56

TAP CHI NGU'G1 XAY DUNG
5O 397 THANG 4 - 2025

THi NGHIEM TAI TRONG TACDONG DO TRONG VAT RO1 TOC DO THAP Vi

NANG LUONG TANG VA KHONG ol

LOW-VELOCITY DROP-WEIGHT IMPACT LOADING EXPERIMENT WITH INCREASED AND

CONSTANT ENERGY

> TS. L& Huy Sinh - Gidng vién Trutng Bai hoc Kién tric Ha NGi
B 0983145428 / Email: sinhlh@hau.edu.vn

Tom tat: Bai bao nay tap trung vao phuong phap dan tam
polyme c6t soi aramid (AFRP) dé€ nghién ctiu anh huéng cta
nang lugng dau vao gia ting va khéng déi sau méi budc tai
dén kha nang chiu tai va ché d6 pha hoai ciia dam bé tong
c6t thép (BTCT) gia cuding chiu tai trong tac dong do trong
vét roi toc d6 thap. Tam dam dugc thi nghiém chiu tai trong
dong: sau dam BTCT dugc gia cudng véi khoi lugng tam
415g/m? va hai dam BTCT khéng dugc gia cudng dé so sanh.
Chiéu cao roi ctia trong vat da duoc thi nghiém la H=0.5; 1.0;
2.0; 2.5 va 3.0 m. Sau day la nhiing phat hién ctia nghién ctiu
nay: (1) Lich strthai gian ctia cac phan tng dong clia cac dam
BTCT ¢6 hodc khéng gia cudng gan nhu giéng nhau bat ké
s6 lan tai; (2) Trong trudng hgp dam BTCT khong dugc gia
cuding, cac chuyén vi cuc dai/du gan nhu giéng nhau bat ké
s6 lan tai; (3) Trong trudng hgp dam BTCT dugc gia cudng,
cac chuyén vi du c6 xu hudng giam, trong khi cac chuyén vi
cuc dai ¢ xu huding ting sau méi budc tai; va (4) G ciing gia
tri nang lugng dau vao tich 1y, dd chuyén vi tuyét d6i ctia cac
dam chiu tai trong téc dong vdi ndng luong khong déi nhd
han dang ké so véi cac dam chiu tai trong téc dong véi ndng
lugng gia tang.

Tir khéa: Tam polyme c6t soi, Gia cudng, Tai trong tac dong
do trong vat roi, Dam bé téng c6t thép, Nang lugng khong
déi va gia tang.

1. Gidi thiéu

Trong cac nghién ctu trudc [1-6], cic tim
AFRP dugc ap dung dé gia cuong dam BTCT chiu
tai trong tac dong. Cac thi nghiém dugc tién hanh
bang phuong phdp tai trong don [1-3] hodc phuong
phép tai trong lién tiép [4-6] cho mdi dim. Anh
hudng cta thé tich tim va nang lugng tac dong dau
vao da dugc nghién ctiu va thao luan.

Tuy nhién, trén thuc t€, cac két cau BTCT co
thé chiju tai trong tac dong do trong vat roi & to¢c
do thip véi ning lugng gia tang va khong d6i sau
moi budc tai. Trong bai bao nay, nghién ctu tap
trung vao cac dac tinh chong tac dong ctia cac dam
BTCT, cac thi nghiém chiu tai trong tac dong do
trong vat roi ¢ toc do thap véi nang lugng gia tang
va khong d6i sau méi bude tai da dugc thuc hién
trén cdc ddm BTCT dugc gia cudng udn bang cac

Abstract: This paper focuses on the aramid fiber-reinforced
polymer (AFRP) bonding method to investigate the effects of
increased and constant input energy after each loading step
on the load-carrying capacity and failure modes of reinforced
RC beams subjected to impact loading by low-velocity drop-
weight. Eight beams were subjected to impact loading: six
reinforced RC beams with a sheet volume of 415 g/m2 and
two unreinforced RC beams for comparison. The drop-height
of the tested weight is H= 0.5; 1.0; 2.0; 2.5 and 3.0m. The
following are the findings of this study: (1) The time histories
of the dynamic responses of reinforced and unreinforced
RC beams were almost the same regardless of the number
of loading steps; (2) In the case of unreinforced RC beams,
the maximum/residual displacements were almost the same
regardless of the number of loading steps; (3) In the case
of reinforced RC beams, the residual displacements tend to
decrease, while the maximum displacementstendtoincrease
after each loading step; and (4) At the same cumulative input
energy, the absolute displacements of beams subjected to
constant-energy impact loads are significantly smaller than
those subjected to incremental-energy impact loads.
Keywords: Fiber-reinforced polymer sheets, Reinforcement,
Drop-weight impact loading, Reinforced concrete beams,
Constant and increased energy

tdm polyme c6t sgi aramid (AFRP) dan két bén
ngoai. Dam BTCT khong gia cudng cling dugc
thi nghiém véi nang lugng dau vao khong doi dé
so sanh. Thé tich tdm va nang lugng tic dong dau
vao tich lay da dugc nghién ctu d€ danh gia hiéu
qua gia cudng ctia ddm. Thé tich tdm dugc st dung
415g/m>. Chiéu cao roi cta trong vat da dugc st
dung la H = 0.5 va 1.0m cho cac mau tht v6i mtic
nang lugng dau vao khong déi. Chiéu cao roi tii 1.0
dén 3.0 m dugc dung dé€ thi nghiém cac dam véi
muic nang lugng dau vao gia tang. Dya trén két qua
thi nghiém, lich st thai gian ctia cac phan ting dong
va moi quan hé gitia chuyén vi cuc dai/du va nang
lugng tac dong dau vao da dugc thao luan.

2. Phuong phap thi nghiém

Céc mau vat dugc sti dung trong thi nghiém
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Bang 1. Danh sach cdc mau thi nghiém

Mau thi Ning Cuong Cuong
nghiém ) lugng ddonén db chiu

dau  coabé kéocla
vao tong  cotthép
thucté /. docf,
E(J) (MPa) (MPa)

N-C-H0.5 6 05 319 153 343 393.7
N-C-H1.0 310 459 3.5
A415-C-HOS 9 05 304 148 343 393.7
4
2

A415-C-H1.0 1.0 448% 301

A415--H1 1 445 297 337 371.0
2 6.12 561

AMI5H2 2 2 624 585
25 699 733

A15--H25 2 25 699 733
30 772 89

MI-HH3 1 3 752 85

* Gia tri trung binh cho toan bd cdc mau thi nghiém

nay dugc liét ké trong Bang 1. Trong bang nay, tén
danh nghia cia mau véat dugc chi dinh theo thi
ty vat liéu gia cuong (A: AFRP), phuong phap gia
tai (C: tai trong tac dong lién tiép v6i ning lugng
khong d6i va I: tai trong tac dong lién tiép véi ndng
lugng tang dan) va chiéu cao roi ctia trong vat Hn
(n: chiéu cao roi theo don vi mét) véi dau gach
ndi. Trong Bang nay, nang lugng diu vao thuc té
(E, = mv?/2) dugc udc tinh dya trén trong lugng
cua trong vat roi (m = 300 kg) va téc do roi do
dugc cua trong vét (v) ngay trudc khi tac dong véi
bé mat trén ctia dam. Cuong do chiu nén cua bé
tong va cuong do chiu kéo ctia cot thép doc cling
dugc liét ké trong bang nay.

¢
P
Tém thép ¢ dinh 9 mm Thép doc D19 Cét dai D10 @ 100 -
Mat cdt by
soceim TN =
1200, 3000 5 200,]
ol 3400 >
Tém AFRP - Cam bién do bién dang
Mit day | T ] gj
dim I ! S
1250, 2900 250 |
=
ellg Tém AFRP |
Mit cit ngang ii@ “}“‘ k 3 (mm)
qlzo)abxr 200 |

200
Dam N-S Dim A-S

Hinh 1. Kich thudc mau thi nghiém va bé tri ot thép va tam AFRP
Hinh 1 mo ta kich thudc thi nghiém, b6 tri c6t

thép doc, c6t dai va tdim AFRP. Bé tong tron sdn
dugc stt dung d€ duc dam tai cong trudng véi bang

Bang 2. Bang ty Ié tron bé tong

W/C S/
(%0) (%)

Trong lugng don vi (kg/m’)

Nudc  Xi Gitlieu Gotlieu Phu
W mangC nhéS InG  giaAd
524 43.0 154 29 812 1064 2940

Bang 3. Déc trung co hoc ctia cac tam AFRP
Khdilwong  Chiéu Cuongdd  Médun  Biéndang
diéntich day kéo(GPa)  danhdiEf phdhoai
(g/m?) (mm) (Gpa) fu (%)
415 0.286 2.06 18 175

Bang 4. Dac trung co hoc clia nhua epoxy

Cuongdd Cuongdonén Cuongddcit  Cudngdé chat
uén (MPa) két dinh (MPa)

40 35 10 15

udn(MPa) (MPa)

ty 1¢ tron nhu trong Bang 2. Cac tdim AFRP dugc
dén v6i cdc bé mat chiu luc ctia ddm, dé lai 50mm
gitia phan cudi ctia moi tdm va diém géi tya. Dam
gia cuong dugc dan boi mot tim AFRP trén mot
16p ¢4 khoi lugng dién tich 1a 415 g/m?, cich thic
thuc hién tuan tht theo "Hudng dan thiét ké va thi
cong hé thong FRP lién két ngoai d€ gia cuong két
cdubé tong” [7] . Bang 3 liét ké cac thong s6 vat liéu
cua cac tim AFRP, do nha san xudt Fibex cung cép
[8]. Thi nghiém dua trén JIS K 7165 [9] dé xac dinh
cac tham s6 nay. Chét két dinh dugc sti dung délién
két tdm voi nén bé tong la nhua epoxy c6 cac dic
trung co hoc dugc liét ké trong Bang 4.

Thi nghiém tai trong tac dong (xem Hinh 2)
dugc thyc hién bang cach tha lién tuc mot trong
vat thép c6 khoi lugng 300 kg va dudng kinh dau la
200mm & d¢ cao roi khong déi (H = 0.5 va 1.0m)
hodc gia ting (H = 1; 2; 2.5 va 3.0m) cho dén khi
dam dat dén trang thai t6i han.

Trong thi nghiém nay, lich st thoi gian cta Iyc
dong P, luc phan ting R va chuyén vi gitia nhip D
(sau day goi la chuyén vi) va phan b6 ting sudt doc
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Hinh 4. So sanh lich sir thi gian cta luc tac ddng P, luc phan ting R va chuyén vi D giifa cdc budc tai cho Dam A415-C-H0.5/A415-C-H1.0

ctia cac tim AFRP da dugc do. Chuyén vi ctia dam,
bao gébm ca chuyén vi du sau khi chiu tai trong tac
dong, da dugc do bang cach stt dung Bo chuyén déi
chuyén vi tuyén tinh bién thién (Linear Variable
Displacement Transducers-LVDT) loai laser. D
liéu dau ra nay dugc ghi lai lién tuc bing cach su
dung may ghi di liéu ky thuat s6 véi thai gian 1dy
mau la 0,1 ms.

3. Két qua thi nghiém

3.1 Lich st thoi gian ctia luc dong, luc phan tng va

chuyén vi

Hinh 3 cho thdy su so sanh lich sti thoi gian cta
luc dong P, tong luc phan ting (sau day goi la phan
luc) R va chuyén vi D d6i v6i dam N-C-H0.5 va
N-C-H1.0 sau cac thi nghiém tai trong tac dong lién

tiép nang lugng khong d6i. O do cao roi ctia trong
vat H = 0.5 va 1.0m, s6 1an tai cho dén khi ddm dat
dén trang thai t6i han lan lugt 1a 3 va 6 lan. 6] day,
két qué dugc hién thi cho ddm N-C-H0.5 & budc tai
tht 1, thi 3 va tht 6 va cho dAm N-C-H1.0 & tat ca
céc budc tai. Trong cac so sanh nay, méi lich st thoi
gian chi danh cho budc tdi da chi dinh va cac phan
ung tich lay do tai trong lién tiép khong d6i khong
dugc dua vao.

Hinh 3 (i) cho thay két qua phan ting dong doi
véi ddm N-C-HO0.5 & d6 cao roi H = 0.5m. Tu két
qua luc tac dong P, c6 thé thdy rang: 1) Luc tac
dong cuc dai xdp xi 660, 635 va 400kN & budc tai
tht nhat, thu ba va thu sau. Luc tac dong cuc dai &
modi budc tai gidm dan do dién chiu tai hu hai ti tai
tac dong lién ti€p; va 2) Thai gian phan ting doi véi
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Bang 5. Gia tri phan ting dong luc hoc cuc dai ctia dam chiu tai trong
tdcdong

Mauthi Budc Chieu Nang Luc ~ Phan  Chuyén Chuyén
nghiém tdi o  lugng dong  luc vicue  vidu
roi dau cicdai e dai Dres
thiét  vao Pmax dai Dmax  (mm)
lapH  thucté (kN)  Rmax (mm)
(m)  Eik) (kN)

N-C- 1 0.5 153 663 105 24 8.62

HOS 3 15 635 156 255 90
6 149 403 168 288 1001
NCGHT 1 10 315 948 29 M2 BT
2 35 745 M4 45 471
3 35 400 B8 45 2183
2 35 793 283 388 22
M- 1 05 146 487 130 209 394
GHOS 3 153 58 16 216 352
6 146 475 150 29 230
9 146 330 74 44 136
M- 1 10 297 89 250 338 1268
o 306 9% 271 339 970
3 297 75 27 362 768
4 306 578 287 385 IR

song thi hai khoang 10 dén 15ms ¢ xu hudng bi
cham lai trong vai ms khi tang s6 14n tai vi do cting
udn gan vung tai giam do hu hai tich ty.

Trong truong hop luc phan ting R, gid tri cuc dai
xdp xi 105, 155 va 170 kN & budc tai thu nhét, thu
ba va tht sau. Luc phan ting cuc dai c6 xu huéng
tang dan khi tang s6 lan tai. Tu phan tng chinh, c6
thé thdy diém tai bi hu hai diang ké & lan tai thu 6,
kéo dai hon khoang 10ms so véi lan tai thi nhat. Vi
vay, chu ky dao dong tu nhién ctia ddm sau khi d&
tai c6 xu huéng kéo dai.

Trong trudng hop chuyén vi D, gia tri cuc dai
la khoang 24, 25 va 28 mm cho mdi budc tai trén

va chuyén vi du lan lugt la khoang 8.5, 9 va 10mm.
Chuyén vi cyc dai va chuyén vi du ¢ xu hudng tang
theo s6 lan tai.

Hinh 3 (ii) cho thay két qua ctia cac phan ting
dong d6i véi dam N-C-H1.0 6 d6 cao roi H = 1.0m.
So sanh lich st thoi gian cua luc tac dong, luc phan
ting va chuyén vi véi trudng hgp H = 0.5m, c6 thé
théy rang khong c6 su khéc biét dang ké nao trong
ting trudng hop, ngoai trii chu ky. Cac gia tri phan
tng cuc dai dugc mo ta trong Bang 5. Tt bang nay,
6 thé thiy rang luc tdc dong va luc phan tac cuc dai
c6 cung xu huéng véi truong hgp H = 0.5m. Tuy
nhién, chuyén vi cuc dai/du hau nhu khong déi khi
tang s6 lan tai.

Hinh 4 cho thdy su so sanh vé lich st thoi gian
cua luc tac dong, luc phan ting va do chuyén vi d6i
voi ddm A415-C-HO0.5 va A415-C-H1.0 sau cac
thi nghiém tai trong tdc dong lién ti€p nang lugng
khong déi. O d6 cao roi trong lugng H = 0.5 va 1.0
m, s6 1an tai cho dén khi ddm dat dén trang thai t6i
han Ian lugt 14 9 va 4 1an. O day, két qua dugc hién
thi cho dam A415-CI-HO0.5 & budc tai thit 1, 3, 6 va
9, va cho dAm A415-CI-H1.0 & tat ca cdc budc tai.

Hinh 4 (i) cho thdy két qua cta cac phan tng
dong doi véi dam A415-C-HO0.5 & d6 cao roi H
= 0.5m. Tu két qua c6 thé thdy xu hudng luc tac
dong/phan luc cuc dai va chuyén vi cuc dai tuong
tu nhu ddm N-C-HO0.5 ngoai trii chuyén vi du c6 xu
huéng giam dan tuong tGing véi s6 budc tai.

Hinh 4 (ii) cho thay lich st thoi gian cta cac
phan ting dong doi véi dam A415-C-H1.0 & do cao
roi H = 1.0 m. Két qua cho thdy xu hudng cua luc
tac dong/phan ting cuc dai va chuyén vi cuc dai/du
tuong tu nhu ctia ddm A415-C-HO0.5.

Céc gia tri phan ting cuc dai cia cac dam A415-
C-H0.5/1.0 cting dugc mo ta trong Bang 5.

T cac s6 liéu trén, cac phat hién chi ra ring:
1) Lich st thoi gian ctia cac phan tng dong cta
dam gan nhu gidéng nhau bat ké s6 14n tai; 2) Trong
truong hgp ddm BTCT khong dugc gia cuong, cac

- Thi nghi¢m tai trong tac dong vdi mirc

ning lwong thip khong dbi

—=— A415-C-HO.5 —e— A415-C-H1.0

- Thi nghi¢m tai trong tac dong vdi mirc
nang luong gia ting
—— A415-1-H1.0-2.0 —v— A415-1-H2.0-2.5
—>— A415-1-H2.5-3.0 A415-1-H3.0
2 Ki hiéu dién mau tring: truong hop tAm bi bong

Ning luong tic dong tich luy (kJ)
a) Chuyén vi cwe dai tuyét dbi
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Hinh 5. Méi quan hé giita cac gia tri phan (ing cuc dai tuyét déi va nang luong tac ddng dau vao tich liiy Ea cho dam A415: (a) Chuyén vi cuc dai

tuyét ddi; va (b) Chuyén vi du tuyét doi
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chuyén vi cuc dai/du gan nhu giéng nhau bat ké s6
lan tai; va 3) Trong truong hop dam BTCT dugc gia
cuong, luc tac ddong gan nhu cuc dai va cac chuyén
vi cuc dai c6 xu hudng giam, trong khi luc phan
ung cuc dai va cac chuyén vi cuc dai ¢é xu hudng
tang khi tang cac budc tai.

3.2 Mdi quan hé gitra gia tri phan (ing cuc dai va nang

lugng tac dong tich luy

Hinh 5 cho thdy su phéan b6 cta chuyén vi cuc
dai tuyét déi va chuyén vi du theo nang lugng tac
dong dau vao tich lay cho tat ca cac ddm thudc vé
dam A415.

Tu Hinh 5 (a) va (b), ¢6 thé quan sat thdy nhiing
phét hién sau: 1) Chuyén vi cuc dai tuyét doi va/hodc
chuyén vi du cho cdc dam chiu tai trong tac dong
lién tiép cling tang tuyén tinh tuong ting véi mic
nang lugng tac dong dau vao tich liy; 2) Tuy nhién,
do doc tang ctia cac dam trong cac thi nghiém tai
trong tac dong v6i nang lugng thip khong déi nho
hon déng ké so v6i do doc cua cac dam trong cac
thi nghiém tai trong tac dong véi nang lugng gia
tang. Diéu nay cling c¢é nghia la & cing mdt mic
néng lugng tich luy dau vao, chuyén vi cuc dai/du
tuyét doi cé xu hudng tang khi chiéu cao roi thiét
lap gia tang; va 3) Trong truong hop cac thi nghiém
tai trong tac dong voi nang lugng gia tang, tat ca
cac dam déu bi pha hoai do tdm bi tach/ntt, trong
khi trong truong hgp cac thi nghiém tai trong tac
dong véi niang lugng thap khong doi, tat ca cac dam
déu bi pha huy do bé tong bi nghién nat gan diém
chiu tai.

4Kétluan

Trong bai bao nay, nghién ctiu tap trung vao
cac thi nghiém tai trong tac dong lién ti€p véi nang
lugng thap khong ddi va gia tang véi cac ddm BTCT
dugc/khong dugc gia cuong udn bang tim polyme
gia cuong soi Aramid (AFRP). Mot vat nang 300kg
dugc roi lién tiép cho dén khi dam dat dén trang
thai t6i han. Chiéu cao roi cua trong vat da dugc
chonla H=0.5va 1.0m va tit 1.0 dén 3.0m cho céc
mau tht v6i mic nang lugng dau vao khong déi
hodc gia ting. Cac két qua thu dugc ti nghién ctiu
nay nhu sau:

1. Lich sti thoi gian ctia cac phan ting dong ctia
tat cd cdc ddm gén nhu gidng nhau bat ké s6 lan tai;

2. Trong truong hgp dam BTCT khong dugc
gia cuong, cac chuyén vi cuc dai/du gan nhu giong
nhau bt k€ s6 14n tai;

3. Trong truong hgp dam BTCT duogc gia
cuong, chuyén vi cuc dai c¢6 xu hudng tang trong
khi chuyén vi du c6 xu huéng gidm khi tang cic
budc tai;

4. Chuyén vi cuc dai tuyét d6i va/hodc chuyén
vi du cho cac dam chiu tai trong tdc dong lién tiép
tang tuyén tinh tuong ting véi lugng ning lugng tac
dong dau vao tich lay;

5. Tuy nhién, d doc ting ctia dam trong cac
thtt nghiém tai trong tac dong véi nang lugng thap
khong d6i nho hon dang ké so véi cac trudng hop
¢6 ning lugng gia ting.d
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