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Abstract 

 

Evaluation of the Shear Design Provisions of ACI 523.4R for 

Autoclaved Aerated Concrete Members 
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Supervisor:  Richard E. Klingner 

 

Autoclaved aerated concrete (AAC) is a lightweight cellular building material. In 

Spring 2008, an experimental study was conducted at The University of Texas at Austin 

to evaluate the load-deflection behavior and capacity of six different factory-reinforced 

AAC lintel groups. The results the test program are used to evaluate the shear design 

provisions of ACI 523.4R “Guide for Design and Construction with AAC Panels”.  
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CHAPTER 1  

Introduction to Autoclaved Aerated Concrete (AAC) 

Autoclaved Aerated Concrete (AAC) is a lightweight cementitious material, made 

from cement, fine silica sand, mixing water, aluminum powder and quicklime. The low 

density is achieved by the formation of non-connecting, macroscopic cells uniformly 

distributed within the mass. Chemical reactions between the aluminum powder and the 

alkaline slurry produce hydrogen gas bubbles that are kept in the matrix and subsequently 

increase its volume (ACI 523.4R 2009). After initial setting and cutting to shape with 

stainless-steel wires, the AAC elements are then autoclaved at a temperature of 360˚F and 

a pressure of 150 psi for 10 to 14 hours. Autoclaving promotes pozzolanic reactions and 

produces a stable structure of calcium silicate hydrates (RILEM 1993). Raw materials 

and methods of manufacture are specified in ASTM C 1386-07. 

AAC was invented in Sweden by Johan Axel Eriksson in the early 1920’s. 

Factory production of AAC began in Sweden in 1929 and expanded to other parts of 

Western Europe soon after. In 1946, Hebel of Germany patented a method for producing 

reinforced AAC panels. Since that time, AAC production and use have spread rapidly 

around the globe. AAC production technology was introduced into the United States in 

the 1990’s. In 1998 the Aerated Concrete Products Association (AACPA) was formed. 

The AACPA, a group of national AAC manufacturers, promoted the material in North 

America through research, education and standardization. In the last decade, several 

manufacturing facilities have been established, and demand has increased. 

AAC has one-third to one-sixth the density of concrete, and a corresponding ratio 

of compressive strength (RILEM 1993). Due to its low density and cellular structure, 
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AAC technology has many advantages, including ease of construction, high fire rating, 

and high thermal and acoustical isolation. Table 1.1 compares the physical properties of 

AAC to that of conventional concrete. 

Table 1.1 Typical physical characteristics of AAC (ACI 523.4R 2009) 

Characteristic AAC 
Conventional 

Concrete 

Density, pcf 25-50 90-150 

Compressive strength, psi 290-1100 2500-8000 

Moisture content after autoclaving 30% -- 

Moisture content in use 5% - 15% -- 

Coefficient of thermal expansion,/°F 4.5 x 10-6 5 x 10-6 

Coefficient of creep, per psi 5 x 10-7 2.5 x 10-7 

Drying Shrinkage (εcs by ASTM C 1386) 0.8 εcs/100 300-600 µε 

Thermal Conductivity, Btu-in/ft2-hr-°F 0.75 - 1.2 10 - 20 

Fire rating, hours ≤ 8 ≤ 6 

 

Currently, AAC products are used in a variety of applications including 

residential, commercial and industrial construction. AAC is produced as unreinforced 

masonry-type units and as factory-reinforced panels. Additional reinforcement, consisting 

of grouted deformed bars placed in vertical cells or horizontal bond beams, can also be 

added to each of these on site. Reinforced AAC units are typically used as floor panels, 

load-bearing wall panels and beams. They can also be used as cladding systems. 

As shown in Table 1.2, AAC is categorized by strength classes, corresponding to 

specified compressive strength in MPa. ASTM C 1386-07 references Strength Classes 

AAC 2.0, 4.0 and 6.0. 
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Table 1.2 Material characteristics of different AAC strength classes (ACI 523.4R 2009) 

Strength 
Class 

Specified 
Compressive 

Strength 
 lb/in2 (MPa) 

Nominal Dry 
Bulk Density 
 lb/ft3 (kg/m3) 

Density Limits 
 lb/ft3 (kg/m3) 

AAC 2.0 290 (2.0) 25 (400) 
31  (500) 

22 (350) -28 (450) 
28 (450) -34 (550) 

AAC 4.0 580 (4.0) 31 (500) 
37 (600) 
44 (700) 
50 (800) 

28 (450)-34 (550) 
34 (550)-41 (650) 
41 (650)-47 (750)  
47 (750)-53 (850) 

AAC 6.0 870 (6.0) 44 (700) 
50 (800) 

41 (650)-47 (750) 
47 (750)-53 (850) 

 

Factory-installed reinforcement in AAC panels, installed before autoclaving, 

typically consists of welded-wire reinforcement (0.3-in. diameter longitudinal wires 

oriented parallel to the longitudinal axis of the panel, and 0.2-in. diameter transverse 

wires). Typical spacing for longitudinal wires is 3 to 10 in. Additional information on 

AAC can be found in ACI 523.4R (2009). 
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CHAPTER 2  

Objectives and Scope 

American Concrete Institute Subcommittee 523 has just completed ACI 523.4R 

“Guide for Design and Construction with AAC Panels”. That document is written in a 

non-mandatory language and provides standard design and construction guidelines of 

factory-reinforced AAC panels.  It is the primary reference for this report. 

In Spring 2008, an experimental program was conducted at The University of 

Texas at Austin to evaluate the load-deflection behavior and capacity of six different 

lintel groups. A total of 59 factory-reinforced lintels provided by Xella™ Aircrete were 

tested according to ASTM C1452-06. 

The objective of this report is to use data from that testing program to evaluate the 

current ACI 523.4R design provisions of factory-reinforced AAC elements as governed 

by shear. In particular, the applicability of those provisions to lintel elements with small 

ratios of shear span to depth is examined. 

The design recommendations of RILEM (The International Union of Laboratories 

and Experts in Construction Materials, Systems and Structures), used throughout Europe 

and Asia, are also presented and evaluated for comparison purposes. 
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CHAPTER 3  

Background 

3.1 GENERAL 

AAC was first produced commercially in Sweden, in 1923. Since that time, its 

production and use have spread to more than 40 countries on all continents. Extensive 

research on AAC has been coordinated under the auspices of RILEM (The International 

Union of Laboratories and Experts in Construction Materials, Systems and Structures) 

and requirements for the design and construction of AAC structures exist in Europe. 

Those requirements cannot be used directly in the United States as they differ in 

approach, organization and style from the material standards used in the US, and in 

particular from ACI 318, the primary US material standard for reinforced concrete. For 

this reason, ACI Subcommittee 523 (Cellular Concrete), through its Subcommittee 523A 

(Autoclaved Aerated Concrete) has recently completed “Guide for Design and 

Construction with Autoclaved Aerated Concrete Panels” (ACI 523.4R 2009). 

In this Chapter, the design recommendations of ACI 523.4R are briefly discussed. 

In addition, the shear design formulas employed by RILEM are introduced. 

 

3.2 GUIDE DESIGN PROVISIONS OF ACI 523.4R 

The provisions of ACI 523.4R are written in a non-mandatory language, and are 

organized identically to those of ACI 318-05. They represent a synthesis of design 

recommendations from the Autoclaved Aerated Concrete Products Association 
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(AACPA), combined with research results and design recommendations from the 

University of Alabama at Birmingham, the University of Texas at Austin, and elsewhere. 

3.2.1 Design Properties 

The design strength of AAC is the specified compressive strength f΄AAC , of the 

AAC material. Compliance with ASTM C 1386-07 limits for different strength classes 

(Table 1.2) is verified by compressive strength testing of 4-inch cubes. The cubes are cut 

from the AAC blocks and are representative of the investigated product. The effect of the 

compressive strength specimen’s slenderness is small for AAC (RILEM 1993). 

The design strength of reinforcement in tension is the specified yield strength. 

The modulus of elasticity, splitting tensile strength and modulus of rupture are 

given as functions of the specified compressive strength. 

The modulus of elasticity for AAC is given as, 

6.0)(6500 AACAAC fE                                       Equation 3-1 

(Section 8.5.1 ACI 523.4R 2009) 

where, 

EAAC = modulus of elasticity of AAC in psi. 

f'AAC = specified compressive strength of AAC in psi. 

The splitting tensile strength, ftAAC , is given as  

AACtAAC ff  4.2                                      Equation 3-2 

(Equation 8-1 ACI 523.4R 2009) 

where ftAAC and f'AAC are in psi. 

The modulus of rupture is given as twice the splitting tensile strength. 
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3.2.2 Nominal Flexural Capacity 

Reinforced AAC panels under combinations of moment and axial loads are 

assumed to follow the assumptions of conventional beam theory (plane sections and 

strain compatibility). The material stress-strain relationships are similar to those of 

ACI 318 (an equivalent rectangular compressive stress block for AAC and a linear 

elastic-perfectly plastic relationship for steel). 

The suggested equivalent stress block has a stress intensity of 0.85 f΄AAC and a 

depth of β1c. As shown in Figure 3.1, the stress-strain behavior of AAC under 

compression is linear elastic with a maximum useful strain of 0.002 to 0.004. A value β1 

of 0.67 is selected so that the equivalent rectangular stress block will be consistent with a 

triangular compressive stress distribution (Argudo 2003). This approach is similar to that 

used with high-strength concrete. 

 

Figure 3.1 Typical axial stress-strain behavior of AAC (Argudo 2003) 

A maximum useful compression strain of 0.003 is set based on the observed 

stress-strain behavior. As defined in ACI 318-05, a section is considered tension-
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controlled if the extreme tensile reinforcement strain exceeds 0.005 at failure. 

Compression-controlled sections are those with 80-ksi flexural reinforcement, or which 

do not meet the above strain criterion. For compression-controlled sections, an extreme 

tensile reinforcement strain is set conservatively at 0.0027. 

3.2.3 Bond and Anchorage 

Bond between AAC and reinforcement is poor, because factory-installed 

reinforcement in AAC is typically covered with a corrosion-resistant coating. Anchorage 

of the reinforcement is achieved by bearing of the cross-wires on the AAC. 

The tensile forces in longitudinal and transverse reinforcement are limited by the 

bearing capacity of the cross-wires (wires that are perpendicular to the loaded 

reinforcement). Figure 3.2 and Figure 3.3 show the anchorage mechanisms as considered 

by ACI 523.4R for longitudinal and transverse reinforcements respectively. 

 

Figure 3.2 Anchorage mechanism for longitudinal reinforcement (ACI 523.4R 2009) 
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Figure 3.3 Anchorage mechanism for transverse reinforcement (ACI 523.4R 2009) 

3.2.4 Nominal Shear Capacity 

The shear capacity of factory-reinforced AAC members is evaluated based on the 

same assumptions used for conventional concrete and adopted by ACI 318-05. The shear 

strength is estimated as the strength provided by AAC plus the shear provided by the 

transverse reinforcement. Although this approach is based on principles of classic 

elasticity and beam theory, it is considered empirical since it does not explain the 

mechanism through which shear is resisted once the section has cracked. 

The AAC contribution to shear strength, VAAC , is taken as the shear needed to 

transform a flexural crack into a diagonal crack or to form diagonal tension cracks in the 

web of the member. The provisions of ACI 523.4R, however, emulate Equation 11-3 of 

ACI 318-05. The development of the suggested formula is explained by Argudo (2003): 

For reinforced concrete beams without shear reinforcement, the mean diagonal 

tensile strength (ft) can be taken equal to 6 cf  (US customary units)…For 

simplicity, Equation (11-3) of ACI 318-02 can be used, with a corresponding unit 

strength of '2 cf . That strength is one-third of the mean diagonal tensile 

strength. On that basis,…The corresponding shear capacity (VAAC) is given by 
Equation: 
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db
f

V w
tAAC

AAC 3
  

From the discussion above and using Equation 3-2, the AAC contribution to shear 

capacity can be calculated using Equation 3-3. 

dbfV wAACAAC  8.0                                            Equation 3-3 

(Equation 11-3 ACI 523.4R 2009) 

where, 

VAAC = AAC shear capacity contribution in lb 

bw = width of the section in in. 

d = distance from the extreme compression fiber to centroid of 

longitudinal reinforcement, in. 

The influence of longitudinal reinforcement ratio and shear span to depth ratio on 

VAAC is not considered in the provisions of ACI 523.4R. 

The shear resistance provided by the transverse wires, Vs , is based on a 45-degree 

truss model similar to the one suggested by Ritter (1899). Assuming uniform spacing, the 

shear resistance from transverse reinforcement is given by Equation 3-4. 

s

dfA
V ytv

s                                                   Equation 3-4 

where, 

Vs = shear resistance provided by transverse wires. 

Av = area of shear reinforcement. 

S = spacing of transverse reinforcement.  

fyt = specified yield strength of transverse reinforcement. 

As anchorage in AAC in this case depends primarily on bearing of the AAC on 

the longitudinally oriented cross-wires (Figure 3.3), the steel contribution is limited by 
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Equation 3-5. Furthermore, Vs is considered only if the transverse wires are welded to the 

longitudinal wires. 

s

dfldn
V AACcrosscrosscross

s


                                        Equation 3-5 

where, 

ncross =  number of cross-wires. 

dcross = diameter of cross-wires. 

lcross = length of reinforcement bearing on AAC.  

ACI 523.4R does not suggest an upper limit for the steel contribution used to 

avoid web crushing, nor does it suggest a minimum web reinforcement ratio to avoid 

brittle failure. 

3.2.5 Strength Reduction Factors 

Strength reduction factors (-factors) for AAC elements depend on the action 

under consideration, and are equal to the values listed in Chapter 9 of ACI318-05. 

However, when failure is governed by crushing or diagonal tension of AAC itself, -

factors are allowed to be higher than those used for concrete (for example, v(shear) = 

0.85). This is justified by the decreased variability in the mechanical characteristics of 

AAC compared to conventional concrete (Barnett et al. 2005). 

 

3.3 SHEAR DESIGN PROVISIONS OF RILEM 

Using regression techniques and the results of 61 AAC panels, Aroni (1990) 

produced Equation 3-6 to predict the nominal shear strength of factory-reinforced AAC 

members. The formula is adopted by RILEM with slight modification to account for 

statistical variability. 
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In addition to compressive strength, the RILEM formula takes into account the 

span to depth ratio, the amount of longitudinal tensile reinforcement, the shear 

reinforcement and the yield strength of the shear reinforcement. 

dbf
a

d
fV ywwAACn 






  

001.0719.0077.0                   Equation 3-6 

(Equation 5.5RILEM 1993) 

where, 

Vn = nominal shear force, N. 

µ  = percentage of tension reinforcement 

a = shear span measured from the center of load to center of nearest 

support, mm. 

d = effective depth, mm. 

ρw = total percentage of shear reinforcement 

fyw = yield strength of the shear reinforcement, N/mm2 

Due to the purely empirical nature of Equation 3-6, anchorage is considered 

implicitly. 
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CHAPTER 4  

Summary of Experimental Program  

An experimental study on the behavior of factory reinforced AAC lintels was 

carried out at Phil M. Ferguson Structural Engineering Laboratory at the University of 

Texas at Austin. The lintels were obtained from Xella™ Aircrete, and were stamped with 

product codes stating conformance with ASTM C 1386-07, Strength Class AAC4. The 

tests were conducted according to Section 9 of ASTM C 1452-06. In this chapter a 

summary of the experimental test program is provided. 

4.1 TEST SPECIMENS AND NOMENCLATURE 

In this study, six different series of reinforced AAC Grade 4.0 lintels were tested. 

The steel-wire cages used for reinforcement were composed of 8-mm coated longitudinal 

wires welded to 6-mm cross-wires. Typical reinforcement is configured as shown in 

Figure 4.1. 

 

Figure 4.1 Typical configuration of reinforcement in AAC specimens tested at UT Austin. (a) 
Section View (b) Side View (Xella™ Aircrete) 

The dimensions, length and depth, of the lintels were the only variables in the test 

program. The specimens are designated using the nomenclature described in Figure 4.2. 
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Figure 4.2 Nomenclature used for designating lintels (UT Austin 2008) 

The number of replicates tested in each series was established based on the 

statistical dispersion of test data associated with that series. This assured obtaining a 

uniform level of confidence for the reported nominal capacities. Table 4.1 lists the lintel 

series and the number of replicates tested. 

Table 4.1 Lintel specimens tested at UT Austin (UT Austin 2008) 

Series 
Lintel Dimensions 

(width x depth x length) 
in. 

Number of 
Tested Lintels 

12-072 8 x 12 x 72 17 

12-096 8 x 12 x 96 7 

12-120 8 x 12 x 120 6 

24-072 8 x 24 x 72 10 

24-096 8 x 24 x 96 11 

24-120 8 x 24 x 120 8 

Total Number of Specimens Tested 59 

 

4.2 TEST SET-UP 

According to ASTM C 1452-06, a four-point loading arrangement was used for 

the test (Figure 4.3). The lintels were loaded using a hydraulic ram that applied the 

quarter-point loading through a spreader beam. The test setup is shown in Figure 4.4. 
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Figure 4.3 Four-point loading arrangement according to ASTM C 1450 (UT Austin 2008) 

 

Figure 4.4 A photo showing UT Austin test set-up 

 The load applied by the ram was measured using a 50-kip load cell. Mid-span 

deflections were recorded using a 2-in. linear potentiometer.  
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4.3 TESTING PROTOCOL  

To gain further insight into the behavior of the AAC specimens it was desirable to 

examine crack patterns and growth throughout the testing period. The following protocol 

was adopted to achieve this purpose: 

 The lintel was loaded to the expected cracking load. 

 Load increased by 10% of the ultimate predicted capacity. After each load 

increment, cracks were identified, highlighted and photographed. 

 Once at failure, the ram was extended in roughly 20% increments of the 

displacement seen at the peak load. 

4.4 RESULTS SUMMARY FOR LINTELS TESTED AT UT AUSTIN 

Two distinct failure mechanisms were observed in the test program at UT Austin. 

Lintel Series 12-120 failed by flexure. The remaining lintel series failed in a combination 

of shear and anchorage of the transverse wires.  In the following paragraphs, a description 

of the overall behavior in each of the observed failure mode is provided. Furthermore, 

typical load-deflection curves are discussed. A complete summary of the results of the 

experimental program at UT Austin is given in Appendix A. 

4.4.1 Typical Behavior of Lintel Series 12-120 

Due to their high span-to-depth ratio, lintel specimens of Series 12-120 failed by 

flexure. Flexural cracks first formed near the loading points and propagated upward. 

Failure was marked by crushing of the AAC, accompanied by buckling of the 

longitudinal wires. Figure 4.5 shows a typical failure of lintel specimen in Series 12-120. 
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Figure 4.5 Typical failure of Series 12-120 

Typical load deflection curves for Series 12-120 are shown in Figure 4.6. The 

specimens showed linear behavior up to about 95% of the maximum capacity, followed 

by yielding, and then a drop in load to about one-third of the maximum. This suggests 

that the behavior was governed by flexure. 

 

 

Figure 4.6 Typical load-deflection curves for lintel Series 12-120 (UT Austin 2008) 
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4.4.2 Typical Behavior of Lintel Series other than 12-120 

The remaining lintel series generally failed in a combination of shear and local 

anchorage (bearing) of the longitudinal wires. Flexural cracks generally formed first, and 

then these cracks turned into shear-flexural cracks as loading continued. Prior to failure, 

web shear cracks formed at the end regions of the lintels and propagated towards the 

loading points as loading increased. At failure, the side AAC cover fell off and 

compression struts were observed. The failure mechanism for Specimen 24-072-03 is 

shown in Figure 4.7. 
 

 

Figure 4.7 Failure of Specimen 24-072-03 

Typical load-deflection curves for the lintel series failing in shear (Series 24-72 in 

this case) are shown in Figure 4.8. After a linear behavior up to ultimate capacity, a steep 

descending branch with a small residual capacity was observed. 
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Figure 4.8 Typical load-deflection curves for lintel Series 24-072 (UT Austin 2008) 

4.4.3 Average Capacities for Lintel Series 

Table 4.2 lists the average total load for the tested lintel series along with the 

corresponding coefficient of variation. The total load includes, in addition to the applied 

load, the dead weight of the specimen and the spreader beam. 

Table 4.2 Average total load for AAC lintel series with corresponding COV (UT Austin 2008) 

Series 
Total Load  

Average (kips) 
Coefficient of  
Variation (%) 

12-072 19.25 7.6% 
12-096 15.00 4.8% 
12-120 11.61 3.8% 
24-072 43.56 6.5% 
24-096 40.01 6.6% 
24-120 40.01 5.8% 

 

4.4.4 Nominal Capacities for UT Austin Lintel Series 

Table 4.3 lists the nominal capacities for the tested lintel series. The nominal 

capacity is determined as the 5% lower fractile of the tested sample for each series, with a 
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confidence level of 90%. This is similar to the approach adopted by ACI 318-05 for 

conventional concrete. A detailed discussion of nominal capacity calculations for the 

lintels tested at UT Austin is provided in Section A.2. 

Table 4.3 Nominal capacities for AAC lintel series (UT Austin 2008) 

Series 
Nominal Capacity 

(kips) 

12-072 16.52 
12-096 13.03 
12-120 10.31 
24-072 36.61 
24-096 33.70 
24-120 33.74 
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CHAPTER 5  

Significance of UT Austin Test Results related to Shear Failure 

In this chapter, the results of the experimental study conducted at UT Austin are 

used to verify the proposed shear design provisions in ACI 523.4R. The applicability of 

these guide formulas to reinforced AAC panels used as lintels is also examined. At the 

end of the chapter, RILEM design recommendations are also evaluated using the UT 

Austin results. 

5.1 EVALUATION OF ACI 523-4R SHEAR DESIGN PROVISIONS 

Assessing the shear behavior of the lintels tested at UT Austin is difficult, because 

no specimens failed in pure shear; series other than Series 12-120 failed by a combination 

of shear and anchorage. ACI 523.4R deals with such behavior indirectly, and sets the 

bearing capacity of the longitudinal wires as the limit of steel contribution to shear 

capacity. 

For consistency with ACI 318 practice, the nominal observed capacities will be 

used for evaluating shear provisions. The nominal observed shear capacities were 

determined using the procedure described in Section A.2. However, average observed 

shears are used for cracking load verification. 

5.1.1 Evaluation of Shear Capacity Provisions of ACI 523.4R 

The nominal shear calculated according to ACI 523.4R and the nominal observed 

capacity for each lintel series are summarized in Table 5.1.  

The nominal observed capacities exceeded the calculated shear capacities by an 

overall factor of approximately 1.54 for the 24-inch deep lintels and 1.4 for the 12-inch 
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deep lintels. Because Series 12-120 specimens failed in flexure, a Vtest/Vn ratio less than 

unity is justified. 

Table 5.1 Nominal observed capacity and calculated shear capacity of UT Austin lintel series 

Series a/d 

Nominal 
Observed 

Capacity Vtest 
(kips) 

Calculated 
Shear Capacity 

Vn (kips) 
Vtest/ Vn 

12-072 1.61 8.26 5.31 1.55 

12-096 2.20 6.52 5.31 1.23 

12-120 2.79 5.15 5.31 0.97 

24-072 0.76 18.30 11.25 1.63 

24-096 1.04 16.85 11.25 1.50 

24-120 1.32 16.87 11.25 1.50 

 

As discussed earlier, the proposed shear design methodology was derived to 

reflect the simplified shear design method used in Equation 11-3 of ACI 318-05. Hence, 

the effects on the concrete contribution, of longitudinal reinforcement and the ratio of 

shear span to depth are not considered. As shown in Figure 5.1, the observed shear 

strength of the tested lintels increases with decreasing ratios of shear span to depth (a/d). 

This behavior agrees with that of conventional concrete. Lintels with (a/d) values less 

than 1.0 failed under the same range of shear regardless of the length of the member 

(shear span). This suggests that the failure in these lintels, Series 24-096 and 24-120 was 

controlled by anchorage or web crushing rather than shear. 

Since the tested lintels had a uniform steel reinforcement ratio, the influence of 

this factor cannot be evaluated here. 
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Figure 5.1 Shear stress versus span to depth ratio for UT Austin lintels 

The nominal shear strength as predicted by the proposed provisions is also plotted 

on Figure 5.1. It can be seen that all the specimens failing in shear sustained higher shear 

stresses than estimated. This indicates that the current formulas are conservative and lead 

to safe designs. 

5.1.2 Evaluation of Concrete Contribution VAAC 

As discussed in Section 3.2.4 of this report, Equation 3-3 of ACI 523.4R was 

derived to predict the concrete contribution to the shear strength. The formula is not 

purely empirical, but rather was calibrated to produce the same ratio of unit shear 

strength to splitting strength ratio as the one used for conventional concrete.  
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In this section, the VAAC formula of ACI 523.4R is examined in two ways. First, 

the purported relationship between VAAC and the AAC resistance to web-shear or flexural-

shear cracking is checked. Next, the experimental values of VAAC will be approximated by 

subtracting the calculated steel contribution from the failure loads of the tested lintels. 

a) VAAC as a Shear-Cracking Load 

During the tests, loading was applied in increments according to the protocol 

described in Section 4.3. Cracks were marked, highlighted and photographed at each load 

step. In order to estimate shear cracking load (Vcrack)shear , the load at which the flexural 

cracks started to transform into diagonal tension cracks, was tabulated.  For all the tested 

specimens, this load was lower than or equal to that needed to initiate a web-shear crack.  

The actual cracking load should be slightly lower than the load at which the crack 

was first seen. Thus, the listed cracking loads are taken conservatively as the load step 

after which the crack was observed. Figure 5.2 shows the cracking pattern of 

Specimen 24-120-04. The flexural-shear and web-shear cracks were first seen and 

highlighted at an applied load of 24 kips. For our analysis, the cracking load was taken as 

18 kips (the load step just before 24 kips). Table 5.2 lists the average observed flexural-

shear cracking loads for the tested series.  
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Figure 5.2 Cracking pattern for lintel Specimen 24-120-04 at 30 kips applied load 

Table 5.2 Average observed flexure-shear cracking load 

Series 
Average Observed 

Cracking Load 
(Vcrack)shear (kips) 

Calculated AAC 
Contribution to 

Shear VAAC (kips) 
Vcrack/ VAAC 

12-072 5.84 1.58 3.70 

12-096 3.81 1.58 2.42 

12-120 3.33 1.58 2.11 

24-072 14.08 3.34 4.22 

24-096 12.32 3.34 3.69 

24-120 10.78 3.34 3.23 

 

For all the tested lintel series the cracking shear was significantly larger than the 

AAC contribution value assumed by ACI 523.4R. The overall average (Vcrack)shear /VAAC 

value of 3.2 suggests that if VAAC is taken as fundamentally related to the cracking shear, 

the current ACI 523.4R provisions for VAAC  are very conservative, and could be 

increased by increasing the leading coefficient used in the current shear equation.  
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Possible values for such an increased leading coefficient are listed in the right-hand 

column of Table 5.3 for each lintel test series.  

Table 5.3 Average observed cracking capacity normalized by bdf AAC
' for each lintel test series 

Series 
Average Observed 

Cracking Load 
(Vcrack)shear (kips) bdf

V

AAC

crack


 

12-072 5.84 2.96 

12-096 3.81 1.93 

12-120 3.33 1.69 

24-072 14.08 3.38 

24-096 12.32 2.95 

24-120 10.78 2.58 

 

b) Nominal Observed VAAC from Lintel Capacity 

The AAC contribution to shear strength can be approximated using the 

experimental results. This can be done assuming that at the onset of failure; the bearing 

capacity of the longitudinal wires was reached. Hence, the calculated reinforcement 

contribution, Vs , is subtracted from the nominal observed shear capacity to evaluate an 

experimental estimation of shear contribution of AAC, termed (VAAC)test.  

Table 5.4 lists the nominal observed (VAAC)test values. Results of Table 5.4 indicate 

that for all the series that failed in shear, the experimental AAC contribution was larger 

than the calculated value according to ACI 523.4R. The average (VAAC)test/VAAC value of 

2.03 further supports the findings of the observed cracking discussion.  
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Table 5.4  Nominal observed AAC shear contribution 

Series 

Nominal Observed 
AAC Contribution to 

Shear (VAAC)test 
(Kips) 

Calculated AAC 
Contribution to 

Shear VAAC (kips) 
(VAAC)test/VAAC 

12-072 3.59 1.58 2.28 

12-096 1.84 1.58 1.17 

12-120 0.48 1.58 0.30 

24-072 8.42 3.34 2.52 

24-096 6.96 3.34 2.09 

24-120 6.98 3.34 2.09 

 

Table 5.5 lists the nominal experimental values for the unit shear strength 

multiplier. Looking at the results of Table 5.5 and Table 5.3, it seems that the multiplier, 

0.8, currently used in Equation 3-3 is a very conservative choice for members with low 

shear span to depth ratios. Additional lintels with (a/d) ratios larger than 3 should be 

tested, to see if an increase in this multiplier is possible. 

Table 5.5 Nominal experimental unit shear multiplier 

Series 
(VAAC)test 
(Kips) 

12-072 3.59 1.82 

12-096 1.84 0.94 

12-120 0.48 0.24 

24-072 8.42 2.02 

24-096 6.96 1.67 

24-120 6.98 1.67 
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5.1.3 Minimum Shear Reinforcement 

Beams having low ratios of web reinforcement fail in a sudden and brittle manner. 

ACI 318-05 requires a minimum amount of web reinforcement to increase post-cracking 

ductility and provide a warning of collapse. Web reinforcement ratios capable of carrying 

a shear force equal to 38% of the concrete contribution Vc achieve this goal. This 

requirement is not imposed on slabs and foundations. 

The current ACI 523.4R draft provisions do not specify a minimum shear 

reinforcement ratio. This could be due to the fact that welded wire mesh is typically used 

as means of reinforcement. It is assumed that the mesh typically is sufficient in area to 

carry the AAC contribution. In the following paragraphs, the validity of such assumption 

is examined using the available test results. 

Unlike ordinary concrete, the minimum web reinforcement is assumed 

conservatively to carry a shear force equal to the AAC contribution.  

 Based on discussion above, Equation 5-1 represents the condition that needs to be 

satisfied. Using the 45-degree truss analogy, Vsmin can also be expressed by Equation 5-2. 

dbfVV AACAACs  8.0min                                         Equation 5-1 

 
s

dF
Vs

max
min                                                             Equation 5-2 

where, 

Vsmin = minimum shear contribution by transverse wires. 

Fmax = the maximum force carried by the transverse reinforcement. 

f΄AAC = specified compressive strength of AAC in psi. 

b = width of the section in inches. 

d = distance from the extreme compression fiber to centroid of 

longitudinal reinforcement in inches. 
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s = center-to-center spacing of transverse wires inches. 

The maximum force in the transverse wire, Fmax , is taken as the lower of the yield 

capacity of the transverse wires or the bearing capacity of the longitudinal wires. Hence, 

the cross-sectional areas of both the longitudinal and the transverse wires need to be 

checked independently.  

Assuming that the yielding of the transverse wires controls the design, the force in 

the transverse wires, Fmax , can be expressed by Equation 5-3. 

ytv fAF minmax                                                   Equation 5-3 

where, 

Avmin = minimum area of transverse shear reinforcement. 

fyt = specified yield strength of transverse reinforcement. 

Combining Equation 5-1, Equation 5-2 and Equation 5-3 leads to Equation 5-4 

which calculates the minimum cross sectional area that can be used as a transverse wire, 

Avmin . 

yt
AACv f

sb
fA  8.0min                                               Equation 5-4 

Using Equation 5-4, the minimum transverse steel area required for all the tested 

lintel series is 0.01 in2. The 6-mm wires used as cross wires in the lintels has an area of 

0.04 in.2.  

Next, the force in the transverse wires is assumed to be limited by bearing 

capacity of the longitudinal wires (Figure 3.3). 

 

AAClonglong fsdnF max                                         Equation 5-5 
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where, 

nlong = number of longitudinal wires welded to the transverse wire. 

dlong = diameter of the longitudinal wires. 

Combining Equation 5-1, Equation 5-2 and Equation 5-5 leads to an expression 

that gives the minimum cross-sectional area of the longitudinal bars. 

AAClong
long fn

b
A




1
5.0

2

2

min                                            Equation 5-6 

where, 

Along min = minimum area of longitudinal wires. 

After inserting the properties of the tested lintels in Equation 5-6, the minimum 

area needed for the longitudinal bars is 0.015 in2. The area of the 8-mm longitudinal 

wires used in the lintels is 0.08 in.2.  

From above, it can be seen that the installed reinforcement areas are higher than 

the proposed minimum for both the longitudinal and transverse wires. This indicates that 

failure should not take place suddenly after shear cracking, and that sudden failure 

without warning is avoided. For all the tested specimens, flexural-shear and web shear 

cracks were observed before failure. 

Table 5.6 lists the observed shear at failure and the cracking shear for the tested 

series. It can be seen that the load percentage carried after cracking was on average as 

high as 41% of the section capacity. 
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Table 5.6 Load percentage carried post-cracking for UT Austin lintel series 

Series 
Average 

Observed Shear 
Vtest (kips) 

Cracking 
Shear Vcrack 

(kips) 

Post-Cracking 
Load Percentage 

(%) 

12-072 9.52 5.84 38.71 

12-096 7.36 3.81 48.23 

12-120 5.66 3.33 41.06 

24-072 21.57 14.08 34.71 

24-096 19.72 12.32 37.53 

24-120 19.66 10.78 45.17 

 

5.2 EVALUATION OF RILEM SHEAR DESIGN PROVISIONS 

The shear design provisions adopted by RILEM are based on an empirical 

formula proposed by Aroni (1990). The RILEM formula (Equation 3-6) takes into 

account the reinforcement ratio and the shear span to depth ratio. 

The calculated nominal shear capacities for the tested UT Austin lintel series 

according to RILEM, (Vn)RILEM , are listed in Table 5.7. For lintel series failing by shear; 

the tested nominal capacity was larger than the predicted nominal capacity by an overall 

factor of about 1.02. 
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Table 5.7 Nominal shear capacities for UT Austin lintels according to RILEM provisions 

Series a/d 

Nominal 
Observed 

Capacity Vtest 
(kips) 

Calculated Shear 
Capacity (Vn)RILEM 

(kips) 
Vtest/ (Vn)RILEM 

12-072 1.61 8.26 7.09 1.17 

12-096 2.20 6.52 6.82 0.96 

12-120 2.79 5.15 6.64 0.78 

24-072 0.76 18.30 17.14 1.07 

24-096 1.04 16.85 16.00 1.05 

24-120 1.32 16.87 15.22 1.11 

 

For lintel series with the same cross sectional height, the shear capacity is slightly 

changing due to the change in shear span. The reinforcement ratio was uniform for all 

series tested at UT Austin. Figure 5.3 shows the RILEM nominal shear strength formula 

as a function of the shear span to depth ratio. The experimental lintel results and the 

ACI 523.4R nominal capacity are also plotted. 

As shown in Figure 5.3, for the lintels studied, RILEM code formula has a better 

correlation with the test results than the ACI 523.4R. The effect of the shear span to depth 

ratio on the shear capacity is detected by the RILEM model. 

Unlike the ACI design equations where all the lintels failing in shear had 

experimental capacities larger than the calculated nominal shear, 4% of lintels tested at 

UT Austin had capacities slightly lower than the nominal values calculated using 

RILEM’s provisions. This indicates that RILEM recommendations have an acceptable 

level of conservatism. 
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Figure 5.3 Shear stress versus span to depth ratio for UT Austin lintels and stresses according to 

ACI 523.4R and RILEM 

Nevertheless, the better correlation with test results by the RILEM shear design 

provisions do not justify adopting them in ACI 523.4R. The primary reason for this is 

that the intent of ACI Subcommittee 523A (Autoclaved Aerated Concrete) was to use 

equations similar to those of ACI 318-05. 

 Anchorage is considered implicitly in Equation 3-6, as the beams used for 

deriving the formula exhibited a combined shear and anchorage mode of failure 

(Aroni 1990). 

Figure 5.3 does show that considering the effect of shear span to depth ratio and 

longitudinal reinforcement ratio when designing for shear can give better correlation with 

observed shear capacities for lower (a/d) ratios. 
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CHAPTER 6  

Summary, Conclusions and Recommendations 

6.1 SUMMARY 

In this report, the results of a test program conducted at the University of Texas at 

Austin were used to evaluate the shear design provisions of ACI 523.4R “Guide for 

Design and Construction with AAC Panels”. That guide is written to reflect the form of 

the design equations of ACI 318-05 with appropriate modifications to account for the 

behavior of factory-reinforced AAC elements. 

The shear design provisions of ACI 523.4R are similar to those of ACI 318-05 for 

conventional reinforced concrete. Shear resistance is assumed to be shared by concrete 

and reinforcement, and a 45 degree inclination of shear cracks is assumed.  Anchorage 

limitations are imposed on the reinforcement contribution. 

The shear design provisions of ACI 523.4R were verified as follows: 

 The predicted nominal shear capacities were compared to the capacities of 

lintels tested at UT Austin. The observed nominal shear capacities exceeded 

the predicted capacities by an average factor of 1.48. Specimens with lower 

shear span to depth ratios (a/d) had higher safety margins. 

 The current formula for the AAC contribution to shear capacity was evaluated 

using the shear-cracking loads and the experimental results. It was shown that 

the current formula is very conservative especially for deeper lintels. The lack 

of test results with high (a/d) ratios limited researchers’ ability to propose 

specific modifications, however. 
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  The current ACI 523.4R provisions have no requirements for minimum shear 

reinforcement, to prevent sudden failures after cracking. In this report a 

formula for minimum transverse reinforcement was derived. Furthermore, a 

formula stating the minimum area of longitudinal reinforcement was also 

developed; the latter is used to control anchorage of the web reinforcement. It 

was shown that the reinforcement typically provided is sufficient and exceeds 

the suggested limits. 

6.2 CONCLUSIONS AND RECOMMENDATIONS 

1) The shear provisions of ACI 523.4R provide conservative estimates of the 

nominal capacities of AAC members. A better correlation with experimental 

results could be achieved if the effect of shear span to depth (a/d) ratio on 

capacity were considered. 

2) Considering anchorage as a limit of transverse reinforcement contribution to 

shear proved to be important, because the lintels tested at UT Austin failed by 

a combination of shear and anchorage. 

3) The lack of minimum reinforcement provisions may lead to sudden and brittle 

post-cracking failures. The welded wire mesh arrangements currently used in 

practice were sufficient to prevent this brittle behavior. The formulas derived 

in Section 5.1.3 of this report can be used to see if minimum reinforcement 

requirements should be introduced into ACI 523.4R. 

Based on the discussion above, it is recommended that the ACI 523.4R guidelines 

for shear design remain as they are with the exception of adding minimum web 

reinforcement limitations. It is also recommended to include the effect of (a/d) ratio on 
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the shear capacity estimations. However, further testing of AAC panels with high (a/d) 

ratios is necessary to develop safe design provisions. 
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APPENDIX A  

Complete Results of Experimental Program at UT Austin  

(UT Austin 2008) 

Test results for all specimens are summarized in Table A.6 through Table A.11.  

Those tables provide, for all replicates in each test series, the applied load at failure, the 

superimposed load at failure, the deflection at maximum capacity, and the observed failure 

mode.  “Superimposed load” refers to all imposed load (applied load, spreader beam, loading 

plates) except the self-weight of the lintel.  

In this appendix, those results are summarized.  Table A.1 lists the average 

superimposed load for the tested lintel series, along with the corresponding coefficient of 

variation.  Those coefficients of variation were used to establish the required number of 

replicates for each series, as discussed below. 
  

Table A.1 Average superimposed load for AAC lintel series with corresponding coefficients of 
variation 

Series 
Average 

Superimposed Load 
(kips) 

Coefficient of  
Variation (%) 

12-072 19.04 7.7% 
12-096 14.72 4.9% 
12-120 11.31 3.9% 
24-072 43.14 6.5% 
24-096 39.44 6.6% 
24-120 39.31 5.9% 

A.1  PROCEDURE USED TO ESTABLISH REQUIRED NUMBER OF REPLICATES FOR EACH 

SERIES 

The required number of replicates for each series was based on the statistical 

dispersion of test data associated with that series.  The procedure used is first described in 

narrative form, and then mathematically. 
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The nominal capacity of a reinforced concrete structural element is often taken as a 

lower 5% fractile of tested strengths for that element (Appendix D of ACI 318-05).  Because 

the tested strengths are from a finite sample, the nominal capacity typically corresponds to a 

lower 5% fractile, with a confidence level of 90%.  The nominal capacity is a number of 

sample standard deviations below the sample mean, where that number depends on the 

sample size. 

The significance of this is as follows.  Suppose that one has a set of test results from a 

sample.  Then those tested strengths are the fundamental criterion used to establish the 

required sample size.  Assuming a normal distribution of tested strengths within each group 

of replicates, the smaller the standard deviation, the more reliable the results would be.  For a 

particular type of lintel, with a known sample size, corresponding sample mean and 

coefficient of variation, it is possible to predict, with a known confidence level, the probable 

nominal capacity of the entire population of lintels that the sample represents.  This process 

involves the following steps: 
 
o Select the criterion for nominal capacity.  In reinforced concrete design, the 
nominal capacity is typically selected as a lower 5% fractile of a large number of 
samples.  This value is denoted by XL , and a proportion P of the population (P = 
0.95) lies above this value. 
 
o Select the criterion for confidence level.  For purposes of this investigation, a 
confidence   level of 90% is selected.  This is typical for such research.  This value is 
denoted by . 
 
o Then KsXX L  , where X is the sample mean, s is the sample standard 
deviation, and K is the one-sided tolerance limit for a normal distribution, and is a 
function of  (90%), P (0.95), and the sample size n.  The value K is a standard 
statistical quantity, defined mathematically and available in standard statistical 
references. 

To estimate the desired relationship between sample mean and corresponding 

nominal capacity, these steps were first applied to lintel Specimens 12-072, for which 17 

replicates were tested, because that was the number originally requested by Xella.  Because 

one specimen was damaged on receipt, the resulting sample size, n, was 17.  The mean 
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superimposed load capacity of that sample was 19.04 kips, and the standard deviation was 

1.46 kips.  For  (90%), P (0.95), and a sample size n (17), the corresponding value of K is 

2.28.  Therefore,  
 

kipskipskipsX

KsXX

L

L

71.1546.128.204.19 


 

 

Based on this sample, an appropriate nominal capacity for the entire population of 8- 

x 12- x 72-in. lintels is therefore 15.71 kips.  This nominal capacity is 82.5% of the sample 

mean.   

In other words, using the original sample size requested by Xella, and the statistical 

dispersion of strengths for that sample, the lower 5% fractile of the population, with a 

confidence of 90%, was 82.5% of the sample mean.  Had the sample size been greater, or the 

statistical dispersion less, the 5% fractile (90% confidence) would have been a larger fraction 

of the sample mean.  

For other types of lintels, the same procedure was used to identify the required 

sample size to establish a nominal capacity equal to that same fraction of the sample mean.  

For example, suppose that for Specimens 12-096, a tested sample size of 6 has given a 

sample mean of 14.72 kips and a sample standard deviation of 0.72 kips.  Find the sample 

size n for which one can say, with 90% confidence that 95% of the population lies above 

82.5% of the sample mean.  Apply the same steps as above, but now solve for n: 
 

59.3

72.072.1414.12

14.1272.14825.0








K

Kkipskips

sKXX

kipskipsX

L

L

 

 

For  (90%), P (0.95), and K equal to 3.59, the required sample size n is 5.   

This same procedure was used to establish the required sample size for each set of 

lintel specimens.  The results of this are summarized in Table A.2. 
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Table A.2 Statistical determination of required number of replicates for each test series 

Series 
Average 

Superimposed 
Load (kips) 

Coefficient of  
Variation (%) 

Required Number of 
Replicates 

Number of 
Replicates Tested 

12-072 19.04 7.7 16.8 17 

12-096 14.72 4.9 4.7 7 

12-120 11.31 3.9 3.6 6* 

24-072 43.14 6.5 8.7 10 

24-096 39.44 6.6 9.2 11 

24-120 39.31 5.9 6.6  8 

Total Number of Specimens Tested 59 

* At least 6 replicates were tested even if the statistical criterion required a smaller number. 

A.2  SUMMARY OF NOMINAL CAPACITIES FOR EACH SERIES (QUARTER-POINT 

LOADING OF ASTM C1452) 

Using the above statistical criterion for determining the required number of replicates 

for each test series, nominal capacities are determined as the 5% lower fractile of the tested 

sample for each series, with a confidence level of 90%.  As explained above, those nominal 

capacities are at least 82.5% of the sample mean.  The actual percentage may be slightly 

higher than 82.5% if the number of replicates tested exceeds that required.   

The resulting nominal capacities (in terms of the quarter-point loading of ASTM 

C 1452) are summarized in Table A.3.  The nominal capacities are expressed in terms of in 

terms of superimposed load (all load except self-weight). 
 

Table A.3 Nominal capacities (superimposed load) of AAC lintels (quarter-point loading) 

Series 
Nominal Capacity 
in Quarter-point 

Loading, kips 

12-072 15.71 
12-096 12.15 
12-120 9.33 
24-072 35.59 
24-096 32.54 
24-120 32.43 
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A.3 SUMMARY OF NOMINAL CAPACITIES FOR EACH SERIES (EQUIVALENT UNIFORM 

LOAD)  

In accordance with ASTM C 1452, the AAC lintel specimens were loaded at quarter 

points, creating the shear and bending moment diagrams shown in Figure A.1. 
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Figure A.1 Shear and bending moment diagram for beams loaded (a) at quarter points (b) uniformly 

 

In Figure A.1, P is the superimposed load on the lintel; L is the span of the lintels; and 

wequivalent is the equivalent uniform load.  

The equivalent uniform load producing a shear at the support equal to that from the 

tested quarter-point loading is calculated by equating the maximum shear values from the left 

and the right side of Figure A.1: 

L

P
w

LwP
equivalent

equivalent 
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Using the same approach, the equivalent uniform load producing a maximum moment 

equal to that from the tested quarter-point loading is calculated by equating the maximum 

moment values from the left and right side of Figure A.1: 

L

P
w

LwLP
equivalent

equivalent 
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2

 

Therefore, the equivalent maximum uniform load capacity of the lintels is taken to be 

the ratio of the ultimate tested capacity of the lintel to span length of the lintel (P/L). 

UT Austin researchers plan to compare the capacities observed during testing with the 

nominal capacities predicted by the design equations of the draft ACI 523.4R design guide 

for reinforced AAC panels.  That work is not part of this report, and will be addressed in 

student theses. 

Using that conversion, equivalent nominal capacities for uniform load are shown in 

Table A.4.  The nominal capacities are in terms of superimposed load (all load except self-

weight). 
 

Table A.4 Nominal capacities (superimposed load) of AAC lintels (equivalent uniform loading) 

Series 

Equivalent 
Uniform 
Nominal 

Capacity, kip/ft 

12-072 2.86 
12-096 1.62 
12-120 0.98 
24-072 6.47 
24-096 4.34 
24-120 3.41 

 

A.4 SUMMARY OF ALLOWABLE CAPACITIES FOR EACH SERIES (EQUIVALENT UNIFORM 

LOAD)  

For purposes of this test program, the factor of safety has been taken as a uniform 

value of 2.5 for all failure modes.  That value is reasonably consistent with the mean factor of 
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safety obtained as the quotient of load factors for live load (1.6) divided by the -factor of 

0.65 for failure governed by bearing.  That is, 
 

5.2
65.0

6.1



FactorLoad

FactorSafety  

Using that conversion, equivalent allowable capacities for uniform load are shown in 

Table A.5.  The nominal capacities are in terms of superimposed load (all load except self-

weight). 
 

Table A.5 Allowable capacities (superimposed load) of AAC lintels (equivalent uniform loading) 

Series 

Equivalent 
Uniform 

Allowable 
Capacity, kip/ft 

12-072 1.14 
12-096 0.65 
12-120 0.39 
24-072 2.59 
24-096 1.74 
24-120 1.37 
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A.5  COMPLETE RESULTS OF XELLA LINTEL SERIES 12-072 
Table A.6 Load-deflection summary for Specimens 12-072 

 

* 12-072-01 was damaged during transportation. The pre-existing shear crack has reduced the capacity significantly. The data 
of Specimen 12-072-01 were excluded from the statistical calculations

Specimen 
Weight, 

 lbs 

Maximum 
Applied  

Load, kips 

Total 
Maximum  
Load, kips 

Equivalent 
Uniform  

Load, kips/ft 

Deflection at  
Maximum Load,

 in. 

DL 
Deflection,

 in. 

Failure 
Mode 

Notes 

12-072-01 203 10.80 11.61 2.07 0.232 - Shear Omitted* 
12-072-02 213 17.98 18.80 3.38 0.228 - Shear   
12-072-03 216 20.18 21.01 3.78 0.219 - Shear   
12-072-04 222 21.69 22.52 4.05 0.217 - Shear   
12-072-05 206 17.03 17.84 3.21 0.217 - Shear   
12-072-06 218 15.99 16.81 3.02 0.129 - Shear   
12-072-07 207 17.81 18.62 3.35 0.182 - Shear   
12-072-08 219 19.91 20.74 3.73 0.203 - Shear   
12-072-09 218 18.87 19.69 3.54 0.172 - Shear   
12-072-10 214 17.97 18.80 3.38 0.237 - Shear   
12-072-11 212 19.77 20.60 3.70 0.236 - Shear   
12-072-12 213 17.90 18.72 3.36 0.229 - Shear   
12-072-13 203 17.89 18.71 3.36 0.185 0.0086 Shear   
12-072-14 197 17.67 18.47 3.32 0.221 - Shear   
12-072-15 214 19.22 20.04 3.60 0.247 0.0060 Shear   
12-072-16 207 19.09 19.90 3.58 0.230 0.0061 Shear   
12-072-17 207 18.27 19.08 3.43 0.267 0.0114 Shear Sustained Load 
12-072-18 191 16.10 16.90 3.04 0.215 0.0115 Shear Sustained Load 

Average 210.41 18.43 19.25 3.46 0.21    

Standard Deviation 8.15 1.46 1.47 0.27 0.03    
Coefficient of 

Variation, percent 
3.87 7.94 7.63 7.69 15.07  
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Figure A.2 Load-deflection curves for Specimens 12-072-02 through 12-072-06 
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Figure A.3 Load-deflection curves for Specimens 12-072-07 through 12-072-12 
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Figure A.4 Load-deflection curves for Specimens 12-072-13 through 12-072-18 
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A.6  COMPLETE RESULTS OF XELLA LINTEL SERIES 12-096 

 
Table A.7 Load-deflection summary for Specimens 12-096 

Specimen 
Weight,

 lbs 

Maximum 
Applied  

Load, kips 

Total 
Maximum  
Load, kips 

Equivalent 
Uniform  

Load, kips/ft 

Deflection at 
Maximum 

Load, 
 in. 

DL 
Deflection,

 in. 

Failure 
Mode 

12-096-01 291 14.04 14.94 1.95 0.616 0.0110 Shear 

12-096-02 280 14.14 15.03 1.97 0.547 0.0149 Shear 

12-096-03 291 13.60 14.50 1.89 0.651 0.0110 Shear 

12-096-04 283 13.00 13.89 1.81 0.461 0.0153 Shear 

12-096-05 286 15.33 16.22 2.12 0.703 0.0158 Shear 

12-096-06 276 14.30 15.18 1.99 0.554 0.0178 Shear 

12-096-07 260 14.38 15.25 2.00 0.726 0.0137 
Shear 

Average 281.00 14.11 15.00 1.96 0.61 0.0142 

Standard Deviation 10.77 0.72 0.72 0.10 0.09 0.0025 

Coefficient of Variation, 
percent 

3.83 5.09 4.77 4.88 15.49 17.6935 
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Figure A.5 Load-deflection curves for Specimens 12-096-01 through 12-096-07 
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A.7 COMPLETE RESULTS OF XELLA LINTEL SERIES 12-120 
Table A.8 Load-deflection summary for Specimens 12-0120 

Specimen 
Weight, 

 lbs 

Maximum 
Applied  

Load, kips 

Total 
Maximum  
Load, kips 

Equivalent 
Uniform  

Load, kips/ft 

Deflection at 
Maximum 

Load, 
 in. 

DL 
Deflection, 

 in. 
Failure Mode 

12-120-01 384 10.72 11.71 1.19 0.957 0.0338 Buckling of Reinf. 

12-120-02 367 11.16 12.14 1.24 1.059 0.0273 Buckling of Reinf. 

12-120-03 342 11.02 11.97 1.22 1.402 0.0255 Buckling of Reinf. 

12-120-04 378 10.98 11.96 1.22 1.098 0.0294 Buckling of Reinf. 

12-120-05 380 10.09 11.08 1.13 0.858 0.0294 Buckling of Reinf. 

12-120-06 396 10.23 11.24 1.14 1.104 0.0252 Buckling of Reinf. 

Average 374.50 10.70 11.68 1.19 1.08 0.028 

Standard Deviation 18.48 0.44 0.43 0.05 0.18 0.003 
Coefficient of Variation, 

percent 
4.93 4.12 3.68 3.90 17.05 11.26 
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Figure A.6 Load-deflection curves for Specimens 12-120-01 through 12-120-06 
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A.8  COMPLETE RESULTS OF XELLA LINTEL SERIES 24-072 

 
Table A.9 Load-deflection summary for Specimens 24-072 

Specimen 
Weight, 

 lbs 

Maximum 
Applied  

Load, kips 

Total 
Maximum  
Load, kips 

Equivalent 
Uniform  

Load, kips/ft 

Deflection at 
Maximum 
Load, in. 

DL 
Deflection,

 in. 

Failure 
Mode 

Notes 

24-072-01 398 32.66 33.67 6.05 0.151 0.0027 Shear Omitted*

24-072-02 420 42.51 43.54 7.84 0.154 0.0029 Shear  

24-072-03 420 36.59 37.62 6.76 0.136 0.0036 Shear  

24-072-04 443 44.99 46.04 8.29 0.166 0.0019 Shear  

24-072-05 414 43.47 44.49 8.01 0.143 0.0032 Shear  

24-072-06 417 44.62 45.64 8.22 0.147 0.0059 Shear  

24-072-07 407 42.01 43.03 7.75 0.125 0.0029 Shear  

24-072-08 402 45.02 46.03 8.30 0.156 0.0030 Shear  

24-072-09 422 38.83 39.86 7.17 0.164 0.0029 Shear  

24-072-10 409 44.62 45.64 8.22 0.151 0.0029 Shear  

24-072-11 411 42.65 43.67 7.87 0.115 0.0024 Shear  

Average 416.50 42.53 43.56 7.84 0.15 0.00313 

Standard Deviation 11.31 2.81 2.81 0.51 0.02 0.00106 
Coefficient of Variation, 

percent 
2.71 6.61 6.45 6.52 11.24 33.7706 

* Due to instrumental malfunction, the results of specimen 24-072-01 were found to be erroneous.  Therefore, the specimen 
was not included in the data set or the sample size.  
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Figure A.7 Load-deflection curves for Specimens 24-072-02 through 24-072-06 
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Figure A.8 Load-deflection curves for specimens 24-072-07 through 24-072-11 
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A.9 COMPLETE RESULTS OF XELLA LINTEL SERIES 24-096 

 
Table A.10 Load-deflection summary for Specimens 24-096 

Specimen 
Weight*, 

 lbs 
Maximum Applied 

Load, kips 

Total 
Maximum  
Load, kips 

Equivalent 
Uniform  

Load, kips/ft 

Deflection at 
Maximum 
Load, in. 

DL 
Deflection**,

 in. 

Failure 
Mode 

24-096-01 564 39.12 40.29 5.30 0.202 0.00447 Shear 

24-096-02 564 34.77 35.95 4.72 0.185 0.00253 Shear 

24-096-03 564 40.28 41.45 5.45 0.212 0.00353 Shear 

24-096-04 564 43.92 45.10 5.94 0.250 0.00477 Shear 

24-096-05 564 39.50 40.67 5.35 0.245 0.00634 Shear 

24-096-06 564 40.04 41.22 5.42 0.205 0.00147 Shear 

24-096-07 564 36.05 37.23 4.89 0.168 0.00114 Shear 

24-096-08 564 35.37 36.54 4.80 0.172 0.00626 Shear 

24-096-09 564 40.30 41.47 5.45 0.197 0.00575 Shear 

24-096-10 564 39.40 40.58 5.33 0.211 0.00369 Shear 

24-096-11 564 38.43 39.61 5.21 0.202 0.00132 Shear 

Average 564 38.83 40.01 5.26 0.20 0.00375  
Standard Deviation 0.00 2.62 2.62 0.35 0.03 0.00195  

Coefficient of 
Variation, percent 

0.00 6.76 6.56 6.65 12.61 52.0055  

        
* Weight was approximated using the average density calculated from the measured sample weights in 
series 12-072, 12-096, 12-120 and 24-072. 

 

        
** Dead Load deflections were approximated using the load displacement curves. The displacement 
equivalent to 610 lbs is listed. 
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Figure A.9 Load-deflection curves for Specimens 24-096-01 through 24-096-06 
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Figure A.10 Load-deflection curves for Specimens 24-096-07 through 24-096-1 
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A.10 COMPLETE RESULTS OF XELLA LINTEL SERIES 24-120 

 
Table A.11 Load-deflection summary for Specimens 24-120 

Specimen 
Weight**,

 lbs 

Maximum 
Applied  

Load, kips 

Total 
Maximum  
Load, kips 

Equivalent 
Uniform  

Load, kips/ft 

Deflection at 
Maximum 
Load, in. 

DL 
Deflection***,

 in. 

Failure 
Mode 

Notes 

24-120-01 705 40.07 41.39 4.28 0.393 0.0012 Shear - 

24-120-02 705 40.32 41.63 4.31 0.384 0.0050 Shear - 

24-120-03 705 39.19 40.51 4.19 0.400 0.0031 Shear - 

12-120-04 705 31.52 32.84 3.38 0.338 0.0032 Shear Omitted* 

24-120-05 705 34.50 35.82 3.70 0.335 0.0036 Shear - 

24-120-06 705 40.04 41.36 4.28 0.205 0.0015 Shear - 

24-120-07 705 41.15 42.46 4.40 0.396 0.0050 Shear - 

24-120-08 705 36.03 37.35 3.86 0.333 0.0072 Shear - 

24-120-09 705 38.28 39.59 4.09 0.365 0.0038 Shear - 

Average 705.00 38.70 40.01 4.14 0.35 0.0038   
Standard Deviation 0.00 2.31 2.31 0.24 0.06 0.0012   

Coefficient of Variation, 
percent 

0.00 5.98 5.78 5.88 18.48 51.51   

         

* Specimen 24-120-04 results were omitted excluded from the statistical data due to prior damage of the lintel at the supports region. 

 
 

** Weight was approximated using the average density calculated from the measured sample weights in series 12-072, 12-096, 12-120 and 
24-072. 

 

*** Dead Load deflections were approximated using the load displacement curves. The displacement equivalent to 610 lbs is listed. 
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Figure A.11 Load-deflection curves for Specimens 24-120-01 through 24-120-03 and 24-120-05 
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Figure A.12 Load-deflection curves for Specimens 24-120-06 through 24-120-09 
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