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1. Intro
Objectives and outcomes

- Development of a self-consolidating concrete mixtures so that concrete placement can be
made into steel plate composite (SC) modular structures without the need for continuous
concrete placement.

Task 1: Development of SCC with Shear-Friction Capacity for Mass Placement

- SCC mixtures to ensure sufficient shear capacity across cold- joints (self-roughening),
while minimizing shrinkage and temperature increase during curingto enhance concrete
bonding with the steel plates.

Task 1: Development of SCCwith Shear-Friction Capacity for Mass Placement
Task 2: Assessment of Cold Joint Shear-Friction Capacity

- SCC mixtures featuring a self-roughening capability to produce adequate shear friction
between cold joints and to produce draft provisions addressing shear-friction, for
considerationin the AISC N690-12 AppendixN9 code used for the design of SC modular
structures.

Task 2: Assessment of Cold Joint Shear-Friction Capacity

Task 3: Assessment of Shear and Flexural Performance

Task 4: Validation through Full-Scale Testing and Modeling

Task 5: Draft Code Requirement for Shear Friction Design of Cold Joints
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1. Intro
Objectives

- Development of a self-consolidating concrete mixtures so that concrete placement can be

made into steel plate composite (SC) modular structures without the need for continuous
concrete placement.
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2. Development of SRC Mix Design

Strategies

Mix Component 67M
Cementitious (Ib/yd?)

Cement Type 617

Fly Ash, Class F 459

Total Powder 1076
Water (Ib/yd>) 343

w/cm 0.319

Coarse Aggregates (Ib/yd?)

# 67 981
# 89 305
Total Coarse 1286

Fine Aggregates (Ib/yd?)

Natural sand 679

Manufactured sand 679

Total Fine 1357
Total Aggregates 2796
Admixures (fl 0z./cwt)

HRWR 0.18
TOT 4063
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2. Development of SRC Mix Design

Strategies

Mix Component 67M
Cementitious (Ib/yd?)

Cement Type 617

Fly Ash, Class F 459

Total Powder 1076
Water (Ib/yd>) 343

w/cm 0.319

Coarse Aggregates (Ib/yd?)

- Smaller aggregates and

# 67 — controlled gradation curve

#89 305 - Use of #67 and #89 coarse

Total Coarse 1286 aggregates

Fine Aggregates (Ib/yd°) - Substitute 5%, 10% and 15% in
volume of coarse aggregate

Natural sand 679 with LWA

Manufactured sand 679

Total Fine 1357

Total Aggregates 2796

Admixures (fl 0z./cwt)

HRWR 0.18

TOT 4063

Tuesday, SEPTEMBER 29, 2015 — Arlington, VA
Development of a Self-Roughening (SR) Concrete



2. Development of SRC Mix Design

Proprieties and tests

S

Self—onslafing Concrete Self—oughing Concrete

Fresh SCC proprieties

- Flowability: flows easily at suitable speed into formwork (T20 = 4-5sec; Flow Slump = 24-26")
- S Groovetest (good self-healing ability)

- Hardened Visual Stability Index (VSI = 0)

Hardened SRC proprieties
- Compressive strength: 6-7ksi
- Shrinkage: <250 pe
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2. Development of SRC Mix Design

Measurements of Roughness
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2. Development of SRC Mix Design

Roughness

ICRI's CSPs
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2. Development of SRC Mix Design

Roughness
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2. Development of SRC Mix Design

Measurements of Roughness

ACI318-11 (11.6.9):
“...when concreteis placed against

previously hardened concrete, the
interface for shear transfer shall be
clean and free of laitance. If pis
assumed equal to 1.0A, interface
shall be roughened to a full
amplitude of approximately1/4 in.”
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3. Assessment of Cold Joint Shear Friction Capacity
Mechanical tests for shear friction characterization

l

Laboratory test
Kahn, L., Mitchell, A. D. (2002) “Shear friction test with high-strength concrete” ACI Structural Journal, 99 (1).
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3. Assessment of Cold Joint Shear Friction Capacity
Mechanical tests for shear friction characterization
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3. Assessment of Cold Joint Shear Friction Capacity
Mechanical tests for shear friction characterization

Knife-edge
support

LVDT

LVDT support

Knife-edge
support

DOkip load cell
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3. Assessment of Cold Joint Shear Friction Capacity
Failure modes

Internal External Steel External Steel External Steel External Steel

Reinforcement Plate Plate Plate Strips
p=0.75% p=0.25% p=0.50% p=0.75% p=0.75%
t=0.031 in. t=0.063 in. t=0.094 in. t=0.375in.
(22 gage) (16 gage) (13 gage)
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3. Assessment of Cold Joint Shear Friction Capacity
Test Results — Internal v ersus External Reinforcement

Load (kips)

20
------ CJO575-1 (Internal)

10 ——SP1550-1 (External)

0 0.1 0.2 0.3 0.4 0.5
Slip (in.)

Tuesday, SEPTEMBER 29, 2015 - Arlington, VA
Development of a Self-Roughening (SR) Concrete



3. Assessment of Cold Joint Shear Friction Capacity
External Reinforcement — Effect of Reinforcement Ratio

110
100
90
80
70
60
50
40
30
20
10
0

Load (kips)

cececsssccaa, .o ceee cee *eecscccccncs
*sccssse
. ®eeccscas
®eccccccsce coee
sesssse

—SP1575
---- SP1550
........ SP1525

—> (0.611in.

— > 0.56in.

0.05 0.1 0.15 0.2 0.25 0.3
Slip (in.)
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3. Assessment of Cold Joint Shear Friction Capacity
Test Results — External Plate versus Strip Reinforcement

110

100
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70

60
50
40

Load (kips)

—5SP1575
—ST1575

30 {/ —
20

10

0 0.05 0.1

0.15 0.2
Slip (in.)

0.25

0.3

0.35
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B LS-PrePost 4.2 (Beta) - 11Mar2015(09:00)-64bit ropbox\DOE SCC\fe models\run 2 with concrete boundary\d3plot
File Misc. Toggle Background Applications Settings Help

Fringe Levels

2 0.000e+00

. Relative motion o
0.000e+00 _
0.000e+00 _
00

Contours of Z-stress
max IP. value
min=0, at elem# 49
max=0, at elem# 49

SO

o
""""""

(@) Non-linear finite element model in LS-DYNA explicit. This initial model approximate
the geometry of specimen SP 15 50-1 but with fewer Nelson studs.

Tuesday, SEPTEMBER 29, 2015 - Arlington, VA
Development of a Self-Roughening (SR) Concrete




local bending of steel plate

gap — local crushing of concrete l

effective point of fixity ——— ~

assuming flexural theoretical point of stud
stiffness of stud without fixity in concrete

concrete confinement

b
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!
B L5-PrePost 4.2 (Beta) - 11Mar2015(09:00)-64bit ropbax’\ DOE SCChfe models\run 2 with concrete boundan’\d3plot
File Misc. Toggle Background Applications Settings Help

Contours of XY-stress

max IP. value
min=-89138.5, at elem# 617
max=79397.8, at elem# 577

Fringe Levels

(b) Initital loading. Constant shear in the panel zone. In-plane shear stresses shown (all
stresses in Pa).
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M LS-PrePost 4.2 (Beta) - 11Mar2015(09:00)-64bit ropbox\DOE SCC\fe models\run 2 with concrete boundany\d3plot
File Misc. Toggle Background Applications Settings Help

Contours of Effective Stress (v.m) Fringe Levels
max IP. value 9.1526+07
min=0, at elem# 49 ]

max=9.15235e+07, at elem# 630 8.237e+07
7.322e+07

6.407e+07 _

54910407 __
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B LS-PrePost 4.2 (Beta) - 11Mar2015(09:00)-64bit ropbox\DOE SCC\fe models\run 2 with concrete boundary\d3plot
File Misc. Toggle Background Applications Settings Help

Contours of Effective Stress (v-m) Fringe Levels
max IP. value 2.933e+08
min=0, at elem# 49

max=2.9331e+08, at elem# 621 2.640e+08

(e) Buckling progresses. Steel plate begins to yield in the vicinity of two studs (see red on
stress contour). Buckling distortion as the plate pulls away from the concrete visible.
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LS-DYNA keyword deck by LS-PrePost

Time = 0 Fringe Levels

Contours of Effective Stress (v-m) 0.000e+00
max IP. value
min=0, at elem# 1 0.000e+00

max=0, at elem# 1 0.000e+00

0.000e+00
0.000e+00 _
0.000e+00 _
0.000e+00 _
0.000e+00 _
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40

30

Load (kips)

10

- = =0.25% Steel Plate (Experimental)

—— ().25% Steel Plate (Simulation)

0 0.1 0.2 0.3 0.4 0.5 0.6
Slip (in.)
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4. Assessment of Shear and Flexural Performances
Specimens preparation
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Task 3

A Control - Mo cold jeint 1 indane andd 1 out-of-plane
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C. In-Plane H

A,

First Test

0

Second

Test
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5. Validation through Full-scale Test and Modeling
Model
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6. Conclusions and Outlooks
And future developments

1.

Task 2 test results demonstrate the ability of steel plate composite
construction to transfer in-plane forcesacross the cold-joint
boundaries.

Results show that SC constructionis more ductilethan conventional
internally-reinforced concrete.

Test results show that self-roughening concrete with at least 5% LWA
providesshear friction coefficient (A) of 1.0 or greater.

The test results do not conclusively demonstrate the relationship
between LWA percentage and cold-joint shear capacity.

Non-linear FEA models are promisingand may be used for parametric
studies of jointbehavior—but further calibration is needed.

Task 3 specimens will validate in-plane shear behaviorand provide
better guidance on the out-of-plane behaviorof cold-joint behaviorin
SCC.

The Task 4 specimen will be a tremendouschallengeand we are
working closely with Westinghouse to procure the test article from
CBl in a cost-effective and timely manner.
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Timeline

Project Year End

Enc‘

2014

2015

Jan

Feb Mar April May June July Aug Sept Oct Nov Dec Jan

Feb Mar April May June July Aug Sept Oct Nov Dec Jan

Task 1. Developed SCC Mixes
Task 1. Rheology of SCC Mixes

Task 2. Shear Friction Evaluation Across SCC Roughened Cold

Joings
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Task 3. Measurment of Cold-Joint
Effects in Flexure and Shear

Task 4. Upscaling: Experimental assessments
of shear friction, pressure,
shrinkage/delamination, and strength

Task 5. Model
Development

Task 5. Shear Friction
Provisions




“This material is based upon work supported by the Department of Energy [DE-NEO0O00667 NEET]”
Disclaimer: “This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any agency
thereof.”

Thank you. Questions?



