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“Cities are not static — they are growing”
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Test Matrix — Series I: Angle

: o Interface Concrete Casting :

Series Groups  Angle (°) Roughness Strength Age Agg. Size
1-30 30 R1 N-N 3 days Al-Al
I-Angle 1-38 38 R1 N-N 3 days Al-Al
1-45 45 R1 N-N 3 days Al-Al
1-60 60 R1 N-N 3 days Al-Al
1[1-M - M N-N 3 days Al-Al
I1-Interface I1-NR 30 NR N-N 3 days Al-Al
Roughness I1-R1 30 R1 N-N 3 days Al-Al
11-R2 30 R2 N-N 3 days Al-Al
I11-Concrete I1-H1 30 R1 N-H1 3 days Al-Al
Strength I1-H2 30 R1 N-H2 3 days Al-Al
IV-1/6 30 R1 N-N 4 hours Al-Al
IV-Casting Age IV-28 30 R1 N-N 28 days Al-Al
1V-56 30 R1 N-N 56 days Al-Al
V-Aggregate V-A2 30 R1 N-N 3 days Al-A2
Size V-A3 30 R1 N-N 3 days Al-A3

(_\ 45° 60°
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Test Matrix — Series Il: Interface Roughness

: o Interface Concrete Casting :
Series Groups  Angle (°) Roughness Strength Age Agg. Size

1-30 30 R1 N-N 3 days Al-Al

I-Angle 1-38 38 R1 N-N 3 days Al-Al

1-45 45 R1 N-N 3 days Al-Al

1-60 60 R1 N-N 3 days Al-Al

11-M - M N-N 3 days Al-Al

I1-Interface I1-NR 30 NR N-N 3 days Al-Al

Roughness I1-R1 30 R1 N-N 3 days Al-Al

11-R2 30 R2 N-N 3 days Al-Al

I11-Concrete -H1 30 R1 N-H1 3 days Al-Al

Strength 11-H2 30 R1 N-H2 3 days Al-Al

IV-1/6 30 R1 N-N 4 hours Al-Al

IV-Casting Age IV-28 30 R1 N-N 28 days Al-Al

1V-56 30 R1 N-N 56 days Al-Al

V-Aggregate V-A2 30 R1 N-N 3 days Al-A2

Size V-A3 30 R1 N-N 3 days Al-A3
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(acl®
THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE COJN(\:,%I\&(;I'F\igﬁ




Test Matrix — Series I11: Variation in Concrete Strength

. Interface Concrete Casting . Overlay
Series Groups  Angle (°) Roughness Strength Age Agg. Size
1-30 30 R1 N-N 3 days Al-Al
I-Angle 1-38 38 R1 N-N 3 days Al-Al
1-45 45 R1 N-N 3 days Al-Al
1-60 60 R1 N-N 3 days Al-Al
1-M - M N-N 3 days Al-Al 38
I1-Interface I1-NR 30 NR N-N 3 days Al-Al
Roughness I1-R1 30 R1 N-N 3 days Al-Al 3.0 ’7
11-R2 30 R2 N-N 3 days Al-Al '
I11-Concrete -H1 30 R1 N-H1 3 days Al-Al
Strength 11-H2 30 R1 N-H2 3 days Al-Al
IV-1/6 30 R1 N-N 4 hours Al-Al
IV-Casting Age IV-28 30 R1 N-N 28 days Al-Al
1V-56 30 R1 N-N 56 days Al-Al
V-Aggregate V-A2 30 R1 N-N 3 days Al-A2
Size V-A3 30 R1 N-N 3days  AL-A3 Al He N
Overlay Substrate
H
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Test Matrix — Series 1V: Casting Age Difference

. . Interface Concrete Casting : Days
Series Groups  Angle (°) Roughness Strength Age Agg. Size 0 20 40 60
1-30 30 R1 N-N 3days  Al-Al
-Angle 1-38 38 R1 N-N 3days  AL-Al V-6
I-45 45 R1 N-N 3 days Al-Al
1-60 60 R1 N-N 3 days Al-Al Concrete Placement Delay
I-M - M N-N 3 days Al-Al
1-Interface 11-NR 30 NR N-N 3 days Al-A1 MHILY I
ROUghneSS I1-R1 30 R1 N-N 3 dayS Al-Al Stage Construction
11-R2 30 R2 N-N 3 days Al-Al
I11-Concrete I1-H1 30 R1 N-H1 3 days Al-Al )
Strength I1-H2 30 R1 N-H?2 3 days Al-Al Ve -
I\V-1/6 30 R1 N-N Ahours  Al-Al Repair & Retrofit
IV-Casting Age 1V-28 30 R1 N-N 28 days Al-Al
I\V-56 30 R1 N-N 56 days  AL1-Al  1v-56 _
V-Aggregate V-A2 30 R1 N-N 3 days Al-A2
Size V-A3 30 R1 N-N 3 days Al-A3
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Test Matrix — Series V. Aggregate Size

: o Interface Concrete Casting :
Series Groups  Angle (°) Roughness Strength Age Agg. Size
1-30 30 R1 N-N 3 days Al-Al
I-Angle 1-38 38 R1 N-N 3 days Al-Al
1-45 45 R1 N-N 3 days Al-Al
1-60 60 R1 N-N 3 days Al-Al
11-M - M N-N 3 days Al-Al
I1-Interface I1-NR 30 NR N-N 3 days Al-Al ”
Roughness II-R1 30 R1 N-N 3days  Al-Al Substrate AL-5/8
11-R2 30 R2 N-N 3 days Al-Al
I11-Concrete -H1 30 R1 N-H1 3 days Al-Al
Strength 11-H2 30 R1 N-H2 3 days Al-Al
IV-1/6 30 R1 N-N 4 hours Al-Al
IV-Casting Age IV-28 30 R1 N-N 28 days Al-Al
IV-56 30 R1 N-N 56 days Al-Al
V-Aggregate V-A2 30 R1 N-N 3 days Al-A2 o .
Size VA3 30 R1 N-N 3 days A1-A3 verlay A2-Sand  Overlay A3-3/8
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Specimen Fabrication

: Intentional
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Test Setup 5
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Failure Mechanisms Data Processing Methodology

Slant shear failure Crushing of concrete  Hybrid failure
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Capacity and Failure Mode

140
129

120

oII

110

[HEN
()
o

86 g3

e}
o
\‘
[EEN
~
N

D
o

Average Capacity (kips)
AN
o

N
o

7//////////////43
7%
N /7777777773

e » > S ‘% - %’h "2‘ "2‘ \ \> )
N N NN ’i\r \/}/ ’\\’\: & S ’\4 ’(,A Q7

Series 11 Series IV

(D
@D
=
D
w

Series |

THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

71

77

?:'J

ﬁ’e

4
Series V

0/3 governed by slant shear failure

1/3 governed by slant shear failure

- 2/3 governed by slant shear failure
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Series | — Inclination: Alternate Failure Mode
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Series |l — Interface Roughness: Capacity Decrease with Roughness
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Series Il — Variation of Concrete Strength: Crushing at Weaker Layer
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Series IV — Casting Age Difference: Capacity Increase with Age Difference
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Series V — Aggregate Size: Capacity Decrease with Aggregate Size
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Roughening with 0.125-inch amplitude was applied to the specimens

Design code Amplitude (in.) ¢ (ksi) u Design Expression
AASHTO LRFD < 025 0.075 0.6 10 = ¢ +upfy + 0,
> 0.25 0.24 1.0
< 0.25 N/A 0.61
ACI 318-19 > 0.25 VA Lox Ty = u(pfysina + an) + pfycosa
CSAA23.3:19 < 02 0.036 2.5 T, = Mc + u(pfysina + a,)] + pf, cosa
> 0.2 0.073 1.0
Design code Amplitude (in.) Cq i Design Expression
< 0.06 0.35 0.6
fib MC2010 > 0.06,< 0.12 0.45 0.7 Tn = Cafera + H(pfysina + a,) + pf, cosa
> 0.12 0.5 0.9
< 0.12 0.2 0.6
Eurocode 2 o 0 0 Tp = Cafetqa + ,u(p(f{,sil+ on) + pfycosa
aci®
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Current Design Code

+ Series 1 + Series [
3.0 m Series 11 3.0 m Series II
25 e MC 2010, R>=0.91 - Series 111 25 ® Eurocode 2, R* = 0.90 - Series III
. . ® Series [V _ ® Series [V
20 |Ynconservative s Serics V 20 |Ynconservative « Series V
g1s o gLs ¢
S1.0 S10
0.5 0.5
0.0 0.0
00 05 10 15 20 25 30 00 05 10 15 20 25 30
Tyes (ks1) Tyest (ks1)
fibo MC2010 Eurocode 2
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Current Design Code

3.0 + Series 1 3.0 + Series | 3.0 + Series 1
m Series 11 m Series 11 m Series 11
25 e AASHTO, R2=0.84 _ 25 e ACI, R?=0.80 _ 25 e CSA, R2=0.82 _
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A Series V A Series V A Series V
=15 ‘=15 715
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RI Approach - define cold joint as roughened interface disregarding the amplitude

Design code Amplitude (in.) ¢ (ksi) u Design Expression
AASHTO LRFD < 025 0.075 0.6 10 = ¢+ u(pf, +0y)
> 0.25 0.24 1.0
< 0.25 N/A 0.61
ACI 318-19 > 025 VA Lox Ty = u(pfysina + an) + pfycosa
CSAA23.3:19 < 02 0.036 2.5 T, = Mc + u(pfysina + a,)] + pf, cosa
> 0.2 0.073 1.0
Design code Amplitude (in.) Cq i Design Expression
< 0.06 0.35 0.6
fib MC2010 > 0.06,< 0.12 0.45 0.7 Tn = Cafera + H(pfysina + a,) + pf, cosa
> 0.12 0.5 0.9
< 0.12 0.2 0.6
Eurocode 2 o 0 0 Tp = Cafetqa + ,u(p(f{,sil+ on) + pfycosa
aci®
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RI Approach
v" Accuracy of estimations is improved
+ Series |
3.0 : 3.0
o AASHTO, R? = 0.84 " Series Il
2.5 | o AASHTO R, R2=096 | > |25
® Series IV
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w5
=
S1.0
0.5
: 0.0
00 05 1.0 15 20 25 3.0

Tyest (Ksi)

AASHTO LRFD (2020)

x Numerous unconservative cases were observed
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LIF Approach - factors are linear interpolated based on the roughness amplitude

Design code Amplitude (in.) ¢ (ksi) I Design Expression
AASHTO LRFD < 025 007 2 T = c+u(pfy +0,)
> 0.25 0.24 1.0
< 0.25 N/A 0.61
ACI 318-19 > o02s VA o t, = u(pfysina + o,) + pf,cosa
CSAA23.3:19 = 0.2 2.0%0 2.0 T, = Mc+ u(pfysina + o,)| + pfycosa
= 0.2 0.073 1.0
A R =0.125 N R =0.125
- g (O P——
/ 0.8 —
E 2 06 b
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0.2

o
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LIF Approach

v" Accuracy of estimations is improved
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Source Number of Specimens Geometry 0 (°) R, (in.) D (in.) Roughening Approach
Figueiredo et al. 75 cylindrical 30 0.034-0.22 5.51 hand-scrubbing; vibrating
- . . wire-brushing; sandblasting;
Santos & Julio 150 prismatic 30 0.01-0.048 5.91 shotblasting: hand-scrubbing
Diab et al. 150 cylindrical 30 0.12,0.24 5.91 patterned groves
Saldanha et al. 12 prismatic 30 0.197,0.59 591 hand-scrubbing; patterned groves
Hu et al. 96 cylindrical 30, 40 0.12, 024 2.77 patterned groves
35 35 3.5
O Current Code, R? = 0.80 O Current Code, R?=0.75 O Current Code, R2 = 0.80
3.0 JoLIF,R>*=0.91 3.0 JOLIF,R?=0.86 3.0 | eLIF,R2=0.89
2.5 25 2.5
— 8 = 20 ) — [
aZ.O RS ) g 2.0 O
3 3 3
S15 S13 S5
1.0 1.0 1.0
0.5 0.5 0.5
0.0 0.0 0.0 &
00 05 1.0 15 20 25 3.0 35 00 05 10 15 2.0 25 3.0 35 00 05 1.0 1.5 20 25 3.0 35
z-test‘ (kSI) rtest (kSl) l;‘est (kSl)
AASHTO LRFD (2020) ACI 318-19 o= CSAA23.3:19
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FUTURE WORK

THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

CONCLUSIONS

Applying intentional roughening and using larger aggregate size improve the capacity of cold joint significantly.

The control failure mode switch from slant shear to compression failure by increase the inclination.

Cold joint capacity estimated by LIF demonstrate better alignment with the experimental results.

LIF is more impactful on intentionally roughened interface with higher shear capacity.

Large scale slant shear column
Deep beam with cold joint
Drill-shaft footing with expansion

e |

Shear-slip relationship of interface for FEA
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