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Abstract. The combination of GFRP reinforcement with geopolymer concrete (GPC) presents
a promising solution, as it amalgamates the sustainability and durability of GPC with the
corrosion resistance and strength of GFRP reinforcement. A comprehensive understanding of
the shear strength and failure mechanisms of geopolymer reinforced concrete beams and
GFRP bars is essential for structural design. This study evaluated the shear behavior of
geopolymer concrete beams reinforced steel and GFRP bars, focusing on the shear failure
mechanism, shear strength and shear crack width. A set of four beams was fabricated, two of
which were geopolymer concrete beams reinforced with GFRP bars and two were reinforced
with steel bars. Experimental results showed that the use of GFRP bars significantly reduced
the shear strength of the beams, which was about 30-40% lower than that of steel beams. The
very low modulus of elasticity of GFRP bars also increased the deflection at failure of the
structure. The geopolymer concrete beams had up to 50% narrower shear crack widths and
30% smaller deflections than the GFRP beams.

Keywords: shear strength, geopolymer concrete, without stirrups, glass fiber reinforced
polymer (GFRP).
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Tom tat. Su ket hop giira cot thanh polyme soi thily tinh (GFRP) véi bé tong gepolyme hira
hen mang dén mot giai phap két cau hiéu qua khi két hop tinh bén viing va d6 bén caa bé téng
geopolyme véi kha nang chong in mon va cuong do cua cdt GFRP. Viéc hiéu biét toan dién
vé sic chiu cit va co ché pha huy cua dam bé tong geopolyme cot thép va cét GFRP la can
thiét cho qua trinh thiét ké két ciu. Nghién ctru nay tién hanh danh gia Gng xt cat cua dam bé
tong geopolyme cbt thép va cot thanh GFRP, tap trung vao co ché pha huay cit, sic khang cat
va bé rong vét nat do cit. T6 hop gom bdn dam duoc ché tao, trong d6 hai dam bé tong
geopolyme c6t GFRP va hai dam gia cuong cbt thép. Két qua thuc nghiém cho thiy viéc sir
dung cbt thanh GFRP lam giam dang ké stc khang cat caa dam, thap hon khoang 30-40% so
v6i dam Cét thép. M6 dun dan hdi rat nho cta thanh GFRP con lam tang do vong khi pha hoai
cua két cau. Dam bé tong geopolyme cot thép co bé rong vét nat do cit hep hon téi 50% va
d6 vong nho hon 30% so v&i dam cbt GFRP.

Tur khoa: kha ning chiu cit, bé tong geopolyme, khong cét dai, polyme cét soi thay tinh
(GFRP).

@ 2025 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN DPE

Hién nay, bé tong xi mang 1a vat li¢u dién hinh duoc sir dung rong rai nhét trong nganh
xay dung. Do vay y&u cau c6 ngudn ning luong Ion dé san suat xi mang, va su tiéu thu nang
luong I6n gop phan gay nén hiéu ung nha kinh. Diéu nay dit ra yéu cau vé maot loai vat liéu
c6 thé thay thé bé tong xi mang truyén thong trong cac cong trinh xay dung nham dap ung
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nhu cau phét trién ha ting dang ting nhanh chong, dong thoi khong gy anh huong xau dén
moi trudng. Trong khoang béon thap ky qua, “Geopolyme” da dugc nghién citu va cho thay co
thé gop phan da dang hoa céc giai phap vé chat két dinh, thay thé mot phan thi trudng cua xi
ming. Chat két dinh geopolyme thu duwoc bing céch két hop nhiing vat liéu giau
aluminosilicat (thuong 1a mot s6 chat thai cong nghiép nhu tro bay, xi 10 cao nghién min, tro
trau,...) voi dung dich kiém hoat tinh. Do khéng sir dung xi mang, ddng thoi tan dung sir
dung thai pham tro bay trong san xuit, bé tong geopolyme gilp giam dang ké (khoang 5-6
lan) luong khi phét thai CO2 so véi xi mang [1]. Mt khéc, cac nghién ciu cho thay bé tong
geopolyme (cét liéu tu nhién) ¢ Gng xir co hoc tuwong ty nhu bé tong xi ming podc ling
thong thudng, tham chi con c6 mot sb tinh ning wu viét hon nhu bén nhiét, bén sun phét, co
ngot va tir bién thap,... [1,2].

Trén thuc té, céc nghién ciru trude day vé bé tong geopolyme tap trung chii yéu dén dac
tinh cua cac vat liéu bé tong méi theo huéng khoa hoc vat liéu ma chwa c6 nhiéu cac nghién
ctru Vé co hoc cho két cdu st dung nhiing vat liéu ndy. V& mat sic khang cua két cau bé tong
geopolyme, cac dic tinh co hoc cua bé tdng geopolyme cd phan khac vai bé téng truyén
thdng, vi du nhu mé dun dan héi ¢6 xu hudng nho hon trong khi cuong do chiu kéo ting 1én
S0 V&i ciing cuong do chiu nén. Nhiing tinh chat nay lién quan tryc tiép dén dac tinh dinh bam
giita bé tdng va cbt chiu lyc, ciing nhu dén dic tinh co hoc trong két cau vé mat sic khang, vi
du nhu chiéu cao ving bé téng chiu nén c¢6 xu hudng ting so vai bé tong truyén théng. Do
vay, nhitng anh hudng lién quan dén kha ning chiu luc do dic tinh co hoc cua bé tong
geopolyme can dwoc nghién cau nhiéu hon trong quan hé véi cac cau kign chiu lyc nhu udn,
cat...

Gan day, c6t thanh polyme gia cuong soi (FRP) dd ndi 1én nhu mot giai phap thay thé
day hira hen cho cot thép truyén thong, nho kha nang chéng dn mon, nhe va cuong do chiu
kéo cao [3]. Trong sb céc loai FRP, cét thanh polyme soi thay tinh (GFRP) duoc st dung
rong rai nhat do chi phi twong dbi thap hon so véi cac vat liéu khac nhu cdt soi carbon hay
bazan, dong thoi van c6 kha nang chong an mon clorua — dic tinh quan trong véi cac cong
trinh 1am viéc trong moi truong bién [4]. Su két hop giita ct GFRP véi bé tong gepolyme
mang dén mot giai phap day hua hen, vi n6 két hop tinh bén ving va d6 bén cua bé tong
geopolyme v&i kha nang chéng an mon va do bén cua cot GFRP.

Viéc hiéu biét toan dién vé suc chiu cit va co ché pha huy caa dam bé tong geopolyme
cot thép va ct GFRP 1a can thiét dé thiét ké két cau hiéu qua va tng dung ching. Mic di sic
chiu cit caa dam bé téng cbt thép da dwoc nghién ctu rong rai, nhung van chua dat duoc su
d6ng thuan vé phuong phap tiép can co hoc phu hop nhat dé 1am sang to cac co ché pha huy,
dac biét 1a ddi vai dam geopolyme cét thanh phi kim loai [5].

Cac nghién cau cua Sumajouw va cong su [6] trén mudi sau dam bé téng geopolyme co
cuong do nen tir 37 dén 76 MPa cho thay ng Xxu twong ty nhu dam bé tong thong thuong vé
stc chiu udn va do déo [6]. Ung xtr cit cua bé tdng ct GFRP chi yéu duoc nghién ciu trén
bé tdng truyén thong, tap trung vao cac ché do phé hay cat, su phat trién vét nat cat va do
vong dudi tai trong tac dung [5,7,8]. Trong dam bé tdng geopolyme, phé huy cat thuong bat
dau do vét nit chéo lan truyén khi lyc cét ting cuong [8]. C6t GFRP duogc dic trung boi tng
xtr dan hoi tuyén tinh ma khong co giai doan chay rd rét, anh huong xau dén su déng gop cua
nd vao suc chiu cit [7]. Hon nita, thanh GFRP ¢6 md dun dan hdi thip hon thép, anh huéng
dén kha nang chiju Cét cua cac két cau bé tong cot thép [6]. Do do, trong khi thanh GFRP lam
tang cuong do kéo téng the cua bé tong, kha nang chéng cit cua chiing yéu hon khé nhiéu, do
d6 can nghién ctu thém vé tng Xt cat ciia dam geopolyme cot GFRP.
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Yost [9] thay rang tng xu cit cua bé téng tro bay kiém hoat héa gan giéng voi dam bé
téng truyén thong Mourougane [10] da béo cdo rang dam bé tong geopolyme cudng d cao
va c6 strc chiu cat cit cao hon 5-23% so v6i dam thong thuong, diéu nay duoc ly giai la do
tuong tac duoc cai thién gitra chat két dinh geopolyme va cét thép. Chang [11] da sir dung céc
mo hinh phan tich tién tién dé du doén strc chiu cit trong dam geopolyme tét hon, nhan manh
su can thiét cua cac moi quan h¢ tung suat-bién dang duoc diéu chinh. Ng. va cong su [12,13]
da chirng minh rang viéc két hop céc soi thép lam cham qué trinh nat do cét va tang strc chiu
cit cuc dai 18n t6i 60%, trong khi 16i aramid FRP tiép tuc cai thién cudong do. Bat chip nhiing
tién bo nay, van con mot khdi luong dang ké trong viéc hiéu toan dién vé stc chiu cit va tng
Xt ciia dam bé tdng geopolyme gia cudng bang thép va GFRP. Viéc hiéu kha niang chiu cit
cua bé téng geopolyme ct GFRP dic biét quan trong dé ting tinh bén viing cua cac cong
trinh bién va ven bién, noi cdt thép truyén théng rat dé bi dn mon.

Muyc tiéu caia nghién cau nay la danh gia Gng xir cit caa dam bé tdng geopolyme cdt thép
va cot thanh GFRP, tap trung vao co ché pha huy cét, sirc khang cét va be rong vét nat do cét,
Cu thé, nghién cttu s& so sanh ung xu cat cua, dam bé téng geopolyme duoc gia cudng bang
thép va véi cdt GFRP, kiém tra sy khac biét vé kha ning chiu cat, co ché pha huy va quan h¢
luc - @6 vdng. Mot quan trong ctia nghién ciru nay 14 phén tich tic dong cua cét GFRP 1én
strc chiu cit cua dam geopolyme so véi cbt thép.

2. VAT LIEU VA PHUONG PHAP THi NGHIEM

2.1. Vat liéu thi nghiém

Bé tong geopolyme st dung trong nghién ctru dugc ché tao tir cét liéu ty nhién (d4 dam
va cét), chat két dinh geopolyme va nuéc. Trong do, chat két dinh geopolyme 1a su két hop
ctia chat hoat hda mot thanh phan va céc vat liéu giau aluminosilicat. Nghién ctu nay sir dung
chat hoat hod mét thanh phan, dang bot khd cé thanh phan chinh 1a mudi natri silicate
(NazSi0s), c6 khdi lugng thé tich 12 0,89 g/cm?® véi ham luong Na20 1a 29%. Vat lidu khoang
giau silic va nhom dung trong nghién ctiu la hdn hop tro bay kho va xi 10 cao nghién min. Tro
bay sir dung duoc iy tai nha méay nhiét dién Pha Lai c6 thanh phan hoa hoc dat yéu cau cua
tro bay loai F theo tiéu chuan TCVN 10302-2014 [14], khéi luong riéng 2,5 g/cm?®, d6 min
94% lot qua sang 0,08 mm. Thanh phan héa hoc cua tro bay sir dung duogc trinh bay trong
bang 1.

Bang 1. Thanh phan héa hoc cua tro bay sir dung trong nghién ciru.

SiOz A|203 Fe,Os3 CaO MgO K,O Na,O Ti02 SOs; MKN*
51,74 24,53 5,59 0,81 1,95 4,42 0,11 0,76 0,31 8,98

Xi 16 cao nghién min mac S95 cua nha may Hoa Phat — Hai Duong d duoc sir dung 1am
vat liéu két dinh trong nghién cau. Xi 16 cao nghién min S95 cé khéi lugng riéng 2,45g/cm®
va bé mit riéng 4425 cm?/g, phu hop céc yéu cau caa TCVN 11586-2016 [15]. Thanh phan
hoa hoc cua tro bay sur dung dugc trinh bay trong bang 2.

Bang 2. Thanh phan héa hoc ciia xi 10 cao sir dung trong nghién cuu.

SiO; Al;,O; Fe,O3 CaO MgO K>0O Na,O TiO; MKN*
35,02 | 13,56 1,41 38,6 8,18 0,80 0.31 0.23 1,89

Cét liéu l6n sir dung trong nghiép ctru la da dam kich thuéc 10-20 mm, khai thac tai mo
Sunway, Ha Noi. Cat str dung dugc lay ¢ ven bién Cira Lo, Nghé An.
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Chat hoat héa dang bot dugc tron khé cing véi tro bay va xi 10 cao gilp cho qué trinh
ché tao bé tong geopolyme don gian va an toan twong tu nhu ché tao bé tong xi ming thong
thudng. Thanh phan bé tong geopolyme st dung duoc trinh bay ¢ bang 3. Qua trinh nhao tron
hdn hop bé tdng geopolyme dién ra trong 2 giai doan:

Giai doan 1 (tron kho): Day 1a giai doan tron khd hdn hop cét ligu véi hdn hop chat két
dinh d¢ tao su dong nhat ban dau. Cho hon hgp cat va chat két dinh (tro bay, xi 10 cao va chat
hoat hod) tron trong 120s, sau d6 thém da dam tron trong 60 gidy.

Giai doan 2 (tron udt): Cho 70% nudc vao tron trong 150 gidy, sau d6 cho 30% nudc con
lai tron trong thot gian 150 gidy.

Bang 3. Thanh phan bé téng geopolyme dung cho 1m?3 bé téng

Vit ligu Pon vi S6 lwong
P4 dim Kg 1080
Cat Kg 680
Tro bay Kg 242
Xilo cao Kg 161
Chét hoat hoa Kg 71
Nudc Kg 142

Céac mau bé tong geopolyme sau khi tron dwoc bao quan trong diéu kién khong khi &
nhiét d6 phong trong 14 ngay cho dén khi thir nghiém [16]. Cuong d6 chiu nén va mé dun dan
hoi ciia bé tong duoc xac dinh trén mau thi nghiém hinh try tron c6 duong kinh 15 cm, chiéu
cao 30 cm. Thi nghiém cudng do chiu nén caa bé tong geopolyme duoc tién hanh theo tiéu
chudn ASTM C39-21 [17] va md dun dan hdi dugc xac dinh theo ASTM C469-22 [18]. Bé
tong geopolyme c6 cudng do chiu nén va mé dun dan hoi lan luot 12 42,6 MPa va 28,4 GPa.

Hinh 1. Thi nghiém xéc dinh cudng do chiu nén (trai) va mé dun dan hoi (phai) bé téng geopolyme.
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Cét thép doc duong kinh 18 mm c6 cudng do chiu kéo 1a 439,6 MPa. Cét thanh GFRP
dugc san xuat boi Cong ty thép polyme Viét Nam, cuong do chiu kéo va mé dun dan hoi lan
luot 12 810 MPa va 45 GPa. Soi thity tinh trong GFRP dwoc tim phu epoxy lam ting kha ning
dinh bam véi bé tong. Bén canh d6, cu triic thanh GFRP ¢ gan dé cai thién kha ning cai
khda gor ¢t chiu luc voi bé tong.

2.2. Thiét 1ap thi nghiém

Trong nghién ciru nay, 04 dam bé tong geopolyme cét thép va cét thanh GFRP dang gian
don dugc thi nghiém uon 3 diém, dudi tac qung cua tai trong tinh. Viéc su dung 2 mau/to
nham dam bao tinh hoi tu, d6 chinh xac cua két qua thi nghiém.

Trude khi d6 bé tong, ba 1a dién tré do bién dang cho ca cot thép doc s& dugc gén tai 3 vi
tri nhu trén Hinh 2. Tai vi tri gia tai va vi tri c6 gdi d& s& chon san 1 tAm thép day 5 mm (dwoc
han rau thép), nham han ché viéc ang suat cuc b 1am v bé tdng. Cac dam ciing s& duoc quét
voi tring, ké ludi 50 x 50 mm nham d& phat hién va dinh vi vi tri vét nat xuét hién.

Vi tri dan la
dién tro

Hinh 2. Ché tao dam bé tong geopolyme.

T4t ca cac dam déu co cung kich thudc tiét dien 200 mm x 300 mm, véi I6p bé tong bao
vé cdt chiu lyc 1a 25 mm. Cac dam duoc thi nghiém ubn 3 diém, vai chiéu dai nhip la 1860
mm, twong (ng Véi ty 1& chiéu dai chiu cit trén chiéu cao lam viéc (a/d) xap xi 3,5. Kich
thudc va cau tao caa dam tinh todn dua trén ¥ tuong dé dam bao két cau dam sé& bi pha hoai
do cit khéng ché. Cac dam co cét thép sé sir dung ba thanh cét thép duong kinh 18 mm & thg
dudi (As = 763 mm?), khdng co6 cdt dai va cot thép & thé trén. Cot thép duoc udn gap ¢ dau
dam dé d¢am bao chiéu dai neo cua thép trong bé tong, do d6, tong chiéu dai dam 1a 2200 mm.
Cac dam c6 cét GFRP st dung 3 thanh thang duong kinh 20 mm (can luwu ¥ ring, theo thdng
s6 cua nha san xuit, 3 thanh GFRP $20 ¢ dién tich As = 720 mm?, xap xi 3¢418. Chiéu dai
“dau mat thira” cta dam 1a 370 mm, dan dén tong chiéu dai dam 1a 2600 mm. Tuy nhién,
chiéu dai nhip chiu uén cua ca 4 dam trong thi nghiém nay 1a nhu nhau. Cau tao dam bé téng
cot thép va bé tong cbt thanh GFRP dugc md ta trén Hinh 3.
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Hinh 3. C4u tao dam bé tdng geopolyme cét thép va cét thanh GFRP.

Tat ca cac dam duogc thi nghiém tai Phong thi nghiém Vat liéu va két cau cia Trudng Dai
hoc Giao thdng Van tai. Thi nghiém uén ba diém dugc thyuc hién theo phuong phap kiém soét
bang chuyén vi, voi toc d6 gia tai 1 mm/phut, trén may kéo nén SANS 3000 kN. So d6 bd tri
va thiét lap thi nghiém duoc thé hién trén Hinh 3 va Hinh 4. Mot LVDT (d6 chinh xac
+0.01mm), va mot loadcell (d6 chinh xac 1a + 0,1% so véi gia tri do) da duoc lap dat dé do do
vOng giira nhip va tai trong tac dung Ién dam. Cac 14 dién tro (46 chinh xéac la + 0.001%),
dugc gan trong ¢t thép dé do bién dang cua cbt doc trong qué trinh thi nghiém. Pong thoi,
cac dong hd do thién phan ké s& dugc lap dat ngay khi vét nat xuat hién, nham do doé mé rong
cua vét nut thang goc va vét nit nghiéng.

LVDT  Loadcell Thién phan ké
Hinh 4. Thiét lap thi nghiém.
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3. KET QUA THI NGHIEM VA THAO LUAN

Két qua thi nghiém duoc the hién dudi dang bleu dd quan hé gitra lyc — do vong gitra
nhip; luc — bién dang doc cua cbt chiu lyc, cau tric vét nit va dang pha hoai cua 4 mau dam
dugc thi nghiém. Déi véi dam B-GG-01 va B-GG-02 (dam st dung cbt thanh GFRP két hop
Vi bé tong geopolyme, cac biéu dd trén dugc thé hién & Hinh 5 va Hinh 7. Cau trlc vét nut
ctia cac dam nay duoc thé hién trén Hinh 6.

C6 thé quan sat tir Hinh 5, tng xir chiu lyc cua 2 dim nay twong ddi gidng nhau, duoc
chia lam 3 giai doan.

O giai doan 1, cac dim chua bj nat, quan h¢ giira luc- d6 vong giita nhip la tuyén tinh.
Cac dam lan lugt xuat hién vet nut thang goc ¢ gitra nhip ¢ murc tai trong xap xi 27+29 kN.
Ldc nay, bién dang SG2 (Hinh 7) cua cot GFRP ¢ vi tri gitta nhip tang dot ngot.

O giai doan tiép theo, cac vét nit do uén va vét nat do ubn-cat dong thoi lién tuc xuat
hién, 1am giam dang ké do ciing cua dam. Ldc nay, phan 16n luc kéo s& do thanh GFRP chiu.
Tuy nhién, do thanh GFRP c6 d¢ cung twong d6i nho (so vai cbt thép), dan dén d6 vong caa
dam tang nhanh.

O giai doan 3, cac vét niit nghiéng ¢ bung dam xuét hién & muc tai trong xap xi 45 kN.
Tuy nhién, do bé rong vét nat nho, ldc nay luc cat van tiép tuc dugc truyén théng qua hiéu
g cai khoa cét liéu va hiéu eng chét caa cot doc.

100
80 ] vxyv v ~ ¥ N \
n v \
~ 60 — 7 \
z :
o ~
5 40
20 — B-GG-01
| — ~ B-GG-02
0 | | | | |
0 3 6 9 12 15 18

Do vong (mm)
Hinh 5. Quan hé luc — d6 vong caa cac dam cbt GFRP.
Céc dam B-GG-01 va B-GG-02 lan luot bj pha hoai ¢ muc tai trong 93.4 kN va 80.9 kN,
ngay thoi diém cac vet nut nghiéng mo rong 1on, gay ra dang pha hoai dot ngot. Tai thoi diém

nay, bién dang doc trong thanh GFRP méi chi Xap Xi 5%o, nho hon rat nhiéu so véi bién dang
kéo dut cua thanh GFRP.
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Hinh 6. Cau trdc vét nut cia mau thi nghiém B-GG-01, B-GG-02.
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Hinh 7. Quan hé luc — bién dang doc cua c6t GFRP trong dam B-GG-01, B-GG-02.

Két qua thi nghiém ddi véi 2 dam bé tong geopolyme két hop cbt thép thuong (B-SG-01
va B-5G-02) lan luot dugc thé hién ¢ Hinh 8, Hinh 9 va Hinh 10. C6 thé thay trén Hinh 8, so
VGi cac dam bé tong geopolyme sur dung cbt GFRP, c4c dam nay c6 do cing sau khi nat lon
hon kha nhiéu. Cac vét nut thang goc o gitra nhip (do md men uon) c6 thé quan sat dugC ¢
muc tai trong xap xi 42 kN. Sau do6, cac vét nat do udn va do udn-cit tiép tuc xuét hién. Tuy
nhién, d6 ciing cua dam khdng bi suy giam dang ké.
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Hinh 8. Quan hé lyc — d6 vdng cua cac dam nhom SG (sir dung cbt thép vai bé tong geopolyme).

Hinh 9 m6 ta quan hé tai trong-bién dang di vai cbt thép trong dam B-SG-01. Bién dang
doc trong cac thanh thép ting déu dan theo tai trong tac dung. Tai diém nat, ung suat kéo
dugc truyén dén cot thép, gy ra su gia ting dot ngot caa bién dang. Khi pha hay, bién dang
doc trong cdt thép dat gia tri Xap xi 1,8%o, thip hon nhiéu so véi bién dang chay cua cac thanh
thép. Piéu nay chi ra rang co ché phé hay bi chi phdi boi phé hay cat va su lan truyén vét nat
trong bé tdng thay vi pha hoai tai thanh kéo (tie) hinh thanh ¢ khu vuc c6 cét thép doc trong
dam bé tong geopolyme.
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Hinh 9. Quan hé luc — bién dang doc cua ct GFRP trong dam B-SG- 01.
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Hinh 10. C4u trac vét nirt cua mau thi nghiém B-SG-01, B-SG-02.

Quan sét qué trinh phat trién nut cua hai loai dam, ta thay su phét trién vét nat trong dam
cot GFRP tién trién tir cac vét niit udn ban dau & giira nhip dén cac vét nut cit nghiéng dudi
luc cat tang dan. C4c vét nat cit xién chinh trong dam cét GFRP kéo dai khoang 400-500 mm
theo chiéu ngang dam va di 1én khoang 150-250 mm theo chiéu cao dam, véi cac vét nat thir
cap cach nhau khoang 25-50 mm. C4c vét nat cat chinh gan diém tac dung tai trong dat tGi
1,5-2,0 mm khi phé huy, rong hon dang ké so voi dam gia cuong thép. Diéu nay cho thdy kha
nang kiém soét viéc xuat hién va lan truyén vét nut cia cdt GFRP thap hon so vai ¢t thép.

Puong cong luc - bién dang cua dim c6t GFRP cho thiy bién dang ting nhanh sau khi
nit do d6 cing cua thanh GFRP thap hon. Diéu nay trai nguoc véi dam sir dung cot thép, tién
trinh bién dang dién ra cham hon, chiing t6 d6 cing cao hon va kha ning kiém soéat vét nut tét
hon nhd ¢t thép. Cac thanh GFRP dat dén gidi han bién dang trudc khi kha nang chiu cét cua
bé tong duoc sir dung hét, dan dén hién tuong phé huy gion.

Bang 4 tong hop céc két qua thi nghiém caa bon dam. Két qua tong hop cho thay dam gia
cudng thép co sirc khang cat Ién hon va do vong thap hon so véi dam gia cuong bang cot
GFRP. So véi cac dam bé tong geopolyme su dung cot thép, viéc s dung cot thanh GFRP
lam giam dang ké sirc khang cat cia dam, thap hon khoang 30-40% so vai dam cdt thép. Diéu
nay duoc 1y giai 1a do mé dun dan hoi thip cia GFRP va do dinh bam kém giita GFRP va bé
téng geopolyme. Sirc khang cat cia dam chiu anh huang 16n bai bién dang cua cét doc, ciing
nhu hiéu tng “chét” cua cét doc. M6 dun dan hoi thap khién GFRP c6 d6 cimg kém hon, dan
dén sy gia tang d6 vdng va lam suy giam kha nang chiu lyc cit. Po dinh bam kém giira GFRP
va bé tong ciing anh hudng dén sy truyén tai lyc va kha niang chiu cét cua két cu.

Bang 4. Tong hop két qua thi nghiém

Cét chiu lwc Dam Luc gay pha hoai (kN) Pj vong (mm)
Thé B-SG-01 145,8 7,2
P B-5G-02 126,5 103
B-GG-01 93,4 10,4
GFRP B-GG-02 80,9 12,5
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4. KET LUAN

Nghién ctru da danh gia ung xu Cat cua dam bé tdng geopolyme cot thép va cbt thanh
GFRP, tap trung vao co ché phé huy cét, sic khéng cit va bé rong vét nat do cit.

Két qua thuc nghiém cho thiy vé6i cing ham luong cbt doc, viéc sir dung cbt thanh GFRP
lam giam déng ké sirc khang cét cua dam, thap hon khoang 30-40% so véi dam cot thép. Diéu
nay duoc 1y giai 1a do mé dun dan hoi thip caa GFRP so vai ¢t thép va do dinh bam kém
gitra GFRP va bé tébng geopolyme.

Dam bé tong geopolyme cdt thép co bé rong vét nat do cat hep hon téi 50% va do ving
nhé hon 30% so véi dam cbt GFRP. M6 dun dan hdi cua thanh GFRP rat nho (45 GPa, so Vi
200 GPa cua thép) khién GFRP c6 d6 ctng kém hon, dan dén lam gia ting d6 vong ciing nhu
bé rong vét nit va lam suy giam kha nang chiu cat caa dam.

Nhu vay, loai cét str dung anh hudng dang ké dén sirc chiu cit va ang xir nat ciia dam bé
tong geopolyme. Viéc sir dung cot thép gilip sirc khang cat va kiem soat vet nit dugc cai thién
dang ké so vai cot GFRP.

Trong cac nghién ctu tiép theo, can thyc hién thém mau thi nghiém déi voi cau kién ciing
nhu thay doi cac tham so dé khao sat day da hon wng xwr chiu cat caa cau kién bé tong
geopolyme két hop vai cot chiu luc bang vat liéu geopolyme cot soi.

LOI CAM ON

Nghién ctru nay dugc tai trg bdi Truong dai hoc Giao thong van tai trong dé tai ma sb T2024-
XD-002TD. Téc gia xin chan thanh cam on cac thi nghiém vién trung tdam KHCN da ho trg
trong qua trinh thyc hién nghién ctru thuc nghiém.
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