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Tém tit

Xdéc dinh trang thai dng suit phat sinh trong mdi bd phan két cAu 1a mot cong viéc rit quan trong gitp danh gia
va t&i vu hoa kich thude hé két cAu chiu luc. Tuy nhién, day 1a mot phép do hét siic phiic tap va thudng dudc
xdc dinh gian tiép tit phép do bién dang. K§ thuat kich phang (flat jack) 12 mot phuong phap thi nghiém “khong
pha hiy” va thuc hién kha don gian, cho phép chiing ta xac dich truc tiép dudc ting suat phat sinh trong ciu
kién thong qua gid tri 4p sut dau dugc bom vao kich phang. Dya trén cdc phan tich bang mo hinh s trén cac
cAu kién chiu nén, nghién cifu nay dé xuit mot phuong phap dién gidi két qua thi nghiém kich phang dé theo
ddi su phat trién dng suét trong cic ciu kién chiu nén néi chung va 4p dung d€ gidi thich su thay ddi theo thoi
gian clia trang thdi Ung suét phat sinh trong két ciu vo him bé tong.

Tir khod: kich phang; cAu kién chiu nén; tudng gach xay; vé ham; phép do ting suit.

APPLICATION THE FLAT-JACK TECHNIQUE FOR INVESTIGATING THE STRESS STATE IN COM-
PRESSION MEMBERS

Abstract

Determination of the stress state within a structural element is an important work for evaluating or optimizing
the structural design. Nevertheless, that is a complicated measurement and often performed indirectly from the
strain measurement. The flat jack technique, a non-destructive test and simple experiment, allows to directly
determine the stresses within structure via the oil pressure pumped into the jack. Based on numerical modelling
of two types of compression members, this paper proposes a novel interpretation of flat jack measurement to
follow the evolution of the stress state in structural elements subjected compression loading in general and
apply for interpreting the orthoradial stress evolution in a concrete tunnel lining as function of time.

Keywords: flatjack; compression members; mansory wall; tunnel lining; stress measurement.
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1. Giéi thiéu

D& x4c dinh ting suét phét sinh trong két ciu, thong thudng, c6 ba phucng phép dudc sit dung: (1)
do truc tiép thong qua cic dau do dng suit (stress gauge); (2) xdc dinh gian tiép thong qua cic dau do
bién dang (strain gauge); va (3) xac dinh gidn tiép thong qua ap suit do dudc tit thiét bi do phu trg (vi
du: flatjack technique - thi nghiém kich phang) [1, 2]. Trong d6 "k§ thuat kich phang"la mot phucng
phép do kha don gian va hiéu qua nhidm xdc dinh: (i) ¥ng suit nén tai hién trudng (in-situ) ctia cic
két cAu khac nhau nhu dap bé tong [3], vo ham [4]; hoic (ii) cudng dd chiu nén cla cic vat liéu nhu
gach [5-9]; d4 [10] ... D€ do dudc ting suat nén phat sinh trong két ciu, k¥ thuat ny dua trén nguyén
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1y cung cép vao trong kich phang mot 4p suit nham cén bing véi iing suét dugc giai phéng ra do viée
tao ra mot khe cat mong vudng géc véi bé mit chiu luc ciia két cAu can do. Ky thuat kich phing ¢
thé coi nhu 12 mot thi nghiém khong pha hiy vi khe cit c6 kich thudc kha nhé so véi két cAu va sau
thi nghiém ching ta c6 thé d& dang thu hoi lai dudc kich phang ciing nhu khoi phuc lai két ciu bang
viéc chén vita bd sung vao khe cit.
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Hinh 1. Nguyén ly ctia ky thuat kich phang [11]

Theo tiéu chuin ASTM-C1196 [11], cic budc cd ban clia thi nghiém st dung mot kich phang
nhim xic dinh ng suit nén tai hién truong dugc minh hoa trén Hinh 1. Budc dau tién 1a xac dinh
khoéng céch ban dau dy; gitta hai di€m do c6 dinh trén bé mit két cAu (Hinh 1(a)). Tiép theo, mot khe
cit mdng dudc tao ra tai vi tri chinh giita hai diém do (Hinh 1(b)). Duéi tic dung ctia trudng ting suét
nén o7, khoang cach giitta hai di€m do bi thu hep lai 12 d < do; (Hinh 1(b)). Kich phﬁng sau d6 dugc
chén vao khe cit va dau dudc bom vao kich phang nhiam khoi phuc lai vi tri ban dau cta hai diém do
d = do; (Hinh 1(c)). Vé mit ly thuyét, v6i gid thiét trudng ing suit nén la dong déu trén dién tich nhd
ctia khe cit, do d6 ap sudt dau trong kich phang tai bude nay (Hinh 1(c)) 1a py = 0. Tuy nhién do su
hao hut dau bom, sai s6 vé kich thudc, hinh dang ctia kich phang va su khong ddng nhét ctia két cau,
gi4 tri Gng sut tai hién trudng (o) dudc xdc dinh theo cong thiic sau [8, 11]:

o=K,K,p (D

trong do6, p 12 ap suét dau trong kich phang nham khoi phuc lai vi tri ban dau cia hai diém do; K, 1a
ti s giita dién tich kich phang véi dién tich khe cit; K,, 1a hé s6 hiéu chinh ctia kich phang, phu thudc
vio 4p sut (p) va hinh dang ctia kich phang [8]. Trong nghién ctiu nay, phucng phép xic dinh tng
suét trong két cAu theo cong thiic (1) dugc goi 1a "phuong phap cé dién (CM)".

Nhu minh hoa trén Hinh 1, sit dung k¥ thuat kich phang dé theo déi su phat trién theo thoi gian
cla ing suét trong két cAu (o9 — o1), ¢6 hai cich thuc hién nhu sau:

- Céch 1: St dung mot kich phang méi véi cac budc (a, b, ¢) trén Hinh 1 dudc 1ap lai. Tuy nhién,
khoang cach ban dau ldc nay la d; tuong dng v4i trang thai dng sut oy vady; # do; (Hinh 1(e)). Ung
suit oy sau d6 dugc xac dinh thong qua gia tri 4p suét trong kich phiang p; bing viéc st dung cong
thuc (1).
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- Céch 2: Kich phang sau thi nghiém dau tién (Hinh 1(a), (b), (c)) dudc giit lai tai khe cat. Gia sit
tai thoi diém bat ky, ting suit nén trong két ciu lic nay 1a oy > o (Hinh 1(d)), 4p suét diu trong kich
phang 1a py sé khong di dé€ khoi phuc lai khoang cach ban dau gitta hai diém do dy;. Thay vao dé, can
cung cip mot 4p suit P> po nham dap tng yéu cau nay (Hinh 1(d)). Tuy nhién, ching ta khong thé
stt dung cong thiic (1) d€ xdc dinh gid tri tng sut oy tf gid tri dp sut p/, vi do; khong phai la khoang
cach ban dau gitta hai diém do (dy;) tuong dng vdi ing suit oy (nhu trong Hinh 1(e)).

Muc dich ctia bai bdo nay 1a dé xuit mot phuong phap méi (NM) dé€ dién giai két qua cia thi
nghiém kich phang (theo cach 2 nhu minh hoa trén Hinh 1d) nham phan tich sy phat trién theo thoi
gian ctia ting suit nén phat sinh trong cac két ciu chiu nén chinh. Ap dung céc tinh todn giai tich két
hop v6i phan tich md hinh s6 bang phuong phap phan tit hitu han (FEM) (Code-Aster [12]), mdi quan
hé gitta 4p suét trong kich phang véi ting suét trong hai dang két cAu: két cAu tudng xiy bang gach va
két cAu v ham bing bé tong dudc xac dinh. Nhitng cong thiic nay sau d6 dudc st dung dé dién giai
cac két qua vng suit xac dinh tir thi nghiém kich phang dudc thuc hién tai MHM-URL (Meuse/Haute-
Marne-Underground Research Laboratory) va so sanh véi két qua thu dudc tir cic thi nghiém st dung
dau do tng suit truc tiép.

2. Phuong phap dién giai méi (NM)

Thong qua cdc phan tich md hinh s6 theo phuong phap phan ti hitu han (FEM) 4p dung cho hai
dang két ciu: (i) tudng gach xay dudi tdc dong cia tii trong nén phan bd déu; va (ii) vo ham duéi tac
dung ctia tai trong nén huéng taim phan bd déu, mdi quan hé gitta Gng suit o; v6i hai thong sb do; va
p’1 (xem minh hoa & Hinh 1(d)) dugc thiét lap.

2.1. Két cdu tuwong gach xdy

Trong phan nay, chiing ta thuc hién phan tich mé hinh s6 mé phong lai thi nghiém kich phang trén
két cAu tudng gach xiy di dudc Rossi [8] thuc hién nim 1985. Miu thi nghiém c6 kich thudc (cao x
rong X day = 150 x 150 x 50 cm) chiu tic dung ctia ti trong phan bb déu & canh trén clia tudng (xem

Diém do
khoang cach

dy =0
(a) Thi nghiém kich phang trén mau (b) Mb hinh s6 theo phuong phap phan tit
tudng gach xay dudi tic dung cua tai hitu han st dung cho mé phdng thi nghiém
trong phan b6 déu [8] kich phang bén tréi

Hinh 2. M phong s thi nghiém kich phang thuc hién trén mau tudng gach xiy
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Hinh 2(a)). Tai trong phan bd déu tic dung 1én dinh tudng dudc tao ra bdi céc kich thiy luc véi cac
cAp 4p suét nén biét trudc va dudc goi la “tai trong tac dung”. Thong sb nay sau d6 dudc so sanh véi
“ling suit do dugc” trong tudng dudc chi ra tir thi nghiém kich phang. Thuc hién nhiéu thi nghiém véi
cdc gid tri tai trong tac dung va hinh dang kich phiang khac nhau, Rossi [8] dd x4c dinh dudc tucng
quan gifta ting suét do dudc va tdi trong tic dung. Tuong quan giita hai thong s6 nay ciing c¢6 y nghia
tuong tu nhu mbi quan hé gilta oy va p/ trén Hinh 1(d). Do tinh chit di xing ciia mau thi nghiém
(Hinh 2(a)), chiing ta chi md hinh mot nita mau tudng gach nhu thé hién trén Hinh 2(b). Hai mé hinh
dudc st dung tuong dng vé6i hai trang thdi: (M6 hinh 1) két cAu nguyén dang (trudc khi c6 khe cit) va
(MO hinh 2) két cAu sau khi c6 khe cat. Cac diéu kién bién (thé hién thong qua rang budc vé chuyén vi
theo céc truc dX, dY, dZ) dugc st dung trong mo hinh nhu thé hién trén Hinh 2(b); 4p suit dau trong
kich phang (p) dudc gan phan bd déu truc tiép 1én hai bé mit trong ctia khe cit.

St dung két qua do chuyén vi ctia cic diém do trén tudng dudc cung cip bdi Rossi trong [8], hai
thong sb dan hdi ctia mau dudc xac dinh nhu sau: Mddun dan hdi E = 3800 MPa va hing s6 Poisson
la v = 0,25. Hai gia tri nay sau d6 dudc st dung nhu thong sd dau vao cho cic mo phdng bang mo
hinh s.

Trén mo hinh 1 tuong dng véi trang thai nguyén dang ciia két cdu (khong c6 khe cit), véi tai trong
tac dung ban dau 12 o, ching ta c6 khoang cach ban du (tham chiéu) gitta hai diém do 13 di(c). B6n
gia tri op dugc xem xét: o9 =0; 0,75; 1,50 va 2,25 MPa. Thong qua phan tich FEM, gia tri khoang
cach tham chiéu d;(o7) tuong tng véi tiing cip tai trong o dugc xac dinh. O mdi mot gid tri o7, trén
mo hinh 2 tuong dng véi trang thai khi két cdu da c6 khe cit, ching ta thay ddi cac gid tri (o) tit o
dén 207 v6i budc ting tdi Ao = 0,25MPa. Tuong ting v6i mdt cip gid tri ting suit (o, o), 4p suit
trong kich phang (md phdong) (p) dugc xac dinh thong qua phan tich FEM ngudc nham théa man diéu
kién khoang cach giita hai diém do trén m6 hinh 2 (két ciu c6 khe cat) d = dp;. Hinh 3 thé hién mdi
quan hé giita (p) va (o) tuong ing vé6i cic cip tai trong ban dau (o) khac nhau. Chiing ta nhan thy
rang, trong ca bdn cp tai trong, 07, p va o phu thudc tuyén tinh véi nhau theo cong thiic: p = Co+D,
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Hinh 3. M&i quan hé giita ap suit dau trong kich phéng (p) va tii trong tic dung 1én tudng (o) tudng tGng véi
cic cap tai trong ban diu (o) khac nhau. Kich phing (khe cit trén mé hinh) 1a hinh chit nhat c6 kich thudc
(dai X rong = 40 x 20 cm)
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trong d6 (C, D = const). Trén Hinh 3, dé dang nhan thiy hing s6 C khong phu thudc vao tai trong
ban dau . Tuy nhién, nhu thé hién trén Hinh 4, C bi thay ddi tuy theo kich thudc ctia kich phang, C
tang khi dién tich ctia kich phang gidm. Ciing trén Hinh 4, hai kich phang S va §; tuy c6 hinh dang
khéc nhau nhung dién tich bé mit gan bang nhau thi ¢6 hing s6 C gan nhu nhau. Piéu nay c¢6 nghia
13, hiing s6 C chi phu thudc duy nhit vao kich thuéc clia kich phang. Vi dudng thang p = Co + D
phai di qua diém (p = 0, 0 = 0), do d6 chuing ta c6 thé suy ra D = (1 — C)o.
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Hinh 4. M6i quan hé giita ap sut dau trong kich phang (p) va tai trong tic dung (o) cho cac kich phang c¢6 hinh
dang khéc nhau tuong ting véi cAp tai trong ban diu (o = 2,25 MPa)

Tit két qua phén tich & trén, c6 thé két luan ring néu sit dung mot kich phing dudgc giit lai trong
khe cat dé theo doi su phat trién clia iing suét trong két cau thi: tai cac thi nghiém sau thi nghiém dau
tién, Ung suit trong két cAu (o) phdi dudc hiéu chinh nhu cong thiic (2) dui day:

14 0o
==+(1-0)— 2
7=C ( ) C @
trong d6, C 1a hing s phu thudc vao kich thudc kich phang.

2.2. Két cau vo ham

Khong gidng nhu két cAu tudng gach xay & phan trén (a), tai trong tic dung l1én mit trén cla vo
ham khac dng suit nén trong vo ham. Hon thé nifa, gia tri ing suét nay khong phan bd déu trén toan
bd mit cat va phu thudc vao chiéu day ctia vd ham. Xem vé ham nhu mot 6ng dai vo han chiu tic
dung cta tai trong hudng tim phan bd déu o trén toan bd dién tich mit ngoai vé ham, dp dung ly
thuyét dan hoi, ting suét va chuyén vi trong v ham dudc xac dinh theo cac cong thiic sau [13]:

R (r* —R})

nt
O =0c—H 5 5 < (3)
rz(sz, - Riznt)
R2 (r* + Rizm)
Og9 = O¢c m 4)
ext int
2 2
ur — O_C Rgxtr + Redeil’lt (5)
2(1+ G)(R?, - Rizm) 2G(R?, - Rizm)r
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trong d6, oy, g, u, 1an luct 12 ting sudt huéng tAm, ting suit tiép tuyén va chuyén vi huéng tim; Riy
va R,y 1an lugt 12 ban kinh trong va ngoai cla vo ham (Rine < 7 < Rexy); A va G 1a céc hﬁng s6 Lamé.

DE thiét 1ap mbi quan hé giita ap suit trong kich phang va ing suit tiép tuyén trong vo ham, chiing
ta sé tién hanh phén tich mo hinh s mo phdng lai thi nghiém kich phang (Hinh 5) da dudc thuc hién
tai MHM-URL nhu thé hién trén Hinh 6. Trong d6, tai trong o tic dung 1én vé ham dudgc gi thiét 1a
tai trong huéng tim phan bb déu trén mit ngoai ctia vé ham. V6 ham 12 bé tong dudc phun tai chd véi
chiéu day 1a 31 cm va c6 dudng kinh trong 12 2,15 m. Bé tong c6 modun dan hdi E = 30 GPa va hé sb
Poisson v = 0,25. Hai vi tri do khoang cdch ban dau dudc cb dinh trén vé ham vé6i khoang cach so véi
tam kich phang (khe cét) 1a 250 mm (diém do P1) va 100 mm (di€ém do P2) (xem Hinh 5). Do tinh d6i
xting ctia két cAu va vi tri thi nghiém, chiing ta chi phan tich mot phan tu mo hinh ctia vé him nhu thé
hién trén Hinh 6. Cac budc phan tich chinh nhu sau: (1) x4c dinh céc gia tri chuyén vi thang diing ”81
va uy), clia hai diém do P1 va P2 trén két cAu nguyén dang trudc khi c6 khe cit dudi tic dong clia tii
trong o = oo; (2) xdc dinh céc gid tri chuyén vi thang ding ug; va ugs tai hai diém do P1 va P2 trén
két cAu nguyén dang trudc khi c6 khe cat dudi tic dong clia tai trong o > o; (3) xdc dinh cac chuyén
vi thang diing u; va u; tai hai diém do P1 va P2 trén két cAu da c6 khe cat nhung chua dit kich phang;
(4) trén két ciu da c6 khe cat v6i gia tri tai trong o > o7, xdc dinh gid tri 4p suét trong kich phang p;
va p> nham 1an lugt thoa méan diéu Kién u; = ug; va us = ugy; (5) trén két ciu da c6 khe cat véi gia tri
tai trong o > 07, xac dinh gia tri 4p suit cdn cung cip vao trong kich phing pi,, va pa,, nhim thoa
min 1an lugt diéu kién uy = u), va up = ul),. Céc budc (1) (2) va (3) duge phan tich tryc tiép qua md
hinh sb theo phuong phép phan ti hitu han (FEM). Trong khi d6, két quéa & bude (4) va (5) dudc xic
dinh thong qua chuong trinh phan tich ngudc (inverse analysis) 1ap trinh bang PYTHON [14].
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(a) Lép dit kich phang va thue hién do (c) Vi tri cdc diém do khong céch trén
khoang céch giita cac diém do miit trong vé hAm

Hinh 5. Thi nghiém kich phang dugc thuc hién tai MHM-URL

Dudi tdc dung ctia tai trong hudng tAm phan bd déu o, cic chuyén vi ug; va ug, c6 thé dugc xac
dinh thong qua chuyén vi huéng tdm u, trong cdng thiic (5) nhu sau:

up1 = u(Rinc) sin 6 (6)
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up2 = Ur(Rine) sin 6 (7

Su thay ddi ctia cac ap sudt trong kich phang p; (i = 1,2) theo ting suét tiép tuyén ogg (Rip) dudi
tdc dong clia tai trong thay déi tir 0,5 MPa dén 2,5 MPa dugc thé hién trén Hinh 7, trong d6 o9 (Rin()
dudc xac dinh tl cong thiic (4). K&t qua chi ra rang (i) p; va p, khac nhau (ﬂ ~ 1,3), do d6 viéc st

P2
dung cdc gia tri p; (i = 1,2) dé xdc dinh mot gid tri o theo cdng thiic (1) 12 khong hop 1y trong trudng
hop ctia két ciu vd ham; (ii) p; (i = 1,2) va oy (Rin) phu thudc tuyén tinh véi nhau va c6 thé dugdc
minh hoa bdi cdc bi€u thic nhu sau:

p1=Crog = 1,430 (8)

P2 = Cro99 = 1,100709 )
trong d6, hé sd géc C; (i = 1,2) tang khi khoang cach ciia diém do so véi vi tri kich phang ting.

dX =0

R1=2.15m
R2=2.49m

Kich phing ~ 2

35

%) N w
(=] w (=}

Ap suit, p, (MPa)
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Hinh 7. Su thay ddi ctia cdc 4p suit trong kich phéng p;, p theo ting sut tiép tuyén ogg (Rin)

Tuong tu nhu véi két cAu gach xay & trén, bdn gid tri clia tai trong ban dau oy = 0,5; 1,0; 1,5; 2,0
MPa dugc xem xét d€ thiét 1ap mdi quan hé gitta p; va pi, (i = 1,2). Ung v6i mbi gia tri o7, cic gid
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tri p; va pim (i = 1,2) dudc xac dinh thong qua cdc phan tich ngugc nham théa méan hai diéu kién 1an
luct 1a u; = ug; (i = 1,2) vau; = ”8i (i = 1,2) cho céc gid tri tai trong khdc nhau o > 0. Hinh 8 thé
hién su thay ddi ctia py,, va pa, theo py va po. Chiing ta nhan thiy rang, v6i cac gid tri o9 khac nhau,
Pim VA pi (i = 1,2) quan hé tuyén tinh véi nhau theo cic dudng thing song song vdi cing mot hé sb
g6c Ciy:

Pim = Cimpi + bi, V61 (i = 1,2) (10)
50 o i o A 30 oo
—— 0y =05MPa Din=13lp-176 ! — 0, =05MPa p
= 0= 1.0MPa Pin-131p-352 ’s & g, =1.0MPa Pm=l1lp,
40 0= 15MPa P~ 131p,- 528 0y = 1L.5MPa py, = L1Ip,- 1.38
e Gy =2.0MPa py,=13lp,-7.04 —e 0y =2.0MPa
; 20 - Pom= L 1Ipy - 1.85 - oo
R S S S/ < S =
&
£ =
=3 T e S
5 x
Q‘: 20 e M el
10 |omrmmemmeme o
T Y 1 I,
L T N S
(a) (b)
0 s " 0 i i ;
0 10 20 30 40 0 10 2 30
p; (MPa) P> (MPa)

Hinh 8. M6i quan hé giita cac ap suét trong kich phang: (a) p; Va pi,; (b) ps va pa,, tuong ting véi céc gid tri
0 khac nhau

Nhu trén Hinh 8, x4p xi ham cho két qua Cy,, = 1,30 va C, = 1,11, trong khi d6 gid tri b; phu
thudc theo tai trong ban dau 0. Ap dung véi trudng hop o = o7, chiing ta c6 pj, = pi, tli cic cong
thiic (4) va (10), gid tri b; (i = 1,2) c6 thé dudc xac dinh theo cong thic sau:

bi=(1-Ciy)C 2R 6i(i=1,2) (11)
i =0 =Cin)li————5—700, VO1 I = [,
(Rgxt - Riznt)
Thay cac cong thic (9) va (11) vao cong thic (10), ching ta c6:
2R?
— ext 2,0 .
Pim = CimCiogp + (1 = Cipy)Ci————=—07, V61 (i = 1,2) (12)
ext — Dint
hoac
1 (Cin—1) 2R, o
Ogg = Pim + o, VOi (i = 1,2) (13)
CimCi " Cim (Rgxt - Riznt)

Néu sit dung ky thuit kich phang d€ theo doi su phat trién ting suét trong két ciu theo “cach 2”
cong thiic (13) cho phép xdc dinh dudc dng suit tiép tuyén oy tai mit trong ctia vd ham tif cdc gid tri
ap sudt trong kich phang (p;,,) va tai trong ban du (o). Thong thudng, gia tri oo dudc gia thiét bang
0 néu thi nghiém kich phang dudc thuc hién ngay sau khi v him vira xay dung xong [15]. Tuy nhién
trén thuc té viéc nay 1a rat khé thuc hién vi d€ ddm bao an toan, két cAu vé him bing bé tong dudc
phun ngay sau khi két thiic chu ky dao. Mot cich don gian héa,véi o9 = 0, cong thiic (12) trd thanh:

Pim = CimCioag, VOi (i = 1,2) (14)
Thay céic gid tri C;, va C; tim ra & trén vao cong thic (14), ta c6 mdi quan hé gitta p;, (i = 1,2) véi

0 gg trong trudng hop thi nghiém kich phang tai MHM-URL nhu sau:
pim= 187006 pom =120 va 2% =154 (15)

P2m
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3. Ap dung phuong phap dién giai méi (NM) cho thi nghiém kich phezlng tai MHM-URL

Su thay ddi ctia cdc 4p suét trong kich phang p;, (i = 1,2) theo thdi gian, thu dugc tif cac thi
nghiém kich phang thuc hién tai MHM-URL dugc thé hién trén Hinh 9. Tt cdc gia tri dp suét p;, (i =
1,2), gid tri ing suat tiép tuyén (ogg) tai mit trong clia vé ham dudc xic dinh tir cong thiic (15). Su
thay d6i theo thdi gian ciia ting suit (o) tai cac vi tri thi nghiém kich phang khac nhau & ciing mot
mit cit vé ham cling dugc trinh bay trén Hinh 9. V& miit ly thuyét, ca hai gia tri 4p sult py,, va pa,
phai cho ra mot gid tri ing suét ogg. Tuy nhién, nhu thé hién trén Hinh 9: (i) p1,, 16n hon khd nhiéu so
VOi pop; (ii) ton tai hai gia tri ogg(0ge1 VA 0gg) tUong Gng V6i py,, Va pay,; va (iii) su khac nhau giita
T ge1 VA O ggp VA gilia cdc gid tri Gng suét ndy vdi cac dp suét tuong tng (p12,) ngly cang ting theo
thoi gian. Su vugt trdi vé gia tri ctia py,, S0 V6i pa,, cling nhu su chénh léch 16n gitta hai gia tri nay
so vdi ting suét tuong Ung ogg1 2 (di€m (i) va diém (iii) 1a khd pht hgp véi cic gia tri hé s6 goc trong
cong thiic (15). Trong khi d6, diém (ii) c6 thé dugc giai thich 1a do trong diéu kién thuc té d6 day clia
vo ham 13 khong dong déu va tii trong tac dung 1én miit ngoai ctia vo ham ciing khong phéi 13 phin
bd déu tuyét ddi (nhu trong md hinh da phan tich & phan trén). Tuy nhién, nhu thé hién trén Hinh 9,
To91 + Oog2

s ~ N 2 z
(3) cia cuing mot mét cat vd ham 1a kha tuong dong nhau theo thoi gian. Péc biét, cac gia tri Ging suat
((oge) ~ 12 MPa) ndy ciing phi hop véi cac két qué ting suit do dudgc tif cac thi nghiém xdc dinh
thong qua céc thi nghiém st dung dau do ting suét truc tiép [1].

gia tri ing suét tiép tuyén trung binh (<0'99> = ) tai hai vi tri thi nghiém khdc nhau (2) va

ORB1R41 ORS1841
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= 40 G0 = 40 01 ;
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< 30 (066) \ N / g 30 00 \ e /
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Hinh 9. Su thay ddi ctia 4p suét trong kich phang Pim (i = 1,2) do dudc tir thi nghiém kich phang thuc hién tai
MHM-URL va ting suét tiép tuyén tai mit trong vé ham oy theo thdi gian

Trén Hinh 9, cdc gia tri ing sudt tiép tuyén oy va g ting theo thdi gian nhung véi miic do
tang bé hon nhiéu so véi do ting clia p;, (i = 1,2). Piéu nay c6 y nghia rang: néu 4p dung cach dién
giai truyén thdng nhu da 4p dung véi két ciu tudng gach xiy & phan trén (cong thic (1)) cho két cau
vo ham, thi sé& din dén mot gid tri ogg 16n hon rit nhiéu so véi gid tri thuc té.

4. Két luan

Nghién cifu nay da tip trung phan tich va dé xuit mot phuong phap dién giai két qua méi nham
theo doi su phat trién ing suit ma trong d6 kich phang dudc giit lai trong két ciu theo thdi gian.
Thoéng qua cic phan tich md hinh s6 theo phuong phap phan ti hitu han mé phdng cac thi nghiém
kich phang cho hai dang két ciu: két cAu tuong gach xay va két ciu v ham, mdi quan hé tuyén tinh
gitta 4p suéit trong kich phang va ting sut trong két ciu dudc thiét 1ap véi viéc bd sung cac hé sb phu
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thudc vao kich thude ciia kich phang va tai trong ban dAu tic dung 1én két cAu. Phuong phap dién gidi
mdi ndy, sau d6 dudc dp dung d€ xic dinh cic gia tri dng suit tiép tuyén & mit trong ctia vd ham thi
nghiém tai MHM-URL tai cic thdi diém khéc nhau & cdc vi tri do khac nhau trén mit cat vé ham. Két
qua ing suét tinh todn dudc kha phu hop véi két qua dudc do tir hién trudng thong qua cic dau do ing
suét truc tiép [1]. Piéu nay cho phép kiém ching su phit hop ctia phuong phdp dién gidi ma ching
t6i da dé xuit trong nghién citu nay. Tuy vay, d€ ting tinh thuyét phuc ctia phuong phap dién giii méi
nay, mot chudi cac thi nghiém “mdi” nén dugc thuc hién ma trong d6 kich phing méi sé dugc lip dat
gan véi vi tri clia kich phang cii. Sau do, tai cac thdi diém khéac nhau, tién hanh ddng thdi va so sanh
két qua thu dudc tif ca hai thi nghiém véi kich phiang méi va cii. V6i kich phang méi, ting suit ogg
dudc xdc dinh tlf cong thic (8) hoic (9), trong khi d6 cong thiic (13) dudc ap dung cho kich phang cii.
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