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NGHIEN CUU THUC NGHIEM HIEU QUA GIA CUONG
BAN SAN BE TONG COT THEP CO LO MO
BANG VAT LIEU TAM SQI CFRP
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Khoa Xay dung - Truong Dai hoc Vinh
Ngay nhan bai 9/4/2019, ngay nhan dang 7/5/2019

Tom tit: Bai bao trinh bay két qua nghién ctiu thuc nghiém san bé tong ct thép
(BTCT) c6 16 mo duoc gia cuong bang vat lieu tim soi CFRP (Cacbon Fiber
Reinforced Polymer). Nghién ctru dugc tién hanh trén 05 san BTCT c6 kich thudc hinh
hoc va cau tao vat ligu giong nhau, trong d6 c6 01 san khong gia cuong (san doi
chimg), 02 san dugce gia cuong bang vat liéu CFRP theo phuong dan vudng goc va 02
san duoc gia cudng bang vat lieu CFRP véi phuong gia cuong chéo 45°. Nhitng két
qua thu duoc théng qua nghién ciu ndy gép phan lam rd tng xir cia san bé tong cot
thép c6 16 m& duoc gia cudng bang vat lieu CFRP. Ngoai ra, két qua phan tich danh
gia cho thay hiéu qua gia cudng tir viéc lya chon bién phap gia cudong tim dan CFRP,
kha nang chiu luc cua san tang 1én trén 70%.

1. Pt van dé

Trong cac cong trinh xay dung dan dung hién nay, hau hét cac tam san trong nha
déu c6 16 mo nhu 6 cau thang may, 6 hop ky thuat, 6 giéng troi, hay tam bé téng che bé
nudc. Viée thay doi muc dich sir dung cong trinh kha phd bién, diéu d6 dan dén viéc cai
tao cong trinh cii va viéc tao mot 16 ma trén san cé san co thé xay ra. Tai vi tri 16 ma, noi
lyc va bién dang c6 su thay doi kha phuc tap tuy theo kich thuéc cia 16 mé. Do dé, can
gia cuong tai nhiing vi tri nay dé dam bao kha nang chiu lyc. C6 nhiéu phuong an gia
cudng duoc ap dung trong nhiéu nam qua. B&n canh nhiing phu’ong an truyén théng dugc
st dung nhu bé tri thém cét thép doc xung quanh khu vuc ¢d 16 ma, phuong phap st
dung vét liéu soi composite (Fibre Reinforced Polymer, viét tit FRP) nhu soi cacbon, soi
thiy tinh 1a mét phuong phép gia cuong tién tién dugc ap dung kha phé bién ¢ cac nudc
phét trién va dang phat trién.

O nudce ra hién nay, vat liéu FRP da dugc ung dung cho viéc gia cuong mot s6
cong trinh cau va nha dan dung (tir nhitng nam cudi thap nién 90). Tuy nhién, viéc ap
dung con han ché, trong d6 nguyén nhan chinh 13 gia thanh va tiéu chuan ky thuat &p
dung cho loai vat ligu nay. Hién nay, ¢ nudc ta, chua c6 tiéu chuan tinh toén thiét ké gia
cuong két cau bang vat liéu FRP. Viéc tinh toan duoc thuc hién theo chi dan cua céc tiéu
chuan nudc ngoai nhu tiéu Chuan M§ ACI [1], va cac tiéu chuan khac.

Bai bao trinh bay mot s6 két qua nghién ciu thuc nghiém veé su lam viéc caa két
cau san BTCT ¢6 16 mo duoc gia cudng bang vat lieu CFRP. Hai phuong an gia cuong
duoc nghién ctu trén 16 md c6 kich thudc 400x400 mm, dé 1a phuong an gia cuong chéo
gdc va gia cudng vudng goc. Cac két qua thu dugc thdng qua nghién ctu nay gép phan
lam rd ¢ng xir cua san bé tdng cot thép cb 16 mé duoc gia cudng bang vat lieu CFRP
cling nhu hiéu qua cua hai phuong an gia cuong néu trén.
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2. Nghién ciru thuc nghiém
2.1. Mdu thi nghigm va vt liéu ché tao

Tiéu chuan két cau bé tong cét thép cua Thuy Dién (BBK4-2004) quy dinh canh
16 m& cho phép nho hon 1/3 kich thudc canh ngan caa 6 san [10]. Tiéu chuan caa Ba Lan
(PN-B-03264) quy dinh canh 16 mé cho phép nhé hon 1/4 canh ngén cua 6 san [11]. Pay
14 16 mé loai nho va vira. L6 mé 16n 1a loai 16 ma ¢é kich thudc 16n hon 900 mm hoic ¢o
kich thuéc canh I6n hon 1/3 chiéu dai canh ngan cua 6 san. Trang thai lam viéc cua
nhitng & san c6 16 mé 16n kha phuc tap va anh huong dang ké dén sy 1am viéc cua toan
bo két cau.

Trong nghién ctu nay, san c6 16 mé duoc ché tao dé nghién cau véi ti 16 canh 16
ma trén canh 6 san 1a 0,4. 05 mau san dugc ché tao c¢6 kich thuéc gidng nhau truéc khi
tién hanh gia cuong (Hinh 1). Cac mau san BTCT thi nghiém c6 chiéu dai 1200 mm,
kich thuéc tiét dién b x h = 1200 x 50 mm, kich thuéc 16 mad 400x400x50 mm, cét thép
san bé tri déu theo 2 phuong $5a150 (mm). Trong s6 05 san thi nghiém thi 01 san khong
duogc gia cuong (ky hiéu san SC1) va duoc st dung 1am san ddi chimg. 02 san duoc gia
cuong bai vat liéu tim soi cacbon theo phuong vudng goc theo chu vi 16 mg (ky hiéu
SC2, SC3), hai san con lai duoc gia cuong theo phuong duong chéo hgp véi phuong
ngang 1 goc 45° (ky hiéu SC4,SC5). Cac tam soi gia cuong CFRP ¢ cung kich thudc
800x80x1 mm. Chi tiét mau gia cuong duoc trinh bay trén hinh 1.
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Hinh 1: Chi tiét cdu tao mdu thi nghiém

Cép phdi cua bé tong ché tao mau va dic trung co hoc tim sgi CFRP dwoc néu ¢
Bang 1, 2. Tam CFRP dung trong thi nghiém la vat liéu san xuat bai hang Fyfe (USA),
cac thdng s6 co hoc cua vt liéu nay dugc cung cap bai hang san xuat.
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Mau SC-1 MAau SC-2, SC-3 MAau SC-4, SC-5

Hinh 2: Hinh anh cac té madu san thi nghiém gia cuong

Bang 1: Thanh phan cdp phdi bé tong (kg/m®)

Xi mang Cat vang ba dam Nudce
420 600 1160 180

Bang 2: Pdc trieng co hoc ciia vit liéu tam sgi cacbhon CFRP

Vatlisu Dodiy Modundanhdi Cudngdd chiu  Bién dang
(mm) (MPa) kéo (MPa) cuc han (%)
CFRP 1,0 95800 986 0,85
Cuong do chiu nén cia bé tong duoc xac dinh théng qua thi nghiém nén té6 mau
hinh tru (3 mau) kich thuéc D150xH300 mm & tudi 28 ngay. Cudong d6 cua thép dung dé
ché tao san duoc xac dinh théng qua thi nghiém kéo. Két qua duoc tém tat trong Bang 3.

Bang 3: Curong dg bé téng va thép ché tao san duwoc xdc dinh bang thyc nghiém
Cudng do chiu nén cua bé tong (mau tru D150xH300 mm) 21,8 (Mpa)
Gidi han chay caa thép ¢6 Rs =285 Mpa
2.2. Ldp ddt bé tri dung cu do
2.2.1. So dé thi nghiém
Ban san thi nghiém duoc ké 4 canh (theo chu vi). Tai phan b duoc tac dung tai
khu vuc 16 mé. Tai tac dung duoc tao ra théng qua mot kich thay luc két hop va tram
bom dau. Gia tri tai tap trung tc dung dau kich la P va thong qua hé phan tai tao thanh
tai phan bd déu tac dung I&n mau thi nghiém véi q = % trong d6 S la phan dién tich tac

dung tai.
2.2.2. Bo tri dung cu do
Hinh 5 trinh bay so d6 b tri cac dung cu do. Chuyén vi cua san dugc xac dinh
théng qua 06 dung cu do chuyeén vi dién tir (Linear Variable Differential Transformer
LVDT). Trong truong hop nay, do vong f & vi tri gitra san dugc xac dinh theo céng thic:
f — fl1+ fl5 _ fl1+ fl2+ fl4+ fIG
2 4

63



T. X. Vinh, N. M. Hung / Nghién czu thuc nghiém hiéu qua gia cweong ban san BTCT ¢6 16 mo-...

trong d6 f,, f,,, f,., .., f,o 12 gid tri chuyén vi tai cac vi tri LVDT tuong ung 11, 12, 13,
14, 15.
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Hinh 5: So d6 bé tri dung cu do

Céc dung cu do chuyén vi va dung cu do luc Load Cell dugc két ndi véi bo thu
thap, xtr 1y so liéu Data Logger TDS - 530, cho phép ghi nhan ty dong va dong thoi cac
so liéu do dac trong qud trinh thi nghiém.

3. Phan tich va danh gia két qua

Trong qué trinh thi nghiém gia tai cho san, cac gia tri tai trong & mdi cap tai trong
duoc ghi lai thong qua dung cu do luc Load Cell, d6 vong san dugc xac dinh théng qua
céc dung cu do chuyén vi LVDT.

Cac két qua nay duoc do tu dong thdng qua bg xu ly Data Logger TDS - 530. Két
qua thi nghlem duoc chia thanh 3 nhém mau bao gom: nhom mau 1 - Mau khéng gia
cuong (mau ddi ching) c6 két qua caa mau SC 1; nhém méu 2 - Mau gia cuong vudng
goc co két qua trung binh cia mau SC 2 va SC3; nhém mau 3 - Méu gia cudng chéo 45°
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1a két qua trung binh ciia mau SC4 va SC5.Két qua thi nghiém duoc trinh bay trong Bang
4,

Bang 4: Cac gia tri tdi trong dac trung thu dwoc tur thi nghiém

- Tai trong gay Taitrong P9 vong tai thoi diém
Loai mau . cuc han , ;
: nirt P, (KN) (kN) pha hoai fnax (Mm)
Mau ddi chung 12 30,3 14,9
Mau gia cuong vudng goc 16 51,7 21,5
Mau gia cuong chéo 12 59,0 26,2

Cac vét nat do ubn bat dau xut hién ¢ gitta cac canh 16 ma, sau d6 cac vét nut &
g6c 16 mé xuét hién theo canh chéo cua san. Két qua thi nghiém cho thay rang thoi diém
Xuat hién vét nat dau tién ctia nhom mau 1 va nhém mau 3 sém hon va cing mot gia tri
tai trong 12 kN. Vé4i nhdm mau 2, vét nit xuat hién muodn hon, tai gié tri tai trong cao
hon 12 16 kN. Tuy nhién, & nhém mau 1 va 2 cac vét nit theo dudng chéo co xu hudng
phét trién manh hon, nhom mau 3 cac vét nit phat trién dong déu theo chu vi 16 mo.
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Hinh 6: Quan hé tdi trong - dg vong cia cac mau san thi nghiém

Hinh 6 thé hién duong quan hé giita tai trong - do vong (g - f ) tai tiét dién gitra
san cua cac mau. Biéu d6 cho thiy, ¢ giai doan dau, khi vét nit chua xuat hién, ba duong
(g sut tai trong xap xi nhau, tac dung cua tim CFRP chua phat huy hiéu qua. Giai
doan sau, khi vét nut xuat hién, nhom san dugc gia cudng bang tim CFRP ¢ do cing
trong duong va I6n hon so voi nhom san dbi ching, didu nay thé hién qua do doc cua
duong quan hé tai trong - do vdng. Tai thoi diém phé hoai, nhém mau 1 ¢ do vang 14,9
mm, nhém mau 2 c6 d6 vong 21,5 mm, nhdm mau 3 c6 d6 vong 26,2 mm. Nhu vay, co
thé thay do vong cua san gia cuong vudng goc va gia cuong chéo tai thoi diém pha hoai
tang 1én so vai san khong gia cuong, twong tng 44% va 76%.

Két qua thi nghiém cho thay kha ning chiu lyc caa san duoc gia cuong bang tim
CFRP ting 1én dang ké. Cu thé: nhém méu ddi chung c6 tai trong phéa hoai 30,3 kN;
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Trong khi theo phuong an gia cudng vudng goc, tai trong tai thoi diém phé hoai 1a 51,7
kN, ting 70%. Theo phuong 4n gia cudng chéo 45°, tai trong tai thoi diém phé hoai 1 59
kN, ting 95% so v&i nhém mau d6i chung (khong gia cudng), ting 25% so VGi san gia
cuong theo phuong 4n vudng goc.

4. Két ludn

Qua cac két qua thu duoc tir nghién ctu thue nghiém sy 1am viéc cua két ciu san
BTCT dugc gia cuong bing vat liéu CFRP véi phuong 4n gia cuong khac nhau, c6 thé
rat ra mot s két luan sau:

- Phuong phap gia cudng két cdu san BTCT chiu uén 1a phuong phap don gian,
nhanh chéng va cho hiéu qua rd rét, cho phép tang dang ké bién (dang cua bé tong ving
nén. Két ciu duoc gia cudng c6 kha ning chiu lyc tét hon rat nhidu qua 2 thdng so vé tai
trong va d¢ vong.

- So sanh 2 phuong phap gia cudng, ta thdy phuong phap gia cuong chéo la hiéu
qua hon vé mit chiu luc. Mau gia cuong vudng goc co tai trong pha hoai nhé hon mau
gia cudng chéo 45°,

- Khi bi phé& hoai, mau gia cudng vudng goc c6 vét nat it hon va vét nat tap trung
tai khu vuc goc, trong khi mau gia cuong chéo c6 vét nut rat nhiéu, phan bé déu xung
quanh mép.
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SUMMARY

EXPERIMENTAL INVESTIGATION ON THE STRENGTHENING
EFFICIENCY OF CONCRETE SLABS WITH OPENING HOLE
USING CFRP MATERIAL

The paper presents an experimental research results of reinforced concrete slab
with opening hole strengthened by CFRP (Carbon Fiber Reinforced Polymer). The study
were carried out on 5 reinforced concrete slabs with the same geometric size and material
composition, including 1 non-reinforced slab (reference slab), 04 slabs reinforced by
CFRP in two various ways. The results obtained through this study will contribute to
clarifying the behavior of reinforced concrete floors with opening holes reinforced by
CFRP materials. In addition, the evaluation results show the reinforcement effect from
the selection of CFRP sheet reinforcement, the bearing capacity of the reinforced floor
increased by over 70%.
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