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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 curing to enhance concrete
bonding with the steel plates.

Task 1: Development of SCC with 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
consideration in the AISC N690-12 Appendix N9 code used for the design of SC modular
structures.

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
Problem statement

Some consideration

- Next 10 years 40% of NPP will approach their 40ys of service
- Average time for construction for existing NPPs: 9.3 years
- Longest time for construction: 23 years
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1. Intro
Looking at Containment Buildings
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1. Intro
Looking at Confinement Buildings
- In third generation modular (steel composite)

construction of containment structures, concrete
is placed between two steel plates, tied together
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1. Intro
Facts
- In third generation modular (steel composite)

construction of containment structures, concrete
is placed between two steel plates, tied together

FACE PLATE (TYP) |

ce
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HEADED
STUDS —,

- To avoid cold joints, requires continuous
concrete placement = 1200 trucks!
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1. Intro
Problem statement

Some consideration

- Next 10 years 40% of NPP will approach their 40ys of service
- Average time for construction for existing NPPs: 9.3 years
- Longest time for construction: 23 years

Research need (DOE-NEET)

(1) Assembly and material innovation to enhance modular building techniques such as
advances in high strength concrete and rebar, inspection equipment, and pre-assembled
rebar systems; and

(2) Advances in modular construction to include improved design codes, improved
methods for transport and delivery and advancements in integrated prefabrication.
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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 (cold joint) .

Monday, OCTOBER 17, 2016 — AMM Workshop — Germantown, MD
Self-Consolidating Concrete for SC Modular Structures



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 (cold joint) .

- SCC mixtures to ensure sufficient shear capacity across cold- joints (self-roughening),
while minimizing shrinkage and temperature increase during curing to enhance concrete

bonding with the steel plates.
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1. Intro
Objectives

Task 1
- 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 (cold joint) .

Task 2, Task 3, Task 4

- SCC mixtures to ensure sufficient shear capacity across cold- joints (self-roughening),
while minimizing shrinkage and temperature increase during curing to enhance concrete
bonding with the steel plates.
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2. Task 1 — Development of a Self-Roughening Concrete
Proposed idea

Coarse

LWA
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2. Task 1 — Development of a Self-Roughening Concrete
Strategies
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2. Task 1 — Development of a Self-Roughening Concrete
Outcomes

Let’s take a look!
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2. Task 1 — Development of a Self-Roughening Concrete
Proprieties and tests

D

SeIf-Conint»ing Concrete : SeIf—Roughing Concrete

Fresh SCC proprieties

- Flowability: flows easily at suitable speed into formwork (T20 = 4-5sec; Flow Slump = 24-26")

- S Groove test (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. Task 1 — Development of a Self-Roughening Concrete
Quantifying surface roughness

Measurement of Roughness
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2. Task 1 — Development of a Self-Roughening Concrete
Measurements of Roughness - Qualitative

Monday, OCTOBER 17, 2016 — AMM Workshop — Germantown, MD
Self-Consolidating Concrete for SC Modular Structures



2. Task 1 — Development of a Self-Roughening Concrete
Measurements of Roughness - Quantitative
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3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Mechanical tests for shear friction characterization
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3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Mechanical tests for shear friction characterization

“...when concrete is placed against
previously hardened concrete, the
interface for shear transfer shall be
clean and f.cc orww.iance. If pis

assumed equal t~ 1 M interface
shall he roughened to a full
amplitude of approximately 1/4 in.

”

Wall Elevation Wall Section

Formwork

Hot rolled
uctural steel
channels

Cold Joint
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3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Mechanical tests for shear friction characterization

Formwork

_ Hot rolled
structural steel
channels

Cold Joint

Wall Section
Cold Joint
When wet concrete is cast up to dry
concrete.
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3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Test Matrix
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3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Test Matrix

=
7

:ll
—
I

Cold joint No Yes Yes Yes Yes Yes
faetii'(‘,ff’gcf%m)e"t 0.75 0.75 0.25 0.50 0.75 0.75
fgi:?:racrément Yes Yes No No No No
Steel plate 0.03125 in. 0.0625 in. 0.09375 in. 0.375in.
(thickness) No No (22 gauge) (16 gauge) (13 gauge) (16 gauge)
— h=2.90in.
sv?fhe!t{%ol.r\'NA n/a 2 2 2 2 2
sv?tphEtllt‘t,I"zr:.WA n/a 3 3 3 3 3
Tepetitions 2 5 5 5 5 5
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3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Test Matrix
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3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Specimens preparation
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3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Test set up

Knife-edge
support

LVDT

LVDT support

Knife-edge
support

Okip load cell

Monday, OCTOBER 17, 2016 — AMM Workshop — Germantown, MD
Self-Consolidating Concrete for SC Modular Structures






3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Behavior at cold joint with internal reinforcement

—— G575 -1

SP1550-1

Sip.(in.)
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3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Behavior at cold joint with external steel plates
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3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Behavior at cold joint comparing internal and external reinforcement.

—— CJ1575 -1

— §P1550-1

0.2

0.3 0.4 05 0.6
Sip (in.)
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3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Mechanical tests for shear friction characterization

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=0.375 in.
(22 gage) (16 gage) (13 gage)
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3. Task 2 - Assessment of Cold Joint Shear Friction Capacity
Behavior at cold joint comparing internal and external reinforcement.

- Self-roughening concrete carries higher load.
- Higher load with greater fraction of LWA.

110 110

— CJ0575 — CJ1575
100 - -~ SPOS25 100 |‘|"\ ----SP1525
%9 |, 5% LWA o SPOSSO 90 [ \ 15% LWA e SPISSO
80 [, - — =SP0575 80 \ - = =SP1575
270 ‘\\ ST0575 27 Semeso ST1575
& 60 VL 260
'§ R P R R D50 | e
=40 | f — 240 —
30 g ________________ L __d__ .- 30 ——coo
20 | 20
10 10
0 0
0 0.05 0.1 0.15 0.2 0.25 0.3 0. 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Slip (in.) Slip (in.)
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(a) 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.
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(b) Initital loading. Constant shear in the panel zone. In-plane shear stresses shown (all
stresses in Pa).
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(d) Onset of buckling. Panel zone shear dramatically reduced. Principle tensile stresses
align with buckling of plate steel. Buckling is elastic, that is, steel plate does not yield
before the bucking initiates. Model also predicts the lifting of the edge of the steel
plate,
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(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 Lovels
Comours of Lective Swess (van)
max 1P, value ana .
min+=0, at elom# 1 0.0000+00 _
max=0, a1 eleand | 0000000

0.0000«08

0.0000+00
0.0000+00 _
00000 +00

0.000w 00

) 200w +00
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40

30

Load (Kkips)
S

10

= = =0.25% Steel Plate (Experimental)

e ().25% Steel Plate (Simulation)

0 0.1 0.2 0.3 0.4 0.5 0.6
Slip (in.)
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4. Task 3 — Assessment of Shear and Flexure Performances
Specimen Design
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4. Task 3 — Assessment of Shear and Flexure Performances
Specimen Design

Monday, OCTOBER 17, 2016 — AMM Workshop — Germantown, MD
Self-Consolidating Concrete for SC Modular Structures



4. Task 3 — Assessment of Shear and Flexureferformances

Specimen Design
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4. Task 3 — Assessment of Shear and Flexure
Specimen Design
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4. Task 3 — Assessment of Shear and Flexureferformances
Specimen Design
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4. Task 3 — Assessment of Shear and Flexureferformances

Specimen Design
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4. Task 3 — Assessment of Shear aad Flexure Performances

Specimen Design
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4. Task 3 — Assessment of Shear and Flexure Performances
Specimen Design

Out-of-Plane

In-Plane
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4. Task 3 — Assessment of Shear and Flexure Performances
Specimen Design
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4. Task 3 — Assessment of Shear and Flexure Performances
Specimen construction — welding
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4. Task 3 — Assessment of Shear and Flexure Performances
Specimen construction — welding
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4. Task 3 — Assessment of Shear and Flexure Performances
Specimen construction — formwork
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4. Task 3 — Assessment of Shear and Flexure Performances
Specimen construction — formwork
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4. Task 3 — Assessment of Shear and Flexure Performances
Specimen construction — formwork
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4. Task 3 — Assessment of Shear and Flexure Performances
Specimen construction
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4. Task 3 — Assessment of Shear and Flexure Performances
Specimen construction —ready to be picked up

Monday, OCTOBER 17, 2016 — AMM Workshop — Germantown, MD
Self-Consolidating Concrete for SC Modular Structures



4. Task 3 — Assessment of Shear and Flexure Performances
Specimen construction — cast
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4. Task 3 — Assessment of Shear and Flexure Performances
Casting day
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4. Task 3 — Assessment of Shear and Flexure Performances
Casting day

Facing construction challenges
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First Trial




Second Trial
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Third Trial




In the lab




4. Task 3 — Assessment of Shear and Flexure Performances
Specimen construction — cast
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Concrete placement 1
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In the lab — After Casting




4. Task 3 — Assessment of Shear and Flexure Performances
Measurements of Temperature

5x5x5 ft. Formwork

Sheathing
3/4 in. Plywood

Stud
4x4

Wale
2x12

Bloking
2x8

Anchor rod
red head rod
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4. Task 3 — Assessment of Shear and Flexure Performances
Measurements of Temperature

5x5x5 ft. Formwork

Sheathing
3/4 in. Plywood

Stud
4x4

Wale
2x12

Bloking
2x8

Anchor rod
red head rod

DOE SCC: Task 3 Concrete Temperature Monitoring

e Corner

e Midpoint

STempe@ture (CB

0 2 4 6 Time%days) 10 12 14 16
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4. Task 3 — Assessment of Shear and Flexure Performances
Getting ready to test

After 28dd
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4. Task 3 — Assessment of Shear and Flexure Performances
Behavior at cold joint
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4. Task 3 — Assessment of Shear and Flexure Performances
In-Plane and Out-of-Plane set up
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4. Task 3 — Assessment of Shear and Flexure Performances
Out-of-Plane behavior

160

120

80

Seriesl

Load [kip]

Series2

40

0 0.4 0.8 1.2 1.6 2
Displacement [in]
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4. Task 3 — Assessment of Shear and Flexure Performances
Monolithic Out-of-Plane failure mode
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4. Task 3 — Assessment of Shear and Flexure Performances
Out-of-Plane failure mode
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4. Task 3 — Assessment of Shear and Flexure Performances
In-Plane and Out-of-Plane failure mode
- : e i
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4. Task 3 — Assessment of Shear and Flexure Performances
In-Plane and Out-of-Plane failure mode
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4. Task 3 — Assessment of Shear and Flexure Performances

Test Results and Analytical Model

In-Plane

- -
- -
- -
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- -
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-
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—
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MO-IP

CJ-IP-1

CJ-IP-2
- — = IP-Th

— - — N690 App N9

0 0.2 04 0.6 0.8 1 1.2 14 1.6

Displacement [in.]

Load [Kip]

Out-of-Plane

MO-O0P

CJ-00P-1
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- = = 00P-Th

— - — N690 App N9

0 0.1 0.2 0.3 04 0.5 0.6 0.7
Displacement [in.]
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S. Task 4 — Validation through Full-Scale Testing

Specimen
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5. Task 4 — Validation through Full-Scale Testing

Specimen
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S. Task 4 — Validation through Full-Scale Testing

External steel plates

Y 4
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S. Task 4 — Validation through Full-Scale Testing
Vertical
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3. Scaling things up

Three concrete lifts

Concrete Placement 3

Cold Joint 2

Concrete Placement 2

Cold Joint 1

Concrete Placement 1
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3. Scaling things up
Cold joint

Concrete Placement 3

Cold Joint 2

Concrete Placement 2

Cold Joint 1

Concrete Placement 1
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S. Task 4 — Validation through Full-Scale Testing
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S. Task 4 — Validation through Full-Scale Testing
Moving the test specimen
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S. Task 4 — Validation through Full-Scale Testing

Test setup

— Vertical steel channels @ 4' centers

[ ] 1 O—
6
2 5
4
Ao O—
i
LVDT strain rosette Concrete strain readings
at cold joint Strain gages on steel plate
- 6= Coldjoint
— 20'
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S. Task 4 — Validation through Full-Scale Testing
Test setup

NLLLLTTTT ™

o —
— —
T —
B —  qe—
— —
TS ee—
—

Monday, OCTOBER 17, 2016 — AMM Workshop — Germantown, MD
Self-Consolidating Concrete for SC Modular Structures



S. Task 4 — Validation through Full-Scale Testing

Expected behavior

Efficacy of strut limited

by condition of cold-joint CCC Node r ws

I Compression

struts

CTT Node
w777, ]
Cold joint
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S. Task 4 — Validation through Full-Scale Testing
Cold joint detail
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S. Task 4 — Validation through Full-Scale Testing
Cold joint detail
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Applied Load (kips)

800

700

600

500

400

300

200

100

S. Task 4 — Validation through Full-Scale Testing
Load displacement curve

SCC for Modular Units, Task 4 Validation Test, Load vs. Displacement

Flexural Yielding of
Tension Plate
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SCC for Modular Units, Task 4 Validation Test, Load vs. Strain

Strain in Tensile Face of Module

yield strain
Gage at Load Point
I Gage at Cold Joint
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S. Task 4 — Validation through Full-Scale Testing
Load strain
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S. Task 4 — Validation through Full-Scale Testing

Model
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6. Conclusions
And outlooks

Concluding
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6. Conclusions
And outlooks

- SCC which self-roughens has been developed by |
replacing small fraction of coarse with lightweight £
aggregate (LWA) = avoids need for continuous
placement

- Achieve improved shear friction capacity, which
scales with LWA fraction.

- Full scale convalidation

- Meet strength and shrinkage targets.
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