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Abstract. Corrosion of embedded reinforcing steel is widely accepted as the primary
contributor causing premature damage to reinforced concrete (RC) structures. The Textile
Reinforced Concrete (TRC) system is a relatively new technology in reparing and
strengthening concrete structures, including flexure, shear, and confinement. This paper
reports an experimental investigation on the shear behavior of the corroded RC beams with
stirrups having different levels of corrosion. The shear resistance contributions from the
corroded RC beams and carbon TRC at various volume ratios were carefully examined.
Eighteen beams were tested, including twelve beams subjected by an electrochemically
accelerated aging technique for 60 and 90 days to obtain the theoretical mass loss in their
stirrups of 10% and 20%, respectively. The stirrups were locally corroded in the shear span. A
three-point bending test was applied to observe the shear behavior of the corroded beams.
Eight corroded RC beams were strengthened with 2 and 3 layers of carbon textile in the form
of U-wraps. The objective of the test program was to investigate the shear performances of
strengthened beams loaded up to failure, including load-deflection behavior, crack patterns,
ultimate capacities, and modes of failure. For the severely damaged beams, the shear strength
in the specimen was strengthened by the 2-layers and 3-layers improved 42.5% and 60.6%.

Keywords: textile-reinforced concrete, strengthen, corroded stirrups, carbon textile.

© 2022 University of Transport and Communications

111


https://doi.org/10.47869/tcsj.73.2.2

Tap chi Khoa hoc Giao thong van tai, Tap 73, S6 2 (02/2022), 111-126

Tap chi Khoa heoc Giao théng van tai

NGHIEN CUU THUC NGHIEM XAC PINH UNG XU CHIU CAT
CUA DAM BE TONG CO COT THEP PAI BI AN MON PUQC
TANG CUONG BANG BE TONG COT LUOI DET

Nguyén Huy Cuwong®”, Pinh Hiru Tai', Lé Minh Canh?
Truong Dai hoc Giao thﬁng van tai, S6 3 Cau Giéy, Ha Noi, Viét Nam
2Phan hiéu tai Thanh pho H6 Chi Minh, Truong Dai hoc Giao théng van tai, 450-451 Lé Vin
Viét, TP. HO6 Chi Minh, Viét Nam

THONG TIN BAI BAO

CHUYEN MUC: Céng trinh khoa hoc

Ngay nhan bai: 13/07/2021

Ngay nhan bai stra: 27/09/2021

Ngay chap nhan dang: 15/10/2021

Ngay xuét ban Online: 15/02/2022
https://doi.org/10.47869/tcs].73.2.2

* Téc gia lién h¢

Email: nguyenhuycuong@utc.edu.vn; Tel: +84989832425

Tom tat. An mon cdt thép trong bé tong 1a mot trong nhitng nguyén nhan chinh giy ra hu
hong va suy thoi cho két ciu bé tong cbt thép. Bé tong cbt ludi dét (TRC) 1a mot cong nghé
méi trong viéc sira chita va ting cuong két cau bé tong, bao gém ca ting cuong suc khang
udn, stc khang cat va stc khang nén. Bai bao nay trinh bay mot s két qua nghién ctu thyc
nghiém dé xac dinh ang xur chiu cat caa dam bé tong c6 cot thép dai bi dn mon dugc ting
cuong bang bé téng cét ludi dét (TRC). Stc khang cét cua cac dam BTCT bi an mon va cua
I6p TRC véi ham lugng cdt ludi dét thay doi s& duoc danh gia chi tiét. Trong nghién ciu nay,
c6 18 dam duoc thi nghiém, trong d6 c6 12 dim dugc gia tbe qua trinh an mon dién hoa trong
thoi gian 60 va 90 ngay dé dat dugc mirc do mat mat khdi luong ly thuyét 10% va 20% véi
cdt thép dai. Qua trinh di¢n hoa dugc thuc hién ddi véi cbt thép dai trong doan chiéu dai chiu
cit caa dam thi nghiém. Cac dam d6i chimg duoc thi nghiém uén ba diém dé xac dinh sic
khéng cit. Tam dam BTCT bi an mon duoc ting cudng véi 2 va 3 16p ludi soi cac bon, ¢é ciu
trdc dang chr U. Muc tiéu nghién cttu cua chuong trinh thi nghiém nay 1a xac dinh ung xu
chiu cét cua cac dam dugc ting cudng, bao gdm quan hé lyc — do vong, cau trac vét nat, sic
khang cat va cac dang pha hoai. Két qua thi nghiém cho thiy, ddi véi cac dam bj dn mon
manh, stc khang cét cua cac dam dugc ting cuong bang 2 va 3 16p ludi soi da ting 1én 42,5%
va 60,6%.

Tir khoa: bé tong cbt ludi dét, tang cuong, cbt dai bi an mon, cbt ludi dét cac bon.
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1. PAT VAN PE

An mon cbt thép trong bé tdng la mét trong nhimg nguyén nhan chinh gy hu hong va
pha huy két cau bé téng cét thép (BTCT) ¢ Viét Nam ciing nhu trén thé gisi. Qua trinh cot
thép bi an mon s& gy nut 16p bé tong bao vé, gay ra mat mat dién tich tiét dien cot thép, lam
giam stc khang xubng téi mac gay nguy hiém cho trang théi giGi han chiu luc. Tuy nhién,
viéc thay thé cac cong trinh nay doi hoi khdng chi kinh phi xay dung 16n ma con nhiéu van dé
phét sinh khi pha bo cong trinh cii di va thay thé bang cong trinh méi, dac biét 1a van dé dam
bao giao théng ddi véi cac cong trinh co sé ha tang duong bo, dudng sit. Do do, trén thé gidi
da phat trién nhiéu loai vat liéu tién tién, c6 tinh ning tot dé sira chita va ting cuong kha ning
chiu lyc cho két cdu bé tong cii. Hién nay, dd c6 nhiéu cong nghé sira chira, ting cuong két
chu BTCT dugc tng dung ¢ Viét Nam, bao gom: cong nghé boc “40” BTCT (reinforced
concrete jacketing), dan ban thép, du tng lec ngoai, dan bang vat liéu polymer cot soi FRP
(fiber reinforced polymer) v.v. Cac cong nghé nay déu cé nhitng wu d1em va nhugc diém
riéng, hau hét déu tap trung vao viéc cai thién kha nang chiu luc cho két cau. Tuy nhién, nhin
chung céc loai vat liéu nay chua thé ung dung hiéu qua trong cac diéu kién moi truong khic
nghiét, cling nhu tinh &n mon manh. Do d6, cac phuong phap nay con nhiéu han ché trong
viéc stra chita va tang cuong két ciu BTCT & ving ven bién.

Bé tong cot ludi dét (Textile Reinforced Concrete, TRC) 14 mot loai bé téng hat min c6
cdt dang luéi dugc dét tir soi cac bon hay soi thuy tinh khang kiém. Ludi soi dét 1a vat liéu c6
nhiéu wu diém dic biét nhu c6 ‘cuong do cao, trong lugng nhe va c6 do bén v&i moi truong rat
cao [1]. Hién nay, da c6 mot sb nghién cau vé tng dung TRC trong viéc tang cuong, stra chira
két Cau cii & nhiéu nudc trén thé gi6i[1-3]. TRC ¢ thé sir dung dé tang cuong hiéu qua cac
két cau dam, cot, ban chiu uén, cét, nén va x0an khong chi ¢ trang thai gisi han cuong do ma
con cai thién kha nang chéng nut tét cho két cau. Cac két qua nghién ctiru con cho thay, TRC
phil hop dé ap dung phuong phap bao vé ca tét dé chong an mon cho cdt thép trong bé tong.
Vi phuong phép nay, TRC vira dong vai tro ting cudng chiu lyc vira dong vai trd chdng an
mon cho cét thép [4]. Hién nay, dd c6 mot s6 lugng 16n nghién ctu sir dung TRC dé ting
cuong suc khang cat ciia dam BTCT chua bi an mon [5-8]. Blanksvérd [5], Azam [6], Escrig
[7] va Tzoura [8] da khao sat hi¢u qua ting cuong suc khang cit cho dam BTCT véi nhiéu
loai ludi sgi khac nhau, bao gém: soi thuy tinh, soi cac bon, soi PBO, soi bazan. Trong cac
nghién ctu nay, TRC duogc “trat” 1én cac mat cua dam dé cac bd soi lam viéc twong tu nhu
cot thép dai hay c6t thép xién. Pong thoi, cAc tac gia da nghién ciru anh huong cau tric ting
cudng khac nhau nhu ting cuong ¢ 2 mat, 3 mit va 4 miat caa dam [5]; thay doi loai luéi soi,
s6 16p ludi soi, phuong cua ludi soi [6]; thay ddi loai bé tdng hat min [5]; so sanh hiéu qua
tang cuong vai vat liéu FRP [8] v.v.

Trong khoang 10 nam qua, dd c6 mot s it nghién ctru da thyc hién dé danh gia wng xuor
chiu udn cua két ciu dam BTCT di bi an mon, duoc ting cudng bang TRC [9-11]. Tuy nhién,
chua c6 nghién ctru nao dwoc thuc hién dé ting cudng stc khéng cit cho két ciu dam BTCT
da bi an mon. Elghazy [9] da thuc hién viéc gia cuong cho dam BTCT bi n mon bang TRC
soi cac bon va cho thay, viéc gia cuong da khoi phuc ca d6 cung va stc khang udn cua két
cau dam. El-Maaddawy [10] nghién citu ang Xt chiu ubn cia dam BTCT tiét dién chit T da bi
an mon, duoc stra chita va gia cuong bang TRC sgi cac bon va soi bazan. Két qua nghién ciu
cho thiy, TRC soi bazan da khéng khdi phuc toan bé sic khang udn cua dam bi dn mon,
trong khi TRC soi cac bon c6 thé khdi phuc dén 109% stic khang. Oluwadahunsi [12] sir dung
TRC dé ting cuong sic khang udn cho cac dam BTCT c6 muc do an mon cbt thép 1a 10 va
20%. Sau khi ting cuong, suc khang caa dam c6 thé ting tir 5,3 dén 26%.
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Trong thuc té, hau hét cac két ciu can duoc stra chita va ting cudng déu xuat hién sy hu
hong do dn mon cdt thép trong bé tong. Tuy nhién, cho dén nay, trén thé gisi chua c6 nghién
ctru nao duoc thuc hién dé danh gia hiéu qua ting cudng sic khang cat cho dam BTCT ¢ cét
thép bi an mon bang TRC. Bai béo nay sé& trinh bay mot sé két qua nghién ciu thuc nghiém
dé xac dinh tng xu chiu cat ciia dam bé téng c6 cdt thép dai bi an mon duoc ting cudng bang
TRC sir dung ludi soi cac bon. Céc tham s thay ddi trong nghién ciu ndy 13 mic d6 dn mon,
ham luong cbt luéi dét duoc ting cuong, loai tai trong tac dung. Ngoai 6 dam dbi ching, co
12 dam duoc gia téc qua trinh an mon dién hoa dbi vai cbt thép trong bé tdng nham dat dugc
murc d6 mat mét khéi lugng cdt thép dai 1an luot 1a 10% va 20%. Tam dam BTCT bj dn mon
s& dugc tang cuong voi 2 va 3 16p ludi soi cac bon, ¢d ciu trdc dang chir U.

2. NGHIEN CUU THUC NGHIEM

2.1. Quy hoach thi nghiém

Trong nghién ciu nay, 3 nhém dam véi tong cong 18 dam BTCT dang gian don duoc thi
nghiém ubn 3 diém, dudi tic dung cua tai trong tinh va tai trong lap khong ddi chiéu (Bang
1). Trong nhém G1, 6 dam khdng bi dn mon duoc sir dung dé 1am dam ddi chimg. Trong do,
dam RO1 va R02 la dam khong c6 cdt thép dai, duoc thi nghiém dé xac dinh su déng gop sic
khang cit cua bé téng khi khdng c6 cét thép dai. Dam R1-1 va R1-2 Ia cac dam ddi chung
dugc gia tai tinh, véi muc tiéu xac dinh kha nang chiu luc (Py) cia dam BTCT. Tur két qua gia
tri luc 1on nhét Py, pho tai trong lap duoc thiét ké dé &p dung cho cac dam con lai. Tuong tu,
dam R2-1 va R2-2 1a c4c dam ddi ching dugc gia tai lip khong doi chiéu, nham so sanh voi
cac dam bi dn mon va cac dam duoc ting cuong bang TRC trong cac chudi thi nghiém tiép
theo. Céc nhom dam G2 va G3 déu c6 6 dam, duoc gia tdc qua trinh dn mon cdt thép véi thoi
gian lan luot 12 60 va 90 ngay, véi myc tiéu dat duoc mirc d6 an mon dang ké cho cbt thép dai
trong bé tong, twong ung mic dd6 mat mat khéi lugng ly thuyét 1a 10 va 20%. Trong nhom
G2, ¢6 2 dam L1R1 va L1R2 la c4c dam an mon duogc sir dung lam d6i chimg. Cac dam con
lai duogc ting cudong véi 2 va 3 16p ludi soi cac bon. Nguyén tic nay ciing dugc thuc hién véi
chudi 6 dam trong nhdém G3. B4i véi mdi trudng hop, c6 2 mau sé dugc thi nghigm.

Bang 1. Cac nhém mau thi nghiém.

Nhom DAm Loal tdl M6 ti
trong
RO-1, RO-2 Tinh Khong c6 cot dai & bén “yéu”
G1: khong b R1-1 R1-2 Tinh Dam doi chimg chiu tai trong tinh, dé xac dinh kha
ian mon nang chiu luc (Pu)
R2-1, R2-2 Lip Dam ddi chirng khéng bi in mon
G2: Biin L1R1, L1R2 Lip Dam bi an mon, 14 ddi chimg caa nhdm 2
mon mirc dg 1 L1S2-1, L1S2-2 Lap Dam bi dn mon, duoc ting cuong 2 16p ludi
(trung binh) L1S3-1, L1S3-2 Lap Dam bi an mon, duoc ting cudng 3 16p ludi
G3: Biin L2R1, L2R2 Lip Dam bi an mon, 1 ddi ching cua nhom 3
mon mire @9 2 L2S2-1, L252-2 Lap Dam bi an mon, duoc ting cuong 2 16p ludi
(nang) L2S3-1, L2S3-2 Lap Dam bi an mon, duoc ting cudng 3 16p ludi

2.2. CAu tao miu thi nghiém

Trong nghién ctru ndy, tat ca cac dam déu co cing kich thudc 150 mm x 250 mm x 900
mm, vai 16p bé tdng bao vé cot thép dai 1a 20 mm. Cac dam duoc thi nghiém uon 3 diem, vai
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chiéu dai nhip 13 600 mm, tuwong (ng véi ty 1é chiéu dai chiu cat trén chiéu cao lam viéc (a/d)
bang 1,36. Hinh 1 trinh bay ciu tao cac dam duoc thi nghiém. T4t ca cac dam, trir dim RO-1
va R0-2, déu c6 ciing ciu tao vai ba thanh cbt thép duong kinh 18 mm & thé dudi, hai thanh
cbt thép duong kinh 18 mm & thé trén. Dam duoc chia thanh hai nira, duoc dat tén 1a “bén
khoe” (bén dat cot dai day), va “bén yéu” (bén dit cét thép dai thwa) véi muc dich dé dam bj
pha hoai & bén yéu. Cu thé, & bén khoe duoc dat cdt thép dai dwdng kinh 8 mm, khoang cach
50 mm. Nguoc lai, bén yéu duogc dat ¢t thép dai 8 mm véi khoang cach 100 mm. Can luu ¥
rang, chi ¢ bén yéu cua dam duoc ngam trong dung dich Nacl, va cot thép dai & bén yéu s&
duoc gia téc qua trinh An mon. Viée ting cudng ciing dugc thuc hién ¢ bén yéu nay. Hai dam
con lai cua nhém G1 (RO-1 va R0-2) khong duoc dat cdt thép dai & bén yéu, voi muc tidu xac
dinh strc khang cat caa dam khi khong c6 cét thép dai.

3018 P 2018 P
P \ ¢ 22 2018 ¢
o f - . [ Y 7
N g ( 250 @8 Khéng cét
250 ‘- [
:. * 3p18 dai
v © 20/ 150 N -
150 | 300(#8s100)| 300(¢8s50) | 150 [ 150 300 300(08s50) | 150
Bén “yvéu" | Bén “khoe” Ben “yéu’ | Bén “khée”
900 900
Dam déi chirng khéng c6 cét
& P dai & bén yéu (R0-1; R0-2)
_ - _ )
TRC stv
250 250 dur’lg 2 va
3 1&p luwéi
— B — . soi cac
1 O~ - bon
TRC| 150 | 300(8s100)| 300(98s50) | 150 50"
I'Bén dwoc | Beén khoe .
tang crong g5 Dam bi dan mén duoc
tang cwong (L1S2;
L183; L2S2; L2S3) Lwei soi cdc bon

Hinh 1. CAu tao cac dam thi nghiém.

T4t ca cac mau thi nghiém déu st dung bé tong thuong, cé cudng do chiu nén trung binh
& tudi 28 ngay la 38,5 MPa. Cét thép doc duong kinh 18 mm va cét thép dai duong kinh 8
mm ¢ cudng do chiu kéo lan luot 1a 429,4 MPa va 363,1 MPa. Bé tong hat min duoc sir
dung trong nghién ctru nay c6 duong kinh hat 16n nhit 13 0,6 mm. Cudng d6 chiu nén va
cuong d6 chiu kéo uén trung binh cia bé téng hat min lan luot 1a 45,2 MPa va 5,3 MPa.
Trong nghién ctru nay, ludi soi cac bon ma hiéu SITgrid017 duoc st dung dé ting cudng sic
khéng cat cho dam (Hinh 1). Céc b6 soi cac bon c6 do min 3200 tex, véi khoang cach gitra
cac bo soi 12 12,7 mm, dién tich mdi bo soi 1a 1,808 mm?. Cuong d6 chiu kéo va mo dun dan
hoi cta ludi soi lan luot 12 2890 MPa va 185 GPa.

2.3. Quy trinh thi nghiém

Quy trinh thi nghiém bao gém bén giai doan chinh dwoc trinh bay & Hinh 2. Trong giai
doan mot, 18 dam BTCT duoc ché tao va bao dudng du 28 ngay. Giai doan hai 1a qué trinh
gia tbc an mon cho 12 ddm (nhém G2 va G3). Giai doan ba 13 qué trinh ting cuong cho céc
dam bi dn mon bang 16p TRC ¢ tiét dién chir U ¢ “bén yéu”. Giai doan bon 14 thi nghiém co
hoc cho 18 dam. Sau khi thi nghiém, cbt thép dai da bi in mon s& duoc tach ra khoi cac dam.
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GD 1: Ché tao 18 ddm BTCT

e 6dam khong bj &n mon : =

e 12 dam sé duoc gia toc qua trinh an n="_ Y =

GD 2: Gia téc an mon cbt thép

e 6 d:ém (L1R1, L1R2, L1S2-1, L1S2-1, L1S3-1, L1S3-2) trong 60 ngay
e 6dam (L2R1, L2R2, L2S2-1, L2S2-2, L2S3-1, L2S3-2) trong 90 ngay

!
GD 3: Tang cwong TRC soi cac bon
e Mainham bé mat, bo tron cac géc clia dam
e Ta&m w6t bé mat, trat Iop bé tdng hat min thir nhét
. “Op” lwdi soi 1én bé tdng hat min, 1ap lai quy trinh v&i cac 1&6p sau
e Hoan thién bé& mat

‘ —y
GD 4.1 Thi nghiém 6 dim ddi chirng khéng bi &n mon & nhom 1 4 P (finh)
«  DAm (RO-1, RO-2) khong cbt dai d& xac dinh str khéng cét caa [[| | [<20
bé tong =
« D&m (R1-1, R1-2) c6 cbt dai: dé x&c dinh kha nng chiu lyc cla v P (finh)
dam, xay dung phé tai trong Iap m I I | I | | I | [ | | n
e Dam (R2-1, R2-2): thi nghiém v&i tai trong [ap -
j Phé tai
trong lap

N ¢ Khu vire bi .
GD 4.2 Thi nghiém vé&i cac dam bi &n mon, dwoc tang cwdng 3y men ¥ Taitrong l&p

e 6 dam trong nhém 2: mirc dd &n mon trung binh

e 6 dam trong nhém 3: mirc d& &n mon manh
Hinh 2. Quy trinh thi nghiém.
O giai doan mot, cot thép duoc ché tao thanh cac khung hoan chinh, duoc gan cac 14 dién
tré do bien dang cho ca cot thép doc va cot dai (Hinh 3-a). Bong thoi, dé gia toc qua trinh an
mon, cac diy dién dugc noi truc tiép vao ca cic nhanh dai ¢ “bén yéu”. Cac dam duoc d6 bé
tdng cung mot thoi diém, va dugc bao dudng trong dieu kién thi nghiém dén 28 ngay.

o ke s | BT B . [¢’ VAN L <l Ve )| A A

Dan la dién tr& do bién dang

18 16ng cot thép No6i day dién v&i cot thép dai I&n cét dai, cét doc

a) Qué trinh chuén bi va ché tao 18 ddm thi nghiém

%

Nhém G2 sau khi bi an mon ‘h()m G3 sau khi bi &nh mon

Gia toc an mon ¢l
cbt thép trong bé t

ng
b) Qua trinh gia téc &n mon cét thép

Hinh 3. Ché tao mau thi nghiém va qua trinh gia tc an mon cét thép trong bé tong.
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O giai doan hai, ky thuat gia tbc an mon duoc ap dung bang cach dwa mot ngudn dién 1
chiéu vao trong cét thép dai (nim trong bé téng). Mudi hai dim, duoc chia 1am hai nhém, lan
luot dugc ngam trong bé chira dung dich NaCl 5%. Trong d6, nhém G2 dugc ngam trong 60
ngay va nhom G4 dugc ngam trong 90 ngay (Hinh 3-b). Mat d6 dong dién duoc lua chon la
400 pA/cm?, duoc tinh toan theo cong thirc dién hoa cua Faraday. Cac dam duoc ngam dé
ngap 1/2 chiéu dai dam (xap xi 450 mm). Pién ap dugc ghi va kiém tra hang ngay. Hang tuan,
cac dam duoc nang 18n khoi bé chira dé quan sat vét nat va do bé rong vét niit do an mon.

O giai doan 3, sau khi hoan thanh qué trinh gia téc an mon, 4/6 dam trong nhém G2 va
G3 s& dugc tang cuong bang TRC véi 2 va 3 16p ludi soi cac bon. Quy trinh ting cudng dugc
thuc hién dya trén chi dan ky thuat ACI 549.4R-13 [1]. Bé dam bao dinh bam giita TRC véi
bé tdng nén, bé mat dam & bén yéu (bén co cbt thép bi an mon) s& duge mai. Bong thoi, céc
g6c dam s& duoc bo tron véi ban kinh cong 30 mm nham han ché viéc suy giam cudng do
chiu kéo cua ludi sgi khi quan xung quanh dam theo tiét dién chir U.

Tang cwong bdng bé tong cét lwdi Céac dAm nhém L1 Cac dam nhom L2
soi cac bon cho bén bi an mon

Hinh 4. Quy trinh ting cudng suc khang cit cho dam bi an mon bang TRC.
iP

S 4
SGH1|l G2 G4
SG3

(%]

(@) é O

LVDT

La dién tré do

Tamthép LVDT Load cell I
bién dang

Tam thép
truyén lyc

h: 5
Dam bi an mon, dwoc tdng cwdng

Hinh 5. Thiét lap thi nghiém.

Dam BTCT bi &n mon
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O giai doan 4, tit ca cac dam duoc thi nghiém tai Phong thi nghiém Vat liéu va két cau
cta Truong Dai hoc Giao théng Van tai. Thi nghiém udn ba diém duoc thyc hién theo phuong
phap kiém soat bang luc, véi tbe do gia tai 0,5 kN/s, trén may kéo nén SANS 3000 kN. So dd
bé tri va thiét 1ap thi nghiém duoc thé hién trong Hinh 5. Mot LVDT va mét loadcell da dugc
Iap dat dé do do vong gitra nhip va tai trong tac dung 1én dam. Cac 14 dién tré duoc gan trong
cbt thép dé do bién dang cua cdt doc va cdt dai trong qué trinh thi nghiém.
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Hinh 6. Pho tai trong lap.

Bén dam déu tién trong nhém G1 dugc thi nghiém tinh, muoi bén dam con lai s& dugc thi
nghiém dudi tac dung cua tai trong 1ap o giai doan dau va sau d6 duoc gia tai cho dén khi bi
pha hoai. Can cir vao gid tri tai trong 16n nhéat Py ghi nhan tir dam R1-1 va R1-2 (dugc Xac
dinh xap xi 400 kN tir thi nghiém), mot phd tai trong lap khong ddi chiéu duoc xac dinh nhu
trén Hinh 6. Ba Cap tai trong lap duoc xay dung, twong tng véi (0,3-0,5 Pu), (0,5-0,7 Pu), va
(0,7-0,9 Py). Cac cap luc nay lan luot md ta cac cap do khai thac cu kién trong thuc té (cip
tai trong khai thac, mac qua tai thap, va mac qua tai cao).

3. PHAN TiCH VA PANH GIA KET QUA THU'C NGHIEM

3.1 Cac dam khéng bi in mon (nhém G1)
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Hinh 7. Quan hé lyc — d6 vong caa 4 ddm khong bi dn mon chiu tai trong tinh trong nhém G1.
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118



Transport and Communications Science Journal, Vol 73, Issue 2 (02/2022), 111-126

dbi chung khong bi an mon. Tat ca 6 dam déu bi pha hoai do cat, vai vét nit nghiéng Ion mé
rong & “bén yéu”, duoc thé hi¢n ¢ Hinh 8. Trong qué trinh thi nghiém, mot s6 vét nut uén va
vét nat udn-cat xuat hién. Tuy nhién, & giai doan pha hoai, chi co cac vét nut nghiéng do cat
ma rong 16n va gay nén su phé hoai cho tat ca cac dam.

Dau tién, thi nghiém tinh duoc thuc hién vai cac dam ddi ching RO-1 va RO-2, 1 nhiing
dam khong b tri cdt thép dai ¢ “bén yéu”. Cac vét nut nghiéng nho xuét hién & bung dam, &
muec tai trong tir 152-164 kN. Sau do, khi tai trong tiép tuc gia tang, nhleu vét nat nghiéng Ion
bit dau xuat hién va lan truyén theo duong chéo tir bung dam dén gO| gia tai va goi do (Hinh
9). Sau khi dat dén muc tai trong 16n nhat (xap xi 222 kN), cac vét nit nghiéng chinh s& mg
rong va dam bi phé hoai dot ngot.

450
400
350

| I 1

300
%250
[#]
2200
150

100
R2-1

50 - — = R22
— -~ — R

O T I T ‘ T } [ T } T
0 2 4 6 8 10 12
D6 vong (mm)

Hinh 9. Quan hé lyc — d6 vng caa dam R2-1 va R2-2 (khdng bi an mon) chiu tai trong lap.
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Déi vai hai dam R1-1 va R1-2 (c6 cbt thép dai & “bén yéu”), vét ntt dau tién xuat hién tai
vi tri giita dam, theo phuong vudng goc véi truc dam, & mic tai trong lan luot 1 172 va 194
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kN. Céc vét nut nghiéng do cit dau tién hinh thanh tai vi tri bung dam ¢ tai trong 180 va 210
kN (Hinh 8). Sau khi xuét hién vét niit nghiéng, tai trong van tiép tuc ting 1én bai lyc cit van
c6 thé truyén qua vét nit nho hiéu tng cai khoa cét liéu, hiéu tng chdt cua cac thanh thép
doc, va su cung lam viéc cua cbt dai. Khi tai trong ting, cac vét nit nghiéng nay tiép tuc mo
rong va phat trién tir bung dam dén gbi d& va vi tri gia tai. o cung cua cac dam, duoc thé
hién qua d6 dbc cua cac dudng quan hé gitra tai trong va do vong, 16n hon dang ké so vai cac
méau dam RO-1 va R0-2. C4c dam nay déu bi pha hoai & “bén yéu”, & c4c muc tai trong lan
luot 1a 398,6 va 384,3 kN. So sanh giira dim R1-1 va RO-1, mau c6 cdt thép dai c6 kha ning
khang cét lén hon dén 74,5%. Dam bi pha hoai dot ngot & mac tai trong xap xi 400 kN. Cin
clr VAo mic tai trong 1on nhat nay, phé tai trong lap duoc xay dung nhu di trinh bay ¢ Hinh 6.

Déi véi cac mau R2-1 va R2-2 chiu tai trong lap, cac vét nut dang thang goc (vei truc
dam) dugc hinh thanh trudc tién & mac tai trong xap xi 200 kN. Sau dé, cac vét nut do udn-
cit bat dau xuat hién & khoang tai trong tir 200-280 kN. Céac vét nit nghiéng do cat bat dau
xuat hién ¢ tai trong tac dung 13 280 kN bén phia dam yéu hon va 360 kN bén phia dam khoe
hon. Khi tiép tuc ting tai trong, nhiéu vét niit nho xuat hién xung quanh va song song véi cac
vét nat chinh (Hinh 8). o vdng trén cac dam chiu tai trong ldp 16n hon so véi dam chiu tai
trong tinh d6 1a do su xuét hién, tich lity ctia nhiéu vét nat. Sau khi két thiic cac chu ky tai
trong 1ap, luc tac dung tang cho dén khi dam bi pha hoai. Su pha hoai ¢ dam nay xay ra khi
vét nit nghiéng mo rong ¢ “bén yéu” & muc tai trong xap xi 409 kN.

3.2 Cac dam bi &n mon, khong duoc ting cwong (dam ddi chirng)

Nhom G2 va G3 c6 12 dam c6 cbt thép dai bi an mon & 2 mirc do, chiu tai trong lap.
Trong d6, mdi nhém ¢6 2 dam bj an mon va khéng duogc ting cudng, dugc st dung lam dam
dbi chizng. Hinh 10 trinh bay quan hé gitra lyc — do vong gitra nhip cua 4 dam ddi chang nay.
CAu tric vét nit cua 4 dam ddi chiang bi an mon dugc thé hién & Hinh 11 va Hinh 14. Sau thi
nghiém, cdt thép dai dugc tach khoi dam dé danh gid sy mat mat khdi lugng do qua trinh an
mon (Bang 2).
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Hinh 10. Ung xtr chiu cat ciia cc dam d6i ching, bi an mon trong nhom G2 va G3.

Murc d6 dn mon dugc tinh toan duya trén khéi luong cbt thép dai bi mat mat do qué trinh
dn mon. Muc d6 an mon dao dong tur 12,3 dén 23,6% doi véi cot thép dai trong dam ¢ nhom
tha 2 (Bang 2). Su pha hoai do an mon thuong lan rong (kha déu) doc theo chiéu dai cua cot

120



Transport and Communications Science Journal, Vol 73, Issue 2 (02/2022), 111-126

thép dai d6i véi cac miu L1R1 va L1R2. Tuy nhién, mot vai vj tri cot thép dai trong mAu
L2R1 va L2R2 bi suy giam tict dién dang k€ la do sy &n mon mang tinh cuc bo (dn mon
diém).

Hinh 11. Céu tric vét niit ciia cac dam trong nhém G2 va cbt thép dai bi an mon duoc tach ra khoi
dam.

Bang 2. Tom tat két qua thi nghiem.

Nhom Dam MAt mat khoi lwong (%)  Luc Ién nhit (KN)
RO-1 220,6
R0O-2 226,2
G1:Khong bi R1-1 ) 395,6
4n mon R1-2 Khong 384,3
R2-1 398,6
R2-2 429,5
G2: Bi an mon L1IR1 12,3 353,4
muc 1 (mic L1R2 14,7 340,7
trung binh) L152-1 12,8 476,5
L1S2-2 13,6 467,0
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L1S3-1 125 498 4
L153-2 11.9 524 1

L2R1 236 3135

o L2R2 21.9 304.0
Gri&'ilza(“m“&g“ L252-1 198 4492
oo L252-2 217 4306

- L2531 233 5015
L2532 22.9 490.2

Tat ca bén dam ddi chimg bi an mon trong nhom G2 va G3 ¢6 tng xir chiu cit kha twong
tuong dong, véi cac vét nit do cat 16n phat trién vuot troi so voi cac vét nat do ubn. Tuy
nhién, cac mau L2R1 va L2R2 c6 d6 cing nhod hon so véi cac dam khdng bi an mon. Diéu
nay cang duoc thé hién rd hon voi cac dam c6 ¢t thép dai bi an mon “manh”. Néi cach khac,
su an mon cdt thép dai c6 xu hudng 1am giam d6 cang caa cac dam BTCT. Kha ning chiju cit
I6n nhat cua dam L2R1 va L2R2 khi chiu tai trong lap 1a 313,5 va 304,2 kN, giam 25,3% so
Vi cac dam doi ching.

3.2 Cac dam bi &n mon, khong dugc ting cwong

Hinh 11 va Hinh 14 thé hién ciu trdc vét nat va dang pha hoai cua cac dam bi an mon,
dugc ting cuong bang TRC. Nhin chung, dang pha hoai xay ra do vét nat nghiéng 16n & bén
yéu, kém theo ludi soi bi kéo dut ddi véi cac dam duogc ting cudng bang 2 16p ludi soi cac
bon. Nguoc lai, véi cac dam duoc ting cudng bang 3 16p ludi cac bon, dam bi phé4 hoai do cit
baoi su ép va caa thanh nén & bén khoe. Hinh 12 va Hinh 13 trinh bay quan hé gitra luc — d6
vOng cuia cac dam dugc ting cudng, va so sanh véi dam ddi chiung. C6 thé thay, viée ting
cudng bang TRC d cai thién do cang, kha nang chiu luc caa cac dam bi an mon.
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Hinh 12. Quan hé lyc — do véng cua cac dam duoc ting cuong trong nhom G2.

Déi véi cac dam duge ting cudng ¢ nhém G2 (dn mon trung binh), cac vét nit uén phat
trién sém nhét. Do su ¢6 mat caa I6p TRC, do cing ban dau cia cac dam nay 16n hon so véi
dam d6i chung bi an mon. Khi tai trong ting 1én, cac vét nut udn bat dau nghiéng goc, hinh
thanh nén cac vét nut do ubn-cat. Cac vét nut cat xuat hién ¢ muc tai trong luén hon so véi
dam d6i ching. Cu thé, vét nut nghiéng do cat cd thé quan sat duoc ¢ cac mau L1S2-1, L1S2-
2, L1S3-1, va L1S3-2 lan luot & cAc muc tai trong 240kN, 210kN, 270, va 255kN. So sanh
gitra cac mau L1S2-1 and L1S3-1, viéc tang sb 16p ludi soi cac bon di lam ting muc tai trong
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gay ra vét nut cat. Trong mau L1S2-1 va L1S2-2, ludi soi bi kéo dut doc theo vét nut nghiéng
tai thoi diém dam bi pha hoai. So véi cac dam ddi chung (L1R1 va L2R2), stc khéng cit caa
cdc dam L1S2-1 va L1S2-2 ting lan luot 1a 37,3% va 34,6%. Sau khi dam bi pha hoai, tai
trong suy giam dot ngot va duy tri ¢ muc tai trong nho hon. Can lwu y rang, muc tai trong duy
tri nay van Ién hon so véi ca dam déi chiing bai ¢ mot sé bo soi ngang ¢é chiéu dai dinh
bam nho van con 1am viéc.

Tuong tu, Viéc ting cuong bang 3 ludp ludi soi & mau L1S3-1 va L1S3-2 da cai thién dén
43,6% va 51,0% suic khang cat khi so sanh voi dam bi dn mon khéng duoc ting cudng. Tuy
nhién, dang pha hoai do thanh nén cua bé tong bi ép v& xay ra & bén khoe, trong khi ludi soi
cac bon & bén yéu chua bi kéo dut. Noi cach khac, luéi soi chua phat huy hét kha ning chiu
luc.

Khi Cot thép dai bi &n mon néng (dao dong tur 19,8% dén 23,3%) trong nhom G3, céc vét
nit do udn va vét nut do udn-cat xuat hién & muc tai trong nhé hon so véi nhom G2. C6 thé
quan sat & Hinh 13 va Bang 2, luép TRC di cai thién dang ké strc khang cat va do ciing cua
cac dam bi dn mon. Tuy nhién, bién dang (d6 vdng) tai gié tri luc I6n nhat khong cé sy khac
biét dang ké gitra cac mau thi nghiém trong nhém nay. Tuong tu nhu cac dam khéng duoc
tang cuong, cac méu L2S2-1 va L2S2-2 bi pha hoai khi vét nut nghiéng mé rong 1on & bén
yeu. Tuy nhién, s6 luong vét niit & cac mau duogce ting cudng bang 2 16p ludi soi phan tan hon
nhiéu so voi cac dam ddi chimg. Biéu nay ching té hiéu qua cua 16p TRC trong viéc cai thién
kha ning chiu cat caa dam. Hai dam nay bi pha hoai & mac tai trong 449,2 va 430,6kN, 16n
hon 42,5% so voi cac dam ddi chimg trong nhém G3. Trong khi dé, strc khang Cét cua cac
dam duoc ting cudng bang 3 6p ludi soi ting 1én dén 60,6% so voi cac dam dbi ching. Can
lvu ¥ rang, mic d6 mat mat khdi luong trung binh do an mon cbt thép dai cua nhém G3 1a
22,6%, 16n hon so vai nhom G2 (12,7%).
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Hinh 13. Quan hé lyc — do véng cua cac dam duoc ting cuong trong nhoém G3.

Két qua thi nghiém tir 4 dim dugc ting cuong & nhém G3 cho thay, 16p TRC da lam cai
thién ca stic khang cat, do ciing cua cac dam ddi ching (ké ca dam bi an mon va dam khong
bi an mon). Khi sir dung 3 16p ludi sgi, do ham luong ludi sgi du 16n, dang phé hoai da thay
ddi tir vét nut nghiéng ma rong 1on ¢ bén yéu thanh pha hoai do thanh nén caa bé tong bi ép
V& ¢ bén khoe. Diéu nay chung to 1udi soi cac bon chura phat huy hét kha nang chiu lyc.
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Hinh 14. Cu trac vét nut ciia cac dam trong nhém G3 va cot thép dai bi an mon.

4. KET LUAN

Bai bao da trinh bay mot sb két qua nghién ciru thyc nghiém nham danh gia hiéu qua
tang cuong suc khang cat caa TRC di voi dam BTCT c6 cdt thép dai bi an mon. Péi twong
nghién cau 1a két ciu dam gian don, nhip ngan, c6 kich thuéc tiét dién twong dbi nho. i voi
két cdu va vat lidu da thi nghiém, mot s6 két luan chinh duoc rit ra tir cac két qua thi nghiém
nhu sau:

Strc khang cit cua cac dam duoc ¢6 cot thép dai 16n hon 74,5% so véi cac dam dbi ching
khong c6 cdt thép dai. Di vai cac dém khong bi dn mon cot thép, dam chiu tai trong tinh va
chiu tai trong lap c6 su twong dong vé dang pha hoai, véi cac vét nat nghiéng do cat ma rong
I6n. Tuy nhién, cac vét nut do cit & cac dam chiu tai trong 1ap phét trién manh hon vé ca sb
luong va bé rong vét nit so véi cac dam chiu tai trong tinh.

Dbi voi cac dam cd cdt thép dai bi an mon, strc khang cit caa dam cang giam khi muc do
an mon cot thép tang 1én. So vai cac mau déi ching, stc khang cét trung binh cua cac miu bi
in mon giam dén 16,08 va 25,34%, twong Gtng véi mirc d6 n mon cdt thép tir 12,3-23,6% vé
khéi lugng. Su an mon cdt thép co xu hudng lam giam d6 cing cua dam BTCT mot cach
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déng k& & mirc d6 &n mon cot thép cao. Nsguoc lai, do cimg cia cac dam co cot thép da bi an
mon L1R1 va L1R2 (véi muc @6 an mon nho) khdng bi anh huéng nhieéu mac du kha nang
khang cat cua chung da bi suy giam dang ke.

Céc két qua thi nghiém chi ra rang, 16p TRC tiét dién chit U da cai thién ca do cing va
kha nang chiu lyc cua cac dam bi an mon. Di vai cac dam bi an mon & mic trung binh trong
nhém G2, so véi cac dam ddi chung, stc khang cit cua cac dim dugc ting cudng di ting 1én
dén 34,6% va 51,0%. Ddi véi cac dam bi an mon manh trong nhém G3, stic khang cit cua céc
dam duoc ting cudng bang 2 va 3 16p ludi soi da ting 18n 42,5% va 60,6%. Didu ndy ching
t6, 16p TRC soi cac bon dd khéi phuc va cai thién dang ké stc khang cit cho cac dam bi an
mon. Béi véi cac dam duoce ting cuong 3 16p ludi soi trong ca nhom G2 va G3, do ham luong
ludi soi du Ion, dang phéa hoai da thay ddi tir pha hoai do vét nit nghiéng ma rong 16n kém
1udi soi bi kéo dirt & bén yéu thanh pha hoai do thanh nén bé téng bi ép v& & bén khoe.

_ Huéng nghién cau tiép theo s& dugc trién khai trong thoi gian t6i la danh gia tng xu chiu
cat cua ket cau dam BTCT nhip ngén c6 kich thuéc lon (kich thude day du, full-scale) c6 cot
thép dai va cot thép doc da bi an mon, va dugc tang cuong bang TRC.
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