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I rnRODUCTI OIl 

MASONRY PREFABRICATION 

IN 

SOUTHERN CALIFORNIA,USA 

by 

Walter L. Dickey 
Consulting Structural Engineer 

This discussion is primarily limited to Southern California beca use the total 
overall subject of prefabrication is too large an item. Also, because detailed 
techniques and methods are limited to specific locale just as dialects are dif­
ferent for different areas, e.g., "English 'l as it is spoken in London, or in 
Scotland, or in USA or in Australia, although I understand it is the same 
language. 

Although the local development in detail may be limited to restricted areas it is 
definitely influenced by other more or less distant local history, studies, de­
velopment, improvement, and modulation (or accent.). Local personalities are fre­
quently most influential factors. 

The prefab method has long had a certain continuing charm and attraction, both 
aesthetically and economically, especially with regard to new improved methods 
and equipment,as available. It has the prestige connotation of "NEW, "mystical 
prefab", "high quality", "innovation",as well as attractive practical economy. 

The above factors have led to at least one very attractive, unique, and unusual 
masonry prefab project, an example of the above benefits. 

The following discussion is in the oeneral outline of a look at HISTORY, ADVAN­
TAGES, DESIGN REQUIREMENTS, BOLTS A~D INSERTS, unique EXAMPLE, leading to CON­
CLUSION. 

HISTORICAL 

Masonry prefabrication has been seen sporadically in the East, e.g., large resi­
dential brick walled homes and warehouse walls in Ohio. 

In the Midwest, i.e., Arizona, there was a machine prefabrication. Tomax was a 
method of providing prefabricated concrete block wall panels by machine prefab­
rication. This also was initiated in some other areas but did not receive wide­
spread usage. 

This machine laid prefabricated concrete block wall method was quite successful 
there. It automatically placed mortar bed joints, laid the block in a program­
ed sequence, in a frame, placed them on the mortar bed joint and poured the head 
joints for course after course until completed and then moved the panel to stor­
age. The machine was then franchised to several areas but the right specific 
enthusiastic personalities were not widespread enough for wide acceptance. In 
the San Francisco area it was effective for several items such as freeway sound 
barrier walls and warehouse walls . 

There was a surge in prefab production in Denver, five contractors specializinq 
in prefab. One survived by the expedient of franchising. 
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Then there was considerable prefab in Utah. 

One of the most successful and recent blossoming of prefab was in the Northwest 
area of the USA. Three important phenomena occurred. One was that a good enpi­
neer skilled in masonry was an enthusiastic participant. Another item was that 
a well qualified masonry contractor set up a plant and specialized in prefab. 
Another was that a brick ma nufacturer was willing to promote and back the scheme 
with seminars. brochures and A/ V presentations. There were several successful 
projects that demonstrated and proved the feasibility of prefab. 

In Southern California there had been some excellent experiences with architec­
tural precast concrete facing panels in a very successful manufacturin9 program, 
especially by Wailes Precast Concrete. This firm even included several precast 
pane l projects with ceramic or terra cotta facings. Other Southern California 
precasters followed that lead with many very successfu l precast installations. 

A recent prefab activity was the use of steel framed pane l s faced with Gail 
Plate, a ceramic tile facing. 

The ~1aso nry Institute of America, based in Southern California, recognized the 
feasibility of masonry prefab and provided many seminars showinp me thods, suc­
cessful projects from other areas )and presented adva ntages of prefab. 

ADVANTAGES 

The principle of masonry prefabrication has been simmering, even boilinr, for so 
long because of the many potential advantages for specific suitable projects. 
These advantages mig ht be reviewed briefly in summary form as follows: 

* Shortened, or telescoped, construction time for buildin g 
enclosure. 

* Less interference with other buildinQ trades as with 
scaffolding etc.Jfor faster )more economical )ob progresso 

* More economical layin g of panels under shop conditions. 

* ~1ore assurance of good qua li ty contro 1 . 

* Greater flexibility in designo 

* Greater freedom of dramatic shape and patterns. 

* Provides the inherent benefits of masonry claddinq, e.g.; 

Durabil ity 
Low maintenance 
Brick chal'acter 
Solar energy conservation 
Fire endurance 

* Quick economic provision of enclosure construction. 

DESIGN PROVISIONS 

The desians in Southern California have been under the jurisdiction of the Uni ­
form Building Code of the International Conference of Building Officials. The 
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ear1y design of c1adding had been rather simp1e, mere1y design under simp1e con­
ventiona1 methods, However, after the A1askan earthquake and the San Fernando 
quake of 1971, in which there were disastrous fai1ures of many precast concrete 
pane1s, there was an a1most hysterica1 reaction and quite conservative provi­
sions were introduced into the Uniform Bui1ding Code by the Structura1 En gi­
neers Association Df Southern Ca1ifornia. This is probab1y warranted because 
pane1s might pose a hazard to human 1ife,because pane1 insta11ations are so 
frequent1y above pub1ic areas and ways. 

These code provisions are indicated in the fo11owing excerpts from the UBC. 
(g) Lateral Force on Elements or Structures and Nonstructural Compo­

nents. Parts or portions of structures, nonstructural components and their 
anchorage to the main structural system shall be designed for lateral forces in 
accordance with the following formula: 

Fp = ZICp"'p . .. . .... . . ... .. ... .. . . . (12-8) 

The values of Cp are set forth in Table No. 23-1. The value of the I coefficient 
shall be the value used for the building. 

EXCEPTIONS: I. The value of I for pane I connectors shall be as given in 
Section 2312 (j) 3 C. 

The distribution of these forces shall be according to the gravity loads pertain­
ing thereto . 

For applicable forces on diaphragms and connections for exterior panels, refer 
to Sections 2312 U) 2 C and 2312 U)3 C. 

(h) Drift and Building Separations. Lateral deflections or drift of a story 
relative to its adjacent stories shall not exceed 0.005 times the story height unless 
,it can be demonstrated that greater drift can be tolerated . 

Ali portions of structures shall be designed and constructed to act as an integral 
unit in resisting horizontal forces !!nless separated structurally by a distance 
sufficient to avoid contact under deflection from seismic act ion or wind forces . 

B. Reinforced masonry or concrete. Ali elements within structures located in 
Seismic Zones No . 2, No. 3 and No. 4 which are of masonry or concrete shall be 
reinforced so as to qualify as reinforced maso~ or concrete under the provisions 
ofChapters 24 and 26. Princ'ipal reinforcement m masonry shall be spaced 2 feet 
maximum on center in buildings using a moment-resisting space frame. --

C. Exterior elements. Precast or prefabricated nonbearing , nonshear wall 
panels or sinúlar elements which are attached to or enclose the exterior shall be 
designed to resist the forces determined from Formula (12-8) and shall accommo­
date movements of the structure resulting from lateral forces or temperature 
changes . The concrete panels or other similar elements shall be supported by 
means of cast-in-place concrete or mechanical connections and fasteners in 
accordance with the following provisions: 

Connections and panel joints shall allow for a relative movement between 
stories of not less than two times story drift caused by wind or (3.0/K ) times the 
calculated elastic story displacement caused by required seismic forces , ar V2 
inch, whichever is greater. Connections to permit movement in the plane of the 
panel for story drift shall be properly designed sliding connections using slotted or 
oversized holes or may be connections which permit movement by bending of 
steel or other connections providing equivalent sliding and ductility capacity. 

Bodies of connectors shall have sufficient ductility and rotation capacity so as 
to preclude fracture of the concrete or brittle failures at or near welds . 

The body of the connector shall be designed for one and one-third times. the 
force determined by Formula (12-8). Fasteners attachmg the connector to the 
pane I or the structure such as bolts, inserts , welds, dowels, etc ., shall be designed 
to ensure ductile behavior of the connector or shall be designed for four times the 
load determined from Formula (12-8). 

Fasteners embedded in concrete shall be attached to or hooked around reinforc­
ing steel or otherwise terminated so as to effectively transfer forces to the 
reinforcing steel. 

The value of the coefficient I shall be 1.0 for the entire connector assembly in 
Formula (12-8). " . ------
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BOLT ANO INSERT CONNECTIONS 

Early bolt allowable values under the UBC have been as shown in the following 
table for years. 

TABLE NO. 24-G-ALLOWABLE SHEAR ON BOLTS FOR ALL MASONRY 
EXCEPT UNBURNED CLAY UNITS 

DIAMETER OF EMBEDMENTI SOLlD GROUTED 
BOLT MASONRY MASONRY 

(Inches) (Inches) (Shear in Pounds) (Shur in Pounds) 

~ ~ 4 :3.50 .5.50 
~~ 4 .500 750 
:y.. .5 750 1100 
7/~ 6 1000 1500 

1 7 1250 1850 2 

l'h 8 1500 2250 2 

I An additional 2 inches of embedment shall be provided for anchor bolts located 
in the top of columns for buildings located in Seismic Zones Nos . 2, 3 and 4 . 

2Permitted only with not less than 2500 pounds per square inch units . 

These are traditional values as allowed for either uninspected or inspected or 
low strength or high strength masonry. Those values are really quite ineffec­
tual provisions based on high factors of safety. for safe use in low stren9th 
masonry, with no edge distance requirements, no limits on location relative to 
joints, no values for pull-out or tension, i .e., not very precise valid limits. 
Western States Clay Products Association conducted tests for bolt shear values 
in high strength grouted hollow unit masonry obtaining good values. The allow­
able values permitted are marked on the curves of performance determined by the 
tests as can be seen, the allowab1e va1ues were extreme1y conservative compared 
to the actual final u1timate capacity. 

BOLT VERTICAL 5HEAR TEST BOLT HORIZO NTAL 5HEAR TE5T 
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These are two of the load def1ection curves obtained in testing the bo1ts in 
the Western States C1ay Products Association programo They carried loads far 
in excess of the "Allowab1e" limit imposed by the 1/16" slip. 
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Obviously,additional testing was necessary for reasonable values of bolts in 
shear, as well as bolts in tension, for reasonable panel installations. 

An initial pilot test program was made by Higgins Brick Company which showed 
quite high values to be possible. However, it was apparent that for the major 
load points of prefabricated panels that greater capacities would be needed for 
reasonable installations. 

Although calculations could be made of var ious installations they would be 
rather complex and uncertain. Therefore, an extensive test program was per­
formed by Higgins and R & R Masonry, trying se veral types of inserts. 

The most successful types were then thoroughly tested in an extensive proaram at 
the University of California at Los Angeles (UCLA) to provide assured allowable 
capacities for shear vertically and horizontally as well as the otherwise inde­
terminate pull-out capacities. 

The inserts tested at UCLA were as shown in the followin g drawing Figure of 
the two bolt inserto The four bolt insert was similar and was for the basic two 
point support of the loads. 

DETAIL - TWO-BOLT ANCHORAGE INSERT 

'Iz~ DIAMETER (1.0 .) COUPLER 

WITH CROSS·SECTlONAL ARfA r 3"l 
GREA TER THAN aR EQUAL TO 
'11~ DJAMETER sou; A30? 
DR A36 MATERIAL 
WELO TO ;;." PLATE 
QF A36 MATERIAL 

CENTERLlNE DF JOINT 

SAWCUTS FACE $HELLS 
Ar CELLS TO RECEIVE 
BOLTS ANO DAM PR IOR 
TO GROUT/NG . 

SECTlON - TWO-BOLT ANCHORAGE INSERT 

PATENT PENDING 

FiClure '2-
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These were to provide resistance to shear and also resist pull-out or push in 
failure shown in Figure 

PULLOUT CONDITION 
DEPTH DF CONE. dpo :& 3· 

PUSH IN CONDITION 
DEPU" DF CONE. dp 1 '" 4.S· 

FIGURE 3 PULLOUT VS . P USH -IK CONE FAILURES 

These were tested for the specific loadings that would be imposed on a typical 
panel as shown in Figure~ and the section Figure 5 

FLOOR LlNE - - --- ---
Q 
).. .... 
9 
2 
o .... 
5' 

CEILlNG L,!:!E _ _ ." 

FIGURE 4 

= 

= 

TWO·BOLT MIDDLE TOP ANCHORAGE INSERT 
PROVIDES HORIZONTAL SUPPORT FOR PANEL; 
USE 2 BOLT ANCHORAGE INSERTS AT EOUAL 
INTERVALS ALONG PANEL; NO. DF INSERTS 

VARIES WITH PANEL LENGTH. 

20 '·0 · TO 40'·0 · TYP. 

-r 
l!---- -

- ,-::: ~ '<;' -

4 

/ FOUR·BOL T ANCHORAGE INSERT PRO VIDE 
VERTICAL SUPPORT FOR PANEL; USE A = = 4 BOLT ANCHORAGE INSERT AT EACH 

PANEL END TYPICAL 

= = 

TWO·BOLT KICKER INSERT PREVENTS OVERTURNING 
DF THE PANEL; USE 2 BOLT KICKER ANCHORAGE INSERTS AT 
EQUAL INTERVALS ALONG PANEL; NO. DF KICKERS VARIES WITH 
PANEL LENGTH. 

INSIDE ELEVATION - TYPICAL PREFABRICATED MASONRY PANEL 
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STEEL ANGLE (SIZE & 
THICKNESS VARIES WITH 
SUPPORT CONDITIONS) AT· 
TACHED TO THE PRE· 
FABR/CATED MASONRY 
PANEL WITH 4 . 'I< " DIA. 
A325 BOLTS. CONNECT TO 
OUTRIGGER FROM COLUMN, 
OUTRIGGER FROM BEAM, 
OR FLOOR SLAB AS CONDI· 
TlONS DICTA TE. 

FINISHED FLOOR UNE 

SPANDREL BEAM 

(7 

OUTSIDE FACE OF BUILDING 

'i """ ) 

3" 

-1 1-1- 4 BOLT ANCHORAGE INSERT !'1 EMBEDDED IN MASONRY PANEL 

V ELEVA TlON VARIES WITH SUPPORT CONDITIONS 11 ------·------ --- ------
2 BOLT ANCHORAGE INSERT 

EMBEDDED IN MASONRY PANEL 

PERIMETER COLUMN BEYOND ~ 

NOTES: 

CE/UNG UNE 

ELEVA TlON VARIES WITH SUPPORT CONDITIONS 

STEEL PLATE OR ANGLE 
ATTACHED TO THE PRE· 
FABRICATED MASONRY PANEL 
WITH 2· V," DIA . A307 BOL TS. 
CONNECT TO STRUT FROM 
SPANDREL BEAM, COLUMN. OR 
FLOOR AS CONDITIONS DICTATE. 
SEE FIG. 1·4 FOR WELDING 
DETAILS. 

TYPICAL SECTION @ POINTS OF VERTICAL SUPPORT 

1) CONNECTlONS OF STRUCTURAL STEEL AND MISCELLANEOUS IRON ELEMENTS NOT SHOWN FOR CLARITY. 
2) DETAILS FOR ATTACHMENT OF THE PREFABRICATED MASONRY PANELS TO A REINFORCED CONCRETE FRAME ARE SIMILAR. 

FIGURE 5' VERTICAL SECTlONS - CONNECTlON DETAILS 

The panel free body diagram of loadings anticipated was as shown in Figure 0 

PANEL 

SIDE ELEVATlON SECTlON ELEVATION 

FIGURE 0 PANEL FREE BODY DIAGRAMS 
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The inserts were tested in a manner very similar to the Standard AS Tt·1 methods 
but with additiona1 consideration of combined loadin g, e.g., the pu11-out load 
test was made with some shear load app1ied, simu1ating fie1d conditions. 

The performance of the inserts under load to fai1ure is shown in the load de­
f1ection curves. The pu11-out A11owab1e Load was taken as 1/4 x u1timate load. 
The shear A11owab1e Load was a1so at 1/ 4 times the u1timate load and it aqreed 
c1ose1y with the customary consideration of 1/16" slip as Allowab1e or 1i miting. 
The conventiona1 code masonry bo1t va1ue capacity is p10tted on these figures to 
i11ustrate the great increase that may be deve10ped and the tremendous actua1 
factor of safety that is provided, not on1y 1arge but a1so ducti1e in nature. 

l O 

60 

'O 

.0 

30 

20 

'0_ 

SHfAR 
UL TIMArE 
LOA D 

W p UH. LOA O = 67K($TD. D EV. = 8.1K} 

Wp ( 6= ' /16 ") = 18.5K '. 

o 

PULt.OUT LOAD 
RE SULTAN r 
F p = 50K 

00--· - 1:-----12::--------'1-=-3 ---- 1------'1, 

$ H EAR DEFLEC r/ON. INC HES 

FIGURE ' 7 . S HEAR LOAD- DEF LECTIOtl RELAT I ON: FOUR - BOLT ANCHORAGE 
INSE RT FULL II EIGIIT P ROTOTYPE PANEL 
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PULLou r 
ULTIMArE 
LOAD 
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F P UH. LOAD = 9,9K (S TO. DE V. = .47Kj 
lO! _ ___ 'L-________ ____ -="...-Q 

FIGURE e 

o 

o 

o 

F p ..tu. LOAD = 114ltF p uH. LOAD = 2.51< 

'//011 OI .02 

WITHDRA WA L DEFLEC TlON, IN 

.03 

PULLOUT LOAD VS. WITHDRAl'IAL: TWO-BOLT MIDDLE TOP 
ANCIIORAGE INSERT FULL HEIGIIT PROTOTYPE PANEL 

The most recent and best example of application of the prefab masonry is the 
$60 million office complex at 801 Civic Center in Santa Ana, California. The 
panels were fabricated at a site adjacent to the building. They were beinq con­
structed before the steel building frame was erected. The 4-story brick en­
closure was then installed in less than two weeks, without interfering with 
other simultaneous construction stages. 

An unusual feature of the panels is the inclusion of architectural precast con­
crete in portions of the panels. 

The cost of fabricating the brick wall panels was much less than if they had 
been built in place, partly because of the extensive scaffolding that would be 
necessary. 
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CONCLU$ION 

"PRECAST" concrete has gone through the phases of "Innovation" and "Fad" to 
efficient construction methods. Now PREFAB masonry has gone through many false 
starts in many parts of the world until now it can be accepted as a viable con­
struction method. providing: 

Speed of construction schedules 
Ease of construction methods 
Assurance of quality control 
Benefits of durable masonry cladding 
Energy conservation 
Reduced building weight 
Less building waste space 
Greater freedom of shape design 
Ease of aesthetic variation in patterns 

As shown in the example. 
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