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ABSTRACT 
 
 Reinforced concrete squat shear wall is one of the major structural elements in nuclear facilities.  There are no 
specific code provisions for squat shear walls for the design of nuclear structures in Canada [1]. The goal of this paper is 
to review the international design code provisions for conventional and nuclear buildings and, as a result, to propose the 
appropriate provision for the ACR-1000 NPP design.  The reviewed codes for conventional buildings are: Canadian [2], 
US [3], European [4], [5] and French [6]. Concerning nuclear facilities, the US code [7] and the ASCE Standard [8] have 
been reviewed.  To illustrate the conservatism of the codes, some test results on the squat shear walls are presented [9], 
[10], [11], [12] with respect to the governing parameters, as well as previous comparisons [13].  It is shown in this paper 
that the level of conservatism of each code prevision can vary significantly with the variation of the governing 
parameters.  Following this code comparison and taking into account specificities of nuclear structures, the proposed 
design provision for squat shear walls in ACR-1000 NPP design is presented. 
 
INTRODUCTION 
 
 Reinforced concrete squat or low-rise shear walls are defined in some codes and standards [2] and [8] as walls 
with aspect ratio H/L ≤ 2. Some codes, such as [3] and [7], do not give this definition but have specific design provisions 
for such type of structures. Other codes, such as [1], [4], [5] and [6] do not have special provisions for low-rise walls. For 
this reason the shear friction concept is often used for the design of these structural elements in nuclear facilities [9 and 
13]. This method is particularly well adapted to provide an estimate of the shear strength of the joints between the wall 
and the supporting slab. In post-earthquake reconnaissance missions, it was observed that these joints represent a weak 
point in concrete structures. The simplicity of shear–friction approach facilitated its implementation in the design of 
structures analyzed using FE method. Squat shear walls, especially with aspect ratio H/L ≤ 0.5, are major structural 
element in nuclear facilities. Beside their aspect ratio, structural walls in nuclear facilities differ from the walls in 
conventional facilities, in that their design is governed by additional requirements, which may not be considered in 
conventional facilities such as shielding, tornado protection or aircraft crash. As a result, their overall geometry is box-
like, with concrete walls in both directions that have wall thicknesses that are normally larger than conventional walls. 
The basic assumption in seismic analysis and design of nuclear structures is that they behave elastically. Ductility 
factors, force reductions factors or behavior factors are equal to one. As a consequence, the seismic demand in nuclear 
structures is much higher than in conventional ones. Despite higher seismic demand, the stress level (in terms of mean 
stresses, both normal and shear) in squat walls is relatively low, less than 3 MPa.  In this paper, the comparison of the 
codes is carried out with regard to the effect of three governing parameters: the reinforcement ratio, the axial force and 
the concrete strength. The numerical applications will be carried out (Figures 1 and 2) for the aspect ratio H/L = 0.5 but 
the conclusions are applicable for aspect ratios H/L ≤ 0.5. 

 
DESIGN CODE PROVISIONS 
 
Nominal Safety Factors 
 It must be pointed out that the nominal safety factors implied in the various codes, which are the combined 
effect of load factors and material resistance factors, are not the same. This paper deals with seismic loading in which the 
load factors are equal to one. Moreover, in combinations including earthquake loads, all load factors in most of the codes 
are equal to one. However, for resistance factors, the codes presented in this paper have three different approaches: 1) a 
constant partial material resistance factor in Canadian codes, 2) a load dependent partial material resistance factor in 
European codes and 3) a resistance factor that is linked to the type of behavior, (e.g. shear or flexure) and not to the 
material, in US codes such as ACI 318 ACI 349 or ASCE 43-05 Standard [8]. To compare the codes with these different 
approaches, the comparison shall be done with factored resistance.  The general formula for the resistance shear force is 
given by the equation: V= νf*d*b where νf is the factored resistance shear stress and d = lw* β is the distance between the 
concrete compression fiber and the centroid of the reinforcement in tension, where lw is total length of the wall (as in 
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beam theory), b is its width and β is a coefficient that can vary, from 0.6 in ASCE 43-05 [8] to 1.0 in ACI 349 Ch. 21 
[7]. The value of νf that will be compared includes this β coefficient. This means that the comparison will be done with a 
‘normalized’ factored shear resistance stresses. To obtain the factored shear resistance force in each case, the 
‘normalized’ factored shear resistance stresses should be multiplied by lw*b. 
 
Canadian Code CSA-A23.3-04, Clause 11.5, Interface Shear Transfer 
 A crack shall be assumed to occur along the shear plane and the relative displacement shall be resisted by 
cohesion and friction in the shear friction reinforcement crossing the crack. The factored shear stress resistance, of the 
plane shall be computed from: 
              

( ) fyVsCr fcv αρφμσλφ cos++=                                               (1) 
 
Where: λ is a factor to account for low density concrete (for normal density concrete λ =1), φC is the resistance factor for 
concrete (φC =0.65), c is the cohesion stress and μ is coefficient of friction. A23.3-04 gives four values for the cohesion 
stress as a function of the roughness of the interface. The values are in the range of: 0 ≤ c ≤ 1.0. There are four values for 
the coefficient of friction as well. The values are in the range of: 0.6 ≤ μ ≤ 1.4. In this paper, c = 0.5 and μ = 1.0 will be 
considered, for concrete placed against hardened concrete with a clean surface and intentionally roughened to the full 
amplitude of at least 5 mm. φS is the steel resistance factor (φS = 0.85). ρV = AVf/ACV (AVf is the area of shear-friction 
reinforcement, ACV is area of concrete section resisting shear transfer.) fy is the specified yield strength of the 
reinforcement, αf is the angle between the shear-friction reinforcement and the shear plane. According to A23.3-04 
Clause 11.5.1, λφC(c+ μ σ) shall not exceed 0.25φCf’C (f’C is the specified compressive strength of concrete). σ is 
defined as follows: 
 

 g
fyV A

Nf += αρσ sin
                                  (2)                            

 
Where: N is the unfactored permanent load perpendicular to the shear plane, positive for compression and negative for 
tension, and Ag is the gross area of the concrete section. Thus, for normal weight concrete and αf = 90°, Eq. (1) becomes: 
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According to A23.3-04, the resistance factor for concrete φC applies to all terms of the Eq. 3, including shear 
reinforcement. 
 
Eurocode 2 (EN 1992-1-1:2004 (E)) Clause 6.2.5, Shear at the Interface Between Concrete Cast at Different Times 
 Eurocode 8 does not have specific provisions for low-rise shear walls. For this reason the Shear –friction 
concept from Eurocode 2 is presented.  In Eurocode 2, the factored shear stress resistance of the plane shall be computed 
from: 
 

( ) cdydnctdRdif ffcfVv νααμρμσ 5.0cossin ≤+++==              (4) 
 
Where: c and μ are factors which depend on the roughness of the interface. Four different values for c and μ are given 
that are in the range of: 0.25 ≤ c ≤ 0.5 and 0.5 ≤ μ ≤ 0.9. In this paper, c = 0.5 and μ = 0.9 will be considered, for 
concrete placed against hardened concrete with a clean surface and intentionally roughened to the full amplitude of at 
least 5 mm, fctd is the design tensile strength and is defined as: 
 

Cctkctctd ff γα /05.0,=                 (5) 
 
Where fctk,0.05 is the characteristic axial tensile strength of concrete (5% fractile; eg. For 30 MPa concrete compressive 
strength, fctk,0.05 = 2 MPa), αct is a coefficient which takes into account of long term effects on tensile strength and of 
unfavorable effects resulting from the load (recommended value is 1.0), γC is load dependent, partial safety factor for 
concrete (for accidental and seismic load this value is 1.2) σn is the stress caused by minimum external normal force 
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across the interface that can act simultaneously with shear force being positive for compression, such as σn < 0.6fcd and 
negative for tension. When σn is tensile, cfctd should be taken as zero. ρ is the reinforcement ratio defined as As/Ai, where 
As is the area of reinforcement crossing the interface, Ai is the area of the joint. fyd is the designed yield stress of 
reinforcement defined as fyd = fyk/γS where fyk is the yield stress (or the 0.2% proof strength) and γS is load dependent, 
partial safety factor for reinforcing steel (γS = 1 for accidental and seismic loading). α is the angle between the shear-
friction reinforcement and the shear plane. The factored shear stress shall not exceed 0.5νfcd, where ν is strength 
reduction factor for concrete cracked in shear (ν = 0.53 for fck = 30 MPa, ν = 0.46 for fck = 60 MPa) and fcd design 
compressive strength of concrete fcd = fck/γC, (fck is characteristic compressive cylinder strength of concrete at 28 days). 
For dynamic loading, the code requirement is to divide the cohesion value by two.  
According to Eurocode 2 (EN 1992-1-1:2004 (E)), the resistance factor for concrete γC applies only to the first term, c, 
of (Eq .4). The second term, μσn is not factored and the reinforcement stress is factored with γS. 
 
US Code ACI 349 Chapter 11, Clause 11.7, Shear-Friction 
 Provisions of ACI 318, C. 11.7 [3] for conventional structures and ACI 349 C. 11.7 [7] for nuclear structures 
are the same.  Provisions of ACI 349 C. 11.7 are to be applied where it is appropriate to consider shear transfer across a 
given plane, such as: an existing or potential crack, an interface between dissimilar materials, or an interface between 
two concretes that were cast at different times. The nominal resisting shear force in the concrete section resisting shear 
transfer is: 
 
     ( )ααμ cossin += yvfn fAV                   (6) 
 
For normal weight concrete the coefficient of friction is given in the range: 0.6 ≤ μ ≤ 1.40. In this paper, the considered 
case is concrete placed against hardened concrete with the surface intentionally roughened to a full amplitude of 
approximately 6 mm, μ = 1.0 Vn shall not be taken greater than the smaller of 0.2fc

’Ac and 5.5Ac, where Ac is area of 
concrete section resisting shear transfer. The value of fy used for design of shear-friction reinforcement shall not exceed 
420 MPa. According to ACI 349, 11.7.7, net tension across the shear plane shall be resisted by additional reinforcement. 
Permanent net compression across shear plane is permitted to be taken as an additive to Avffy, the force in the shear-
friction reinforcement, when calculating the required Avf. However, the code formula (6) does not include axial force. In 
ACI code, the safety factor is not material related but behavior related. For shear forces, the strength reduction factor is φ 
= 0.75. Thus, the factored shear stress, including axial force in the shear plane and the angle between the shear-friction 
reinforcement and the shear plan α=90°, vf = φVn/ Ac is: (the axial stress is included according to our interpretation of 
the code) 
 
     

nyf fv μσμρ 75.075.0 +=                     (7) 

 
French Code, BAEL 99, Chapter A.5.3, Clause A.5.3, 12, Interface Shear Transfer 
 The French code, BAEL 99, defines the factored resistance, which has to be greater than the factored stress τu 
due to the loading.  For the case of concrete placed against hardened concrete with the surface intentionally roughened to 
full amplitude of approximately 5 mm the factored resistance is: 
 
    ( ) CcuSyf ffv γσααγρ /2.0sincos/ '≤++≤                    (8) 
 
γS  is load dependent partial strength reduction factor for steel (for accidental and seismic load this value is 1.0), The 
axial stress σu is considered positive for compression and negative for tension.  γC is load dependent, partial strength 
reduction factor for concrete (for accidental and seismic load this value is 1.15).  As in Eurocode 2, the axial stress, σu, is 
not factored and the reinforcement stress is factored with γS. 

 
Canadian Code, CSA-A23.3-04 Clause 21.7.4, Squat shear walls 
 The general formula for factored shear resistance of reinforced concrete elements in CSA-A23.3 Code is: 
 
      SCr VVV +=                      (9) 
 
Where: VC is the factored concrete shear resistance and VS is the factored reinforcement shear resistance. The factored 
shear resistance has to be compared to factored load. The factored seismic load, according to Clause 21.7.4.1 for squat 
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shear walls in conventional structures, includes force reduction factor Rd = 2. According to 21.7.4.8, the concrete 
resistance for squat shear walls shall be neglected. The factored resistance due to horizontal reinforcement is: 
 

                      
s
dfA

V vyhS
Sh

θφ cot
=                                                                         (10) 

Where: φS is the resistance factor for steel (φS = 0.85), Ah/s is reinforcement section per m1, dv is 0.72lw (lw is the length 
of the wall), θ is an angle to be freely chosen between 30° and 45°. The vertical reinforcement ratio is: 
 

     
gyS

s
hv Af

P
φ

θρρ −= 2cot                                                                         (11) 

 
Where: PS represents the axial force at the section resulting from factored load plus factored live load using the 
earthquake load factor; Ag is gross area of concrete section. For squat shear walls, especially with aspect ratio h/lw ≤ 0.5, 
the shear capacity is provided by vertical reinforcement. After rearrangements of equations (10) and (11), with θ = 45°, 
the shear capacity of squat shear walls (with vertical reinforcement) is: 
 
     

g

S
ySf A

Pfv 72.072.0 += ρφ                                                                        (12) 

 
The factored shear demand on the wall shall not exceed 0.15φCfC

’bwdv. This limitation appears to be much more 
stringent than the limitation from Clause 11.5 (0.25φCf’

C) applied to the stresses. It should be pointed out that the 
limitation 0.15φCfC

’bwdv is related to factored seismic demand, after application of the force reduction factor Rd = 2. As 
mentioned, the concrete participation in shear capacity is not taken into account and  (Eq. 10) and (Eq. 11) rearranged in 
(Eq. 12) have the shear-friction format. As in Eurocode 2 and BAEL 99, the axial stress (PS/Ag) is not factored and the 
reinforcement stress is factored with φS. 
 
US Code, ACI 349 Chapter 21, Clause 21.7.4, Shear strength of structural walls 
 For low-rise shear walls with the aspect ratio h/lw ≤ 0.5, the factored capacity is given as follows: 
 
 
     ( )ytcf ffv ρ+= '25.075.0     (SI Units)            (13) 
 
Where: vf = Vf/ACV  (ACV represents the gross area of the concrete section). The shear stress should not exceed 0.83fc

’1/2 
for an individual wall pier or 0.66fc

’1/2 for all wall piers sharing a common lateral force. ACI 349 Chapter 21, Clause 
21.7.4 does not take into account axial force in determination of shear capacity. 
 
US Code, ACI 349 Chapter 11, Clause 11.10, Special Provisions For Walls 
 The factored shear capacity of a structural wall  (h/lw = 0.5) in term of shear stresses is: 
   
     ( )yucf ffv ρσ 8.020.0216.075.0 ' ++=   (SI Units)      (14) 

 
Where σu = Nu/Ag (Ag is gross concrete section) 
 
US Standard, ASCE 43-05, Section 4.2.3, Capacity of Low-Rise Concrete Shear Walls 
 In lieu of the ACI 349 code provisions, the ultimate shear strength of low-rise shear walls (hw/lw< 2) with 
boundary elements can be calculated using the following equation: 
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Where: φ = 0.8,  ρse = Aρv + Bρu, the total shear capacity is Vu = 0.6νulwtn; where: lwtn is the gross concrete section, ρv is 
vertical reinforcement ratio,  ρu  is horizontal reinforcement ratio and the A and B coefficients depend on the aspect ratio 
of the wall. For hw/ lw ≤  0.5, B = 0 and A = 1. 
 For the wall with an aspect ratio hw/ lw = 0.5 and the factored shear capacity, presented in the same format as 
previous equations (coefficient 0.6 from total shear capacity included): 
 

     
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
++= yv

u
cf ffv ρ

σ
4

685.048.0 '   (SI Units)        (16) 

 
COMPARISON OF DESIGN CODE PROVISIONS 
  
 Many comparisons of code provisions and code provisions with test results for shear walls can be found dealing 
with different aspects of this issue. For instance, in [13], the authors deal with concrete contribution to the wall shear 
capacity defined in the design code provisions. In this paper, the comparison of the codes was carried out with regard to 
the effect of three governing parameters: the reinforcement ratio, the axial force and the concrete strength. The 
comparison was carried out for material characteristics typically utilized in nuclear facilities: concrete strength range 30 
MPa to 60 MPa and reinforcement yield strength of 500 MPa. Figures 1 and 2, present the shear capacity based on eight 
code provisions for two different concrete compressive strengths and different axial stresses in the range commonly used 
in nuclear facilities.  The capacity is presented as a function of the vertical reinforcement ratio. It should be noted that 
ACI Code limits steel yield stress for shear reinforcement to 420 MPa. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Squat wall capacity for the concrete fc

’= 30 MPa and 60 MPa and tensile axial stress of 1 MPa and 0 MPa. 
 
 From Figures 1 and 2, the shear capacity provided by different codes varies significantly (e.g. more than two 
times for the minimum reinforcement ratio of 0.2%). If we analyze the code equations (1) to (16), the difference in the 
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capacity comes from the different weights that the code provisions give to each of three governing parameters. ACI 349 
Chapter 21 (as well as ACI 318, Chapter 21), do not take into account the axial stresses, including the axial stresses due 
to the dead load. ACI 349 Chapter 11 and ASCE 43-05 take into account the axial stress with the weight of 0.15 (from 
(14) 0.15 = 0.75*0.2) and 0.12 (from (16) 0.12 = 0.48/4) respectively. The weight for axial force in shear-friction 
provisions of BAEL and Eurocode 2 is 1 (from (8)) and 0.9 (from (4)) respectively. Shear-friction provision of ACI 349 
and A23.3 give the weight of 0.75 (from (7)) and 0.65 (from (3)), respectively. For this reason, as shown in Figures 1 
and 2, The European codes [4] and [6] show high sensitivity to the axial force variation. Above the axial force value of 2 
MPa, [4] and [6] give the highest capacity, independently of reinforcement ratio or concrete strength for the considered 
ranges. Concerning concrete strength, the US codes and standards provide the highest concrete strength contribution. 
Canadian code A23.3 Clause 21, neglect the concrete strength contribution. In the shear-friction provision, the concrete 
contribution is neglected or taken into account as cohesion with very low participation. However, in the shear-friction 
provision of A23.3, the applied safety factor for the shear-friction capacity is applied to the cohesion, axial stress and the 
reinforcement contribution. Concerning concrete contribution, US codes provide the highest weights and for this reason, 
ASCE 43-05 and ACI give the highest capacity for low levels of the axial force and lightly reinforced sections. The 
reinforcement contribution is the highest in European codes with the weight equal to 1. In the European codes [4] and 
[6], the material resistance factors are load dependent and for seismic loading their value is equal to 1. As a result, for 
highly reinforced sections, independently of the concrete strength and the axial force, European codes give the highest 
capacity.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Squat wall capacity for the concrete fc

’= 30 MPa and 60 MPa and axial stress of 1 MPa and 3 MPa. 
 
PRESENTATION OF TEST RESULTS 
 
17 test results are presented in Table 1. All test specimens are walls with flanges (representing perpendicular walls in 
nuclear facilities) and the top and base slabs (representing the floors). As already stated in [11] and [12], these elements 
have non-negligible influence on the shear wall capacity. The walls are tested under alternating load, static or pseudo-
dynamic. The observed failure mode for all specimens was the shear failure mode.  The aspect ratio of all specimens is 
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H/L ≤ 0.5. The values of three governing parameters are presented for each specimen in Table 1. To be consistent with 
the presented code prevision the maximum shear stress was calculated based on the total length of the wall lw (as in beam 
theory). (The capacity of tests T3 to T12 is higher, probably due to high reinforcement ratio of flanges.) 
 

Table 1.  Test Input Data and Test Results 
Author 
& Ref. 

Test 
N°  

H/L hfla/hwall 
 

bfla/hwall f’
c 

[MPa] 
fy 

[MPa] 
ρv 

[%] 
σ 

[MPa] 
τmax 

[MPa] 
T3 0.4 4 0.8 34.1 528 0.8 0.0 7.5 
T4 0.4 4 0.8 34.1 558 0.8 0.0 11 
T5 0.4 4 0.8 34.1 588 0.8 0.0 9.2 
T6 0.4 4 0.8 34.1 588 0.4 1.0 8.6 
T7 0.4 4 0.8 34.1 588 0.4 1.0 11.8 
T8 0.4 4 0.8 34.1 588 0.4 0.0 6.5 
T9 0.4 4 0.8 34.1 588 0.4 0.0 7 

T10 0.4 4 0.8 34.1 588 0.6 0.0 9.4 
T11 0.4 4 0.8 34.1 588 0.4 0.0 6.8 

Nazé, 
Sidaner 

[9] 

T12 0.4 4 0.8 34.1 559 0.11 1.0 6.4 
Bouchon, 
Orbovic, 

Fouré [10] 

N°3 0.5 1.8 1 28.6 620 0.8 1.0 5.68 

B3-2 0.5 6 1 27.6 565 0.5 0.0 5.28 
B6-4 0.5 6 1 21.6 506 0.25 0.0 4.17 

Barda 
Hanson, 

Corley [11] B7-5 0.25 6 1 26.2 541 0.5 0.0 5.23 
9 0.5 N/A N/A 36.0 310 0.35 2.2 4.61 

11 0.5 N/A N/A 30.0 310 0.35 2.2 4.45 
Hernandez 

[12] 
18 0.5 N/A N/A 23.0 310 0.70 2.2 5.56 

 
COMPARISON OF TEST RESULTS WITH CODE PROVISION 
 
 The comparison of the test results for squat shear walls with flanges with the code provisions shows the 
conservatism of code provisions except for European codes for N°3 test (relatively high reinforcement ratio of 0.8% with 
axial stress of 1 MPa).  BAEL in (8) 0.2*28.6/1.15 = 4.97 MPa. In the case of BAEL, the value of 5.96 MPa should be 
replaced by 4.97 MPa.  

Table 2.  Comparison of test results with code provisions 
TestN° τmax 

Test 
[MPa] 

A23.3 
S.F. 
τf 

[MPa] 

EC2 
S.F. 
τf 

[MPa] 

ACI 349 
S.F. 
τf 

[MPa] 

BAEL 
S.F. 
τf 

[MPa] 

A23.3 
C.21 
τf 

[MPa] 

ACI 
349 
C.11 

τf [MPa] 

ACI 
349 
C.21 

τf [MPa] 

ASCE 

43-05 
τf 

[MPa] 
T3 7.5 3.07 4.36 3.17 4.22 2.88 3.48 4.26 4.03 
T4 11 3.23 4.57 3.35 4.46 2.88 3.62 4.44 4.14 
T5 9.2 3.38 4.79 3.53 4.70 2.88 3.77 4.62 4.26 
T6 8.6 2.50 3.57 2.51 3.35 2.16 2.51 2.86 3.25 
T7 11.8 2.50 3.57 2.51 3.35 2.16 2.51 2.86 3.25 
T8 6.5 1.85 2.67 1.76 2.35 1.44 2.36 2.86 3.13 
T9 7 1.85 2.67 1.76 2.35 1.44 2.36 2.86 3.13 

T10 9.4 2.62 3.73 2.65 3.53 2.16 3.06 3.74 3.69 
T11 6.8 1.85 2.67 1.76 2.35 1.44 2.36 2.86 3.13 
T12 6.4 1.37 2.01 1.24 1.62 1.10 1.48 1.58 2.41 
N°3 5.68 4.20 5.71 4.47 5.96 3.76 3.99 4.72 4.26 
B3-2 5.28 2.16 2.89 2.12 2.82 1.73 2.55 3.10 3.08 
B6-4 4.17 1.15 1.40 0.95 1.26 0.77 1.51 1.82 2.14 
B7-5 5.23 2.08 2.75 2.03 2.71 1.66 2.45 2.99 3.15 

9 4.61 2.46 3.34 2.46 3.29 2.25 1.95 1.94 2.76 
11 4.45 2.46 3.3 2.46 3.29 2.25 1.87 1.84 2.59 
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 The values of stresses provided by the Codes are calculated based on input data in Table 1. As stated earlier, the code 
provisions limit the maximum yield stress in the rebars. However, in order to compare the test results with code 
provisions, the yield stress measured in the test specimens were used in the calculation presented in Table 2.  The lowest 
capacity of all examined wall is the capacity of the wall B6-4 (τmax = 4.17 MPa) This wall has the lowest reinforcement 
ratio, the lowest concrete strength and no axial stresses  (fc

’ = 21.6 MPa, ρV = 0.25%, σ = 0). ASCE 43-05 [8] predicts 
the highest capacity for this case, of all examined codes (τmax = 2.14 MPa), which is 51% of the maximum capacity in 
the test.  As it can be seen in Table 2 (as well as in Figures 1 and 2), the level of conservatism of each code provision can 
vary significantly with variation of governing parameters.  
 
CONCLUSION 
 
 In this paper, the code provisions for the capacity of squat shear walls [2] to [8] have been presented and 
compared with relevant test results. It is shown that the level of conservatism of each code prevision can vary 
significantly with variation of one of the governing parameters. The sensitivities to axial stress variation and to 
reinforcement ratio variation are shown in European shear-friction provisions, which vary from very low capacities for 
lightly reinforced sections with low level of axial stresses to very high capacity for heavily reinforced section with high 
level of axial stresses. For lightly reinforced sections, they underestimate the capacity and for heavily reinforced section, 
they probably overestimate squat wall capacity. The code provisions are not, in general, very sensitive to concrete 
strength variation. The Canadian code provisions imply the application of force reduction factor and they are not directly 
applicable to nuclear facilities. The US codes and standards, especially ASCE 43-05 Standard, give the highest capacity 
for relatively lightly reinforced concrete section (up to 0.5% in one direction or more than twice minimum reinforcement 
ratio, the reinforcement ratio is related to gross concrete section) and under low level of axial stresses  (up to 1.5 MPa). 
Even with the highest capacities in this range, ASCE 43-05 provisions are conservative compared to the test results.  
 Based on this assessment, taking into account overall geometry, thickness of the structural walls and their stress 
level, it is recommended to use ASCE 43-05 provisions for the design of ACR-1000 NPP because they conservatively 
estimate the strength of squat shear walls in the range of interest to NPP structures in terms of reinforcement ratio and 
axial stresses. 
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