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hand, considering our relations 
with investors we have in store a 
number of proposals, which would 
facilitate the long-term outlooks. 
At present, our headcount is 160 
of people, and this is sufficiently 
steady structure for facade com-
pany according to the European 
standards. We’d studied the prac-
tices of similar organizations in 
Germany, and many things were 
applied.

-  How confidently do you face 
the future under pressure of the 
crunch?

- The crisis, or to be more accu-
rate, the moment when it hits, 
cannot be predicted, but it is 
absolutely obvious that economic 
decline is directly influencing the 
construction industry. We began to 
get ready for such severe scenario 
as far back as a year and a half 
ago, concentrating our efforts on 
becoming the closed loop com-
pany. That’s why we established 
our own production capacities, 
equipped with the ultramodern 
processing equipment, upcoun-

try. The manufacture is located at 
the lot owned by the company, 
that ensures our independence 
and guarantees the trouble-free 
operation whatever happens. 
These were enormous investments 
for the company, but we took that 
chance, obtaining thus additional 
advantages. Not less important 
the fact that having deployed the 
works upcountry we considerable 
save on wages and other expen-
ditures. 

The saved funds are being allo-
cated to development and improve-
ment of the collective’s welfare. At 
the moment, the company is build-
ing the settlement of town houses 
for families of our personnel. 

- And are there a lot of com-
petitors? 

- According to the statistics of 
the Schüco, our strategic partner 
delivering aluminium profile, the 
Aluterra S. K. is in top-10 of Russian 
facade companies. But this market 
is multilayer, and we fill the niche 
of our own, realizing the unique 
projects of specific complexity. We 

compete with other companies, 
but always there are opportunities 
for rational dialogue and mutual 
assistance. 

- What merits, in your view, 
should possess the company to 
be competitive in the existing 
economic circumsstances? 

- The basic task for any com-
pany is to retain its technological 
and production capabilities. The 
initially selected financial strat-
egies matter much. The wrong 
decisions of accepting orders on 
dumping prices affect the finan-
cial stability of some companies 
negatively to the utmost. Several 
companies negotiated a lot of 
contracts at short notice, offering 
minimum prices to the custom-
ers and expecting to obtain thus 
circulating capital for boosting. 
And that is unjustified risk. Failure 
of financing concerning any of the 
projects paralyzes the work on all 
the rest, and therefore it leads up 
to the internal crisis. 

Our company, striving for replen-
ishing of order portfolio, always 

followed the precise feasibility 
strategy in pricing and individual 
approach to each project. 

- Will your strategy be chang-
ing? 

- The basic task for today is to 
preserve the dynamics of devel-
opment, and nothing else mat-
ters. Most of developers possess 
enough financial resources to go 
on building. But they are waiting 
for further reduction in prices of 
building materials and services. 
But we are going to stimulate the 
clients not to mothball their proj-
ects, using the options, which 
haven’t been considered ever 
before. The on-trust delivery terms 
have been already negotiated with 
producers of materials and com-
ponents, which would allow us 
to check on with minimum credit 
advance. And our suppliers under-
stand, that the time of super-prof-
its is gone; therefore today we are 
offering to our clients the prices, 
adapted to the prevailing market, 
that undoubtedly would encour-
age improvement of performance. 
Many companies are likely to go 
on the wall, but those which sur-
vive will become the true leaders 
competing for future architectural 
masterpieces of modern Russia. 

Aluterra S. K. is one of the fore-
most companies applying integral 
approach in the field of design 
and building of the outer shells of 
buildings.

Aluterra S. K. is the group of 
highly technological, diversified 
companies for design, produc-
tion, delivery and installation of 
complex construction and engi-
neering structural units, includ-
ing: 

- stained glass and facade con-
structions from glass and alumin-
ium, stainless steel; 

- wood-and-aluminium; 
- transparent roofing; 
- window units, entrance con-

structions of wood, aluminium and 
stainless steel;

- the attached ventilated clad-
ding with revetment of different 
t ypes: composite, aluminium 
sheet, stone, natural ceramic plate, 
laminated wooden panels.  

The contemporary 42-storeyed 
building, 175 m in height, with the 
total area of 147000 sq. m. and hi-
tech facade, 50000 sq. m. in area, 
is capable of satisfying the most 
exacting demands of office lease-
holders. The indisputable advan-
tages of this high-rise building are 
original panel facade, free floor 
plans, perfect transport accessi-
bility, proximity to the underground 
station and vast parking area.

Technocom Group, being the 
Russian national leader in manu-
facturing and installation of facades 
for high-rise building, undertook 
the mission of designing, produc-
tion and installation of panel (ele-
ment) curtain walling with complex 
attached elements, which create 
uncommon geometric pattern.

There were used the most uncon-
ventional technical and logistic 
solutions for installation of blocks 
with non-rectangular thermopanes 
and different attached elements, 
which create the current stereom-
etry of the facade. 

The elements (blocks), with fin-
ishing on both sides, were delivered 
to the site from the Tekhnokom 
plants. Among the unique facade 
structures of the building the fol-
lowing versions of elements and 
constructions should be noted: 

• the elements (blocks) of the 
semicircular part of the building, 
including those located in the zones 
of increased wind load, made from 
the HUECK HARTMAN aluminium 
shapes extruded especially for this 
particular design;

• the elements (blocks) over the 
rectangular parts of the building, 
performed by application of the 
unique method of assembling (with 
cutting-down - the architectural 
method, which accentuates the 
facade’s texture); 

The Star-led Begovaya 
High-rise 
The North Star business centre in Begovaya district is obviously the first of the 
Greater Moscow City office skyscrapers. 

• the traditional strut and beam 
glazing with reverse slant consisting 
of bend glass thermopanes with one 
of its linear dimensions more than 
4,5 meters, creating a kind of “wave” 
over the facade of the building. 

Notwithstanding the general archi-
tectural idea of modest appearance 
of business centre, which serves to 
ensure the maximum functionality, 
the North Star Tower has the air of 
decorative originality, which makes 
it unique and unlike other high-rises 
of the Moscow City. 

The “star” element, made from 
composite material and attached 
to the facade panel from outside, 
was the way of realization of this 
idea. This particular panel also 
includes the unilocular thermopane 
with reflective external glass, which 
responds the daylight illumination, 
changing its reflectivity according 
to the light level. Because of the 
competent vertically integrated 
operations of the Technokom Group 
subdivisions, the North Star Tower 
business centre is distinguished by 

its unique, stylish facade design 
of the, which expresses concep-
tual architectural message the best 
way.

Thus, the sharp and distinct  
lines of the business centre in 
combination with expressive ele-
ments of the facade, performed by 
Technokom specialists, predeter-
mine not just attractiveness of the 
structure for leaseholders, but also 
accentuates its aesthetical signifi-
cance for the contemporary image 
of the Greater Moscow City.  
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We collaborate with consumers 
of steel, zinc-coated and rust-proof 
hardware, being authorized deal-
ers of more than ten of the biggest 
European vendors, and we keep on 
accumulating experience and sta-
ble business connections with sup-
pliers and clients. The offered prod-
ucts are the high-quality hardware 
for machine-building, motor vehicle 
and bridge engineering industry, 
furniture manufacturing, construc-
tion industry, revetment and repair 
of buildings, road and municipal 
service system, sanitary-engineer-
ing and ventilation equipment, 
railroad industry, including con-
struction of buildings of industrial 
and civil purpose. We 
consider that one of 
important achieve-
ments of our opera-
tions is introduction 
of European high-
strength hardware 
of 10.9 strength 
grade by Peiner 
U m f o r m t e c h n i k 
GmbH (Germany), 
which has already been 
used for such iconic units 
as Flight Control Center 
of Vnukovo airport and 
“Ukraine” hotel, into high-
rise practices. 

The period of operation 
of civil constructions and 
bridges, which work in 
conditions of severe cli-
mate and high alternating 
loads, depends on reli-
ability of applied hard-
ware. Quality and 
reliability of prod-
ucts and their cost 
are determined by 

materials and tech-
nologies applied for 
cold and hot upset 

of bolt (or nut) blanks, 
thread rol l ing and 
laying of corrosion-
resistant protective 
coating. 

The grade of materi-
al and conditions of ther-

mal treatment determine the 
basic mechanical properties 
of an article: 

- maximum breaking load, 
- hardness index, 
- impact toughness, 
- gripping factor.
All these significant indi-

ces are listed in the quality 
certificate of finished prod-
ucts or in the test record 
sheets. The standard ГОСТ 

Р 52643-2006 “High-
strength bolts, nuts 
and washers for met-
alware. General tech-

nical specifications” sets stringent 
requirements on strength with 
quite narrow spread of ultimate 
breakage stress and hardness 
indices, for M16 - M36 bolts of 
10.9 strength grade.

According to the standards of 
foreign producers the M12 – M36 
10.9 grade hardware is conven-
tionally manufactured, whilst 
M39 – M48 may be supplied lot-
for-lot.

Unfortunately, the domestic 
producers are unable to respond 
to the whole demand for high-
quality heat-treated hardware of 
9.8-12.9 strength grade, espe-
cially up to 20 mm in diameter 
(10.9 and 12.9 strength grade) 
and more than M30 (М36, М39, 
М42 and М48), although the need 
for them is rather urgent today. 
The deficiency is to be supplied 
by foreign analogs. Therefore it’s 
natural that high-strength hard-
ware of Chinese origin is also 

observed on the construction 
sites in our country, including 
Moscow. 

For comparative evaluation of 
10.9 strength grade hardware 
manufactured by different for-
eign producers and its adequacy 
to the requirements of domestic 
regulations the full-scale testing 
aimed at determining of geomet-
ric parameters and mechanical 
properties of imported bolts and 
nuts was conducted in Melnikov’s 
TSNIIPSK. It was proved that 
high-strength Peiner hardware 
meets the requirements of domes-
tic standards and even exceeds 
them, especially considering the 
impact toughness index, which is 
important for ХЛ performance. 
According to Russian standard 
ГОСТ Р 52643-2006 - the impact 
toughness rate at –60oC for 10.9 
grade bolts must be KCU - 60º of 
≥ 39 J/cm2. However, the analy-
sis of obtained data showed also 
that there are some cases of non-
conformity of Chinese hardware 
in terms of one or several indices 
of mechanical properties, includ-
ing fracture strength and delayed 
brittle failure.

Another advantage of Peiner 
high-strength hardware is avail-
able delivery of hot-galvanized 
items with thickness of the zinc 
coating of 45-60 µm, with reten-
tion of all consumer properties, 
whilst domestic producers supply 
all high-strength hardware without 
any protective coating. 

Bolt.Ru offers to domestic users 
the high-strength certified hard-
ware of the renowned European 
firm Peiner Umformtechnik GmbH 
(Germany).  

V l a d i m i r  G u k ,  t h e  T e c h n i c a l  D i r e c t o r  o f  B o l t . R u

The Bolt of the 
Highest Standard 
The public company Bolt.Ru has been operating on the domestic construction 
hardware market since 1992. Over this period the firm has become the leading sup-
plier of high-quality hardware of domestic and imported origin for multiple indus-
tries including the building one practically throughout the country.

3. TEST RESULTS
3.1 Hysteretic behavior
Fig. 5~Fig. 7 show load-dis-

placement relationships of all 
specimens in the axial direction 
of its diagonal braces. As shown 
in Fig.5~Fig.7, when the diagonal 
braces of nearly all specimens 
were loaded with a high tensile 
force, it was found that the weld-
ing near the end of the stiffener 
began to show cracks. The cracks 
extended due to the ongoing 
load, resulting in decrease the 
load (Fig. 8). There was also local 
buckling detected around the 
lower diagonal brace member 
under compressive force (Fig. 8). 
The specimen’s flange fractured 
around the brace flange near the 
end of the side stiffener because 
extra moment resulted from both 
tensile and compressive forces. 
It was found that the node core 
moved up and down due to this 
extra moment under cyclic load. 

3.1.1 MB type
MB-01 was assembled using the 

full penetration welding method. 
As it reached the actuator capacity 
limit while the compression load 
was applied in the third cycle (8 mm 
displacement), the cyclic loading 
was repeatedly continued under 
the same displacement until speci-
men broke. The outer side of the 
flange of the upper brace member 
developed a crack during the tenth 
loading in the third cycle, causing 
the load to fall. The crack covered 
half of the flange and spread to 
the web during the eleventh load-
ing. The fracture in the web took 
place in the area where the brace 
web and the horizontal stiffener 
are assembled using the full pen-
etration welding method, in other 
words, it appears that the frac-
ture originated from the flange and 
spread to the welded area rather 
than originating in the welded area 
itself. The lower diagonal brace 
also resisted the repeated loads 

Diagrid Structures
Cyclic Test of Diagrid Nodes for Lotte Super Tower

Y o u n g  K .  J u ,  Y o u n g - J o o  K i m ,  I n - Y o n g  J e o n g ,  S a n g - D a e  K i m ,  D e p t .  o f  A r c h i t e c t u r a l ,  C i v i l  a n d 
E n v i r o n m e n t a l  E n g . ,  K o r e a  U n i v e r s i t y ,  S o u t h  K o r e a ;  S o o n - J e o n  P a r k ,  L o t t e  E n g .  &  C o n s t r u c t i o n ,  S o u t h 

K o r e a ;  J i n - H o  K i m ,  R e s e a r c h  I n s t i t u t e  o f  S c i e n c e  &  T e c h n o l o g y ,  S o u t h  K o r e a

applied during 3 cycles, but a part 
of the outer side of the flange was 
ripped during tensile loading and 
local buckling was found near the 
node part during compression 
loading. 

MB-02 takes the same shape 
as MB-01, but the diagonal brace 
flange-to-web and the flange-to-
flange are assembled using the 
partial penetration welding method. 
Like MB-01, the cyclic loading for 
MB-02 was applied until the speci-
men broke as it reached the actua-
tor capacity limit while the com-
pression load was applied in the 
third cycle (8 mm displacement). 

A crack occurred on the outer side 
of the flange of the upper brace 
during the twelfth loading and the 
fracture spread to the flange and 
web during the thirteenth loading. 
Peculiarly, the flange-to-flange 
weld was fractured by the crack 
that spread and covered over half 
of the flange through the web, 
which made the brace member 
fall off completely. This indicates 
that the fracture was influenced by 
the fact that the shear resistance 
capacity of the partial penetration 
welding was smaller than the shear 
force applied to the flange-to-
flange weld. Therefore, this type of 

flange-to-flange weld must use full 
penetration welding. 

The length of the side stiffener 
of MB-03 is longer than those of 
the previous specimens so that the 
horizontal stiffener is positioned 
away from the node center. This 
facilitates the production of a wider 
gap in the vertical web than in MB-
01 and MB-02. However, the num-
ber of cyclic loading was smaller 
than that for MB-01 and MB-02. 
Unlike the MB-01 and MB-02 spec-
imens, the welded area between 
horizontal stiffener and web under 
tensile loading developed cracks 
during the fifth loading and these 

Conclusion. 
The beginning is in №6. 

2008. C. 171–172  
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Specifically, this method was used 
for erection of retail and office build-
ing Geneva House with four under-
ground floors, located in the cen-
tre of Moscow at Petrovka Street, 
opposite the Petrovsky Passage 
mall. The basic reasons to prefer 
the top& down system are: small 
area of the construction site (sec-
tion under the building it is limited by 
nearby structures and street itself) 
and reduced periods of works, 
which could be observed exactly 
with simultaneous erection of build-
ing in two directions: upward and 
downward. Prevailing soils at the site 
(sands) are also influenced  selec-
tion of this particular approach.

After demolition of existing build-
ing the entire surface under the 
building was fixed by the layer of 
concrete, to ensure the possibility 
of transportation of heavy equip-
ment (cutter for the slurry wall and 
other mechanisms). Arrangement of 
slurry wall using cutter technology 
and special mortar (bentonite) was 
begun right from the ground level 
(approximately +0.00). With that, 
some special embedded fittings 
were mounted into the slurry wall 
elements in the places, where slabs 
and base plate was to be set. The 
slurry wall serves here as  the exter-
nal bearing wall and as the protec-
tion of foundation area. Additionally 
the soil was stabilized by mortar 
injections.

Two reinforced bore holes were 
arranged for dewatering concern-
ing further possibility to measure 
the level of ground water and evac-
uate it by submerged pump. 

The next necessary operations 
were milling of apertures for the 
collapsible supports in line with 
spans of construction scheme and 
embedding of these supports, which 

were manufactured on the plant and 
delivered to the site prefabricated. 

The supports consist of two 
parts, lower is concrete made with 
the section of 60x60 cm, 11 m in 
length; upper part  is 4-metre long 
steel section. Inset components 
were built in for the supports of 
floor slabs and base plate. In the 
built-in state the supports came out 
approximately at 2 m lower than the 
base plate. The basis of the support 
was concreted, the remaining part 
was filled by crushed stone. 

After all supports (approximate-
ly 60 pieces) were embedded, 
the excavation at the level of first 
underground floor was started by 
cut-n-cover method. Ground was 
excavated at approximately 20 cm 
deeper than the lower edge of the 
second underground floor plate. At 
the same level the lower construc-
tion of the plate’s planking was per-
formed, which consisted of concrete 
bars and laminated plywood beams. 
Planking itself consists of multilayer 
plates. The reinforcement of the 
slab is welded to the built-in compo-
nents of the slurry wall. After this, to 
continue excavator work, the open-
ing of approximately 4x6 m was left. 
The surface of the plate - approxi-
mately 1400 sq. m. - was concreted 

in modules. Excavator works dealing 
with the second underground floor 
began after 14 days of concreting 
(time for setting of concrete) of 2/3 
of surface. It was done using a clam-
shell excavator.

When it was enough room for 
positioning of equipment, the time 
was right for excavators: bobcat 
(catepillar) and mini. These mecha-
nisms transported the extracted 
ground to the opening in the slab, 
from where it was removed by clam-
shell excavator for further transpor-
tation. In parallel, in the course of 
performing excavator works, disas-
sembling and storing of materials 
for plate’s planking was being done. 
The appropriate ventilation was also 
arranged at the construction site, 
since both mechanisms are die-
sel-powered. Surface and ground 
water was drained into special bore 
hole and then was pumped out.

Excavator works were finished at 
the certain level, as it was already 
described above, then the plate 
for the third underground floor was 
started, with the collapsible sup-
ports and the reinforcement of the 
plate connected. In parallel the 
ferroconcrete construction of the 
first underground floor was being 
raised traditionally. The steel sec-

tions of collapsible supports were 
reinforced by steel framework and 
concrete. 

The third and the fourth floors are 
done according to the same prin-
ciple. The work was completed by 
production of the base plate. The 
sealing layer was formed from Voltex, 
the special cloth, which, being in 
contact with water, swells increas-
ing in volume. The slurry wall and 
the collapsible supports were con-
nected with tape for seam packing. 
Waterproofing is laid under the base 
plate and over the slurry wall on the 
underground floors. Insulating layer 
on the underground floors is protect-
ed by revetment from the upper edge 
of base plate or structural floor and 
up to the lower edge of the structural 
floor. The concreting of this wall, and 
also all remaining internal concrete 
walls is performed through those 
existing bore holes.

In parallel with works on the 
underground floors after installa-
tion of tower crane the upper levels 
were also under way. Unfortunately, 
beside the opening for excavation of 
extracted ground was always neces-
sary to assign a place on the floor for 
clamshell excavator. We concreted 
this region of the plate after closing 
of opening for excavation, so the only 
eighth floor was completed at a time. 

Application of this technology 
makes it possible to arrange con-
struction foundation area effectively 
without horizontal anchors and fas-
tenings; and it is especially suitable 
for building at the narrow, limited 
sites with densely developed sur-
roundings. Since the works were car-
ried out using top&down method, we 
could perform insulating works for 
the slurry wall and the base plate in 
dry conditions, which was the basic 
reason to select Voltex insulation.  

cracks spread to the center and 
towards the edge of the flange dur-
ing the sixth loading. Strong tensile 
force could have been centralized 
on the horizontal stiffener due to 
the combination of the moment 
and tensile external force, which 
resulted in cracks in the welded 
area. In the case of MB-01 and 
MB-02, the tensile force could 
be more widely distributed since 
the horizontal stiffener is located 
closer to the node center, but the 
tensile force in MB-03 and MB-
04 was more centralized because 
the horizontal stiffener was farther 
away from the node.  

MB-04 has the same shape as 
MB-03, but the flange-to-flange 
and flange-to-web are assembled 
using the partial penetration weld-
ing method. The failure mode was 
the same as in MB-03 although 
the cyclic loading number was 
less. The crack started from the 
welded area between the horizon-
tal stiffener and web and spread 
from the center to the edge of the 
flange. The reason for the less 
number of loading compared to 
MB-03 appeared to have been 
affected more by the quality of 
welding in the horizontal stiffener 
than by the welding method for 
the web. 

3.1.2 PA type
PA-02 developed a crack and 

fracture in the tensile side node 
in the third cycle (8mm displace-
ment). Cracks started from the 
welded area between the box type 
brace member and the side stiff-

ener in the node center and also in 
the V-point welded area between 
the two brace members resulting 
in a rapid drop in applied load. 
Some local buckling was found in 
the brace arm on the compression 
side, but it did not have a serious 
impact on load capacity. 

3.1.3 PB type
The full penetration welding 

method was applied to the assem-
bly of all parts for PB-01, and its 
horizontal stiffener was connect-
ed from the outer side of upper/
lower side stiffener to the central 
stiffener, as shown in Fig. 2(c). 
Cyclic loading began as the loader 
reached the maximum capacity 
during 8mm displacement load-
ing. However, as a sudden brittle 
failure occurred in the welded area 
between the jig and the specimen 
in the brace member, the test was 
suspended. 

The side stiffeners of PB-02 and 
PB-03 were assembled using the 
partial penetration welding meth-
od. The length of the horizontal 
stiffener of PB-02 and PB-03 was 
two and three times the thickness 
of the stiffener (D), respectively. 
Cyclic loading was repeatedly 
applied to these two specimens 
due to limit loader capacity, and 
the crack occurred in the welded 
area between the tensile side’s 
side stiffener and horizontal stiff-
ener, resulting in a drop in applied 
load. Local buckling was found in 
the compression side node, but 
load capacity was not influenced 
significantly. 

3.2 Monotonic curve charac-
teristics

Skeleton curve as a monotonic 
curve is commonly adopted when 
characterizing the hysteretic 
behavior and the ductility capacity 
of steel members that are subject-
ed to load reversals. The concept 
of a skeleton curve is shown in Fig. 
9. A skeleton curve is constructed 
by connecting skeleton portions; a 
skeleton portion is defined as part 
of a restoring force versus defor-
mation curve that exceeds the 
maximum restoring force achieved 
in previous loading cycles. 

Figs. 10 shows skeleton curves 
of all specimens in order to com-
pare the monotonic curve char-
acteristics of each specimen. No 
significant difference was found in 
initial stiffness and strength among 
the MB type specimens, although 
details of node were different. It 
was found that specimen PB-01, 
with full horizontal stiffener, had a 
higher initial stiffness and strength 
than any other specimen under the 
same displacement; whereas PB-
02 and PB-03, with the shorter 
horizontal stiffener, had lower ini-
tial stiffness and strength than that 
of PB-01. PA-02 specimen had a 
lowest initial stiffness and strength 
among all specimens due to the 
premature fracture.

4. SUMMARY AND 
CONCLUSION

To measure structural perfor-
mance of the diagonal brace node 
section of a diagrid structural sys-
tem under the influence of wind and 
seismic load, this study focused on 
the cyclic load test for diagonal 
brace under axial tensile and com-
pressive loads. The results of this 
study are as follows:

It was found that all specimens 
revealed stable and stable hys-
teretic behavior under cyclic load. 
However, when both compres-
sive and tensile axial loads were 
repeatedly applied to specimens 
in an axial direction, extra moment 
resulting from the two axial forces 
came to dominate the specimens’ 
fracture mode. As a result, such 
extra moment resulted in stress 
concentration on the end of the 

1. Baker, W. et al. (2008). 555 m Tall Lotte Super Tower, 
Seoul, Korea // IABSE 17th Conference 2008. P. 472–473.
2. Barry C., Terry M. «The Bow»: Unique diagrid structural 
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Congress 2008. Dubai, 2008. Р. 381–384.
3. Carroll C et al. China central television headquarters-
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4. Jeon, B.S. et al. Evaluation of lateral resistance per-
formance of super diagrid nodes // Proceeding of KSSC, 
KSSC, 2007. P. 552–555.
5. Ju, Y.K. et al. Structural performance of diagrid node // 
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6. Kim, J.S., Kim, Y.S., Lho S.H. Structural schematic 
design of a tall building in Asan using the diagrid system // 
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side stiffener at the node of the 
diagonal brace, so that specimens 
began to fracture from cracks 
forming on the side part of the 
diagonal brace.

In MB type, the axial force of 
the brace member appeared to 
be effectively transferred to the 
node, as web of brace member 
was directly connected to the side 
stiffener in the node through the 
horizontal stiffener. The final frac-
ture occurred at the welding part 
between horizontal stiffener and 
side stiffener. In MB type, the test 
specimens with the shorter upper/
lower side stiffener showed bet-
ter structural function under cyclic 
load. Also, full penetration weld-
ing is recommended over partial 
penetration welding to prevent the 
complete separation of the brace 
member due to a shear fracture 
in the flange-to-flange welding 
area after the initial fracture of the 
node.

From the test result, the struc-
tural performance of PA-02 was 
poorest over all specimens. The 
energy absorption capacity and 
strength of PA-02 tended to drop 
compared to other specimens. 
This is because the side stiffen-
er-to-horizontal stiffener welding 
and the welded area of the V point 
developed cracks at the same 
time. 

Since the box type brace mem-
ber directly transfers the load to 
the node in the PB type, it devel-
oped excellent structural perfor-
mance results. Especially in PB-01 
where the horizontal stiffener is 
connected from the side stiffener 
to the central stiffener, the test was 
terminated in the early stage when 
a brittle fracture occurred in the 
welded area between the test body 
and jig, but the initial stiffness and 
strength were much higher than 
those of other test specimens. 
A reduction in the length of the 
horizontal stiffener lessens the 
amount of welding and lowers pro-
duction cost but seriously reduces 
the initial stiffness and strength. 
Therefore, the length of horizontal 
stiffener has a significant impact 
upon structural performance in PB 
types.  

Following the TOP&DOWN
In modern cities it is not always possible to build using traditional methods. As a 
rule, developers have to operate on small patch and undertime. Builders manage 
to do that not just using advanced mechanisms, but also applying new methods 
of construction. The method, which is actual both for high-rise and average height 
building is called top&down, that presumes simultaneous erection both of sub-
structure and superstructure.
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The rate of fire hazard in the 
Russian Federation is higher than 
in other economically developed 
countries [1, 2, 3]. For example, in 
2006 the base parameters of fire 
risks were the following [1]: 

- frequency of fires - 1.48; 
- individual risk - 2.07x10(-4); 
- the specific value of damage 

- 412.8 thousand RUR.
While preparing this article fea-

turing materials [2, 5-18] and the 
news agencies of ITAR-TASS, RIA 
Novosti, CCN and others more 
than 60 fires, which occurred in 
the high-rise buildings, were ana-
lyzed, the corresponding conclu-
sions were made and proposals for 
the improvement of fire-prevention 
requirements were introduced. 
According to the index of fires fre-
quency Russia insignificantly lags 
behind the industrially developed 
countries [1]. However, the risk to 
find oneself in fire in Russia is 40% 
higher than anywhere else [4]. 
According to the rest of param-
eters Russia lags behind 3-5 times. 
Therby, the index of individual risk 
for the USA is 4.4x10(-5), for Japan 
- 4.8x10(-5), for Great Britain and 
France - 6.8x10(-5) [1].

Pointing out the situation as a 
whole, one should focus at the 
fires, which occurred in high-rise 
buildings. According to the data 
of foreign statistics, the fires in 
the high-rise buildings are more 
potentially traumatogenic and lead 
to more extensive damage than in 
average [5]. One fire in the build-
ing higher than 25 floors, causes 
3-4 times more victims, than in the 
9-16-storeyed house. Along with 
that the fires, which occur on the 
ground floors of high-rise build-
ings, lead to the greater material 
damage, and if on the upper ones 

Fire at the Height 
According to 2007 data the number of skyscrapers in the world exceeded 110 thou-
sand. Along with that the fire safety requirements for such buildings are developed 
insufficiently not only in Russia, but also all over the world. Some most important 
questions either remained unresolved or solved just partially or relatively. At the 
same time the practice shows that the basis of all known standards and rules, 
including fire safety, is practical experience, acquired sometimes at great expense. 

T e x t  b y  Y u r i  K r i v t s o v ,  D o c t o r  o f  t e c h n i c a l  s c i e n c e s ,  P r o f e s s o r ,  T S N I I S K  D e p u t y  D i r e c t o r , 
D e n i s  P r o n i n ,  E n g i n e e r ,  T S N I I S K  K e y  m a n 

- to more numerous victims and 
deads [5]. 

The criteria of the reference of 
buildings to the category of high-
rise and measures to be performed 
for providing of people safety will 
be examined in one of the following 
publications.

The fires in high-rise buildings 
they are not something new. The 
first registered fire occurred in 1908 
in the 12-storeyed Parker Building 
in New York burnt all floors. In 1911 
the fire in the 10-storeyed building 
of the Shirt Waister manufacture 
led to the loss of 148 people.

In 1916 the taking into account 
the fires that had already occured, 
the NYC authorities reexamined the 
existing construction standards, 
including into regulations such 
measures for fire protection and 
fire fighting as the use of flame-
resistant stairways, fire water sup-
ply, elevators, sprinklers. 

Another additional problem was 
highlighted by the fire in 1970, 
again in New York. The 50-sto-
reyed office building was burning 
about 6 hours, as a result of which 
the two of personnel dead. They 
were getting down in the elevator 
car, which suddenly stopped at the 
burning floor, having doors opened 
automatically. Today there are spe-
cial requirements for elevators in 
high-rise buildings: arrangement 
of exitway chambers (pressurized 
elevator halls in case of fire) right 
at the exits of elevators, pressur-
ization of the elevator shaft itself, 
provision of first (special) reliabil-
ity rank electric power supply (i.e. 
employing the emergency electric 
generator) etc.

The 1991 fire in the 38-storeyed 
high-rise building in Philadelphia 
appeared to be more complicated 

exactly because of emergency 
electric generator and fire alarm 
failures, and also serious problems 
with water supply. Fire spreading 
paused only on the floor equipped 
with sprinkler system.

Meanwhile, in 1988 when fire 
occurred in 62-storeyed sky-
scraper of Los Angeles the hard-
ship arose because water supply 
system was not fed during the 
fire, although almost entire area 
of the building was equipped with 
sprinklers. Only because of suc-
cessful fire protection of carcass 
elements the steel construction 
of skyscraper endured the three-
hour fire exposure. Fire extin-
guishing required deployment of 
64 fire squads, i. e. half of the city 
fire forces. This accident made it 
necessary to focus attention on 
reliability of fire protection of engi-
neering systems.

In 2004 in the 56-storeyed gov-
ernment skyscraper in Caracas the 
fire extinguishing system did not 
operate. Although the building was 
completely equipped with sprin-
kler fire extinguishing system, it 
was out of order. 2 hours after the 
beginning of fire the fire reached 
the roof, enveloping floors from 
34th to 56th, and it lasted for more 
than 17 hours. Damage was more 
than $250 million.

In some cases high-rise build-
ings were not at all equipped fire 
extinguishing systems. The fire in 
the 37-storeyed high-rise building in 
Chicago occurred in October 2003. 
Burning began in the storeroom on 
12th floor. Building was not equipped 
with sprinkler fire extinguishing sys-
tem and fire extended beyond the 
hotbed because the walls of cor-
ridor were lower than floor to ceiling 
height. Hot flue gases also intruded 

into the ventilation system of cor-
ridor. When firemen opened the 
door between the corridor and the 
stairway, hot flue gases filled the 
stairway enclosure. Since the doors 
from the floors to the staircase were 
blocked by security in order to pre-
vent opening them automatically or 
remotely from the side of stairway, 
people, who were escaping to the 
staircase, could not break free. As 
a result in the staircase six people 
blocked above the 12th floor per-
ished. The subsequent analysis of 
that fire proved that if the doors 
hadn’t been blocked from the side of 
stairway, there wouldn’t have been 
human casualties. And if building 
had been equipped with sprinkler 
system, the flue gases wouldn’t 
have been so hot, which would have 
prevented such a spreading.

Apart from the described techni-
cal problems, much depends also 
on operations of people them-
selves. In 1997 there was a fire in 
the 25-storeyed residential building 
in Ottawa. Ignition had occurred in 
the apartment on the 6th floor and 
rapidly it broke into the corridor. 
The reporting chain and control of 
the evacuation of people was acti-
vated on the order of fire depart-
ment. The majority of people (83%) 
began to escape, while some (17%) 
decided to stay in their apartments. 
In the process of evacuation all 
tenants of the apartments, located 
higher than 5th floor encountered 
with the smoke-screening of evac-
uation routes. Only 54% of people 
attempted to escape could do that. 
The rest had to run back (25%) or to 
look for shelter in adjacent apart-
ments (21%). 

One more factor, which compli-
cates extinguishing of fires in high-
rise buildings, and other structures 

as well, is the insufficiently prompt 
arrival of fire squads. And it’s not 
always the matter of transport 
infrastructure problems. With the 
fire in the 106-meter 32-storeyed 
Vidzor office building in Madrid in 
2005, instead of immediately call-
ing of firemen, the personnel took 
a chance to extinguish on their 
own devices, as a result, the fire 
brigades were on site only after 
2 hours. Fire enveloped all floors. 
There were central ferroconcrete 
core and the steel external carcass 
in the building, six upper levels of 
which collapsed due to fire effects 
(in contrast to the mentioned 
above Los Angeles case in 1988). 
Subsequently the building was to 
be demolished. This fire had been 
the hot point example of destruc-
tion of the building’s bearing con-
structions up to the tragedy in the 
World Trade Center that empha-
sized the importance of passive 
fire-prevention protection of steel 
bearing constructions.

The WTC (World Of trade Of 
centre) collapse on September 
11, 2001, has been written quite 
a lot, e. g. [19]. The NIST Report 
(National Institute of Standards and 
Technology) on results of analysis 
of that disaster also highlights the 
importance of adequate fire protec-
tion [20]. The need for correlation 
of normative requirements for esti-
mated hazard was the central idea 
of its recommendations reflected 
in the appendix to the National 
Standards of the USA [21] and set 
to be included into national regula-
tory codes in the 2009 edition.

The matter of hazards to be pre-
sumed in the course of design-
ing of buildings, remains urgent. 
Just alike in the 2003 Chicago fire 
described above the successful 
solution of one problem leads to 
occurrence or growth of negative 
consequences caused by some 
other. In one of given examples 
the improper solution of security 
issues led to impossibility of the 
evacuation from the staircases and 
human casualties. The construc-
tions of WTC skyscrapers endured 
the aircraft impact, but metal frame 
and connection nodes could not 
resist fire exposure. However, 

metal resists dynamic loads better 
concrete and, for example, with the 
internal explosion (act of terror) it 
is more likely to preserve bearing 
capacity. I.e., there’s the need of 
finding of trade-off decision upon 
consideration of different factors, 
which influence complex safety of 
building; however, the complete list 
of probable threats with estimation 
of necessary degree of protection 
thus far is not determined. 

Nevertheless the basic tasks, 
which must be solved by designers 
together with the firemen for pro-
viding of safety of people, follow 
from the analysis of fires and it is 
possible to briefly formulate them 
this way: 

1. Guaranteeing of fire resis-
tance of structures for the period, 
necessary for evacuation and res-
cuing of people, access of firemen 
for  extinguishing of fire, or with 
complete burning out of combusti-
ble load without loss of structure’s 
bearing capacity; ability of con-
structions to endure the severest 
calculated scenario of fire, assum-
ing that fire extinguishing system is 
out of order or unavailable at all.

2. Limitation of fire spread through-
out the building by segmentation 
of interior spaces by fire barriers, 
by fire-prevention doors, division of 
ceiling area into the smoke sections 
etc.; limitation of fire spread over 
facade; prevention of smoke intru-
sion into escape paths.

3. Improving of reliability of the 
engineering equipment, including 
of the systems of fire automation, 
elevator equipment, other sys-
tems, which deals with safety of 
people in case of fire.

4. Providing complex safety of 
building taking into account not 
only of fire as such, but also events 
like “explosion induced fire”, 
“explosion - progressive collapse 
- fire”, “fire - progressive destruc-
tion” etc.; searching for compro-
mises between the need for pro-
viding safety for hazards of differ-
ent types, for example between 
access procedures and unimped-
ed evacuation performance.

5. Warning of people about  
urgent actions in case of fire in  
high-rise building.  
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Conditioning is the most energy-
consuming part of this system, 
which requires large capital invest-
ments and substantial operating 
costs. Therefore the effect from 
increasing of reliability, efficien-
cy and energy-effectiveness of 
refrigeratory equipment is particu-
larly evident in general structure of 
expenditures of owners and lease-
holders of commercial buildings. 

T h e C a r r i e r  c o m p a ny h a s 
developed the new energy-effec-
tive multifunctional refrigerat-
ing machine - screw compressor 
water-cooled liquid chiller Carrier 
30XW AquaForce. At the presen-
tation at company’s factory in 

Montluel (near Lyons, France) on 
9th of December the representa-
tives of world HVAC associations 
and media people were familiar-
ized with the product line of 27 
models with output from 400 to 
1800 kW, which are manufactured 
in two modifications: Premium and 
Optimum.

The additional options of chillers 
of this type were demonstrated 
using the example of the water-
cooled Carrier 30HXC from the 
previous product line maintaining 
the assigned thermal balance in 44 
reservoirs of the Grand Aquarium 
de Lyon. In particular, in the 500 
thousand litres aquarium with 

sharks the temperature of 20°C 
is being kept with maximum error 
of ±1°C.

The required temperature in 
the aquariums varies in the range 
from +12°C for trouts to +27°C for 
tropical fishes, and water in the 
aquariums is being refreshed by 
50% each week. Along with that 
the chiller supports realization of 
energy-efficient solutions recon-
ciling the requirements of cooling 
and heating.

The design of 30XW AquaForce 
chillers makes it possible to use 
them for heating, air conditioning 
and different industrial purposes. 
For example, being operated using 

Energy-effective 
Climatic Systems
Pleasant microclimate indoors is ensured by engineering subsystems of heating, 
ventilation, air conditioning, drying and humidification, which are commutated parts 
of the general HVAC system of building. 

the low-temperature liquid down to  
-12°C the chiller can be employed 
for ice generating and other jobs 
of industrial cooling, and at high 
temperatures of condensation it 
can work in “heat pump” and “heat 
utilization” modes. 

The design options, performed 
by manufacturing plant, give the 
possibility to satisfy the widest 
range of customer demands. For 
example, as for Russian real-
ity the anti-Vandal performance 
with protection of copper tubes 
seems to be urgent, for subtropi-
cal countries the moisture-proof 
performance may be needed etc. 
Different configurations of con-

nection with water conduits, single 
or dual power connection, CKD 
delivery are also offered. The lat-
ter option is especially useful if 
the equipment is to be installed 
in buildings under rejuvenation or 
with narrow technical passages.

Such flexibility in terms of manu-
facturing and application of chill-
ers is possible because of the 
“global platform” ideology, added 
to Carrier’s armoury six years 
ago. The unification of compo-
nents and blocks developed in 
the company’s united scientific 
centre makes it possible to pro-
duce at different Carrier’s plants 
in different countries different 
dedicated equipment, adapted to 
local market using a single base of 
interchangeable parts and units. 
This decreases production costs, 
expenses for development of new 
equipment and makes it possible 
to find necessary components for 
repair at any of company’s stocks.

 The new water-cooled chillers 
of AquaForce product line display 
continuity and progress in devel-
opment of refrigerating machines 
design.

The water-cooled refrigerating 
machines are approximately 60% 
as more expensive than similar 
in output air-cooled chillers, but 
being juxtaposed the first ones 
have a number of essential advan-
tages:

- there is no threat of system’s 
defrosting;

- is possible work at subzero 
temperatures, down to - 45oC; 

- operating is quiet with low level 
of vibrations (low sound pressure 
level) due to use of screw com-
pressors;

- roof load is considerably less; 
- protection from illegal access; 
- no need for complex mainte-

nance with the change of seasons.
The 30XW AquaForce as the pre-

vious Carrier’s water-cooled model 
(30HXC AquaForce), is character-
ized by utmost simplicity and super-
reliability of design. Furthermore, 
in the new refrigerating machines 
the output continuous adjustment 
replaced the stepped control 
mode, and design of compressors 
and other elements was intensified 

to minimize operational expendi-
tures. But the main thing, which is 
featured among 30XW advantages 
in comparison with its predeces-
sor and water-cooled chillers of 
other vendors, is Class A EER and 
ESEER energy-effectiveness indi-
ces, comparable with those of the 
best refrigerating machines with 
centrifugal compressors. 

The EER (Energy Efficiency 
R a t i o)  i n d e x  o f  e q u i p m e n t 
expresses the ratio of possible 
ma x imum refr igerator y out-
put to energy input. Concerning 
domestic conditions it is difficult 
to overestimate the value of this 
parameter, since thus the owners 
of building may decrease a quan-
tity of kilowatts of electric power, 
requested from energy suppliers. 
Depending on location of real 
estate the official cost of power 
supply may vary from $1700 to 
4000 per 1 kW. Then, considering 
an average object in Moscow with 
refrigeratory need of about 3 MW, 
replacement of the old equipment 
with cooling stack with approx-
imate EER of 4.5 with the new 
30XW AquaForce chiller with EER 
= 6.2 makes power demand 250 
kW less, and overall annual gain 
may reach $1 million. 

Furthermore, low energy-effec-
tiveness of equipment sometimes 
may call in question the very 
realization of project, since pro-
vision of required power may be 
impossible because of poor capa-
bility communications or power 
deficiency, for example, with the 
“point development”, which is no 
longer practiced in Moscow, but in 
other cities. The energy-effective-
ness issues are urgent the most for 
high-rise buildings, which refrig-
eratory need reaches 20-35 mW. 
Such input is a serious load for the 
city power system. 

The European seasonal factor 
of energy-effectiveness ESEER 
(European Seasonal  Energ y 
Efficiency Ratio) is the weight 
average value of EER for differ-
ent seasonal operating modes in 
proportion to operating time. It is 
particularly important for chillers 
predominantly employed just par-
tially. In Europe the ESEER has 

fundamental importance because 
of high cost of kilowatt-hours; in 
Russia the expected growth of 
energy tariffs also raises the eco-
nomic status of this index. 30XW 
AquaForce chillers operating in 
partial load mode ensure effec-
tiveness of 8.1.

If it was necessary to reach high 
refrigeratory coefficients, the 
machines with centrifugal com-
pressors are usually installed. But 
together with record figures of 
energy effectiveness for steam-
compression chillers and low capi-
tal investments they have a number 
of disadvantages: 

- the power range is limited (min-
imum output is 30% par value); 

- large overall sizes make deliv-
ery rather difficult and require vast 
areas within narrow apparatus 
floors of high-rise buildings.

The energy-ef fective 30X W 
AquaForce chillers are capable of 
replacing successfully the centrif-
ugal chillers in quite a number of 
cases. It takes just one centrifugal 
chiller to provide refrigeration of 
about 3 mW for mid-scale facilities, 
but because of necessity for back-
ing up, as a rule, two of them are 
installed. It is possible to replace 
them with two 30XW units reduc-
ing thus the area to be assigned 
for equipment twice. With lease 
price of $500-1500 per 1 sq. m. 
the saving of 50 sq. m. gives gain 
of approximately $75 thousand per 
year.

In buildings under reconstruc-
tion or in new ones, if production 
schedule is violated sometimes it 
is necessary to drag the equipment 
through elevator shafts and narrow 
passages. In this case each excess 
millimetre enlarging the linear 
dimensions of equipment becomes 
important. Compact design makes 
it possible to carry the 30XW refrig-
erating machine through the stan-
dard doorway. If that won’t do, it is 
possible to easily make its height 
70 cm less, after removing of the 
condenser unit and then discon-
necting of the power module and 
the compressor. 

The weight of equipment can 
become a problem at densely 
developed sites, when delivering 

is possible only by crane with long 
boom outreach. The new Carrier 
chillers weight is 2-2.5 tons. The 
most powerful model of 4,8 tons 
can be delivered CKD.

Application of 30XW chillers is 
also actual for big projects pre-
suming 20-35 mW for refrigeration 
when commercial high-rise build-
ing is administratively divided into 
parts, which belong to different 
owners (leaseholders), being a 
kind of set of separate structures 
each having the chilling centre of 
its own. The large facility may be 
divided structurally, for example, 
separate towers on single stylo-
bate, each with its own chilling 
centre. 

The Carr ier  chi l lers 30X W 
AquaForce satisfy the highest 
contemporary ecological require-
ments: the heat-transfer agent 
(coolant) is water, and ozone-
friendly, nontoxic (not containing 
chlorine), incombustible refriger-
ant R134a is used in the refrig-
eratory pressure circuit of cooling 
unit. This contemporary ecologi-
cal refrigerant is officially rec-
ommended for replacing of R12 
refrigerant, which is harmful for 
the environment. R134a has the 
same refrigerating capacity, and 
in some conditions (at high tem-
peratures of evaporation) it is even 
higher. Furthermore, the advanced 
design of all last product lines 
of AquaForce chillers allowed to 
reduce Freon volume in the pres-
sure circuit. 

Carrier 30XW AquaForce will 
be manufactured at three fac-
tories of the company, located 
in France, the United States of 
America and China. Currently, 
production of 300 -1100 kW chill-
ers to be delivered to the Czech 
Republic and Switzerland has 
been launched. In March the 
models with 250-1700 kW out-
put will be also released. It is 
planned, that the price of 30XW 
will be just slightly higher (6-7%) 
than that of previous product line. 
The average and the big clients 
are the target of these units. Over 
the long term from 5 to 12 thou-
sand of 30XW AquaForce chillers 
will be fabricated per year.  
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CASE STUDY 1 ( WTC 1 & 2)
Minoru Yamasaki & Associates 

and Worthington, Skilling, Helle & 
Jackson (WSHJ), the architectural 
and structural engineering firms, 
respectively, for the project, were 
instructed by the Port of New York 
Authority (Port Authority or PONYA) 
in May of 1963 to prepare their 
designs for WTC 1 and WTC 2 in 
accordance with the New York City 
Building Code. Design criteria for 
WTC 1 and WTC 2 were established 
for structural members located 
inside the core area and outside 
the core area. The design dead 
loads and live loads specified in the 
design criteria were greater than 
or equal to corresponding design 
loads in the 1968 edition of the 
New York City Building Code. Live 
load reduction requirements given 
in the design criteria were equal 
to or more stringent than Code 
requirements. Wind forces on the 
towers were determined based on 
a series of wind tunnel tests that 
were conducted at the Colorado 
State University (CSU) and the 
National Physical Laborator y 
(NPL), Teddington, Middlesex, 
United Kingdom. Such tests were 
permitted by the Code to deter-
mine wind pressures in lieu of those 
tabulated in the Code. Design shear 
forces and overturning moments 
on the exterior columns and span-
drel beams due to the wind forc-
es were computed at each floor 
level from data obtained from the 
wind tunnel tests. According to 
the 1968 edition of the New York 
City Building Code, structural steel 
members were to be designed and 
detailed in accordance with the 
requirements in the 1963 edition 
of the American Institute of Steel 
Construction (AISC) Specification 
for the Design, Fabrication, and 
Erection of Structural Steel for 
Buildings, with some modifications. 
The allowable stress method in the 
1963 AISC Specification for the 

Design, Fabrication, and Erection 
of Structural Steel for Buildings was 
used to proportion the exterior col-
umns and spandrels for the com-
bined effects of axial compression, 
bending moment, and shear due to 
gravity and wind forces. Composite 
floor trusses that were used outside 
of the core area and the truss seat 
connections at the core and the 
exterior columns were also sized 
based on the AISC Specification. 
The allowable stress method was 
also used to proportion the mem-
bers in the hat trusses that were 
located between the 107th floor and 
the roof in WTC 1 and WTC 2. In the 
core area, composite steel beams, 
columns, and their connections 
were designed by the appropri-
ate requirements in the 1963 AISC 
Specification as well. The ultimate 
strength method in the 1963 edition 
of the American Concrete Institute 
(ACI) Building Code Requirements 
for Reinforced Concrete was used 
to design the concrete floor slabs 
in WTC 1 and WTC 2. This edition 
of the ACI Standard was referenced 
for concrete design in the New York 
City Building Code.

LATERAL-FORCE-RESISTING 
SYSTEM OF WTC 1 AND WTC 2

The structural system that resist-
ed lateral loads in WTC 1 and WTC 2 
was considered to be a framed-tube 
system (closely spaced columns 
and deep spandrel beams). The 
exterior walls were composed of 
steel columns and spandrel plates, 
and were designed to resist the 
lateral wind forces and a portion of 
the gravity forces. The welded steel 
plate box columns were spaced 3 
ft-4 in. on center above the 7th 
floor. The columns and spandrels 
were shop assembled and welded 
into 36 ft high by 10 ft wide pan-
els that consisted of three columns 
and spandrel beams. These panels 
were erected on site. Below the 
7th floor, the columns were spaced 

10 ft-0 in. apart, and bracing was 
used in the core area to increase 
lateral stiffness. WTC 1 and WTC 2 
were early examples of super high-
rise buildings that were designed 
based on the framed-tube concept. 
The first application of this type of 
system was in a concrete apart-
ment building in Chicago that was 
completed in 1965. Many variations 
of this system were used subse-
quently in a number of buildings 
between the mid-1960s through the 
early 1970s.

FLOOR TRUSSES
An innovative feature of the floor 

system used in WTC 1 and WTC 2 
outside of the core area was the 
way that composite action was 
achieved between the floor trusses 
and the concrete slab. Truss diago-
nals were extended above the top 
chord. This “knuckle” acted like a 
shear stud, which made the floor 
truss and concrete slab act in a 
composite manner. Working with 
WSHJ, the Laclede Steel Company, 
the manufacturer of the floor truss-
es, wrote specifications for the floor 
trusses. Requirements were given 
for materials, fabrication, welding, 
bolting, and painting. Full-scale 
tests of the floor trusses, which 
are described above, were also 
included in the specifications, as 
were requirements for quality con-
trol and inspection. A sample of

A typical framing plan is shown 
below:

EXAMPLE #1
      Upper ext. column (typ)
14” x 14” x 1”; A = 52in2 = 0.36ft2; I 

= 1500in4 = 0.0723ft4

Lower ext. column (typ.)
14” x 36” x 2”; A = 184in2 = 

1.278ft2; I
x
 = 27,000in4 = 1.31ft4; I

y 

= 5,600in4 = 0.27ft4

Total gravity load: P = 0.09 (208)2 

= 4000k – per floor
Tot a l  grav i t y  force:  P

110
 = 

4000(110) = 440,000k

Total weight of 30 floors above 
impact area:

P
30

 = 4000(30) = 120, 000k

Wind load (aver.): ω = 0.06(208) 
= 12.5KSF 

Calculate original moment magnifi-
cation factor  K

MX1
:

                                                        O.K.

                                                        O.K.

Now let’s calculate the geometri-
cal properties of a floor plate after 
the initial impact by the airplane. In 
order to simplify the calculation it 
is assumed that the whole exterior 
wall is damaged.

Center of gravity:

Since center of rigidity is in the 
middle of opposite wall, the eccen-
tricity is:

 e = 69.4’
Calculate moment of inertia:
Spandrel plate: 

Exterior columns: 

Warping constant:

Exterior columns along the South 
wall were destroyed “over a five-
story range [1], therefore assume H 
= 61.67’ in our example.

Calculate the building load using 
formulas (2.4a), (2.4b) and (2.4c):

Initial damage at the South wall of 
WTC-2 was approximately between 
78th and 84th floor [1]; therefore the 
total weight of 32 floors above is:
 P

32 
= 4000(32) = 128,000.

Calculate the moment magnifica-
tion factor  K

MT32
:

There is no reduction in columns 
strength due to abnormal fire. Now, 
if modulus of elasticity is reduced 
due to uncontrolled fire by 50%, 
then:

Structure is considered as unsta-
ble in a torsional buckling mode. 
The “global” stability of the build-
ing was substantially impaired by 
the initial damage from the aircraft 
impact and uncontrolled fire. The 
initial aircraft alone doesn’t create 
the unstable situation, but the com-
bination of both (initial impact and 
uncontrolled fire) creates instability 
of a portion of WTC – 1 & 2 above 
impacted area.

RECOMMENDATIONS
The tragic consequences of 

the September 11, 2001, attacks 
were directly attributable to the 
fact that terrorists flew large jet-
fuel laden commercial airliners 
into the WTC towers. Buildings for 
use by the general population are 
not designed to withstand attacks 
of such severity; building codes 
do not require building designs 
to consider aircraft impact. In our 
cities, there has been no expe-
rience with a disaster of such 
magnitude, nor has there been 
any in which the total collapse 
of a high-rise building occurred 
so rapidly and with little warning. 
Below is a list of recommenda-
tions to improve the safety of tall 
buildings, occupants, and emer-
gency responders. Public officials 
and building owners will need to 
determine appropriate perfor-
mance requirements for those 
tall buildings, and selected other 
buildings, that are at higher risk 
due to their iconic status, critical 
function, or design.

Some of major groups of recom-
mendations are:

• Increased Structural Integrity: 
The standards for estimating the 
load effects of potential hazards 
(e.g., progressive collapse, wind) 
and the design of structural sys-
tems to mitigate the effects of 
those hazards should be improved 
to enhance structural integrity.

• Enhanced Fire Resistance of 
Structures: The procedures and 
practices used to ensure the fire 
resistance of structures should be 
enhanced by improving the tech-
nical basis for construction clas-
sifications and fire resistance rat-
ings, improving the technical basis 
for standard fire resistance test-
ing methods, use of the “structural 
frame” approach to fire resistance 
ratings, and developing in-service 
performance requirements and 
conformance criteria for spray 
applied fire resistive materials.

•  N e w  M e t h o d s  f o r  F i r e 
Resistance Design of Structures: 

The procedures and practices 
used in the fire resistance design 
of structures should be enhanced 
by requiring an objective that 
uncontrolled fires result in burn-
out without local or global collapse. 
Performance-based methods are 
an alternative to prescriptive design 
methods. This effort should include 
the development and evaluation of 
new fire resistive coating materials 
and technologies and evaluation of 
the fire performance of convention-
al and high-performance structural 
materials.

• Improved Active Fire Protection: 
Active fire protection systems (i.e., 
sprinklers, standpipes/hoses, fire 
alarms, and smoke management 
systems) should be enhanced 
through improvements to design, 
performance, reliability, and redun-
dancy of such systems.

• Improved Building Evacuation: 
Building evacuation should be 
improved to include system designs 
that facilitate safe and rapid egress, 

methods for ensuring clear and 
timely emergency communications 
to occupants, better occupant pre-
paredness for evacuation during 
emergencies, and incorporation of 
appropriate egress technologies.

•  I m p r o v e d  E m e r g e n c y 
Response: Technologies and pro-
cedures for emergency response 
should be improved to enable bet-
ter access to buildings, response 
operations, emergency communi-
cations, and command and control 
in large-scale emergencies.

• Improved Procedures and 
Practices: The procedures and 
practices used in the design, con-
struction, maintenance, and opera-
tion of buildings should be improved 
to include encouraging code com-
pliance by nongovernmental and 
quasi-governmental entities, adop-
tion and application of egress and 
sprinkler requirements in codes for 
existing buildings, and retention 
and availability of building docu-
ments over the life of a building.  

T e x t  b y   L e o  R a z d o l s k y ,  L R  S t r u c t u r a l  E n g i n e e r i n g ,  I n c . ,  -  L i n c o l n s h i r e  I L ,  U S A ;  
P r o f e s s o r ,  N o r t h w e s t e r n  U n i v e r s i t y ,  E v a n s t o n ,  I l l i n o i s ,  U S A . 

WTC: Theories and Findings
Structural Design of Tall Buildings against possible terrorist 
attack (Case studies: WTC1; WTC2 & WTC7)

Conclusion. 
Beginning is in №6. 2008. 

С. 179–183
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DEBRIS IMPACT DAMAGE 
FROM THE COLLAPSE 
OF WTC 1

• WTC 7 was damaged by debris 
from the collapse of WTC 1, which 
occurred at 10:28:22 a.m.

• However, WTC 7 collapsed at 
5:20:52 p.m., nearly seven hours 
later.The structural damage to 
WTC 7 was primarily located at 
the southwest corner and adjacent 
areas of the west and south faces, 
on Floors 5 through 17. Severed 
columns were located between 
Floors 7 and 17 on the south face 
(six columns) and the west face 
(one column) near the southwest 
corner. Cladding damage extend-
ed over much of the south face, 
and ranged from broken windows 
to removal of granite panels and 
windows.

FIRE-INDUCED THERMAL 
EFFECTS

• Calculated fire-elevated tem-
peratures in the interior columns, 
including Columns 79, 80, and 
81, stayed below 200°C on all of 
the floors. The exterior column 
temperatures were below 150°C, 
except on Floors 12 and 13, where 
the east and south exterior columns 
reached 300°C. At these tempera-
tures, structural steel experiences 
relatively little loss of strength or 
stiffness. Thus, WTC 7 did not col-
lapse due to fire-induced weaken-
ing of critical columns.

• The simulated fires on Floors 
7, 12, and 13 heated portions of 
the tops of the floor slabs to over 
900°C. The temperatures of some 
sections of the beams supporting 
Floors 8, 12, 13, and 14 exceeded 
600°C. The temperatures of some 
sections of the floor beams at 
Floors 9 and 10 reached 400°C.

• Raising the fire-generated air 
temperatures by 10 percent, which 
was within the range of reason-
able and realistic fires, raised the 

The Mechanisms of WTC 
7 Building Collapse

peak temperatures in the floor 
beams and slabs by about 70°C. 
Additionally, the areas over which 
the temperatures of the floor 
beams exceeded 600°C increased. 
Comparable changes in the oppo-
site direction resulted from low-
ering the fire-generated air tem-
peratures.

STRUCTURAL RESPONSE 
AND COLLAPSE

Initiating Event
• The buckling failure of Column 

79 between Floor 5 and Floor 14 
was the initiating event that led 
to the global collapse of WTC 7. 
This resulted from thermal expan-

sion and failures of connections, 
beams, and girders in the adjacent 
floor systems.

• The connection, beam, and 
girder failures in the floor sys-
tems, and the resulting structural 
responses, occurred at tempera-
ture below approximately 400°C, 
well below the temperatures at 
which structural steel loses signifi-
cant strength and stiffness.

• Thermal expansion was par-
ticularly significant in causing the 
connection, beam, and girder fail-
ures, since the floor beams had 
long spans on the north and east 
sides (approximately 15 m, 50 ft).

• Heating of the long beams 

resulted in proportionately large 
thermal elongation relative to the 
other components of the floor sys-
tem, in effect, compressing the 
beams along their length. This 
led to distortion of the beams 
and breaking of the connections 
of the beams to the floor slabs. 
Furthermore, the simple shear 
connections used in the typical 
floor framing were not able to 
resist these axial compressive 
forces that developed as the floor 
framing was heated.

• At Column 79, heating and 
expansion of the floor beams in the 
northeast corner caused the loss 
of connection between the column 
and the key girder. Additional fac-
tors that contributed to the failure 
of the critical north-south girder 
were (1) the absence of shear 
studs that would have provided lat-
eral restraint and (2) the one-sided 
framing of the east floor beams 
that allowed the beams to push lat-
erally on the girders, due to ther-
mal expansion of the beams.

• The fires thermally weakened 
Floors 8 to 14. As Floor 13 fell onto 
the floor below, a cascade of floor 
failures continued until the damage 
reached the massive Floor 5 slab, 
leaving Column 79 without lateral 
support for nine floors. The long 
unsupported length of Column 79 
led to its buckling failure.

• Hypothetical blast events did 
not play a role in the collapse of 
WTC 7. NIST concluded that blast 
events could not have occurred, 
and found no evidence whose 
explanation required invocation of 
a blast event. Blast from the small-
est charge capable of failing a crit-
ical column (i.e., Column 79) would 
have resulted in a sound level of 
130 dB to 140 dB at a distance of 
at least half a mile if unobstructed 
by surrounding buildings (such as 
along Greenwich Street and West 
Broadway). This sound level is 

comparable to a gunshot blast, 
standing next to a jet plane engine, 
and more than 10 times louder 
than being in front of the speak-
ers at a rock concert. The sound 
from such a blast in an urban set-
ting would have been reflected 
and channeled down streets with 
minimum attenuation. However, 
the soundtracks from videos being 
recorded at the time of the col-
lapse did not contain any sound as 
intense as would have accompa-
nied such a blast.

VERTICAL PROGRESSION 
OF COLLAPSE

• Once Column 79 buckled, 
there was a vertical progression of 
floor system failures up to the east 
penthouse, followed by the buck-
ling of Columns 80 and 81.

• The buckling of Column 79 at 
the lower floors led to downward 
movement of the upper section 
of Column 79. The adjacent floor 
framing was pulled downward, 
leading to the observed kink in the 
east penthouse roof framing.

• As the lower floors surrounding 
Column 79 fell downward, Column 
80 and Column 81 had increased 
unsupported lengths as well as 
falling debris impacts and loads 
being redistributed from adjacent 
columns. This led to buckling of 
Columns 80 and 81, and resulted 
in a vertical progression of failure 
of the floor systems up to the roof 
level across the entire east side of 
WTC 7.

• Columns 79, 80, and 81 were 
the only interior support for the 
gravity loads in the eastern region 
of the building. Once these three 
columns buckled and their upper 
sections began to descend, there 
was insufficient support for the 
floors, up to the east penthouse.

• None of these columns were 
significantly weakened by elevated 
temperatures; temperatures did 

not exceed 300°C in the core or 
perimeter columns in WTC 7.

HORIZONTAL PROGRESSION 
OF COLLAPSE

• Columns 76 through 78 were 
the next line of columns to buck-
le, due to loss of lateral support, 
impact by falling debris, and load 
redistribution from Columns 79 
through 81. The failure of Truss 
2 was not essential to the failure 
of Columns 77 and 78, as they 
would have buckled like the other 
columns.

• The remaining interior columns 
buckled in succession from east 
to west in the lower floors due to 
loss of lateral support from floor 
system failures, forces exerted 
by falling debris impact, and load 
redistributed to them from other 
buckled columns.

• The initial westward progres-
sion and the overall speed of the 
collapse was not sensitive to the 
extent of the estimated structural 
damage to WTC 7 due to the debris 
from the collapse of WTC 1. When 
the global collapse was nearly 
complete, there was some small 
sensitivity to the extent of the initial 
damage in the southwest portion 
of the building.

GLOBAL COLLAPSE
• The exterior columns buckled 

at the lower floors (between Floors 
7 and 14) due to load redistribu-
tion to the exterior columns from 
the building core as the interior 
columns buckled and the build-
ing core moved downward. The 
entire building above the buckled-
column region then moved down-
ward in a single unit, as observed, 
completing the global collapse 
sequence.

• Computer simulations of the 
fires, the thermal heating of the 
structure, the thermally induced 
damage to the structure, and the 
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structural collapse can be used 
to predict a complex degradation 
and collapse of a building. The 
overall features and timing of the 
prediction were consistent with the 
videographic evidence.

• The uncertainties in pre-
dicting the precise progression of 
the collapse sequence increased 
as the analysis proceeded due to 
the random nature of the interac-
tion, break up, disintegration, and 
falling of the debris. The uncertain-
ties deriving from these random 
processes increasingly influence 
the deterministic physics-based 
collapse process. Thus, the details 
of the progression of horizontal 

failure and final global collapse 
were sensitive to the uncertain-
ties in how the building materi-
als (steel, concrete) and building 
systems and contents interacted, 
broke up, and disintegrated.

• These computational mod-
els comprise a set of research 
tools that can take months (eight 
months in this case) for a com-
plete simulation. Their adaptation 
for engineering practice would 
forestall future disasters, while 
reducing the potential for struc-
tural overdesign.

Federal Building and Fire 
Safety Investigation of the World 
Trade Center Disaster  
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Safety Strategy 
Safety is the basic aspect to be taken into con-
sideration with operation of high-rise buildings. 
The Moscow Government since 1998 consis-
tently conducts preventive measures for safety 
and anti-terrorist protection of housing units, 
cultural and sport establishments and other 
public areas.

During recent decades multiple 
different threats has emerged, 
connected both with technogenic, 
and with human factor. This forces 
the city authorities to be retrieving 
for the countermeasures, which 
would minimize or completely 
eliminate these issues. Since 
2005 in accordance with the deci-
sion of the Moscow Mayor the 
city authorities are committed to 
proceed the set of measures pro-
viding safety of unique buildings, 
including high-rise. 

It has taken three years to gain 
the specific experience of ensur-
ing of integrated safety and anti-
terrorist protection for the most 
hazardous, technically complex 
and unique facilities within the city. 
A number of scientific research 
works on providing of safety 
is realized upon the requests of 
governmental clients, first priority 
conceptual and normative docu-
ments are developed. The basic 
resolutions of Interdepartmental 
Commission for establishing of 
safety system for urban units at 
all stages of their life activity are 
being realized by urban authori-
ties, investors, design, scientific 
and technical organizations. 

D u r i n g  t h e s e  y e a r s  t h e 
Interdepartmental Commission 
used diverse forms and methods 
dealing with realization of accept-
ed decisions and coordination of 
operation of investors, developers, 
design and scientific organizations 
in the sphere of safety. Established 
practice of the coordination of the 
activity of city authorities, municipal 
bodies of federal executive author-
ity and expert consultative council 
of Interdepartmental Commission 

for problems of design and build-
ing of unique units allowed to pre-
pare systematic Special Technical 
Specifications (STS) for the unique 
objects in terms of integrated safe-
ty and anti-terrorist protection and 
then, on their basis, to develop 
corresponding separate design 
section.

The most valuable contribution 
to forming of united municipal pol-
icy with respect to the integrated 

safety and anti-terrorist protection 
of the most hazardous, techni-
cally complex and unique objects 
within the city, which is being 
conducted by Moscow Mayor 
Yu. M. Luzhkov, was endowed 
by: the former Moscow’s Depart-
ment of City-planning Policy, 
Development and Reconstruc-
t i o n ,  M o s k o m a r k h i t e k t u r a , 
Mosgoseksper t iz a,  VAN KB,  
GUP “NIIMOSSTROY”, NTK Inform-

Alliance and the municipal bodies 
of federal executive authority. 

However, that won’t do so far. 
This is only beginning of the most 
serious joint operation. There are 
perfect heaps of problems and 
tasks for the Interdepartmental 
Commission, both internal, and 
dealing with harmonization and 
coordination with the federal bod-
ies. Tasks concerning harmoniza-
tion of our work with the federal 

T e x t  b y  V i c t o r  M a r i n ,  t h e  S e c r e t a r y  o f  I n t e r d e p a r t m e n t a l  C o m m i s s i o n  f o r 
S a f e t y  a n d  A n t i - t e r r o r i s t  P r o t e c t i o n  o f  H i g h - r i s e  U n i t s  i n  M o s c o w

bodies are the most urgent for 
generating of approaches, pro-
posals and initiatives to develop-
ment of legislative, normative and 
technical documents.

To realize this being devel-
oped city’s uniform policy the 
Interdepartmental Commission 
examines the following corre-
sponding mechanisms:

- coordination of interaction 
between Moscow’s governmental 
bodies and all interested estab-
lishments aimed at execution of 

the Program of Realization of the 
Concept of Integrated Safety for 
High-rise and Unique Units within 
Moscow; 

- coordination of activity aimed 
at developing of uniform municipal 
policy for safety of unique units, 
including high-rise, and creation of 
the Concept for Integrated Safety 
of Moscow’s Housing Stock;

- coordination of interaction 
between Moscow authorities and 

parent agency, featuring scientific 
and planning organizations and the 
Municipal Duma for development 
of conceptual, normative, techni-
cal documents and researches on 
integrated safety and anti-terrorist 
protection of the most hazardous, 
technically complex and unique 
urban units within Moscow; 

- coordination of parent agen-
cy’s operation aimed at develop-
ment of normative documents and 
guidelines according decisions of 
Interdepartmental Commission ;

- organization of interaction and 
coordination of operation between 
city authorities, municipal bodies 
of federal executive authority and 
investors, design and construction 
organizations aimed at Program 
of Realization of Integrated Safety 
and Life Sustenance Generalities 
for the Moscow City High-rise 
urban complex;

- organization of interaction and 
coordination of activity of Moscow 
authorities, municipal bodies 
of federal executive authority, 
design, construction and scientific 
organizations directed to monitor-
ing of realization of safety and anti-
terrorist protection measures for 
urban units at all stages of their 
life activity; 

- organization of work on the 
development of proposals on 
selection, admittance and register-
ing procedures for organizations 
developing STS and of the and 
separate design section dealing 
with integrated safety and anti-ter-
rorist protection of the most haz-
ardous, technically complex and 
unique facilities; 

- generalization of experience 
and practices of city authorities, 
design and scientific organiza-
tions for uniform procedures and 
sequence of developing separate 
design section dealing with inte-
grated safety and anti-terrorist 
protection;

- development of proposals con-
cerning measures for integrated 
safety of unique and high-rise units 
within Moscow to be integrated 
into the System of Urban Safety;

- organization of work and coor-
dination of activity of Moscow 
authorities, federal bodies, munic-
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ipal bodies of executive authority, 
owners and maintaining organiza-
tions for generating of initiatives on 
city’s monitoring system for safety 
of the most hazardous, technically 
complex and unique facilities; 

- implementing of measures for 
realization of the Interdepartmental 
Commission resolutions dealing 
with development of proposals for 
improvement of evacuation system 
for high-rise units; 

- development of proposals on 
voluntary certification procedures 
for the most hazardous, technically 
complex and unique facilities con-
cerning integrated safety and anti-
terrorist protection performance;

- periodic examining of problems 
concerning realization of generali-
ties on integrated safety of urban 
units located within Moscow.

It is just incomplete itemization 
of basic mechanisms, which are to 
solve the problems of integrated 
safety if enabled.

M o s c o w  M a y o r  s u p p o r t s 
Interdepartmental Commission in 
every possible way, and once a half 
a year at least the issues concerning 
safety of unique units, are examined 
by  city’s Anti-terrorist Commission. 
This latter event was on October 9, 
2008, when  the problem of provid-
ing safety for the buildings assigned 
to Moscow authorities in the  
Moscow City was considered. 

The Interdepartmental commis-
sion examines its agenda accord-
ing to schedule, and during the 
gaps between the sessions the 
conferences of the expert consul-
tative council are held to discuss 
urgent points and make corre-
sponding decisions.

It’s favourable, in our opinion, 
to conduct conferences on safe-
ty issues of high-rise and unique 
units. I assume that it is expedient 
to go on expanding the circle of 
persons invited to partake in these 
events.

We’re going to make up next 
year the deficiency of complete 
and timely information for scien-
tific community, designers, build-
ers and owners about our work by 
publication of corresponding infor-
mation and methodology articles 
in the magazine’s Safety section.  




