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Abstract 
 
The purpose of this test program was to determine the tensile capacity of a series of 
cement grout bonded concrete anchors.  The anchors were installed in foundation wall 
test specimens with various wall thickness dimensions, ranging from eight inches to 
twelve inches.  The test anchors were Williams Form Engineering #5 Grade 60 All-
Thread Rebars with an ultimate tensile capacity of 28.8 kips.  A grouted anchor was 
defined as a headed Williams All-Thread Bar embedded twelve inches, installed into a 
hole in hardened concrete utilizing a high strength grout as the bonding agent.  The 
anchors were spaced sixteen inches apart and each test consisted of a series of three 
anchors.    
The test results revealed that when the concrete test wall was twelve inches thick the 
average anchor failure load was 29.6 kips, for the ten inch thick walls the average tensile 
failure load was 26.7 kips and for the eight inch walls the average tensile failure load was 
23.3 kips.  The failure modes all consisted of a concrete splitting/cone failure, noting that 
the twelve-inch wall failure still exceeded the bars tensile capacity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Page 1 

 
 
 
 

280 Ann St., Grand Rapids, MI  49504    -    ph: 616-365-9220 fx.:  616-365-2668  -     www.williamsform.com 



       10-10-02 
Engineering Dept. 
 
 

Introduction 
 
Concrete Masonry wall units can be post-tensioned to provide structural support.  
Williams All-Thread bars can serve as the post-tensioning tendons…anchored into the 
foundation and connected at the top of the wall with a plate and nut connection.  The 
tendons will be pre-stressed to place the masonry units into compression and thus 
providing structural support.  Williams All-Thread Bars are anchored into a twelve-inch 
hole at the surface of the foundation, with a hex nut embedded at the bottom of the 
anchor to serve as a headed stud.  The anchor is then filled with a high strength grout as a 
bonding agent and then extended through the masonry units and attached at the top of the 
wall with a plate nut assembly.  Testing is essential to determine what the pull out 
capacity of the anchors are for a specific embedment depth, reinforcing pattern, concrete 
strength and wall geometry.  These tests will help provide guidelines for the concrete 
anchor design portion of the Flex-Wall system.  These tests are be performed strictly for 
reporting anchor behavior under specific parameters (Fc’, embedment, wall geometry and 
reinforcing patterns).  Anchor design recommendations will not be reported. 
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Test Procedures 
 
 

1. concrete wall specimens were formed to reflect “real life application” conditions 
of the concrete anchors. All concrete test blocks included a specified steel 
reinforcement pattern consisting of # 4 bar.  Concrete cylinders were taken. 

 
2. After the concrete hardened (2-3 days), concrete anchor holes were drilled and 

anchors were placed and grouted.  Grout was mixed with the manufactured 
recommended water cement ratios and was poured into the drill holes. (inserting 
grout into drill holes with the use of a grout pump is recommended) 

 
 
3. concrete strength was monitored, so that when concrete strengths of 3000psi was 

achieved the anchors would be tested.  Also the cement grout used as the bonding 
agent was compressive strength tested at that time to ensure that the grout was a 
minimum of 4000 psi to reduce the chances of pull out or bond failures. 

 
4. Two steel channels were placed side by side approximately three inches apart and 

supported on each end by steel plates.  This beam assembly was used to support 
the test jacks and functioned as a means to ensure that the anchors were loaded in 
an unconfined condition. 

 
 
5. The test jack assembly consisted of three hydraulic jacks that worked off a single 

pump.  The jacks distributed an equal amount of force to all anchors in the test 
series. 

 
6. Each test consisted of a group of three anchors. 

 
 
7. A dial indicator gauge was used on the center of the three anchors in the test 

series to measure anchor movement. 
 
8. Anchor load was applied in varying intervals. 

 
 
9. Load was applied until a failure occurred and the load at failure and anchor 

movement was recorded. 
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Testing Apparatus 
 

1. Wms. R51-05 #5 GR60 All Thread Rebar and Wms. R53-05 GR60 hex nut. 
 
2. Five Star Fluid 100 Cement Grout 

 
3. 2 ea. C12 x 25 steel channels x  60” long 
 
4. One dial indicator gauge and mounting equipment 

 
5. 3 ea. 30 ton hydraulic test rams (RRH307) with gauge and electric pump 

 
6. Manifold that allows three jacks to be used in a series 

 
7. Buckets and water for mixing grout 

 
8. Hydraulic jack hoses 
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Failure Type Movement

Test 
series

Wall 
no. Wall 8" Thick Wall 10" Thick Wall 12" Thick Description on dial indicator 

at failure load

1 1 28800 lbs. Concrete Failure 0.053

2 1 30324 lbs. Stopped Test n/a

3 2 26714 lbs. Concrete Failure n/a

4 2 26714 lbs. Concrete Failure 0.056

5 3 23104 lbs. Concrete Failure 0.173

6 3 23104 lbs. Concrete Failure n/a

7 4 24548 lbs. Concrete Failure 0.156

8 4 22382 lbs. Concrete Failure 0.010

9 5    27436 lbs. (28 day) Concrete Failure 0.260

10 5    28158 lbs. (28 day) Concrete Failure 0.300

AVERAGE AVERAGE AVERAGE

23284 lbs 26714 lbs 29562 lbs

# 5 All-Thread Grade 60 Ultimate Strength = 28,800 lbs

Failure Load(lbs.)

fc'= 7 days= 3,870 psi, tests 1-8
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    Conversion Chart for 30 Ton Hydraulic Jack

Jack no. RCH307 Ram Area = 7.22 Sq.In.
   Jack Gauge psi to Bolt Tension in Lbs. (7.22 sq.in.  x  psi)

GAUGE  P.S.I RAM PRESSURE IN LBS. GAUGE  P.S.I RAM PRESSURE IN LBS.

100 psi 722 lbs. 4,100 psi 29,602 lbs.
200 psi 1,444 lbs. 4,200 psi 30,324 lbs.
300 psi 2,166 lbs. 4,300 psi 31,046 lbs.
400 psi 2,888 lbs. 4,400 psi 31,768 lbs.
500 psi 3,610 lbs. 4,500 psi 32,490 lbs.
600 psi 4,332 lbs. 4,600 psi 33,212 lbs.
700 psi 5,054 lbs. 4,700 psi 33,934 lbs.
800 psi 5,776 lbs. 4,800 psi 34,656 lbs.
900 psi 6,498 lbs. 4,900 psi 35,378 lbs.

1,000 psi 7,220 lbs. 5,000 psi 36,100 lbs.
1,100 psi 7,942 lbs. 5,100 psi 36,822 lbs.
1,200 psi 8,664 lbs. 5,200 psi 37,544 lbs.
1,300 psi 9,386 lbs. 5,300 psi 38,266 lbs.
1,400 psi 10,108 lbs. 5,400 psi 38,988 lbs.
1,500 psi 10,830 lbs. 5,500 psi 39,710 lbs.
1,600 psi 11,552 lbs. 5,600 psi 40,432 lbs.
1,700 psi 12,274 lbs. 5,700 psi 41,154 lbs.
1,800 psi 12,996 lbs. 5,800 psi 41,876 lbs.
1,900 psi 13,718 lbs. 5,900 psi 42,598 lbs.
2,000 psi 14,440 lbs. 6,000 psi 43,320 lbs.
2,100 psi 15,162 lbs. 6,100 psi 44,042 lbs.
2,200 psi 15,884 lbs. 6,200 psi 44,764 lbs.
2,300 psi 16,606 lbs. 6,300 psi 45,486 lbs.
2,400 psi 17,328 lbs. 6,400 psi 46,208 lbs.
2,500 psi 18,050 lbs. 6,500 psi 46,930 lbs.
2,600 psi 18,772 lbs. 6,600 psi 47,652 lbs.
2,700 psi 19,494 lbs. 6,700 psi 48,374 lbs. 80%
2,800 psi 20,216 lbs. 6,800 psi 49,096 lbs. Max 
2,900 psi 20,938 lbs. 6,900 psi 49,818 lbs. Allow
3,000 psi 21,660 lbs. 7,000 psi 50,540 lbs. Limit
3,100 psi 22,382 lbs. 7,100 psi 51,262 lbs.
3,200 psi 23,104 lbs. 7,200 psi 51,984 lbs.
3,300 psi 23,826 lbs. 7,300 psi 52,706 lbs.
3,400 psi 24,548 lbs. 7,400 psi 53,428 lbs.
3,500 psi 25,270 lbs. 7,500 psi 54,150 lbs.
3,600 psi 25,992 lbs. 7,600 psi 54,872 lbs.
3,700 psi 26,714 lbs. 7,700 psi 55,594 lbs.
3,800 psi 27,436 lbs. 7,800 psi 56,316 lbs.
3,900 psi 28,158 lbs. 7,900 psi 57,038 lbs.
4,000 psi 28,880 lbs. 8,000 psi 57,760 lbs.

ENERPAC - Double acting
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Conclusion 
 
In these testes, the full ultimate tensile capacity of the headed #5 Grade 60 All-Thread 
Bar could be developed in concrete that is approximately 3500- 4000psi  with steel 
reinforcing equivalent to these specifications, twelve inches anchor embedded and a wall 
thickness of a minimum of twelve inches and two feet high.  Anchor spacing closer than 
sixteen inches is out of the scope of these tests, however anchor spacings larger than 
sixteen inches may demonstrate larger anchor capacities. (especially in narrower walls).  
For walls that are ten or eight inches in width, anchor capacity reduction factors should 
be considered because test results revealed that the full steel capacity of the anchor rod 
could not be developed.  If additional anchor testing is found to be necessary…higher 
concrete strength and a more aggressive steel reinforcing pattern should be the adjusted 
parameters.  All test failure modes consisted of concrete failure except for test number 
two.  Grout bond failures or pull out failures were not observed in this test program 
demonstrating that embedment depth, grout selection and anchor deformations are 
adequate.   
It is our opinion that with additional vertical reinforcement and a 5000 psi concrete mix, 
the full ultimate tensile capacity of the #5 grade 60 All-Thread Bar could possibly  be 
reached in an eight inch wide concrete wall that is a minimum of two feet tall.    
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