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Tém tat

Trong nghién ciu nay, cuong do nén dusi diéu kién han ché nd hong ctia bé tong tinh ning cao (high-
performance fiber-reinforced concrete, HPFRC) da dudc thi nghi€ém va phan tich theo ba m6 hinh pha hoai
nén: mo6 hinh Mohr-Coulomb, Hoek-Brown va Johnston. Cdc mau nén hinh tru cé cung dudng kinh 114 mm,
chidu cao 200 mm, c6 v lam bing dng thép va nhua uPVC, tai trong thiét ké chi tic dung 1én 16i HPFRC. Bé
tong HPFRC 16i dudc gia cudng hén hop soi thép v6i ham ludng theo thé tich bao gdm 1,0% sdi dai c6 méc
va 0,5% sdi ngan thang phang. V6 miu st dung bao gdm v uPVC day 3,2 mm (ky hiéu uPVC3.2) va 3,8 mm
(ky hiéu uPVC3.2) trong khi vd thép day 1,4 mm (ky hiéu ST1.4) va 1,8 mm (ky hiéu ST1.8). Thi tu céc loai
vo theo d6 16n cuong do nén 161 HPFRC quan sat duge nhu sau: Khong c6 vé < uPVC3.2 < uPVC3.8 < ST1.4
< ST1.8. Tt két qua nén mau, cic biéu thiic dugc thiét 1ap theo ba mo6 hinh phd hoai nén dé du dodn kha ning
chiu nén cuia 16i HPFRC.

Tir khod: HPFRC; han ché nd hong; mo6 hinh Mohr-Coulomb; m6 hinh Hoek-Brown; mé hinh Johnston.

AN EXPERIMENTAL STUDY AND ANALYSIS ON COMPRESSIVE STRENGTH OF HIGH-PERFOR-
MANCE FIBER-REINFORCED CONCRETE UNDER CONFINEMENT WITH DIFFERENT FAILURE
MODELS

Abstract

In this study work, the confined compressive strength of high-performance fiber-reinforced concrete (HPFRC)
was experimentally investigated and analyzed according to three failure models, including Mohr-Coulomb,
Hoek-Brown and Johnston model. The cylindrical compressive specimens covered by steel/uPVC tube were
subjected to applied load only on HPFRC cores. The HPFRC cores had same diameter of 114 mm and height
of 200 mm. The HPFRC core contained a systems hybrid fibers, comprising of 1.0% long hooked and 0.5%
short smooth fibers by volume. The thicknesses of uPVC covers were 3.2 mm (notation PVC3.2) and 3.8 mm
(notation PVC3.8) while those of steel covers were 1.4 mm (notation ST1.4) and 1.8 mm (notation ST1.8). The
confined compressive strengths of the HPFRC cores were ranked regarding cover types as follows: No cover
<uPVC3.2 <uPVC3.8 < ST1.4 < ST1.8. The equations were established according to three failure theories in
confined compression to forcast.

Keywords: HPFRC; confinement; Mohr-Coulomb model; Hoek-Brown model; Johnston model.
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1. Giéi thiéu

Hién nay, bé tong cbt sdi c6 tinh ning cao (high-performance fiber-reinforced concrete, HPFRC)
dugc danh gia 1a vat lidu xay dung rat tiém ning do c6 cdc dic tinh cd hoc wu viét vuot trdi so véi
bé tong thuong (normal concrete, NC) va bé tong cuong do cao (high-performance concrete, HSC)
[1, 2]. Mot sb dic tinh co hoc wu viét ciia HPFRC c6 thé ké dén nhu sau: cudng do nén cao hon 80
MPa [3], cudng dd kéo c6 thé trén 10 MPa va cudng do kéo udn trén 20 MPa [4, 5], kha ning hép thu
ning luong 16n va tudi tho cao [6-9]. Do vay, HPFRC da va dang dudgc tng dung trong cic cong trinh
xay dung ngly cang nhiéu dé€ gidm kich thudc clia cic bo phan két cAu va ning cao do bén, tudi tho
cua cong trinh [10].

Trong céc thanh phan két cu cong trinh, cot 1a két cAu phd bién va anh hudng truc tiép dén hiéu
qua khong gian va do bén ctia mot cao d¢ hay toa nha. Do d6, viée nang cao siic khang va giam thiéu
kich thudc ctia cot 1a muc tiéu hudng dén cta nhiéu nha nghién cifu. St dung vo nhua uPVC hay v
thép cho cot bé tong 12 mot trong nhiing giai phap hitu hiéu dé nang cao kha ning chiu tai cho cot.
Diéu nay dat dudc 12 do 16p vé uPVC hay vé thép c6 thé han ché bién dang hong ctia 16i bé tong khi
chiu nén doc truc. N6i mot cach khac, khi tai trong tac dong 1€n 16i bé tong, 16p vd bao quanh sinh
ra mot ap luc hong thu dong tac dung 1€n 16i. Bén canh d6, 16p vo nay con dong vai tro nhu mot van
khuon, gitip tiét kiém kh4 nhiéu thdi gian thi cong. Nhiéu nha nghién cifu da cong bb cac nghién ciiu
vé 4nh hudng ctia 16p vo uPVC hay vé thép dbi véi ting xit nén 16i 1am bang cac vt liu bé tong khac
nhau [11-14]. Woldemariam va cs. [11] nghién cifu ting xif nén cic cot bé tong d6 trong 6ng uPVC.
Két qua thi nghiém cho thiy cudng do, do déo va kha ning hip thu niing luong ctia bé tong khi c6
dng cao hon dang ké so véi bé tong khong dng uPVC. Tuong t, Tue va cs. [12, 13] nghién citu vé 16i
bé tong han ché né hong thu dong ché tao tlt bé tong tinh ning siéu cao (UHPC) vé6i cudng dd nén tit
150 dén 180 MPa dd trong dng thép. Két qua thi nghiém cho thiy khi do day ctia 6ng thép ting 1én,
do bén va do déo ctia 16i UHPC ting 1én 16 rét. Gupta [14] da nghién ctiu anh hudng ctia 6ng uPVC
ddi véi ing xtt nén 15i cac cot bé tong. Cac 6ng uPVC dudc st dung cé dudng kinh khac nhau 13 140,
160 va 200 mm, chiéu cao khong d6i 1a 500 mm, 16i bé tong c¢6 cudng do nén khong han ché nd hong
tir 23,6 dén 43,5 MPa. Két luan ctia nghién ctiu nay 1a cic 6ng uPVC c6 thé cai thién 2,65 lan vé do
déo va 3,52 1an vé kha niing h4p thu ning luong cia 16i so vé6i khi khong c6 dng uPVC boc cho cot.

Mohr-Coulomb, Hoek-Brown va Johnston [15—17] dé xuét cdc md hinh biéu thi mbi quan hé giiia
cudng do nén doc truc va ap luc nén hong clia vat lidu dat hay dd. Nhiéu nha nghién cifu sau nay da
diéu chinh va ap dung cic md hinh nay cho vat li€u bé tong [18-22]. Ansari va Li [18], Candappa
va cs. [19] da diéu chinh va d4p dung md hinh phd hoai nén Mohr-Coulomb cho bé tong cudng do
cao chiu trang thai da truc dng suit. Theo két qua nghién ciu tii [18, 19], cudng do doc truc clia bé
tong cudng do cao ting khi dp suit hong ting. Setunge va cs. [20], Yapt Merkezi [21] nghién ctiu stic
khdng ctia bé tong cudng do cao khi chiu tai ba truc. K&t qua nghién ctiu cho thdy cuong do phd hoai
cua bé tong cudng dd cao khi nén ba truc phu hgp véi md hinh pha hoai nén ctia Johnston. Girgin va
cs. [22] ap dung ca mo6 hinh Hoek-Brown va Johnston ap dung cho bé tong cudng do cao chiu nén ba
truc. Cac tac gia két luan ring c6 thé dp dung dudc ca hai md hinh dé danh gia cudng do pha hoai clia
bé tong cudng do cao.

Tir cdc nghién ctiu da dé cap & trén, mic di da c6 mot sd luong 16n cac nghién ctiu vé nén trong
diéu kién han ché nd hong cho bé tong, nhung thi nghiém nén 16i HPFRC sit dung vat liéu trong
nudc van chua duge nghién ciiu. Ngoai ra, viéc dp dung cac mo hinh Mohr-Coulomb, Hoek-Brown
va Johnston cho vit liéu HPFRC la rét it thong tin. Do d6, viéc nghién ctiu cuong do nén duéi diéu
kién han ché né hong ctia HPFRC sti dung vat liéu trong nudc 12 rat can thiét. Tur két qua thi nghiém,
tac gia s€ phan tich nén pha hoai HPFRC theo ba m6 hinh Mohr-Coulomb, Hoek-Brown va Johnston.
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Bén canh do, c4c dic tinh ctia cbt sdi tron trong HPFRC, vi du nhu chiéu dai soi, huéng xoay va phan
bd sgi, dudc danh gid 1a nhitng yéu t6 dnh hudng 16n dén cudng do va cic dic tinh co hoc khic ciia
HPFRC [23, 24]. Gan diy, nhém tdc gia clia bai bdo nay di nghién ciiu su két hop giita hai loai soi
thép c6 kich thude khac nhau cho ng xi kéo ctia HPFRC ché tao tai Viét Nam [25]. Két qua nghién
ctiu cho thiy su két hop hai loai s¢i lam gia ting stc khang kéo ctia HPFRC dang k€ so véi st dung
titng loai sdi c6 ciing ham lugng. Do véy trong bai bdo nay, céc tac gia tiép tuc dung cip phdi HPFRC
va hon hdp sdi d€ nghién cifu dé tai. Viéc hi€u 16 cic tinh chit co hoc ctia HPFRC sé gitip ting dung
vt liéu nay trong nhiéu cong trinh thuc té, mang lai hiéu qua kinh té - xa hoi 16n.

2. Thi nghiém
2.1. Vat liéu va phuwong phdp ché tao mdu nghién ciiu

Hinh 1 thé hién so dd tng thé chuong trinh thi nghiém thuc hién trong bai bdo nay. Bang 1 cung
clp thanh phan cip phdi vita bé tong HPFRC theo ti 1& khdi luong bao gdm: xi ming, silica fume,
cat tring, tro bay, phu gia héa déo, nuéc. Xi ming st dung la loai INSEE PCB 40. Cit sit dung trong
nghién citu 1a cét tring min v6i dudng kinh hat < 1 mm do cong ty UHPC Viét cung cip. Theo nhu
mo ta & Hinh 1, cic mau nén thi nghiém c6 hinh ling tru cing dudng kinh trong 114 mm va chiéu cao
200 mm dudc thiét ké véi 5 loai vo: khong vo (tén mau “Khong v6™), vo uPVC day 3,2 mm (tén miu
“PVC3.2”), vd uPVC day 3,8 mm (tén mau “PVC3.8”), vo thép day 1,4 mm (t&n mau “ST1.4”) va vd
thép day 1,8 mm (tén méau “ST1.8”).

Thi nghiém nén 161

Chiéu day Chiéu day Chiéu day Chiéu day
3.2 mm 3,8 mm 1.4 mm 1.8 mm

v
Danh gia va so sanh
¥ ¥ ¥
M@ hinh pha hoai MBS hinh pha hoai M2 hinh pha hoai
Mohr-Coulomb Hoek-Brown Johnston

Hinh 1. So d6 thuc hién thi nghiém
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Bang 1. Thanh phan vita bé tong HPFRC theo ti 1 khéi luong

Ximing  Silicafume  Céattring  Trobay  Phu gia héa déo Nuéce

Capphot 3y (ke/m) (ke/m®)  (keg/m’) (ke/m?) (ke/m)
HPFRC 810 71 1013 203 40 263
Bang 2. Tinh chét cd 1y ctia hon hop sdi thép
Loai sci Puong kinh (mm)/ Trong lugng riéng  Mb dun dan hdi  Cudng do kéo
co Chiéu dai (mm) (g/cm3 ) (GPa) (MPa)
Sai thép to (1,0%) 0,5/35 7.9 200 > 1200
Sci thép nhé (0,5%) 0,2/13 7.9 200 > 2500

Bang 3. Tinh chét cd ly ctia vt liéu 1am vo mau

. ., _~  Tronglugng riécng Mo dun dan hdi Heé s gidn nd nhiét Cudng dd bén kéo diit
Loai vO mau

( g/cmS) (MPa) (mm/m.°C) (MPa)
V6 nhua uPVC 1,40 3000 0,08 50
Vo thép 7,85 200000 0,01 380

L&i HPFRC st dung hon hop sdi thép gia cudng bao gom: sdi thép to hai ddu méc (hooked) dudng
kinh 0,5 mm, dai 35 mm v6i ham lugng 1,0% theo thé tich, s¢i thép nhd tron thfmg (smooth) dudng
kinh 0,2 mm, dai 13 mm véi ham lugng 0,5% theo thé tich. Hinh 2 mo ta hai loai cdt sgi bang anh
chup, Bang 2 cung cip mot s6 thong tin vé tinh chit co ly clia hai loai soi thép st dung do cong
ty M.F.C Nam Viét cung cip. Hai loai s¢i thép c6 khdi lugng riéng 7,9 g/cm® va mé dun dan hoi
200 GPa. Cbt sdi to c6 cudng dd kéo diit 16n hon 1200 MPa trong khi c6t soi nhd c6 cudng do kéo
dit 16n hon 2500 MPa. Tinh chit co Iy cta vat liéu lam vé miu dudc trinh bay ¢ Bang 3 do cdc nha
san xuét cung cap. V6 uPVC st dung san phim ctia cong ty nhua Binh Minh c6 cudng do kéo diit
50 MPa, md dun dan hdi 3 GPa, trong lugng riéng 1,4 g/em®. Vo thép sit dung san phim cia cong ty

d=0.5mm, l=35mm d=0.2mm, l=13mm

(a) S¢i to ham lugng 1,0% theo thé tich (b) S¢i nh6 ham lugng 0,5% theo thé tich
Hinh 2. Anh chup cic loai s¢i dudc st dung trong HPFRC
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thép Hoa Phat c¢6 cudng do chiy 380 MPa, md dun dan hdi 200 GPa, trong luong riéng 7,85 g/em®.

Hinh 3 thé hién anh chup vé mau uPVC va vé thép duing ché tao mau.

(a) VO nhua uPVC (b) Vo thép
Hinh 3. Anh chup v miu uPVC va vé thép diing ché tao méu

Hbn hop vit lidu dugc tron bang mdy tron cudng biic cé dung tich thing trén 60 lit. Xi ming,
cat, silica fume, tro bay dugc tron kho trong khoang 10 phit, sau d6 nuée dudge thém vao va tron tiép
khoang 5 phiit. Phu gia siéu déo dudc b sung tir tir, thém vao tiing dot dé c6 thé diéu chinh dat do
déo phi hop. Sau d6 sgi thép dudc cho vao tron déu. Sau khi dic mau 24 giv, tht cA mau thi nghiém
dudc bdo dudng ngdm trong bé nudc c6 nhiét do trung binh khoang 25 +3 °C va dudc dem nén & 28
ngay tudi & trang thai kho.

2.2. Thiét lgp thi nghiém

Hinh 4(a) mo td may MATEST c6 kha ning tai 16n nhat 3000 kN dung thuc hién thi nghiém nén,
téc do gia tai 3 kN/s. Cac mau nén trudc khi thi nghiém phai mai phang dau trén. D€ c6 thé nén 16
bé tong HPFRC ma khong bi cin 1én vo, thi nghiém da dung tAm dém thép mai nhén c6 téng bé day
trén 15 mm v6i dudng kinh x4p xi dudng kinh trong ctia mau nén, xem Hinh 4(b). Trong qua trinh thi

| Stain gauge

L doc theo chu vi mau |

(a) May MATEST (b) TAm dém thép (c) Thiét bi do bién dang

Hinh 4. Anh chup thiét 1ap thi nghiém nén mau
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nghiém, bién dang va luc nén dugc may ghi lai. Bién dang nd hong (g;) dudc do bang thiét bi do bién
dang (strain-gauge) doc theo chu vi mau nhu md ta & Hinh 4(c). Bién doc truc (g4) va cuong do nén
clia 16i bé tong HPFRC (. ) xac dinh theo cong thiic (1). Trong d6 bién dang doc truc cta 16i 14y gan
diing theo chuyén vi ctia mdy (AH) chia cho chiéu cao mau (H), Ppax va D = 114 mm lan luot 1a luc
nén 16n nhit va dudng kinh 16i bé tong HPFRC. Mdi loai v6 dic thi nghiém 2 mau sau d6 14y két qua
trung binh danh gia, phan tich.

£ = AH/H
, _ 4Pmax (D
Jee = nD?

3. Két qua nghién cttu va ban luin
3.1. Théng sé nén

Bang 4 cung cip thong s6 nén cho cac loai mau thi nghiém theo cic loai vo [6]. Cac thong sb
nén bao gdm cudng do nén ctia 16i HPFRC (f7,), kha ning bién dang hong (g1), kha ning bién dang
doc truc (g4). Hinh 5 so sanh thong sb nén ctia cdc mau theo cac loai vo. Theo thé hién & Bang 4 va
Hinh 5, gia trj f7, trong khoang 79,26 - 127,36 MPa. Th ty xép theo loai vd xét theo f7. c6 gia tri 16n
dan nhu sau: khong vé < uPVC3.2 < uPVC3.8 < ST1.4 < ST1.8. V& quy luat, f7. ting rd rét khi chiéu
day vé ting, bat ké 1a vd uPVC hay v6 thép. Tuy nhién, cédc thong s6 &7 va g4 ¢6 xu huéng khong 16
rang: vi du vé uPVC3.8 tao gid tri 16n nhit vé bién dang mic du cudng d6 khong phai 16n nhét: g7 =

Béng 4. Thong s6 nén clia cac mau theo cac loai v

s ., Cudng do chiu nén  Bién dang ngan Bién dang doc truc
Ton miu Loai vé g do chi ang ngang ang doc try

(MPa) (%0) (%0)

Kh(:)ng V(:)—Ol Khong vé 78,67 -0,61 1,79
Khoéng vo-02 79,85 -0,66 1,96
Gia tri trung binh 79,26 -0,64 1,86
pvcazoy  MWWYC o8 s
Gia tri trung binh 82,84 -0,75 2,25
pcagoy  MWYC oo B iy
Gia tri trung binh 95,03 -2,28 3,64
ST1.4-01 V6 thép 125,40 -0,83 0,82
ST1.4-02 124,33 -0,77 1,24
Gia tri trung binh 124,86 -0,80 1,03
ST1.8-01 V6 thép 127,56 -0,59 1,02
ST1.8-02 127,17 -1,13 1,04
Gia tri trung binh 127,36 -0,86 1,03
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2,28%0, £4 = 3,64%0. Két qua bién dang bat thudng ctia uPVC3.8 can dugc xdc minh thém & nghién
ctiu trong tuong lai.

200 . . 5 - . 5 . .
- =
< 160 ~at 34t
<% o
=) & Y
= 12400 127:36 e =
;g s 3 =
en o g3r
2 = <
= en 228 en
El <
s =4
;8' = 2 'g
52 2
2 < &
g M [
O 1 1
0 0
Khéng véo PVC3.2 PVC3.8 ST14 ST1.8 Khéng vo PVC3.2 PVC3.S_ ST1.4 ST1.8 Khéng vo PVC3.2 PVC3.8 ST14 ST1.8
Tén mau Tén mau Tén mau
(a) Cuong do chiu nén (b) Bién dang ngang (c) Bién dang doc truc

Hinh 5. So sanh thong s6 nén clia cac mau theo céc loai vo

3.2. Mé hinh phd hoai nén dudi diéu kién han ché nd héng

Trong muc nay, bién dang doc ctia mau thi nghiém 1a mot thong sb dugc st dung trong phan tich.
Tuy nhién, viéc st dung chuyén vi ctia mdy thi nghiém MATEST dé€ xéc dinh bién dang tuyét d6i ctia
mau thi nghiém tir d6 x4c dinh bién dang doc theo cong thic (1) c6 thé chua dat do tin ciy cao. Tuy
nhién, nhém tc giad mudn gi6i thiéu cic mo hinh pha hoai va tam phan tich cdc mé hinh theo dit liéu
thi nghiém dudc danh gid 1a con han ché nghién citu nay, khi c6 dif liéu thi nghiém t6t hon, c6 thé
tham khao cac mé hinh nay dé€ cap nhat, hoan thién.

a. Tong thé vé ba mo hinh pha hoai nén

Hinh 6 thé hién cdc dudng cong dién hinh ctia ba mo hinh pha hoai nén, bao gom mo hinh Mohr-
Coulomb, Hoek-Brown va Johnston. Theo thé hién & Hinh 6, md hinh Mohr-Coulomb chi xay dung
cho tai nén doc truc [22], trong khi md hinh Hoek-Brown va Johnston ap dung cho ca tai nén va kéo

s A Nén da truc
L:h 18 cc
g- 5 l 25 r Johnston
éi \:'( 3 2 22
35 £ ,",",.T Hoek-Brown
o ~ Lo
te. .
o .
o 4
g .~/ ——Mohr-Coulomb
@]

Kéo doc truc

1_._» } T Nén don truc

Ap luc hong, t‘:

Hinh 6. Dudng cong dién hinh ctia ba tiéu chi pha hoai duéi thi nghiém nén
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doc truc [16, 17]. Mau nén khi pha hoai dat cudng do doc truc (f7.) va ing suét nén hong thu dong
(f;) tao bdi hiéu ung han ché nd hong tif vd mau. Hinh 7 thé hién trang théi dng sut trong 15i va vo:
16i chiu ca f; va f7. trong khi v6 chi chiu f;. Gid tri f; xdc dinh theo bi€u thiic (2) trén cd s& can biang
tinh hoc, trong doé ¢ Ia bé day vo, D la duong kinh 161, g; 1a bién dang hoéng, E; 1a md dun dan hoi
cua vo.

_ 2te Ep

5 2

HHjOHT'_

ERE222221

t.S[EI,_;""W‘ >l_s:LliL / T \

V6 mau Loi bé tong Mat cit ngang 16 bé tong

Hinh 7. Trang thai ting suit ctia 16i bé tong va vé mau

b. Phan tich két qua thi nghiém theo md hinh ph4 hoai Mohr-Coulomb

Biéu thic (3) thé hién mo6 hinh nén pha hoai Mohr-Coulomb cho vat liéu rdi rac duéi tai trong nén
da truc, trong d6 f7. 12 ham sb clia céc bién: Iuc dinh ¢, géc ndi ma sét ¢ va tng suit nén hong thu
dong f;. Khi khong c6 tng suat hong, tic 1a khi f; = 0, gid tri f7. dudc tinh theo biéu thiic (4). Theo
nghién cifu ctia Richart va cs. [26], hé sb nén hong k chi phu thudc vao ¢ va dudc tinh theo biéu thic
(5). Khi nay, biéu thiic (3) trd thanh biéu thic (6) d€ xéc dinh gia tri f7,.

2ccos¢p 1 +sing

from o R Sz G
fom 1o (7= 0) @)

- ©
fomsrkf o e 1kl ©

Tt két qua thi nghiém, phuong trinh pha hoai nén theo m6 hinh Mohr-Coulomb dudc thé hién
trong Béng 5. Theo nhu Bang 5, gid tri f; dudc tao ra tif vo uPVC tir 0,13 dén 0,46 MPa trong khi f;
dudc tao ra tif vé uPVC tir 3,93 dén 5,43 MPa. Hé s6 nén hong k thay doi tir 9,84 dén 34,72.

Bang 5. Két quéa phan tich theo tiéu chi pha Mohr-Coulomb dbi véi 16i HPFRC

Tén mau /4 (MPa) Gia tri k Phuong trinh

uPVC3.2 0,13 28,27 fl= £l +2827f

uPVC3.8 0,46 34,72 1l = £l +34.72f]
ST1.4 3,93 11,62 fl= £+ 11.62f
ST1.8 5,43 9,84 fl= £l +9.84f]
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c. Phan tich két qua thi nghiém theo md hinh ph4 hoai Hoek-Brown

Mo hinh Hoek-Brown [16] dp dung cho dé véi cudng do nén f, > 20 MPa dudc thé hién qua biéu
thitc (7). Trong biéu thiic (7), cac hé sd s va m 1a cic hiang sb cta vt liéu: m bi€u thi d6 cong cia
dudng quan hé gitia f7, va f;, gid tri ctia m phu thudc vao loai da trong khi gid trj cta s thay ddi tir 0
dén 1 biéu thi cho d6 nguyén ven ctia d4. Trong nghién ctiu nay, 16i HPFRC xem nhu nguyén ven nén
s c6 gia tri 1, gid tri hé s6 m c6 thé tim thong qua biéu thic (8) trén co sd két qua thi nghiém. Bang 6
cung cAp két qua phan tich theo mo hinh pha hoai Hoek-Brown déi vé6i 16i HPFRC st dung vé khic
nhau. Theo nhu Bang 6, gid tri hé s6 m thay d6i tit 19,94 dén 73,85, tuy theo loai vo st dung.

[ = f+ Gf2 +mflfl? (7)
2
) = sfr?
e Jj)f ®)
cJ3

Bang 6. Két qua phan tich theo m6 hinh pha hoai Hoek-Brown dbi véi 16i HPFRC

Tén méiu Hé s6 m Phuong trinh

uPVC3.2 55,79 o= f+ (£ +557907) "

uPVC3.8 73,85 fo=f+(£2+738507) "
ST1.4 26,79 o= F+ (2 +26797f) "
ST1.8 19,94 o= f+ (12 +19047p)"

d. Phan tich két qua thi nghiém theo m6 hinh pha hoai Johnston

Theo md hinh Johnston, pha hoai ctia vat liéu nguyén khdi thé hién qua biéu thic (9). Trong biéu
thiic (9), M va B 1a cac hé sb vat liéu, f7 1a cudng do nén ctia mau khong han ché nd hong. Hé sé6 M
biéu thi d dbc tai f; = 0 ctia dudng quan hé gitta f7, va f;. Hé sO B bi€u thi tinh phi tuyén ctia mo
hinh. Theo nghién citu ctia Girgin va cs. [22], gid tri B trong biéu thiic (9) c6 thé dudc tinh bing cong
thdc (10), va nhu vy, ty s6 M/B dudc xic dinh qua cong thic (11) thong qua két qua thi nghiém.

ol M B
fcc - fc(l + E’E) (9)
B=1-0,0172(log f/)%, f inkPa, (8kPa < f/ < 600000 kPa) (10)
1/B
M (&) L (11)
B fe Ir

Bang 7 cung cip cdc biéu thiic da dugc phan tich theo mo hinh pha hoai Johnston cho vat liéu
HPFRC. Theo Bang 7, gia tri M/B thay d6i tit 20,15 dén 63,18 tuy theo loai v, trong khi gia tri clia
B = 0,587 4p dung cho tét c4 céc trudng hgp vo st dung. Gia tri B = 0,587 phan tich dudc trong
nghién cifu nay 13 phit hop két qua nghién cifu ctia Girgin va cs. [22]. Theo [22], B = 0,5 cho bé tong
cudng do cao nén khong han ché nd hong tit 60 dén 132 MPa.
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Bang 7. Két qué phén tich theo mé hinh pha hoai Johnston ddi véi 161 HPFRC

Tén mau Hé sb6 B Ty sb M/B Phuong trinh
uPVC3.2 48,91 fcc/fc = (1 + 48,91fr/fc)0’587
uPVC3.8 63,18 Foel fo = (1 + 63,181,/ )87
0,587 0,587
ST1.4 23,59 fcc/fc = (1 + 23,59fr/fc) ’
ST1.8 20,15 feel o = (1 +20,15£,/ £)*%

4. So sanh ba mé hinh nén pha hoai ap dung cho 16i HPFRC

Hinh 8 thé hién cac dudng cong ctia mod hinh nén pha hoai Mohr-Coulomb, Hoek-Brown va John-
ston 4p dung cho 16i HPFRC ting véi cdc loai vo khac nhau. Theo thé hién & Hinh 8, cudng do 16i
HPFRC ting khi cudng do nén hong ting, mic du mic do gia ting khac nhau & cdc mo hinh (biéu
thi thong qua do déc dudng cong). Thit ty md hinh theo d6 déc dudng cong quan sit duge & Hinh 8

500 T T T T T 500 T T T r T
M6 hinh Mohr-Coulomb s M6 hinh Mohr-Coulomb
= == M5 hinh Hoek-Brown == == Mo hinh Hoek-Brown
8\400 | == M5 hinh Johnston 400 L === M5 hinh Johnston
[a W)
= <
= < .
8300 | i 1 5 300 £ /6,=(1+63,18, /£, )" ]
= £ /8=(1+48.91£ /£, ) g
OA S £, =f,+34,72f,
2200 | greos2rs % 200 |- & crgpEmms )
) N ] essn s
g £ /(/—79._6 MPa /
O 100 ] 100 L =f;+(£2+73,85.;)"* b
Gidi han ap luc hong Gid1 han ap lue hong
£5.0u=0.13 MPa £3.ex=0,46 MPa
0 ! ! L ! ) 0 L L . . L
0 1 2 3 - 5 6 0 1 2 3 4 5 6
Ap luc hong (MPa) Ap Iyc hong (MPa)
(a) PVC3.2 (b) PVC3.8
250 T T T T T 250 T T T T T
s M6 hinh Mohr-Coulomb s M6 hinh Mohr-Coulomb
== == MO hinh Hoek-Brown == == M5 hinh Hoek-Brown
=== M5 hinh Johnston === MO0 hinh Johnston
200 g 200 '
B fuo/ i (1423,59 100 5]
s = £.=£,+9,84f;
< 150 £=f+11,62f; h 5 150
2 \ g 7
; \ e fofem(1420,15 £
£ \ 5 ~
o y g
T 100 T 4 = 100 /
g £L=6,+(£2+26,79€.f;) § £ (19940
3 &)

50

TS F.=79.26 MPa

Gi6i han ap lre hong
£3.max=3.93 MPa

1 2 3 4 5
Ap Iwe hong (MPa)
(c) ST1.4

™S £.=79.26 MPa

Gi61 han ap lue hong
3 max=5,43 MPa

1 2 3 4 5
Ap Iwe hong (MPa)
(d) ST1.8

Hinh 8. Mbi quan hé cudng do nén doc truc va 4p luc hong theo cic mo hinh ph4 hoai
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nhu sau: Mohr-Coulomb > Johnston > Hoek-

Brown. Cac duong cong md h‘}nh phan tan rd hon Z tl .

khi cudng do nén hong 16n dan. Hinh 9 thé hién 8 80
4nh hudng 4p luc hong dén cic hé sb theo cic mo g L

hinh pha hoai nén. Theo Hinh 9, khi 4p luc hong 61 ;/"\ \ L
f; tdng, cac hé s k, m va M/B ting o rét di véi « '

vd uPVC nhung gidm nhe dbi v6i vo thép. Thii tu
loai vé theo do 16n cac hé sb nay nhu sau: ST1.8
< ST1.4 < uPVC3.2 < uPCV3.8. Tuy nhién, do s6
lugng méu thi nghiém trong nghién ctiu ndy con

Ap luc hong (MPa)

0,46

100

e
, o
H¢ so theo mo hinh pha hoai

(%]
o

. N . A 0,13

han ché nén xu huéng nay can dugc xac minh thém 0 — 0
2 ~, N ,, <A PP PVC3.2 PVC3.8 ST1.4 ST1.8

6 nhiing nghién ctiu ti€p theo trong tuong lai v6i Tén méu

s6 lugng méu nhiéu hon. ) ) )
Hinh 9. Anh hudng ap luc hong dén cac hé so

PR trong cac mo hinh pha hoai nén
5. Keét luan

Bai bdo nay cung cip thong tin hitu ich vé dng xt nén ctia 16i HPFRC duéi diéu kién han ché nd
héng nhd vd bao quanh. Dua trén két qua thi nghiém va phan tich, c6 thé riit ra cic nhan xét va két
luan sau day:

- Thi tu cda loai v xép theo 16n dan ciia cudng d6 nén 16i HPFRC va mddun dan hoi nhu sau:
Khong vo < uPVC3.2 < uPVC3.8 < ST1.4 < ST1.8. Khi d6 day cta vo tang 1én, cuong dd nén va mo
dun dan hoi ting theo, gid tri cao nhét dudc tao ra khi st dung vo thép day 1,8 mm.

- Loi HPFRC duéi diéu kién han ché nd hong c6 kha ning bién dang doc truc 16n hon kha ning
bién dang hong khi ph4 hoai, bt k€& loai vé boc nio.

- Mbi quan hé gitta cudng do nén doc truc va cudng do nén hong dugc phan tich theo mo hinh
nén pha hoai ctia Mohr-Coulomb, Hoek-Brown va Johnston. Tuy nhién do gidi han ctia s6 luong mau
c6 thé dnh hudng dén két qua phan tich, can tiép tuc nghién ctu véi sé lugng mau 16n hon dé€ dat do
tin cdy cao hon.
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