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Introduction

A	three‐story	full‐scale	sub‐standard	reinforced	
concrete	building	part	was	tested	under	its	self‐weight	
and	reversed	cyclic	lateral	displacements.

The	tested	building	is	part	of	an	existing	building	built	
more	than	20	years	ago	and	it	was	selected	to	reflect	
the	main	characteristics	and	deficiencies	of	existing	
sub‐standard	buildings	in	Turkey (low	strength	
concrete,	large	stirrups	spacing,	improper	hook	
details).
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Demolition for Test	Building
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Site	Preparations
•Demolition



Site	Preparations
•Demolition



Site	Preparations
• Test	site	layout



Test	Building	
fc=17	MPa

Reinforcing Bars

Column Long.	fy=280	MPa
(lap	splices without hook,	32‐60)
Beam Long.	fy=444	MPa
(lap	splices with hook)
Stirrups fy=365	MPa
(closed tie 90	degree hook)

All	members	are	flexural	critical.



Test	Building

Structural	Plan
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Test	Setup:	Loading
• Reversed cyclic loading with three
hydraulic actuators (300	kN load and
800	mm	displacement capacities)

• Diplacement controlled loading

• Load distribution in	elevation(2P‐P)	
kept constant P

2P



Test	Setup:	
Drift	Pattern	and	Measurement	System



Observations and Test	Results

-200

-150

-100

-50

0

50

100

150

200

-2 -1 0 1 2

B
as

e 
Sh

ea
r (

kN
)

1st Story Drift Ratio (%)

First Crack on Beams and
Columns

Buckling of Beam
Longitidunal Bars

Buckling of Column
Longitidunal Bars



%	0.25	Drift	Ratio – 1cycle

Beams Columns
Wmax=0.2	mm Wmax<0.1 mm

Observations and Test	Results



%	0.50 Drift	Ratio ‐ 2	cycles

Beams Columns
Wmax=1.2	mm Wmax=0.6 mm

Observations and Test	Results



%	0.75 Drift	Ratio ‐ 1	cycle
Beams Columns
Wmax=2.2	mm Wmax=1.6 mm
Crushing at	positive peak
Bucking of	bars at	negative peak (K11)

Observations and Test	Results



%	1.00 Drift	Ratio ‐ 2	cycles
Beams Columns
Wmax=6	mm Wmax=1.8 mm
Bucking of	bars (K12)	 Vertical Cracks

Observations and Test	Results



%	1.50 Drift	Ratio ‐ 2	cycles
Beams Columns
Wmax=9	mm Wmax=3	mm

Bar	Buckling (S14)

Observations and Test	Results



Comparison	of	Test	Results	with	Turkish	Seismic	
Code	(2007)	and	ASCE	41‐13	(2014)

PERFORM 3D v5

Material	nonlinearity	were	
defined	with	hinges	that	
assigned	to	the	end	of	members.

For	TSDC (2007)
The	backbone	property	of	
hinges	were	taken	from	section	
analysis	with	plastic	hinge	
length	assumption	of	0.5H.

For	ASCE		41‐13(2014)
The	backbone	property	of	
hinges	were	directly	taken	from	
ASCE	41‐13	documents	tables.



Turkish Seismic Design	Code 2007	Section Damage Limits

Damage	levels Concrete	strain	limit* Steel	strain	
limit

IO	
Cover Concrete

LS
Core Concrete

CP

Core Concrete

   0.0035c MN
  0.01s MN
 

  0.04s SL
 

  0.06s FL
 

Comparison	of	Test	Results	with	Turkish	Seismic	
Code	(2007)	and	ASCE	41‐13	(2014)



Asce 41‐13	Section Damage Limits

Comparison	of	Test	Results	with	Turkish	Seismic	
Code	(2007)	and	ASCE	41‐13	(2014)



TSDC (2007) ASCE	41‐13

Comparison	of	Test	Results	with	Turkish	Seismic	
Code	(2007)	and	ASCE	41‐13	(2014)



Comparison	of	Damages



Comparison	of	Damages

In	the	case	of	beams

The	beam	compression	bars	
buckled	at	0.75	%	drift	ratio	
(The	measured	rotation	at	this	
drift	is	0.012).

Both	approach	overestimate	
the	damage	of	the	beams.



Conclusions

• The	evolution	of	damage	was	highly	affected	by	the	moment	capacity	hierarchy	
between	the	beams	and	columns	at	the	beam‐column	joints.	The	damage	started	at	
the	beams	of	the	test	building	and	then	accumulated	at	the	bottom	edge	of	first	
story	columns.

• At	0.75%	drift	ratio,	the	beam	longitudinal	bars	buckled	and	at	1.50%	drift	ratio,	the	
column	longitudinal	bars	buckled.	Thereafter,	the	test	was	terminated	due	to	safety	
reasons.	

• Both	modelling	approaches	showed	good	correlation	with	test	results	in	a	global	
sense.	In	terms	of	column	damage	limits,	TSDC (2007)	gives	20%	conservative	
limitations	when	they	are	compared	with	the	ASCE	41‐13	(2014)	limitations.	In	case	
of	beam	damage	limit,	both	assessment	approach	overestimate	the	beam	damages.
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