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1. Introduction  

In the first step, a review of mostly common types of apartment-houses will be carried 

out. Generally the investigations will focus on 4-storey buildings. Also the criterion of 

dominating long shear walls and the number of shear walls will be taken in considera-

tion.   

Due to the numerical effort, the investigations were carried out using a smeared model-

ling of masonry. Thereby local effects, like the influence of the unit size / the format or 

the perforation pattern couldn’t be determined (s. work-package 4). For the calculations, 

a non-linear behaviour of the masonry will be taken in account. 

1.1. Plans 

From a number of examined systems two representative plans have been chosen. They 

are termed basic-plans Apartment-house-1 (AH1) and Apartment-house-2 (AH2). In a 

further step they were modified to type AH1* and type AH2*, where the number and 

length of the shear walls were modified. 

For the numerical investigations, the system was reduced due to symmetric effects to 

the half structure (AH1 shown in Figure 1). The staircase is located in the plan down 

right. For the spacial model the stair-plate has been placed horizontal extending the 

regular slab. 

The structure was investigated under horizontal forces acting in the “weak” direction, i.e. 

in the given plans from right to left end vice versa. Investigations with impact in the 

strong direction were left out, as not being relevant. 
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Figure 1: Plan of the Apartment-House 1 (AH1) with the numeration of the shear-walls 

 

Figure 2: Plan of the modified Apartment-House 1 (AH1*) with the numeration of the shear-walls 

 

Apartment-House 2 has a slightly different plan with the staircase top right.  



TECHNICAL UNIVERSITY MUNICH  Page 5 of report sce-24005005 from 2005-04-21 
DEPARTMENT OF CIVIL ENGINEERING AND GEODESY 
INSTITUTE OF CONCRETE AND MASONRY STRUCTURES  
 

 

Figure 3: Plan of the Apartment-House 2 (AH2) with the numeration of the shear-walls 
 

 

Figure 4: Plan of the modified Apartment-House 2 (AH2*) with the numeration of the shear-walls 

 
It was simplifying assumed that the opening for the doors and windows take the full sto-

rey height, i. e. no load bearing parapet or lintel exist. This simplification was necessary 

to reduce the effort of the numerical spacial investigations using the finite-element-

method.  

As the relevant region under seismic loadings is generally the first storey, all investiga-

tions focus on sections in the lower storey. Therefore three sections at the cap of the 
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wall (about 0,2m under the upper slab), in the middle of the wall and at the base of the 

wall (about 0,2cm above the fixings) have been chosen.  

1.2. Geometric parameters 

The thickness of the walls was taken to 175, 24 resp. 30 cm. The storey height was 

taken constantly to 2.75 m with a thickness of the concrete slabs of 20cm. 

The length of the walls is given in the following tables: 

Table 1: Geometric parameters of Apartment House 1 (AH1) 

Wall No.: 1 2 3 4 5 6 7 8 9 

Length l [m] 1 1,25 1,25 1 1,75 1,4 1,25 1,75 1 

thickness d [cm] 24 24 24 24 17.5 24 24 24 24 

 

Table 2: Geometric parameters of the modified Apartment House 1 (AH1*) 

Wall No.: 1 2 3 4 5 6 7 8 9 

Length l [m] 1 1,75 1,25 1 2.75 2.4 1.75 1.75 1 

thickness d [cm] 24 24 24 24 17.5 24 24 24 24 

 

Table 3: Geometric parameters of Apartment House 2 (AH2) 

Wall No.: 1 2 3 4 5 6 7 8 9 10 11 12 

Length l [m] 0.875 1.75 1.5 0.5 2.25 4.75 2.625 3 1 0.875 1.5 0.625 

thickness d [cm] 30 30 30 30 24 30 30 30 24 30 30 30 

 

Table 4: Geometric parameters of the modified Apartment House 2 (AH2*) 

Wall No.: 1 2 3 4 5 6 7 8 9 10 11 

Length l [m] 0.875 1.75 1.5 0.5 2.25 2.625 3 1 0.875 1.5 0.625 

thickness d [cm] 30 30 30 30 24 30 30 30 30 30 24 

 

The roof of the apartment house was assumed to be a flat roof without a timber truss 

structure above. Also no balcony structures were taken into consideration. These simpli-

fications helps the results become more comparable.  
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The number of storeys was taken to 3 and 4 to cover the mostly found types of apart-

ment-house structures. 

1.3. System 

The numerical investigations have been carried out on a spacial finite-element system. 

The RC-slabs were considered remaining uncracked and the vertical shear walls were 

described by a nonlinear material law.  

The interface between horizontal RC-slabs and the vertical masonry walls was assumed 

to be fix as tension failure perpendicular to the bed joints is included in the material 

model of the masonry walls.  

The basement was assumed to be very stiff and therefore not deciding for the dynamic 

behaviour of the structure and for the failure modes. Therefore the basement was ne-

glected. The fixing of the structure was assumed to be stiff without any flexibility. 

The chosen finite-element-approximation enables to cover shell deformations and also 

plate deformations. The latter is realized by a splitting of the plate -bending in 2 parallel 

shell components. Therefore a differentiation in a lower and an upper component resp. 

side is made. 

1.4. Loadings 

For the calculations vertical and also horizontal loads were considered. The vertical 

loads were taken to the dead load of the structure and the quasi-permanent value of the 

live load according Eurocode 8. The vertical loads were simplified applied using a con-

stant plane load in the concrete slabs including also the dead loads of the walls. 

The horizontal load was applied by point loads in the slabs in each storey. The position 

in the horizontal direction was determined in the centre, as no torsional effects were 

intended. The distribution over the height of the structure was taken to a linear approxi-

mation of the first eigenform. 
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Figure 5: Estimated 1st eigenform of the structure and corresponding distribution of the horizontal forces 

The direction of the horizontal load was set in the weak direction – in the given plans 

orientated from right to left and vice versa. 
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2. Material law  

2.1. Concrete 

As explained above the concrete slabs were assumed to remain uncracked and behave 

linear-elastic. The Young-modulus was taken to 30.000 N/mm². The mass of the con-

crete was modified to cover the total dead load (concrete slabs and also masonry walls / 

as the mass of the masonry was neglected to simplify the characteristics of the normal 

force in the walls in dependence of the height) and the permanently present live load in 

the load-case earthquake.  

2.2. Masonry 

For the vertical masonry walls under combined vertical and horizontal, i.e. combined 

normal-, bending- and shear-stress simple non-linearities had to be considered in its 

material law.  

In the preliminary stage several in literature given material and failure models were re-

viewed and tried to integrate in existing FE-programmes. As a result it was found, that 

due to the numerical effort (spacial investigations of whole apartment house structures) 

and suitability of the FE-programmes the only possible failure criterion covered in a 

smeared material law was a tension failure. As the principal (tension) strain and stress 

under combined stress divergate from the orientation of the joints in the masonry, the 

assumption of a general tension failure contains in this regard a specific error. Never-

theless the description of the tension failure perpendicular to the bed joint using an iso-

tropic failure criterion was assumed to be sufficient, proven by calculations on a cantile-

ver wall. Even assuming an evanescently tension strength perpendicular to the bed joint 

in the calculations, a strength greater than zero has to be supplied for numerical rea-

sons. Also in the regions of singularities (e.g. corners), of load application and of the 

coupling of horizontal and vertical shell-elements (Figure 6) singular tensions peaks ap-

pear due to numerical reasons. Applying the finite-element approximation, with these 

effects without any tension strength a brittle failure will be indicated. Therefore a small 

isotropic tension strength of 0 .18 resp. 0.3 MN/m² was chosen.  

Generally a higher tension strength also can cover possible vertical reinforcement, like 

found in confined masonry. Therefore a calculation with a tension strength was carried 

out in addition. 
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Figure 6: Coupling of slabs and walls (deformed shape) 

 

Under compression these kinds of singularity effects also appear, but no brittle failure 

occurs, as stress rearrangement is possible. On the other hand, under high compres-

sion stresses a plasticity of masonry is observed in experimental tests. Thus, for ma-

sonry under compression an ideal plastic behaviour was chosen when reaching the 

compression strength. This effect could be described as ductile. 

In the following figures the strain-stress-relationship under compression (compression 

strength 8.5 N/mm²) and under tension (tension strength 0.18 N/mm²) is shown. The 

behaviour under tension also includes the fracture energy and the used element ap-

proximation. 
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Figure 7: Strain-stress-relationship under compression (compression strength 8,5 N/mm²) and under 
tension (tension strength 0,18 N/mm²) of a element 

 

The investigations of a cantilever wall (l=1m, d=0,24m, h=2,75m) under normal (at the 

cap of the wall: v=33kN/m) and horizontal forces (H=4kN at the cap of the wall) lead to 

combined stress and the following figures: 
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Figure 8: Normal stress [kN/m] next to the foundation and regions of plasticity at a cantilever wall under 
the above given combined action (tension strength taken to 0.02 N/mm²) 
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Figure 9: Pricipal stresses and distribution of the shear stress [kN/m] next to the foundation under the 
above given combined action 

 

The determination of regions of plasticising covers tension- and also compression-

plasticising.  

 
 

2.3. Numerical effort 

As in the following the whole structure was investigated, the numerical effort was gen-

erally very high. In additional, the finite-element-mesh was constricted to investigate the 

influence of the element-dimensions up to 10cm. Therefore the duration of calculation 

was about 6 h, without pre- and post-processing.  
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3. Initial, detailed Investigations on Apartment-House 1 

At the beginning the first investigations have been carried out on the structure Apart-

ment-House 1. Here the result will be given for example very detailed, as the following 

parametric studies (s. following chapters) will be presented due to volume reasons just 

with the condensed results in tables and diagrams. 

3.1. Structure 

The structure was calculated with a tension strength of 0.18 N/mm² and a compression 

strength of 8.5 N/mm². The vertical load was 3x1206 = 3618 kN. The isometric view of 

the strucutre is given below.  

 

Figure 10: Apartment-House 1 with 3 storeys – isometric view 

 

The horizontal force was taken to 133 kN and distributed to the 3 slabs (according 

Figure 5) given in detail in Figure 11. 
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Figure 11: Distribution of the horizontal loads 

 
3.2. Membrane forces 

The results of the calculations were evaluated to the shear forces in the walls of the 

lowest storey in a section 20cm above the fixed nodes. The distribution of the mem-

brane forces and shear flow in the section in the relevant walls 1 to 9 is shown below. 
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Figure 12: Apartment-House 1: Membrane forces [kN/m] perpendicular to the section – walls 1 to 4 

 
 

 

Figure 13: Apartment-House 1: Membrane forces [kN/m] perpendicular to the section – walls 5 to 6 
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Figure 14: Apartment-House 1: Membrane forces [kN/m] perpendicular to the section – walls 7 to 9 

 

 

Figure 15: Apartment-House 1: Membrane shear flow [KN/m] – walls 1 to 4 

 
 



TECHNICAL UNIVERSITY MUNICH  Page 18 of report sce-24005005 from 2005-04-21 
DEPARTMENT OF CIVIL ENGINEERING AND GEODESY 
INSTITUTE OF CONCRETE AND MASONRY STRUCTURES  
 

 

Figure 16: Apartment-House 1: Membrane shear flow [KN/m] – walls 5 to 6 

 
 

 

Figure 17: Apartment-House 1: Membrane shear flow [KN/m] – walls 7 to 9 
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3.3. Principal stresses 

The differentiation of upper and lower side (s. chapter 1.3) regarding the principal 

stresses is shown below. 

 

 

Figure 18: Apartment-House 1: Trajectories (principal-stresses) on the upper side – walls 1 to 4 
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Figure 19: Apartment-House 1: Trajectories (principal-stresses) on the lower side – walls 1 to 4 

 

 
 

Figure 20: Apartment-House 1: Trajectories (principal-stresses) on the upper side – walls 5 to 6 

 
 
 



TECHNICAL UNIVERSITY MUNICH  Page 21 of report sce-24005005 from 2005-04-21 
DEPARTMENT OF CIVIL ENGINEERING AND GEODESY 
INSTITUTE OF CONCRETE AND MASONRY STRUCTURES  
 

 
 

 

Figure 21: Apartment-House 1: Trajectories (principal-stresses) on the lower side – walls 5 to 6 

 
 

 
 
Figure 22: Apartment-House 1: Trajectories (principal-stresses) on the upper side – walls 7 to 9 
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Figure 23: Apartment-House 1: Trajectories (principal-stresses) on the lower side – walls 7 to 9 

 
3.4. Plasticising 

The regions with plasticising are shown below. 

 

 

Figure 24: Apartment-House 1: Plasticising on the upper side – walls 1 to 4 
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Figure 25: Apartment-House 1: Plasticising on the lower side – walls 1 to 4 

 
 

 

Figure 26: Apartment-House 1: Plasticising on the upper side – walls 5 to 6 
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Figure 27: Apartment-House 1: Plasticising on the lower side – walls 5 to 6 

 

 

Figure 28: Apartment-House 1: Plasticising on the upper side – walls 7 to 9 
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Figure 29: Apartment-House 1: Plasticising on the lower side – walls 7 to 9 
 
 

 
Figure 30: Apartment-House 1: Plasticising on the lower side – whole structure 
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Figure 31: Apartment-House 1: Plasticising on the upper side – whole structure 
 
 

3.5. Distribution of the horizontal force 
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Figure 32: Distribution of the total shear-force in the strucutre to the walls 1 to 9 (3-storey-structure, ten-
sion strength 0.18N/mm²) 
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In addition a calculation on a 4-storey structure was carried out (tension strength of 0.18 

N/mm²; compression strength of 8.5 N/mm², vertical load 4824 kN; horizontal load 

147kN). The distribution to the walls 1 to 9 is shown below. 
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Figure 33: Distribution of the total shear-force in the strucutre to the walls 1 to 9 (4-storey-structure, ten-
sion strength 0.18N/mm²) 
 
Further the tension strength was enhanced to 0.4 N/mm² to investigate the effect. The 

distribution to the walls 1 to 9 is shown below. 
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Figure 34: Distribution of the total shear-force in the strucutre to the walls 1 to 9 (4-storey-structure, ten-
sion strength 0.4N/mm²) 
 

Due to the enhancement of the tension strength a slightly different distribution was 

found. 
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4. Apartment-House 1 

The following presented calculations on the apartment house 1 have been carried out 

with a tension strength of 0.3 N/mm² and a compression strength of 8.5 MN/m². The 

number of storeys remained constantly to 4. The horizontal force H was enhanced in 

several load steps form 100 kN to 800 kN. In addition also calculations with horizontal 

forces in the opposite direction were carried out – marked with affix H-negative. Gener-

ally the last load-levels indicate a “numerically” collapse of the structure as the residual 

forces enhanced significantly (about 600 kN resp. -500kN). This effect is indicated by 

the discrepancy of the external vertical load (applied dead load of the structure) and the 

resulting internal force in the mentioned section (s. appendix). Nevertheless the calcula-

tions have been carried out for all load-levels. 

The results of the calculations were evaluated to determine the distribution of the total 

horizontal force H to each wall-sections (here mentioned the walls orientated in the di-

rection of the horizontal force H) and in the next step to determine the position of the 

resulting normal force N in each wall-section – latter was described by the excentricity 

e. 

4.1. Distribution of the shear force 

The distribution to the single walls in the three sections – i.e. at the cap of the wall, in 

the middle of the wall and at the base of the wall – is shown in the following diagram. 

Additionally the results with negative horizontal forces are given. 
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Figure 35: Apartment-House 1– shear force in the base of the walls – positive H 
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Figure 36: Apartment-House 1–shear force in the middle of the walls – positive H 
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Figure 37: Apartment-House 1– shear force at the cap of the walls – positive H 
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Figure 38: Apartment-House 1– distribution of the shear force in the base of the walls – positive 

H 
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Figure 39: Apartment-House 1– distribution of the shear force inthe middle of the walls – positi-

ve H 
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Figure 40: Apartment-House 1– distribution of the shear force at the cap of the walls – positive 

H 
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Figure 41: Apartment-House 1– distribution of the shear force in the base of the walls – negati-

ve H  
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Figure 42: Apartment-House 1– distribution of the shear force inthe middle of the walls – nega-

tive H 
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Figure 43: Apartment-House 1– distribution of the shear force at the cap of the walls – negative 

H 

Comparing the distribution of the horizontal forces at the cap of the wall with different 

orientation of the external horizontal force H a divergency appears. Especially the hori-

zontal forces obtained by the walls 6, 8, and 5 / 7 differ. This effect could be explained 

with the configuration of the transverse walls in function of a flange and the orientation 

referring to orientation of the external horizontal force. 

During the calculations it was found, that due to plate deformations of the transverse 

walls in the mentioned section secondary horizontal shear stresses resp. corresponding  

forces appeared. For the equilibrium of state in the mentioned walls orientated in longi-

tudinal direction counteracting forces resulted. With arising external horizontal force H 

this effect was reduced. Further due to plate shear loadings approximate 10% of the 

total horizontal force was carried by the transverse walls. This has to be regarded when 

comparing the impact load H and the sum of the shear forces in the mentioned walls 

(important at higher load levels). 

4.2. Normal force 

The determination of the position of the resulting normal force N in each wall-section – 

latter was described by the excentricity e – is given in the tables in the annex. Regard-
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ing the normal stresses a significant difference between the investigated sections, i.e. 

cap, middle and base of the wall, was recognized. 

This effect enhanced with rising load levels, as the non-linear-effects, especially open-

ing cross-sections due to exceeding tension strength, dominate. 
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5. Apartment-House 1-modified 

The following presented calculations on the modified apartment house 1 have been car-

ried out with a tension strength of 0.3 N/mm² and a compression strength of 8.5 MN/m². 

The number of storeys remained constantly to 4. The horizontal force H was enhanced 

in several load steps form 100 kN to 1000 kN. In addition also calculations with horizon-

tal forces in the opposite direction were carried out – marked with affix H-negative. 

Generally the last load-levels indicate a “numerically” collapse of the structure as the 

residual forces enhanced significantly (400kN resp. -700kN). This effect is indicated by 

the discrepancy of the external vertical load (applied dead load of the structure) and the 

resulting internal force in the mentioned section (s. appendix). Nevertheless the calcula-

tions have been carried out for all load-levels. 

The results of the calculations were evaluated to determine the distribution of the total 

horizontal force H to each wall-sections (here mentioned the walls orientated in the di-

rection of the horizontal force H) and in the next step to determine the position of the 

resulting normal force N in each wall-section – latter was described by the excentricity 

e. 

5.1. Distribution of the shear force 

The distribution to the single walls in the three sections – i.e. at the cap of the wall, in 

the middle of the wall and at the base of the wall – is shown in the following diagram. 

Additionally the results with negative horizontal forces are given. 
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Figure 44: Apartment-House 1-modified – distribution of the shear force in the base of the walls 

– positive H 
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Figure 45: Apartment-House 1-modified – distribution of the shear force inthe middle of the 

walls – positive H 
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Figure 46: Apartment-House 1-modified – distribution of the shear force at the cap of the walls 

– positive H 
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Figure 47: Apartment-House 1-modified – distribution of the shear force in the base of the walls 

– negative H  
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Figure 48: Apartment-House 1-modified – distribution of the shear force inthe middle of the 

walls – negative H 
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Figure 49: Apartment-House 1-modified – distribution of the shear force at the cap of the walls 

– negative H 
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Comparing the distribution of the horizontal forces at the cap of the wall with different 

orientation of the external horizontal force H a divergency appears. Especially the hori-

zontal forces obtained by the walls 6, 8, and 5 / 7 differ. This effect could be explained 

with the configuration of the transverse walls in function of a flange and the orientation 

referring to orientation of the external horizontal force. 

During the calculations it was found, that due to plate deformations of the transverse 

walls in the mentioned section secondary horizontal shear stresses resp. corresponding 

forces appeared. For the equilibrium of state in the mentioned walls orientated in longi-

tudinal direction counteracting forces resulted. With arising external horizontal force H 

this effect was reduced. Further due to plate shear loadings approximate 10% of the 

total horizontal force was carried by the transverse walls. This has to be regarded when 

comparing the impact load H and the sum of the shear forces in the mentioned walls 

(important at higher load levels). 

5.2. Normal force 

The determination of the position of the resulting normal force N in each wall-section – 

latter was described by the excentricity e – is given in the tables in the annex. Regard-

ing the normal stresses a significant difference between the investigated sections, i.e. 

cap, middle and base of the wall, was recognized. 

This effect enhanced with rising load levels, as the non-linear-effects, especially open-

ing cross-sections due to exceeding tension strength, dominate. 
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6. Apartment-House 2 

The following presented calculations on the apartment house 2 have been carried out 

with a tension strength of 0.3 N/mm² and a compression strength of 8.5 MN/m². The 

number of storeys remained constantly to 4. The horizontal force H was enhanced in 

several load steps form 100 kN up to 1100 resp. 1400 kN. In addition also calculations 

with horizontal forces in the opposite direction were carried out – marked with affix H-

negative.  

The results of the calculations were evaluated to determine the distribution of the total 

horizontal force H to each wall-sections (here mentioned the walls orientated in the di-

rection of the horizontal force H) and in the next step to determine the position of the 

resulting normal force N in each wall-section – latter was described by the excentricity 

e. 

6.1. Distribution of the shear force 

The distribution to the single walls in the three sections – i.e. at the cap of the wall, in 

the middle of the wall and at the base of the wall – is shown in the following diagram. 

Additionally the results with negative horizontal forces are given. 
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Figure 50: Apartment-House 2 – distribution of the shear force in the base of the walls – positi-

ve H 
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Figure 51: Apartment-House 2 – distribution of the shear force inthe middle of the walls – posi-

tive H 
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Figure 52: Apartment-House 2 – distribution of the shear force at the cap of the walls – positive 

H 
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Figure 53: Apartment-House 2 – distribution of the shear force in the base of the walls – nega-

tive H  
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Figure 54: Apartment-House 2– distribution of the shear force inthe middle of the walls – nega-

tive H 
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Figure 55: Apartment-House 2 – distribution of the shear force at the cap of the walls – negati-

ve H 

Comparing the distribution of the horizontal forces at the cap of the wall with different 

orientation of the external horizontal force H a divergency appears. Especially the hori-

zontal forces obtained by the walls 6, 8, and 5 / 7 differ. This effect could be explained 

with the configuration of the transverse walls in function of a flange and the orientation 

referring to orientation of the external horizontal force. 

During the calculations it was found, that due to plate deformations of the transverse 

walls in the mentioned section secondary horizontal shear stresses resp. corresponding 

forces appeared. For the equilibrium of state in the mentioned walls orientated in longi-

tudinal direction counteracting forces resulted. With arising external horizontal force H 

this effect was reduced. Further due to plate shear loadings approximate 10% of the 

total horizontal force was carried by the transverse walls. This has to be regarded when 

comparing the impact load H and the sum of the shear forces in the mentioned walls 

(important at higher load levels). 
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6.2. Normal force 

The determination of the position of the resulting normal force N in each wall-section – 

latter was described by the excentricity e – is given in the tables in the annex. Regard-

ing the normal stresses a significant difference between the investigated sections, i.e. 

cap, middle and base of the wall, was recognized. 

This effect enhanced with rising load levels, as the non-linear-effects, especially open-

ing cross-sections due to exceeding tension strength, dominate. 
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7. Apartment-House 2 - modified 

The following presented calculations on the modified apartment house 2 have been car-

ried out with a tension strength of 0.3 N/mm² and a compression strength of 8.5 MN/m². 

The number of storeys remained constantly to 4. The horizontal force H was enhanced 

in several load steps form 100 kN to 1300 kN. In addition also calculations with horizon-

tal forces in the opposite direction were carried out – marked with affix H-negative. 

Generally the last load-levels indicate a “numerically” collapse of the structure as the 

residual forces enhanced significantly (600 resp. -600kN). This effect is indicated by the 

discrepancy of the external vertical load (applied dead load of the structure) and the 

resulting internal force in the mentioned section (s. appendix). Nevertheless the calcula-

tions have been carried out for all load-levels. 

The results of the calculations were evaluated to determine the distribution of the total 

horizontal force H to each wall-sections (here mentioned the walls orientated in the di-

rection of the horizontal force H) and in the next step to determine the position of the 

resulting normal force N in each wall-section – latter was described by the excentricity 

e. 

7.1. Distribution of the shear force 

The distribution to the single walls in the section next to the foundation – i.e. the base of 

the wall - is described in the following diagram.  
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Figure 56: Apartment-House 2-modified – distribution of the shear force in the base of the walls 

– positive H 
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Figure 57: Apartment-House 2-modified – distribution of the shear force in the middle of the 

walls – positive H 
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Figure 58: Apartment-House 2-modified – distribution of the shear force at the cap of the walls 

– positive H 
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Figure 59: Apartment-House 2-modified – distribution of the shear force at the base of the walls 

– negative H 
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Figure 60: Apartment-House 2-modified – distribution of the shear force in the middle of the 

walls – negative H 
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 Figure 61: Apartment-House 2-modified – distribution of the shear force at the cap of the walls 

– negative H 
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Comparing the distribution of the horizontal forces at the cap of the wall with different 

orientation of the external horizontal force H a divergency appears. In Figure 58 wall 5 

and 6 obtain – at higher load levels – more horizontal force than wall 7. In the opposite 

direction of H wall 7 obtains significantly more horizontal force than wall 5 or 6. This ef-

fect could be explained with the configuration of the transverse walls in function of a 

flange and the orientation referring to orientation of the external horizontal fo rce. 

During the calculations it was found, that due to plate deformations of the transverse 

walls in the mentioned section secondary horizontal shear stresses resp. corresponding 

forces appeared. For the equilibrium of state in the mentioned walls orientated in longi-

tudinal direction counteracting forces resulted. With arising external horizontal force H 

this effect was reduced. Further due to plate shear loadings approximate 10% of the 

total horizontal force was carried by the transverse walls. This has to be regarded when 

comparing the impact load H and the sum of the shear forces in the mentioned walls 

(important at higher load levels). 

7.2. Normal force 

The determination of the position of the resulting normal force N in each wall-section – 

latter was described by the excentricity e – is given in the tables in the annex. Regard-

ing the normal stresses a significant difference between the investigated sections, i.e. 

cap, middle and base of the wall, was recognized. 

This effect enhanced with rising load levels, as the non-linear-effects, especially open-

ing cross-sections due to exceeding tension strength, dominate. 
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8. Appendix 

In the appendix the distribution of the normal forces including the position described by 

the excentricity e refe rred to the middle of the length of the wall is given. Also the sum of 

vertical forces in each section is found. By comparing the external vertical load with the 

sum in the section an indication about the stability of the system is possible.  

Table 5: Compilation of the appendix  

Direction of H: positive Direction of H: negative  

Section at the 

base of the wall 

Section in the 

middle of the 

wall 

Section at the 

cap of the wall 

Section at the 

base of the wall 

Section in the 

middle of the 

wall 

Section at the 

cap of the wall 

Apartment House 1 Annex AH1 H-Pos H0 up to 900 Annex AH1 H-neg H -100 up to -900 

Apartment House 1-

modified 

 

 

Annex AH1-

mod H-pos 

middle 

  Annex AH1-

mod H-neg 

middle 

 

Apartment House 2  Annex AH2 H-

pos middle 

  Annex AH2 H-

neg middle 

 

Apartment House 2-

modified 

Annex AH2-

mod H-pos 

base 

Annex AH2-

mod H-pos 

middle 

Annex AH2-

mod H-pos cap 

Annex AH2-

mod H-neg 

base 

  

 

 


















































































































































