[LAFRHRTE $£3608,/V-3 198558 A]

9t

OO b RCEM DO AWRZEVER I T 5
OUONEMEIRDFLE

EFFECT OF THE CRACK SURFACE ROUGHNESS ON SHEAR TRANSFER
AT THE CRACKS IN REINFORCED CONCRETE BEAMS
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By Akira NISHIMURA, Manabu FUJII, Ayaho MIYAMOTO and Isao SAITO

The transfer of shear force at the crack surface in reinforced concrete beams

subjected to reversal shear and bending moment was studied taking into account the

roughness of crack surface.

Tests were made on special specimens to study the

aggregate interlock action and the combination of the aggregate interlock and dowel

actions on reinforced concrete beams. Empirical expression was presented for shear

stiffness by aggregate interlock action.

A method applied to this expression was

presented for calculation of the shear stiffness at cracked section in reinforced concrete

beams.

experimental results.
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Table1 Measured value of coefficient of crack

roughness, §.

H-direction|R-direction{V-direction|V-direction
SH( 1)=1.70[sH{15)=2,05[sV(30)=1. 6k|sV(h})=2,05
SH( 2)=3.1h4|SH(16)=1.75|SV(31)=1.85|sv(kL5)=1.91
SH{ 3)=1.S1|SH{17)=1.75|8v(32)=1.58|sv(k6)=1.67

SH( 4)=1.68|SH(18)=1.54 [5V(33)=1.76{sV{h7)=1.T1
SH( 5)=1.55}|5H(19)=2. 14 |sV(34)=1.53{8Vv(4B)=1.96
SH( 6)=1.54[sH{20)=1.13|5V(35)=1.55|8V(49)=1.89
sH( 7)=1.50|SH(21)=1.87|sV(36)=1.49|sv(50)=1.09
sH{ 8)=1.60{sH{22)=1.35|sv{37)=1.63|8V(51)=1.31
sH( 9)=1.75|sH{23)=1.81|sVv(38)=1.68[sv(52)=1.85
SH(10)=1.90|SH{24)=2, 00|sV(39)=1.90|5V(53)=1.96
SH(11)=1.9%|sH(25)=1.80]5v(40)=1.91 sV (54 )=1.83

sH(12)=2.14|sH(26)=2.29|sv(k1)=2.15]8V(55)=2.29

SH(13}=2.18|sH{27)=2.35|sv(k2)=2.17|sv(56)=2.

SH(1k)=2.18|sH(28)=2. 028V (43)=2.18|sv(57
- SH{29)=2, 0k

mean value of whole measurments:1,88

mean value (5=1.88)

Coeff. of C.R.,S
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.3 Scattering of coefficient: of crack roughness

for|different start line of measurement,
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Fig.4 Characteristics of coefficient of crack roughness, S.
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Table2 Correlation among parameters affecting on aggregate interlock.

parameter

symbol

effect of parameter on
initial shear stiffness

correlation among
parameters

factors considered|
in Jimenez's study

factors considered
in this study

reascnable
expression®*

initial
erack
width

Cwo

wide

small

indep t

internal
restraint
stiffness

Kr

stiff ————3=large

depends on Cwo

(1)_ .

O
O

Al- Cwo+A2-Kr/Cwo+A3

coeff. of
crack
roughness

s

big———slarge

depends on Cwo

h(8)= v-exp(k-8)

external
restraint
stress

Bi

vig

large

39} on Cwo

Ka =B-Opj

(1)

loading
repeti-
tions

many —————me small

independent

n(n)=n(E-Cwo+F)

OO0 |00

wet cond.
of crack
surface

wet —————a=large

independent

concrete
strength

ck

high——— 3= Jarge

independent

* Al,A2,A3,v,k,B,E and F are empirical constants
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Table 3 Properties of Al-series specimens,
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At KEHEBETORMEER, OUDLEOEANFE
BLOHENEIENENOO—- FE), OUODbAHETO
BOLEL, HAMEMNED L OO DN K EAE
IZEHRAfEE 2 FIE 7 5w 7 45— VI £ 0T, BE®
fod, WAAAEME HERE L (Fig.5 DEX).
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(1) HAMKEE (Q) ~BTAMEN (o) BIF

Fig. 7 11, X&HFEAMY Q~ o BREMRIZRITTHE
EHLDIZT B8, IO FONIE Cpw=0.4 mm,
fEN (00— K@) N=4.0tf (39.2kN) EE L
EED S b, fE{AR Al-1(S=1.65) B L F AI-2(S
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*( ): number of cycles

measuring device.

coeff.of [initial
ecimen crack crack [type of shear |[initial external
specl) roughness width loading® restraint cross head
S (mm)
AT-1 1.65 O.i load cell ®\ y
3'2 reversal(S) L. 0t£(39.2KN) ] flat cage
AT-2 2.07 . hydraulic N
0.4 jack\ [_l specimen
Al-3 | w3 | 2 o = - -
Q. o 3 she\arlng,/ ~
X 1.56£(1k. 7K laj =5
monetenioally 15 G g ~ PRE) B
0.2 3. 562 (30, 3KN
reversal(5) = OB =3
0.3 |monotonically]| k.otr(39.2xN) load cell [
. increase 0 1 Fi [ I
monotonically S
Incrense 2.06£(19. 6K ) /flat cage
), . i reversal(5) 4.0t £(39. 2KW)
AL 1.8 0.4 monotonically | 6.0t f(58.8KN = .J\
increase B.0t£(78.5KN) ~ Tetail of
0.5 monotonically “ crack
M increase L. otr(39.2¢N) ° ~dial / controll
0.7 monotonically | 10tF(98.0KN) gage w
T lincrease 15t T (117, 6KV steel
0.9 |monotonically | k.ote(39.2kn] | | cell |plate
0.2 increase 10t£(98xw) 60 (unit:mm)
P-AI-1 | 1.65 o . R i /
0.5 ] reversal(5) | b.otr(39.2kN) Fig.5 Detail of Al-series Flat cage
p-AI-2 | 2.07 d . \
0.4 specimen and —

Fig.6 Loading setup.
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Shear force v.s. shear displacement hysteresis

Fig.7
curves for Al-series specimen.
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Fig. 10 Comparison of predicted and experimental hysteresis

curves for Al and P-Al series specimen,

Table 4 Effect of coelficient of crack roughness

on iniliallshear transfer stiffness.

coeff. of crack|initial crack| Pitial shear
X transfer stiffness
roughness,S width, Cwo(mn) (1) *
Ka
0.2 382
1.43 ok 283
9.2 289
1.65 0.4 145
0.2 450
1.86 o 203
0.2 52k
2-01 0.4 136

* unit: kgf/cm®/mn=0.098MP /mm

HOMFIg0 (a) THH, Zh kY, fEtikAl-l
BLUOAL 2000 bhEERZ2 GBI Y cHBL /-
Ak P-AL-1, 2D Q~ &y BHARIC & ORI & L IE
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#L, Table4 It & MAKD KV B EHTHRT. I h
F0, AH—0UbLINEEBLTH K iZiEnrsnods
DENHLIEN DL, BHEAE LIEM, B
HiFdE S LTCHBDT, ZOESHDEETFIZOUD
NHEERICEZ HDEEZX SNE. KR ED S & KU
EORRE, RO DONIE Cuw T &IC Fig 11 1R T .
h&y, ALY Y =X L P-Al ) — Xz &0
PR ANE, 22T, S~KVEGE,
Ka=v-exple:S), v, x @ EEER e (5)
TEDOL, EPHOCONEDBESII >V TR/N_Fh
WEDEBTERZESD, Fig. 1M HIZRs. chs by,
OUDbNEMTRIE, CANRERSICRS o288 E2 T
TERTCHLHIENbnD,
WIZOUbNEMER % H—& LS a oo vbhh
1 Cn DEBEHLDICT B 100, ik Al-4 120
T Cuw ZHAEILSELBEO 1 MIBEHETRICHE TS
Q~o,BfR%E Fig12icF & TiRLI. Th &V,
Cwo DN, AIERIC £ 5 AMBIMEASE R L
TNBDHDP 5B, Cuw=0.5mm (2350 T 1L E A9
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BT 2 Kz 20T, KV E CoDBEE%
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Fig.11 Correlation between imtial shear transfer stiffness
and coefficient of crack roughness.
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Fig. 12 Effect of C,, on Q~ 6y relationship (S=1.86).
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Fig.13 Correlation between initial shear transfer

stiffness and initial crack width,
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EEICEBLIIO— FELOSTESSENDEET VK
NE, CObNEICEBEERT MR N L, ¢
AWTRTEFAATRTIC O O b NI A 5 MR ) % 9]
WERINET D, 2T, AIFRICRIETIREDND
DHEBERNT A2, N ilEFBL, Nu2dAKME
BCkRU 7, PIHMAEISHE o & KY OBRRE RS
D% FiIg14ICR 3. Ky id, o OEINICEN,
Cown WHBRHERLTWVAS., ThEdrHHVEEOEH
DEROBX N o I EVTRISN BB EEZHNS.
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E & 500 [ L
W oo 0
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~ . u
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Fig.14 Correlation between initial shear transfer

stiffness and restraint stress {S=1.86).

-0.4  ~0.2 0 0.2 8, x107m)
Fig.15 Shear displacement, &, v.s. displacement

normal to crack, &y relationship.

Table5 Effect of coeff. of crack roughness
S and cyclic loading on §,/6%.

initial crack

widtn 0.2mm 0. bmm
numper
cycles 1 3 5 L 3 5
1.65 1.96(2.4511.97]|2.97[2.50(2.73
1.86 1.53[1.8611.90]2.80(1.83(2.23
2.07 — |1 66[1.75] — | — ]1.60
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SHKEVLOBEBE T hAmEMERE, RENALEL
5O, BUMIWNSKBBLOTHLEERLNS.
(3) AMERICL 3B AKRBIMOERL

(1) TRET L ATPERNC & 2 9009 A WTRIE K3
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Fig.16 Comparison of predicted initial shear transfer
stiffness using Eq. ( 7 ) with experimental results.
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Fig. 17 Relationship between
K3/ oy and Cun.

Fig.18 Relationship between
¢/exp (2.255) and
initial crack width, Cyy.
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Fig.20 Beam model of cracked section.
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Fig.21 Detail of beam type specimens and loading setup.

Table 6 Properties of AD and ADM-series specimens,

* coeff. of|depth
apecimen initial crack width (mm)|crack of
roughness |crack
cw@|ew® |ev @ [ew ® owo S (om)
1 J0.25 J0.16 Jo.11 [0.32 0.16] 1.65
2 10.30 Jo.2k Jo.20 Jo.22 [o0.2k] 2.07
AD |3 0.1k j0.35 Jo.23 Jo.2h [0.19] 1.53
4 Jo.3k Jo.1k fo.5h fo.32 [0.34] 1.8F
0 — | — [ — I — [0.0 —
1 _jo.1b jo.ob [0.23 §0.15 |0.15[ 1.65 full
2 _10.13 {0.29 [0.15 [0.28 [0.21] 2.07 full
Apm 2—J0-1k 10.41 Jo.27 [0.56 Jo.3k[ 1.%3 full
4 Jo.17 f0.13 Jo.1% |0.2% |0.19] 1,86 full
H — — — | ~ ]0.20] 1.43 6
Hy | — — — [ — Jo.20] 1.86 12
*@-@: crack gage number
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Fig.22 Shear force v.s. shear displacement hysteresis

curves for AD and ADM-series specimens.
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Table 7 Comparison of initial shear transfer stiffness with experimental results.
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initial shear transfer stiffness* -
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experimental | theoretical theoretical _exp—valué Kadé‘ 73‘%@ « EJE L’ t‘ J—ﬁ = 2 §y/6" (DW
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Table8 Summary of experimental results on §,/8y.

initial crack|coeff. of crackinumber of cycle
specimen|width,Cwo(mm)|roughness, S 1 3 5

1 0.16 1.65 2.40 | 2,1412.03

ap 12 0.2k 2.07 2.40 [ 2.3512,29

3 0.19 1.43 2.9512.38[2.35

L 0.3k 1.86 3.38 | 2.83]2.51

1 0.15 1.65 1.80 [1.31]1.57

2 0.21 2.07 1.93[1.48]1.31

v E 0.3k 1.43 4. 401.96[2.86

L 0.19 1.86 2.68 [1.50[1.45

H3 0.2 1.43 0.05 [ 0.13]0.11

HY 0.2 1.8 1.24 [ 0.88]0.79
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