“Brace for Collision!”
What if Titanic Struck the Iceberg Head-On?
by Samuel Halpern
On day 19 of the British Wreck Commission’s inquiry into the loss of Titanic,
Edward Wilding of Messrs. Harland & Wolff, the builders of Olympic and Titanic, was
asked what would have happened if Titanic had struck the fatal iceberg head-on instead
of a glancing blow along the starboard side. Wilding was one of the lead naval architects
who was involved in the design of Olympic and Titanic under Thomas Andrews, and was
well qualified to answer the many questions put to him about the design and construction
of these Olympic-class vessels.
The relevant testimony follows:
20266. Q. [Mr. Rowlatt] Perhaps I ought to put this general question to
you. The contact with this iceberg was the contact of a body weighing
50,000 tons moving at the rate of 22 knots an hour? - A. [Edward
Wilding] Yes.
20267. Q. I gather to resist such a contact as that you could not build any
plates strong enough, as plates? - A. It depends, of course, on the severity
of the contact. This contact seems to have been a particularly light one.
20268. Q. Light? - A. Yes, light, because we have heard the evidence that
lots of people scarcely felt it.
20269. Q. You mean it did not strike a fair blow? - A. If she struck it a
fair blow I think we should have heard a great deal more about the
severity of it, and probably the ship would have come into harbour if she
had struck it a fair blow, instead of going to the bottom.
20270. Q. You think that? - A. I am quite sure of it.
20271. Q. [The Commissioner] I am rather interested about that. Do you
mean to say that if this ship had driven on to the iceberg stem on she
would have been saved? - A. I am quite sure she would, my Lord. I am
afraid she would have killed every firemen down in the firemen’s
quarters, but I feel sure the ship would have come in.
…
20276. Q. [Mr. Rowlatt] You said it would have killed all the firemen? A. I am afraid she would have crumpled up in stopping herself. The
momentum of the ship would have crushed in the bows for 80 or perhaps
100 feet.
20277. Q. You mean the firemen in their quarters? - A. Yes, down below.
We know two watches were down there.
20278. Q. Do you mean at the boilers? - A. Oh, no, they would scarcely
have felt the shock.
[The Commissioner] Any person, fireman or anybody else, who happened
to be in that 100 feet, would probably never have been seen again?
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20279. Q. [Mr. Rowlatt] The third class passengers are there too, I think,
some of them? - A. I do not think there are any third class passengers
forward of the second bulkhead, and I believe she would have stopped
before the second bulkhead was damaged. It is entirely crew there, and
almost entirely firemen - firemen, trimmers, and greasers.
20280. Q. Your opinion is that the ship would have suffered that crushing
in in the first two compartments, but that the shock would not have
shattered or loosened the rivets in any other part of the ship? - A. Not
sufficiently. As it would take a considerable length, 80 or 100 feet to
bring up, it is not a shock, it is a pressure that lasts three or four seconds,
five seconds perhaps, and whilst it is a big pressure it is not in the nature
of a sharp blow.
20281. Q. [The Commissioner] It would, I suppose, have shot everybody
in the ship out of their berths? - A. I very much doubt it, my Lord.
20282. Q. At 22 ½ knots an hour, and being pulled up quite suddenly? A. Not quite suddenly, my Lord. 100 feet will pull up a motor car going
22 miles an hour without shooting you out of the front.
20283. Q. [Mr. Rowlatt] What you mean is that the ship would have
telescoped herself? - A. Yes, up against the iceberg.
20284. Q. And stopped when she telescoped enough? - A. Yes, that is
what happened in the “Arizona.”
This line of questioning was not intended as a criticism of the actions taken, or not taken,
by Titanic’s First Officer William Mudoch who was Officer of the Watch at the time
Titanic struck the iceberg. It was simply intended to understand what would have
happened if the ship had hit the iceberg head-on after it was explained to them that the
vessel struck the iceberg along its starboard side in what appeared to be a particularly
light contact. In fact, the issue of Murdoch’s action to starboard the helm after the berg
was sighted did come up briefly:
20273. Q. [The Commissioner] Then do you think it was an error of
judgment - I do not by any means say it was a negligent act at all - to
starboard the helm? - A. [Edward Wilding] It is very difficult to pass
judgment on what would go through an officer’s mind, my Lord.
20274. Q. An error of judgment and negligence are two different things
altogether. A man may make a mistake and be very far from being
negligent? - A. Yes.
20275. Q. Do you think that if the helm had not been starboarded there
would have been a chance of the ship being saved? - A. I believe the ship
would have been saved, and I am strengthened in that belief by the case
which your Lordship will remember where one large North Atlantic
steamer, some 34 years ago, did go stem-on into an iceberg and did come
into port, and she was going fast? - A. I am old enough to remember that
case, but I am afraid my memory is not good enough.
Mr. Laing: The “Arizona” - I remember it.
[Edward Wilding] The “Arizona” my Lord.
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The case that was referred to, the striking of an iceberg head-on by the steamship
Arizona, took place around 9:10pm on November 7, 1879. The SS Arizona, a passenger
steamer of 5,147 Gross Registered Tons with a length and breadth of about half that of
Titanic, struck an iceberg head-on while en route from New York to Liverpool. (See
Figure 01.) At the time, she was going at her full service speed, around 15 knots. She
remained afloat and was able to proceed to St. John’s where she underwent temporary
repairs before returning to Scotland.

Fig. 01 – The SS Arizona after colliding with an iceberg head-on.
So the question is this: was Edward Wilding correct in his assessment that Titanic
would have remained afloat if she would have taken the blow head-on into the iceberg
instead of a glancing blow along her starboard side? Is there a way to actually quantify
the resulting damage to the vessel after such a strike?
Throughout the years, there have been a number of studies that were focused on
investigating the damage to ships involved in collisions, particularly the crushing
resistance of the striking vessel and the damage to the striking ship’s bow in head-on
collisions. In particular interest to us is a head-on collision with a relatively immovable
object.
Crushing experiments of ship bow structures have been carried out since the early
1960s. Simplified methods of crushing analysis have been developed and are commonly
in use. These methods are based on what are called energy-rate balance equations,
observations of damage patterns, and a number of experimental studies. They generally
give good predictions, and are relatively fast and simple to apply. Using one such
method,1 we will derive the crushing resistance and damage extent in a head-on collision
for Titanic on the night of April 14th 1912. We will also derive the deceleration rate as a
function of time in order to quantify the severity of impact, and determine the length of
time (in seconds) that it would take for the vessel to come to a complete stop after initial
contact with an iceberg. We will also show how the speed of the vessel would have
decreased as a function of time from 22.5 knots down to 0 knots.
1

S. Zhang, H. Ocakli and P. T. Pedersen, “Crushing Of Ship Bows In Head-On Collision,”
International Journal of Maritime Engineering, The Royal Institution of Naval Architects, 2004.
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During the crushing of a steel plated structure, large plastic deformations occur.
The energy is dissipated by the structure by the bending-in of hinge lines and by in-plane
stretching of plate fields. The energy absorption capability depends on the structural
arrangement and the structural material. The crushing forces vary with the crushing
distance resulting in the progressive formation of folds in the damaged area as pictured
in Figure 02. It has also been found that the extent of damage to a vessel (measured
distance D in Fig. 02) in a head-on collision is roughly 4/3 the length (X) of the crushing
distance (measured from the stem of the vessel to the front of the crushed zone) also
shown in Figure 02 below.2

Fig. 02 – Crushing distance and extent of damage during head-on collision.
It also has been found that the crushing resistance is roughly proportional to the
cross-sectional area of the vessel in contact with the object. For Titanic, the shape of her
cross-sectional area at any given distance from the bow can be seen in the set of bodyplane diagrams such as those shown for her forward half in Figure 03.

2

Ibid. Based on studies by Abramowicz (1983) and Paik et al (2003).
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Fig. 03 – Forward body-plane curves for Olympic/Titanic.
As it turns out, the cross-sectional area for most vessels tends to increase in a
non-linear manner as a function of distance from the bow. Investigations of scantlings
for a number of ship designs show that the cross-sectional area in the bow tends to
follow curves similar to the width of the upper decks. It has been noted that the crosssectional area in the bow increases roughly between the square-root and cube-root of the
distance from the stem of the ship up to a distance where the width of the upper decks
tend to reach the width of the ship’s beam. For Titanic, that point is about 175-180 feet
aft of her stem bar, or near the after-side of the forward well deck. Therefore, for the
distances that we are concerned with, we will take the increase in cross-sectional area as
proportional to:

xn
where x is the distance from the ship’s stem, and we will take n=0.4 for Titanic.3
A plot showing this increase in cross-sectional area as function of distance (x)
from the bow in this model for Titanic is shown in Figure 04.

3

Using n=0.4 is the same as taking the fifth-root of X squared, which is between the square-root
(X0.5) and the cube-root (X0.33) of the distance X.
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Fig. 04 – Increase in cross-sectional area with distance from bow.
Since the resistive force that causes the vessel to stop as it crushes up against an
immovable object is proportional to the vessel’s cross-sectional area in contact with the
object, we find that the stopping force will increase in proportion to the increase in crosssectional area until the vessel comes to a complete stop. We can therefore write that
force as:

F = K xn
where K is a constant (to be determined) and n=0.4 for Titanic.
The maximum force that will take place will occur just as the ship comes to a
complete stop. This is similar to driving an automotive vehicle, say at 22.5 knots (which
is 25.9 mph or 41.7 km/hr) and putting on the brakes with increasing brake pedal
pressure until the vehicle stops. The braking force will of course increase in proportion
to the pressure you put on the brake pedal, and will immediately drop to 0 as soon as the
vehicle finally stops (whether or not you take your foot off the pedal after the vehicle
stops). That braking force would be opposite to the direction of motion of the vehicle
thus causing the vehicle to decelerate from the time the brakes are first applied. In the
case of a ship striking a relatively immoveable object, the stopping force will build up as
more and more of the vessel’s structure is being crushed in until the vessel finally stops,
at which point the stopping force drops to zero.4
So how do we find the maximum force that would have taken place if Titanic had
hit an iceberg head-on?
If we take Edward Wilding’s estimate that the ship would have pulled up in about
80 feet, and if we take the speed Titanic was making that night as well as her
4

This of course assumes that the thrust from the ship’s propellers is zero after the collision event.
If not, then the ship would be pinned up against the object until the engines are finally stopped or
reversed. The thrust from Titanic’s propellers that night is estimated to have been around
415,000 lbs to keep her at 22.5 knots. This is based on the work of Professor J. H. Biles’ during
the Olympic/Hawke trial after scaling up the speed from 21 to 22.5 knots. (Thrust is proportional
to the speed squared.)
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displacement with 2/3 of her voyage to New York already completed, we can determine
not only the maximum force that would have taken place when she would have come to
a stop, but also we can derive the maximum deceleration that would have taken place,
how long in seconds it would have taken to stop the vessel, and actually plot the
deceleration build-up as a function of time, the decrease in her velocity as a function of
time, and the crushing distance from the bow as function of time.
On the night of April 14th 1912, it is estimated that Titanic displaced 48,300 longtons (M=49,075 metric tons).5 It is also known that Titanic was traveling at a speed of
about 22.5 knots (v=11.6 m/s) as measured by the taffrail log at 10pm that night. With
that speed and mass, Titanic’s kinetic energy on the night of April 14th 1912 was:

Ekinetic = ½ M v2 = 3,300,000 kNm (or 2,430,000,000 ft lbs)
We will now determine the resistive force that it would take to bring Titanic to a
stop over a distance of X=80 feet (24.4m) if she had crashed into an iceberg head-on as
shown in Figure 05 below.

Fig. 05 – Situation at t = 0 for a head-on collision.
5

Note: A metric ton, or tonne, is equal to 1000 kilograms. It is a unit of mass. From the entries
for Titanic in the original record book “Particulars of Completed Ships” in Harland & Wolff
archives, the change in displacement in long tons per inch immersion (TPI) was listed at 143.8.
The displacement at her load draft of 34 ft. 7 in. was 52,310 tons. Wilding derived a mean draft
at the time of collision at 32 ft. 3 in. That is a difference of 28 inches between the vessels load
draft and her draft on April 14. The change in the vessel’s displacement is therefore 28×143.8 =
4,026 tons. Subtracting this number from the load displacement gives 52,310 - 4,026 = 48,284
long tons for the night of Apr 14. Wilding rounded this to 48,300 for his working estimate.
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As the bow is being crushed, the resistive force of the crushed metal multiplied by
each increment of crushing distance is the energy dissipated by the crushed structure
over that increment in distance. If we add up each and every increment of this dissipated
energy, we should get the total dissipated energy needed to bring the ship to a complete
stop. That sum of dissipated energy must equal the ship’s kinetic energy before the
collision in order for the ship to come to a stop. What this means mathematically is that
we must integrate the resistive force, F, over the distance X, and set it equal to the total
kinetic energy prior to impact.
As shown in Appendix A, we were able to find that the energy dissipated by the
crushing and bending of the ship’s structure is given by the following expression:

Edissipated = K X(n+1) /(n+1)
This total dissipated energy has to equal the kinetic energy before collision, which we
found to be Ekinetic = 3,300,000 kNm (or 2,430,000,000 ft lbs). Then by using n=0.4 and
a total crushing distance of X=24.4 m (80 ft), we were able to determine the value of the
constant K, which was K = 52,760 using metric units.
We now have what we were looking for, the resistive force (expressed in
kilonewtons) as a function of crushing distance (in meters) from the bow for this head-on
collision scenario:

F = 52.76×103 x0.4

in kN

The maximum crushing force occurs when the ship comes to an abrupt stop at X=24.4 m
(about 80 ft back from the ship’s stem). Therefore,

Fmax = 189.3×103 kN (or almost 42,600,000 lbs of force)
Since force divided by mass is equal to acceleration (or in this case deceleration since it
is applied opposite to the direction of movement), we can find the deceleration of Titanic
in a head-on collision by simply dividing the force we just derived by the ship’s mass
(M=49,075 tonnes) for the night of April 14th 1912. Thus for Titanic, the deceleration,
d, as a function of crushing distance x is simply:

d = F/M = (52.76×103 / 49.075×103) x0.4 = 1.076 x0.4 in m/s2
The maximum deceleration will happen just as the ship comes to a stop, at X=24.4 m,
thus giving:

dmax = 3.86 m/s2
Since the acceleration of gravity on the earth’s surface is g = 9.81 m/s2 (or 32.2 ft/s2), we
find that the maximum deceleration measured in terms of g’s that would be felt by those
on board at the instant the ship comes to an abrupt stop would be:

dmax = 3.86 / 9.81 = 0.39g
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It would be as if the vessel had tilted down by the head to about 23° during the impact,
and then immediately straightened back to an almost even keel over the course of
striking the iceberg head-on. For some people sleeping in a bunk located on the aft-side
of a cabin, their first awareness of being involved in a head-on collision would be by
being thrown out of their bunk onto the floor below. For those who were awake and
standing without support at the time, they would have fallen forward as the ship came to
a halt.
At the end of the collision event, damage would have extended as far back as 107
feet (32.5 m) from the bow after the first 80 feet (24.4 m), or thereabouts, of her bow
having been crushed in by a solid wall of ice. This situation is shown in Figure 06 for
the moment in time, T, that Titanic would have come to a stop after first striking the berg
(at t = 0) at a speed of 22.5 knots (11.6 m/s).

Fig. 06 – Situation at t = T for a head-on collision.
But how long would the collision event actually last? In other words, how long
would it take (T) for Titanic to come to stop from the time of first contact (t=0) with a
large iceberg during a head-on collision event?
To answer this question involves the use of a mathematical method known as
solving a second-order, non-linear, differential equation. Here, to spare the reader, I will
only present the results of a numerical analysis which was done with the help of a spread
sheet since a closed form solution to the problem was not possible.
From the numerical analysis, the time it would take from initial contact to bring
the ship to a stop was:

T = 3.74 seconds
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Thus we see that the collision event would be all over in about 3 and ¾ seconds of time.6
However, during those few seconds, the ship would have gone from 22.5 knots down to
0 knots, and the deceleration force that would be felt would have gone from 0 to about
0.4g before abruptly ending.
As we have seen, during his testimony before the British Wreck Commission,
Edward Wilding said that he thought it would take no more than about 3 to 4 seconds,
perhaps 5, for Titanic to come to a stop within about 80 to 100 feet (BI 20280). Here we
find that it would have taken a little under 4 seconds to stop the ship within 80 feet.
Wilding also assumed that all the damage would have taken place ahead of watertight
bulkhead B. However, if it would have taken about 80 feet for Titanic to pull up after
striking the berg head-on, we find that the damage extent would likely have reached
about 107 feet aft of the ship’s stem, and bulkhead B would have been in the damaged
area and most likely compromised. It is quite obvious that Wilding was giving his best
guess to the questions being asked of him at the time. Here we have the advantage of
years of experimental and analytical modeling to rely upon.
In addition to the results presented so far, we were also able to derive the speed
and deceleration of the ship as a function of time, as well as derive the damage and
crushing distance from the bow as a function of time. Here we will only present the
results as a serious of graphs in the next three figures. Over the years a number of people
have speculated that the force of such a collision would have sprung seams further aft of
the immediate damage area thereby causing the ship to sink in a relatively short period of
time. The results of this study do not support such speculation as the buildup of
deceleration forces (Figure 08) is not instantaneous, but builds up to only about 0.4g over
the short time of impact. Although very seriously damaged, the ship would very likely
have remained afloat.

Fig. 07 – Plot of Titanic’s velocity versus time during a head-on collision.
6

The actual allision event that Titanic suffered on the night of April 14th lasted about 7 seconds
causing damage along her starboard side for about 250 feet. However, that event was hardly
noticed by many people compared to what would have happened if she was involved in a headon collision.
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Fig. 08 – Plot of deceleration (in g’s) versus time during a head-on collision.

Fig. 09 – Plot of crushing distance (X) and damage extent (D) versus time.
When the head-on collision event was over, Titanic would have been seriously
wounded. The first 80 feet (24.4 m), or thereabouts, of her bow would no longer be there.
The next 27 feet (8.2 m), or thereabouts, back from that point would be a pile of twisted
and folded rubble. Prior to the collision, Titanic would have appeared in its intact
condition as shown in Figure 10. Following the collision, she would have appeared in a
damaged state as shown in Figure 11.
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Fig. 10 – Titanic before collision.

Fig. 11 – Titanic after a head-on collision from 22.5 knots.
In her intact condition (Figure 10), Titanic was on an even keel with a mean draft
of 32 feet 3 inches on the night of April 14th 1912. After a head-on collision, Titanic
would have lost her first three compartments, with watertight bulkheads A and B
destroyed in the pile up of rubble, and the firemen’s tunnel running under the forward
holds completely flooded as far back as bulkhead D. Only bulkhead C and the watertight
door at the end of the firemen’s tunnel (Figure 12) on the tank top – which would have
automatically closed by a float under the plates when water rushed in – would keep water
from spilling further aft into the ship.
As a result of the loss of her first three compartments, Titanic would have
trimmed down by the head by about 1° as depicted in Figure 11.7 However, sea water
was likely to reach just about the level of F deck on the forward side of bulkhead C
making the closing of a sliding watertight door on the port side of bulkhead C on F deck
(located near cargo hatch No. 2 in third-class permanent space as shown in Figure 13)
somewhat critical for preventing the fourth compartment from being inundated. This
would be especially important if they hoped to move the vessel ahead in her damaged
condition, or if the vessel was to encounter some serious sea swells over time. The
margin from F deck to the bulkhead deck above (E deck) was only 8 feet 6 inches (or 2.6
meters).
7

This is based on Wilding’s “Flooding by Compartment” work which is shown here:
www.titanicology.com/FloodingByCompartment.html.
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Fig. 12 – Automatic watertight door at aft end of firemen’s tunnel.

Fig. 13 – Location of sliding WTD in bulkhead C on F deck.
In terms of lives lost, the loss among the engine department crew would have
been staggering. Two-thirds of the firemen, trimmers, and greasers would have been offduty and many asleep in their quarters on D, E, F and G decks ahead of bulkhead B.
Many of the off-duty deck crew, would have been in their quarters up on E deck just aft
of bulkhead B. The collapse of bulkhead B during the encounter would have affected
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many of these seamen most likely causing many serious injuries. Since it was Sunday
night, many of the seamen who were on-duty were hanging out in or about the seamen’s
mess up on C deck. For those who were there, it would have been a case of being in the
wrong place at the wrong time since the seamen’s mess would have been located in the
crushed zone. In addition, many of the ship’s forward third-class passenger spaces were
located between bulkheads B and C down on F and G decks, thus making those who
occupied those spaces highly vulnerable to injury or drowning.
All of this would have had a profound effect on Titanic’s ability to recover from
such a head-on disaster and limp to the nearest port. With only about one-third of the
firemen, trimmers and greasers available for working the machinery spaces, Titanic
would probably have to run with only 8 or 9 of her 24 double-ended boilers fired up. Of
course she couldn’t go very fast with the great extent of damage that would have been
done to her bow, and she would be lucky to make 7 or 8 knots. One could only speculate
as to how they would have handled all those 1,317 passengers that were on board.
Perhaps some, if not all, of them would have been transferred to other vessels along with
the injured? Perhaps they would have transferred only a few; e.g., just the first and
second class along with the most severely injured passengers and crew? I can only leave
questions like that for others to speculate upon.
Finally, what if Titanic had been going at a slower speed such as 15 knots (7.73
m/s)? What would that mean to the crushing distance and damage extent, the maximum
force encountered and the maximum deceleration rate encountered? What we find (see
Appendix A) are the following:
The crushing distance, X, for a 15 knot collision would be about 15.2 m (49.9 ft)
compared to 24.4 m (80 ft) at 22.5 knots.
The damage extent, D, for a 15 knot collision would be about 20.3 m (66.5 ft)
compared to 32.5 m (107 ft) at 22.5 knots.
The maximum resistive force, Fmax, encountered for a 15 knot collision would be
about 157 MN (35,300,000 lbs) compared to 189 MN (42,600,000lbs) at 22.5
knots.
The maximum deceleration, dmax, for a 15 knot collision would be about 0.32g
compared to 0.39g at 22.5 knots.
For the case of Titanic going at 15 knots, the damaged area would have extended about
halfway between bulkheads A and B causing the ship to loose her first two
compartments plus the firemen’s tunnel. Again there would have been a great loss of life
mostly to the firemen, trimmers and greasers who would have been off duty in their
quarters at the time. However, the seamen’s quarters down on E deck, as well as thirdclass passenger spaces in the forward part of the ship, would have been spared.

Comparing Damage to Other Vessels
How does the damage we came up with for Titanic compare to other vessels that
were involved in head-on collisions?
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In our analysis it was estimated that Titanic would pull up in about 80 feet and
suffer damage extending 107 feet back from her bow, or about 12% of her overall length.
In the famous collision between MS Stockholm and SS Andrea Doria in 1956, Stockholm
suffered damage of about 75 feet to her bow, or about 14% of her overall length, despite
having a reinforced bow. In that collision, Stockholm was running at 18 knots when she
slammed into the side of Andrea Doria who was going at almost 22 knots. The energy
of collision was so great that not only was Stockholm stopped, but a negative velocity
was imparted to her by the more massive Andrea Doria before breaking contact.8 The
result of that collision to Stockholm is shown in Figure 14 below.

Fig. 14 – The MS Stockholm after striking head-on into the SS Andrea Doria.
When comparing the damage derived for Titanic to models developed for other
vessels, some caution must be taken. For example, from the work of Zhang, Ocakli and

Pedersen that we had referenced earlier, the extent of damage in the bow shown for a vessel of
260 meters (850 feet) in length and traveling at 15 knots was about 7% of the ship’s length, and
the maximum deceleration force was about 0.38g.9 For Titanic at 15 knots, we found the damage
extent to be about 66.5 feet (20.3 m), or about 8% of her length between perpendiculars, and the
maximum deceleration force to be about 0.32g. Although the numbers are not too different from
the numbers shown in the graphs of Zhang, Ocakli and Pedersen for vessels of the same length
traveling at 15 knots, it must be pointed out that the graphs they published were developed for

longitudinally stiffened oil tankers and bulk carriers of 150 meters or more, not
necessarily for early 20th century passenger steamers. However, the basic principles used
by them to derive the numbers they did allowed us to derive our results for Titanic, and
should be applicable to other vessel types as well, so long as the constraints and
limitations are known.
8

Samuel Halpern, “An Objective Forensic Analysis of the Collision Between Stockholm and
Andrea Doria,” with foreword by Captain Leslie Eadie, Assistant Professor of Marine
Transportation Operations, Maine Maritime Academy, 2010. Available for download at:
www.titanicology.com/AndreaDoria/Stockholm-Andrea_Doria_Collision_Analysis.pdf.
9
Zhang, Ocakli and Pedersen, Figs. 9 and 10, respectively.
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A Possible Head-on Collision Scenario
Could such a head-on accident have happened to Titanic? We know Titanic
struck an iceberg after it was sighted in enough time for her helm to be put hard over in a
failed attempt to avoid striking the iceberg. The allision that actually resulted caused
about 12 square feet of aggregate openings along her starboard side. Unfortunately, too
many of her compartments were compromised, and she sank in about 2 hours and 40
minutes, and was relatively stable until the very end. But could Titanic have struck an
iceberg head-on by accident? In other words, could the sighting of the iceberg have
taken place so late that there would be no time to react? We can almost certainly rule out
any consideration of a deliberate head-on strike because all ship handlers are taught to
avoid collisions, not to deliberately allow them to happen.
The scenario that comes to mind is one in which the ship would be heading
straight into a relatively localized low-lying bank of fog that would have prevented the
sighting of the iceberg until it was well under 100 yards ahead. Prior to that, the
presence of a low-lying bank of fog would essentially have been undetected since there
was no moonlight to reflect off the fog well in advance. The horizon itself that night was
described as a soft horizon, with no discernable demarcation line separating the sky from
the sea as seen from the bridge or crow’s nest. The horizon was “marked" only by the
setting of stars low down in the sky. What would have become noticeable as the ship
approached a bank of fog is that these low-lying stars directly in front of the ship would
start to become obscured, disappearing at a slightly higher angle than previously noticed.
At some point, the disappearance of stars at a slightly higher angle would have
probably alerted First Officer William Murdoch to the possibility of some low-lying fog
or haze ahead. In accordance with standing orders, Murdoch knew that Captain Smith
needed to be called, that it would be prudent ahead of time to ring down “standby” on the
engine-order telegraphs in case Smith decided that speed needed to be reduced, to close
the drop-down watertight doors down on the tank top as a precautionary measure, and to
station one of the lookouts out on the ship’s forecastle near the loud-speaking telephone
that was located there.
Any degrading visibility conditions would also have been noticed by the two
lookouts up in the crow’s nest, Frederick Fleet and Reginald Lee. However, they also
knew that it was their responsibility to report if an object was sighted and to signal its
general direction (port, starboard or ahead) to the bridge by striking the bell above their
heads.10 It was not their responsibility to report changing visibly conditions, which
would have been obvious to the Officer of the Watch (in this case Murdoch) who was
keeping lookout out on the navigating bridge located aft and a little below them.
So a quickly unfolding scenario may look something along the following lines:
Up in the crow’s nest –
Fleet (to Lee): “It looks like there is some fog or haze coming on.”
Lee: “Well, if we can see through that we will be lucky.”
10

Striking the bell once meant an object was sighted to starboard, striking it twice meant an
object was sighted to port, and striking the bell three times meant an object was sighted ahead.
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Out on the starboard bridge wing First Officer William Murdoch notices the same fast
approaching obscuration of the horizon in front of him. From past experience he knew
that the vessel may be headed into a patch of localized fog, perhaps caused by warmer
moist air moving over some patches of cold field ice ahead of them. From earlier
estimates and received warnings, it was expected that the ship may come up to the ice
sometime around 11pm. It is now about 20 minutes to midnight as Murdoch walks
toward the enclosed portion of the bridge to give orders to Sixth Officer James Moody in
the wheelhouse:
Murdoch: “Mr. Moody, call up the nest and have one of the lookouts take
station out on the foc’sle, and have the Standby [Quartermaster] call the
Captain and tell him that we appear to be headed for some patchy fog and
that I have put the engines on standby.”
No sooner than these words come out of Murdoch’s mouth, the silence of the night is
broken by the striking of three bells up in the nest. Immediately, Murdoch turns and
looks ahead and sees a huge wall of ice as high as the boat deck loom out of the darkness
directly ahead. There is no time to react. No time to turn away to avoid. No time to
stop or reverse the engines. No time to close the watertight doors. Only one thing to do:
Murdoch (shouting out): “Brace for collision!”
Within seconds Titanic strikes an iceberg head-on. In just under 4 seconds from contact,
the surprise shock is over. Titanic is left pinned up against the huge iceberg with about
the first 80 feet of her bow missing, and what remains of her bow in front of the
foremast, just a pile of rubble.
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Appendix A
Derivation of Crushing Distance, Force, and Deceleration
Dissipated Energy
The energy dissipated by the head-on collision must equal the ship’s kinetic energy
before collision. The dissipated energy is the integral of the force, F, over the crushing
distance, x, from x=0 to x=X. Thus, with F = K xn , we have:

Edissipated =  F dx =  K xn dx = K X(n+1) /(n+1)
Since Edissipated = Ekinetic = ½ M v2
We have:
K X(n+1) /(n+1) = ½ M v2
Solving for K, we get:
K = ½ (n+1) M v2 /X(n+1)
Using n=0.4, M=49.075×103 tonnes, v=11.6 m/s, and X=24.4 m (from Wilding), we find
K = 52.76×103 in metric units.
Force and Deceleration Vs. Distance
Since F = K xn , and since we just found K, the force (in kilonewtons) during the
crushing of the ship’s structure in a head-on collision as function of distance x (in
meters) is:
F = 52.76×103 x0.4 in kN
The ship’s deceleration, is force divided by mass, or d = F/M. Thus,
d = F/M = K x0.4 /M = 1.076 x0.4 in m/s2
Max values for F and d occur when x=X (24.4 m), the distance that it takes to stop the
ship from an initial speed of v = 22.5 knots (11.6 m/s).
Deriving Values for a Speed of V = 15 knots
Since we found,

Edissipated = K X(n+1) /(n+1) = ½ M v2
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and we found K=52.76×10 using n=0.4 and M=49.075×10 tonnes for the initial
condition case of v=11.6 m/s (22.5 knots), we can now solve the dissipated energy
equation for X using a different initial speed such as v=7.7 m/s (15 knots):
K X(n+1) /(n+1) = ½ M v2
X(n+1) = (n+1)/2 M/K v2
X = [ (n+1)/2 M/K v2 ]1/(n+1)
Putting in values for K=52.76×103, M=49.075×103 tonnes, n=0.4 and v=7.7 m/s (15
knots), we find X=15.2 m (49.9 ft) for a 15 knot initial condition case.
Since D=X/0.75, we find that D=20.3 m (66.5 ft) for a 15 knot initial condition case.
Finally, since both F and d are proportional to xn, it follows that by taking ratios:
Fmax (15 knots) / Fmax (22.5 knots) = [X (15knots) / X (22.5 knots)]0.4
Fmax (15 knots) = Fmax (22.5 knots) × [15.2/24.4]0.4
Fmax (15 knots) = 0.83 Fmax (22.5 knots)
Since we had found that Fmax (22.5 knots) = 189.3 MN (in Meganewtons), we now find
Fmax (15 knots) = 0.83 × 189.3 = 157.1 MN
Similarly, since d = F/M, it follows that:
dmax (15 knots) = 0.83 dmax (22.5 knots)
and since we had found that dmax (22.5 knots) = 0.39g, it follows that
dmax (15 knots) = 0.83 × 0.39g = 0.32g

