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normalized shear stress demand. Specimens were generally in 
compliance with ACI 318-14. Test results showed that specimens 

-

The lateral strength of walls with aspect ratios of 1.0 and 1.5 

nominal shear strength exceeds Vmn. For specimens with an aspect 

shear strength calculated per ACI 318-14. Specimen deformation 
capacity decreased as the normalized shear stress increased. The 

capacity.

Keywords:

INTRODUCTION

walls having an aspect ratio, hw/lw hw 
and lw
In high-seismic regions, ACI 318-141 requires special 

compressive stress corresponding to load combinations 

concrete compressive strength. This stress limit approach 

boundary elements common in RC squat walls. For walls 
with rectangular cross sections, special boundary elements 

Using high-strength steel appears to be an attractive alterna-
tive that can reduce steel congestion.

2 tested eight squat 
wall specimens with hw/lw

commonly used in practice. The shear stress imposed in most 
fc  fc  

the upper limit permitted in ACI 318-14. Test results showed 

-

Cheng et al.3
fy, 

that study, however, all test specimens had hw/lw
concrete cylinder strength, fc

4 tested 12 wall specimens 
with hw/lw -

hw/lw, and combining high-

hw/lw

RESEARCH SIGNIFICANCE

Ten large-scale wall specimens were tested to investigate 

walls subjected to reversed cyclic displacements. The results 

-

LABORATORY TEST PROGRAM

Ten RC squat wall specimens were tested under lateral 
displacement reversals. These specimens were designed 
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3 
which are included in the analyses later in the article. Table 

-

C

is hw/lw. Finally, the last letter indicates the designed shear 

Mpr, at the 

fc fc
fc

fc

Vmpr/A fc Vmpr
Mpr
by the distance, hw

A  was the wall cross-sec-
tional area determined as the wall width, bw, times the wall 
length, lw Mpr, was deter-
mined using the ACI 318-14 equivalent rectangular concrete 

fy and 1.20fy

in fy

7

Test specimens

All test specimens had a nominally identical cross section 

the wall sections are presented in Fig. 1. Each specimen 

the wall. Specimens were constructed in a vertical position. 

fy
fy fy = 115 

Table 1—Design parameters for test specimens

Specimens hw/lw Vn1/Vmpr Vn2/Vmpr

Vertical rein-

*

 fy

fy, 
 fy Vmpr/A c

0.5 1.07† †

0.5 1.07† †

0.5 1.03† 1.09†

0.5 1.08† 1.04†

1.0 1.07 1.09

1.5 1.04

1.5 0.95

1.5 1.00 1.02

1.5 0.97

1.5 1.02 1.72

*

†Vmpr

Table 2—Required material properties of 

reinforcement

Grade Type

VmprA fc'

sh

 Min. 
u

 Min. 
fy

Min. 
fp/fy

Grade ASTM 
*

No. 3 to 

NA
14

1.25
No. 7 to 
No. 11 12

Grade 
100 — 1.4 10 100 1.25

Grade 
115 USD785 — NA 8 115 NA

* 5

†
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this study are presented in 

fc  fc  

designed to have the same shear stress demand but had 

H115,3

three specimens led to a decrease in their respective shear 
fc fc

fc
fc fc

-
imens with hw/lw
stress demand to achieve a reasonable amount and spacing 

Fig. 1—Reinforcement layout (cross section).
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the nominal shear strength calculated per ACI 318-14, as 

shear, that is, Vn1 ≅ Vmpr

t

-

A , was 
hw/lw

hw/lw
Vn2, determined 

Vn2 
Vmpr

-
tively. These lengths were close to ACI 318-14 requirements 

-

the minimum amount and maximum spacing requirements 
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 Vn1 = A fc t fy fc A

 Vn1 = A fc t fy fc A

 Vn2 A  fy fc' A , 800A

 Vn2 A  fy fc' A , 5.5A

Test setup and displacement history

shown in Fig. 4. This setup allowed lateral displacements 
-

lateral displacement history is illustrated in Fig. 5, where 

by the specimen height, hw

Instrumentation

the hydraulic actuators, while the other LVDT measured 

Table 3—Material properties

Specimen 
name

Concrete strength

specimen

no.
 fy  fp

fp/fy no.
 fy  fp

fp/fy no.
 fy  fp

fp/fy no.
 fy  fp

fp/fy

fcm fcm

No. 5  102.4 1.52
No. 4 1.45 No. 5  102.4 1.52 No. 3  93.9 1.45  5.33 

No. 4 1.45

No. 5  102.4 1.52
No. 4 1.45 No. 5  102.4 1.52 No. 3  125.3  152.5 1.22  7.42  7.15 

No. 4 1.45

No. 4 122.7 1.23 No. 4 122.7 1.23 No. 4 122.7 1.23 No. 3  125.3  152.5 1.22  7.30 

No. 4 122.7 1.23 No. 4 122.7 1.23 No. 4 122.7 1.23 No. 3  125.3  152.5 1.22  11.23 

No. 5 125.5  151.3 1.21 No. 4  125.0  151.2 1.21 — — — — No. 3  127.1  155.0 1.22  10.80  10.91 

No. 11  97.9 1.48 No. 4  97.5 1.42 — — — — No. 3  70.2  99.8 1.42  7.74 

No. 9 101.9  134.1 1.32 No. 4  125.0  151.2 1.21 — — — — No. 3  70.2  99.8 1.42  7.87 

No. 9 101.9  134.1 1.32 No. 4  125.0  151.2 1.21 — — — — No. 3  127.1  155.0 1.22  12.77 

No. 7 1.50 No. 3  91.3 — — — — No. 3  91.3  4.43  4.35 

No. 5 117.0 1.24 No. 3  115.9  141.0 1.22 — — — — No. 3  91.3  4.77  4.82 

Fig. 3—Sample stress–strain relationship of reinforcement.
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specimens with hw/lw

TEST RESULTS

Damage progress

-

For specimens with hw/lw

region, near wall mid-length and at the level corresponding 

-
rioration was observed in specimens with hw/lw
shown in 

Fig. 4—Test setup. Fig. 5—Loading history.

Fig. 6—Instrumentation.
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-

 

concrete deterioration was observed in this region and near 

which resulted in apparent sliding near the base, as depicted 

For specimens with an hw/lw

-
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were observed as the loading progressed. During the third 

sliding was very apparent in the second and third cycles 

-

-

-
sected, leaving a relatively intact central triangular section 

was still relatively intact but sliding along the base was 

hw/lw

Hysteresis

Fig. 8. Unless 

Table 4. For compar-

3 are included in Table 4. In Table 4, 
Vp, dp, and du 

Strength Vp, in the 

hw/lw Vp was close to Vmn, 
-

Vp/Vmn 
For these specimens, Vp
Vmpr

Vp/Vmpr
For specimens with hw/lw Vmn and Vmpr were eval-

hw/lw Vmn at either 

Vmy, 

-

strain was determined using the measured fy divided by the 

8 

Vp hw/lw
were close to Vmy at the wall base. For these specimens, Vp 
was less than the nominal shear strengths calculated using 
the ACI 318-14, Vn1 and Vn2, as shown in columns 9 and 10.



133ACI Structural Journal/January 2021

-

slightly increased Vp in specimens with hw/lw

hw/lw
strength than concrete strength.

du -
mens tested in this study is presented in Fig. 9, together with 

3 As depicted in Fig. 9, the 
3,9 

similar to the corresponding specimens with conventional 

stress demand, which was correlated with improved spec-

while maintaining other design parameters appears to have a 

-

are shown in 
-
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As indicated by Cheng et al.,3

hw/lw

because yielding was more extensive in specimens with less 
drift capacity.

Table 4–Summary of test results

Specimen name
Vp Vp/A fcm', 

dp du Vp/Vmy Vp/Vmn Vp/Vmpr Vp/Vn1 Vp/Vn2

Dowel end 431.3 9.53 0.73 1.18
1.23 0.84 0.75

0.95
0.77

base 1.03 0.87

Dowel end
0.72 1.17

1.19 0.81 0.73
0.85

0.71

base 0.98 0.57

Dowel end 8.83 0.72 1.01
1.09 0.79 0.71

0.97
0.75

base 1.04 0.71 0.93

Dowel end 444.0 0.72 1.41
1.03 0.73 0.72

base 0.58 0.90

429.7 1.24 2.02 1.24 1.02 0.94 0.82 0.87

3 247.0 5.28 1.22 1.08 0.95 0.92 0.80

M1153 241.0 5.24 1.17 3.21 1.32 1.11 0.92 0.97 0.82

3 408.5 8.24 0.73 1.29 1.00 0.89 0.82 0.82

H1153 7.99 1.35 1.90 1.34 1.09 0.92 0.87 0.80

8.51 0.85 1.58 1.19 0.98 0.88 0.85 0.84

408.1 0.97 1.47 1.18 0.99 0.87 0.87 0.82

1.70 2.27 1.29 1.07 0.93 0.84 0.94

241.9 5.92 0.75 1.90 1.27 0.92 0.99 0.52

227.5 5.29 1.49 2.04 1.24 1.07 0.92 0.95 0.52

Note: Vmy
8

Vmn 
Vmpr

 Vn1 and Vn2
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hw/lw

versus wall base rotation due to strain penetration and slip 
calculated when the specimens approximately reached their 

is expressed as Ab fy db fcm , where Ab is the bar nominal 
area, fy is the tested steel yield stress, db is the bar nominal 
diameter, and fcm

x fcm
fy

corresponds to . Higher strength bars have a larger Abfy 

 
sp.

steel grade or shear stress demand among specimens with 
the same hw/lw

hw/lw. For 
specimens with hw/lw

shear stress demand. As hw/lw

hw/lw

-

EIf, was calculated using 
GAs, was 

EIf and GAs were determined 

EIf/EcIg and GAs/GcA  in the positive loading direction are 
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presented in Fig. 12 and 13, respectively, where Ec
fcm fcm Ig

Gc is 
estimated as 0.43Ec, and A  is the wall cross-sectional area.

 EIf L2
f V L Mtop + M2

 GAs = V sL

to increase as hw/lw
0.35EcIg

hw/lw
hw/lw

specimens with high-strength steel typically had smaller EIf/
EcIg

hw/lw.
hw/

lw hw/lw GcA  suggested in ACI 

strength steel typically have smaller GAs/GcA  than speci-

EcIg

included in ACI 318 in 1995.10 These two values remain, 

improvement.

CONCLUSIONS

Cheng et al.3
RC squat wall specimens constructed with conventional and 

hw/lw, steel grade, concrete compressive strength, and shear 

hw/lw

-

ment when the specimens were designed to have equivalent 

hw/lw
can be estimated as the shear associated with the nominal 

 Vmn, when the nominal 
shear strength exceeds Vmn
with hw/lw

nominal shear strength exceeds Vmn.

hw/lw increases. 
EcIg suggested in ACI 

with hw/lw
specimens with hw/lw

strain penetration.
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GcA  to 0.3 GcA , which 
GcA  suggested in ACI 

318-14.
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NOTATION
A lw and bw
A

plane
bw
dp

loading directions
du

directions
E/lf
Ec fcm

fcm
fc
fcm  = measured average concrete compressive strength
fp 
fy 
GAs
Gc Ec Ec
hw

Ig

L
wall

lw

Mn
plastic steel properties and equivalent concrete compressive 

Mpr
plastic steel properties and equivalent concrete compressive 

Mtop V  
M2 V
V
Vmn

Vmpr

Vmy 

-
8 concrete model

Vn1 = nominal web shear strength per ACI 318-14
Vn2 
VP 
x fcm

f V  in positive loading 
direction

s V  in positive loading 
direction

sp  = wall base rotation due to strain penetration/slip at approximately 

t 
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