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Section I

Summary

A

t 2:20 AM on the 15th of April Nineteen Hundred and Twelve the biggest and most advanced piece of maritime equipment to date, slipped beneath the icy North Atlantic in two shattered pieces.  It is hard to believe that something so advanced and so well built could slip between the waves in two pieces.  What most observers have failed to understand is that Titanic did not break into two pieces because she was a fragile ship.  Rather, the breakup occurred because she was such a well built ship.

Why and how the ship’s hull broke apart has been the matter of intense debate.  Captain David G. Brown and LCDR (ret) Parks Stephenson came up with a theory that Titanic actually grounded on an ice shelf.  This theory is based on the testimony given by eyewitnesses to the actual collision (or, more properly, allision) with the iceberg.  But, even the Stephenson/Brown grounding theory does not explain the breakup.  

Groundings play havoc on the structure that not only supports the keel, but also the keel itself.  In simple terms, a ship’s keel is much like a supporting beam in the floor of a building.  The “floor” in this case is the cellular double bottom of the ship.  When Titanic  grounded on the ice, this “beam” was lifted on only the right side, while the left side remained buoyant while it was pushed down by the lifting of the opposite side.  Once the ship was free of contact with the ice, the portion of the keel on the port side that remained free of the berg was doing just fine.  Things were a lot different on the starboard side where the portion of the keel what had been unfairly lifted and was suddenly dropped.  Worse, the dropped portion was then asked to support added weight in the form of flooding.  The keel probably developed some pretty severe cracks in way of hold #3 and particularly near bulkhead D, but the structure held together.

As the night went on and the flooding got worse, the bulkhead (D) at the front end of boiler room 6 was asked to hold an enormous amount of extra weight.  It must have shown signs of strain and possible collapse.  Water most likely started through small seams that grew, and then from the bottom of the bulkhead.  Then BANG!! The bulkhead failed in some manner.  It is important to remember that the word “failure” does not imply collapse but simply means the structure was unable to keep water back for the compartment forward of it.

At the keel, stress was next transferred aft to the forward end of Boiler Room 5.  Once that bulkhead failed stress created by flooding and the loss of buoyancy was taken to the forward end of BR 4 where it is possible the keel partially failed, taking shell plates with it.  The ship is now trying to break itself apart to remain afloat, but the keel and steel structure still managed to take the flooded weight of the front portion of the ship. The bending of plates on the bottom of the ship started shearing rivets and water began entering from below. What kept Titanic together for much of the night was the rapidness with which it sank after the collapse of the bulkhead in BR5.  This was illustrated in testimony given before the BOT:

3816. Did you see any water before you went up in any of the boiler rooms or the engine room? - Yes, there was water coming in forward.

3817. The furthest point forward you reached was No. 4 boiler section? - Yes.

3818. Was it coming in there? - Yes.

3819. Where was it coming in? - Coming from underneath.

3820. From underneath the floor? - Yes.

3821. And from what part of the floor, the forward part or the after part? - The forward part.

3822. Did it come in large quantities or only in small quantities? - Small quantities.

3823. Was there any depth of water standing on the floor? - No.

3824. Do you mean the floor was just damp? - That is all.

3825. And it seemed to be coming through the floor? - Yes.

This is a great indication of a bulkhead sweating.  It means it is under constant pressure from water on the other side, as a bulkhead sweats it is the beginning of the end.  The only difference is this is coming from underneath. When the bulkhead went the keel started to go in BR 4/5. At this point the structure is under a extreme amount of strain and this strain looks for the easiest way out which it finds in way of the forward expansion joint which opens beyond it’s designed gap, this would eventually cause the collapse of funnel 1. 

Section II

Background Material

Ship Handling:  Non mariners must understand that ships do not handle like school buses, although this is the way ships are portrayed in just about every movie or TV show.  There are forces at work on a vessel in the water that do not exist on Main Street.  Ships do not have brakes, so cannot “stop on a dime.”   Most important, they definitely take a lot longer to turn and make wider turning circles than any other moving vehicle.  Ship driving is more art than science.  Like any art, it takes constant practice to become proficient in handling moving objects that are essentially moving cities.

Similar Incidents:  Other maritime incidents such as the grounding of the RMS Aquitania in 1919, or the more recent grounding of the QE2 in 1992 to illustrate the nature of events aboard Titanic as it foundered.  The authors experiences as a Master Mariner and Maritime Incident Investigator are also drawn upon from time to time.  

Forensic Ship Division:  For the purpose of describing a maneuver, ships are generally divided into four sections:  Forward Port, Forward Starboard, Aft Port and Aft Starboard.  In writing a report for a grounding or allision, a fifth division comprising the internal framework is added.  This division of the ship must be kept in mind when reading the remainder of this paper.


Forward Port

Forward Starboard

Aft Port

Aft Starboard

Internal Framework.     

These divisions use the keel as the fore-and-aft dividing line.  Forward is divided from aft amidships, which is roughly between funnels #2 and #3.  The internal framework consists of the transverse framing (“ribs”) and the longitudinal framing (e.g. the keel) and all of the associated framework, which supported the exterior shell plating or the interior decks.  

Section III

Introduction

O

n April 15th 2002 the Titanic research community observed the 90th anniversary of the most famous maritime disaster in history.  The loss of the Titanic continues to be the center of discussion and debate by historians, mariners and survivors because few of these people have actually understood what happened and why.  

This paper focuses on the breakup of the ship’s hull and how that breakup occurred. Until Dr. Robert Ballard discovered the wreck in 1985 it was still the general thought that the Titanic went down in one piece.  This erroneous impression was created by the final report of the British Board of Trade (BOT) inquiry into the sinking.  That report, contrary to the majority of witnesses who testified, concluded the ship sank intact.  Ever since Ballard returned with unequivocal proof of the breakup there has been a flurry of attempts to explain how such a well-built ship could have broken into at least two large pieces as it foundered.

Contemporary Reports:  In the late 1990’s both the Royal Institute of Naval Architects (RINA) in Britain and the Society of Naval Architects and Marine Engineers, Forensics Panel {SD-7} (SNAME) in the United States attempted to explain the reason for the breakup and why a 45,000-ton ship with 16 primary watertight compartments sank in a little less than three hours.  Both groups failed to adequately explain the flooding pattern within either the compartments or the hull as a whole.  The SNAME report unfortunately contains several obvious technical and historical inaccuracies.  In particular, neither report touched on the amount of water flooding compartments, the different rates of flooding, and the relationship of the flooding to the loss of  buoyancy.  With respect to the loss of buoyancy, little attention was paid to how the resulting unsupported weight effected the overall stability of the vessel or the strains imposed upon the keel.  

While the majority of the discussion from the technical community has centered on what happened after the ship left the iceberg, Captain David G. Brown and LCDR (ret.) Parks Stephenson were the first to publish a paper dedicated solely to the seven seconds or so that comprised the accident.  This Brown and Stephenson paper was the catalyst for the creation of this paper, which picks up where their effort ended 

It is widely known that Titanic struck an iceberg and sank.  Even this simple rendition of the story raises some critical questions:  How could a ship 882 feet long, weighing 45,000 tons made with the best British steel founder?  What caused the modern marvels of 1912 maritime technology to fail?  How could an iceberg do so much damage in a little more then 7 seconds?  The answers lie in the nature of the accident, the initial destruction caused by the iceberg, and the subsequent effects of flooding and loss of buoyancy.

Survivors Lacked Understanding:  A common thread in the testimony of Titanic survivors is surprise.  Possibly no one on board understood what was happening to the hull as it came apart beneath their feet.  In effect, they were too close to the situation for a dispassionate analysis.  As a result, even today not many historians understand the underlying mechanisms of the destruction of Titanic.  Some things are certain.  There was no giant 300-foot long tear in her bow as both the early news stories and the final BOT report suggested.  Instead what actually took place is a complex set of internal strain failures, which occurred in domino-fashion after the initial iceberg damage.  These strains resulted both from physical injury to the ship and the subsequent flooding.  They lead over time to significant structural failures that eventually brought down the giant liner and broke her in two.

Unique Event: Titanic as a foundering ship appears to be unique.  It is the only vessel of similar size and construction that the author has found to have flooded and broken apart while still on the surface.  It is also the only multi-compartment vessel that foundered only by going down by one end (in the case of the Titanic, by the head).  Other ships like Britannic, Lusitania, Archille Loro, Andrea Doria, Sea Breeze 2 and Bismarck rolled over toward the side containing the major damage.  None broke apart at or near the surface.  What allowed the foundering of Titanic to be so different?

Section IV

Collision, Allsion or Grounding?

T

he Stephenson/Brown paper changed the way most historians view that part of the Titanic story and brought it into line with the way mariners have always viewed the accident.  That paper also suggested alternative flooding patterns to those contained in the BOT final report.  And, Stephenson/Brown exposed possible Olympic Class design flaws.  But the majority of the paper points out that Titanic most likely temporarily grounded on the underwater portion of the iceberg while still maintaining most of her forward way. The remarkable thing about this modern theory is that it was foreshadowed by the BOT testimony of Edward Wilding, a naval architect employed by Harland & Wolff, the company that built the ship.  Much of what this ship designer said in 1912 was ignored by the British inquiry.  Wilding’s words continue to be overlooked by subsequent re-examinations of the accident that rely extensively on the BOT report.  Wilding was the first to point out that a 300-foot gash did not sink the new ship.  His testimony will be covered in depth in Section VI.

 The majority of the evidence for a grounding type of incident is contained in testimonies from passengers and crew.   Some of the most common responses where the following taken from the U.S. Senate and the BOT inquiries.  Numbers in parenthesis indicate questions from the British inquiry.

Walter Brice Able Bodied Seaman:

Mr.BRICE. No, sir. It was like a heavy vibration. It was not a violent shock.

SENATOR BOURNE. There was no jar?

Mr.BRICE. No, sir; not a bad jar, as you would call it.

SENATOR BOURNE. But it made a noise?

Mr.BRICE. A rumbling noise, sir.

Norman C. Chambers First Class Passenger:

At the time of the collision I was in bed, and I noticed no very great shock, the loudest noise by far being that of jangling chains whipping along the side of the ship. 

Major Arthur Peuchen First Class Passenger:

I probably stopped, going down, but I had only reached my room and was starting to undress when I felt as though a heavy wave had struck our ship. She quivered under it somewhat. If there had been a sea running I would simply have thought it was an unusual wave which had struck the boat; but knowing that it was a calm night and that it was an unusual thing to occur on a calm night, I immediately put my overcoat on and went up on deck.

Albert Pearcey Steward:

10338. There was just a small motion, but nothing to speak of.

George W. Beauchamp Fireman:

662. Just like thunder, the roar of thunder.
These statements are indicative of a grounding.  They speak of very little motion, no hard jarring, a little bit of vibration or rumbling, noise like thunder, or the sound like that of the jangling of chains.  Groundings are very commonly thought to be that of a dropped propeller blade as one of the stewards points out in his testimony.  There is contemporary proof that the grounding of a large passenger liner is very similar to the way Titanic survivors described their accident.  When the Cunard Liner QE2 grounded off the East Coast of the United States, the passengers were surprised and a little annoyed when the casino was closed, and they were even more annoyed when their trip was cut short.  The damage done to the QE2 resulted in an extended dry dock period which it is rumored was due the replacement of the entire underbelly of the ship.  Groundings notoriously signal the end of a ship’s useful life as the damage is often too widespread to be economically repaired.  

Strike:  Statements like the ones shown above are from both sailors and maritime layman such as passengers.  However, there is one major difference between the words chosen by passengers and those used by the crew to describe their experiences.  Most experienced sailors used the word “struck” or “strike” in their testimonies.  For example, Fourth Officer Joseph Boxhall recalled Captain Smith’s first question after the accident as, “What have we struck?” The nautical definition of strike is: "A ship strikes when it in any way touches the bottom.  To run ashore or aground.  To run upon a bank, a shoal.”  That definition is courtesy of the International Maritime Dictionary 2nd edition, Rene( De Kerchove.

Grounding:  In a technical sense, grounding occurs when the bottom portion of the ship runs across a solid object forcing the vessel to loose forward momentum and eventually come to a stop while on that solid object.  A prime example of a grounding is the Exxon Valdez accident in Prince William Sound.  The ship ran onto Bligh Rock and remained impaled there with the rock extending upward through the bottom and into the cargo tank above.  To sailors, an incident of this type is often called a “hard grounding.”

In 1919 the Cunard passenger liner Aquitania suffered a somewhat softer grounding in the Merseyside River.  No records of the exact damage can be found, nor can any repair records be found.  What does exist is a Surveyors Report from late 1935 referencing the damage from this grounding.  The bow was apparently crumpled much like a car would have been by striking a fixed object.  This damage plagued Aquitania for the rest of her career.  She reportedly had buckled decks and doors that were stuck in their jambs.  Eventually, all the rivets in the area of the grounding had to be replaced (as referenced in the attached drawing).  Cracks along the bridge deck and a myriad of other symptoms occurred which, as shall be seen, were very similar to Titanic where at least one passenger cabin door would not open and had to be forcibly broken down to release the passengers inside.  (This was the incident involving tennis star R. Norris Williams.)  There is also eyewitness evidence that hand-cranked watertight doors in the forward section of the ship could not be closed by the crewmen delegated to that task. So crumpled decks, doors not closing, this meets some but not all of the requirements for a grounding, but it still isn’t a grounding in the traditional sense of the word.  

Collision:  A collision occurs when a ship hits another object (ship, etc.) and is affected above or below the waterline, or both above and beneath the water line.  Damage done is primarily to the structure of the ship above the waterline, frames are usually damaged and steel torn.  Additional damage may be done to the object hit.   A collision also requires that the ship loose at least some of her forward momentum (Marine Salvage Manual, page 171) as a result of the incident and a very definitive point of damage.  The impact felt by those aboard is a sudden and destructive jar that typically knock passengers from there feet.  None of these characteristics of a collision (with the exception of the torn shell plating and frames damaged below the waterline) was reported on Titanic.  From the testimony taken at both inquiries, the event does not meet the qualifications for a collision.

Allision:  An allision is a little more complex.  An allision can be either a collision or grounding in which the ship manages to keep her forward momentum and glides off the object hit while retaining her course.  Now if we take what the survivors from Titanic said above as the grounding portion and the keeping of momentum as the ship glides off the object part of allision and what we have is a “ground-allision.”  Or for simplicity, an allision.  This type of damage usually causes the loss integrity of the tankage within the double bottom and damage to the internal frames around those tanks. The QE2 incident mentioned above is a good example of this type of damage.

Titanic did not sideswipe the berg like James Cameron showed in his now famous movie.  Instead, it effectively ran aground on an underwater portion of the berg.  Also, Titanic did not come to a stop as a result of the friction with the iceberg, but only slowed its forward progress.  It was a classic case of what sailors in 1912 called, “touch and go.”  Although the events on the outside of the ship were relatively simple, they set up a complex set of events on the inside.

The common sideswipe theory as mentioned not only in the BOT final report but in the American Inquiry would be almost impossible to recreate in a ship Titanic’s size.  With what we know about the damage and the duration of the sinking makes this a impossibility.

Controlling Factor:  In Titanic’s case, the ship was moving at 22 knots when it contacted an object that (above the surface) appeared to be much smaller and stationary.  The factor that controlled the outcome of this accident was the underwater shelf.  If the ice had been a long, shallow expanse, Titanic might have ridden up onto the berg like a ship going aground on the slope of a shingle beach.  But, this shelf seems to have been more narrow, much like a mountain ridge.  The berg supported only a very small area on the bottom of the ship, quite the opposite of the whole bottom being supported by a wide, expansive wedge of ice.  The narrow ridge of ice was capable of greater destruction because it focused all of the forces of impact on only a few square feet of Titanic’s structure.

Murdoch Saved Stern:  When the forepeak touched the underwater shelf portion of the berg Titanic was moving more or less in a straight line.  This initial impact was a classic case of “striking” on the berg in sailor terms, meaning going aground, and not a sideswipe.  Right rudder (port helm 1912) was not put on the ship until shortly after the moment of allision.  This information came from relief Quartermaster Alfred Olliver who arrived on the bridge just in time to see First Officer Murdoch close the automatic watertight doors.  At that instant, Olliver said he felt the ship strike on the berg and heard Murdoch issue a helm order:

Mr.OLLIVER: I know the orders I heard when I was on the bridge was after we had struck the iceberg.  I heard "hard a-port."  And, there was the man at the wheel and the officer.  The officer was seeing it was carried out right. [emphasis by author]

SENATOR BURTON: What officer was it?

Mr.OLLIVER: MR.Moody, the sixth officer, was stationed in the wheelhouse.

SENATOR BURTON: You do not know whether the helm was put hard a-starboard first, or not?

Mr.OLLIVER: No sir, I do not know that.

SENATOR BURTON: But you know it was put hard a-port after you got there?

Mr.OLLIVER: After I got there, yes sir.

The “hard a-port” helm order in Olliver’s testimony would, in the convention of 1912, have produced a sharp right turn under full right rudder.  Turning toward the iceberg seems wrong to anyone who has driven a car.  However, it was the necessary and logical thing for Murdoch to do at that moment because he was handling a ship.  Unlike a car, which steers with its front wheels, the stern of a vessel “kicks out” some 5 to 7 degrees in a turn.  Right rudder created by Murdoch’s “hard a-port” helm order would have caused the midships and stern portions of Titanic to pull away from the berg as the stern kicked out to the left.  Had the ship been under “hard a-starboard” as claimed by the man at the steering wheel, Quartermaster Robert Hichens, the mid body of Titanic would have swung into the iceberg, pinning the ship against the ice all the way aft.

The third Quartermaster on duty that night was George T. Rowe.  He was pacing the poop deck beneath the docking bridge at the moment of impact.  His testimony before the U.S. Senate inquiry demonstrated how close Titanic came to damaging its stern against the iceberg—except for Murdoch’s “hard a-port” helm order:

SENATOR BURTON: And the iceberg, when the boat rubbed against it, was right near, was it.

Mr.ROWE:  Yes, sir

SENATOR BURTON: How far, would you say?

Mr.ROWE:  It was so near that I thought it was going to strike the bridge.  (The docking bridge on the stern.)

SENATOR BURTON: Did it strike the bridge?

Mr.ROWE:  No, sir, never.

A few questions later, SENATOR Burton asked the key question: was the ship under port or starboard helm at the time the iceberg went past the docking bridge?  Rowe, an experienced quartermaster, had no difficulty answering:

SENATOR BURTON:  Dou you not think that if the helm had been hard a-starboard, the stern would have been up against the iceberg?

Mr.ROWE:  It stands to reason it would, sir, if the helm were hard a-starboard.

Although Rowe’s answer is inverted, he confirmed that the ship must have been under port helm or right rudder at the time the berg passed his location at the stern.  If Titanic had been under starboard helm, or left rudder, Rowe said that it would stand to reason that the stern should have been rubbing against the iceberg—which did not happen.

The testimony of Quartermaster Alfred Oliver is very rarely visited by motion picture or documentary screenwriters.  James Cameron went to great lengths to accurately reproduce the interiors of the ship’s passenger accommodations, but then depicted the accident with Titanic handling like a big yellow school bus instead of a ship.  A school bus could turn left and rub only its right front fender against an obstruction.  Ships do not handle that way.  Unlike a bus when a ship turns the stern of the ship stays on the original track (called “advance”) and swings outward as the bow rotates in the new direction.  Only then does the stern follow the bow into the turn.  

Section V

The Actions on the Bridge

Testimony about the actions of First Officer Murdoch during the accident comes primarily from Fourth Officer Boxhall and Quartermaster Olliver.  Much of what Murdoch is claimed to have done makes little or no sense to a modern deck officer.  Putting aside any discussion of the lack of lookouts and abuse of speed, there are several important questions regarding the traditional story.  

First, why would the officer with the most time on the bridge of an Olympic Class vessel expose the beam of his ship to an object of an unknown size that is obviously so close?   That is exactly what Murdoch would have done if he had ordered “hard a-starboard” as a collision avoidance maneuver.  Recall lookout Frederick Fleet’s phrasing from the American inquiry, “Well, I reported an iceberg right ahead, a black mass....”  Right ahead is usually interpreted as meaning the ship is about to run over the object, which was proven true by the accident.  If Murdoch had used hard left rudder (hard a-starboard in 1912) he would have committed himself to exposing Titanic’s entire starboard beam to the wrath of the berg—a danger of which he had no good estimation of it’s size or depth.

Notice that Quartermaster Hitchens, who was at the wheel during the accident, never mentioned the “hard a-port” helm order that Olliver was so insistent came after the ship struck on the ice.  So was Hitchens lying? or forgetful?   As David Brown points out in a companion paper to this one, Hichens was neither.  The quartermaster was simply a well-coached witness.  He responded only and very specifically to questions about what happened before the incident, as this question during the American inquiry illustrates:

SENATOR  SMITH. I wish you would tell now, in your own way, what occurred that night from the time you went on watch until the collision occurred.  [emphasis by author]

The author of this paper concurs with Brown that Murdoch recognized the ice field ahead of the ship before the lookouts.  It was common for the bridge crew to spot ice before the lookouts (see testimony of Captain Lord of the Californian and Captain Rostron of the Carpathia).  Probably in consultation with Captain Smith, Murdoch decided to make a two point turn (22.5() to port (starboard helm 1912).  Titanic’s lookouts testified the “haze” in front of the ship, which Brown claims was actually ice, extended for two points on either side of the bow.  This course change was intended only to avoid the ice field across the ship’s path and not to dodge the fatal iceberg which at this point had not been seen.  Unwittingly, by ordering this maneuver Murdoch placed the ship face-to-face with that iceberg.  If Murdoch decided that he wanted a two-point turn, and he wanted it quickly, he would have given a rudder command followed by a new course to steer.  Brown details the procedures for making such a turn in his paper, so that information will not be repeated here.

Nathan Robison was the first Titanic historian to suggest that the “hard a-starboard” command was probably never given and, in any case, was not part of an attempt to dodge the fatal iceberg.  There was, however, a slight rotation of the bow to port just as lookout Frederick Fleet’s telephone call to the bridge during which he uttered the famous words, “Iceberg right ahead.”    Any rotation of the bow to port prior to impact required starboard helm (left rudder) by Hichens.  Brown suggests that the “hard a-starboard” course change to avoid the field ice was fully accomplished prior to any of the iceberg warnings from the crow’s nest.  If Brown is correct, the left rotation of the bow reported by both Fleet and his companion, Reginald Lee, must have been something other than an iceberg avoidance maneuver.  Brown suggests it may have been a slight over steering error by Quartermaster Hichens.  Note in the following testimony from the U.S. Senate inquiry that Fleet is specific about the rather small nature of the rotation of the bow and that the ship had been aimed straight at the iceberg until that time.

Mr.FLEET. Well, she started to go to port while I was at the telephone.

SENATOR SMITH. She started to go to port?

Mr.FLEET. Yes; the wheel was put to starboard.

SENATOR SMITH. How do you know that?

Mr.FLEET. My mate saw it and told me. He told me he could see the bow coming around.

SENATOR SMITH. They swung the ship's bow away from the object?

Mr.FLEET. Yes; because we were making straight for it.

Crash Stop:  This brings up the second problem with the traditional version of Murdoch’s actions: his use of engine commands.  Boxhall was adamant that the first officer ordered FULL ASTERN and “hard a-starboard” prior to impact.  Why would Murdoch have crashed back the engines during a hard over turn if he had no idea of how close the berg was to the ship?  Crashing back the engines would have decreased Titanic’s forward momentum and the effectiveness of its rudder just at the moment when the ability to maneuver around any potential danger was needed the most.  The combination of a hard-over helm order and a FULL ASTERN engine order is a rookie mistake, not the actions of an experienced senior deck officer like William Murdoch. 

Once Murdoch realized his predicament—that he turned the ship directly toward the iceberg--he had the famous “oh shit” moment.  The lookouts thought the first officer ignored their warnings, but he basically had no other choice.  Titanic was too close to maneuver around the berg.  Any hard over helm order, port or starboard, would have set the side of the ship against the berg as a result of the outward swing of the stern.  Murdoch could only hope to slow the ship’s momentum by his FULL ASTERN order.  That signal was witnessed in the engine room by Trimmer Thomas P. Dillon.  The boilers he normally tended were not lighted that night, so he had been assigned other duties.  Dillon testified that a single engine room telegraph rang before the impact.

Mr. ASQUITH: (3713) Would you be in a coal bunker, or where?

Mr. DILLON: In the engine room where the main engines are.

Mr. ASQUITH: (3714) What were you doing there? What were your duties there?

Mr. DILLON: I belonged to the upper section, but the upper section of boilers was not lit up and they sent us to the engine room to assist in cleaning the gear.

Mr. ASQUITH: (3715) Did you feel the shock when the ship struck?

Mr. DILLON: Slightly

Mr. ASQUITH: (3716) And shortly before that had the telegraph rung?

Mr. DILLON: Yes.

Mr. ASQUITH: (3717) Can you say at all how long before she struck that was?

Mr. DILLON: Two seconds. [emphasis by author]

Once the forefoot struck, the need became to swing the stern free, which required full rudder power.  That necessitated changing the FULL ASTERN order to ALL STOP.  Murdoch gave his first order on the emergency telegraph, which was located near the switch for the watertight doors.  This second engine order was done using the both the primary telegraph and the emergency telegraph, an unusual double order that required two men to accomplish.  This ALL STOP order was seen by Olliver on the bridge and Greaser Frederick Scott in the engine room:


ATTORNEY GENERAL (5521) You felt something.  What was it?


Mr. SCOTT: I felt a shock and I thought it was something in the main engine room which had gone wrong.


ATTORNEY GENERAL (5522) We know it was about 11:40?


Mr. SCOTT: Yes, about 20 minutes to 12.


ATTORNEY GENERAL (5523) Did you notice the two telegraphs in the engine room?


Mr. SCOTT: Yes.  Four telegraphs rang.


ATTORNEY GENERAL (5524) Were there four telegraphs?


Mr. SCOTT: She got for telegraphs, two emergency ones.


ATTORNEY GENERAL (5525) Two emergency?


Mr. SCOTT: Yes, and two for the main engines.


ATTORNEY GENERAL: (5526) What did you notice?


Mr. SCOTT: I noticed STOP first. [emphasis by author]

Scott correctly testified that Titanic had two sets of telegraphs.  One set was the primary telegraph to be used during ordinary conditions.  A second emergency telegraph was installed with a completely separate path to the engine room from the regular instruments.


ATTORNEY GENERAL: (5536) Did you hear the two?


Mr. SCOTT: No, they all four rang together.


ATTORNEY GENERAL: (5537) Did you hear the two ordinary ones ring first?


Mr. SCOTT: No, they all four rang together.


ATTORNEY GENERAL (5538) What did they ring?


Mr. SCOTT:  Stop.  [emphasis by author]


ATTORNEY GENERAL (5539) Was that before or after the shock?


Mr. SCOTT: After the shock.  [emphasis by author]

Note that Scott said the ALL STOP came after the shock.  This corresponds to Olliver’s testimony that the only engine order he saw sent down was “stop.”  Two witnesses at opposite ends of the telegraph system confirmed that STOP was sent during the seconds immediately after the ship left the ice. 

The need for two men to send orders simultaneously on the regular and the emergency telegraphs supports the author’s belief that Captain Smith was on the bridge during at least part of the accident.  Oliver says Smith was on the bridge when he arrived, and also says that Moody was in the wheelhouse watching over Hitchens so someone else must have been operating those levers.  The natural assumption is Smith.  (Author’s aside: As a Captain, if I heard yelling and engine order telegraphs, I would be on the bridge in seconds.  Especially if I knew my ship was in an ice field.)

Bluff Of The Bow:  There has always been considerable discussion surrounding the interaction of the ship and iceberg as viewed from above the waterline.  The lookouts peering down from the crow’s nest thought the ship had a “narrow shave.”  Fourth Officer Boxhall describes the berg as striking “the bluff of the bow”:

SENATOR SMITH. Do you know whether it struck the bow squarely?

Mr. BOXHALL. It seemed to me to strike the bluff of the bow.

SENATOR SMITH. Describe that.

Mr. BOXHALL. It is in the forward part of the ship, but almost on the side.

SENATOR SMITH. But it was not a square blow on the bow of the ship?

Mr. BOXHALL. No, sir.

A little later Senator Smith asked:

SENATOR SMITH. In ordinary parlance, would it be a glancing blow?

Mr. BOXHALL. A glancing blow.

Historians have taken “glancing blow” in Boxhall’s testimony to mean the ship sideswiped the iceberg in a manner similar to what has been shown in movies as mentioned in Section III. In reality what Boxhall witnessed was Murdoch attempt to save the stern by using “hard a-port,” or full right rudder to turn the bow toward the berg.

Hard A-Starboard:  Could the berg have hit the “bluff of the bow” if the ship was in the process of making a 2 point turn to starboard as Hitchens claims in his testimony?  Quite simply, “no” and here’s why:  If the “hard a-starboard” is assumed to have taken place, with every passing second the rudder would have become more and more effective.  The momentum of the 45,000 ton ship would have began to catch up with the turning force of the rudder, and the ship would have turned faster and faster.  Even if we assume that the ship had no forward power on (meaning the screws where not turning under the power of engines), at the time of impact Titanic would still have had it’s 22 knots of moving water coming up from behind, which would have aided in the turning of the ship.  The result would not have been just a sideswipe of the bow, but a full body slam of Titanic from Boxhall’s “bluff of the bow” aft to Rowe at the docking bridge. 

So, Hitchens must have been mistaken in calling the starboard helm command an iceberg avoidance maneuver.  As Brown points out, the man may simply have confused the effort to avoid the ice field with the iceberg avoidance maneuver a few seconds later.  Although he was at the steering wheel, Hichens was inside the fully-enclosed wheelhouse and had no idea what is going outside of its shuttered windows.  He did not know why orders were issued or what dangers they might have been in reference to.  Hichens could well have confused Murdoch’s order for left rudder (starboard helm 1912) with an iceberg evasion maneuver.  Looking back on the situation and having no real idea of what was going on around him that was a reasonable assumption.

Rudder Response:  Two other problems with Hichens’ “starboard helm only” scenario of the accident--how did the rudder go from starboard to port in only a few seconds?  And, how did the rudder have time to take effect??  The basic answer to both is, “it did not.”  After Murdoch saw the iceberg in front of him he realized his mistake.  It is possible that he ordered a “steady up command” to end the two point left turn initiated to clear the ice field beyond the fatal iceberg.  This command required that the man at the wheel, Hichens, stop the swing of the ship as quickly as possible so that the bow was no longer rotating in either direction. Alternatively, Hichens may have “steadied up” on his own when Titanic’s bow completed the two point rotation required by the course change.  “Steadying up” a ship either in the middle of a turn, or at the end of a course change, is a learned art and requires years of practice to perfect it.  Hitchens would have to have turned the wheel in the opposite direction (port helm instead of starboard) to add opposite rudder (right instead of left) to stop the swing of the ship.  As Brown points out, Hichens may have over corrected, requiring the slight left turn (starboard helm) reported by the lookouts just as Fleet was phoning the bridge.

There is no official testimony that says Murdoch ordered “steady up” prior to the “hard a-port” command heard by Olliver.  However, there seems to be no other explanation for how the berg met the bluff of the bow and then the ship rotated to the right.  Right rudder (port helm 1912) must have been applied, which is exactly what Olliver testified.  If the rudder had been hard a starboard as Hitchens claims then as the ship hit the berg, suction created by Titanic’s own forward motion would have pulled the side of the ship into tighter contact with the berg.  And, as the ship pivoted to the left under Hichens’ starboard helm, the berg would have been dragged down the side of the ship causing a lot more damage than was reported. But, if the ship struck with neutral helm and “hard a-port” was ordered immediately, Titanic‘s stern would still have been sucked toward the berg but that action would have been countered by the action of the rudder.  This accounts for the near-miss of the docking bridge reported by Quartermaster Rowe.  After the engines stopped, the momentum of the ship would have caused Titanic to turn slowly turned to its right.

An Outside Observer:  Turning right meant turning north, toward another ship stopped by the ice that night, the S/S Californian.  Third Officer Groves of that ship in his London testimony described exactly the sort of rotation, which Titanic must have performed when he spoke of the lights of a ship he noted to his south that night. 

8197. Mr. ROWLATT: After that was done, did you have any more conversation with the captain about the steamer?

Mr. Groves: When he came up on the bridge he said to me, "That does not look like a passenger steamer." I said, "It is, Sir. When she stopped her lights seemed to go out, and I suppose they have been put out for the night."

8199.The COMMISSIONER:  Now, what about putting out the lights?

Mr. Groves: I said she put out her lights as she stopped.

We know that Titanic’s lights did not go out that early in the night.  In fact, one of the remarkable things about the foundering was that the ship’s lighting system performed right to the end.  So what did Groves mean by “put out her lights”.  One possible explanation is that the ship turned its brightly-lighted side away from Groves and could possibly be behind the berg, remember that earlier he mentions that Titanic was about 10 to 12 miles.  That is just about as far as you are going to be able to see on a moonless night, clear or not.  On average it is generally taught that 10 to 12 miles is the distance you will be able to see from the bridge to the horizon.   Second Officer Stone of the Californian saw the ship as well:

7814. He pointed out another steamer. What could you see of the other steamer?

Mr. STONE: One masthead light and a red sidelight and two or three small indistinct lights.

The red light signifying the port light which should be seen up to 112.5 degrees around the center of the light.  So Groves sees or at least mentions no sidelight, yet Stone does.  What does this mean?  To the author it means that Groves saw Titanic turn around the berg and Stone saw the ship resting as she began to sink.

No Conspiracy:  Added all together, there is no fibbing or mass conspiracy to hide some secret evidence.  Rather, what we have is a collection of people who saw the same thing in different ways.  And, the various witnesses such as Oliver and Boxhall as well as Fleet and Lee seem mystified by what took place.  At one point the ship seemed to be heading directly at the iceberg, then it seemed as though she might clear it.  But most of all, these men were confused as to how an iceberg just “popped up” out of nowhere.  Regardless of what happened or did not happen, I think that we can all agree that they were confused because they did not know all the details.  

Hitchens misunderstood a rudder command for an evasive maneuver, Murdoch called for a turn to the left (starboard helm) avoid an ice field across the ship’s path.  The first officer did this apparently without making a sufficient study of the water into which he was taking Titanic  (a very boneheaded decision, if true).  As the ship turned, Murdoch saw the berg, ordered a steady up command and, thinking he may just squeeze by, ordered FULL ASTERN in an attempt to slow momentum.  Once the ship touched, he shifted the rudder and stopped his engines.  Some damage ha been done to the bow, but Murdoch successfully saved the after two-thirds of Titanic from iceberg damage.

Once the ship touched Murdoch's frame of mind had to change from trying not to hit the berg to minimizing damage to his ship.  The instant the forepeak touched, Murdoch knew he had to clear the stern, which is why he so quickly ordered the “hard a-port” that Oliver reported.  It was that quick decision which successfully cleared the stern.

Mistakes Were Made:  Murdoch appears to have broken the cardinal rule of ship driving “Always Maintain your Situational Awareness”.  Rather than either looking to the left, or asking his lookouts to look to the left before turning, Murdoch seems to have been too worried about what was directly ahead of his ship.  It turned out that the solitary iceberg danger to port was greater than that of the ice field ahead.   Loss of situational awareness is a very common mistake, one made surprisingly frequently by experienced officers of all nations.  It was a natural human error, making a quick decision to avoid a known immediate danger without looking for other dangers.

There was a degree of not only negligence on Murdoch’s part, but that was not the only cause of the accident.  In addition, there were not enough people on duty that night to accomplish the number of jobs tasked.  Titanic struck on the iceberg that night because of a lack of preparation which lead to loss of situational awareness with the result that the ship allided with the iceberg.   Proof of the insufficient number of people is the odd situation that two of the officers who should have been helping Murdoch avoid icebergs were mysteriously not on the bridge.  

Section V

The Sinking

W

ater did not kill Titanic, it was the stress caused by water that did the job.  It is hard to imagine that a little more than 7 to 10 seconds of rumbling over an ice shelf could cause the newest and most modern ship of her day to sink in just under 3 hours.  It is even harder to believe that a hull built of the best British steel could have split in two in the process of sinking.  What could have caused the breakup?  The answer begins with the rapid loss of watertight integrity in holds 1 and 3 rapidly and the slower loss of hold 2.  In addition the accident caused some traumatic stress to the most important bulkhead of the night, bulkhead D.  

The instant Titanic’s forefoot struck on the underwater portion of the berg, the forepeak tank started to flood and the grounding portion of the fatal allision began.  Recall that for accident investigation purposes the ship is divided in half straight down the centerline.  Each half is then split amidships to give four different sections of hull.  During the first second of impact, only one quarter of the ship was being lifted (starboard bow) by the underwater ice shelf.  Friction was also slowing this section of the ship.  The other sections were unaffected by the lifting or friction and continued moving at their original speed and fully supported by the water.  This initiated unfair strain within the hull focused on the forward most portion of the starboard bow.  The hull was  lifted only a small amount, but it was enough for Lookout Lee to notice: 

2751 ATTORNEY GENERAL:. ...There is one question I would like to put to you because I am not sure that we have got your answer clearly upon it.  When you were in the crow’s nest did you first of all feel the impact, the blow of the vessel on the iceberg?  Did you feel it?

Mr. LEE: The ship seemed to heel slightly over to port as she struck the berg.

As the ship moved over that shelf this lifting and its accompanying racking of the hull moved farther aft.  Eventually, the weight of the forward starboard quarter of the ship was carried on the shelf, but because of the shape of the berg this weight was focused on the bottom of hold 3 just in front of bulkhead D.  Titanic’s steel was strong, but no ship is designed to support perhaps a quarter of its weight on a few square feet of shell plating resting on a knife-edge of ice.  No vessel is strong enough to sustain that sort of punishment without distortion or failure of the metal.  Small holes were created by rivets sheering off and shell plating was probably cracking or coming adrift. The exact location and nature of the direct ice damage has never been discovered.  However, the massive nature of some of the flooding can be illustrated by anecdotes from surviving crew members.  Boatswains Mate Albert Haines described an unusual condition of the tarp covering the hatch of hold 1:

Mr. HAINES. I went down to look at No. 1 hole.

SENATOR SMITH. What did you find there?

Mr. HAINES. The tarpaulin was bellying up, raising, showing that the water was coming in.
What Haines described is the air being forced up as the water poured into the ship.  Similar conditions were encountered by Liberty Ships during World War II.  Canvas hatch covers were a constant problem after a ship was torpedoed.  Sometimes air pressure would result in the tarp exploding sending the contents of the hold all over the deck.  In some cases materials flew up and over the bridge deck.  Nothing this dramatic took place on Titanic, but we can say with a fair amount of certainty that the bellying tarp indicated hold 1 flooded fairly quickly.  

With the ship lifted by its starboard bow and water flooding all three forward holds, Titanic was in a dire situation. As bad as this seems, however, the situation suddenly got worse.    The ice shelf either broke away or the action of the rudder pulled the hull off the ice.  This all occurred at bulkhead D or boiler room 6 or the after bulkhead of hold 3.  Suddenly, steel that had been distorted by the lifting action of the allision was dropped.  Making matters worse, the loss of buoyancy meant that the starboard bow went down farther its normal position.  The steel in the framework was effectively whipsawed by this up-and-down action.  It is doubtful that anyone noticed damage caused by this up-and-down motion of the bow.  Flooding was the primary concern.  Hold 3 was rapidly flooding according to the testimony of Fourth Officer Joseph Boxhall:

Mr.BOXHALL. I said, "The captain wants you to sound the ship." He said, "The ship is making water," and he went on the bridge to the captain, and I thought I would go down forward again and investigate; and then I met a mail clerk, a man named Smith, and he asked where the captain was. I said, "He is on the bridge." He said, "The mail hold is full" or "filling rapidly." I said, "Well, you go and report it to the captain and I will go down and see," and I proceeded right down into the mailroom.

And later he said:

Mr. BOXHALL. I looked through an open door and saw these men working at the racks, and directly beneath me was the mail hold, and the water seemed to be then within 2 feet of the deck we were standing on.

What Fourth Officer Boxhall described is the rapid filling of Hold 3.  Because none of the mail clerks survived, there is no way to know from where the water entered.  Did it enter low at the turn of the bilge where crushing damage was almost certain?   Or, was there a hole in hole in the plating of the side of the ship at the mail room level?  It is a safe assumption that it was from below, although a strong argument can be made for a hole in the plating in way of the mail room on the orlop deck 

Hold 2 is a different story.  There can be no doubt that this hold suffered some damage, but to what extent?    It is safest to assume that although this compartment was flooding, it wasn’t at a rate as fast as the other holds.  This was the assumption used during the BOT inquiry to develop a mathematical model of the sinking ship.

Boiler Room 6 is the mystery of them all.  Two men stationed there survived to tell different tales.  Frederick Barrett gave the impression that the boiler room flooded fairly rapidly.  While George W. Beauchamp told of spending at least 15 minutes raking down the fires in his furnaces, a task of at least 15 minutes, with water not yet over the stoker plates beneath his feet.  “I could not say how long it took,” Beauchamp told the British inquiry, “The usual time.  I could not say for certain.  It took about a quarter of an hour, I suppose.”  The consistent thing in all testimony is that Boiler Room 6 took some damage, particularly somewhere inside a bunker at the after end:

671 Mr. ASQUITH: Did you see any water?

Mr. BEAUCHAMP: Water was coming in on the plates when we were drawing the fires.

672 Mr. ASQUITH: What do you mean by the plates?

Mr. BEAUCHAMP: The plates of the stokehold where you stand.

672a The COMMISSIONER: You mean where the stokers were standing?

Mr. BEAUCHAMP: Yes.

673 The COMMISSIONER: What happened then?

Mr. BEAUCHAMP: The water was just coming above the plates then.

673a Mr. ASQUITH: You mean it was coming through the floor?

Mr. BEAUCHAMP: Yes, coming through the bunker door and over the plates. [emphasis by author]

674 Mr. ASQUITH: Through the bunker door?

Mr. BEAUCHAMP: Yes coming through the bunker like.

Fireman Barrett reported much the same type of water ingress from inside a bunker at the head end of boiler room #5.  He described much more rapid flooding to the British inquiry:

1919 SOLICITOR-GENERAL: And did you find water coming in that bunker?

Mr. BARRETT: Yes, pouring in the bunker.

1920 SOLICITOR-GENERAL: Was it coming in rapidly?

Mr. BARRETT: Yes

Although Barrett’s flooding was more rapid than that described by Beauchamp, it appears both men were describing the result of the same damage to the hull in way of bulkhead E which separated boiler rooms 5 and 6.  The water reported by Barrett was of no concern to the safety of the ship as the pumps where able to hold their own at Boiler Room 5.  But reports on the rate of flooding in Boiler Room 6 are conflicting, Barrett said quickly, yet Beauchamp said he had time to rake his fires.  Beauchamp’s testimony does not convey a sense of urgency about drawing the fires from his furnaces following the accident:

668e. Mr. ASQUITH After the watertight doors were closed, was any order given to you with regard to the fires? 

Mr. BEAUCHAMP: Yes, I could not say when - it was a few minutes afterwards; the order was given to draw fires.
Beauchamp then claimed it took nearly a quarter of an hour to get his work done, after which he stood around waiting for additional instructions.  Barrett’s testimony regarding boiler room #6 was a lot more colorful:

Senator SMITH: Were you there when the accident occurred?

Mr. BARRETT:  Yes. I was standing talking to the second engineer. The bell rang, the red light showed. We sang out shut the doors [indicating the ash doors to the furnaces] and there was a crash just as we sung out. The water came through the ship's side. The engineer and I jumped to the next section. The next section to the forward section is No. 5.

Senator  SMITH: Where did the water come through?

Mr. BARRETT: About 2 feet above the floor plates, starboard side.

Senator  SMITH: How much water?

Mr. BARRETT: A large volume of water came through.

Senator  SMITH: All along the side of No. 6?

Mr. BARRETT: Yes.

Senator SMITH: How far along?

Mr. BARRETT: Past the bulkhead between sections 5 and 6, and it was a hole 2 feet into the coal bunkers. She was torn through No. 6 and also through 2 feet abaft the bulkhead in the bunker at the forward head of No.5 section. We got through before the doors broke, the doors dropped instantly automatically from the bridge. I went back to No. 6 fireroom and there was 8 feet of water in there. I went to No. 5 fireroom when the lights went out. I was sent to find lamps, as the lights were out, and when we got the lamps we looked at the boilers and there was no water in them. I ran to the engineer and he told me to get some firemen down to draw the fires. I got 15 men down below.

Testimony Differences:  One important difference between the testimonies of Beauchamp and Barrett must be pointed out.  Barrett had made another crossing in Titanic’s sistership, Olympic, between the disaster and his appearance before Senator Smith on May 25, 1912.  The possibility exists that his memories of one ship, were colored by the other, and (to the author) Barrett does seem to have been a little confused.  For one thing, he mentioned drawing the fires but did not say where.  Beauchamp never left the compartment, but began raking the fires immediately after the accident when water was coming over the stoke plates from the bunker behind him.  Barrett claimed he jumped from boiler room 6 to boiler room 5 and then later re-entered 6 under the orders of the duty engineer to draw the fires, the same task in which Beauchamp was already engaged.

Barrett’s claim there was 8 feet of water in boiler room 6 requires examination.  Certainly, water that deep over the stoker plates would have made any work on the furnaces impossible.  However, Barrett undoubtedly saw the same water running over the stoker plates as reported coming from the bunker by Beauchamp.  Surprisingly, this water is consistent with Barrett’s estimation of a depth of water in boiler room 6 of 8 feet at that time.  It is a matter of where the 8 feet is measured from.  Taking into account the 6-foot depth of the tankage in the double bottom and the two feet between the stoker plates and the tank top means that Barrett did see water 8 feet above the actual bottom of the boat even though it may not have been much over the stoker plates on which he worked. 

Early Flooding:  So up to this point it appears the forepeak was lost.  Holds 1 and 3 were lost and hold 2 was flooding as well.  Boiler room 6 was filling while boiler room 5 was wounded, but the pumps were holding the water at bay.  This is the initial flooding condition considered by naval architect Wilding for the British inquiry.  “The evidence we had in the earliest stages,” he testified, “Number 1 hold, Number 3 hold, and Number 6 boiler room...was flooded.”  He denied knowledge that hold 2 was flooded, “No, nor of the forepeak.”

The result of this flooding is a keel under severe strain.  Two flooded compartments, holds 1 and 3, are separated by a more buoyant hold 2.  Boiler Room 6 is flooding at a much slower rate than hold 3.  With so much unsupported weight, the bow is almost sagging, or as some call it “hogging.”  The forward and after bulkheads on either side of hold 3 (bulkheads C and D) are being forced to support the weight of water on the inside of hold 3.  Gravity was now pulling down the fabric of the ship while the weight of water was pushing down on the compartments on either side of hold 2 which remained somewhat buoyant.  This unnatural condition put a lot of strain on the keel, probably more than it was designed to handle.

Water Not Over Bulkheads:  There may be evidence of this unnatural strain on the wreck.  Photographs of the bow section appear to show a “lift” in the way of hold 2.  If this is so, it meant there was more buoyancy in that compartment while the ship was on the surface, which in the context of the accident and the survival of the ship was a bad thing because it created that unnatural strain.  Curiously enough, naval architect Wilding also discovered that in this condition water would not overtop the ship’s bulkheads.  This created a problem for his flooding calculations, which depended upon water flowing over top of the bulkheads for the ship to sink.  “As your Lordship will see,” Wilding told Lord Mersey, “the water did not then reach the top of the bulkheads.”  To make Titanic sink in his mathematical model, Wilding had to order the workers doing the actual calculations to make changes in the flooding.

“When the result of that calculation was reported to me, I then told them...to flood Number 2 compartment, also the forepeak, and see what happened,”  Wilding said in answer to question 20315.  The result was the mathematical model sank like the real ship.  The problem is that the naval architect was forced to go beyond the known initial flooding to create his fatal condition.  During the first few minutes after the accident only holds 1 and 3 were known to be lost and boiler room 6 was dry enough for Barrett and Beauchamp to pull down the fires.  According to Wilding’s earliest calculations, Titanic could not have foundered in this condition.  Something must have changed in reality to force Wilding to change his calculations so that both the real and the mathematical Titanic could sink.

Bulkhead D:  On the North Atlantic, Bulkhead D (forward bulkhead in Boiler Room 6) was the center of attention between the accident and midnight.  This bulkhead was located above the location on the hull where, as mentioned earlier, the ship came off the ice shelf.  Due to the up-and-down whipsawing of being lifted on the ice, then dropped, this frame must have become weakened.  In a matter of less than 10 seconds it went from being properly supported by the water to being lifted and racked out of true.  When the hull dropped back into the water, this bulkhead was racked in the opposite direction, then forced to hold the strain caused by the weight of the water flooding hold 3.  All of this worked against bulkhead D’s ability to maintain it’s stability.  It must be noted that investigators expect to find bulkhead problems when witnesses describe an impact like that in Boxhall's “bluff of the bow” statements.  

A case in point is the M/V Algowood.  The Algowood is a freight ship on the Great Lakes of  31,000 tons at 740 feet long.  While mooring in a fully loaded condition, she impaled on an extension of a pier dead amidships.  The tank directly below the impact, as well as the hold, began to flood.  The ship remained stable until it was decided to remove her from the pier.  The frame at the focus of the impact had been supporting the weight of the cargo (before she docked).  After impact the pier supported much of the weight of the cargo plus the weight of the incoming water.  This gave the impression the ship was stable.  Once the vessel began to move, however, the damaged frame was forced almost instantly to support both the cargo and the incoming water.  The steel of the frame could not take this additional sudden strain and failed.  As a result, Algowood  had to be cut in half and new keel/frame plates fitted to make her seaworthy again.

What is noteworthy about the Algowood is that from a picture she does not look that damaged, but the reality is that she is severely damaged.  The picture below shows just how little surface damage was done, but the repair records show just how close this chip came to being scrap metal.
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You will note that the impalement is on a major frame, dead center in the middle of the ship, with equal cargo weight on both sides of the frame.  At the time of impalement the pier was supporting the weight on either side of this frame.  When the ship moved it became another story.  This weakened frame was forced to support the cargo and water entry in almost an instant.  This is an enormous amount of strain to place on a weakened structure that has a very important job.  But because of it’s weakened nature it can no longer do the job that it is designed to do.

This is basically the same strain put on Titanic’s bulkhead.  The frame was likely “done for” in terms of structural integrity.  There could not have been much left in the way of stability, so a partial or complete collapse could only have been a matter of time.  The condition of this bulkhead was of great significance because while it held the ship could not sink.  Recall that Wilding’s calculations showed that water would not overtop Titanic’s bulkheads with holds 1 and 3 gone and boiler room 6 flooded.  In reality, only the holds were lost initially and boiler room 6 was flooding slowly.  Wilding was forced to change his calculations to sink his mathematical ship.  On Titanic, that same change was about to take place in terms of rivets and steel.

Iceberg Did Not Sink Titanic:  It is the author’s contention that the sinking of Titanic did not begin with the iceberg damage.  The ship was still floating and functional as it came off the ice.  The actual foundering began almost an hour later, at 12:45 a.m. when Bulkhead D either partially or completely collapsed.  The failure of this bulkhead suddenly flooded a fourth major compartment, boiler room 6.  The weight of the now flooded boiler room 6 and hold 3 with the addition of the flooded hold 1 is just enough to lower this section of the bow and flood hold 2 from forward and aft.

Wilding spoke of this opposite direction flooding (from aft toward the bow) in his London testimony:

20317. THE COMMISSIONER: That would be Nos. 1, 2, 3, 4 and 5 spaces? 

MR.WILDING: Yes, the forepeak, No. 1, No. 2, and No. 3 holds, and No. 6 boiler room. That is marked B, my Lord. You will notice in that that the waterline has now got above the top of the bulkhead.
In much simpler terms what Wilding is trying to say is that as the weight of the water forced the bow down and water spilled over the tops of the bulkheads to flood the next compartment.  In the movie “Titanic” by James Cameron the Andrews character describes this very well.

The collapse of bulkhead D caused the point of maximum strain on the keel to move aft.  The forward bulkhead in boiler room 5, bulkhead E, was now forced to sustain the weight of 5 flooded compartments (all three holds, boiler room 6 and the forepeak) as well as the weight of water against it inside boiler room 6.  As soon as bulkhead D collapsed the stress instantly moved aft to the next stable point, which would be bulkhead E , which was not built to withstand that kind of pressure.  This situation can be illustrated by modern examples such as the Algowood to show just how dangerous adding that kind of weight to a structure can be.  Although Wilding’s testimony hints at the effects of this strain, he was told not to include it in his testimony.  Throughout Wildings testimony the British inquiry did not seem interested in detail.  Note the passage below, especially the unusual instruction to Wilding shown in bold:

20286. Mr. ROWLATT: You say it was arranged that the bulkheads and divisions should be so located that the ship should remain afloat in the event of any two adjoining compartments being flooded." Was that achieved in this ship - that she could float with any two watertight compartments flooded? Have you any little picture of that? Do not go into it in detail.
MR.WILDING: I have a plan showing the original calculations which were made.

It would seem that when it came to the watertight integrity of a ship that sank, details regarding the bulkheads would be critical to the investigation, but Wilding was specifically instructed not to give such information.  There are other curious inconsistencies in the BOT.  When asked to describe the nature of the wound Wilding sidestepped the question and went straight to what the eventuality of the disaster would bring.  Note also the passage below:

20313 Mr. ROWLATT: Now will you just tell us the nature of the wound which you think this ship received?

Mr. WILDING:   I would rather, if I may, put the plans in, and then describe what the eventual nature of the wound was when I have described the plans. On the plan I have handed in to my Lord there are three elevations shown. In the first one, which was the evidence we had (Marked A.) in the earliest stages, No. 1 hold, No. 3 hold, and No. 6 boiler room, marked with a red cross, was flooded. That was absolutely the first evidence we had.

At first there was no mention of hold 2 flooding.  Why was that?  It is the author’s opinion that Wilding did not believe Lord Mersey’s panel would have understood a full technical explanation.  In fact, Wilding seems to have made a “disclaimer” about his testimony:

Mr. WILDING: Well, my Lord, there is this wound. You could not rupture the shell, which is strongly connected to the bulkhead, without in some way damaging the bulkhead itself - I mean if you cut the skin, if you break the skin at the bulkhead, you must in some measure, though perhaps only in a small measure, damage the bulkhead itself. Now the next two conditions, my Lord, which I had to make to facilitate the possible calculations of assumption that the bulkheads were carried right up as high as was necessary –

I think what Wilding was trying to say in so many words that he “cooked books” to make things look better then they really were.  However, the above statement was confirmation by Wilding of the author’s theory that bulkhead damage would have accompanied water ingress into boiler room 6 and, eventually, boiler room 5 as well.  After the loss of boiler room 6, the keel was stressed to its limit in way of bulkhead E at the forward end of boiler room 5.  Bulkhead E eventually gave way as described by Barrett. His testimony however is not clear as to whether the bulkhead simple opened at the base, or completely collapsed:

2038. SOLICITOR-GENERAL: Then tell us what happened at the end of a quarter of an hour?

Mr. BARRETT: A rush of water came through the pass - the forward end.

2039. SOLICITOR-GENERAL: You say the forward end of the pass. What is the pass?

Mr. BARRETT: It is a space between the boilers where we walk through.

2040. SOLICITOR-GENERAL: There are boilers on either side of it?

Mr. BARRETT: Yes.

2041. SOLICITOR-GENERAL: From which direction did this water come?

Mr. .BARRETT: From the forward end.

2042. SOLICITOR-GENERAL: And this pass that you walk through, is that at the same level as the plates?

Mr. BARRETT: Yes.

2043. SOLICITOR GENERAL: The same level as where you were standing?

Mr. BARRETT: Yes.

2044.SOLICITOR-GENERAL:  Supposing that the bulkhead, which is the fore-end of No. 5, had given way, would water come through it and through this pass?

Mr. BARRETT: Yes.
We don’t know exactly what Barrett is describing other then a sudden in rush of water into the compartment.  By the line of his questioning, however, it appears the Solicitor-General was of the opinion the water came from a collapsed bulkhead.

Bulkhead D:  The failure of bulkhead D may have been a total collapse, although that is unlikely.  Rather, it may have been a coming apart of the base of the structure as rivets strained by the grounding failed under the weight of the water inside hold #3.  Or, the distortion of the ship caused by the weight of water may simply have racked the bulkhead enough to “spring” the watertight door out of its retaining framework.  Another possibility is that the failure was a combination of both the failure of the structure and the watertight door.  No matter what took place, however, the failure of bulkhead D was the key event in the foundering of Titanic.
Had bulkhead D remained intact, it is possible that Titanic could have fulfilled the dreams of its designers and acted as its own lifeboat.  That is, the ship might have floated long enough for rescue vessels to arrive and for the passengers to have been transferred safely.  Eventually, the ship may have foundered, but without the horrific loss of life.  When bulkhead D failed, it began a “domino effect” that culminated in the loss of the ship hours before the arrival of the rescue ship Carpathia.  The most obvious result of the failure of bulkhead D was the catastrophic flooding of boiler room #6.  This transferred the strain caused by the loss of buoyancy in the bow to the area of bulkhead E.

Titanic was built and sailed prior to the development of modern concepts of damage control.  Much of what is known today about saving damaged ships comes from wartime experience during both world wars.  Today, a crew might rip out interior piping (potable water, sanitary, etc.) and jam it against the weakened bulkhead.  Portable welding equipment could be used to add strength.  However, welding in the modern sense did not exist in 1912.  Perhaps wood from the grand staircase could have been scavanged to add support.  Even pieces of furniture might have been sacrificed in an attempt to reinforce the bulkhead.  Of course, Titanic sank two years before the beginning of World War I, so Chief Engineer Bell and his men did not have the benefit of wartime experience.  It is unfair to criticize their efforts that night by comparing modern knowledge and practices against their performance.

Bulkhead Domino Effect:  The failure of bulkhead D put a time limit on Titanic, she could no longer float, hold 2 flooded and the first four major compartments of the ship where flooded. One frame was then forced to support this weight, Bulkhead E.  What is important about this is that had this structure held or been shored with today’s modern equipment, Titanic might have floated long enough to rescue to arrive.  The unfortunate thing, is that some calculations allude to the fact that with the first four compartments gone, the strain on the structure before the double bottom may have been to much for the steel and rivets to handle, and the bow section may have just sheered off, causing Titanic to roll and sink much faster then she did. With the collapse of bulkhead E the strain moved even further back to the forward bulkhead of boiler room 4, bulkhead F.  This bulkhead was now forced to carry the strain of 2 flooded boiler rooms all three holds and the forepeak for a total of 6 flooding compartments.  Something had to give, and it eventually it did.  But, Titanic stood up to this hugely unfair strain because it was an amazingly well-built piece of maritime equipment.  But even the strongest of steel and the best of human engineering has weak points.  It is axiomatic, that unfair strain will “look for” the weakest link in a chain, or the weakest point in the design of a ship.  The strain on the ship now rose from the keel in way of bulkhead F at about a 35-degree angle and went straight for the superstructure expansion joint just abaft funnel 1.

On Titanic the upper strength deck of the hull was deck C which ran continuously from bow to stern.  Deck C was what naval architects call the “strength deck” and was part of the overall hull girder.  All of the decks above were superstructure and not part of the hull girder.  They were not stressed by the design of the ship and, hence, had to be allowed to move with the natural changes of the hull girder due to sea conditions, temperature, etc.  Two expansion joints divided Titanic’s superstructure into three sections.  The joint in question allowed movement of the forward and middle sections of the boat deck.  Had the boat deck actually been connected to the frame of the hull as part of the girder, and not to separate or internal frames, it is probable that Titanic would have split early in the foundering at funnel one or just aft of it.  That did not happen because the expansion joint opened well beyond its designed capability.  

What was happening was quite simple.  Titanic tried to shed it’s dead weight the way an animal caught in a trip might gnaw off it’s mangled foot.  Steel is cold and lifeless, but machinists and engineers often describe it in animate terms.  For instance, they talk of the metal’s “memory.”  In this sense, Titanic can be considered as trying to shed weight that the framework of the ship could not support. It was the ship’s last-ditch effort to save herself.  Unfortunately for Titanic, she was to well built.  Although the expansion joint opened to its own destruction, the steel and rivets, which made up her outer shell held together with tenacity.  The death throws of Titanic—even the eventual breakup--show just how well built Titanic was.  Even so, the ship started to show signs of splitting.  Water began flooding boiler room 4 from below.  Note the testimony from Thomas Dillon a Trimmer in that compartment:

3816. Mr. ASQUITH: Did you see any water before you went up in any of the boiler rooms or the engine room?

Mr. DILLON: Yes, there was water coming in forward.

3817. Mr. ASQUITH: The furthest point forward you reached was No. 4 boiler section?

Mr. DILLON: Yes.

3818. Mr. ASQUITH: Was it coming in there?

Mr. DILLON: Yes.

3819. Mr. ASQUITH: Where was it coming in?

Mr. DILLON: Coming from underneath.  

3820. Mr. ASQUITH: From underneath the floor?

Mr. DILLON:  Yes.

3821. Mr. ASQUITH: And from what part of the floor, the forward part or the after part? 

Mr. DILLON:  The forward part.

3822. Mr. ASQUITH: Did it come in large quantities or only in small quantities?

MR.DILLON: Small quantities.

3823. Mr. ASQUITH: Was there any depth of water standing on the floor?

Mr. DILLON:  No.

3824. Mr. ASQUITH: Do you mean the floor was just damp?

Mr. DILLON:  That is all.

3825. Mr. ASQUITH:  And it seemed to be coming through the floor?

Mr. Dillon:  Yes.  [emphasis by author]

“…The floor was just damp? – That is all.”  This exchange is evidence that bulkhead F was “sweating,” a sign of impending failure, and that the tanks beneath it were now no longer free of water.  These conditions would be expected of a ship that is flooding at an uncontrolled rate.  This also means to me that the framework of Titanic was now breaking at the forward end of boiler room 4.  The plates directly underneath boiler room 4 could have been cracked or could have been splitting from the strain.  There are any number of various possibilities. Eventually boiler room #4 flooded and the strain moved farther back on the hull.  But, probably before that happened, the loss of the forward expansion joint was followed by the collapse of funnel 1.  

These two incidents—the opening of the expansion joint and the falling of funnel 1—are actually the same event although they seem divided by time.  As the ship went down further by the head it was not just the angle that caused the funnel to collapse.  It was the angle coupled with the loss of the expansion joint that brought about the collapse.  As the ship began her final plunge the guide wires on the funnel could no longer support weight because of the downward angle of the bow.  So,  the aft wires snapped, probably sounding a lot like gun shots.  This allowed the funnel to fall forward.  As the ship begins to slip even faster water rushes down the boiler casing pushing the ship further and further down.  Eventually funnel 2 could not take the angle and collapsed as well.  

Then, like in the movie, Titanic could no longer take the strain of sinking.  The keel structure began to break in way of the reciprocating engine room.  Plates must have moved, causing rivet heads to be sheered off.  As in the film, portholes started to pop, and eventually the keel snapped.    Steel shell plates must have been snapping off like almost like an explosion.  Eyewitness descriptions are frightening even 90 years after the event:

...She almost stood up perpendicular, and her lights went dim.  And presently she broke clean in two, probably two-thirds of the length of the ship.  She broke, and the after part floated back.
George F. Crow, Steward

...after she got to a certain angle she exploded, broke in halve [sic], and it seemed to me as if all the engines and everything that was in the after part slid out into the forward part, and the after part came up right again...

Frank Osman, Seaman

...She went down as far as the after funnel, and then there was a little roar, as though the engines had rushed forward, and she snapped in two.  And the bow part went down and the after part came up...

Edward J. Buley, Seaman

  Cracks in the 1 1/8-inch thick steel sides went straight up and through the interior of the ship.  What had been the world’s largest and most luxurious liner was now two pieces of wreckage.  The still-floating stern fell back level with the sea and in another few moments it was over for the real Titanic.  Despite graphic eyewitness descriptions of the ship almost exploding into two pieces at the end, a myth was deliberately created that Titanic sank almost intact.  Novelist Clive Cussler envisioned raising the ship and walking through its water-stained corridors and public rooms.  The myth of the ship sinking intact seems to have started with the ship’s surviving officers who claimed (to a man) that Titanic disappeared in one piece.  The testimony of Third Officer Herbert Pitman to the U.S. Senate inquiry was typical:

MR.PITMAN:  She gradually disappeared until the forecastle head was submerged to the bridge.  Then, the turned right on end and went down perpendicularly.

SENATOR SMITH: At about what angle?

MR.PITMAN: She went straight.

SENATOR  SMITH: Right straight down?

MR.PITMAN: Absolutely.  That was the last I saw of her.

SENATOR SMITH: Did she seem broken in two?

MR.PITMAN:  Oh, no.

In London, naval architect Wilding backed the “sank intact” theory.  “I have tried to make an approximate calculation, and I feel quite sure it (the breakup) did not happen,” he told the BOT inquiry.  “The rough calculation I was able to make as to the probable stress arising when the ship foundered as she got here stern out of the water..I can do it only very roughly, of course..it showed the stress in the ship was probably not greater than she would encounter in a severe Atlantic storm.  The ship was made to go through an Atlantic storm, and therefore would be capable of meeting that stress.”

Whether Wilding was doing some wishful thinking, or whether he was pressured into defending the “sank intact” theory is unknown.  Certainly many of his other statements indicate he was aware of the unfair strains being imposed upon the ship as it sank.  All question over the fate of the ship ended on September 1, 1985 when Dr. Robert Ballard descended 12,460 feet to the wreck site and brought back photographs of the upright bow and the shattered stern section located almost 2,000 feet apart.

