KET CAU — CONG NGHE XAY DUNG

PHAN TiCH PHI TUYEN KET CAU DAM CAO
BE TONG COT THEP CO KHOET LO RONG

TS. CHU THI BINH
Trwdng Dai hoc Kién tric Ha Noi

Toém tat: Bai bao trinh bay két qua phan tich két
céu dém cao bé tdng cdt thép cé khoét 16 réng.
Thong sé duoc khdo sét Ia v tri 16 khoét. Phan mém
phan tich phi tuyén két cdu SAFIR duoc st dung.
M6 hinh mé phdéng dédm duwoc kiém ching bang
cach so sanh két qua tinh toédn va két qua thi
nghiém. Két qua khéo sat théng s cho thay khi vi tri
|6 khoét xa duong truyén tai thi khd ndng chiu luc
clia ddm khong bi gidm so véi dém khéng khoét 6.

Abtract: This paper presents the results of
structural analysis of reinforced concrete deep
beams with openings. The investigation parameter
is the location of opening. Nonlinear structural
analysis computer code SAFIR is wused in
simulation. Verifying works have been done for
models using SAFIR code. Results from parametric
studies show that when the location of the opening
is far from the load path, the load resistance of the
beam, with opening is similar to that of the solid
beam.

1. Gié&i thiéu chung
Dam duwoc goi la dam cao (Deep Beam) khi

mang moét trong cac dac diém sau day [1]: ti s6 gitra

Ih< 4xh

Trwdng hop 1

nhip théng thiy va chiéu cao ddm bé hon hoac
bang 4; trén dam xuét hién tai trong tap trung trong
khodng bé hon 2 1an chiéu cao dam tinh tir mép goi
dao.

Duwéi tac dung cla tai trong, trong dam hinh
thanh céc thanh chéng chiju nén néi gitra vi tri dat tai
trong va gdi d& (hinh 1). Béi v&i cac ciu kién dam
théng thuweng, chung ta thwdng st dung gia thiét
bién dang phang dé 1ap so d6 rng suét cho tiét dién
va gidi bai toan tinh toan cét thép dwa trén cac so
dd ng suét tai trang thai pha hoai. Tuy nhién, déi
vé&i dadm cao gia thiét vé bién dang phang trong ly
thuyét udén khéng con ding nira. Dé tinh toan dam
cao phai st¢r dung phwong phap phan tich véi phan
bd bién dang phi tuyén, hodc quy vé don gian bang
cach s* dung mdé hinh gian 3o (strut-and-tie
method).

Trwdng hop 2

Hinh 1. Céc truong hop dinh nghia ctia dém cao

V&i cac dam cao c6 khoét 16 cho cac dwong
6ng ky thuat chay qua, phan bd (rng suat bién dang
trong dam cang tré nén phtrc tap. Dua trén céac thi
nghiém duoc cong bbd tai tai liéu [2], tac gid da st
dung phan mém phan tich phi tuyén két cAdu SAFIR
dé mo phdng dam cé ké& dén tinh phi tuyén cta vat
liéu. Két qua mé phéng twong ddi trung khép vai
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két qua thi nghiém. Dung mé hinh vira kiém ching,
dadm cao bé téng dwoc khado sat véi cac vi tri 16
khoét thay dbi.

2. M6 phéng dam bang phan mém SAFIR

SAFIR |a phan mém may tinh dwoc phét trién
tai trwdng dai hoc Liége — Vwong qubc Bi véi muc
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dich phan tich phi tuyén két cau trong diéu kién
chay. Dé tinh két ciu trong nhiét dd thuwdng, ta cho
nhiét dé luén khéng déi 1a 20°C. Chi tiét hon xem tai
liéu [3,4]. Phan mém nay da duwoc kiém chirng qua
nhiéu nghién clru da dwoc cong bb [5,6,7]. SAFIR

hién dwgc dung trén 120 trwdng dai hoc va trung
tam nghién ctu trén thé gidi. Khoang 70 trung tam
thiét ké cling dang st dung phan mém nay.

Nghién ctru ndy mé phéng dam véi cac 16 khoét
c6 kich thwée nhw hinh 2.
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Hinh 2. Céc kich thudc cda dam

CAac dam déu cé tiét dien 160x600 mm, dai
2.4m, khoang céach gitra hai gbi twa don la
2.1m. Cét doc trong dam la 3 thanh duwéng
kinh 19mm. D& nghién ctu anh hwédng cla céc

16 khoét, cbt dai khédng dwoc bd tri trong doan

dam co lwc cat, chi cé hai cbt dai & mdi dau
dam.
Cac thong sé: ka, ma, k,h , mh , f vaa

thay déi nhw trong bang 1 trong dé fcl la cwdng do
chiu nén mau tru cta bé téng.

Bang 1. Cac thdng sé cta cac méu thi nghiém

Tén mau thi nghiém kla m,a k2 h m, h fy fcl a
mm mm mm mm MPa MPa mm
UH5F1 75 150 270 60 420 80.4 300
UH5F2 75 150 240 120 420 80.4 300
UH5F3 75 150 210 180 420 80.4 300
H5F1 75 150 270 60 420 52.9 300
H5F2 75 150 240 120 420 52.9 300
H5F3 75 150 210 180 420 52.9 300
L5F3C 75 150 210 180 420 235 300
H10T3 225 150 210 180 420 52.9 600
UH10T3 225 150 210 180 420 80.4 600
UH15F3 225 450 210 180 420 80.4 900

Céac dam chi dwoc mé phédng mét nira nhip do
tinh chat dbi xrng ctia dam (hinh 3). Céac ban thép
kich thwéc 160*100*10 mm duwoc déat tai cac gbi twa
va vi tri dat tai dé tranh (ng suét tap trung. Trong
mé phdng, tai trong va diém dat gbi twa cling duoc
dan déu thanh 3 diém véi khodng cach gira cac
diém 12 50 mm.

Tap chi KHCN Xay dung — s6 3/2017

Tai liéu [2] khéng néu rd loai cbt doc phia trén
va c6t dai dau dam. Trong mé phdng tam Iy cét
doc phia trén 1a 2¢12 va cbt dai 1a 2 dai $6 mdi dau
dam. DBé danh gia anh huéng cla hai loai cbt thép
nay t&i kha ndng chiu lyc clia dam, cac mé phéng
da dwoc tién hanh véi sy thay ddi cwéng do cla cbt
doc phia trén va cbt dai. Két qua mé phdng cho thay
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anh hwéng clGa chung |1a khong dang ké do (ng
suat & hai loai cbt thép nay con rat nhd khi dam bi
pha hoai.

M6 hinh (rng suét- bién dang clia bé tong va cét
thép la phi tuyén theo tiéu chuan Eurocodes [8,9].
Quan hé rng suét - bién dang cuia vat liéu chiu kéo,
nén moét truc cé dang nhw hinh 3.

Trong phan t& shell, mé hinh vat liéu chju nén
hoac kéo 2 truc dwgc chon sao cho twong thich voi
dwéng (ng suét - bién dang mét truc gidi thiéu
trong tiéu chuéan chau Au (hinh 3a). Cac &ng suét

va bién dang theo 2 truc dwoc quy ddi thanh (rng
suat quy doi o, va bién dang quy doi &, ... Quan
hé gitra rng suat va bién dang quy déi nhw sau:

2 6
3¢ 0! €a 1 %] _g @
1.0004 f

cm

Trong d6 &, la bién dang tai dinh va f 1a
cwong do cﬂa’ bé téng khi chju nén mét truc (hinh
3a). Tiéu chuan chay déo Von Mises dwoc dung
cho’nhénh chiu nén. Nhanh chiu kéo dung tiéu
chuan Rankine cut off. Chi tiét xem tai liéu [7].
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Hinh 3. Quan hé tng suét - bién dang cta vat liéu bé tdng va cdt thép

Qua mo phdng c6 phan b (ng suét trong ddm nhw
hinh 4. Trong méi phan t& shell ¢ hién thi phwong clia
ng suét chinh tai 4 diém. Ung suét mau dam (xanh) la
¢ng sudt nén chinh, mau nhat (d) la ng suét kéo
chinh. V&t nit trong dadm hinh thanh do (ng suét kéo

vuot qua cudng do nén vét nit cd phuong vudng goc
véi phwong clia iing suét kéo chinh. Két quéa mé phéng
cho thdy phuong clia ¢ng suét kéo chinh (nét mau doé
trong hinh 5 va hinh 6) twong déi phi hop véi hinh &nh
céc vét nit do dugc (hinh 7).

Diamond 2012.a.0 for SAFIR
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Hinh 4. Hinh dnh mé phéng dém UH5F2
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Diamond 2012.a.0 for SAFIR
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Diamond 2012.a.0 for SAFIR
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Hinh 6. Ung suét chinh tai cac diém quanh 16 khoét ctia ddm UH5F3
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Hinh 7. Hinh dnh céc vét nit & dam thi nghiém [2]
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3. So sanh két qua mé phéng sé va két qua thi
nghiém

Do thi nghiém khong xac dinh cwong dé chiu
kéo clia bé tong ( f,) nén mo phdng ding lién hé
gitra cwdng do chiu kéo va chiu nén theo tiéu chuan

chau Au dé xac dinh f,. Trong bang 2: V_;, 1a lyc

tinh toan gay phéa hoai ddm khéng c6 16 khoét; V.

open

la Iwe tinh toan gay pha hoai dam c6 16 khoét, Vex'O

la IL_fc pha hoai xac dinh trong thi nghiém v&i dam
c6 16 khoét.

Bang 2. So sanh két qua mé phdng va thi nghiém

Tén mau thi nghiém Két qua md phong (KN) Két qua thi nghiém (KN) Tilé
cho ddm dic | cho dim co 15 cho ddm c6 15 Vopen IV gotid Vopen Nexo
Vsolid Vopen Vex,o
UH5F1 402 381 514.5 95% 74%
UH5F2 402 348 419.4 87% 83%
UH5F3 402 276 339.1 69% 81%
H5F1 357 318 466.3 89% 68%
H5F2 357 297 347.9 83% 85%
H5F3 357 237 288.6 66% 82%
L5F3C 306 153 233.2 50% 66%
H10T3 183 168 163.2 92% 103%
UH10T3 243 192 185 79% 104%
UH15F3 168 93 94.8 55% 98%

Do sb liéu thi nghiém ctia nghién ctru khac cung
cap han ché nén nghién ciru nay chi so sanh duoc
dam mé phdng va dam thi nghiém & trang thai gioi
han, khéng c6 sb liéu thi nghiém trong qua trinh gia
tai. K&t qua & bang 2 cho thdy két qua tinh toan
bang mé phéng sbé twong dbi phi hop véi két qua
thwe nghiém, chirng t& md hinh mé phdng sé la tin
cay duoc.

4. Nghién ctru anh hwéng cua vi tri 16 khoét

Dung phadn mém SAFIR, nghién clru nay mo
phdéng thém nhiéu dam dé khao sat anh huéng cla
vi tri 16 khoét dén kha nang chiu tai cia dam cao.
Cac dam moé phéng c6 ciu tao gibng dam thi
nghiém trinh bay & phan 3 nhuwng kich thwéc 16
khoét khong thay ddi (200mm*160mm). Vi tri 16

16

khoét thay d6i ttr 100mm dén 750mm tinh tir gbi twa
dén mép 16 (xem hinh 2 va bang 3). Nhw vay céac
trwdng hop (TH) 1, 2 1a c6 16 khoét cét qua dwdng
ndi gitra tai trong va gbi twa. Tw TH 3 dén TH 6 16
khoét cach dwdng ndi tai trong va gbi twa theo
khodng cach xa dan. Cac mau nay khong c6 két
qué thi nghiém nén d&t tén dam theo cach thic
khac v&i cac phan trén. Hinh anh phan bb &ng suét
chinh trong dam xem t& hinh 8 dén 10. C6 thé nhan
thdy rang & TH 1 va 2 16 khoét cat qua dwong nbi
tai trong va gdi twa (thanh chéng trong md hinh dan
&o clUa dam dac) thi cac vi tri quanh 16 khoét lai tao
thanh cac thanh chéng khac ciing c6 xu hwéng néi
t tai trong dén gbi twa. Nhw vay viéc ap dung mo
hinh gian 4o trong thiét k& dam cao la hop ly.

Tap chi KHCN Xay dung — s 3/2017



F0FO

FO

il m = .

s
3
%
.
Y
I

ai

ju

3 h
a25%t
17

a nang c

giam kha
khéng qu

am bij

a) TH 6
giam ciing

>

(0]

el ‘\
R0 e 4
VARS NS =|> £ f
AR AR N[> i 1 4 _ f
1R Ak ) N - ' HE]
T N X R[x T _ i < 1t
Cabin Xk - o - T XX
o wfe e fu il
s L R [ N [ T \M L»TT
! — T
B e e AR hS S RPR% R I3 i © il
e e AR SN SRRSO R - —
R (LRI B e B S Bt
e s ( I N L R O ey e gy
s Vafuk S %R
Al o O R R -
e \
A B e B B | X
W P DU VRN MY (VR «
il AR o NN PO Vi) e S i3 = x
Al s OR[N WOR W mrr Y
o ke Sl e [t = e
P . R I B B e e e 7 g 3
b el | e o] = 2 -

twa thi d

6

g
e nhwng mire d

trong va

>

am (bang

d

tai

6

~

XAY DUNG

Hinh 8. Unhg suéat chinh trong dam TH 1 va 2
Hinh 9. Unhg suéat chinh trong dém TH 3va 4

E

A

— CONG NGH

KET CAU

, - , /
12 ) T ey P {
1 ' R {
Lo R Sl S P I e e R |
I L= FTI A He === n]s - ¢
. o \ R e J |
il iR : FIF e v wfm ===~ f
77 e ] )1t 2o sl ] {
b ol e e i e b il ﬁ
ﬁ.xx*».fuar;«; ' Fils el - f
e e i =|x = <ok P :
u_‘”/\r..rar’ﬁﬁ.f.ri.rf! < <]s & ] .‘m%w\.. f
HeH® %= = = =[x S i PR O] i
N Sw wfr =] A w]s | 1 e o \ i
LR AR Rl E A P e R “\_*un* -
Ay s s < ]2 S RS Py et PR — AE A 4
PN A x|~ s f N N[ x| wl e T o i
I R e oo [xx]x x e x s T z R AL
Y e e sl e x e ol 1 — :,]r#i/HHMMHMH,: Huu
cadxon e k% N[y oy F[# e i wefhl v o m T 13 e R s LR
L N e e E) 2| x| x o whepl s o m o owlx 2% 27 7
P D O RN Y 77 7 r sl xp &y s %% k% A2 o
B R TR ENEN VAER TR NS S -~ o w1 =[x x[x A
e R AT e i N PRSP X R KR AR A
i PR ENEY oAt & B I P K X K %
7 x T x4+ N e B e Bt B il
_ - e, Sl 8 ™% AR KKK
N IR OKORHOANK
. -~ hailie E < EE e e
. L3R + +|+ » B R B [
< [y s ey ey
£ = = A A A ]
= . e e
o e et -
P e R e g
; JORTTR FORALER AT RO b = n | ki | o e, g ox

Ga

Hinh 10. Ung suét chinh trong dam TH5 va 6

e

han c
Tap chi KHCN Xay dung — s6 3/2017

10l

a) TH5
Két qua tinh tai trong gi

3) cho thay khi 16 khoét cat qua duwdng n




KET CAU — CONG NGHE XAY DUNG

trong gi¢i han ctia dam dac (TH 1 va TH 2). Khi
16 khoét d& nam ngoai dwdng nbi tai trong va gbi
twa nhwng van gan diém d&t tai thi khd nang

chiu lyc cia dam van anh hwéng bdi 16 khoét
(TH 3 va TH 4) nhwng anh hwéng it (giam kha
nang chiu lwc duwéi 10%).

Bang 3. Céac théng sé ctia cac mau lam mo phdéng sé va két qua tinh toén

Tén mau thi nghiém k . a m,a k 2 h m, h Tai trong gidi han (KN)
mm mm mm | mm | cho dam dic | cho dam c6 15 Vopen ! Vsolid
Vsolid Vopen
TH1 100 200 240 160 297 225 76%
TH 2 150 200 240 160 297 258 87%
TH3 350 200 240 160 297 273 92%
TH4 450 200 240| 160 297 291 98%
TH5 600 200 240 160 297 297 100%
TH 6 750 200 240 160 297 297 100%
5. Két luan sur les structures. Thése d'agrégation, Univ. of Liege,

- C6 thé dung phdn mém SAFIR dé lam thuc
nghiém sé nghién ciru &nh hwédng clia cac théng
sb6 dén (rng x& clia ddm cao bé téng cbt thép co
khoét 16. Day la goi y cho cac nghién ctu tiép
theo vé anh huéng cla cwéong do chiu kéo cla
bé téng, &nh hwdng cla cbt doc cbt dai, cach
chon md hinh dan &o (strut and tie) trong thiét
ké...;

- Vi tri 16 khoét anh hwéng rd rét dén sw phan bd
(ng suat trong ddm dan dén anh huéng dén kha
nang chiu tai. Khi 16 khoét c&t qua dwdng nbi tai
trong va gbi twa thi tai trong gi¢i han cta dam
gidm so v&i dam d&c. Mirc do gidm phu thudc
vao vi tri 16 khoét va kich thuwéc 16 khoét;

- Khi 16 khoét da nam ngoai dudng nbi tai trong

va gbi twa nhung van gan diém dat tai thi khd nang

chiu lyc cia ddm van anh huéng bai 16 khoét (TH 3

va TH 4) nhwng anh hwéng it;

- Khi 16 khoét & cach xa vi tri dat tai trong (TH 5

va TH 6) thi khd nang chiu lwc cla ddm khéng giam

S0 v&i dam dac. Nhan xét nay phu hop véi cac cong

bb & tai liéu [10].
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