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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.	

- 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.

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

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

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

1.	Intro
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1.	Intro

- 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

Problem statement

Some	consideration
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1.	Intro
Looking at Containment Buildings
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1.	Intro
- In	third	generation	modular	(steel	composite)	
construction	of	containment	structures,	concrete	
is	placed	between	two	steel	plates,	tied together

Looking at Confinement Buildings
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1.	Intro

- To	avoid	cold	joints,	requires	continuous	
concrete	placementà 1200	trucks!

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

Facts
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1.	Intro

Research	need	(DOE-NEET)

Problem statement

- 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

(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.

Some	consideration
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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)	.

1.	Intro
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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)	.

1.	Intro

- 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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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)	.

1.	Intro

- 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

Task 2, Task 3, Task 4
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Proposed idea
2.	Task	1	– Development	of	a	Self-Roughening	Concrete

Paste

Coarse
Aggregate

LWA
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Strategies
2.	Task	1	– Development	of	a	Self-Roughening	Concrete
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Let’s	take	a	look!

Outcomes
2.	Task	1	– Development	of	a	Self-Roughening	Concrete
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Proprieties and tests 

Self-Consolidating	Concrete Self-Roughening	Concrete

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

- Hardened	Visual	Stability	Index	(VSI	=	0)
- S	Groove	test	(good	self-healing	ability)

Fresh SCC proprieties

Hardened SRC proprieties
- Compressive	strength:	6-7ksi
- Shrinkage:	<250	με

2.	Task	1	– Development	of	a	Self-Roughening	Concrete
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Measurement	of	Roughness

Quantifying surface roughness
2.	Task	1	– Development	of	a	Self-Roughening	Concrete
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Measurements of Roughness - Qualitative
2.	Task	1	– Development	of	a	Self-Roughening	Concrete
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Measurements of Roughness - Quantitative
2.	Task	1	– Development	of	a	Self-Roughening	Concrete
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Mechanical tests for shear friction characterization
3.	Task	2	- Assessment	of	Cold	Joint	Shear	Friction	Capacity
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Wall	Elevation Wall	Section

Formwork

Hot	rolled	
structural	steel	

channels

Cold	Joint

“…when	concrete	is	placed	against	
previously	hardened	concrete,	the	
interface	for	shear	transfer	shall	be	
clean	and	free	of	laitance.	If	μ	is	
assumed	equal	to	1.0λ,	interface	
shall	be	roughened	to	a	full	
amplitude	of	approximately	1/4	in.”	

ACI 318-11 (11.6.9):

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

Formwork

Hot	rolled	
structural	steel	

channels

Cold	Joint

When	wet	concrete	is	cast	up	to	dry	
concrete.

Cold Joint

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

	

	 	

	

	

	

	
Cold	joint	 No	 Yes	 Yes	 Yes	 Yes	 Yes	
Reinforcement	
ratio	-	ρ	(%)	 0.75	 0.75	 0.25	 0.50	 0.75	 0.75	
#3	shear	
reinforcement	 Yes	 Yes	 No	 No	 No	 No	

Steel	plate	
(thickness)	 No	 No	

0.03125	in.	
(22	gauge)	

	

0.0625	in.	
(16	gauge)	

	

0.09375	in.	
(13	gauge)	

	

0.375	in.	
	(16	gauge)	
h=	2.90	in.	

Repetition	
with	5%	LWA	 n/a	 2	 2	 2	 2	 2	
Repetition	
with	15%	LWA	 n/a	 3	 3	 3	 3	 3	
Tot.	N.	of	
repetitions	 2	 5	 5	 5	 5	 5	

	

3.	Task	2	- Assessment	of	Cold	Joint	Shear	Friction	Capacity
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Test Matrix
3.	Task	2	- Assessment	of	Cold	Joint	Shear	Friction	Capacity
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Step	1

Step	3

Step	2

Step	4

Step	5

Specimens preparation
3.	Task	2	- Assessment	of	Cold	Joint	Shear	Friction	Capacity
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Test set up

Knife-edge	
support

LVDT

LVDT	support

200kip	load	cell

Knife-edge	
support

3.	Task	2	- Assessment	of	Cold	Joint	Shear	Friction	Capacity
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Behavior at cold joint with internal reinforcement
3.	Task	2	- Assessment	of	Cold	Joint	Shear	Friction	Capacity
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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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Behavior at cold joint comparing internal and external reinforcement.  
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3.	Task	2	- Assessment	of	Cold	Joint	Shear	Friction	Capacity
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Internal	
Reinforcement

ρ=0.75%

External	Steel	
Plate

ρ=0.25%
t=0.031	in.
(22	gage)

External	Steel	
Plate

ρ=0.50%
t=0.063	in.
(16	gage)

External	Steel	
Plate

ρ=0.75%
t=0.094	in.
(13	gage)

External	Steel	
Strips

ρ=0.75%
t=0.375	in.

Mechanical tests for shear friction characterization
3.	Task	2	- Assessment	of	Cold	Joint	Shear	Friction	Capacity
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Behavior at cold joint comparing internal and external reinforcement.  

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

3.	Task	2	- Assessment	of	Cold	Joint	Shear	Friction	Capacity
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Specimen Design
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen Design
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen Design
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen Design
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen Design
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen Design
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen Design
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen Design
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Out-of-Plane

In-Plane

Specimen Design
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen Design
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen construction – welding 
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen construction – welding
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen construction – formwork
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen construction – formwork
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen construction – formwork
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen construction
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen construction – ready to be picked up
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Specimen construction – cast
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Casting day
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Casting day

Facing	construction	challenges

4. Task	3	– Assessment	of	Shear	and	Flexure	Performances
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First	Trial
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Second	Trial
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Third	Trial
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In	the	lab
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Specimen construction – cast

Concrete	placement	1

Concrete	placement	2

Concrete	placement	3

4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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In	the	lab	– After	Casting
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Measurements of Temperature
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Measurements of Temperature
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances



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

Getting ready to test

After	28dd

4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Behavior at cold joint  
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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In-Plane and Out-of-Plane set up
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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Out-of-Plane behavior
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Monolithic Out-of-Plane failure mode
4.	Task	3	– Assessment	of	Shear	and	Flexure	Performances
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In-Plane and Out-of-Plane failure mode
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Test Results and Analytical Model
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Specimen
5.	Task	4	– Validation	through	Full-Scale	Testing
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Specimen
5.	Task	4	– Validation	through	Full-Scale	Testing
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5.	Task	4	– Validation	through	Full-Scale	Testing
External steel plates
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Vertical
5.	Task	4	– Validation	through	Full-Scale	Testing
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Three concrete lifts
3.	Scaling	things	up

Cold	Joint	2

Cold	Joint	1

Concrete	Placement	1

Concrete	Placement	2

Concrete	Placement	3
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Cold joint
3.	Scaling	things	up

Cold	Joint	2

Cold	Joint	1

Concrete	Placement	1

Concrete	Placement	2

Concrete	Placement	3
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5.	Task	4	– Validation	through	Full-Scale	Testing
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Moving the test specimen
5.	Task	4	– Validation	through	Full-Scale	Testing
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Test setup
5.	Task	4	– Validation	through	Full-Scale	Testing
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Test setup
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Expected behavior
5.	Task	4	– Validation	through	Full-Scale	Testing
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Cold joint detail
5.	Task	4	– Validation	through	Full-Scale	Testing
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Cold joint detail
5.	Task	4	– Validation	through	Full-Scale	Testing

Cold joint detail
5.	Task	4	– Validation	through	Full-Scale	Testing
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5.	Task	4	– Validation	through	Full-Scale	Testing
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And outlooks
6.	Conclusions

Concluding
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- SCC	which	self-roughens	has	been	developed	by	
replacing	small	fraction	of	coarse	with	lightweight	
aggregate	(LWA)	à avoids	need	for	continuous	
placement
- Achieve	improved	shear	friction	capacity,	which	
scales	with	LWA	fraction.	
- Full	scale	convalidation
- Meet	strength	and	shrinkage	targets.

6.	Conclusions
And outlooks
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Thank	you.	Questions?

“This material is based upon work supported by the Department of Energy [DE-NE0000667 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.”

6.	Disclaimer	
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