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DESIGN CRITERIA  
 
BUILDING CODE: STATE OF MAINE UNIFORM BUILDING CODE  W/ IBC  & ASCE7 
 
DESIGN LOADS:  
   
 DESIGN WIND: LOCATION: PORTLAND, MAINE 
    BASIC WIND SPEED   100MPH  (98mph per ATC) 
    EXPOSURE CATEGORY B 
    IMPORTANCE FACTOR 1.0 
 
    
BRICK TIE: 
 HECKMANN POS-I-TIE BARREL ANCHOR WITH 3/16"DIA. WIRE TRIANGLE TIE. 
 
 
 

TIE CALCULATIONS: 
 
Design wind load =  26.1psf (zone 5) 
 
Tie tributary area = 2.67s.f. max. 
 
Max Load on Tie = 26.1psf x 2.67s.f. = 69.6 lbf 
 
Tie test failure load =  679 lbf (avg)  See attached data 
Factor of Safety provided = 10 
 
Fastener allow tension at 18ga stud 
 #10 screw Ta = 109 lbf 
 #12 screw Ta = 121 lbf 
 1/4" screw Ta= 138 lbf 
  
The Heckman Pos-I-Tie anchor with triangle ties are adequate for the prescribed maximum area (2.67s.f.).  
More closely spaced ties around openings are not required per ACI 530, and as shown in these 
calculations.  Per ACI 530, for wind loads not exceeding 110mph, ties around openings should not exceed 
3ft on center and be located within 12inches of the opening. 
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MacLeod Structural Engineers, PA JOB TITLE Park Danforth
404 Main Street Portland, ME
Gorham, Maine JOB NO. 2015-287 SHEET NO.

p 207-839-0980 CALCULATED BY NED DATE

f 207-839-0982 CHECKED BY DATE

www.struware.com

Code Search

I.       Code: ASCE 7 - 05

II.     Occupancy:

Occupancy Group = R Residential

III.    Type of Construction:

Fire Rating:
Roof =
Floor =

IV.     Live Loads:
Roof angle    () 0.00 / 12 0.0 deg  
Roof 0 to 200 sf: 

200 to 600 sf: 
over 600 sf: 

Floor
Stairs & Exitways
Balcony
Mechanical
Partitions

V.      Wind Loads :    ASCE 7 - 05

Importance Factor 1.00
Basic Wind speed 100 mph
Directionality  (Kd) 0.85
Mean Roof Ht  (h) 55.0 ft
Parapet ht above grd 19.0 ft
Exposure Category B
Enclosure Classif. Enclosed Building
Internal pressure +/-0.18
Building length (L)  325.0 ft
Least width       (B) 60.0 ft
Kh   case 1 0.833
Kh   case 2 0.833

Topographic Factor   (Kzt)
Topography Flat
Hill Height            (H) 0.0 ft H< 60ft;exp B
Half Hill Length (Lh) 0.0 ft  Kzt=1.0
Actual H/Lh          = 0.00
Use H/Lh               = 0.00
Modified Lh          =  0.0 ft
From top of crest: x= 0.0 ft
Bldg up/down wind? downwind

H/Lh= 0.00 K1 = 0.000

x/Lh = 0.00 K2 = 0.000

z/Lh = 0.00 K3 = 1.000
At Mean Roof Ht:

Kzt = (1+K1K2K3)^2 = 1.000



MacLeod Structural Engineers, PA JOB TITLE Park Danforth
404 Main Street Portland, ME
Gorham, Maine JOB NO. 2015-287 SHEET NO.

p 207-839-0980 CALCULATED BY NED DATE

f 207-839-0982 CHECKED BY DATE

V.  Wind Loads - Components & Cladding:  Buildings h 60'  &  Alternate design 60'<h<90'
Kz = Kh (case 1) = 0.83 GCpi = +/-0.18 NOTE: If tributary area is greater than

Base pressure (qh) = 18.1 psf a = 6.0 ft 700sf, MWFRS pressure may be used.
Minimum parapet height at building perimeter = 4.5 ft

Roof Angle = 0.0 deg
Type of roof = Monoslope

Roof GCp +/- GCpi Surface Pressure (psf) User input
Area 10 sf 50 sf 100 sf 10 sf 50 sf 100 sf 20 sf 70 sf

Negative Zone 1 -1.18 -1.11 -1.08 -21.4 psf -20.1 psf -19.6 psf -20.8 psf -19.9 psf
Negative Zone 2 -1.98 -1.49 -1.28 -35.9 psf -27.0 psf -23.2 psf -32.1 psf -25.2 psf
Negative Zone 3 -1.98 -1.49 -1.28 -35.9 psf -27.0 psf -23.2 psf -32.1 psf -25.2 psf

Positive All Zones 0.48 0.41 0.38 10.0 psf 10.0 psf 10.0 psf 10.0 psf 10.0 psf
Overhang Zone 1&2 -1.70 -1.63 -1.60 -30.8 psf -29.5 psf -29.0 psf -30.3 psf -29.3 psf

Overhang Zone 3 -1.70 -1.63 -1.60 -30.8 psf -29.5 psf -29.0 psf -30.3 psf -29.3 psf
Negative zone 3 = zone 2, since parapet >= 3ft.

Walls GCp +/- GCpi Surface Pressure (psf) User input
Area 10 sf 100 sf 500 sf 10 sf 100 sf 500 sf 3 sf 3 sf

Negative Zone 4 -1.17 -1.01 -0.90 -21.2 psf -18.3 psf -16.3 psf -21.2 psf -21.2 psf
Negative Zone 5 -1.44 -1.12 -0.90 -26.1 psf -20.3 psf -16.3 psf -26.1 psf -26.1 psf

Positive Zone 4 & 5 1.08 0.92 0.81 19.6 psf 16.7 psf 14.7 psf 19.6 psf 19.6 psf
Note: GCp reduced by 10% due to roof angle <= 10 deg.

Parapet
qp = 15.2 psf Solid Parapet Pressure 10 sf 100 sf 500 sf

CASE A :  Interior zone : 41.2 psf 31.3 psf 26.4 psf
CASE A = pressure towards building Corner zone : 41.2 psf 31.3 psf 26.4 psf
CASE B = pressure away from building CASE B :  Interior zone : -28.8 psf -24.0 psf -20.6 psf

Corner zone : -32.9 psf -25.7 psf -20.6 psf

Rooftop Structures & Equipment

Dist from mean roof height to centroid of Af = Gust Effect Factor  (G) = 0.85
Height of equipment (he)  = Base pressure (qz) = 21.3 Kd psf

Cross-Section Square
Directionality  (Kd) 0.90

Width   (D) 10.0 ft h/D  = 0.00
Type of Surface N/A

Square (wind along diagonal) Square (wind normal to face)
Cf  = 1.00 Cf  = 1.30

Af  = 10.0 sf Af  = 10.0 sf
Adjustment Factor (Adj) = 1.90 Adjustment Factor (Adj) = 1.900

F = qz G Cf Af  Adj= 16.3 Af  F = qz G Cf Af  Adj= 21.2 Af
F = 163 lbs F   = 212 lbs
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Location of Wind Pressure Zones

 7 degrees and Monoslope roofs
Monoslope  3 degrees 3° <  

Monoslope roofs 10° <  30°  7 degrees  7 degrees





Test Data for POS-I-TIE™ Brick Veneer Anchoring System 

Tests were conducted at the Phil Ferguson Structural Engineering Laboratory at the 

University of Texas at Austin under the supervision of Dr. Richard Klingner 

Spring/Summer 2005. 

2 ½" Pos-I-Tie™ Self-Drilling Screw In Steel Studs 
Tension Test  

5 specimens were tested. Each consisted of a 16 gage steel stud with 1/2" Denz-glass, 

2" Styrofoam, 2" airspace, and a standard modular clay-masonry veneer. The 2-1/2" 

long Pos-I-Tie self-drilling screw was drilled through the Styrofoam and denz-glass 

into the steel stud. A 3/16" x 4" long Hot Dipped Wire Tie was connected to the 

Barrel-Screw and mortared in the bed joint of the veneer.  

Also given, in inches, are the "plateau displacements" at which the approximate 

maximum load level was first reached. This plateau displacement is a general index of 

the deformation capacity of the tie system. 

Table 1 
Tension Test –  

With TRIANGLE WIRE TIE  

 

sample failure failure load , lbs 
Plateau Displacement, 

inches 

1 screw pulled out of steel stud 679 1.2 

2 triangle tie pulled out of bed joint 605 1.2 

3 eye of screw fractured 709 1.3 

4 eye of screw fractured 756 1.4 

5 triangle tie pulled out of bed joint 644 1.5 

 
AVERAGE 679 

 

 
COV 0.086 

 
 



Table 2 
Tension Test –  

With SINGLE WIRE TIE  

 

sample failure failure load, lbs 
Plateau Displacement, 

inches 

1 Single-leg tie pulled out of bed joint 350 1.8 

2 Single-leg tie pulled out of bed joint 610 0.6 

3 
Masonry unit cracked, single-leg pulled 

out of bed joint 
415 0.2 

4 
Eye of screw "walked" to end of single-

wire tie, tie straightened out 
270 0.4 

5 
Eye of screw "walked" to end of single-

wire tie, tie straightened out 
547 0.3 

 
AVERAGE 438 

 

 
COV 0.32 

 

Tension Tests - Self-Drilling Screw to Steel Studs Summary 
" Specimens with triangle ties are about 1.5 times as strong as the single-wire ties, and 

are also much more consistent in strength. 

" These ties are "adjustable two-piece anchors" under the definition of MSJC Code 

Section 6.2.2.5.6, which requires that one such anchor be provided for every 2.67 ft2 

of wall area. Put simply, each tie must be responsible for 2.67 sq ft of wall. A typical 

high design wind pressure (components and cladding) is 50 lb/ft2. Typical design 

loads per anchor, assuming a load factor of 1.6, are therefore about 215 lb. Even the 

weaker of the two types of tie has strength about twice this. 
" Specimens with triangle ties sometimes failed by pullout of the tie from the bed 

joint, and sometimes by fracture of the eye of the screw. In contrast, the specimens 

with single-wire ties sometimes failed by pullout of the tie from the bed joint, and 

sometimes by straightening out of the tie. This straightening out ultimately limited the 

capacity of the single-wire ties to loads less than what would probably have been 



required to fracture the eye of the screw. 

" Because the specimens were loaded so that the stud could rotate, loads were directed 

along the axis of the tie, and the closed eyes at the ends of the Pos-I-Tie® screws were 

subjected to concentric loads only, with essentially no shear or bending. As a result, 

the capacities corresponding to eye fracture are quite high, about 700 lb (triangle ties). 

This is in contrast to loads corresponding to the Tapcon Pos-I-Tie tests, and is 

discussed in the section dealing the CMU tests. 

" Specimens with triangle ties have plateau displacements much larger than the 

specimens with single-wire ties. This is because the triangle ties are closed, and the 

eye cannot slip off. In contrast, specimens with single-wire ties are limited in 

displacement capacity by straightening out of the tie or slipping of the eye of the 

screw along the bent end of the tie. Triangle ties are initially stiffer than single-wire 

ties, because they have two wires rather than one. 

" Examination of some specimens shows that the female-threaded portion of the Pos-

I-Tie can turn with respect to the embedded portion of the screw. This does not seem 

to affect capacity, however. Capacity is much more affected by the movement under 

load of the screw-eye of specimens with single-wire ties, toward the free end of the 

tie. 

 

2 ½" Pos-I-Tie™ Self-Drilling Screw In Steel Studs 

Compression Test  
5 specimens were tested. Each consisted of two 16 gage steel studs with 1/2" Denz-

glass, 2" Styrofoam, 2" airspace, and standard modular clay masonry veneer. Two 2-

1/2" long Pos-I-Tie self-drilling screws were drilled into each stud. 3/16" x 4" long 

Hot Dipped Pos-I-Tie Triangle ties were connected to the Barrel-Screws and mortared 

in the bed joints of the veneer. (Entire wall was 3 masonry units wide x 9 high). 

Table 3 

Compression Test - 

With TRIANGLE 

WIRE TIE 
  

 

sample failure 
failure 

load, lbs 

Plateau 

Displacement, 

(total) inches 

Plateau Displacement, 

(gap) inches 

1 buckling of ties 1503 0.6 --- 



2 buckling of ties 1359 0.4 0.1 

3 buckling of ties 1254 0.4 0.1 

4 buckling of ties 1398 0.4 0.2 

5 buckling of ties 1458 0.4 0.2 

 
AVERAGE 1394 

  

 
COV 0.069 

  
 

Table 4 

Compression Test - 

With  

SINGLE WIRE TIE 
  

 

sample failure 
failure 

load, lbs 

Plateau 

Displacement, 

(total) inches 

Plateau Displacement, 

(gap) inches 

1 buckling of ties 1286 1.5 1.5 

2 buckling of ties 743 0.8 0.8 

3 buckling of ties 1015 0.4 0.4 

4 buckling of ties 1026 0.4 0.2 

5 buckling of ties 936 0.6 0.4 

 
AVERAGE 1002 

  

 
COV 0.20 

  

Compression Tests - Self-Drilling Screw to Steel Studs Summary 
" All specimens failed by buckling of the ties. Failure loads are higher for triangle ties 

than for single-leg ties, because triangle ties have two legs rather than one. 

" These ties are "adjustable two-piece anchors" under the definition of MSJC Code 

Section 6.2.2.5.6, which requires that one such anchor be provided for every 2.67 ft2 

of wall area. Put simply, each tie must be responsible for 2.67 ft2 of wall. A typical 

high design wind pressure (components and cladding) is 50 lb/ft2. Typical design 

loads per anchor, assuming a load factor of 1.6, are therefore about 215 lb. For four 

anchors, the typical design loads would be 4 times this, or 860 lb. Even the weaker of 



the two types of tie has a strength exceeding this.  
" In specimens with triangle ties, the total plateau displacement is due primarily to 

deformation of the studs, with only slight contributions from the flexibility of the ties. 

In contrast, in specimens with single-wire ties, almost the entire total plateau 

displacement is due to closing of the gap. This is due to the relatively high flexibility 

of the single-wire ties compared to that of the triangle ties. 

 
 

5/8" Pos-I-Tie™ Tapcon® Screw In CMU 

 

Tension Test 
Each specimen consisted of an 8 x 8 x 16-in.lightweight CMU conforming to ASTM 

C90, with a 5/8-in. long Tapcon Pos-I-Tie® screw placed in the face shell of the unit. 

Using a 2-in. airspace, the eye of the screw was attached to a 3/16-in. diameter, 4-in. 

long tie that was mortared in the bed joint of veneer made of standard modular clay 

masonry units. 

Table 5 

Tension Test –  

With TRIANGLE WIRE TIE CMU  

Positie Tapcon® screw in face shell aligned 

with the cross-web 

 

 

sample failure 
failure load, 

lbs 

Plateau Displacement, 

(total) inches 

1 Fracture of eye 489 0.2 

2 Fracture of eye 344 0.1 

3 Fracture of eye 454 0.3 

4 Fracture of eye 405 0.3 

5 Fracture of eye 404 0.4 

 
AVERAGE 419 

 

 
COV 0.13 

 
 



Table 6 

Tension Test –  

With TRIANGLE WIRE TIE CMU  

Positie Tapcon® screw in face shell aligned 

with the empty cell 

 

 

sample failure 
failure load, 

lbs 

Plateau Displacement, 

(total) inches 

1 Fracture of eye 410 0.4 

2 Fracture of eye 549 0.7 

3 Pullout of tie from bed joint 785 1.0 

4 Fracture of eye 572 0.3 

5 Fracture of eye 404 0.6 

 
AVERAGE 544 

 

 
COV 0.29 

 

 

Table 7 

Tension Test –  

With SINGLE WIRE TIE CMU  

Positie Tapcon® screw in face shell aligned 

with the cross-web 

 

 

sample failure 
failure load, 

lbs 

Plateau Displacement, 

(total) inches 

1 Pullout of tie from bed joint 364 0.4 

2 Fracture of eye 599 0.2 

3 Fracture of eye 419 0.3 

4 Fracture of eye 613 0.4 

5 Fracture of eye 517 0.3 

 
AVERAGE 502 

 

 
COV 0.22 

 
 



Table 8 

Tension Test –  

With SINGLE WIRE TIE CMU  

Positie Tapcon® screw in face shell aligned 

with the empty cell 

 

 

sample failure 
failure load, 

lbs 

Plateau Displacement, 

(total) inches 

1 Fracture of eye 574 0.2 

2 Fracture of eye 325 0.3 

3 Fracture of eye 621 0.2 

4 Fracture of eye 427 0.2 

5 Fracture of eye 487 0.4 

 
AVERAGE 487 

 

 
COV 0.24 

 

5/8" Pos-I-Tie™ Tapcon® Screw In CMU Tension Test Summary 
" Practically all specimens failed by fracture of the closed eye at the end of the Pos-I-

Tie screw. This failure mode is essentially independent of the type of tie or whether 

the tie is attached to the face shell of the CMU or the web. It is therefore essentially 

the same for all four types of specimens tested in this series. 

" These ties are "adjustable two-piece anchors" under the definition of MSJC Code 

Section 6.2.2.5.6, which requires that one such anchor be provided for every 2.67 ft2 

of wall area. Put simply, each tie must be responsible for 2.67 ft2 of wall. A typical 

high design wind pressure (components and cladding) is 50 lb/ft2. Typical design 

loads per anchor, assuming a load factor of 1.6, are therefore about 215 lb. Even the 

weakest of the four types of specimen has strength about twice this. 

" Examination of close-up photos of different specimens of this series during testing 

suggests that in most cases, the screw eyes were subjected to a combination of direct 

tension parallel to the axis of the screw, shear perpendicular to the axis of the screw, 

and local bending due to the orientation of the tie through the eye. Shear 

perpendicular to the axis of the screw arises when the axis of screw is not 

perpendicular to the face of the CMU, and therefore not exactly parallel with the 

direction of loading.  

" Because the specimens in this series were loaded so that the CMU and the veneer 

could not rotate freely, if the anchor were not perpendicular to the surface of the 

masonry, shears could exist perpendicular to the axis of the anchor, and would 

account for the lower capacity of the ties in CMU compared with the ties in Steel 



Studs. For example, in Table 5 and Table 6, which show failures for triangle ties by 

fracture of the eye, capacities are uniformly about 60% of the capacities 

corresponding to eye fracture for the same type of triangle tie in Table 1. Although the 

anchors and the failure modes are identical, the presence of shear in the CMU series 

makes the capacities in that series less than those in the Steel Stud test. It also makes 

the ties in the CMU fail almost invariably by fracture of the screw eye, rather than by 

the other failure modes noted for Steel Studs.  

" It might be thought that because local bending decreases the fracture load of the eye, 

and because local bending depends on the angle of the upright portion of the tie, that 

control of that angle in production is important. This is not the case, however. No 

matter what the initial angle is, the tie straightens out and the angle changes as the 

load increases. 

" Specimens with triangle ties have plateau displacements larger than the specimens 

with single-wire ties. This is because the triangle ties are closed, and the eye cannot 

slip off. The difference is less for the CMU tests than the Steel Stud tests, because the 

ties in the CMU are prevented from rotating by the manner in which the CMU and 

veneer are loaded. In contrast, specimens with single-wire ties are limited in 

displacement capacity by straightening out of the tie or slipping of the hook of the 

screw along the bent end of the tie. Triangle ties are initially stiffer than single-wire 

ties, because they have two wires rather than one. 



 

 

S.W.COLE was on-site at the request of our client to provide construction materials testing and to observe and document construction 

activities.  The contractor has sole responsibility for schedule, site safety, methods, completeness and quality control. 

 

CONSTRUCTION OBSERVATION REPORT 
 
Project:  The Park Danforth       S.W.COLE Project No.:  14-0065.2 
Client:  The Park Danforth       Date:  7/5/16 
Client’s Rep.:  Ron Norton Weather:  Mostly sunny, 60 - 85 
 
Work in Progress:  Custom Masonry, Inc.:  Installation of masonry veneer D-line and 11-line elevations. 
 
Work Performed by S.W.COLE Rep.:  Observations of anchorage type and pattern.   
 
General Observations and Discussions:  In coordination with PC Construction and as required by the 
project schedule of Special Inspections, we made a site visit to observe anchors being utilized to secure the 
masonry veneer.   
 
Installation of masonry has been ongoing for a few weeks and at the time of our visit, work was complete on H-
line, at the second floor level on D-line and near the fourth floor level on 11-line.  Anchors consisted of 
galvanized Pos-I-Tie system anchors with seismic wire triangle manufactured by Heckmann Building Products, 
Inc. as detailed in project submittal 04 20 0001.  Based on observations from the building interior, it appeared 
that the fasteners are consistently being installed through the light gage framing members at 16 inches on 
center both horizontally and vertically.  The fasteners are sized such that several threads penetrate the framing 
member.  Spacing observed appears to satisfy the project specifications for typical requirements, however, it 
does not appear that additional fasteners are being utilized at the openings and panel ends as required in 
project specification 04 20 00 section 3.12. E.     
 
Prior to leaving the site we discussed observations with Custom Masonry (Bill) and PC (Kemp) and understand 
going forward anchors will be spaced as detailed in the project specifications. 
 
 
 
 
 
 
 
 
Time Onsite: 9:00 – 10:00       S.W.COLE Rep.:  K. Gimpel 
Attachments:  Photos       Rev. by:  RED 
Sheet:  1 of 1 

Included for Reference



Heckmann Pos-I-Tie & Seismic Triangle - galvanized 

utilized for masonry veneer anchors

Included for Reference



Masonry veneer anchorage @ 16" O.C. E.W. 

through light gage framing members typical

Included for Reference



Masonry veneer anchorage not observed to be at 8" O.C. at 

perimeter of openings and end of panels
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