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Outline

- Sliding Problem

- Experimental Investigation

- Sliding Model

- Wall Model

- Interaction Diagram of Sliding, Shear, and Flexure

- Design Recommandation



The Concrete Convention

and Exposition

The Concrete Convention
and Exposition

Institute of Structural Engineering, Structural 

Dynamics and Earthquake Engineering Group 

University of Applied Sciences and Arts Northwestern 

Switzerland, Institute of Civil Engineering

Dr. Burkhart Trost

October 17, 2017 3

Sliding Damage after Earthquakes

1985 -Vina del Mar,

Chile

2010 – Santiago,

Chile

[1] [1]

[2] [2]
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E-Defense Shake Table, Japan, 2006

[3]
[3]

[3]
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Shear Walls under Cyclic Loading

2nd half cycle: Sliding1st half cycle: Pre-cracking

compact 

sliding 

specimen

compact 

sliding 

specimen
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Compact Sliding Specimen 

Fabrication:

Specimen types:

- Type 1, ρs=0.85%, 

420/420/120 mm, ds= 8 mm

- Type 2, ρs=0.47%, 

420/420/120 mm, ds= 6 mm

- Type 3, ρs=1.13%, 

420/420/80 mm, ds= 8 mm
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Test Setup

Phase 1: Pre-cracking Phase 2: Sliding

Loading protocol:

45β = o

w ρs = 0.46%
ρs = 

0.83%
ρs = 1.11%

Loading 

protocol

1 mm
PK09, 

PK10
Cyclic 1

2 mm

PK21,PK2

2

PK02, 

PK03, 

PK04

PK17, 

PK18
Cyclic 1

PK07, 

PK08
Cyclic 2

PK05, 

PK11

Monotoni

c

Compact sliding specimens:
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Sliding Shear-Displacement Response
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Results
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Sliding Model

( , ) ( , )

( , ) ( , )

c slid s slid

c slid s slid

u w u w
tan

u w u w
β

τ τ
σ σ+=

+

Aggregate interlock model
Deformation of reinforcement bars
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Validation

uslid [mm]

τ s
li

d
[M

P
a]

w
 [

m
m

]

uslid [mm]

τ s
li

d
[M

P
a]

w
 [

m
m

]
uslid [mm]

uslid [mm]

PK05, PK10, ρs=0.85 %, w0=1.28 

mm

PK02, PK03, PK04, ρs=0.85 %, w0=1.34 mm Cyclic behaviour
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Wall Model

Integration of

M-κ relationship 

Compression 

field theory
Sliding model

0 0( , ) ( , ) ( , ) ( , , , )x flex x shear x slid xu F N u F N u F N u F w xβ= + +

uflex
uslidushear

ushear

uflex Fmax

u

Luna SW8:

h=1.65 m

l=3.05 m 

t=0.2 m

fc=24.1 MPa 

ρs,v=1.5%

ρs,h=1.5%
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Salonikios LSW2 and 

LSW3:

h=1.3 m

l=1.2 m

t=0.1 m

fc,LSW2=21.6 MPa

fc,LSW3=23.9 MPa

ρs,v,boundary=1.3%

ρs,v,web=0.28%

ρs,h=0.28%

Salonikios LSW2

(N=0.00)
Salonikios LSW3

(N=0.07 Ac fc)

[6]

Luna SW8:

h=1.65 m

l=3.05 m 

t=0.2 m

fc=24.1 MPa 

ρs,v=1.5%

ρs,h=1.5%

[6]

[7]

[7]

Validation
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Interaction Diagram of 

Sliding, Shear, and Flexure

1st half cycle 

2nd half cycle 
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Variation of the concrete strength
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Variation of the horizontal and 

vertical reinforcement ratios
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Variation of the reinforcement 

bar diameter
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Variation of the concrete 

aggregate grain mix



The Concrete Convention

and Exposition

The Concrete Convention
and Exposition

Institute of Structural Engineering, Structural 

Dynamics and Earthquake Engineering Group 

University of Applied Sciences and Arts Northwestern 

Switzerland, Institute of Civil Engineering

Dr. Burkhart Trost

October 17, 2017 19

Design Recommendation
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Thank you for your attention!
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