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HA #Hct
den Uijl1983)1 & $-zHE #49 @y WAz 7bsd 54 .2 o

&3} ol Ay

d,o, =2Co0f (2 2.1)

Croo =d 0,/ (2f ) (2 2.2)

d, ; diameter of strand
o, ; radial compressive stress on strand
¢.., » required concrete cover for crack prevention

fa » tensile strength of concrete

o u,
o, = Tb,av/cf (}*\—1 23)
Tb,azy = Po/ (ltﬂ-dp) (}*\4 24)

Ty . » average bond stress of stress
P, ; pull-out force

c¢; 5 coefficient of friction, ¢; = 0.32

[, ; transfer length of strand
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Al 2 A Thick Walled Cylinder Model

o

Walled Cylinder Model

I

&3HA

o] A=A =

of wat ddy W

e

o] %

KN
o

Aol

TAYE

st gz u)

(b) strand

strand

-—— 1 concrete

(c) Concrete cylinder

(a) Thick Walled Cylinder

[721¥ 2-3] Thick Walled Cylinder Model T3
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[28] 2-4] <9 A A] Thick Walled Cylinder Model®] -3 # 3

i d -9 ZAYE = W R ofF g 28 Al AF
o] AYHo] <rHTimoshenko, 1976, Ugural & Fenster,
2012). ¥k A - vAdY S e dd T BlEd T
qe FAHA A o] wEFolof gt FAYES = W A
& (circumferential deformation)? W74 #3F ¥ ¥ (radial deformation)ell
gk 7Hg o] =lE v
Noghabai(1998)¢] w21 7
H 2-5]¢ 47FA] RE=E % 7Festth. Elastic model> #7]
AAZE ARded AsS v 7H-sts 3524 AARY 443 =

rx

Fue gavee] $Y BRIt [

g ®eF g2 (circumferential stress) #t= <=t}. Ideal plastic model
ZAYE 4T HA FHALAH AsS M= A=A AARY I

=3 =9 W3 $8 e £t} Partially-cracked-elastic modele <

_20_
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i

S FA8FA T elastic model?} ideal

ot 7Y F9e E3IAYEQ  tension

o 2aded Bd $Y ¢

plastic model®] <37t S

MX

softening effect® 118 3}t=  cohesive modelS FATEQ tension
softening &3& 1#Hsle] ¥4d 79 FAYES AFSE 1d 7tsdtn
partially-cracked-elastic model¥ ©vF7FA 2  elastic model?}t ideal

plastic model®] =3t #& =0

(a) elastic model (b) partially-cracked-elastic model

(c) ideal plastic model (d) cohesive model

[19) 2-5] 22 E AA &8 ¥ 714
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el AFAEoe] FAYES  tension softening E¥E 1173
cohesive model& ©|-&3dte] FAgEol wijd A 7Aess Fdst
gdovr 1 FoA den Uijl and Bigaj(1996)7} #¢tgk  Concrete
Confinement Model-> H|7#<d F+<¢] ZALESY & 35 1HsH
A g F9o ZAYEY tension softening EHE wFI o] A A o]
FET B A T A AsS FYdor Fdsta v & AT
o] 1= den Uijl and Bigaj(1996)o] <2]&] #|A]¥ Concrete Confinement

Model& ©]&3sto] Ao I A4 A& |43
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Al 3 A Concrete Confinement Model

A

231 ¥4 ©A T

den Uijl and Bigaj(1996)° 2]} A A% Concrete Confinement Model
2 AAd mHaA FHe wde XAl u 3dAR SR

stage 12 SIAYE &9 =d W $Ho| FaAYES AAFE(f,)

Aol(r,)7F 54 Aolo] =W & =X ZAYE AT &
st B3 oF ¥ (expansion pressure)o] T
S Z¥eA HW ZAYE 9% AA ddo] IAsHA Hih F3g

E A5 AAd o] A3 G AV} stage 301, ZAYUE IE HAA

;

O

o 4

o
il

FAe nA @ NG dAo] o Fojat

2.3.2. H|7# &4 ©A (stage 1)

H] 7+ oA (uncracked stage)oll 4] Thick Walled Cylinder Modelel twh
g Add FH FZAYESE £ W dEoE A A iy A vk
3 WaF WA (radial expansion)ol] o3 AFEA ANes FHHer #
d 7heettt. 2AYE AE9 TAHSRZFH Ag(r)olAe v Wk

(0, (r), radial stress)? =@ W3 &9 (circumferential stress, o (r)

~—
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2 A wbg ek WS (radial displacement, u,(r))i= Timoshenko(1976)

oM = whol weth vk 2ol xd 7hs s

2 2 2

TiD; T 1/r —1/7‘0

o,(r)=—5———0-=5)=—pX——— (2 25)
ri—r? r p 1/7”?—1/7‘(2) -

2 2 2 2

D, T 1/r° + 1/r0
o (r)= (I+—)=p X —5——7 (2] 2.6)

f 7”(2,—1“2 r? b 1/7‘?—1/7‘3 h

pirz r?r (1+ yc) (1— yc)

u, (r) = > —+ ] (& 2.7)
L, (7"0 - ) T
o, (r) ; radial stress
o (r) ; circumferential stress
u, (r) ; radial displacement
E. ; elastic modulus of concrete
v, ; Poisson's ratio of concrete
y y
Og e
o, %
d r
X X

(29 2-6] 2aE AAd 84 4%
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B
iz

T

adgel ¢

/é]'

(2 26)0] wet vEd 9A ZagE

k)

=i
=

(2] 2.5)

(29 2-719 2o o714 x

T
-

el

+o]

9

s Vo=

o
o

10MPa<l

T

o

40mm,

COTRAS |

30mm,
o] )
A

HA

o
=

X

7e) o] 7}

7}

A (r,) wk

o

=

&k

A 7}
T:_'ﬂ, b4

o
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o
-T-

ST
It

A el

E

=712
50mm=z WA AA ZaE Adre &8 B
E 4
6.35mm) ©l| 4] 2]

=

of| A
234

= FE(x
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°
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Stress(MPa)

Stress(MPa)

=== rgdial stress

10 '\\ s "
X == circumferential stress
\
N\
N\
sk e
S
of
S
.'Ov—
_‘5' | 1 | | 1 | 1 | | |
x =635 x=10 x=15 x=20 x=25 x=30 x=35 x=40 x=45 x=50
o
(a) r; =6.35mm, r, = 30mm, p, = 10MPa<] 735
15—
= radial stress
10~ "" . .
\ === Circumferential stress
A\
X
hY
1 \\
. o \\
"
St
o} M | —— —
5
ok
7‘5' | 1 | | 1 l 1 | | |
x=635 x=10 x=15 x=20 x=25 x=30 x=35 x=40 x=45 x=50

(b) 7; = 6.35mm, r, = 40mm, p; = 10MPaSl 3

[Z& 2-7] v+t &7 2a9E ddye &9 &% (A5)
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Stress(MPa)

Stress(MPa)

= radial stress

10} h < 3
& == circumferential stress
\\
st \
R
S
ol A ——— e
S
A0
_15§ | | | | | | |
x=635 x=10 x=15 x=20 x=25 x=30 x=35 x=40 x=45 x=50
[e)
(¢) r;,=6.35mm, r, = 50mm, p; = 10MPa?l 735
15—
== radial stress
10} ‘\ ) )
\ === circumferential stress
\Y
\
‘ \
| I
5 %\{k}’_\
R
i
e |
| i .
0t - —
//’.
S
//
Aok
_15.‘ | | | | | | |
x=635 x=10 x=15 x=20 x=25 x=30 1=35 x=40 x=45 x=50
(d) r,=30mm, r, =40mm, r, =50mm< 745 1|
o B 31
(29 2-7] v+ d @A S32E Adye 8 ¥
- )]
o A2



:

2.3.3. & ¢ @A (stage 2)

R 449 @A (partly cracked stage)o| A= 7

()
o,
—
3
g
SN—"
3
R

of MAFI ofw A HololM = BEF &9 o (r,
#

— _ cr o }\] 2

g (Tcr) pcr ct 1/’["5,,, + 1/7% ( - 8)
1/7’2 + 1/7’,2)
0'9(7") =D X 1/""3,« o 1/7_(2) = Jet ()'\J| 29)
e (S ;7 o, (r..) (2 2.10)
PerTer (1+Vc) (1_Vc)

= + Al .

ur(rw) Ec(l/rzr—l/rg) | Tzr 7‘3 | (% 211

o,(r) ; radial stress, r, <r<r

cr — o
o (r) ; circumferential stress, r,, <r <,

cr —

u, (r) ; radial displacement, r, <r <r,

_28_
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Td 9 ZAYES tension softening EHE  aHstr] S|
Roelfstra and Wittmann(1986)l <] & #| Al ¥ bi-linear TA S o] &35}

7Y Zo| We FZagE9 AZAEE 1gleH

A (2 2.12)
fct wO
w, = %(;i—b) (4] 2.13)

o, ; tensile stress
f« > concrete tensile strength

w, ; fictitious crack width at which tensile stress o, is transferred

_29_



w,  fictitious crack width at witch no stress is transferred

olmj & a, b

—=<al 45

Wy

a——lgﬁ,bzl (4] 2.14)

&> all A5

wy

a=—2L =5 (4] 2.15)
11—« 11—«

2 AFAMNE w,=02mm, a=0.149 #= &3t pgat (4 2.16)

2 (4 2179 %e 483k

for f,<30MPa, 3=0.25 (2] 2.16)

for f, > 30MPa, 3=0.25—0.015(f.— 30) (2 2.17)

van der Veen(1990)°l A|Al® = W74 Wk §2(radial stress)ol
olgt e Wk ¥ F(circumferential deformation)& A8 4% w7H
(ol el Ed W dA AFF A, @) d4ds 4 3o FA As
o 938t rigid body displacement¥} elastic elongation®] 3oz 3 4=
Atk ol #A g ne Al 473 [2F 4-9]19 #EH Ao w2

2 Hokr}
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O/fer

0 a 1 We /W,

(19 2-9] 23 E A% A= (bilinear softening)

wy o, (1)
At(r)ZZWree(r)—i-nTO( ;Ct

—b) (2] 2.18)

A, (r) ; total elongation
€y (r) 5 circumferential strain

n ; crack® 7f

271 €, = 27rey (1) + nﬂ( 7(r) —b) (2 2.19)
a fct
27E,,.
% (r) =q Cor (r.. — (r) r)+b (2 2.20)
fct nw, €eop

€.,  fracture strain, concrete strain for o, = f,
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Talaat and Mosalam (2007)°] w2} E2 W HHE(e,(r)} 22
E9] JAAFAAE(f oAl HEE (e, )9 gkel kvhar 7FA st (2] 2.20)
& 93t 7hssi

) —a T€er <rcr —r)+b (2 2.21)
fct nw

O';{V'L' (T,l-): ?/:mvae (r)dr (2 2.22)
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Wepd ¥R e WA Zade dddel dA P $9

(confinement radial stress)< 3 #o] #+& 4+

U,,H (7“1) Uf'E' (7”[) U;V'L' (T‘i)

f ct B f ct * f ct

(2] 2.23)

olwje] w7 HWeF WM 2k(radial deformation, Ac)*) W w7 wFgE WA

& & (radial strain, €% (r;))< o3 2

0 oFE () g ()
=e, /T[ 7 dr+e,, [ 7 dr=Ar,  +Ar. , (2 2.24)
A NL
N () = = (4] 2.25)
er (r)=e" (r))+ e (r,) (2] 2.26)

234. ¢4 a4 <€ @A (stage 3)

4 Y9 A(cracked stage)olAE ZATYE PE AA G Aol
a7 FHEE ZAYUE 459 AEL stage 29 #EFY9
sttt WA (r)oll Ao =4
T Al AAAM sd@s 7HIG

I
TFAEI(A,, = A y), T TE GAAM S} mA R Ed W W

=4
ot
:oé
1%
td
1
A=)
:10
iy
>,
rob
ok
1R g
o
o
=5
o
N
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FE(e, )7 ¢, 0 2oaL 7H 3

A=A 01 ER A (218)% v Aelshd

cr

oy (r) A, ial B 2me

=al

e nw nw

)+b (21 2.27)

>
Do
o
~
fo
o

ne
2
o
T
lo
f
rU.',
o
ok
o%
o
o
oo
L)
o
—
ol
ol
)

o) =~ [ "oy )ar (4] 228)

e (r) =)+ e (2} 2.29)
Ar, A,
P )= —== (2] 2.30)
, 1 o g,
1 frofu ., ad r, ameL T T
= L[l (e - T (e
riJd . B nw, r nw, r
nwy T T T; 2nw, T; T

235 Z3YE AdH9 +F §F

2327 A 234.47+A AAlE Concrete Confinement ModelS ©] &
st ZAYE dF9e Wy Wk dAAAEd mE FATE YT TF5
S8 @S Aoy A 2deo] A4 2SS A 3o AW A A

W Ede AFEA 127mm A2 FAAdE vidske] v, =d,/2=6.35mm
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(4 3209

A% 54e [E 3119

25 wAel A

—_
fite)

FSA ot

5]

HE AE5to] 1, = 38.0mm 2

7N

R

file)

0

Ho

B
IS

i)

(29 2-111% 2ol ¢, —0, () AAE ©]

A (stage 2) ol A

stage 3

Stage2

el

Stay

45

25
radial Strain

15

«10™

A

€, — O,

ki3

[72¥] 2-11] Concrete Confinement Modelol] 2]
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N

o
N
9
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D
oo
I
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o
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31_:
4

At
FAde] A Al A FEee A =€ FUbel wet F9
ZAYETE BASA H=d olwe v e W3 E(radial strain, e,)

& (A 234)9 37FA AEe dtow x3F 7ttt olul wedge effect
2 Jack-of-fit effectr= &2 AL W FEI7|7F o8 g2z F
a9 g A 1H €, 0= TR SFTH(Steensels et al,
2017).

(2] 2.34)

€ €T € lor T €., =¢€ ,TE€

r,total = r,mech

€., » wedge effect,
€., » lack—offit effect

€, , » pitch effect

LY

2 oAz (4 2303 29 e, F e 6,0 AL T
o sdPe ve 2age Aadge) v W BFEL A4 @
E]—' —?«}‘\— er7mechoﬂ ‘045} %E‘E]E %%‘q ‘Tjg%% —V—Eqé}ud, 701—?_21\1‘74' %

Y ES] &9 §7F IS v FAAM AAE(axial strain)S £ 9

ﬂll%

(o0

5 Y Zol(transfer length, 1,)2 Y= Ftolth. Den Uijl(1983, 1998)l

S

J+= pitch effect®} lack—of-fit effecto] 2|3+ ZA¢E YEF o w7 wWak
% & (radial strain)e] o/1,° Bl gdstAdvh. WebA pitch effect
9} lack-of-fit effectell <3+t WH7 ®WaF WP E st A+ C,..8 =

‘:} }\] rmech‘—‘ ]:],Ojl]_ 7]_01 :_rL%EL '{l: 9}]\]_4’

e}
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(2] 2.35)

t

K

vech l

€rof T € p = C,

r,mech ~

€

Gt
ol
o

L

pu—

0

o
B
=0

B

file)

B
o

e

Sy

o

(2 2.36)

(2 2.37)

| <= =2 t}

S

o] [2¥ 3-5]3 o] &

Er.,mechﬂ’ 67’7119] %Lgi :IL

[e)

T

K

Ly

o}<&H] (Poisson's ratio)oll <

3T
T

o

Ly

(Cmech - CVVS)

- Cuys

r,total —

73 EF HEE(e, )

15

v, » Poisson's ratio

ool e

T,

€
H
€

B

s

el

el
A

L —
Loy
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(2 2.38)

[e)

=

bel o

°©

oAl g el

=

=

Fob whebA (4 2.37)

°©

14 7He

[

1

°©

] %

e

T

oo

=K

KN
=

upebA (4 2.38)

X0

+ Concrete Confinement Model 2]

s
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o
o
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=4 9l (2012)00 4]

A& ghels

ki3

=
o

A g7t 7t

0]
=

bol A 71

B

A 7

o
T

(2008) <}

Al
“

A

—_
10

A

oo

A7) o]

= A 2

el

T
olo
_Z_l

prl

%

29

Half PC

s

B

Tor

g A2EH A7}

v

=

dA7F A=,

pPs 4

s

§°l &l

s
&

o] Concrete Confinement Model €]

_42_



-

PVC II0| & ®12.7, 915.2
.»’/ = x'; e ~
m— @7100mmy X
s 20l 2o 2EI20|
-B'
A-A' section

"
LvVOT

NAEHLNOIT

RC, PS& &R

2o

—~A
BIEM 2

:__150mm
150mm

—-—AI

B-B' section

[1% 3-2] =4t 9 (2012, pp8)e] RC AF A Al

¥ 3-11 =4 9 (2012)9] AdA A5EA
TE g5 &
A, (mm®) 98.7
strand E,(MPa) 193700
(12.7) /,(MPa) 1701
J(MPa) 1860
feo(MPa) 23.6
concrete
E.(MPa) 28844
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Al 274 F+4 ¥ Concrete Confinement Model & 744 e] <k A
Y Ay fMel ALatr] fsiAE AAdY 9 @l BE FASHES
T3 Za7l Atk Wang et al.(2022)l &= A E vjdd HA A9
7NAA A
20109 HF-#2-g=€-5¢ #Aol wat A FFAAE A AHRE AT

gatel g 49 A PP BE PAAFES sk

Tymaz X (s/sl)a 0=s= S1
Thmaz Sl =s5= 52
T, = (4] 3.1)
’ Tymaz (Tbma:t _be)(S - 82 )/ <53 - 82) 82 =s5= 53 K
Tyr S3 =5

hed 9 (2012)0l A= ZFdAd QI AF AdE o] &St F
=4 #WAE fib Model Code 20109 (A 3.1)3% FAME W oz A48t
o] AN AAAES et AF Axel v wagdo)

Wang et al.(2022) ¥ w=4Fd 9 (2012)8] A$AH=H (4
H-59 BAE o] &3t A A% AsS AT AS A 2% elA
TA3% Thick Walled Cylinder Model?d =712 Ho Fz8d9
(maximum bond stress)¥ zbE= H-2-3-F (residual bond stress) @& &
o ogkoll wet AFdEA "o =Ed FEeE-&% #A= Thick
Walled Cylinder Model®] Xz ZageEo AHstxzAx Wz 74
Hlon® =& FRASH-&H BAE ol&sto] 7 f1A A FAY
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Abstract

Analysis of Crack Prevention Effect
of Re-entrant Corner Reinforcing of

Precast Concrete Slab

Manwoo Kim
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

The precast concrete i1s a method of manufacturing reinforced
concrete members in factory and assembling them on-site. Because
reinforced concrete members are repeatedly produced 1in precast
concrete method, detailed examination of crack occurrence is required
compared to reinforced concrete cast-in—site method. Particularly, in
the case of precast concrete slabs in which prestress is introduced
through the pretension method, high stress occurs around the strands,
making them vulnerable to cracking. The purpose of this study is to
identify the causes of re-entrant corner cracks and their reinforcing
effects, which were repeatedly observed in the diagonal direction in
the concrete around the strands of precast concrete slabs.

To identify the cause of re—entrant corner cracks, it is necessary to
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describe the bond behavior between strand and concrete. Therefore, in
this study, the bond behavior of strand and surrounding concrete
cylinder was expressed using Thick Walled Cylinder Model. In
addition, confining stress due to the radial expansion of concrete
cylinder was calculated using Concrete Confinement Model, which
considers the decrease in tensile strength of concrete with cracks.
The expansion of the surrounding concrete cylinder of the strand
pull-out test is induced according to slip and tensile force. Therefore,
during the strand pull-out test, the slip and tensile force were
measured to calculate the amount of expansion of the concrete
cylinder in the radial direction, and the confining stress of the
concrete cylinder was calculated again using Concrete Confinement
Model.

To wverify the analysis model presented in this study, the
experimental result of previous study in which a pull-out test was
conducted on an untensioned strand was compared with the analysis
result. The analysis was performed by using slip and tensile force
measured in the strand pull-out test to find the friction coefficient
between the strand and concrete by performing Step-by-Step
Integration. As a result of the analysis, the distribution of the bond
stress when the strand was pulled-out showed a similar tendency to
the experimental result, but the analysis result showed a larger bond
stress value and the location of the maximum bond stress value was
closer to the free end.

In this study, an experiment was conducted to confirm the
reinforcing effect of reinforcing members which was placed
across the cracked surface when re-entrant corner cracking

occurred. As a result of the experiment, the reinforcing effect of

metal lath, which 1s made of steel and has high ductility and a
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hollow inside, was high. The maximum pull-out load of the
specimen 1increased by 7.3% and exhibited more ductile behavior
than the unreinforced specimen. For the interpretation of the
experimental results, a modified model that reflects the effect of
the reinforcement on the Concrete Confinement Model was
derived. Through the analysis using modified model, it was
found that the reinforcing member resisted the widening of the
concrete cylinder due to the occurrence of cracks, there by
maintaining the confining effect of the concrete.

Through this study, analysis methods and reinforcement
methods for re—entrant corner crack prevention, which were not
separately presented in Strength Design Method used for
designing precast concrete slabs, were presented. A
Step—by-Step Integration algorithm was presented to find the
friction coefficient during strand pull-out test wusing the
mechanical behavior of stand and concrete in this study. In
addition, 1t 1s meaningful to experimentally confirm the
reinforcing effect according to the reinforcement of cracks
around the strands and analyze the reinforcement effect by
presenting a modified model that reflects the effect of the

reinforcement in the Concrete Confinement Model.

keywords : re—entrant corner crack, precast concrete, strand
pull-out test, Thick Walled Cylinder Model, Concrete
Confinement Model, Step—-by-Step Integration

Student Number : 2021- 29316
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