 16n nhat ciia dam twong tng
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Hinh 13. Puong cong tdi trong va chuyén vi
tai vi tri gitta dam mau CW

Sau khi kha nang chiu tai cua dam dat
910,8kN (chuyén vi 7,7mm) twong ung véi 16p
thép 1 dat dén chay déo thi dim vAn tiép tuc lam
viéc va kha ning chiu tai thyc t& van ting lén.
Khéa nang chiu tai cia dam dat dén giai doan
chdy déo chung xac dinh theo (Li Bo va nnk) 1a
1447 4kN (chuyén vi 159mm). Va thuc té

Tdi trong [kN]

tai diém F, va Ag, (xem Sau khi kha nang chiu
tai cua dam dat 910,8kN (chuyén vi 7,7mm)
tuong ung v6i 16p thép 1 dat d&én chay déo thi
dam van t1ep tuc lam vi¢c va kha nang chiu tai
thyc té van ting 1én. Kha ning chiu tai ciia dim
dat dén giai doan chay déo chung xac dinh theo
(Li Bo va nnk) la 1447,4kN (chuyén vi
15,9mm). Va thyc té thong qua thi nghiém nay,
sau khi dam dat d&én giai doan chay déo chung
thi kha ning chiu tai ciia dim van tiép tuc ting
1én dén khi pha hay 1a 1722,8kN khi chuyén vi
tang 1én dén 45,4mm. Piéu d6 cho thiy kha
nang chiu tai thyc sy cia dam thuc té 16n hon
19% so véi tinh toan thiét ké ciia Bo Li.

Béang 4, (Bdang 5 va cac Hinh 13 va Hinh 14).
Piém chju tai ma dam dat dén bién dang déo
chung (Fy va Agy) duoc xac dinh theo phuong
phap cta Bo Li (Li Bo va nkh).
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Hinh 141. Buong cong tdi trong va chuyén vi

tai vi tri gitta dam mau DW

thong qua thi nghiém nay, sau khi dam dat dén
giai doan chdy déo chung thi kha nang chiu tai
ctia dAm van tiép tuc tang 1én dén khi pha hay la
1722,8kN khi chuyén vi tang lén dén 45,4mm.
Piéu d6 cho théy kha nang chiu tai thuc sy cta
dam thuc t& 16n hon 19% so véi tinh toan thiét
ké ctia Bo Li.

Bang 4. Cac diém diic biét ciia tai trong ing véi cac bién dang déo ciia thép

Diém chay déo As Diém chay déo Bs Diém chay déo Ds
Mau 2 Chay déo cia thép chiu | Diém | Chay déo cuathép | Diém | Chay déo cua thép
biém do . .
luc do chiu lyc do hinh
CW | 71 |Thépchiulucuéniop1 | j4 | Chavdeoctathép | o, | Thanh thép hinh
chiu lyc dudi cung
DW 1 Thép chiu lyc udn 16p 1 14 Chay déo cua thép R1 Thgph ‘thep hinh
chiu lyc dudi cung
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Bang 5. Cac diém diic biét ciia tai trong ing véi chuyén vi cia diém giira nhip dim

Piém chay |Diém chay déo |Diém chay déo| Diém co lyc |Diém chay déo
< déo A, B, D, 16n nhét F, F, Mo hinh pha
Mau hi
Fao | Aas | Foo | Ags | Foo | Ane | Fro | A | Fry | Ay uy
(kKN) | (mm) | (kN) | (mm) | (kN) | (mm) | (kN) | (mm) | (kN) | (mm)
CW [897,6| 7.9 [1402,0| 15,1 [1455,3| 15,9 |1677,9| 57,2 |1428,1| 16,4 | Ubn va cét
DW |924,0| 7,4 |1610,3| 16,9 |1435,5| 13,5 |1767.6| 33,6 |1466,6| 15,3 | Ubn va cit
Trung binh|910,8| 7,7 |1506,2| 16,0 |1445,4| 14,7 |1722,8| 45,4 |1447,4| 15,9

Hinh 15. CW-Pha 1: Cdc vét nitt xudt hién khi gia tdi dat 600kN

T LS

Hinh 16. CW-Pha 2 va pha 3: Cdc vét nirt chéo xudt hién do uon va cdt

4. KET LUAN

Nhu vay, thong qua qua trinh thyc nghiém,
ta thay ro rang dam bé téng cbt cimg bi pha
huy theo mé hinh udn-cét boi su chay déo dén
dut cua cac 16p thép chiu lyc. Piéu nay duoc
thé hién rd thong qua cac sb liéu do dac vé
bién dang cdt thép trong cac mau va qua trinh
quan sat sy phat trién vét nut trén bé mat dam.

Diam BTCT théng thudng c¢6 kha ning chiu

KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 56 (3/2017)

udn ung v6i tai trong 16n nhat 1a 721,3kN
(Tran Van Toan, 2016), trong khi d6 dam
BTCT véi su ting cuong bdi 3 thanh thép hinh
HEB100 c6 thi kha ning chiu uén tmg véi tai
trong 16n nhit ciia cic mau CW va DW twong
ung la 1677,9 kN va 1767,6kN (Bang 5). Nhu
vay, kha ning chiu udn cia dam bé tong cot
cling tang 1én (2,3-2,5) lan so véi dam BTCT
thong thuong.
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4)..

Hinh 20. DW: M6 hinh vét nitt & giai doan cudi trude khi dam bi giy
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Két qua thi nghiém thu duoc phan anh dang 1a co s dé dé xuat phuong phép tinh toan thiét
thuc té 1am viéc ciia dam bé tong cdt cimg. Pdy  ké va mo hinh s6 hoa phan tich loai két cau nay.
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Abstract:
EXPERIMENTAL STUDY OF COMPOSITE STEEL-CONCRETE COLUMN WITH
SEVERAL FULLY ENCASED STEEL PROFILES SUBJECTED TO SIMPLE BENDING

The article presents the details of the experimental program dealing with the behavior and the real
load bearing capacity of composite steel-concrete beam with several fully encased steel profiles
(hybrid steel-concrete beam) subjected to simple bending. Especially identify the bearing capacity
while the materials were yielded until failure. Contents of the paper consist: descriptions of the
specimens and their fabrication, material property information and test layout and procedure
details. These test specimens were prepared and tested at the Structures Laboratory of the INSA
Rennes, France (National Institute of Applied Sciences of Rennes). The experimental beam full
scaled the sectional geometry size and length, as well as the layout of reinforcing steel. The
measurement data obtained will be processed and analyzed in the detail to point out the mechanical
force transmission behavior inside the reinforced concrete beam under simple bending until failure.
Keywords: Experiment, hybrid steel-concrete beam, profile, simple bending, plastic, failure.
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